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Altitude effects on nutrient input and throughfall in a 

Costa Rican Cloud Forest 

Cassidy Wolff 

Huxley College of the Environment, Western Washington University 

 

ABSTRACT 
Canopy structure, rainfall and mist frequency affect the concentration of nutrients entering forest ecosystems. For 
tropical mountains, global warming leads to lower mist frequency and increased rain altitudinally. Here, 
concentrations of NO3, NH4, PO4 and pH were determined for mist, rain and throughfall at both 1830 m in an elfin 
forest and 1530 m in a premontane tropical wet forest. Mean concentrations of NH4 and PO4 were highest in mist 
and throughfall at both altitudes while NO3 was highest in rain water at both altitudes.  Mean ion concentrations did 
not differ significantly between altitudes. This suggests global warming will impact nutrient inputs as lower mist 
will mean less NH4 and PO4 as mist frequency declines and more NO3 as annual rain increases.    

RESUMEN 
La estructura del dosel, la lluvia y la frecuencia de neblina influye en la concentración de nutrients que entran a los 
ecosistemas del bosque.  Para las montañas tropicales, el calentamiento global conlleva a una disminución en la 
frecuencia de la neblina y un aumento en las lluvias altitudinalmente.  Aquí, concentraciones de NO3, NH4, PO4 y 
pH se determinaron para neblina, lluvia y trascolación en ambas elevaciones de 1830 m en el bosque enano y 1530 
m en el bosque húmedo premontano tropical.  Las concentraciones de NH4 y PO4 fueron mayors en la neblina y 
trascolación en ambas altitudes mientras que NO3 fue mayor en el agua de lluvia a ambas altitudes.  La 
concentración de iones promedio no difiere significativamente entre altitudes.  Esto sugiere que el calentamiento 
global inpactará la entrada de nutrients al haber menos neblina significa menos NH4 y PO4 al disminuir la frecuencia 
de la neblina y más NO3 al aumentar la lluvia annual. 

INTRODUCTION 
TROPICAL FORESTS ARE HIGHLY PRODUCTIVE DESPITE LOW SOIL FERTILITY 
(Vitousek 1986).  Efficient nutrient cycling and plant adaptations ameliorate nutrient loss from 
high rates of leaching, but some nutrients must be renewed from rain, mist and throughfall 
(Whittaker 1975). In Cloud Forests, altitude may impact nutrient inputs as mist increases with 
altitude and throughfall comes from shorter canopies with greater epiphyte loads (Veneklaas et 
al. 1990). Further, Cloud Forest inputs are changing with global warming, as mist frequency 
declines and annual precipitation increases (Pounds et al. 1999).  Therefore, knowing how rain, 
mist and throughfall inputs differ is fundamental to understanding how global warming will alter 
future nutrient inputs.   

For Cloud Forests, precipitation comes as rain but also mist (Clark et al. 1997).  Mist and 
rain differ in ion loads because, while rain flows straight down rapidly, mist forms from 
adiabatic cooling, hangs on vegetation, has more time to pick up particles from both air and from 
vegetation, and is blown by wind over more vegetation before finally settling (Clark et al. 1997).   
In many areas, mist is also blown over anthropogenic land uses, like farming and fires, which 
add airborne nutrients, especially when nitrogen fertilizers are used (Clark et al. 1998).  
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Therefore, mist, rain and throughfall in the Monteverde Cloud Forest Reserve differ (Clarke et 
al. 1997).  

Mist has highest concentrations of NO3, NH4 but low PO4 (0.09, 0.09 and 0.002 ppm) and 
a pH of 4.88 while rainfall has less NO3 and NH4 but similar PO4 (0.05, 0.05 and 0.002 ppm) 
with a pH of 5.00 and throughfall has intermediate concentrations of NO3 and NH4 but much 
more PO4 (0.04, 0.07 and 0.029 ppm) with a pH of 5.72. Because ion deposition is a function of 
cloud exposure due to increased contact time with leaves which increases exposure time to ion 
exchange processes (Clark et al. 1998), high elevation forests have been found to have greater 
concentrations of ions than low elevation forests because they are more frequently surrounded by 
mist. 

Throughfall is water passing through all layers of the forest from canopy to forest floor 
(Tóbon 2004).  Three changes occur as a result: (1) Volume of water delivered to the forest floor 
decreases (Nadkarni and Sumera 2004), (2) some nutrients are removed by aboveground 
vegetation (Filoso 1999), and (3) some nutrients are added (Loescher et al. 2002). Therefore, the 
amount and quality of ions in throughfall differs from the original precipitation.  In addition, ion 
load is likely to change if canopy height or epiphyte loads differ.  Increasing altitude in Tropical 
Cloud Forest decreases height and also decreases epiphyte load (Nadkarni and Solano 2002), 
therefore ions entering the forest are predicted to decrease as a result of global warming. 

 In the Monteverde Cloud Forest Reserve in Costa Rica, mist frequency, amount of bulk 
precipitation as rain and quality of throughfall are likely to change with altitude. Higher 
elevations are more often shrouded in mist, but the canopy is much shorter and with more well-
developed epiphyte communities (Nadkarni and Wheelwright 2000). Further, global warming is 
changing its hydrology. Cloud forests increasingly resemble lower altitude forests because of 
changes in temperature, lower mist frequency and increased rainfall (Bubb et al. 2004). Over 
time, rising temperatures are likely to change canopy height and epiphyte loads as well 
(Nadkarni and Solano 2002).  By comparing the nutrients in mist, rain and throughfall at lower 
Cloud Forest elevations (1530 m) to that of the nutrients at higher Cloud Forest elevations (1800 
m) this study hopes to predict what is likely to happen to the hydrological portion of the nutrient 
cycle in Cloud Forests as a result of global warming. 

METHODS 

Study Sites 

The forest at 1530 m is a primary Premontane - Lower montane wet forest according to 
Holdridge Life Zones and has a canopy that is 25 m. It is occasionally surrounded by mist but is 
more often clear and receives 2,519 mm of rain annually (Nadkarni and Wheelwright 2000). 
There are many epiphytes but hanging bryophytes are not as common. The forest at 1800 m is a 
Primary Lower Montane Rainforest with a canopy that is 10-15 m, making it an elfin forest. It is 
denser than the lowland forest and receives 3,191 mm of rain annually (Nadkarni and 
Wheelwright 2000).The forest there appears to be dripping green because branches are festooned 
with bryophytes and epiphytes. Trees in the distance are often obscured because of mist. Despite 
increased plant density, there appeared to be more light gaps in the canopy at 1800 m than at 
1530 m. The area as a whole looked brighter, as if more light was coming through. This year was 
an El Niño year so the forest saw less than average precipitation and greater than average mist.  
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Water Collection 

Ten rain buckets and two mist collectors were placed in the open lawn behind the Monteverde 
Biological Station at 1530 m. Ten throughfall collection buckets were placed about six meters 
apart along the trail next to the Monteverde Biological Station in old growth Premontane –Lower 
Montane Wet Forest at 1530 m (Figure 1A). Throughfall buckets were placed off the trail in 
areas of high canopy cover with no light gaps. Ten rain buckets and two mist collectors were 
placed in an open grassy area on top of the mountain at the television towers at 1830 m (Figure 1 
B, C). Ten throughfall collection buckets were placed off the trail about four meters apart in 
areas of high canopy cover along the continental divide in the Monteverde Cloud Forest Reserve 
in the elfin Lower Montane Rainforest at 1800 m. For mist, n = 4 for each location. For rain, n = 
17 for 1530 m and 20 for 1830 m and for throughfall n = 20 for 1530 m and n = 19 for 1830 m.  

   

FIGURE 1. Water sample collection in a Premontane - Lower Wet Forest (1530 m) and a Lower 
Montane Rainforest (1830 m) according to Holdridge Life Zones in Monteverde, Costa Rica. (A) 
Throughfall collection bucket at 1530 m. (B) Rain collection buckets at the television towers at 
1830 m. (C) Mist collector at the television towers at 1830 m. 

Nutrients Analyzed 

pH affects the availability of nutrients to plants. Nitrogen is available under a wide range of pH’s 
but the availability of phosphorus decreases with increasing alkalinity. Nitrogen atoms from 
inorganic NO3 and NH4 are crucial for the creation of amino acids, nucleic acids and chlorophyll. 
Phosphorus is essential for the production of ATP, nucleic acids, phospholipids and coenzymes 
(Mauseth 1995). 

Analyzing Nutrients 

Every day for two weeks from July 14, 2014 to July 30, 2014 water was collected from 
collection buckets from a different study site until each site had two days of data collection. 
Weather during this period was uniform and included periods of nearly daily blowing mist and 
heavy rain along with clearer conditions.  Collected water was then tested for pH, NO3, NH4 and 
PO4 using a LaMotte Smart Colorimeter to the nearest ppm. On days when high elevation 
samples were collected, pH was measured upon returning to the biological station, but because of 
time limitations, water samples were kept in a refrigerator until the next morning. A pH probe 

A B C 
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was calibrated using pH 4, 7 and 10 buffers to give the equation y = 0.7016x + 0.6042 with an R2 
value of 0.99 used to determine final pH values.  

RESULTS 

pH 

pH varied significantly between sources of water (two-way ANOVA, df = 2, F = 12.77, p = 
0.00002) and between altitude (two-way ANOVA, df = 1, F = 4.10, p = 0.0464) but did not vary 
between sources at different altitudes (two-way ANOVA, df = 2, F = 2.03, p = 0.13763). At high 
elevation, mist had a lower mean adjusted pH of 5.91 +/- 0.21, than rain at 6.12 +/- 0.19 and 
throughfall 6.22 +/- 0.22 (mean +/- standard deviation). For low elevation, mist averaged an 
adjusted pH of 5.71 +/- 0.42, rain averaged 6.29 +/- 0.22 and throughfall averaged 6.32 +/- 0.26 
(Figure 2). A post hoc test indicated that mist differed significantly from rain in having a lower 
pH (Fisher LSD, p = 0.00006) and from throughfall (Fisher LSD, p < 0.00001) but rain and 
throughfall did not differ significantly (Fisher LSD, p = 0.1726).  

 

FIGURE 2. Adjusted pH of mist, rain and throughfall in a Premontane-Lower Montane Wet 
Forest (1530 m) and a Lower Montane Rainforest (1800 m) in Monteverde, Costa Rica. Lines 
represent standard error.  

NH4 

Ammonium did not vary significantly between altitude (two-way ANOVA, df = 1, F = 1.53,       
p = 0.22), source (two-way ANOVA, df = 2, F = 0.89, p = 0.42) or between sources at different 
altitudes (two-factor ANOVA, df = 2, F = 0.82, p = 0.44). High elevation mist averaged 0.68 +/- 
0.46 ppm, rain averaged 1.67 +/- 2.99 ppm and throughfall averaged 1.41 +/- 1.05 ppm (mean 
+/- standard deviation). Low elevation mist averaged 1.24 +/- 1.2 ppm, rain averaged 1.4 +/- 1.9 

 4 



ppm and throughfall averaged 6.56 +/- 17.93 ppm (Figure 3). The mean and standard error in 
throughfall are very high due to one abnormally high reading at 1530 m.  

 

FIGURE 3. Ammonium concentrations (ppm) in mist, rain and throughfall in a Premontane-
Lower Montane Wet Forest (1530 m) and a Lower Montane Rainforest (1800 m) in Monteverde, 
Costa Rica. Lines represent standard error. 

 

PO4 

Phosphate also did not differ significantly between altitudes (two-way ANOVA, df = 1, F = 0.14, 
p = 0.71), sources (two-way ANOVA, df = 2, F = 1.64, p = 0.20) or between sources at different 
altitudes (two-way ANOVA, df = 2, F = 0.73, p = 0.48). High elevation mist averaged 0.145 +/- 
0.13 ppm, rain averaged 0.178 +/- 0.16 and throughfall averaged 0.40 +/- 0.71 ppm (mean +/- 
standard deviation). Low elevation mist averaged 0.355 +/- 0.30 ppm, rain averaged 0.17 +/- 
0.20 ppm and throughfall averaged 0.275 +/- 0.21 ppm (Figure 4). Variance among all factors 
was very high.  
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FIGURE 4. Phosphate concentrations (ppm) in mist, rain and throughfall in a Premontane – 
Lower Montane Wet Forest (1530 m) and a Lower Montane Rainforest (1800 m) in Monteverde, 
Costa Rica. Lines represent standard error.  

NO3 

Nitrate also did not differ significantly between altitudes (two-way ANOVA, df = 1, F = 2.40,      
p = 0.127), sources (two-way ANOVA, df = 2, F = 0.97, p = 0.387) or between sources at 
different altitudes (two-way ANOVA, df = 2, F = 1.3, p = 0.292). 1830 m mist averaged 0.127 
+/- 0.06 ppm, rain averaged 0.079 +/- 0.09 ppm, and throughfall averaged 0.092 +/- 0.08 ppm 
(mean +/- standard deviation). 1530 m mist averaged 0.122 +/- 0.09 ppm, rain averaged 0.145 
+/- 0.07 ppm and throughfall averaged 0.095 +/- 0.07 ppm (Figure 5). A post hoc test indicates 
that mean rainfall concentrations were much higher at 1530 m than at 1830 m (Fisher LSD, p = 
0.03073).  
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FIGURE 5. Nitrate concentrations (ppm) in mist, rain and throughfall in a Premontane – Lower 
Montane Wet Forest (1530 m) and a Lower Montane Rainforest (1800 m) in Monteverde, Costa 
Rica. Lines represent standard error.  

DISCUSSION 
Though not statistically significant, mist and throughfall often had higher mean concentrations of 
nutrients than rain at both elevations. This indicates that mist and throughfall are important 
sources of nutrients to tropical forests at all elevations. However, elfin forest (1800 m) and lower 
forest (1550 m) were generally similar in ion concentrations, regardless of source. Both receive 
rain and mist that were similar in composition except for pH. Both also had similar throughfall 
despite radically different canopy heights and epiphyll loads. This could be because the elfin 
forest has a more developed community of epiphytes and bryophytes that serve to increase the 
surface area for rain water to pick up ions. In effect, the more highly developed epiphyte 
community compensates for the more open and shorter canopy.   

 pH was significantly lower in mist at both altitudes. Acid rain has been shown to cause 
leaching of nutrients from leaves and cause damage to leaves; however these were shown to 
occur at a pH of 2.5 and lower which is significantly lower than the pH of mist in Monteverde 
(Haines et al. 1985). For this reason the pH of mist is not predicted to be a problem for plant 
growth unless it is severely decreased.  

 One interesting discovery was that at both high and low elevations mean concentrations 
of nitrate decreased from mist and rain to throughfall. Intuitively, one might think that rain and 
mist would pick up nitrate as it passes through the canopy. However, nitrate has been found to be 
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retained by the leaves and epiflora by ion exchange processes that occur (Filoso 1999). As much 
as 33-67 percent of inorganic nitrogen in mist and rainfall can be retained by epiphytic 
bryophytes in Monteverde (Clarke et al. 2005).  

 While the changing forest composition as a consequence of global warming may not 
affect nutrients entering the forest floor via throughfall, the rising altitude of cloud formation will 
most likely have a large impact on the elfin forest. Mist is an important source of water during 
the dry season, so it can be assumed that it is also an important source of nutrients during the dry 
season when rainfall and throughfall are lacking (Wenjie et al. 2004). Mist also contained high 
concentrations of nutrients and a lower pH so the loss of this entering the ecosystem could 
decrease nutrients available to plants and raise the pH. Increased pH can decrease the availability 
of phosphorus which would harm the plants ability to build essential molecules (Mauseth 1995).  

Mist is also a component of throughfall, it simply percolates more slowly giving it 
increased time to accumulate nutrients (Clark et al. 1998). The loss of this percolation may also 
serve to decrease the concentrations of nutrients in throughfall. In addition, rainfall is predicted 
to increase in Monteverde as a response to climate change (Pounds et al. 1999) which may lead 
to the assumption that throughfall nutrients will increase. However, nutrients accumulated on 
leaves during the dry season are washed away during the first big rain event of the wet season 
and subsequent rain events contain very few nutrients (Clark et al. 1998).  

Whether or not the decreasing presence of mist will impact the changing forest 
community is yet unknown. The species of lower elevation forests are better adapted to life 
without a constant presence of mist and do not rely on it as a source of nutrients. The rising cloud 
cover may even serve to hasten the transition from an elfin cloud forest to that of a low elevation 
forest as species move up in elevation to find optimum conditions. However, if biodiversity and 
cloud forests are to be preserved, than rising cloud cover a very serious threat to those areas that 
depend on it. 
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Mycorrhizal abundance in the epiphytic 
Orchid, Stelis hymenantha, grown in two 
substrates in a lower montane wet forest 
Maxine J. Rodrigues 

Oregon State University, Department of Forestry, Corvallis, Oregon 
 

ABSTRACT 
Mycorrhizae are crucial to the health and fitness of epiphytic orchids, which play key roles in forest ecology and 
productivity. Mycorrhizae associations are made when orchids receive a net benefit in nutrient uptake. Mycorrhizal 
abundance may vary depending on how much assistance the plant needs and availability of fungi. The purpose of 
this study was to determine whether or not mycorrhizal abundance is higher in epiphytic orchid roots growing in 
soils mats versus bare branches. 30 Stelis hymenantha (Orchidaceae) plants, 15 of which were grown in soil mats 
and 15 that were growing on bare branches were sampled from a lower montane wet forest pastureland in Costa 
Rica. Roots were stained and mycorrhizal cover was examined. 87% of the samples had mycorrhizae, however, 
there was no significant difference in mycorrhizal abundance in orchids between the two substrates. These results 
are not surprising considering many epiphytic orchids need assistance with nutrient uptake, even when in favorable 
conditions.  

RESUMEN 

Las micorrizas son cruciales para la salud y el éxito reproductivo de las orquídeas epifíticas, las cuales 
juegan un papel fundamental en la productividad y ecología de los bosques.  Las asociaciones 
micorrizicas se forman cuando las orquídeas reciben un beneficio neto en la toma de nutrientes.  La 
abundancia micorrizica puede variar dependiendo de cuanta asistencia la planta necesita y la 
disponibilidad del hongo.  El propósito de este estudio fue determinar si la abundancia micorrizica es 
mayor o no en raíces de orquídeas creciendo en suelos o en ramas.  30 plantas de Stelis hymenantha 
(Orchidaceae), 15 de las cuales crecieron en suelo y 15 en ramas se muestrearon en un pastizal en el  
bosque humedo montano bajo en Costa Rica.  Las raíces se tiñeron y se examinó la cobertura de 
micorrizas.  87% de las muestras tuvieron micorrizas, sin embargo, no hay diferencia significativa en la 
abundancia micorrizica entre los dos sustratos.  Estos resultados no son sorprendentes considerando que 
muchas orquídeas epífitas necesitan asistencia en la toma de nutrientes, aún cuando se encuentran en 
condiciones favorables.!
 

 

INTRODUCTION 

THE ROLES ORCHIDS PLAY IN TROPICAL ECOSYSTEMS are both diverse and pertinent to forest 
health and productivity. Vascular epiphytic plants play significant roles in forest dynamics and 
balance. They contribute to tree fall gap formations, store atmospheric nutrients, are players in 
primary production, and have a key role in nutrient cycling (Lesica and Antibus 1990). The 
family Orchidaceae contains over 25,000 species and comprises around 10% of all flowering 
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plant species (Sathiyadash et al. 2012). Epiphytic orchids outnumber terrestrial orchids by two to 
one and have a high abundance and variation in tropical ecosystems (Sathiyadash et al. 2012). 

 Having such a significant impact on forest health and canopy dynamics, it is important to 
understand how epiphytic orchids survive in trees since their resources are limited compared to 
terrestrial plants. One of the main stressors that limits epiphytic orchid growth and development 
is water availability since branches cannot hold a sufficient amount of water (Scheffknecht et al. 
2010). Canopy habitats also lack rich substrates from which orchids obtain their nutritional needs 
(Lesica and Antibus 1990). Because of scarce resources, orchids must rely on outside sources for 
nutrient intake. 

 Epiphytic orchids have adapted to inadequate conditions by forming mutualistic 
mycorrhizal associations (Swarts and Dixon 2009). Mycorrhizae are fungi that form root 
associations with other plants. Roots increase their surface area through fungal associations in 
order to increase nutrient uptake. Mycorrhizae have been shown to increase absorption of 
phosphorus, nitrogen, and other micronutrients that are essential to plant health (Turk et al. 
2006). In return, the plant uses some energy to provide photo-assimilated carbon and sugars to 
the fungi. However, the costs of having mycorrhizae sometimes outweigh the benefits. If the 
carbon the fungus receives has more value than the mineral ions and nutrients the plant receives, 
it is considered to be a commensalism or parasitism, which may occur in mineral-rich 
environments (Rasmussen and Rasmussen 2009).   

 The purpose of this study is to determine whether or not there is a difference in 
mycorrhizal abundance between two different substrates in which orchids grow. Orchids 
growing on bare branches with little to no substrate may have higher mycorrhizal abundance in 
their roots since water and nutrients are limited. Epiphytic orchids are healthier and more 
abundant on mat-like substrates than they would be on bare branches (Levine 1999). Since 
orchids in soil mats have more access to soil, which can hold more nutrients and water, it is 
expected that they would have lower mycorrhizal abundance because they do not need as much 
assistance in resource uptake. Previous studies have shown that there was no significant 
difference in mycorrhizal abundance between orchids found in soil mats versus bare branches 
(Weller 2002). However, this study used multiple genera of Orchidaceae, which was not 
analyzed in the results. To control for this additional factor, I studied an easily identified 
common epiphytic orchid, Stelis hymenantha, which is known to have mycorrhizal associations.  

METHODS 

Study site 

The study was conducted over a two-week period from mid- to late July, 2014. S. hymenantha 
samples were collected from pastureland on private property near the Monteverde Biological 
Research Station in Monteverde, Puntarenas, Costa Rica. The elevation of this field is at 1550 
meters above sea level and is located in the Tilarán Mountain Range. The successional stages in 
which the study took place ranges from early successional to secondary forest. According to the 
Holdridge Life Zone classification system, this area was a lower montane wet forest. The study 
site receives a minimum mean of 2.0—2.5 meters of precipitation annually (Weller 2002). 
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FIGURE 1. The study site where Stelis hymenantha specimens were found. This area was pastureland in a 
lower montane wet forest in Monteverde, Puntarenas, Costa Rica at 1550 meters in elevation. 
 

Orchid species 

S. hymenantha is an epiphytic orchid with thick, waxy leaves and small almost hair-like roots 
(Figure 2). The average size of one plant, including both shoots and roots, is about 5 inches in 
height and contained anywhere from 1 to 20 leaves. Each leaf has the potential to possess only 
one linear inflorescence of small yellow-green flowers, however, usually only a fraction of the 
leaves have inflorescences. S. hymenantha are normally found in moist areas that are windborne. 
Mycorrhizal abundance may vary with orchid plant age (Rasmussen and Rasmussen 2009). 
Because of this, only roots from individuals that were of reproductive age with flowers were 
collected. Roots were only collected from plants that had 5—15 flowers total to control for age. 

 

Figure 2. A typical Stelis hymenantha plant with waxy leaves and long yellow-green inflorescences.  
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Field methods 

Orchid roots were collected from tree limbs and stored in plastic bags. Leaf health was 
considered when collecting samples and plants with many black spots or discolored leaves were 
not included. Soil mats were areas on the tree with an abundance of dirt and other epiphytes—
such as mosses and lichens—that completely covered the roots and were soft to the touch. Since 
S. hymenantha needs at least a small amount of soil to colonize, bare branches were 
characterized by having very little soil with very little or no abundance of non-vascular 
epiphytes. On bare branches, orchid roots were not completely covered and did not have a lush 
soil mat in which to grow. Approximately 4 roots per plant were collected from each plant. A 
total of 30 plants were sampled, 15 in soil mats and 15 in bare soil. Samples were collected from 
4 trees at heights ranging from 0.5—2.0 meters. 

 Assessing Mycorrhizal abundance 

 Root samples were washed under tap water to remove excess dirt and were boiled in a 10% 
KOH solution for 6 minutes. The 10% KOH solution was used to clear the root cells of any 
chlorophyll so they would not have color under the microscope. After boiling in the KOH 
solution, they were rinsed and boiled in a 5% ink-vinegar solution derived from previous studies 
in mycorrhizal staining methods (Vierheilig, et al. 1998). The ink-vinegar solution stained only 
the mycorrhizae blue without staining the rest of the root. Once the roots had boiled in the ink-
vinegar solution for 4 minutes, they were stored in a water-vinegar solution for up to 24 hours. 
Root shavings were examined under a compound microscope and a picture was captured with a 
microscope camera attachment at 40x magnification. The 640x426 pixel image was viewed 
using Adobe Photoshop and a 10x6.65 square grid overlay was used to determine percent cover 
(Figure 3). A grid square was considered to have mycorrhizal cover if part of hyphae, vesicular, 
or arbuscular mycorrhizae was present inside the square. The number of squares covered by 
mycorrhizae was divided by the total number of squares to determine percent cover for the 
sample. 
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FIGURE 3. A typical image captured of mycorrhizal staining in a Stelis hymenantha root. A compound 
light microscope on 40x magnification was used to capture images. The grid used was 10x6.65 squares, 
each square being 64x64 pixels, and an individual square was considered covered if there was any sort of 
mycorrhizae inside the square. The sample shown above had a total of 12 out of 66.65 squares covered, or 
18.02% coverage. 
 
 

RESULTS 

 Orchids growing on soil mats were in higher abundance and were easier to find. 
Mycorrhizae came in many forms including hyphae, vesicular, and arbuscular (Figure 3). 26 out 
of 30 samples had mycorrhizal cover. On bare branches, there were 3 samples that had no 
mycorrhizal cover while there was only 1 sample from soil mats. The range of mycorrhizal cover 
was 0—58% (16.75 ± 13.7) in total. Orchids growing in soil mats had mycorrhizal abundance 
ranging from 0—29%  (14.8 ± 10.7), while orchids growing on bare branches had a range of 0—
58% (18.7 ± 16.2) and there was only a 4% difference between mycorrhizal cover averages 
(Figure 4). There was no significant difference in mycorrhizae cover in S. hymenantha found in 
soil mats versus on bare branches (Student t-test, t = 0.767, df = 28, p = 0.45). 

 14 



!

 

FIGURE 4. Mean mycorrhizae cover found in S. hymenantha across two different substrate types in a pre-
montane wet forest. Roots sampled from bare branches had an average mycorrhizal cover of 18.7% while 
roots from soil mats had an average cover of 14.8%. Orchid samples were collected from a pastureland at 
1550 meters in elevation in Monteverde, Costa Rica.  
 

DISCUSSION 

Mycorrhizal abundance was not significantly different between S. hymenantha growing in soil 
mats versus bare branches. One factor that may have influenced the results of this study is 
seasonality. Past studies have shown temporal differences in mycorrhizal abundances, which 
suggests seasonality (Muthukumar and Udaiyan 2002). The tropics have a wet and dry season 
and the experiment was conducted during the wet season. In the wet season, water is not a 
limited resource. Mycorrhizae develop better in moist soil conditions and increased rainfall 
during the wet season becomes more favorable (Muthukumar and Udaiyan 2002). It may be 
better to repeat this experiment during the dry season if studied in the future since water would 
be limited. With water limitations, soil conditions are more extreme and orchids growing on bare 
branches may need more fungal assistance for water and nutrient uptake. 

 In previous studies, orchids growing along roadsides or in pastures have been shown to 
form mycorrhizal associations with a variety of fungi yet showed significant similarities in 
mycorrhizal cover within a population. Furthermore, mycorrhizal relations were not significantly 
associated with biogeographic or environmental factors (Kartzinel et al. 2013). S. hymenantha 
studied follows this correlation since environmental factors did not influence mycorrhizal 
abundance and they were found in open pasture area. However, factors that were not studied 
included mycorrhizae species composition and distribution. Other studies have shown that there 
are more fungus species in soil mats and that soil area and species richness are correlated. Also, 
different species are found in different areas and some fungi species dominate an entire 
community (Allen et al. 2003). 
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 One observation was that 4 out of 30 samples had no mycorrhizal cover. Some orchids, 
including S. hymenantha, are obligate mycotrophs when seedlings and need mycorrhizae to help 
in the germination process. Without the mycorrhizae, seeds cannot obtain sufficient water and 
nutrients to initiate development. Once the plant develops, it may choose to expel the 
mycorrhizae if it is not needed or may be facultatively mycorrhizal (Lesica and Antibus 1990). 
The 4 samples that did not have any mycorrhizal associations may simply not have needed 
assistance anymore and expelled the fungi from their roots. 

 Substrate size and volume could also be taken into account to determine if increasing 
substrates has a positive correlation with mycorrhizal abundance. This experiment suggests that 
the substrate in which orchids grow does not determine mycorrhizal abundance. This study along 
with one conducted by Weller (2002) indicates that across several orchid genera, substrate does 
not influence mycorrhizal infection. This data shows that mycorrhizae are apparent in almost all 
orchids and that epiphytes still rely on fungal associations in adulthood. Without mycorrhizae, 
epiphytic orchid populations would decrease and forest structure and productivity would change 
drastically. 
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ABSTRACT 
 
Mycorrhizae are an important component of increasing plant fitness. Mycorrhizae abundance was assessed 
in Begonia involucrata going up in elevation (1525m-1770m) along the pacifc slope of the Tilaran 
Mountains in Northern Costa Rica. Soil pH samples were also taken along the elevational gradient beneath 
the Begonia and compared to the percent abundance of mycorrhizae. Mycorrhizal abundance inside roots of 
B. involucrata was found to decrease going up in elevation. Soil pH levels also became more acidic as 
elevation increased.  Mycorrhizae abundance and pH had a positive correlation, with higher mycorrhizal 
abundance located in soils with a higher pH. Results suggest that abiotic factors may have a role in 
determining the abundance of mycorrhizae in the roots. 
 
RESUMEN  
 
Las micorrizas son componentes importantes del aumento del éxito reproductivo de las plantas.  La 
abundancia micorrízica se estimó en Begonia involucrata al aumentar en elevación (1525m-1770m) a lo 
largo de la vertiente pacífica de la cordillera de Tilarán en el norte de Costa Rica.  El pH del suelo se tomó 
a lo largo de un gradiente altitudinal bajo plantas de Begonia y se comparó con el porcentaje de abundancia 
micorrízica.  La abundancia micorrízica dentro de las raíces de Begonia involucrata se encontró que 
disminuye al aumentar la elevación.  El pH del suelo también se vuelve más acídico al aumentar la 
elevación.  La abundancia micorrízica y el pH tienen una correlación positive, con una mayor abundancia 
micorrízica localizada en los suelos con un mayor pH. Los resultados sugieren que los factores abióticos 
pueden jugar un papel en la determinación de la abundancia de micorrizas en las raíces. 
 
 
INTRODUCTION 
 
Over 90 percent of terrestrial vascular plants have formed a mutually beneficial 
relationship with fungi, which are known as mycorrhizal associations (Cairney 2000). 
The fungus colonizes the plant’s root system and provides the plant with increased 
nutrient absorption and water; and the plant provides the fungus with carbohydrates 
produced by photosynthesis. This relationship between a host plant and a fungus can be 
found in the majority of Earth’s ecosystems (Lekberg 2005). Abiotic factors, such as soil 
nutrients, are known to influence the abundance of mycorrhizae (Carrenho et al. 2007). 
Abiotic factors can change drastically along an elevation. Amounts of solar radiation, 
precipitation, and temperature all play a role in changing the mountain ecosystem up in 
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elevation. These factors along an elevational gradient can also influence the amount of 
fungus that can colonize a host plant’s roots along an elevation gradient. Studies of 
mycorrhizae have been conducted looking at relationships between abundance and 
elevation. In Arizona mycorrhizae were found to decrease with increasing tree cover 
(Fisher & Fule 2004) and on the Segila Mountain in Tibet mycorrhizae abundance 
negatively correlated with the altitude of the study sites (Gai et al. 2012). 

The tropical lower montane wet forest of the pacific slope of the Tilaran 
Mountains in Northern Costa Rica, is subject to heavy amounts of rainfall during the wet 
season, from mid May to the end of December. Heavy amounts of precipitation cause 
nutrients from higher mountain elevations to be leached out of the soil and accumulate 
towards the lower protion of the mountain (Dar et al. 2012). This in turn causes pH to 
decrease up the mountain (Griffiths et al. 2009). Soil pH is important when assessing 
chemical properties of soil because it affects the availability of nutrients to plants. 
Phosphorus availability has been shown to reduce in highly alkaline soils (Smith & Read 
1997). In addition, calcium, potassium, magnesium and sodium are alkaline elements, 
which are lost with increasing acidity whereas phosphorous can be more readily found in 
acidic soil conditions (Treseder 2013). 

I investigated the abundance of arbuscular mycorrhizal fungi in Begonias along 
an elevation gradient in the lower montane wet forest in Monteverde, Costa Rica. Given 
that there are high amounts of precipitation along this gradient, it is a possibility that 
abiotic conditions favoring mycorrhizal abundance changes over this slope. The purpose 
of this study was to assess how mycorrhizae are affected with increasing altitude, and to 
examine if mycorrhizae colonization along elevation is different for a tropical study site. 
The present study focuses on mycorrhizal abundance within Begonia involucrata along 
an elevational gradient on the pacifc slope of the Tilaran Mountains in Northern Costa 
Rica. Soil pH was also sampled to see how abiotic factors affect colonization and how the 
dynamics of this affect the relationship of the host plant and the fungus.    
 
 
METHODS 
 
Study Site  
Begonias were sampled along an elevational gradient that started from 1525m and ended 
at 1770m in the tropical lower-montane wet forest. More specifically, at the Biological 
station in Cerro Plano, Punteranas, Costa Rica. The ecosystem surrounding the station is 
characterized by frequent cloud cover and afternoon rainfall. The Monteverde Biological 
Station is located between 1400 and 1800m at the highest point of the Tilaran Mountain 
Range. It is a thick tropical cloud forest with on average 25m tall trees. This area has a 
microclimate created by the Pacific Ocean that makes it a very wet area with only two 
seasons: Dry and Wet. With the Dry lasting from the end of December to mid May and 
the Wet lasting from mid May to the end of December, with the hottest temperatures 
occurring from June to October. The study took place between: July 17, 2014 to July 31, 
2014.   
Study Organisms  
Begonia involucrata (Genus: Begonia) is an understory shrub and prefers acidic or 
neutral soil pH that is comprised of either loam or sand. Begonias are known to have 
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arbuscular mycorrhizal associations and are common between 1525m and 1770m, 
making it an ideal model system to study mycorrhizal associations.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

FIGURE 1: Image of mycorrhizae after being stained in Begonia involucrata showing xc (stained 
in blue) with grid superimposed over it. Image is from one of the samples collected between 1525 
and 1770 in the tropical premontane moist forest within the Monteverde Cloud Forest. The 
photograph was taken with a Celestron Digital Microscope camera attachment using 40x 
resolution. This sample was boiled with 10% KOH and then stained with a 5% Lactophenol Blue 
and vinegar solution. This sample had 50.5 grids with mycorrhizae equating to about a 77.6 
percent mycorrhizal cover.  

 
Root samples (n=50) of 2 cm were collected from each plant about every 5m 

using an altimeter along the trail starting at an elevation of 1525m and going up to an 
elevation of 1770m. Once in the lab, root samples were then cleaned in tap water and 
boiled in a solution for 5 minutes of 300ml of tap water and 30mg of KOH. This was 
done to remove the chlorophyll inside the plant cells. Roots were then taken out of the 
solution and rinsed again in tap water before boiling them in another solution for 3 
minutes consisting of 300ml of vinegar and 15ml of Lactophenol (5%).  This second 
boiling process dyed the mycorrhizae inside the roots so they could be easily detected 
underneath a compound light microscope. After boiling roots were left to soak overnight 
in a tap water and an approximately 1% vinegar solution. Once completed a very small 
outer layer of the root was cut using a thin razor and transferred onto a microscope slide. 
A Celestron Digital Microscope camera was then used to capture the image of the 
mycorrhizae using 40x magnification. Microscope images were then transferred into 
Adobe Photoshop where a 10x6.5 grid overlay with 64 pixels was superimposed over the 
image. Grid squares were counted as covered if a hyphae crossed the square or if there 
was a large or several small vesicles.  
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Soil pH  
Soil samples were collected directly beneath the plant every 16m going up in 

elevation. Starting at 1525m and going up to 1765m. About 10g (to the nearest half gram) 
of soil was weighed out on a scale and mixed with 50ml of distilled water. The solution 
was then shaken for approximately 3 minutes and then left to sit for 2 minutes. A soil pH 
probe (ISFET pH Meter model IQ120) was used to measure the water above the soil in 
the container.  
 
 
RESULTS 
 
Begonias were most readily found from about 1525m to 1600m, and as elevation 
increased it became increasingly harder to locate. Arbuscular mycorrhizae were found in 
all 50 samples with an average of 35.5% of mycorrhizal abundance, with a very large 
range (71.54) of percentages. The average soil pH was approximately 6, with a range of 
2.5. The soil acidity was found to increase as elevation increased (linear regression 
R2=0.76494, p<0.001, n=16, df=15, FIGURE 3. Similarly, MF abundance decreased as 
elevation increased (linear regression, R2=0.10618, p=0.02, n=50, df=49, FIGURE 2).  
 
!

 
FIGURE 2: Mycorrhizae abundance (in percentage) going up an elevation gradient. 
Samples (n=50) were collected the Biological Station and started at 1525m in 
elevation and ended at 1570m. Samples were taken every 5m.  (p=0.02)  
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FIGURE 3: Effect of elevation on pH (p< 0.001).  

 
 

 

FIGURE 4: Mycorrhizae abundance related to pH (p=0.03).  

 
 
DISCUSSION 
 

Mycorrhizae abundance and soil pH decreased with increasing slope (FIGURES 
2&3) indicating that mycorrhizal abundance is highest in more alkaline soil at the base of 
the mountain. The data suggest that soil acidity limits the amount of mycorrhizae that 
colonize B. involucrata. The excessive amount of rainfall that the Tilaran Mountain range 
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is exposed to during the wet season causes leaching of the nutrients in the soil. So it is no 
surprise that at high elevations of the mountain more acidic soil was found and near the 
lower elevations of the study site, more alkaline. The accumulation of nutrients towards 
the lower portion of the mountain occurs because of this process and provides richer soils 
for the plant species situated there, possibly explaining higher colonization rates. 
Mycorrhizal abundance also effects populations of plants and their subsequent growth 
(Koide & Dickie; Janos 1980). This could explain the higher numbers seen from 1525m 
to 1600m, as nutrients should have a higher accumulation there due to leaching and 
rainfall.  

It is interesting that the study from Tibet (Gai et al. 2012) and Arizona (Fisher & 
Fule 2004) along with the present study have all found the same trends. All three sites are 
exposed to differing abiotic factors yet still had decrease in mycorrhizae abundance as 
elevation increased. Possible explanations could be that all three places have somewhat 
nutrient poor soil. Perhaps it is that there are lower numbers of hosts to colonize higher 
along the gradient and therefore not as many fungal species have found a way to adapt to 
the harsher conditions higher up. Another possible explanation is that the host plant does 
not provide as many carbohydrates to the mycorrhizae as resources and nutrients are 
limited. This could in turn reduce the amount of mycorrhizae that are able to colonize the 
B. involucrata. Overall these results show the same trends compared to other published 
studies at differing locations.  

Elevation and pH studies have shown that an increase in elevation gives rise to a 
decrease in pH (Dar et al. 2012).  The above study shows exactly that. An increase in 
elevation had a negative correlation with pH.  The ideal soil pH is close to neutral or 
about 7. In this study values that were close to a neutral pH were found to correspond 
with lower elevations (FIGURE 3). The pH levels in lower elevations were also seen to 
house more mycorrhizae (FIGURE 4). The availability of some plant nutrients is greatly 
affected by soil pH (Treseder 2013). The underlying answer to these trends may be that 
the symbiotic relationship in study is heavily influenced by soil nutrient level. What is 
interesting about soil pH is that B. involucrata tend to prefer acidic to neutral soil, but the 
highest colonized root was found in alkaline soil. It could be that there are possible trade 
offs and that the fungi can sometimes dictate the distribution of B. involucrata.  

Warmer temperatures due to climate change are forcing many plant species 
upslope and adjusting their range (Telwala et al. 2013). Soil pH and mycorrhizae 
abundance could be affected by changing temperatures in the future. If Begonia 
involucrata has to move up in elevation to find more suitable temperature optimums it 
may curtail mycorrhizae abundance due to the increased elevation and reduced 
availability of nutrients since the mycorrhizae aid considerably in providing the host plant 
with nutrient uptake. This could mean that if Begonia involucrata are forced to move up 
in elevation the majority of the species could experience less mycorrhizae colonization 
and therefore could potentially reduce the fitness of Begonia involucrata in the future.  
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ABSTRACT 
 
Abiotic conditions, such as temperature and moisture, change in relation to elevation and can be a determining factor 
for the dispersal of certain species. The purpose of this study was to investigate whether there was a difference in the 
percentage of mycorrhizal infection in the roots of the epiphytic orchid, Oerstedella centradenia, at two distinct 
elevations. A total of 20 individual O. centradenia roots were sampled at 800 m and at 1,542 m of elevation on the 
pacific slope of the Tilarán Mountains. The percent mycorrhiza infection was estimated for each sample and the 
average percentage of infection between the two elevations were compared. There was no evidence that the two sites 
differed in Mycorrhizal abundance despite previous studies indicating that elevation and moisture might play a role 
in its abundance. 
 
RESUMEN  
 
Las condiciones abióticas, como temperatura y húmedad, cambian en relación con la elevación y pueden ser un 
factor determinante para la dispersión de ciertas especies.  El propósito de este estudio fue investigar si existe una 
diferencia en el porcentaje de infección micorrizica en las raíces de la orquídea epifítica, Oerstedella centradenia, a 
dos elevaciones diferentes.  Un total de 20  individuos de O. centradenia fueron muestreados a 800 m y 1542 m de 
elevación en la vertiente pacífica de la cordillera de Tilarán.  El porcentaje de infección micorrizica se estimó para 
cada muestra y se comparó el porcentaje promedio de infección entre las dos elevaciones.  No hay evidencia de que 
los dos sitios difieran en la abundancia micorrizica a pesar de que los estudios previos indican que la elevación y la 
húmedad pueden jugar un papel importante en su abundancia. 
 
INTRODUCTION 
 
Mycorrhizal+associations+are+key+actors+in+many+ecosystems;+in+fact,+around+90%+of+land+
plants+have+mycorrhizal+associations+(Margulis & Fester 1991). Mycorrhizae are best 
described as mutualistic fungi that increase its host water and nutrient uptake in exchange for 
carbon compounds (Walter 1983). Nonetheless, tradeoffs still exist in this relationship. For 
example, if mycorrhizae are not providing the plant with nutrients, they can act as a carbon drain 
for the plant (Eissenstat 1997) and excessive carbon depletion can lead to plant growth 
depression (Peng et al. 1993).  
 Mycorrhizae are especially crucial to orchids, as mycorrhizal associations exist in all 
orchids during germination. Without the fungus, seedlings fail to germinate due insufficient 
nutrient storage (Rasmussen 1995); this relationship usually carries on to adulthood, but some 
orchids lose their mycorrhizae for reasons that are largely unexplored (Walter 1983). The 
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mutualistic relationship between these two organisms is absolutely necessary for the survival of 
the orchid species. Therefore, it is as follows that any abiotic conditions restricting mycorrhizal 
abundance will also affect its orchid partners.  
 Three abiotic factors known to influence mycorrhizal abundance are temperature, moisture, 
and seasonality. For example, Koske (1987) found that species richness of mycorrhizal fungi is 
positively correlated with decreasing temperature. Suggesting cooler climates favor mycorrhizae. 
Levels of colonization are strongly influenced by moisture availability; in fact, fungal growth did 
not occur at all in cases where moisture was minimal (Jacobson 1997), therefore suggesting that 
mycorrhizae may be more abundant under moist conditions. Finally, seasonality has shown to 
regulate mycorrhizal abundance. For instance, in the dry season, both the number of species and 
spores of mycorrhizae were highest in root length colonization (Guadarrama & Álvarez-Sánchez 
1999).  
 Oerstedella centradenia is a mainly epiphytic species of orchid that is found across a wide 
range of elevations in the tropical forests of Costa Rica (Phillips & Hill 1998). Given that abiotic 
conditions, such as temperature and moisture, change in relation to elevation (Smith et al. 2002), 
there may be differences in mycorrhizal abundance between O. centradenia at different 
elevations. As it has been shown, a change in these conditions can be a controlling factor for 
mycorrhizal abundance. To test this, I measured the abundance of mycorrhizae at two distinct 
life zones on the pacific slope of the Tilarán Mountains. 
 
METHODS 
 
Sample Collection 
 
Samples were collected at two distinct elevations, with differing amounts of annual rainfall and 
temperature, along the pacific slope of the Tilaran mountains of Northern Costa Rica. Site 1 was 
located within a premontane moist forest life zone (sensu Holdridge 1967) at an elevation of 
approximately 1,000 meters. More specifically, in the community of San Luis, approximately 
700 meters from the University of Georgia-Costa Rica’s (UGA-CR) campus (Table 1). Weather 
data taken from UGA-CR report an average annual rainfall of 1.1 m and a mean annual 
temperature of 20.9°C (Table 1). Samples were gathered from trees and fence posts along open 
pasture. 
 Site 2 was located within a premontane wet forest (sensu Holdridge 1967) at an elevation 
of elevation of approximately 1,500 m. More specifically near the Estación Biológica in Cerro 
Plano. This area receives approximately 3.3 m of rainfall annually and has an annual mean 
temperature of 18.3°C (John H. Campbell Weather Station 2003-2013). Samples were gathered 
in a 25 year-old second growth forest.   
 A total of 20 orchid individuals were sampled at each site. 3 to 5 cm root samples were 
cut only from orchids ranging 3 to 30 cm in length to accommodate for variation in ages, because 
mycorrhizal abundance has been shown to be variable across ages in different orchid species 
(Zhu et al. 2008), and adult O. centradenia ranges anywhere from 15 cm to 1 m (Phillips & Hill 
1998).  Samples were collected during Costa Rica’s rainy season at the end of July 2014. 
 
 
 

 26 



Table 1. Elevation, average annual rainfall, and mean annual temperature between the two study 
sites. . 
 

Study Site Elevation (m) Average Annual 
Rainfall (m) 

Mean Annual 
Temperature (°C) 

Premontane moist 
forest (site 1) 1,000 1.1 20.9 

Premontane wet 
forest (site 2) 1,542 3.3 18.3 

 
 
Staining and Calculating Abundance 
 
Roots were stained following the Vierheilig et al. model (1998). Roots were first rinsed in tap 
water in order to remove any superficial dirt or moss from them. Roots were then placed into a 
10% KOH solution and boiled in water for five minutes in order to remove excess coloration 
from the roots. Next, a 5% Lactofenol ink-vinegar solution was prepared and placed into the 
boiling water as well. Roots boiled in this solution for three minutes this time in order to stain the 
mycorrhizae blue. The newly stained roots were then soaked in a vinegar-water solution 
overnight to remove excess dye from structures other than mycorrhizae in the roots.  
 Thinly sliced cross-sections of the dyed roots were cut and mounted onto microscope 
slides. A 10x field view compound microscope was used to observe mycorrhizae. Pictures of 
areas on the root perceived to have the highest concentration of mycorrhizae were taken with a 
microscope camera and uploaded to a computer. A 10x6.5 grid was superimposed over each 
image (640x426 pixels) in Adobe Photoshop with a grid line every 64 pixels. Each grid square 
was then counted for cover and each square was considered to be infected if mycorrhizae 
covered more than 25% of it. (Figure 1). Finally, total percentage of infection was determined by 
dividing the total amount of grid squares covered with mycorrhizae by the total amount of grid 
squares.  
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Figure 1. A typical 640x426 pixel photo of mycorrhizae in the roots of Oerstedella centradenia 
taken with a microscope camera and fitted to a 10x6.5 grid in Adobe Photoshop.  
 
RESULTS  
 
High vs. Low Elevation 
 
There was no statistical significance between mycorrhizal abundance between site 1 and site 2 
(Student’s T-test; t = 0.640, df = 38, n = 40, p = 0.526). The average percentage of mycorrhizal 
infection at the low elevation study site was 42.65 +/- 6.07 (mean percent infection +/ standard 
error). Percentage of mycorrhizal infection at Site 1 ranged from 3 to 79 percent (Ave ±SD); 
with 13 samples having at least 45 percent mycorrhizal cover.  At the high elevation site, 
mycorrhizal infection was only 5% higher, with a mean percent infection of 47.65 +/- 4.91 
(Figure 2).  Range of infection at site 2 was between 0 and 80 (Ave ±SD); percent, with 12 
samples having cover that exceeded 40 percent. Only one of the 40 sampled orchids had 0 
percent abundance (Site 1) . 
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Figure 2. A comparison of mean percent mycorrhizal abundance in a premontane wet forest at 
1,500 m in Monteverde, Costa Rica (site 1) and a premontane moist forest at 1,000 m in San 
Luis, Costa Rica (site 2). 
 
DISCUSSION  
 
There was no difference in mycorrhizal abundance within O. centradenia found in premontane 
wet and premontane moist forests, despite possible differences in the ambient temperature and 
mean rainfall between the two sites. However, percent of infection was variable across individual 
root samples at both elevations. Although many orchids carry on their relationship with 
mycorrhizae throughout adulthood (Walter 1983), it has been shown that some orchids are no 
longer dependent on their fungal associations as adults (Rasmussen & Rasmussen 2009). This 
could explain why some orchid individuals have no mycorrhizal infection. Perhaps the 
mycorrhizae stop being beneficial to a select number of orchids once they have developed 
sufficient nutrient stores as adults. Therefore, it is reasonable to conclude that a lot of the 
variation among mycorrhizal infection in this study can be attributed to differences in 
mycorrhizal abundance across the orchids’ developmental stages. Perhaps age would have to be 
isolated as a variable to see a true difference in abundance across elevations. 
 Another possible reason that the results were non-significant is that the elevation gradient 
was not steep enough for this study’s purposes. Moisture availability is a driving factor behind 
mycorrhizal colonization (Jacobson 1997), but it is probable that the minimum moisture 
availability required for the fungi’s survival is met at both elevations. The low elevation study 
site received 1.1 m of rainfall annually, while the high elevation study site received 3.3 m. 
Moisture may need to be much more limited to have a significant impact on mycorrhizal 
abundance. 
 Seasonality is one of the principal driving factors behind mycorrhizal abundance; as 
abiotic conditions become warmer and drier, mycorrhizal colonization in its host’s roots 
increases (Staddon et al. 2003).  Perhaps the reason a difference in mycorrhizal abundance was 
not seen at the two different study sites was because their abiotic conditions were too similar. 
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There was a 2 m difference in annual rainfall between the two elevations and only a 2.3°C 
difference in mean annual daily temperature. Maybe these variations are not great enough to 
mimic the changing abiotic conditions of Costa Rica’s dry season compared to its wet season. It 
would be interesting to see if extending the elevation gradient would result in an increase in 
mycorrhizal root colonization.  
 While internal mycorrhizal root colonization increases under warm, dry conditions, it has 
also been shown that the external hyphae on the root decreases (Staddon et al. 2003). This 
suggests that mycorrhizae are investing more in their internal carbon stores under stressed 
conditions, such as drought. This is alarming because climate change could potentially alter the 
symbiotic relationship between mycorrhizae and orchids, if internal mycorrhizal becomes too 
abundant in its orchid host’s roots. Thus, it would be interesting to do a long-term study of 
mycorrhizal abundance across Costa Rica’s seasons and see how climate change is affecting the 
interactions between orchids and mycorrhizae.  
 Although no difference in fungal abundance was found at these two elevations, we have 
learned that mycorrhizal abundance varies greatly among orchid individuals. Further studies 
across larger elevation gradients would need to be conducted to truly confirm that elevation plays 
a role in mycorrhizal abundance. For now, we can conclude that mycorrhizal fungus is an 
adaptive organism that can survive under different abiotic conditions of tropical forests. 
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ABSTRACT  
Hemiepiphytes require a host tree for support and are common elements of tropical forests. Secondary 
hemiepiphytes germinate on the ground and crawl to host trees before climbing and increasing in size. 
Host-selection strategies include skototropism in Monstera spp. and other aroids (Araceae), whose 
seedlings grow toward darkness. This study examines if M. adansonii finds its hosts randomly or if 
skototropism leads to larger hosts. Tree diameter was compared for trees with and without seedlings, 
juveniles, and adult M. adansonii. Findings suggest all stages of M. adansonii are more common on larger 
trees (Two-Way ANOVA F = 20.51, d.f. = 3 and p < 0.0001; Fisher LSD post-hoc AvN p < 0.0001, JvN p 
< 0.0001, SvN p < 0.0001). Tree height and DBH are correlated, such that measuring the DBH of host trees 
accounts for tree height as well (Correlation coefficient R2 = 0.46, p < 0.0001, n = 309). Larger trees may 
enhance fitness in M. adansonii if larger trees are more stable hosts. These findings suggest that M. 
adansonii and possibly other aroids select suitable hosts based on size.   

 

RESUMEN 
Las plantas hemiepifítas requieren un árbol hospedero como soporte y son elementos communes de los 
bosques tropicales.  Hemiepifítas secundarias germinan en el suelo y se arrastran hacia un árbol hospedero 
antes de escalar y aumentar en tamaño. Las estrategias de selección del hospedero incluyen escototropismo 
en Monstera spp. y otras aroideas (Araceae), cuyas plántulas crecen hacia la oscuridad.  Este estudio 
examina si M. adansonii encuentra sus hospederos al azar o si el escototropismo las lleva a un hospedero 
más grande. El diámetro de los árboles fue comparado para árboles con y sin, plántulas, juveniles, y adultos 
de M. adansonii.  Los resultados sugieren que todos los estadios de M. adansonii son más communes en 
árboles grandes (ANOVA de dos vías F = 20.51, d.f. = 3 and p < 0.0001; Fisher LSD post-hoc AvN p < 
0.0001, JvN p < 0.0001, SvN p < 0.0001).  La altura del árbol y DAP están correlacionados, de tal forma 
que midiendo el DAP de los árboles hospederos cuenta además por la altura del árbol (Coeficiente de 
correlación R2 = 0.46, p < 0.0001, n = 309).  Los árboles más grandes pueden mejorar el éxito reproductive 
en M. adansonii si los árboles más grandes significan un hospedero más estable.  Estos resultados sugieren 
que M. adansonii y posiblemente otras aroideas seleccionan los hospederos más convenientes basados en el 
tamaño. 
 
INTRODUCTION  
 
IN ORDER TO GROW TO OUR FULL POTENTIAL we all need support from others. This is true 
for some plants as well, namely climbers like vines, lianas, and hemiepiphytes. 
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Hemiephytes are plants that have contact with the ground but cannot support their own 
weight (Balcázar-Vargas et al 2012; Clark & Clark 1990; Ray 1983). Finding a suitable 
host is, therefore, important as hemiepiphytes can be large, long-lived and must find 
appropriate light levels that are often tens of meters off the ground (Ray 1983). 
Secondary hemiepiphytes germinate in the ground and crawl along the ground until 
finding a host to climb in order to allow the plant to grow. Many secondary 
hemiepiphytes are aroids (Araceae), whose skototropic seedlings grow toward darkness 
(Strong & Ray 1975). Skototropism should lead toward finding a large host as these 
create darker conditions at their base (Strong & Ray 1975). If so, skototropism should 
result in larger hosts, who will long-lived, capable of supporting the hemiepiphyte, and 
will be tall enough for the hemiepiphyte to find appropriate levels of light many meters 
off the ground.   

Secondary hemiepiphytes may find hosts randomly or might show special 
adaptations, like skototropism, that allow for more directed host selection. A good host is 
likely a larger tree, which provides coarser bark for gripping, greater water holding 
capacity, larger diameter for support and are taller so that hemiepiphytes can reach 
appropriate light levels that are sometimes many tens of meters high (Clark & Clark 
1990). If larger trees are preferred, skototropism should be a more effective means of 
finding them. On the other hand, randomly encountering hosts might still result in a 
nonrandom pattern in adult hemiepiphytes, for example, if hemiepiphytes on smaller 
hosts suffer higher mortality. In this case, younger growth hemiepiphytes that find 
themselves on host trees that are not suitable for adult growth, they may send out 
vegetative shoots in search of larger trees (Todzia 1986).  
  Araceae, or aroids, are common secondary hemiepiphytes in tropical forests. They 
exhibit three developmental stages: a creeping seedling stage, an initial climbing juvenile 
and the adult stage many meters off the ground that is heavy and bushy (Ray 1983). The 
skototropic seedlings have limited reserves, perhaps only enough to grow 1-2m, and 
therefore must move as directly as possible toward a suitable host (Ray 1983). Upon 
reaching a host, the seedling transforms to a small leafed juvenile. The juvenile will 
climb but can revert to a leafless climbing form if it is on a short tree (Andrade et al. 
2008; Ray 1983). If it continues to climb and eventually becomes an adult, the now heavy 
adult will put out flowers and fruits. Therefore, success may be impacted by distance of 
seedling to host, sufficient height for juvenile to become an adult, and the capacity of the 
host to support the adult.   

This study addresses host selection in the secondary hemiepiphyte Monstera 
adansonii. Specifically, host-selection in M. adansonii was studied in relation to host tree 
diameter at breast height (DBH) and tree height.  
 
METHODS  
 
Study Sight  
 
Fieldwork was conducted in the private Cloud Forest reserve behind the Monteverde 
Biological Station, Costa Rica. The study area is primary tropical pre-montane wet forest 
at 1530-1650 meters altitude, with a canopy height of around 20 m. Fieldwork was 
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conducted in the wet season during a two-week period in mid-July. The forest was 
sampled approximately 0-10 meters off the walking trail.  
 
Study Organisms  
 
M. adansonii is a secondary hemiepiphyte with skototropic seedlings (Strong & Ray 
1975). M. adansonii has simple leaves that in younger stages are small blades with no 
holes that progress to adults with holes that can grow up to 75 cm in size. The youngest 
leaves of the seedling have a few small leaves before reaching the host, that become a 
juvenile vine with larger, slightly pointed leaves upon attaching to a host, eventually 
getting to be larger and more full leaves with holes as they climb the host. Adult M. 
adansonii can reach as high as 20 meters on its host tree (Lawton 1996). The plant often 
grows in river valleys at lower altitudes of tropical moist or wet forest under a well-
developed canopy. Monstera spp. is common throughout the Neotropics, and in 
Monteverde Cloud Forests M. adansonii is the most abundant.  
 
Measuring DBH  

 

 
  

Stage of M. adansonii growth was 
determined by the plant’s leaf morphology. 
Seedlings were recorded for initial stage leaf 
morphology in which small leaves branch 
from a vine, usually at ground level (Figure 2, 
A), juvenile was recorded for larger leaves 
without holes (Figure 2, B), and adult M. 
adansonii was recorded as having fully 
developed leaves with holes (Figure 2, C).  

Figure 1. DBH measuring used to record tree 
diameter in centimeters. All trees were 
sampled from an area of pre-montane tropical 
cloud forest in 1530-1650 meters altitude. All 
trees were sampled in plots of approximately 
10m2 for two hours daily over a period of two 
weeks during the wet season in mid-July.   
!

All trees in 10m2 quadrats were measured 
for DBH, estimated height, and abundance 
of M. adansonii. M. adansonii was 
recorded as being in one of three stages: 
seedlings, juvenile, or adult (S, J, A). Data 
collection took place daily for 
approximately two hours over a two-week 
period. Tree diameter was measured 
(Figure 1) at breast height (DBH).  

!
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A  B   C 

M. adansonii height was estimated for each of the three stages, ranging from 0-6 
meters on the host tree. Trees with more than one M. adansonii were recorded separately, 
such that the tree DBH was entered for each occurrence of M. adansonii. Trees without 
M. adansonii were recorded, as well. Dead trees were not included.  Height of trees was 
estimated visually, and canopy trees were recorded as “canopy” or 20 meters.  
 

RESULTS  
 
A total of 270 trees were sampled, and a total of 309 occurrences of M. adansonii were 
recorded. Overall, DBH of trees with M. adansonii in all three growth forms was 
significantly different from the DBH of trees without M. adansonii (Two-Way ANOVA 
F = 20.51, d.f. = 3 and p < 0.0001). Tree height and tree DBH were highly correlated 
(Correlation coefficient R2 = 0s.46, p < 0.0001, n = 309), so only DBH was used in the 
comparison. The mean DBH for adult growth M. adansonii (A) was 24.85 +/- 1.91, 
juvenile M. adansonii (J) was 24.22 +/- 2.58, seedling M. adansonii (S) was 25.57 +/- 
3.18, while trees with no M. adansonii (N) had a mean DBH of 12.61 +/- 0.79 (Figure 3). 
A post-hoc Fisher LSD revealed significant differences between each of the three stages 
of M. adansonii and the No M. adansonii condition (AvN p < 0.0001, JvN p < 0.0001, 
SvN p < 0.0001), but no differences between the stages of growth forms, themselves. 
 
 
  

Figure 2; From left: Figure 2 A) Seedling M. adansonii. Figure 2 B) Juvenile growth M. adansonii. 
Figure 2 C) Adult growth M. adansonii. All trees were sampled for host selectivity from an area of pre-
montane tropical cloud forest in 1530-1650 meters altitude. All trees were sampled in plots of 
approximately 10m2 for two hours daily over a period of two weeks during the wet season in mid-July.   
!
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Figure 3. DBH size for four conditions of Monstera adansonii growth: Seedling, Juvenile, Adult, 
None (S, J, A, N). All trees were sampled from an area of pre-montane tropical wet forest 
behind the biological reserve in Monteverde, Costa Rica in 1530-1650 meters altitude. All trees 
were sampled in plots of approximately 10m2 for two hours daily over a period of two weeks 
during the wet season in mid-July. 

Figure 4. Frequency distribution of DBH size for three conditions of Monstera adansonii growth: 
Seedling, Juvenile, and Adult (S, J, A,) and all trees sampled. All trees were sampled from an area of 
pre-montane tropical wet forest behind the biological reserve in Monteverde, Costa Rica in 1530-1650 
meters altitude. All trees were sampled in plots of approximately 10m2 for two hours daily over a 
period of two weeks during the wet season in mid-July. 
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Additional Observations 
 
M. adansonii seedlings tended to be at the ground level up to 0.3 meters on host trees in 
which there were few to no competing vine species. Additionally, when seedling and 
juvenile M. adansonii was found on trees with a DBH smaller than 10 cm, it was often 
observed that these trees were situated directly next to larger DBH trees (DBH > 20).  
 
DISCUSSION 
 
All stages of M. adansonii tend to occupy larger trees. The current finding that a 
significant difference exists in the DBH of host trees of each of the three stages of growth 
and the DBH of trees with No M. adansonii condition suggests a relationship between 
tree diameter and the host selection in M. adansonii. Given that all life stages prefer 
similarly sized larger trees, it appears that germinated creeping seedlings find their way to 
hosts suitable for juveniles and adults. M. adansonii is likely similar in its host selection 
to other species of the genus Monstera and other hemiepiphyte genera, suggesting that 
many hemiepiphytic species might exhibit similar skototropic host selection which favors 
larger hosts.  
 The higher frequency distribution of seedling and juvenile M. adansonii on 
smaller trees than adults might be due to the observation that smaller trees with M. 
adansonii growth were often just next to or in the shadow of larger trees. This finding 
would still support the idea that host selection is a nonrandom process, as seedlings and 
juveniles may send out vegetative shoots in search of nearby larger, more suitable hosts 
upon finding themselves on less suitable trees.   

Encountering a suitable host requires an effective searching strategy in the 
terrestrial seedling and climbing juvenile in which the plant can be supported throughout 
its life (Balcázar-Vargas et al. 2012). The literature base on host selection in climbers is 
limited, but this type of research is essential to conservation efforts and a full 
understanding of tropical ecosystems. Hemiepiphytes are not only important in their 
contribution to overall plant biodiversity in the tropics but also in the consequences of 
their presence on tropical forest trees on the structure and dynamic of the canopy (Lawton 
1996). A fundamental objective of ecology and conservation is to understand the factors 
that influence biodiversity (Orihuela et al. 2013). Climbers like vines, lianas, and 
secondary hemiepiphytes, compose nearly 25 percent of total vascular plant material and 
significantly contribute to the overall biodiversity in the tropics (Brown 2014; Prósperi et 
al. 2001). A more robust understanding of how climbers are distributed in the forest 
ecosystem is critical to understanding where this large percentage of plant biodiversity 
lies, and protecting biodiversity accordingly.  
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ABSTRACT 
 
Epiphytes are widespread throughout Neotropical forests, and communities arrange themselves within 
distinct zones of sub-canopy trees with clustering that reveals preference for certain abiotic conditions, or 
microclimates.  Due to the fact that these communities contribute greatly to richness and diversity of 
canopy and sub-canopy ecosystems, it is important to recognize patterns of epiphyte community spatial 
arrangement among tree branches.  The spatial arrangement of 311 total bromeliads in 40 trees was mapped 
between two Holdridge Life Zones: lower montane wet forest and lower montane rain forest.  These life 
zones are distinguished primarily by water input. Using a modified transect method to subdivide carefully 
selected sub-canopy host trees, a distinct distribution pattern of bromeliad communities arose within each 
life zone.  Significant clustering was found in bromeliad communities in lower montane wet forest, but less 
clustering occurred among communities in lower montane rain forest. These results show that life zone 
characteristics have an affect on sub-canopy epiphyte structuring.  
 
 
 
RESUMEN 
 
Las epífitas están ampliamente distribuidas a lo largo de los bosques Neotropicales, y las comunidades se 
acomodan entre sí dentro de distintas zonas del sub-dosel de los árboles con agrupamientos que revelan 
preferencias por ciertas condiciones abióticas o microclimas.  Debido a que estas comunidades contribuyen 
ampliamente a la riqueza y diversidad de ecosistemas del dosel y sub-dosel, es importante reconocer los 
patrones de distribución espacial de las comunidades epífitas a lo largo de las ramas de los árboles.  La 
distribución espacial de  311 bromelias en total en 40 árboles se mapearon entre dos zonas de vida de 
Holdridge: bosque húmedo montano bajo y bosque lluvioso montano bajo.  Estas zonas de vida se 
distinguen principalmente por la entrada de agua.  Usando el método modificado de transecto para 
subdividir cuidadosamente el sub-dosel de árbol hospedero, una patrón de distribución de las comunidades 
de bromelias surgió dentro de cada zona de vida.  Agrupamiento significativo se encontró en las 
comunidades de las bromelias en el bosque húmedo montano bajo, pero menos agrupamiento ocurre entre 
las comunidades en el bosque lluvioso montano bajo.  Estos resultados muestra que las características de 
las zonas de vida tienen un efecto en la estructura epifítica del sub-dosel. 
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INTRODUCTION 
 
EPIPHYTE COMMUNITIES ARE WIDELY RECOGNIZED AS IMPORTANT SUBSYSTEMS IN 
ecosystem interactions with terrestrial and atmospheric processes due to their uptake of 
atmospheric nutrients and moisture, and this role is particularly significant in cloud 
forests (Ingram & Nadkarni 1993).  In some Neotropical wet forests, epiphytes compose 
up to 35 percent of total vascular fauna.  Although there are many genera of epiphytes, 
few families are represented.  Due to a complex and extensive array of adaptations 
required of epiphytes, relatively few lineages have been able to adopt the epiphytic niche, 
and even fewer have been able to radiate successfully (Gentry & Dodson 1987).  Those 
lineages that are successful can grow to dominate canopy interiors, and epiphyte biomass 
in rain forests can equal up to half of total tree leaf biomass (Edwards & Grubb 1977). 

Epiphytes are challenged by a unique set of stresses distinct from those 
experienced by terrestrial plants because they anchor in trees and never have contact with 
the ground.  Having evolved to live on larger plants species, epiphytes demonstrate 
adaptations to unique conditions, with individuals exhibiting such features as truncated 
stems, water tank structures, derived root characteristics such as velamen, and waxy 
succulent leaves arranged in a rosette.  These features are highly derived traits that allow 
epiphytes to survive in canopy microclimates where there is very little standing water by 
maximizing their ability to capture and retain moisture when it rains.   

The delineation of habitable zones among branches of a single tree has been the 
subject of interest for some time, and the Transect Method (Johansson 1974) was created 
to designate five definite zones within a tree in order to better describe spatial orientation 
of epiphytes communities, while recognizing five corresponding and distinct 
microclimates that these zones represent.  The importance of microclimates within a tree 
is that they affect distribution pattern of epiphytes (Freiberg 1996), and there are patterns 
of epiphyte stratification from the trunk base to outer canopy that are directly related to 
micro-environmental variance (Johansson 1974, Steege & Cornelissen 1989).  
Topography acts strongly on local climate through wind patterns, and this has observable 
effects on relative humidity, temperature, and rainfall, and can be a function of altitude 
(Wolf 1994).  A previous study found that there was no significant effect of surrounding 
forest on single tree canopy microclimates that influenced number of epiphytes present, 
suggesting that microclimate arrays are systems more or less confined to a single tree 
canopy (Vandunne 2002).     

Epiphyte communities arrange themselves within distinct zones of sub-canopy 
trees with clustering that reveals preference for certain abiotic conditions (Freiberg 1996).  
Bromeliads require specific microclimate conditions to be successful, and family 
Bromeliaceae shows high humidity demands (Steege & Cornelissen 1989).  Higher 
elevations in cloud forest are often exposed to greater water input in the form of mist, 
which is a major limiting factor in bromeliad reproductive success (Ingram & Nadkarni 
1993).  The family Bromeliaceae is one of few families of epiphytes that demonstrates 
extensive adaptive radiation, resulting in a huge variety of species represented in tropical 
biomes, and making the family a good set of study organisms for observation.  The 
purpose of this study is to determine how elevation effects spatial arrangement of 
bromeliad communities, having defined a community as a collection of bromeliads all 
inhabiting the same sub-canopy tree.  
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METHODS 
 
Study sites – The study sites were primary cloud forest on the Pacific slope of Costa 
Rica.  Data were taken from within two distinct Holdridge life zones located near the 
biological station, Cerro Plano, Puntarenas, Costa Rica.  Lower montane wet forest zone 
is at 1450 – 1600 m asl with a mean annual rainfall of 1850 – 4000 mm and a typical 
canopy height ranging from 25 – 35 m. Lower montane rain forest is located between 
1550 m and 1850 m asl.  This rain forest zone has a mean annual rainfall of 3600 – 8000 
mm and a canopy height typically ranging between 20 – 30 m. 
 
Study organisms – The organisms of study were epiphytes of family Bromeliaceae.  
Although each bromeliad was not measured, those recorded were no greater than 15.0 cm 
in diameter (Figure 1A) and no smaller than 5.0 cm (Figure 1B), with measurement for 
diameter taken across the center of the bole.  Bromeliads under 5.0 cm were excluded 
from the count due to visibility biases possibly affecting zones more distant from the 
observer. 
 
Phorophyte selection – Spatial distribution of epiphytes depends highly on structural 
variables of the host tree (phorophyte), including diameter at breast height (DBH), branch 
height, and branch availability (Arevalo & Betancur 2006).  To control for these 
structural variables, understory trees were selected for data collection based on a number 

of specific structural 
requirements.  Selected 
trees were required to have 
a DBH of 7.0 – 12.0 cm, In 
addition, the lowest branch 
had to be a minimum of 2.0 
m from the ground, with a 
maximum admissible 
height of 6.0 m. The length 
of the lowest branch was 
also controlled, with a 
minimum required length 
of 2.0 m and a maximum 
length of 5.0 m. The angle 
between the first major 
branch and main stem was 
never inclined more than 30 
°. 

In order to control 
for external environmental 
factors, data were taken 

only from individuals located in understory, not adjacent to gaps, and not immediately 
adjacent to trails.  Biotic factors were also considered, specifically possible phorophyte 
defenses against epiphyte attachment.  For this reason, only trees harboring a minimum 
of five bromeliads were selected. 

Figure 1. Bromeliads in PZ1 of host trees in a Costa Rican Cloud 
Forest.  (A) Bromeliad approaching 15.0 cm diameter in lower 
montane wet forest, and (B) bromeliad of smaller diameter near 5.0 
cm in lower montane rain forest. Phorophyte zones specified in the 
modified transect method.  

B A 
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Data collection –A modified transect method was devised to subdivide phorophytes into 
three distinct “phorophyte zones” (PZs) (Figure 2).  PZ1 was the stretch of main stem 
immediately before the first branch.  PZ2 was the basal region where the first major 
branch meets the main stem.  PZ3 included outermost tips of the first major branch. In 
order to control for surface area, each zone was 1.0 m in length.     

 
 
 
 
 

Figure 2. Modified transect method used to subdivide the phorophyte into three distinct zones.  PZ1 
was the stretch of main stem immediately before the first branch.  PZ2 was the basal region where the 
first major branch meets the main stem. PZ3 included the outermost tips of the first major branch.  In 
order the control for surface area, each zone was 1.0 m in length. 
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Number of bromeliad individuals located in each zone was recorded, and bromeliads 
located outside zone boundaries were omitted from the count (Figure 3). 
 

RESULTS 

 

General observations – Data were taken from 40 sub-canopy trees, 20 in each life zone, 
and 311 bromeliads were observed in total.  Of 311 observed, 117 were found in lower 
montane wet forest while 194 were found in lower montane rain forest.  In both life 
zones, the minimum number of bromeliads in any given phorophyte zone was zero, while 
maximums were 7 and 8 in lower montane wet forest and lower montane rain forest, 
respectively, with these maximums occurring in PZ2 for both life zones.  It was observed 
that bromeliads in PZ3 across both life zones where typically smaller than those found in 
the other two zones.  During periods of data collection there was no observed incidence 
of mist in lower montane wet forest life zone.  Mist became present quite abruptly at 
approximately 1650 – 1700 m, and persisted throughout lower montane rain forest life 
zone. There was an observed increase in atmospheric moisture transitioning into the 
lower montane rain forest life zone, as well as an increase in wind penetration into sub-
canopy and understory.  Sub-canopy trees sampled in this study in lower montane rain 

Figure 3. Example of phorophyte sampled in lower montane wet forest life zone of Costa Rican Cloud 
forest.  Phorophytes were located in the understory, not adjacent to gaps, and harbored a minimum of 
five bromeliads. A DBH of 7.0 – 12.0 cm was required. The lowest branch was controlled to a 
minimum of 2.0 m from the ground, with a maximum admissible height of 6.0 m. The length of the 
lowest branch was also controlled to a minimum required length of 2.0 m and a maximum length of 5.0 
m. Yellow is used to indicate bromeliads represented in data, and red indicates bromeliads that lay 
beyond the boundaries of the zones outlined in the modified transect method and were thus omitted 
from data.  
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forest exhibited extensive bryophyte accumulation along the range of the main stem.  
Trees in the lower montane wet forest were sampled at mean altitude of 1521.95 m ± 
6.79.  Those in the lower montane rain forest were sampled at a mean altitude of 1779.35 
m ± 9.05.  All data collection occurred in the morning and ended before midday.    
 
Tree diameter – The average DBH for all trees across both study sites was 9.65 cm ± 
0.99 cm, and ranged from 7.5 cm – 11.5 cm.  There was no difference in average tree 
diameter between the two study sites (Student’s T-Test, t = -1.569, d.f. = 38, N = 40, p = 
0.125). In wet forest, average DBH was 9.39 ± 1.03 cm and average DBH was 9.91 ± 
1.06 cm in rain forest (Figure 4). 
  
 

Dimensions of first branch – The average height of the first major branch for both life 
zones combined was 2.65 m ± 0.81 m, and ranged from 2.0 m – 5.0 m.  There was a 
statistically significant difference in branch height between the two zones (Student’s T-
Test, t = 2.494, d.f. = 38, N = 40, p = 0.017).  In wet forest, trees possessed an average 
branch height of 2.95 ± 0.99 m, compared with lower average branch height of 2.35 ± 
0.40 m in rain forest.   

Average branch length across both life zones was 2.79 ± 1.11 m and ranged from 
2.0 m – 5.5 m.  There was a difference in branch length (Student’s T-Test, t = 2.151, d.f. 
= 38, N = 40, p = 0.038) between the two life zones.  For wet forest, average length of the 
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Figure 4. Comparison of mean phorophyte DBH in centimeters between two Holdridge life zones in 
Costa Rican Cloud Forest: Lower montane wet forest at an average elevation of ~1520 m and lower 
montane rain forest at an average elevation of ~1780 m.  Selected trees were located in the understory, 
distant from gaps, and harbored a minimum of five bromeliads A DBH of 7.0 – 12.0 cm was required, 
and was derived from the circumference determined with measuring tape. The lowest branch was 
controlled to a minimum of 2.0 m from the ground, with a maximum admissible height of 6.0 m. The 
length of the lowest branch was also controlled to a minimum required length of 2.0 m and a maximum 
length of 5.0 m.  N = 20 for each life zone. 
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first major branch was 3.15 ± 1.39 m, and in rain forest average branch length was 2.43 
m ± 0.57 m (Figure 5).   

 

Distribution on phorophytes – Both life zones demonstrated statistically significant 
bromeliad distribution in sub-canopy phorophytes (Figure 6). 

Sub-canopy trees in lower montane wet forest showed a statistically significant 
distribution of bromeliads among phorophyte zones (Friedman Test, Chi-Square = 
14.986, d.f. = 2, N = 20, p < 0.001).  Within a sample of twenty trees and 117 observed 
bromeliads, phorophyte zone 1 (PZ1) represented 27 bromeliads, or 23.1 % of total 
observed bromeliads.  Number of bromeliads found per tree in PZ1 ranged from 0 – 3, 
and averaged 1.35 ± 0.93 bromeliads. PZ2 harbored an average of 3.35 ± 1.76 
bromeliads, ranged from 1 – 7 per tree, and included 67 (57.3 %) of total observed 
bromeliads in this life zone.  PZ3 contained 23 bromeliads in total (19.7 %), the fewest of 
all three zones, averaging only 1.15 ± 0.81 bromeliads per tree with a range of 0 – 3.   
 Phorophyte zones were then compared to assess differences between zone pairs.  
Results showed that PZ2 contrasts significantly with both PZ1 (Wilcoxon Signed – Rank 
Test, z = -3.206, d.f. = 1, p < 0.001), and PZ3 (Wilcoxon Signed – Rank Test, z = -3.340, 
d.f. = 1, p < 0.001).  However, there is no statistically significant difference between PZ1 

Figure 5. Comparison of length (FBL) and height off ground (FBH) in meters of first major branch of 
phorophytes between two Holdridge life zones in Costa Rican Cloud Forest: Lower montane wet forest 
at an average elevation of ~1520 m and lower montane rain forest at an average elevation of ~1780 m.  
Phorophytes were located in the understory, distant from gaps, and harbored a minimum of five 
bromeliads. Phorophytes were required to have a DBH of 7.0 – 12.0 cm, which was derived from the 
circumference determined with measuring tape. The lowest branch was controlled to a minimum of 2.0 
m from the ground, with a maximum admissible height of 6.0 m. The length of the lowest branch was 
also controlled to a minimum required length of 2.0 m and a maximum length of 5.0 m.  N = 20 for 
each life zone. 
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and PZ3 (Wilcoxon Signed – Rank Test, z = -0.618, d.f. = 1, p = 0.537).  Results indicate 
significant clustering of bromeliads in PZ2. 
 Similarly, sub-canopy trees in lower montane rain forest had a statistically 
significant arrangement of bromeliads across phorophyte zones (Friedman Test, Chi-
Square = 22.081, d.f. = 2, N = 20, p < 0.001).  PZ1 held 82 (or 42.3 %) of 194 bromeliads 
observed while averaging 4.10 ± 1.52 bromeliads per tree with a range of 1 – 7.  PZ2 had 
a high absolute bromeliad load of 87 and represented 44.8 % of total observed 
bromeliads, averaging 4.35 ± 1.69 bromeliads per tree, with a range of 1 – 8.  PZ3 
represented 25 (12.9 %) of total 194 observed bromeliads, and averaged 1.25 ± 1.16 
bromeliads per tree with a range of 0 – 4. 
         A multiple comparison test among zones showed that there is a statistically 
significant difference between PZ1 and PZ3 (Wilcoxon Signed – Rank Test, z = -3.548, 
d.f. = 1, p < 0.001) and between PZ2 and PZ3 (z = -3.760, d.f. = 1, p < 0.001), but no 
difference between PZ2 and PZ1 (z = -0.577, d.f. = 1, p = 0.564).       
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Figure 6. Comparison of bromeliad community structure among phorophyte zones (PZs) (as outlined in 
the modified transect method) between two Holdridge life zones in Costa Rican Cloud Forest.  PZ1 was 
the stretch of main stem immediately before the first branch.  PZ2 was the basal region where the first 
major branch meets the main stem. PZ3 included the outermost tips of the first major branch.  In order 
the control for surface area, each zone was 1.0 m in length. Phorophytes were located in the understory, 
distant from gaps, and harbored a minimum of five bromeliads. Phorophytes were required to have a 
DBH of 7.0 – 12.0 cm, which was derived from the circumference determined with measuring tape. The 
lowest branch was controlled to a minimum of 2.0 m from the ground, with a maximum admissible 
height of 6.0 m. The length of the lowest branch was also controlled to a minimum required length of 
2.0 m and a maximum length of 5.0 m.  N = 20 for each life zone. 
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DISCUSSION 
 
There was a statistically significant difference in dimensions of the first major branch 
between lower montane wet forest and rain forest.  On average, the first major branches 
of phorophytes in rain forest were shorter and ramified from the main stem at a lower 
height than phorophytes in wet forest.  This is consistent with expected characteristics of 
lower montane rain forest life zone, where average canopy height is 20 – 30 m as 
opposed to 25 – 30 m in wet forest. 
 
Distribution patterns – Results demonstrate that bromeliad spatial distribution was non-
random among the three available phorophyte zones detailed in the modified transect 
method. Bromeliad communities in lower montane wet forest sub-canopy trees 
demonstrated statistically significant distribution characteristics, with clustering in PZ2 
compared with PZ1 and PZ3.  Similarly, communities in lower montane rain forest 
showed a statistically significant pattern of distribution, but contrasted greatly in 
comparison among phorophyte zones.  Multiple comparisons showed statistically 
significant avoidance of PZ3 and preference for PZ1 and PZ2, but no statistically 
significant clustering in any one zone.  Preference for PZ2 in both life zones is explained 
largely by orientation of the zone.  The region of the first major branch, within a meter of 
ramification from the main stem, was often oriented with the least incline.  Compared to 
the vertical surface of PZ1 and the thin branches of PZ3, PZ2 most likely sheds water at a 
slow rate, allowing more standing water for bromeliads.  In addition, the fork created 
between the main stem and the first major branch is conducive to accumulation of humus 
material (Freiberg 1996), which supplies vital nutrients. 
 
Microclimate in outer crown – My data suggest that PZ3 (outer meter stretch of first 
major branch) is largely inhospitable for bromeliads.  There are increasing and decreasing 
factors of microclimate to account for when considering theoretical distributions of 
epiphytes along tree branches.  When transitioning from ramification to outer tips, 
increasing factors include temperature, light level, and wind velocity, while decreasing 
factors are frequency and quality of humus deposits, nutrients, and relative humidity 
(Johansson 1974).  Despite branch profusion in PZ3, increasing factors of wind and 
decreasing factors of nutrients and humidity toward the outer end of the branch put 
bromeliads at risk of desiccation (Kersten et al. 2009).  PZ3 occupancy between wet 
forest and rainforest showed the least change of all three phorophyte zones, from 19.7 
percent in wet forest to 12.9 percent in rain forest.  Lower average occupancy of PZ3 in 
rain forest is consistent with non-measured observations of greater wind velocity and 
exposure at higher altitude.  Aside from potential desiccation, wind can act to dislodge 
bromeliads from substrate.  This explains the smaller size of bromeliads in PZ3 in both 
life zones.  There may be a certain size threshold determined by abiotic conditions that 
either limit bromeliad growth or limit the upper size range for PZ3 bromeliad groups 
through mechanical stress induced by wind. 
 
Community shift from wet to rain forest – The most interesting finding is 
homogenization of bromeliad distribution between PZ1 and PZ2 that occurs during 
transition from lower montane wet forest to the rain forest life zone.  While bromeliad 
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distribution in wet forest was characterized largely by clustering of 57.3 percent of total 
wet forest bromeliads in PZ2, the distribution in rain forest demonstrated increased 
occupancy of PZ1 to 42.3 percent compared to 23.1 percent in wet forest, and a moderate 
decrease in relative occupancy of PZ2 to 44.8 percent of total rain forest bromeliads, 
making PZ1 and PZ2 equally populated in rain forest.  An additional objective is to 
speculate as to how this arrangement may or may not be indicative of distinct sub-canopy 
microclimates that shift with transition between lower montane wet and rain forest life 
zones in the Monteverde Cloud Forest.  
 
PZ1 microclimate variants – PZ1, or the trunk, typically provides difficulties to 
epiphyte settlement, which results from the vertical and relatively smooth structure (Pos 

& Sleegers 2010).  In lower montane rain 
forest, PZ1 was a much more suitable spot for 
bromeliad anchoring than it was in lower 
montane wet forest.  Because the results 
showed no difference in mean DHB between 
the two life zones, it is highly unlikely that 
tree diameter had a role in bromeliad 
occupancy of PZ1.  Therefore, differences in 
PZ1 habitability between the two life zones 
can likely be attributed to the increase in 
atmospheric moisture experienced in rain 
forest.  Observation of mist frequency 
exclusive to lower montane rain forest 
coincided with observed bryophyte 
accumulation on both trunks and branches of 
sub-canopy phorophytes (Figure 7.), creating 
more suitable locations for bromeliad seeds to 
land, germinate, anchor, and develop. This 
shows an indirect relationship by which life 
zone characteristics elicit significant shifts in 
phorophyte zone microclimates, specifically in 
the way of increased water input to transects 
like PZ1 that are typically water deficient.  
The concept of bryophyte mats as a necessary 
intermediary between two distinct 
microclimate variants in PZ1 is an interesting 
idea, and prompts speculation regarding 
complex interaction between epiphytic mosses 
and bromeliads.  The result of this interaction 
is reflected in spatial arrangement of 

bromeliad communities in sub-canopy trees and demonstrates that life zone-specific 
characteristics are key drivers of bromeliad community architecture through a system of 
biotic and abiotic mechanisms of microclimate adjustment.  
 
 

Figure 7. Bryophyte mat in PZ1 of lower 
montane rain forest phorophyte, observed in 
concurrence with greater atmospheric 
moisture (rain and mist) in this life zone.  
PZ1 was the stretch of main stem 
immediately before the first branch. In order 
the control for surface area, each zone was 
1.0 m in length. 
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ABSTRACT 
 
Temperature and precipitation are cues for flowering and fruiting in tropical plants. El Niño and global warming are 
likely to alter abiotic cues in places such as Monteverde, Costa Rica. Here, I repeat a 1979-81 census of flowering 
and fruiting plants in the Monteverde Cloud Forest Reserve for a two-week period in mid-July.  Sixty-four plant 
species were noted for flowering or fruiting, and sixteen showed evidence of phenological change. Eight plant 
species were also found that were previously reported only from lower elevations. Although a small number of 
plants had atypical patterns, the majority were flowering or fruiting on time. Understory may buffer abiotic changes 
for most understory plant species.  Still, phenological changes of even a few species could impact food webs.  Novel 
communities are likely to form as plants move up in altitude in search of historical mist and seasonal conditions.  
 
RESUMEN 
 
La temperatura y precipitación son señales para la floración y fructificación en las plantas tropicales.  El Niño y el 
calentamiento global es probable que alteren las señales abióticas en lugares como Monteverde, Costa Rica.  Aquí,  
repetí un censo floral y de fructificación realizado en 1979-81 en la Reserva del Bosque Nuboso de Monteverde, por 
un período de dos semanas en la mitad de Julio.  Sesenta y cuatro especies de plantas se notaron floreciendo o 
fructificando, y diéciseis mostraron evidencia de cambios fenológicos.  Ocho especies de plantas se encontraron 
además reportadas previamente en elevaciones menores.  Aunque un pequeño número de plantas tienen patrones 
atípicos, la mayoría florecieron o fructificaron a tiempo.  El sotobosque puede amortiguar cambios abióticos para la 
mayoría de especies de plantas.  Aún así, cambios fenológicos de unas cuantas especies puede impactar las cadenas 
alimentcias.  Comunidades más jovenes son probable de formarse al moverse las plantas hacia altitudes mayores en 
una busqueda por condiciones climáticas y de neblina históricas.!
 
 
INTRODUCTION 
 
El Niño (ENSO) and global climate change create drier than normal conditions for most 
Neotropical ecosystems (Neelin et al. 2003).  Drying can lead to immediate water stress but also 
to changes in phenology (Lenoir et al. 2008).  Over a longer timescale, drying caused by global 
warming may cause permanent phenological changes as well as altitudinal range shifts for some 
species in tropical montane areas (Cleland et al. 2007, Colwell et al. 2008, Lenoir et al. 2008). 
Here, rising cloud banks are increasing the number of consecutive dry days and many bird and 
reptile species are found higher than historically (Pounds et al. 1999).  Less is known about how 
plants respond to drying and whether they, too, alter phenology and ranges in Neotropical 
montane forests in response to drying.   
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The occurrence of El Niño this year indicates dry conditions that are similar to those 
created by increased temperatures associated with global warming (Pounds et al. 1999). El Niño 
creates high sea surface temperatures affecting the Pacific coast of South America by inducing 
evaporation and increasing amounts of water vapor and latent heat (Pounds et al. 1999). Rising 
atmospheric temperatures have a similar effect on sea surface temperatures (Diaz & Graham 
1996). Clouds respond to this by forming their bases at higher altitudes (Pounds et al. 1999). 
Monteverde, being in Tropical Cloud Forest is directly affected by these warming sea surface 
temperatures because of the dependence of plants on moisture by mist provided by clouds during 
the dry season. 

Phenology of fruiting and flowering can be altered by climate shifts caused by El Niño 
and global warming (Hamann 2004). Natural selection has encouraged plant reproduction at 
optimal times of abiotic conditions for pollination, fruit production and dispersal (Cleland et al. 
2007, Hamann 2004). Dry seasons are optimal for pollination because pollen can be distributed 
more easily as a powder as opposed to in wet conditions. Fruiting occurs in most flowering 
plants during the wet season because excess water and energy is required to create fleshy fruits. 
In the Tropics, precipitation plays a major role in plant phenology. Patterns of precipitation and 
seasonality change with global warming and El Niño, thus phenology may also be affected. If the 
plants fruit and flower at new times because of changing climatic cues then flowering and 
fruiting may not occur at the optimal time for pollination and dispersal by mutualistic insects and 
animals. This would impact organisms that depend on nectar and fruit as food sources. 
 Drying caused by mechanisms such as El Niño and climate change have been shown to 
be responsible for changes in plant phenology and altitudinal range (Cleland et al. 2007, Hamann 
2004). Through several methods of phenology observations, plants in general have responded to 
these changes by flowering earlier in the spring (Cleland et al. 2007). In the Northern 
Hemisphere, spring has been shown to be coming earlier, which starts the growing season for 
plants earlier (Cleland et al. 2007).  Warming temperatures across the globe also contribute to 
shifts in precipitation within the Tropics. Tropical plants are much more sensitive to changes in 
precipitation than they are to temperature (Cleland et al. 2007). In places such as Monteverde 
where El Niño is prevalent drying events are predicted to become more extreme (Cleland et al. 
2007) which has the ability to cause water stress, increased periods of leafless plants, and a more 
homogenous phenology among different plant species (Reich 1995). 
 In Monteverde, Costa Rica Cloud Forest, elevation is coupled with decreasing 
temperature and decreasing seasonality caused by increasing mist frequency (Koptur et al. 
(1988).  El Niño and rising global temperature change temperature slightly, but have a marked 
impact on the onset and duration of dry season and its severity.  Cloud forest plant species may 
respond to these slight changes in temperature, as well as more marked changes in precipitation 
as they do to elevation (Cleland et al. 2007, Koptur et al. 1988). If so, past phenological data 
should differ from current, including plants from lower altitudes appearing where they did not 
previously. 
 In order to observe if the effects of El Niño and warming temperatures have an impact on 
plant phenology in the Tropical Cloud Forest of Monteverde, plants containing flowers and fruits 
were recorded during mid July in the Monteverde Cloud Forest Reserve. The data was compared 
with phenological surveys for the same area from 1979-81 (Koptur et al. (1988), and 2009 
(Moss).  Comparing past and present data of who is flowering and fruiting in the Monteverde 
Cloud Forest Preserve allows us to see if plants are shifting their reproductive strategies and 
distributions in response to climate. Between warming effects of El Niño and patterns of 
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temperatures leading to rising of cloud bases, atypical phenologies and distributions are likely to 
be observed among plant species in the Tropical Cloud Forest of Monteverde.   
 
METHODS 
 
STUDY SITE.- This study was located on trails within the Monteverde Cloud Forest Reserve on 
the Pacific side of the continental divide in Costa Rica. This area is situated at around 1500 m asl 
and is classified as a Lower Montane Wet Forest life zone with a canopy height of 25-35m 
(Haber et al. 2000). All species were recorded within 1550-1650 m asl. The comparative study 
by Koptur et al. (1988) included areas of three different forest types in Monteverde. This study 
only used places described as forest type three by Koptur et al. (1988). Observations were 
conducted on all of the trails inside the reserve with the exception of Sendero El Rîo, Sendero 
Pantanoso, and Sendero Chomogo north of where it meets Sendero Roble because these were 
closed due to the number of trees that had fallen (Fig 1).   
 

 
 
Figure 1. A map of trails located within the Monteverde Cloud Forest Reserve that were used to 
observe flowering and fruiting in understory plants. The same location was used by Koptur et al. 
(1988) allowing a uniform comparison of phenology of plants from 1978-81 to 2014.  
 
STUDY ORGANISMS.- Along the trails of the Monteverde Cloud Forest Reserve, trees and shrubs 
in the understory bearing flowers and fruits were observed and recorded. Epiphytes and climbing 
plants were purposefully excluded to repeat methodology conducted by Koptur et al. (1988) 
whom only observed trees, subshrubs, shrubs, and herbs. Plants were located close to trails for 
ease of identification with minimal damage to surrounding understory. Height of plants observed 
were typically below 3 m because of inability to identify plants of taller stature, although a few 
species were recorded from the height of a suspension bridge located within the reserve to 
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include a few taller tree species. The species recorded by Koptur et al. (1988) spanned a larger 
range and individuals were tagged and recorded over a two-year period. 
 
PHENOLOGICAL CENSUS.- During two weeks, beginning mid-July of this year, flowers and fruits 
were observed along the trails in the Monteverde Cloud Forest Reserve. Plants were identified to 
species. The number of individuals of each species flowering, fruiting or both was also noted. 
Methodology remained consistent with Koptur et al. (1988) with the exception of time spent 
observing individual plants. I also only looked for fruiting and flowering phenology.  

Information was then compared to phenological patterns of previous studies to determine 
whether the flowering and fruiting patterns were typical or atypical. Koptur et al. (1988) 
provided a list of months each species were seen flowering or fruiting from 1978-81 that was 
used as a baseline to determine if timing was currently typical or atypical. Plants found both 
flowering and fruiting were considered atypical if timing of either fruiting, flowering or both 
were outside the range defined by Koptur et al. (1988). If both flowering and fruiting were 
observed in a species and the timing of either flowering or fruting was outside the range provided 
by Koptur et al. (1988) it was also considered atypical.  

Next, I noted whether the timing was early or late. If the months of flowering and fruiting 
provided by Koptur et al. (1988) indicated that phenology observed was one or two months prior 
to or after those I observed than those were considered to be flowering or fruiting either late or 
early accordingly. If there were more than two months between phenological observations by 
Koptur et al. (1988) and those I recorded, then those species were considered ‘greater as three 
months’ as opposed to defining them as early or late. 

When comparing species to the study by Koptur et al. (1988) elevation or zone the 
species was found in was also taken into consideration. Koptur et al. (1988) provides a 
description of three life zones over different altitudinal gradients that were repeatedly observed 
over the span of two years. Koptur et al. (1988) noted the life zone that each individual species 
were found in. Because I only observed plants in the highest of the three life zones, plants 
observed by Koptur et al. (1988) in one of the two lower life zones were considered to have 
migrated to higher elevations. 
 
RESULTS 
 
PHENOLOGY.- In two years of study completed by Koptur et al. (1988) 81 species of plants in 
flowering or fruiting stages were recorded from 1550-1650 m asl in the Monteverde Cloud 
Forest Preserve. In the two weeks I conducted my study, 64 species of understory trees and 
shrubs were recorded flowering or fruiting (Appendix). Of these 64 species, 27 species appeared 
in the study conducted by Koptur et al. (1988) and the others did not appear in Kopter et al. 
(1988).  
 In comparison with phenology recorded by Koptur et al. (1988) ten species expressed 
typical flowering and fruiting patterns while sixteen were found to be atypical (Fig 2). One 
species, Solanum pertenue (Solanaceae) was unknown because it was only found fruiting in the 
current season and Koptur et al. (1988) did not provide information about months of fruiting for 
this species.  
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Figure 2. Patterns of flowering and fruiting in plants recorded in the Monteverde Cloud Forest 
Reserve for two weeks in mid-July. Months of typical flowering and fruiting recorded by Koptur 
et al. (1988) during two years of observation in the same areas were compared with data found of 
plants that were currently flowering and fruiting. Depending on whether or not plants recorded 
were flowering, fruiting, or both, timelines provided by Koptur et al. (1988) were used as a 
baseline to determine if the timing of flowering and fruiting were typical or atypical according to 
timing observed between 1978-81. One species, Solanum pertenue (Solanaceae) could not be 
regarded as typical or atypical because it was only seen fruiting and a timeline for fruiting of this 
species was not given in the study by Koptur et al. (1988). 
 
 Koptur et al. (1988) provides ranges of months that each species of plant recorded could 
be flowering or fruiting in based upon observations. When looking at species that were found to 
be flowering, fruiting, or both atypically in comparison to that found by Koptur et al. (1988), the 
average length of time that flowering or fruiting occurred spanned 2.94 months. On the other 
hand, species whose phenologies seemed to be occurring at typical times had fruiting and 
flowering ranges of an average of 6.5 months. 

Further examination of plant species that exhibited atypical phenology revealed whether 
early, late, or timing greater than three months was occurring (Fig 3). Of species with atypical 
flowering timing, one was found to be early, four were found to be late, and three were greater 
than three months away from the range defined by Koptur et al. (1988). Atypical fruiting 
patterns were found to be early in two species, late in one species and greater than three months 
out of their range from 1979-81 in two species. Of those species with atypical flowering and 
fruiting, late patterns were found in two species and patterns greater than three months away 
from the baseline was found in one species. 
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Figure 3. Distribution of plant species found to be flowering, fruiting or both atypically from 
observations made by Koptur et al. (1988) in the Monteverde Cloud Forest Reserve on the 
Pacific slope in of Costa Rica in Monteverde. Once a species was determined as expressing 
atypical phenology when compared to Koptur et al. (1998) whether that species was exhibiting 
early or late timing was determined. If a plant species was flowering, fruiting, or both greater 
than three months away from the time period provided by Koptur et al. (1998) than it was 
considered as being neither early or late. 
 
ELEVATIONAL CHANGES.- Koptur et al. (1988) included the forest type that the plant species 
recorded were found at in terms of elevation. Being in the highest forest type according to that 
study, nineteen of the species found had been from a similar altitudinal zone during 1978-81. 
Seven of the species recorded had previously only been seen at elevations 1480-1520 m and had 
shifted up into elevations 1550-1650 m. One plant species, Besleria solanoides (Gesneriaceae), 
had only been seen at elevations 1320-1460 m. This was also a species that exhibited atypical 
flowering and fruiting greater than three months from the timeline of phenology in comparison 
with previous studies. In the study conducted by Koptur et al. (1988) B. solanoides was only 
found to be fruiting between January and February. 
 
DISCUSSION 
 
Observations of phenological and changes in understory tree and shrub species in the Tropical 
Cloud Forest in Monteverde illustrate that many plants exhibit similar reproduction timing 
compared to almost 40 years ago. A number of species showed the possibility of a new 
phenology. Elevational changes were also present among eight plant species. This is less likely 
to be the result of this season’s El Niño event because long-term trends from almost forty years 
ago indicate that many plants are shifting their patterns of phenology. These are more likely to be 
the response to global climate changes than the recurrence of a short-term warming caused by El 
Niño (Walther 2010). The data indicates that Tropical plants that are highly sensitive to changes 
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in precipitation may be adapting to the gradual moisture stress occurring over long periods of 
time by altering timing of flowering and fruiting or adjusting to new altitudinal ranges. 
 Although there were observations of plants with new phenological patterns and elevation 
range changes, many species showed little to no change in either phenology or elevation change. 
Even though studies have shown that certain species have been disturbed by climatic changes, 
the effects may not be visible until organisms in higher trophic levels show a difference in 
behavior (Voigt et al. 2003). Pollinators or dispersers might be better indicators of whether 
small-scale changes are occurring to phenologies and elevation range changes of plant species 
that might be too minute to quantify by comparison. Another reason why changes might not be 
observable in these plant species is because high biodiversity has been found to increase 
resilience of species within an ecosystem to environmental change (Elmqvist et al. 2003). The 
adaptive capacities of species that inhabit an ecosystem with great species abundance have been 
shown to have more resilience toward environmental change in both terrestrial and aquatic 
habitats (Elmqvist et al. 2003).  
 
PHENOLOGY.- Plant species that were found to have atypical phenologies on average had about 
half the range of time that flowering and fruiting usually occurs compared to those that were 
found to have typical phenologies. This may indicate that those species that appear to have 
typical flowering, fruiting, or both may actually be experiencing a shift in phenological timing, 
yet it may not be as observable because their ranges are so much larger. Changes in phenological 
patterns are much more visible in plant species with shorter time spans of  flowering and fruiting. 

The impacts of plants flowering and fruiting earlier or later in response to drying 
conditions induced by global climate change can potentially radiate through intraspecific 
competition for pollinators and dispersers as well as adjacent trophic levels (Walther 2010).  
Individual plants within a species tend to flower at different times to avoid competition for 
pollinators. As climate change continues to affect the flowering and fruiting of plants, 
phenologies will tend to become more homogenous (Reich 1995). This will become a stress for 
animals as the time range of flowering and fruiting will become shorter and provide limited 
resources to mutualistic partners that may be active at different times (van Schaik et al. 1993). 
Species in higher trophic levels tend to show a greater reaction to abiotic change than those of 
lower trophic levels (Gilman et al. 2010). 
 
ELEVATIONAL CHANGES.- Just as animals such as birds and reptiles have been seen moving up in 
elevation in search of cooler temperatures, understory plants may be starting the same process 
but at a much slower rate due to their immobility (Pounds et al. 1999, Lenoir et al. 2008). One 
way species may be found moving up in elevation could be by their mutualistic disperser also 
inhabiting higher elevations (Pounds et al. 1999, Lenoir et al. 2008). Another way may be a 
result of general mortality of plant species in lower reaches of their elevation ranges. As species 
continue to move to higher and higher ranges in mountain ecosystems, decreases in population 
sizes or even extinction of such species are likely to prevail. Such shifts in elevational ranges are 
very scarcely documented within the Tropics although many such trends have been observed 
within temperate regions and describe mountain plant species as having most pronounced shifts 
in response to abiotic conditions (Colwell et al. 2008, Lenoir et al. 2008). 

However, individuals and species take different approaches to dealing with variation in 
abiotic conditions and novel communities have the potential to form as a result (Lurgi et al. 
2012). Variation in sensitivity to new climatic conditions plays a large role in determining the 
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onset of novel communities as each species attempts to satisfy individual needs (Lurgi et al. 
2012). The onset of novel communities will contribute to new combinations of species in new 
distributions as well as present interactions between species that had not occurred previously 
(Lurgi et al. 2012) Specialists would be more affected by this than generalists as diets might be 
required to change (Lurgi et al. 2012). Drying of Tropical regions may ultimately lead to 
environments never before seen and the finite affects of this are largely unexplored. 
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ABSTRACT 
       
Plants have served as the main source of medicine for thousands of years as their secondary compounds 
show a wide array of medicinal properties.  Unfortunately, bioprospecting plants is difficult as on average 
10,000 species need to be screened to find a single future pharmaceutical.  Therefore, identifying which 
plants or plant parts contain more secondary compounds could increase potential pharmaceutical screening 
efficiency. Phytochemical screening of alkaloids, terpenoids, steroids, flavonoids and saponins was carried 
out for old and young leaves of three plant functional groups or growth forms: known medicinal plants, 
Cloud Forest gap plants and Cloud Forest understory plants. Trends show that young leaves have a higher 
likelihood for positive presence of terpenoids, flavonoids and saponins, as do medicinal and gap plants. 
Medicinal and gap plant data aligned similarly, indicating that young leaves of gap plants are the best 
targets for bioprospecting.  
 
 
RESUMEN 
 
Las plantas han servido como la mayor fuente de medicina por miles de años al sus productos secundarios 
mostrar una amplia variedad de propiedades medicinales.  Desafortunadamente, hacer bioprospección con 
plantas es difícil ya que en promedio 10 000 especies necesitan ser probadas para encontrar un solo futuro 
producto farmaceútico.  Sin embargo, al identificar cuales partes de las plantas contienen más compuestos 
secundarios puede aumentar el potencial farmaceutico y la eficiencia del tamizaje.  El tamizaje fitoquímico 
de alcaloides, terpenoides, esteroides, flavonoides y saponinas se condujo para hojas jovenes y maduras 
para tres grupos funcionales o formas de crecimiento de plantas: reconocidas plantas medicinales, plantas 
de gaps en el bosque nuboso, y plantas del sotobosque en el bosque nuboso.  Tendencias muestran que las 
hojas jovenes tienen una mayor tendencia para la presencia positivia de terpenoides, flavonoides y 
saponinas, así como las plantas medicinales y de gaps. Los datos de las  plantas medicinales y las de gaps 
se alinean similarmente, indicando que las hojas jovenes de los gaps son los mejores blancos para la 
bioprospección.!
 
 
INTRODUCTION 
 

Bioprospecting is an old but increasingly important enterprise as pharmaceutical 
costs soar, acceptance of herbal cures is on the rise, developing countries experience 
rapid population growth, and biodiverse areas are being lost at alarming rates (Hoareau 
and DaSilva 1999). Unfortunately, costs of bioprospecting are high as only one of 10,000 
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plants show medicinal potential (Fernanda et al. 2012). Most medicinal plant compounds 
are secondary compounds used to protect plants from herbivores (Farnsworth and 
Soejarto 1991).  Perhaps knowledge of the distribution of anti-herbivore compounds in 
different plant parts and plant growth forms can help to increase the likelihood of finding 
medicinally active plant substances.   
 

Primary metabolites provide the essentials for the plant, like for growth and 
development. Secondary compounds serve other plant needs, such as attraction and 
defense (Saxena et al. 2013). The interactions between plants and herbivores in 
evolutionary time have resulted in the development of defense mechanisms, including 
phytochemical defenses (Coley and Barone 1996). The plant uses these chemicals for 
protection, but many are also medicinal (Dillard and German 2000). Phytochemicals 
often work by targeting areas connected to a specific physiological process, involving 
multiple compounds. Therefore, the medical concentration of plant-based compounds is 
relatively low and leads to fewer or less severe side effects (Briskin 2000). The presence 
of key phytochemicals serves as identification during bioprospecting efforts for potential 
medicinal applications. 
 

Bioprospecting of medicinal plants is an expensive process with a low “hit rate” 
(i.e. success rate). Through random selection, only one in every 10,000 plants show 
medicinal potential (Fernanda et al. 2012). In efforts to save time and money, increasing 
the “hit rate” for possible medicinal compounds would be possible if a certain growth 
form is identified more probable in finding potential medicinal compounds. Using 
herbivory as a guide, young leaves and gap plants may have more. Understory plants of 
the tropics grow slowly and mainly use primary compounds such as tannins to increase 
leaf thickness in protection. Tropical gap plants, however, must grow quickly and thus 
use secondary metabolites as energetically less expensive anti-herbivore defenses (Coley 
et al. 1985). Likewise, plant leaves experience the majority of herbivory when young, as 
much as 25 times more than mature leaves, due to higher nutritional content and lower 
toughness (Coley and Barone 1996). Young leaves have as much as twice the 
concentration of secondary defense compounds as older leaves (Coley and Aide 1991).  
 

The major secondary compounds used in bioprospecting for identification of 
potential medicinal plants are alkaloids, terpenoids, steroids, flavonoids and saponins. 
Alkaloids are stimulants and local anesthetics ranging in usage from antimalarial drugs to 
anti-hypertension to having antiarrhythmic effects. Terpenoids, the most structurally 
diverse secondary metabolite, has a variety of potential for medicine such as anti-
carcinogenic, antimalarial, anti-ulcer, hepaticidal, antimicrobial and diuretic effects. Plant 
steroids, also known as “cardiac glycosides”, are the most commonly used phytochemical 
used to specifically stimulate the cardiac muscle, but also found to retain nitrogen in 
osteoporosis (Doughari 2012). Flavonoids are best known as a strong antioxidant, but 
may also serve as an antimicrobial and have anti-inflammatory and cytotoxic effects. 
Saponins are thought to serve medicinally as an antiviral and antifungal, as well as help 
against hypoglycemia (Saxena et al. 2013). In the present study, alkaloids, terpenoids, 
steroids, flavonoids and saponins were screened from young and old leaves of Tropical 
Cloud Forest gap and understory plants. Known native or naturalized medicinal plants 
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were also screened as a point of comparison, to see which plant parts and plant growth 
forms mostly closely matched patterns of known medicinal plants. 

 
 

METHODS     
 
Collection of Plant Material 
 

Young and old leaves of 15 different plant species native to the Neotropics were 
freshly collected from forest and gardens in or near the Cloud Forest (Premontane Wet 
Forest) of Monteverde, Costa Rica. Young leaves were defined as the two youngest fully 
opened leaves on the plant and old leaves were defined as the two oldest living leaves on 
the plant. Leaves were from one of three categories: gap plants, understory plants or 
medicinal plants. The five gap plants were composed of Piper sp (Piperaceae), Cercropia 
obtusifolia (Urticaceae), Bocconia frutescens (Papaveraceae), Solanum sp (Solanaceae), 
Senecio arborescens (Asteraceae). Piper aequale (Piperaceae), Besleria formosa, 
(Gesneriaceae), Begonia involucrata (Begoniaceae), Hoffmannia congesta (Rubiaceae), 
Poikilocanthus micranthus (Acanthaceae) were the five understory plants. Hamelia 
patens (Rubiaceae) Lantana camara (Verbenaceae) Piper auritum (Piperaceae) Satureja 
viminea (Lamiaceae) Psidium guajava (Myrtaceae) were the five medicinal plants.  
 
Phytochemical Analysis 
 
 Phytochemical screening of the plant tissue 
(Figure 1 &2) was carried out three times per plant 
species and leaf age following standard qualitative 
testing procedures (Adnan n.d; Handa 2008; Mojab et 
al. 2003).  These were modified and are explained 
below. 

 
 
 

 

 

 

 

 

 

 

 

Figure 1. Leaf tissue preparation area of 
Cloud Forest plants and known medicinal 
plant species. There were five plant 
species of each leaf age and growth form 
tested, three replicates per plant species for 
each leaf age.  

!

Figure 2. Chemical testing area 
of Cloud Forest plants and 
known medicinal plant species. 
There were five plant species 
of each leaf age and growth 
form tested, three replicates per 
plant species for each leaf age.  

!
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Alkaloid Test (Mayer’s Test) 

 2.5 grams of leaf tissue was cut up and placed in 
15ml of 0.1M ammoniacal chloroform (ammonia, NH3, 
dissolved in chloroform, CHCl3) for alkaloid extraction. 
The mixture sat for ten minutes and then an additional 10ml 

of 0.1M ammoniacal chloroform was added and ground 
for one minute with a mortar and pestle. This was then 
filtered into a test tube. 1ml of 1M sulfuric acid (H2SO4) 
was added and inverted five times, venting after each 
inversion. The solution was then allowed to separate for 
five minutes. The aqueous layer was transferred to a test 
tube and ten drops of Mayer’s Reagent, a mixture of 
mercuric chloride (1.36g) and potassium iodide (5.00g) in 
water (100ml), was added to it. A reddish brown 
precipitate formed if alkaloids were present in the 
solution (Fig. 3). 
 

Preparation for Terpenoid, Steroid, Flavonoid, and Saponin Tests  

Three grams of leaf tissue was cut up and put into a 100ml Erlenmeyer flask with 
tweezers. 40ml of ethanol (C2H6O) was added to the flask and then placed in a hot water 
bath for ten minutes. It was ground with a mortar and pestle for 1 minute and then equally 
filtered into three test tubes. 
 

Terpenoid and Steroid Test (Liberman- Burchard test) 

 3ml of chloroform (CHCl3) was put into a test tube. 
One of the prepared test tubes was then poured into the 
chloroform for dehydration. Creating a tornado effect by 
tapping the test tube mixed the solution. The bottom layer 
was transferred to a glass petri dish to dry. When dry, three 
drops of 99.7% acetic anhydride (C4H6O3) were added 
and stirred for acetylation. Slowly, one drop of 1M 
sulfuric acid (H2SO4) was added to the petri dish for 
dehydration. The dehydration caused color formation if 
either of the compounds were present. If blue formed, 
presence of terpenoids was detected (Fig. 4). If purple 
formed, presence of steroids was detected. 

 
 

Flavonoid Test  

Approximately 10mg of magnesium (Mg) powder was added into a prepared test 
tube. Three drops of 37% concentrated hydrochloric acid (HCl) was then added and the 

Figure 3. Positive alkaloid test 
result in the screening of Cloud 
Forest plants and known 
medicinal plant species. There 
were five plant species of each 
leaf age and growth form 
tested, three replicates per plant 
species for each leaf age.  

!

Figure 4. Positive terpenoid test 
result in the screening of Cloud 
Forest plants and known 
medicinal plant species. There 
were five plant species of each 
leaf age and growth form 
tested, three replicates per plant 
species for each leaf age.  

!
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solution was allowed to settle for ten minutes. Observe color changes indicated presence 
of flavonoids (Fig. 5). Peach indicated the presence of flavonols. Dark red indicated the 
presence of flovonones. Reddish-brown indicated the presence of flavonoids. Green to 
Greenish Brown indicated no presence.!

!
!
!
!
!

!
!
!
 

 

 

 

Saponin Test 

Distilled water was added into one of the prepared test tube until it reached double 
the amount of liquid previously (~5ml) in the test tube. It was then vigorously shaken for 
one minute and then allowed to stand for 15 minutes. Froth formation was observed if 
saponins were present (Fig. 6). No froth was negative. Froth less than 1cm was weakly 
positive (i.e. “+”). Froth 1cm-2cm high was positive (i.e. “++”). Froth more than 2cm 
was strongly positive (i.e. “+++”). 

 
RESULTS 
 
 
Alkaloid Test (Mayer’s Test) 

 The old and young leave’s of gap, understory and medicinal plants all tested 
positive for alkaloids (Table 1). There is no detectable trend in alkaloid presence between 
growth forms nor is there between young and old leaves.  

 

Figure 6. Positive saponin test 
results (left to right: “+”,%“++”,%
“+++”) in the screening of Cloud 
Forest plants and known 
medicinal plant species. There 
were five plant species of each 
leaf age and growth form tested, 
three replicates per plant species 
for each leaf age. 

!

Figure 5. Positive flavonoid test 
results (left to right: flovonones, 
flavonols, flavonoids) in the 
screening of Cloud Forest plants 
and known medicinal plant species. 
There were five plant species of 
each leaf age and growth form 
tested, three replicates per plant 
species for each leaf age.  

!
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Table 1. Fifteen gap, understory and medicinal plants (five each) were tested for alkaloids 
in young and old leaves. A “+” indicates the positive presence of alkaloids and the 
number in parentheses is the amount of positives found of the three tests on that species 
and leaf age.  

Plant& Young& Old&
! ! !
Gap:! ! !
Piper&sp&(Piperaceae)& +!(3)! +!(3)!
Cercropia&obtusifolia&!(Urticaceae)& +!(3)! +!(3)!
Bocconia&frutescens!(Papaveraceae)& +!(3)! +!(3)!
Solanum&sp!(Solanaceae)& +!(3)! +!(3)!
Senecio&arborescens&(Asteraceae)& +!(3)! +!(3)!
! ! !
Understory:! ! !
Piper&aequale&(Piperaceae)& +!(2)! +!(2)!
Besleria&formosa!(Gesneriaceae)& +!(3)! +!(3)!
Begonia&involucrata&(Begoniaceae)& +!(2)! +!(2)!
Hoffmannia&congesta!(Rubiaceae)& +!(3)! +!(3)!
Poikilocanthus&micranthus!(Acanthaceae)& +!(3)! +!(3)!
& ! !
Medicinal:! ! !
Hamelia&patens!(Rubiaceae)& +!(3)! +!(3)!
Lantana&camara&(Verbenaceae)& +!(3)! +!(3)!
Piper&Auritum!(Piperaceae)& +!(3)! +!(3)!
Satureja&viminea!(Lamiaceae)& +!(3)! +!(3)!
Psidium&guajava!(Myrtaceae)& +!(3)! +!(3)!

  
 
Terpenoid and Steroid Test (Liberman- Burchard test) 

The phytochemical analysis of terpenoids in the old and young leaves of gap, 
understory and medicinal plants showed that some had terpenoids present (Table 2). For a 
given leaf age, there is little evidence that growth forms differ (2 Way ANOVA,              
F = 1.013, df = 2, p = 0.378; Fig. 7). A subtle trend suggests that in both old and young 
leaves, the gap and medicinal plants contain more positives relative to the understory 
plants. Thus, each plant was scored for the number of positive tests in three replicates per 
leaf.  Gap and understory young leaves appear to differ significantly. Young gap leaves 
(mean +/- sd = 2 +/- 1.41) have more positives than young understory leaves (mean +/- sd 
= 0.2 +/- 0.45) by an order of magnitude.  

There was no statistical difference, but a trend in the importance of growth forms 
in the number of positive results for terpenoids (2 Way ANOVA, F = 2.884, df = 2,         
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p = 0.075). Understory plants (mean +/- sd = 0.3 +/- 0.48) have a slightly lower number 
of positives relative to both gap plants (mean +/- sd = 1.4 +/- 1.4) and medicinal plants 
(mean +/- sd = 1.3 +/- 1.25). There was no statistical difference found between leaf ages 
in the likelihood of positives for terpenoids (2 Way ANOVA, F = 0.935, df = 1,               
p = 0.343). Young leaves (mean +/- sd = 1.2 +/- 1.32) showed a slightly higher presence 
relative to old leaves (mean +/- sd = 0.8 +/- 1.32).  

 
Table 2. 15 total gap, understory and medicinal plants were tested for terpenoids in young 
and old leaves. A “+” indicates a positive presence of terpenoids and the number in 
parentheses is the amount of positives found of the three tests on that species and leaf 
age. “0” indicates a negative (i.e. no presence of terpenoids).   

Plant& Young& Old&
Gap:! ! !
Piper&sp&(Piperaceae)& 0! 0!
Cercropia&obtusifolia&!(Urticaceae)& +!(3)! +!(1)!
Bocconia&frutescens!(Papaveraceae)& +!(3)! 0!
Solanum&sp!(Solanaceae)& +!(1)! +!(3)!
Senecio&arborescens&(Asteraceae)& +!(3)! 0!
Understory:! ! !
Piper&aequale&(Piperaceae)& 0! 0!
Besleria&formosa!(Gesneriaceae)& +!(1)! +!(1)!
Begonia&involucrata&(Begoniaceae)& 0! 0!
Hoffmannia&congesta!(Rubiaceae)& 0! +!(1)!
Poikilocanthus&micranthus!(Acanthaceae)& 0! 0!
Medicinal:! ! !
Hamelia&patens!(Rubiaceae)& +!(2)! +!(2)!
Lantana&camara&(Verbenaceae)& +!(3)! +!(3)!
Piper&Auritum!(Piperaceae)& +!(2)! +!(1)!
Satureja&viminea!(Lamiaceae)& 0! 0!
Psidium&guajava!(Myrtaceae)& 0! 0!
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Figure 7. Growth forms and leaf age for Cloud Forest plants and known medicinal plant 
species.  Young leaves on medicinal and gap plants had more positive tests for terpenoids 
based on three replicates per plant species for each leaf age.  There were five plant 
species of each leaf age and growth form tested. These trends were not statistically 
significant, however the difference in growth form showed an obvious trend (p = 0.07). 
 
 

None of the old and young leaves of gap, understory or medicinal plants were 
found to have steroid presence (Table 3).  
 
Table 3. 15 total gap, understory and medicinal plants were tested for steroids in young 
and old leaves. “0” indicates a negative (i.e. no presence of steroids).   

Plant& Young& Old&
Gap:! ! !
Piper&sp&(Piperaceae)& 0! 0!
Cercropia&obtusifolia&!(Urticaceae)& 0! 0!
Bocconia&frutescens!(Papaveraceae)& 0! 0!
Solanum&sp!(Solanaceae)& 0! 0!
Senecio&arborescens&(Asteraceae)& 0! 0!
Understory:! ! !Piper&aequale&(Piperaceae)& 0! 0!
Besleria&formosa!(Gesneriaceae)& 0! 0!
Begonia&involucrata&(Begoniaceae)& 0! 0!
Hoffmannia&congesta!(Rubiaceae)& 0! 0!
Poikilocanthus&micranthus!(Acanthaceae)& 0! 0!
Medicinal:! ! !Hamelia&patens!(Rubiaceae)& 0! 0!
Lantana&camara&(Verbenaceae)& 0! 0!
Piper&Auritum!(Piperaceae)& 0! 0!
Satureja&viminea!(Lamiaceae)& 0! 0!
Psidium&guajava!(Myrtaceae)& 0! 0!
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Flavonoid Test 
 
 The phytochemical analysis of flavonoids in the old and young leaves of gap, 
understory and medicinal plants showed that some had flavonoids present (Table 4). 
There is little difference found in growth forms of a given leaf age (2 Way ANOVA,       
F = 1.432, df = 2, p = 0.259; Fig. 8). A subtle trend suggests that in both old and young 
leaves, the gap and medicinal plants contain more positives relative to the understory 
plants. Young gap leaves (mean +/- sd = 3 +/- 0) appear to differ significantly (Fisher 
LSD, p = 0.0039) from young understory leaves (mean +/- sd = 0.6 +/- 1.34) in the 
amount of positives for flavonoids.  

Difference of the growth form has a statistically significant impact (2 Way 
ANOVA, F = 6.341, df = 2, p = 0.006) on number of positive results for flavonoids (Fig. 
11). Understory plants (mean +/- sd = 0.6 +/- 1.26) showed substantially less positive 
results relative to both gap plants (mean +/- sd = 2.4 +/- 1.07) and medicinal plants (mean 
+/- sd = 2.1 +/- 1.29). There was no statistically significant difference between leaf ages 
in likelihood of positive results for flavonoids (2 Way ANOVA, F = 0.205, df = 1,           
p = 0.655). It was found that young leaves (mean +/- sd = 1.8 +/- 1.42) show a slightly 
higher presence of flavonoids relative to old leaves (mean +/- sd = 1.6 +/- 1.45). 
 
Table 4. 15 total gap, understory and medicinal plants were tested for types of flavonoids 
in young and old leaves. If found, flavonols, flavonones and flavonoids are noted and the 
number in parentheses is the amount of positives found of the three tests on that species 
and leaf age. “0” indicates a negative (i.e. no presence of flavonoids).   

Plant! Young! Old!
Gap:! ! !
Piper&sp&(Piperaceae)& Flavonols!(3)! Flavonoids!(2)!
Cercropia&obtusifolia&!(Urticaceae)& Flavonoids!(2)! Flavonols!(3)!
Bocconia&frutescens!(Papaveraceae)& Flavonoids!(3)! 0!
Solanum&sp!(Solanaceae)& Flavonoids!(3)! Flavonoids!(1)!
Senecio&arborescens&(Asteraceae)& Flavonoids!(3)! Flavonoids!(2)!
Understory:! ! !
Piper&aequale&(Piperaceae)& 0! 0!
Besleria&formosa!(Gesneriaceae)& Flavonoids!(3)! Flavonoids!(3)!
Begonia&involucrata&(Begoniaceae)& 0! 0!
Hoffmannia&congesta!(Rubiaceae)& 0! 0!
Poikilocanthus&micranthus!(Acanthaceae)& 0! 0!
Medicinal:! ! !
Hamelia&patens!(Rubiaceae)& Flavonols!(2)! Flovonones!(3)!
Lantana&camara&(Verbenaceae)& Flavonols!(2)! Flovonones!(3)!
Piper&Auritum!(Piperaceae)& Flavonols!(3)! Flavonols!(3)!
Satureja&viminea!(Lamiaceae)& 0! 0!
Psidium&guajava!(Myrtaceae)& Flavonols!(2)! Flovonones!(3)!
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Figure 8. Growth forms and leaf age for Cloud Forest plants and known medicinal plant 
species. There were five plant species of each leaf age and growth form tested, three 
replicates per plant species of each leaf age. The difference in growth form showed a 
statistical significance (p = 0.006). 
 
 
 
Saponin Test 

 Saponins were found during the phytochemical analysis of old and young leaves 
in gap, understory and medicinal plants (Table 5). Post hoc tests suggest that medicinal 
plants have higher amounts of saponins relative to gap and understory plants. 
Considering a given leaf age, there is a trend in growth forms showing differences in 
amount of positive saponins results (2 Way ANOVA, F = 2.714, df = 1, p = 0.087; Fig. 
9). Young leaves of medicinal plants (mean +/- sd = 7.2 +/- 1.64) showed a higher 
amount of saponins than young leaves of gap plants (mean +/- sd = 4 +/- 3.16), which 
were also found to have a higher amount relative to the young leaves of understory plants 
(mean +/- sd = 0.6 +/- 0.55). Old leaves of gap plants (mean +/- sd = 0.2 +/- 0.45) and old 
leaves of medicinal plants (mean +/- sd = 5 +/- 2.74) were found to have lower amounts 
of saponins relative to younger leaves of gap and medicinal plants, respectively. The old 
leaves of understory plants (mean +/- sd = 0.8 +/- 1.30) however, were found to be very 
similar in amount of positive saponins to those of young leaves of understory plants 
(mean +/- sd = 0.6 +/- 0.55). 

 Differing of growth forms was statistically significant (2 Way ANOVA,               
F = 21.036, df = 2, p = 0.00001) in the presence of saponins (Fig. 14). This means that a 
trend exists such that medicinal plants (mean +/- sd = 6.1 +/- 2.42) have more positive 
indications of saponins relative to gap plants (mean +/- sd = 2.1 +/- 2.92) and understory 
plants (mean +/- sd = 0.7 +/- 0.95). This trend shows that medicinal plants have the 
highest amounts, gap plants follow and understory plants have the least. A positive 
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presence of saponins was found to be statistically significant (2 Way ANOVA, F = 7.509, 
df = 1, p = 0.011) between leaf ages. Young leaves (mean +/- sd = 3.93 +/- 3.39) have a 
higher positive indication of saponins relative to old leaves (mean +/- sd = 2 +/- 2.75). 

Table 5. 15 total gap, understory and medicinal plants were tested for saponins in young 
and old leaves. A “+” indicates a weak positive, a “++” indicates a positive and a “+++” 
indicates a strong positive. The number in parentheses is the number of positives found of 
the three tests on that species and leaf age. “0” indicates a negative (i.e. no presence of 
saponins).   
 
Plant! Young! Old!
Gap:! ! !
Piper&sp&(Piperaceae)& 0! 0!
Cercropia&obtusifolia&!(Urticaceae)& +++!(3)! +!(1)!
Bocconia&frutescens!(Papaveraceae)& ++!(1)! 0!
Solanum&sp!(Solanaceae)& +!(3)! +!(1)!
Senecio&arborescens&(Asteraceae)& ++!(3)! 0!
Understory:! ! !
Piper&aequale&(Piperaceae)& 0! 0!
Besleria&formosa!(Gesneriaceae)& +!(1)! +!(2)!
Begonia&involucrata&(Begoniaceae)& 0! 0!
Hoffmannia&congesta!(Rubiaceae)& +!(1)! +!(1)!
Poikilocanthus&micranthus!(Acanthaceae)& +!(1)! 0!
Medicinal:! ! !
Hamelia&patens!(Rubiaceae)& +++!(3)! ++!(2)!
Lantana&camara&(Verbenaceae)& ++!(3)! +!(2)!
Piper&Auritum!(Piperaceae)& +++!(3)! +++!(3)!
Satureja&viminea!(Lamiaceae)& ++!(3)! ++!(3)!
Psidium&guajava!(Myrtaceae)& ++!(3)! +!(3)!

 
 
 

 70 



 
Figure 9. Growth forms and leaf age for Cloud Forest plants and known medicinal plant 
species. There were five plant species of each leaf age and growth form tested, three 
replicates per plant species of each leaf age. A difference in growth form and leaf age 
both showed a statistical significance (p = 0.00001; p = 0.011). 
 
 
DISCUSSION  
 

Targeting plant growth form and leaf age appears to be an effective means of 
increasing the probability or “hit rate” for future pharmaceuticals.   Secondary 
metabolites were generally higher for young leaves and gap plants, to a degree that is 
similar to known medicinal plants. The medicinal plants tested show that secondary 
compounds attributed to having medicinal effects were, indeed, found in the screening. 
Positive indication of alkaloids, terpenoids, flavonoids and saponins were found for 
nearly all medicinal plants and their young and old leaves. Gap plants also tended to 
show the presence of these compounds similar to that of medicinal plants. This suggests 
that in searching for potential medicinal plants, targeting gap plants may increase the 
probability of finding promising medicinal application. Young leaves generally had 
greater amounts of these secondary compounds, as well, compared to older leaves. 
Furthermore, the concentration of some of these compounds may be higher in young 
leaves. This means in the extraction process for plant-based medicine, young leaves serve 
as a better candidate for maximizing yield.  
 

Approximately 121 major plant drugs that are currently used do not have any 
synthetic equivalent (Joy et al. 2001). Many studies have shown that there are important 
bioactive compounds serving medicinal properties in commonly used medicinal plants, 
thus giving a quantitative justification for the traditional use of them for medicine 
(Edeoga et al. 2005; Yadav and Agarla 2011). A major contributor to two of the world’s 
biggest epidemics, cancer and cardiovascular disease, are reactive oxygen species (i.e. 
oxidants) that secondary plant compounds, antioxidants have been found to more 
effectively combat than anti-oxidizing activity of synthetics (Krishnaiah et al. 2007). 
Antioxidants presence and concentration have been tested for in medicinal plants, finding 
high antioxidant capacity (Boligon et al. 2013; Ibeh et al. 2013). In phytochemical 
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screening, the use of these findings are often widespread because the plant’s compounds 
are natural and not synthesized to fit specific needs. This means that the resources in the 
search and extraction process of a plant with potential medicinal properties serve a great 
number of possible applications than the development of a synthetic compound for one 
particular use. For example, bioactive compounds with antifungal and antibacterial 
properties can be applied to medicine, as well as other important areas such as the 
protection of cash crops (Chugh et al. 2012). This means the bioprospecting efforts 
provide use to humans on a large scale, illustrating even more importance in continual 
bioprospecting efforts.]  

 
Not only pharmaceutical companies but also local people could use these 

recommendations as up to 90% of people in developing countries use traditional 
medicine, which largely includes medicinal plants as their primary form of healthcare 
(World Health Organization 2002). Tropical rain forests are potential treasure troves of 
pharmaceuticals but many plants are endemic and deforestation is taking them out.  Rapid 
screening is more important now than ever.   
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ABSTRACT  

Coffee is one of the world’s most traded commodities and a major export for developing countries. In Costa Rica, 
90,000 hectares of land are devoted just to the production of coffee which provides income for citizens. With the 
introduction of coffee rust (Hemileia vastatrix) coffee production has become fragile. In efforts to avoid the spread 
of the fungal disease, most plantations were converted to sun grown monocultures. However, monocultures have 
several characteristics that can lead to lower plant fitness and yields in coffee.  In this study, leaf damage, a proxy 
for plant fitness and plantation style were compared. 42 plants were sampled from an agroforestry and a 
monoculture plantation and leaf damage was assessed as a measure of plant fitness. Total leaf damage, leaf damage 
from herbivory, and leaf damage from fungus was measured and quantified as a proportion of damaged area to 
entire leaf area. Leaf damage by herbivory or coffee rust did not vary drastically between the two types of 
plantations. The total damage, however, was significantly greater in the monoculture plot. The results suggest that 
although a conversion from monoculture to agroforestry might not drastically reduce any one pest, agroforestry 
plantations overall support healthier coffee plants.  

RESUMEN   

El café es uno de los productos básicos más comercializados y una de las exportaciones mayores para los países en 
desarrollo.  En Costa Rica 90 000 héctareas de tierra están dedicadas solo a la producción de café lo cual provee a 
los ciudadanos con una fuente de ingresos.  Con la introducción de la roya del café (Hemileia vastatrix) la 
producción de café se ha vuelto frágil.  En esfuerzos para evitar el esparcimiento de la enfermedad fungíca, muchas 
de las plantaciones se fueron convertidas en plantaciones abiertas expuestas al sol.  Sin embargo, los monocultivos 
tienen varias características que pueden llevar a la dismunción del éxito de las plantas y la producción de café.  En 
este estudio, el daño de las hojas, una estimación para el éxito reproductivo de las plantas y el tipo de plantación 
fueron comparados.  42 plantas fueron muestreadas de una plantación agroforestal y de monocultivo y el daño a las 
hojas fue estimado como una medida del éxito de las plantas.  El daño total de las hojas, el daño de las hojas por 
herbivoría, y el daño por el hongo fue medido y cuantificado en proporción de área dañada y área total de la hoja.  El 
daño de las hojas por herbivoría  o roya del café no varía drásticamente entre los dos tipos de plantaciones.  El daño 
total, sin embargo, es significativamente mayor en la parcela de monocultivo.  Los resultados sugieren que aunque al 
pasar de un monocultivo a una plantación agroforestal puede no reducir drásticamente alguna de las pestes, las 
plantaciones agroforestales sobre todo sostienen poblaciones más saludables de café. 
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INTRODUCTION 

Coffee is one of most traded commodities in the world with over 6 billion kilograms of beans 
exported annually (USDA 2014).  Most coffee is produced in developing countries and supports 
the livelihoods of many of their citizens. In Costa Rica, 90,000 hectares of land are devoted to 
the production of coffee and the exported value has surpassed 373 million US dollars (USD) 
(International Coffee Organization 2011). Recently, coffee rust, a disease caused by the fungus, 
Hemileia vastatrix, has spread throughout the Americas reducing yields and threatening coffee 
production for several countries. In Central America, coffee rust has decreased production more 
than 9 percent in the last year (USDA 2014). 

To avoid infestation of rust, coffee production was largely converted from traditional 
style plantations grown in the shade of larger canopy trees to monocultures of coffee grown in 
the sun (Perfecto et al. 1996). The idea was that a reduced amount of shade would also reduce 
moisture retention that favors fungal growth. The threat of coffee rust induced rapid conversion 
to sun grown coffee and the method was soon also adopted as an attempt to increase production.  

Although monocultures of sun grown coffee inhibit the optimal conditions of fungal 
growth, they have not proven to be fix-all solutions. On the contrary, monocultures of sun grown 
coffee cost more to maintain, use more agrochemicals and reduce biodiversity (Perfecto et al. 
1996). Production cost for a hectare of sun grown coffee is about 1700 USD with 25 percent of 
expenditures allocated to chemical inputs. Traditional shade grown coffee costs about 300 USD 
per hectare with only 2 percent allotted to chemical inputs (Perfecto et al. 1996). Ironically, 
increased use of pest control chemicals has been attributed to increased pest levels and increased 
losses due to pests and diseases (Staver et al 2001). This phenomenon occurs due to secondary 
pests being alleviated of their natural predators and research shows that pests become more 
abundant with increasing modification of the landscape (Altieri 1999).  Similarly, diminishing 
biodiversity from the conversion of plantations to monoculture, sun grown coffee can also 
increase pest and disease damage. On plantations near patches of forest, insect pests are 
decreased 50 percent by birds and bats that are provided habitat (Karp et al. 2013). Although 
optimal temperature and moisture conditions for fungal growth are limited, the loss of 
biodiversity in monocultures can aid in dispersal of fungus throughout a plantation (Wolfe 2000). 
Diversity in crop plantations, such as provided by trees and shrubs in an agroforestry setting, can 
help to suppress diseases (Castro 2001).  

The aim of this study is to understand how styles of agricultural land use can affect coffee 
production. Two styles of agricultural land use, monoculture and agroforestry, are compared to 
assess how differing characteristics between the styles may affect plant fitness. Leaf damage is 
used as a proxy to assess plant fitness due to its influence on photosynthetic productivity (Nabity  
et al. 2009), rate of pollination (Strauss et al. 1996), and fruit production(Strauss & Agrawal 
1999). Total leaf damage, leaf damage from herbivory, and leaf damage from fungus is measured 
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to quantify plant fitness.  Recognizing the differences in health of coffee plants between 
plantation styles may influence land use decisions and increase security in coffee production.  

METHODS 

Study Site 

The study was conducted in mid-July, 2014, on two farms in Cañitas, Puntarenas, Costa Rica.  
Cañitas is located in premontane wet forest (Holdridge 1967) at 1300 meters asl on the Pacific 
slope of the Tilaran Mountains. Site 1, is a 2-hectare, agroforestry plot owned by Don Juan that 
grows coffee of various ages side by side with other vegetation. Site 2, is a 2-hectare, 
monoculture plot owned by Don Victor and Doña Nery Rojas and only grows coffee open to the 
sun. The farms were located 0.5 km from one another. At the time of sampling, neither farm had 
applied any chemicals, pesticides, herbicides or fungicides within the previous five months.  

Study Organisms 

Coffea arabica is the species of coffee grown on each study plot, as well as throughout the 
country of Costa Rica. Coffee grows best in semi-shade conditions but, due to fungus growth 
sharing optimal conditions, many coffee growers have switched to a cultivation style of 
monoculture coffee grown in open sunny areas.  

Coffee leaf rust is one of the common names for the fungus, Hemileia vastatrix, which 
attacks the underside of coffee leaves. The main factors that affect the life cycle are wind, 
rainfall, leaf area, leaf wetness, light, temperature, fruit load, soil moisture and stomatal density 
(Avelino et al. 2004). The fungus first appears on leaves as pale yellow spots and with time the 
spots expand, combine, and produce urediniospores which give the fungus a dust-like appearance 
(see Figure 4). Eventually, coffee rust lowers photosynthetic productivity of leaves and causes 
premature leaf fall. Coffee leaf rust rarely kills the plant entirely but in severe cases it can cause 
complete defoliation, premature fall of berries, and dieback of branches (Kushalappa & Eskes 
1989).  

Experiment 

A 0.5-hectare plot from the agroforestry farm with similarly aged plants as the monoculture farm 
was chosen to control for age. The 2-hectare monoculture farm had to be divided to create a plot 
of equal size. The plantation was split into four equal, 0.5-ha quadrants and one quadrant was 
randomly selected. From each plot, 21 plants were sampled from a vertical and horizontal 
transect. The middle plant was determined by a count of plants in columns and rows. Five plants 
equally spread in each direction were selected, expanding from the center to each of the four 
edges of the plot (Figure 1). Plants in each plot were all between 1.5 and 2 meters tall.  
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Figure 1. The box represents one plot with the locations of 21 sample plants marked by circles. 
The horizontal lines correspond to the orientation of rows in the field. However, samples were 
not taken from every row but instead taken at evenly spaced intervals in each direction from the 
center to obtain a representative sample of the entire plot.  

The method of leaf sampling was adopted from a previous study of rates of coffee rust in 
Cañitas (Crown 2000). On each plant, 12 branches were selected and a leaf from each branch 
was sampled. The branches were selected starting from the bottom up and, since coffee plants 
have opposite branching, only one of the two branches was selected from each level up the trunk 
(Figure 2). The leaf was then sampled at the third node from the tip of each branch (Figure 3). If 
neither of the leaves were present, a leaf from the fourth node was sampled instead.  

 

Figure 2. Coffee plants have opposite branching, two branches that grow opposite directions at 
each height up the trunk. In the figure, levels are numerically labelled starting from the bottom of 
the plant (only levels 7 of the 12 levels are displayed in this figure). Arrows point from the 
labeled level to the corresponding branch. One branch was sampled at each level and 12 
branches were sampled per tree.  
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Figure 3. A leaf from the third node from the tip of each branch was sampled. If both leaves were 
missing at the third node, a leaf was sampled from the fourth node.  

After sampling, scanned images of the underside of leaves were used for analysis of leaf 
damage. The underside was used because coffee leaf rust attacks the underside of leaves and 
herbivory is equally measurable from both sides. The most prevalent types of damage observed 
in the field were herbivory and rust thus, leaf damage was analyzed by categories: herbivory, rust 
and other (Figure 4). ImageJ software was used for leaf analysis and the damage was measured 
from the images in pixels by tracing the leaves and each type of damaged area (Figure 5). The 
pixel measurements were then made relevant by converting to proportions of each type of 
damage to total leaf area.  

 

Figure 4. Herbivory and leaf rust (Hemileia vastatrix) were the most prominent types of damage 
observed in the study although other types of damage were observed as well. The types of 
damage analyzed were herbivory, leaf rust, other damage and total damage. As shown, herbivory 
is identifiable by missing tissue. Leaf rust produces rust colored spots on the underside of leaves. 
The other category was a combination of any observable data that did not fit into the previously 
described categories. 
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Figure 5. ImageJ software was used to measure the proportion of damage in each leaf. 
Measurements in units of pixels were taken by tracing the damaged areas, as shown in the figure. 
The full leaf was also traced to measure the entire area of the leaf. Then the proportion of 
damage to full leaf area was taken. In the figure, the top picture shows how measurements of 
damage by herbivory were taken and the bottom picture shows measurements of rust. The 
images to the right show the entire leaf area being measured.  

 

RESULTS 

A total of 504 leaves were obtained from 42 plants, 21 plants from each site. In the agroforestry 
plot, 2 percent of leaves sampled had no damage at all. The most common type of damage was 
herbivory which was present on 86 percent of leaves. Leaf rust was present on 54 percent of 
leaves and 37 percent had other damage. Of the total leaf area measured in the agroforestry plot, 
5 percent was damaged by herbivory, 1 percent was covered by leaf rust and less than 1 percent 
had other damage. In the monoculture plot, less than 1 percent of leaves were damage free. The 
most common type of damage was herbivory and was identified on 84 percent of leaves. Leaf 
rust was present in 63 percent of leaves and 25 percent had other damage. Of total leaf area 
analyzed in the monoculture plot, 6 percent was damaged by herbivory, 3 percent was occupied 
by leaf rust and 1 percent had other damage (Figure 6).  
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Figure 6. For both, agroforestry and monoculture plantations, the number of sampled leaves that 
had any measurable amount of damage from herbivory, Leaf Rust, other causes and leaves 
without any damage are represented as a percentage of all leaves sampled for each plot. The 
percentage only corresponds to whether or not any damage was present on a leaf and not the 
proportion of leaf area that was damaged. For both plantations, almost no leaves were free of 
damage.  

Average leaf damage per plant on the agroforestry plot ranged from 1 percent to 20 
percent (average 8 ± 5%) and the average leaf damage per plant in the monoculture plot ranged 
from 3 percent to 27 percent (average 11 ± 7%). Herbivory was most variable type of damage in 
the monoculture plot and ranged amongst leaves on the same plant from 2 percent to 90 percent 
(average 31 ± 25%). Rust had a range from 0 percent to 27 percent (average 11 ± 8%) while 
other damage ranged from 1 percent to 64 percent (average 9 ±13%) for leaves within the same 
plant in the monoculture plot. The leaf damage among samples within a plant in the agroforestry 
plot ranged 44 percent on average. Herbivory amongst leaves on the same plant was also the 
most variable type of damage ranging from 2 percent to 81 percent (average 33 ± 25%). Rust had 
a range from 0 percent to 25 percent (average 7 ± 7%) while other damage ranged from less than 
1 percent to 9 percent (average 3 ± 2%)(Figure 7).   The average total leaf damage in the 
agroforestry plot was 8 ± 5 percent and the average total leaf damage in the monoculture plot 
was 11 ± 7 percent. 
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Figure 7. Range of leaf damage within a plant was calculated and averaged for the monoculture 
and agroforestry plots. The range is represented by percent difference. Ranges of damage 
amongst leaves within a plant are generally higher in the monoculture plot.  

There was no difference found in the amount of damage due to leaf rust (t=1.540, df = 
40, n = 42, p = 0.131) or herbivory (t=-0.031, df = 40, n = 42, p = 0.975). However, the 
agroforestry plot had less “other” damage than the monoculture plot (t = 2.009, df = 40, n= 42, p 
= 0.05). Although the differences in damage from herbivory or leaf rust alone did not vary 
between plots, the total damage was less in the agroforestry plot than in the monoculture plot (t = 
2.173, df = 40, n = 42 p = 0.04) (Figure 8). 

 

Figure 8. The total area of each type of damage, herbivory, Leaf Rust and other leaves were 
measured and compared to the total leaf area. The asterisks represent the relationships that are 
statistically significant.   
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DISCUSSION 

It was found that neither herbivory nor coffee rust alone vary greatly between agroforestry and 
monoculture plantations. However, damage by other causes and total leaf damage are 
significantly greater in the monoculture plantation than in the agroforestry setting.  

 An unexpected phenomenon that was observed was that more leaves in the agroforestry 
plot showed signs of damage than in the monoculture but the total area damaged was less than in 
the monoculture plot. This suggests that pests might find leaves and disperse throughout the 
agroforestry plot easily but defoliation occurs less completely or more slowly than in the 
monoculture plot. The range of damage within plants was greater in the monoculture plot than in 
the agroforestry plot which also suggests that pests are not as evenly dispersed throughout the 
plant. One possible explanation for this is that with plants grown in the open sun in the 
monoculture, ideal conditions for pests may vary more drastically between branch levels. Leaves 
higher up the plant may have been dryer and warmer than leaves lower on the plant that are 
shaded by upper branches. In the agroforestry setting, differences in conditions may be 
dampened by shading and temperature mitigation from non-coffee plants in the plot.  

The small variability in amount of coffee rust found between the two plantations negates 
the idea that monocultures inhibit the spread of coffee rust, a supposition that has been 
controversial (Staver et al 2001). It could be that a number of variables change between the two 
types of coffee plantations. In agroforestry plantations, fungus may grow more easily due to the 
moisture retention and temperature moderation. However, in monocultures where moisture is 
lower, the lack of biodiversity might allow the rust to spread between plants more easily. 
Considering the trade-offs, plantation type may not have a large effect on the spread and growth 
of coffee rust.  

A variability in herbivory was not observed between the plantation styles. This could 
suggest that the trees and shrubs present in the agroforestry plot were not abundant enough or 
ideal for harboring the biodiversity that would keep herbivorous pests in check. Without a 
substantial difference in biodiversity, the community of herbivorous insects may not have varied 
much between the plots therefore causing similar amounts of damage in each.   

Despite rust or herbivory not being significantly different, there was an overall difference 
in the total leaf damage between the two plantation styles. The agroforestry plantation had less 
damage in the category “other” and less total leaf damage. With the relatively small differences 
in herbivory and rust combined with “other” damage into total leaf damage for each plantation 
created a significant difference between the plots.  

Leaf damage in general is an important factor to consider because of its relationship with 
plant fitness and, thus, coffee yields. Damage to leaves adversely affects plant health simply by 
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reducing photosynthetic productivity. Research suggests that loss of photosynthetic capacity may 
be underestimated by only considering area of tissue loss (as was measured in this study) and 
that damage may indirectly lower productivity throughout the leaf (Nabity et al. 2009). When 
leaves become highly damaged, the plant must expend more energy on growing new leaves to 
obtain energy than on producing desired fruits. Leaf damage also can negatively affect 
pollination by reducing floral attraction characteristics and, subsequently, reducing visitation by 
pollinators (Strauss et al. 1996). Furthermore, leaf damage may reduce the number of fruits 
produced (Strauss & Agrawal 1999) and the size of fruits near defoliated areas (Janzen 1976).  

The results suggest that conversion from monoculture plantations to agroforestry would 
not be effective in drastically decreasing damage from a specific pest, disease or herbivory. 
However, for decreased leaf damage overall, better plant fitness and higher yields, agroforestry is 
the better option. 
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ABSTRACT 
Antiherbivore defense is expensive and should be allocated differentially to where it is most needed. In passion 
vines (Passifloraceae), cyanide deters herbivores but Heliconiine (Nymphalidae) butterflies developed resistances 
against this and continue to prey on Passiflora almost exclusively. Heliconiine butterflies oviposit on leaves and 
tendrils, so plants should allocate cyanide defenses there rather than to petioles and stems where oviposition is rare. 
Because leaves toughen over time and cyanide content decreases accordingly, this trend may occur in other parts of 
the plant as well. To study trade-offs in cyanide allocation in Passiflora spp, 40 young leaves, petioles, tendrils, and 
stems, 44 mature leaves, petioles, and tendrils from P. ambigua,  and 17 flowers from P. megacoriacea from the 
Monteverde Butterfly Gardens in Costa Rica were sampled for cyanide content. Young, tender parts of the plant 
contained the greatest amounts of cyanide. This indicates a general strategy of allocating more cyanide in all young 
tissue. Cyanide content was diverted away from tendrils in the mature plant. These tendrils were generally tougher, 
so there was likely a trade-off of cyanide for toughness. Flowers also contained cyanide, indicating necessary 
protection from herbivory (2.63 ± 0.43 µg CN/g plant tissue). Leaves in general contained the most cyanide, 
suggesting selection for differential allocation of cyanide in tissue most prone to herbivory (3.79 ± 0.27 µg CN/g 
plant tissue). Co-evolutionary pressures gave rise to defense systems in Passiflora, and trade-offs have led to 
differential allocation mechanisms to increase fitness. 

RESUMEN 
Las antiherbivoría son caras y deben ser distribuidas de manera diferente en donde son más necesitadas.  En las 
lianas de pasión (Passifloraceae), el cianuro dissuade a los herbivoros pero las mariposas Heliconiine (Nymphalidae) 
desarrollan resistencias en contra de esto y contunian depredando las Passiflora casi exclusivamente.  Las mariposas 
Heliconiine ovipositan en las hojas y los zarcillos, así que las plantas deberían distribuir el cianuro ahí y no en los 
pecioles o tallos donde la oviposición es rara.  Debido a que las hojas se hacen más duras a lo largo del tiempo y el 
contenido de cianuro disminuye, esta tendencia puede ocurrir en otras partes de las plantas también.  Para estudiar 
compensaciones en la distribución de cianuro en Passiflora spp, 40 hojas jovenes, peciolos, zarcillos y tallos, 44 
hojas maduras, peciolos y zarcillos de P. ambigua y 17 flores de P. megacoriacea de el jardín de mariposas de 
Monteverde en Costa Rica se muestrearon para determinar el contenido de cianuro.  Las partes jovenes y más tiernas 
de las plantas contienen la mayor cantidad de cianuro.  Esto indica una estrategia general de distribuir más cianuro 
en todos los tejidos jóvenes.  El contenido de cianuro fue removido de los zarcillos en las plantas maduras.  Estos 
zarcillos fueron generalmente más duros, así que probablemente existe una compensación de cianuro por dureza.  
Las flores también contienen cianuro, indicando una protección necesaria contra herbivoría (2.63 ± 0.43 µg CN/g 
tejido vegetal).  Las hojas en general contienen la mayoría del cianuro, sugiriendo una selección diferencial de 
distribución del cianuro en el tejido más propenso a herbivoría (3.79 ± 0.27 µg CN/g tejido vegetal).  Las presiones 
co-evolucionarias dan lugar a los sistemas de defensa en Passiflora y las compensaciones permiten estos 
mecanismos de distribución para aumentar el éxito reproductive.  

INTRODUCTION 
ENERGY ALLOCATION IN PLANTS OCCURS because there are limited nutrients (Bloom et al. 1985). 
These limitations lead to trade-offs within individuals to optimize energy allocation between 
storage, growth, and herbivore defense to maximize fitness (Bloom et al. 1985). In the Tropics, 
high herbivory has led to many different defenses in plants. Because herbivores often prey on 
younger and more tender leaves (Coley 1983), plants invest higher defenses to deter herbivores 
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there, including extrafloral nectaries, mechanical defenses and chemical defenses. As herbivores 
may tend to feed on certain plant parts, plants may subsequently show differential allocation of 
chemical defenses throughout the plant.  

Passifloraceae, the passion-flowers, is a pantropical plant family comprised of vines and a 
few shrubs. Co-evolutionary pressures between Passiflora and Heliconiinae (Nymphalidae) have 
led to a suite of defenses and responses (Benson et al. 1975). Passiflora have physical and 
chemical defenses, such as toughness, cyanide, egg mimicry, and extrafloral nectaries (Ripley 
2013). Despite the cyanide defense, Heliconius butterflies have developed counters that 
neutralize cyanide, and they oviposit and prey almost exclusively on Passiflora. Because 
chemical and structural molecules are costly to produce, there should be trade-offs between 
chemical defense, growth, reproduction and toughness. There is a known trade-off and inverse 
relationship between Passiflora leaf toughness and cyanide content. As leaves age and become 
tougher, cyanide decreases as a trade-off which is accordant with the idea that these reproductive 
tissues require more protection (Bellush 2010; Ripley 2013). Beyond this differential placement 
in young and old leaves, Passiflora may allocate cyanide differentially to other parts of the plant 
such as the petiole, tendril, and stem to where it is most needed. 

In Passiflora vitifolia, tendril cyanide concentrations tend to be the greatest in young 
parts of the plant (Barlow 2011). This is adaptive, as some Heliconius butterflies lay eggs on 
tendrils as well as leaves (Benson et al. 1975). Additionally, cyanide can be relocated from 
young leaves to flowers, and fruits also contain cyanide (Gleadow 2000; Spencer and Siegler 
1983). Because reproduction is a costly process, it would be important to allocate more 
protection to flowers and fruits.  Moreover, temporal variation in cyanide has been observed 
across multiple Passiflora species, which correlated with increased herbivory in the fall 
compared to the summer (Hay-Roe and Nation 2007). These past studies provide evidence for 
potential allocation decisions on the part of the plant to move cyanide where it is most needed. 

Therefore, variations in cyanide concentration in different parts of Passiflora may reflect 
energetic trade-offs in response to preferential herbivory. To study whether or not cyanide 
content varies in different parts of the plant, I analyzed cyanide content in both young and 
mature leaf blades, petioles, tendrils, stems, and flowers of Passiflora ambigua and Passiflora 
megacoriacea. If cyanide content is greatest in specific parts of the plant, this may suggest that 
pressures led to the tradeoff in response to herbivory.  
 
MATERIALS AND METHODS  
 
Study Organisms 
 
Passiflora ambigua and Passiflora megacoriacea (Figure 1) have a cyanide defense system. 
Cyanide is stored as a cyanoglycoside and is cleaved enzymatically to release cyanide in 
predators (Møller 2010). Both are passion vine species are used by Heliconiine butterflies as 
larval food plants (Smiley 1978; Thurner and Mayer 2008).  P. ambigua was selected because of 
its abundance and mature tendrils that did not dry out easily. The oldest leaves closest to the 
main stem of the plant, however, either lost tendrils or had dry tendrils. P. ambigua was not 
flowering during the study so flowers from P. megacoriacea were collected to determine 
whether or not Passiflora flowers contain cyanide. 
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FIGURE 1. (A) Mature Passiflora ambigua plant and (B) Passiflora megacoriacea at the Monteverde 
Butterfly Gardens at 1300 m in an enclosed habitat mimicking a Premontane Moist Forest. Young and 
mature leaf blade, petiole, tendril, and stem of P. ambigua were collected to determine cyanide content. P. 
megacoriacea was flowering (flower visible in photo, see arrow) while P. ambigua was not. 

Study Site 
 
The study took place at the Monteverde Butterfly Gardens in Costa Rica at 1300m. Plants were 
grown in an enclosed habitat that imitated the conditions of a Premontane Moist Forest. Leaves, 
petioles, tendrils, and stems were sampled from young and mature parts of P. ambigua. Young 
leaves were defined as fully expanded leaves that were no more than four leaves away from the 
tip of the stem. Mature leaves and their respective petioles, tendrils, and stems were well below 
the fourth leaf on the stem near the base of the plant. Only one mature stem was collected 
because of availability. For each leaf sample, the respective petiole, tendril, and stem below the 
leaf were kept together for analysis, though old stems were not collected because it would 
sacrifice the entire plant. Open and un-open flowers were obtained from P. megacoriacea, as 
well. The biotic and abiotic conditions were similar for both Passiflora species because 
temperature, light, and water availability were the same for all plants. 
 
Cyanide Content 
 
A sodium picrate indicator solution was created using 2.5 g of sodium carbonate, 1 g of moist 
0.5% wt. vol. picric acid, and 100 mL of water (Bellush 2011). 8 cm x 1.3 cm filter paper strips 
were cut and dipped into the sodium picrate solution. 0.1 g of plant tissue was taken from each 
plant part studied and if less than 0.1 g of tissue was available, the weight was recorded and 
taken into account in the final cyanide content calculations. Three drops of toluene were added to 
the vial and the plant tissue was ground up for 20 seconds. A wet picrate paper was inserted and 
positioned just above the plant tissue in the vial. The vial was capped and incubated for one hour 

(A) (B) 
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at 33°C in a warming oven. Toluene volatilized cyanide and the picrate indicator changed color 
in contact with the cyanide gas, varying from the original yellow to orange. The color intensity 
directly correlated with cyanide content. The picrate papers were dipped ten times into 10 mL of 
water to leach the color into water (Bellush 2011). The water was poured into cuvets and the 
percent transmission was measured using a spectrophotometer at 510 nm (Bradbury et al. 1999). 
The percent transmission was converted to µg cyanide per gram of plant tissue using: µg CN/g 
plant tissue =41.4-20.7*LOG(T).  The standard curve yielding this equation was based on serial 
dilutions of KCN taken through the same sodium pictrate procedure. 
 
RESULTS 
 TABLE 1. CORRELATIONS for cyanide concentration and nearby plant parts in P. ambigua. 
Pearson Correlation Coefficients in bold are statistically significant (p < 0.05). Most 
correlations are for 40 plant parts.  Only one mature stem was collected because of availability. 

Young   Leaf Petiole Tendril Stem 
Leaf Pearson Correlation Coefficient -- -- -- -- 

     
 

Petiole Pearson Correlation Coefficient 0.64196 -- -- -- 

   
 

Tendril Pearson Correlation Coefficient 0.53736 0.61742 -- -- 

  
 

Stem Pearson Correlation Coefficient 0.54199 0.52947 0.47909 -- 

 
 

 
Mature 

  
 Leaf Petiole Tendril 

 

Leaf Pearson Correlation Coefficient -- -- --  

    
 

Petiole Pearson Correlation Coefficient 0.48089 -- --  

   
 

Tendril Pearson Correlation Coefficient 0.17846  0.00467 --  
 
 
Cyanide Partitioning 
 
40 samples of young leaf blade, petiole, tendril, and stem and 44 samples of mature leaf blade, 
petiole, and tendril were collected from an individual P. ambigua plant. 17 P. megacoriacea 
flowers were also collected (Table 1). The Pearsons correlation coefficients show a positive 
linear relationship in cyanide between each young plant part. This indicates no particular cyanide 
partitioning throughout the young plant. There was a significant difference in cyanide content 
between mature leaves and tendrils, and petiole and tendrils, but not between leaves and petioles 
(Table 1).  The coefficient values indicate a positive linear correlation between mature leaves 
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and petioles, and no linear relationship between leaves and tendrils, and petioles and tendrils. 
This shows cyanide content partitioning is similar in mature leaves and petioles, but not tendrils. 

 
FIGURE 2.  Comparison of mean cyanide content in each part of the young and mature P. ambigua 
plant. Cyanide content was calculated as µg cyanide per g plant tissue. Means were determined from 40 
young samples and 44 mature samples of each plant part. Letters indicate groups that are similar to each 
other in mean cyanide content (e.g. young leaves were statistically similar to young petioles, but different 
from young tendrils and stems). Error bars are shown in standard error. 

Cyanide Content in Plant Parts  
 
Within an age group, the mean cyanide content was compared between P. ambigua plant parts 
using a two-tailed t-test. There was a statistically significant difference in cyanide content 
between young leaves with 3.79 ± 0.27 µg CN/g plant tissue and tendrils with 2.67 ± 0.23 µg 
CN/g  (t =3.11, p =0.0003, df =78; Fig. 2). Young leaves also had a statistically more cyanide 
than young stems with 2.53 ± 0.21 µg CN/g (t =3.67, p =0.0005, df =78). Young petioles had a 
greater cyanide concentration of 3.41± 0.12 µg CN/g than young stems (t =2.28, p =0.026, 
df=78). Young leaves and petioles, petioles and tendrils, and tendrils and stems had similar 
cyanide content (p >0.05, df =78).  

Mature leaves had a greater cyanide content of 1.96 ± 0.16 µg/g than mature tendrils with 
0.26 ± 0.06 µg CN/g (t =10.03, p <0.0001, df =86). Mature petioles also had a greater amount of 
cyanide of 1.62± 0.76 µg CN/g than mature tendrils (t =10.48, p <0.0001, df =86). Thus, only 
13% of the average cyanide content present in mature leaves and 16% in mature petioles were 
present in tendrils. There was no significant difference between cyanide in mature leaves and 
petioles (p =1.73, df =86). The mature stem sample contained 2.92 µg CN/g tissue.   
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Tissue Age 
 
When comparing young and mature plant parts to each other, there were significant differences 
between each plant part. Young leaves had an average of 3.79 ± 0.27 µg CN/g plant tissue 
compared to 1.96± 0.16 µg/g in mature leaves (t=5.92, df=82, p<0.0001). This was nearly double 
the cyanide concentration in young leaves compared to old leaves. This trend is also seen in 
young and mature petioles with cyanide content of 3.41 ± 0.12 µg/g and 1.62 ± 0.76 µg/g, 
respectively (t=5.38, df=82, p<0.0001). There was the greatest difference in cyanide content 
between young and mature tendrils of 2.67 ± 0.23 µg/g  and 0.26 ± 0.06 µg/g, respectively 
(t=10.41, df=82, p<0.0001). Through maturing, tendrils lost roughly 90% of their original 
cyanide content. The data demonstrate that there is a negative relationship between tissue age 
and cyanide content in each of the plant parts. As the plant tissue ages, cyanide content decreases 
significantly. 
 
Additional Observations  
 
It was seen through qualitative observations that P. ambigua tendrils became significantly 
tougher with age and older parts of the plants contained woody stem. P. megacoriacea flowers 
were found to contain cyanide with an average of 2.63 ± 0.43 µg CN/g plant tissue (N = 17).  

 
DISCUSSION 
Because of resource limitations, plants must allocate defenses to parts of the plant most prone to 
herbivory. In the study, there was a general correlation between plant tissue age and cyanide 
content in P. ambigua. Young leaves and petioles contained approximately twice the amount of 
cyanide compared to their mature counterparts, and mature tendrils contained around ten times 
the amount of cyanide as mature tendrils (t-test, p< 0.05). The data correlate with Webber’s 
(1999) study where the youngest leaves had the highest cyanide content while older leaves were 
tougher and contained more chlorophyll. Because structural molecules such as cellulose and 
lignin are large and expensive to make, cyanide may be a relatively cheap and effective defense 
that acts as the primary defense in tender young plant tissue. When the plants mature and 
accumulate more structural molecules, toughness may become the main defense against 
herbivores. 

The data indicate general trend of higher cyanide in young plant tissue. For example, if 
the leaf had high cyanide content, the nearby petiole, stem and tendril did, as well. All young 
parts of the plant are relatively tender and prone to herbivory so the plant may implement a 
general strategy of greater cyanide allocation in all young tissue. However, there were 
differences between average cyanide content in different parts of the young plant. There was 
more cyanide in young leaves than in tendrils and stems, and more cyanide in petioles than in 
stems. Young leaves may be the most common target for herbivory so they accumulated the most 
cyanide. In a previous study, there was evidence that higher levels of cyanide were found in 
young leaves than in stems and mature leaves (Hay-Roe and Nation 2007). Because the petiole 
and leaf are connected, this may explain why there is no significant difference in cyanide content 
between leaves and petioles.  

Cyanide concentration was related between mature leaves and petioles, but less cyanide 
was allocated to tendrils. There was also a greater amount of cyanide in mature leaves and 
petioles than in tendrils. Perhaps a greater increase in toughness of mature tendrils compared to 
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other parts of the plant led to a subsequent decrease in tendril cyanide content. This may indicate 
that toughness alone in tendrils is enough to ward of herbivores. It was observed that just as the 
plant stem became tougher and woodier with age, tendrils also became much tougher and there 
was a decrease in wet plant tissue with maturity. There was no need for cyanide in these old 
stems and tendrils because they were too tough for Heliconiinae larvae to eat.   

Leaves tended to contain the greatest cyanide content in both young and mature leaves, 
which may indicate that leaves are the primary target for herbivores. Even so, the difference in 
cyanide content between young leaves and tendrils or stems was only roughly 1.2µg CN/g plant 
tissue. This may not be a great enough difference to affect herbivory, so young tendrils and stems 
are probably equally protected through cyanide defense as leaves and petioles. It would be 
interesting to study P. ambigua in a natural habitat under attack by predators. By looking at 
herbivory and oviposition across different parts of the plant, the effectiveness of the cyanide and 
toughness defense systems and oviposition/herbivore preference can be assessed.  

In addition, cyanide was present in P. megacoriacea flowers in relatively high 
concentration. This indicates that flowers may be under pressure from herbivory so there is a 
necessity to provide some form of chemical defense against predators. Also, there is evidence 
that plants trade-off photosynthesis and growth for the sake of reproduction (Abrahamson and 
Caswell 1982).The plant may increase cyanide production in flowers to protect the flowers at the 
expense of other plant parts.  

This study provides evidence that cyanide allocation varies throughout Passiflora and in 
young and mature parts of the plant. P. ambigua allocates cyanide differently to younger plant 
parts and its leaves have the greatest cyanide content compared to petioles, tendrils, and stems. 
Also, P. megacoriacea partitions an amount of cyanide to its flowers, which may act to deter 
herbivory. These variations in cyanide content within Passiflora reflect trade-offs to maximize 
fitness. Co-evolutionary pressures with the Heliconius butterflies may have led to differential 
cyanide allocation Passiflora (Benson et al. 1975).  

If the leaves or flowers are the primary target for herbivory, the plant should allocate 
more resources to protect them. Whenever the plant allocates cyanide to and away from certain 
tissues, it affects the resources available to other processes. In P. ambigua there was a regional 
allocation of cyanide throughout young plant tissue. This may have resulted from higher 
herbivory rates in young parts of the plant. There was local cyanide distribution within the young 
tissues to young leaves. This may show that young tender leaves may be the primary target of 
herbivory. Therefore, the data show that the plant possesses a mechanism to differentially 
allocate cyanide to different parts of the plant, which may be a response to differential herbivory. 
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ABSTRACT 
 
This study examines how the rate of excretion and subsequent seed germination varies in a fruit normally 
eaten by birds, Acnistus arborenscens, and one normally eaten by bats, Ficus tuerckheimii, when fed to 
frugivorous bats living on a daytime schedule in the Bat Jungle in Monteverde, Costa Rica. Bat guano was 
collected for 8 days in 15-minute intervals, starting immediately after being fed at 8:30 AM. The guano 
from the two fruits was examined for rate of excretion, percentage of seeds per dropping, and success in 
germination. After eating Ficus, the bats had the highest rate of excretion at 15 minutes (p=0.026) and only 
seeds from the 15-minute interval germinated. After eating Acnistus, the highest percentage of seeds per 
dropping was at 30 minutes (8.47 percent) and the highest percent of germination at 30 minutes (38.46 
percent). This study found that Ficus tuerckheimii seeds have adapted to pass quickly through the digestive 
tract of frugivorous bats to enhance its germination and as a result we have demonstrated that plants may 
have coevolved with a specific type of disperser. For this reason it is important to protect not only plants, 
but also their dispersers to guarantee plant dispersal and forest survival.   
 
RESUMEN 
Este estudio examina como la tasa de excreción y subsecuente germinación de semillas varia en un fruto 
normalmente comido por aves Acnistus arborescens, y uno normalmente comido por murciélagos, Ficus 
tuercheimii, al ser alimentados a murciélagos frugívoros que viven en un horario diurno en el Bat Jungle en 
Monteverde, Costa Rica. El guano de los murciélagos se colectó durante 8 días a intervalos de 15 minutos, 
empezando inmediatamente después de alimentarlos a las 8:30 AM.  El guano de los dos tipos de frutos se 
examinó para determinar la tasa de excreción, el porcentaje de semillas por deposición, y éxito de 
germinación.  Después de consumir Ficus, los murciélagos tuvieron la mayor tasa de excreción a los 15 
minutos (p=0.026) y solo las semillas del intervalo de 15 minutos germinaron.  Después de consumir 
Acnistus, el mayor porcentaje de semillas por deposición fue a los 30 minutos (8.47 por ciento) y el mayor 
éxito de germinación a los 30 minutos (38.46 por ciento).  Este estudio encontró que las semillas de Ficus 
tuerckheimii  se han adaptado para pasar rápidamente a través del tracto digestivo de murciélagos 
frugívoros para mejorar su germinación y como resultado hemos demostrado que las plantas han 
coevolucionado con un tipo de dispersor específico.  Por esta razon es importante proteger no solo las 
plantas, pero además sus dispersores para garantizar la disperción de las plantas y la sobrevivencia del 
bosque. 
 
INTRODUCTION 
Seed dispersal plays an essential role in all ecosystems since it bridges the adults to their 
seedling life-stages (Calvino-Cancela 2002). This is an important process in secondary 
forest regeneration since it allows for natural regeneration of plant populations (Calvino-
Cancela 2002). There are several methods of dispersal, one of the main methods being 
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consumption by mammals. In tropical forests, between 50 percent and 75 percent of tree 
species produce fleshy fruits adapted for mammal consumption (Howe 1982). 
Furthermore, plants often use mammals to assist in their seed germination process. Seeds 
ingested by frugivores are presumed to have an increased advantage in germination 
percentage and germinate rate (Traveset and Verdu 2002). 
 It has been proposed that quick gut passage is more advantageous since gut 
passage has been shown to enhance seed germination by allowing the digestive enzymes 
of the animal to break down the protective seed coat; but remaining in the gut too long 
may cause damage to the seed and negatively influence germination (Traveset and Verdu 
2002). Furthermore, being in the gut of the disperser for a shorter period of time can be 
an advantageous because it ensures seeds are only taken to places that are near the host 
plant and that are well suited for their establishment and growth (Howe and Smallwood 
1982). It has been proposed that some plants have coevolved along side a specific group 
of dispersers. It is likely plants that have been dispersed by the same mammal for 
thousands of years have adapted ways to enhance their fitness (Traveset and Verdu 
2002). One way to for adapted plants to enhance their fitness would be to control the time 
spent in the gut of their disperser. For example, it has been hypothesized that some plants 
have ways of controlling seed dispersal distance by affecting gut retention time with the 
use of laxatative or constapative chemicals in the fruit (Wilson and Traveset 2000).  

One major group of mammals that play an important role in seed dispersion in the 
Neotropics is frugivorous bats (Muscarella 2006).  Multiple species of these neotropical 
fruit bats are held in captivity at the Monteverde Bat Jungle in Monteverde, Costa Rica, 
allowing me to conduct a controlled experiment looking at excretion rate and subsequent 
seed germination in Acnistus arborenscens and Ficus tuerckheimii. Acnistus 
arborenscens is mainly a bird-dispersed fruit (Valburg 1992) and Ficus tuerckheimii is 
mainly dispersed by bats (Titus et. al 1990).  This study examines gut retention time and 
subsequent seed germination success of two different fruits. I will examine how Ficus 
and Acnistus seeds differ in their passage time and whether there is an effect on 
germination rates as a result of this difference. Since gut passage is often necessary for 
seed germination, but can also be harmful, I believe the seeds with the fastest gut 
retention time will benefit from both the break down of their protective seed coat, and the 
quick excretion before being damaged from digestive enzymes. This quick excretion rate 
will most likely result in the most successful germination.   
 
METHODS 
 
Study Site 
This study was conducted at the Bat Jungle in Monteverde, Costa Rica. The Bat Jungle is 
a live bat exhibit currently displaying 76 frugivorous bats comprised of the following 
species Artibeus toltecus (54 ind), Artibeus jamaicensis (7 ind), 7 Artibeus lituratus, 5 
Carollia sowelli, and 4 Platyrrhinus vittatus. Bats are housed in a 17m x 2-3m x 2.5m 
flight cage. Bats are maintained on a daytime schedule and fed at 8:30am daily. Bats are 
normally fed seedless fruits such as bananas, papayas, watermelon or apples. All the bats 
living in the Jungle were either born there or collected from the nearby forest. 
 
 

 95 



Study fruits 
I alternated between feeding the bats two different fruits; Acnistus arborenscens and 
Ficus tuerckheimii. Fruits used in the study were collected on or near wild plants growing 
near the Bat Jungle. Each fruit was fed to the bats for a total of four days. Each day, three 
fruits were set aside and not fed to the bats as control fruits. The numbers of seeds inside 
the control fruits were averaged and the average was used to estimate how many seeds 
the bats were fed each day.   
 
Feeding and seed collection 
Bats were fed during their normal feeding time at 8:30 AM. Before feeding, the fruits 
were counted and distributed evenly in bowls and then placed in feeders located in the 
flight cage (Figure 2). At 8:30 AM the bats were let into the flight cage and allowed to 
start eating. If any fruits were left in the bowls at the end of the feeding period, they were 
not included in the number of fruits the bats ate.  The bat guano was collected in 
increments of 15 minutes. Collection started at 8:45 AM after the bats began to feed and 
finished at 9:30 AM. Bat guano was collected off a large tarp that was constructed and 
placed on the floor underneath two of three feeders each morning during feeding.  The L-
shaped tarp was 52 cm x 215 cm x 253 cm (Figure 1). Each dropping was collected, 
tallied and placed into its own vial. We analyzed percentage of seeds that were excreted 
per dropping at each time interval.  We did this by finding the number of seeds in each 
dropping and dividing it by the total number of seeds excreted by the bats that day. 
 
Germination:  
Each day, three fruits were set aside and not fed to the bats as control fruits. The seeds of 
each control fruit were placed into a petri dish to use as controls for germination times. 
Furthermore, each dropping of guano that was collected was dissected and evaluated for 
the number of seeds it contained. Each dropping was then placed in a petri dish that was 
lined with filter paper. Seeds from both the control fruits and the guano were treated with 
fungicide, watered and then left to sit in the sun. The dishes were watered everyday and 
checked for germinating seeds for eight days, starting one week after the first day of 
feeding. Each day any petri dishes that had new germinating seeds were recorded.  
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Figure 1: Bat guano was collected from the Bat Jungle located in Monteverde, Costa 
Rica. The Bat Jungle is a live bat exhibit consisting of a 17m$x$2'3m$x$2.5m$flight$cage.$
Bat$guano$was$collected$off$a$large$tarp$that$was$constructed$and$placed$on$the$floor$
underneath$two$of$three$feeders$located$in$the$flight$cage.$$The$L$shaped$tarp$was$52$
cm$x$215$cm$x$253$cm.$ 

      
Figure 2: The frugivorous bats in the Bat Jungle in Monteverde, Costa Rica were fed two 
different fruits; Acnistus arborenscens and Ficus tuerckheimii. The Acnistus fruits are on 
the left and are smaller, contain less seeds, have more pulp, and are orange. The Ficus 
fruits, on the right, are larger, drier, contain more seeds and are dark red. Each fruit type 
was given separately on 4 different days.  
 
RESULTS: 
Study Fruit: 
The two fruits differed greatly in the amount of seeds they contained. Nine Ficus 
tuerckheimii were counted and had a range from 110 to 319 seeds per fruit (208.58 seeds 
+/- 60.75). Nine Acnistus arborenscens were counted and had a range of 10 to 45 seeds 
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per fruit (29.67 +/- 12.70). The bats ate a total of 506 Ficus tuerckheimii (97, 191, 115 
and 103 fruits each feeding). The bats ate a total of 1,820 Acnistus arborenscens (550, 
400, 420 and 450 fruit each feeding). 
 
Excretion Rate: 
There was a difference in the amount of feces produced at each time interval after eating 
Ficus (Kruskal-Wallis Test: x2=9.270, p=0.026, df=3, N=16). The bats defecated a range 
of 8 to 11 droppings at 15 minutes (11.5 +/- 3.32), 1 to 13 droppings at 30 minutes (5.5 
+/- 5.19), 1 to 4 droppings at 45 minutes (2.75 +/- 1.52), and 1 to 2 droppings at 60 
minutes (1.5 +/- .57) (Figure 3). There was no difference in the amount of feces produced 
at each time interval after eating Acnistus (Kruskal-Wallis Test: x2=1.476, p=0.668, df=3, 
N=16). The bats had a range of 3 to 7 droppings at 15 minutes (4.3 +/- 1.83), 2 to 8 
droppings at 30 minutes (4.5 +/- 3.0), 2 to 6 droppings at 45 minutes (3.5 +/- 1.73), and 2 
to 5 droppings at 60 minutes (3.75 +/- 1.26) (Figure 4). 

 
Figure 3: Rate of excretion of Ficus tuerckheimii after being fed to frugivorous bats in the 
Bat Jungle in Monteverde, Costa Rica. There was a difference in the amount of feces 
produced at each time interval after eating Ficus (Kruskal-Wallis Test: 2=9.270, p=0.026, 
df=3, N=16). The letters represent the Post-hoc test was that was conducted to determine 
the significance between each time interval. If letters, located above each time interval 
bar, are different it implies there was a significant difference between the two time 
intervals (15 min vs. 45 min (p=0.037), and 15 min vs. 60 min (p=0.037)).  
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Figure 4: Rate of excretion of Acnistus arborenscens for frugivorous bats in the Bat 
Jungle in Monteverde, Costa Rica. There was no difference in the amount of feces 
produced at each time interval after eating Acnistus (Kruskal-Wallis Test: x2=1.476, 

p=0.668, df=3, N=16). 
 
Seed Percentage: 
We also analyzed percentages of seeds that were excreted per dropping at each time 
interval by finding the number of seeds in each dropping and dividing it by the total 
number of seeds excreted by the bats that day.  After eating Ficus there was no 
statistically significant difference between the percentages of seeds at each time 
(Kruskal-Wallis Test: x2=5.69, p=0.128, df=3, N=85). The bats had the highest average 
percent of seed per guano dropping at 15 minutes (5.83% +/- 5.07%) and a range of 0% 
to 18.81%. The ranges per guano dropping for 30 min was 0% to 16.15% (3.36% +/- 
3.51%), 0% to 7.10% for 45 min (3.31% +/- 2.31%) and 1.94% to 6.31% for 60 min 
(3.54% +/- 1.57%) (Figure 5). After eating Acnistus, there was a statistically significant 
difference between the percentages of seeds at different time intervals (Kruskal Wallis 
Test: x2=9.901, p=0.019, df=3, N=67). The range of seeds per guano at 15 minutes was 
0% to 32.9% (6.81% +/- 8.20%), 0.85% to 13.07% at 30 minutes (8.47% +/- 6.04%), 0% 
to 13.07% at 45 minutes (4.97% +/- 4.81%) and 0% to 14.41% at 60 minutes (2.78% +/- 
3.89%) (Figure 6). 
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Figure 5: Average percentage of seeds per dropping for frugivorous bats in the Bat Jungle 
in Monteverde, Costa Rica after eating Ficus tuerckheimii. Percentage of seeds was 
analyzed by taking the percentage of seeds per dropping and dividing it by the total 
number of seeds excreted by the bats that day. After eating Ficus there was no 
statistically significant difference between the percentages of seeds at each time 
(Kruskal-Wallis Test: x2=5.69, p=0.128, df=3, N=85). 
 

 
Figure 6: Average percentage of seeds per dropping for frugivorous bats in the Bat Jungle 
in Monteverde, Costa Rica after eating Acnistus arborenscens. Percentage of seeds was 
analyzed by taking the percentage of seeds per dropping and dividing it by the total 
number of seeds excreted by the bats that day. There was a significant difference between 
the time intervals (Kruskal Wallis Test: x2=9.901, p=0.019, df=3, N=67). A Post-hoc test 
was conducted to test for differences in seed percentages between each time interval. 
There was a statistically significant difference between the 30-minute interval, and the 
60-minute interval (p=0.002), represented by asterisks.  
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Germination: 
We compared the success of germination for the seeds from each time interval for the 
two fruits. From the Ficus, only seeds that were collected at the 15-minute interval had 
successful germination. There was no germination for any seeds from the 30 min, 45 min, 
or 60-minute time intervals  (Figure 7). There was a significant difference between the 
percent of germinated seeds for the Acnistus seeds (Chi Squared: x2=34.06, p < 0.001, 
df=3). There were very few seeds germinated from the 15-minute interval (2.7 percent). It 
appeared seeds had a higher percent germination if they were from 30 minutes (38.46 
percent), 45 min (15 percent), or 60 min (25.8 percent) (Figure 8). 
 

 
Figure 7:  Percentage of germinating Ficus tuerckheimii seeds after being consumed and 
digested by the frugivorous bats in the Bat Jungle in Monteverde, Costa Rica.  
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Figure 8: Percentage of germinating Acnistus arborenscens seeds after being consumed 
and digested by the frugivorous bats in the Bat Jungle in Monteverde, Costa. There was a 
significant difference between the percent of germinated seeds for the Acnistus seeds (Chi 
Squared: x2=34.06, p < 0.001, df=3). The letters represent the Post-hoc test was that was 
conducted to determine the significance between each time interval. If the letters, located 
above each time interval bar, are different it implies there was a difference between the 
two time intervals.  
  
DISCUSSION 
After consuming Ficus tuerckheimii there was a difference in excretion rates between the 
time intervals. The bats averaged the most droppings at 15 minutes, and excretion rates 
decreased over time. The bats digested and excreted the Ficus seeds at a very fast rate 
right after eating. After consuming fruits from Acnistus arborenscens, the bats appeared 
to have a steady rate of excretion throughout all four-time intervals.  
 The percentage of seeds per dropping for Ficus was not higher at 15 minutes, but 
if you consider that the bats also had the highest number of Ficus droppings at 15-
minutes, it could suggest the bats are digesting and excreting the most seeds very quickly 
since the highest rate of excretion and the highest percentage of seeds per dropping was 
in the 15-minute interval. From the Acnistus feedings, the highest percentage of seeds per 
dropping was at the 30-minute interval, suggesting the seeds took longer to pass through 
the digestive system. These trends could support an ecological advantage adapted by the 
Ficus tuerckheimii that ensures quick and close dispersal of seeds. Seeds can benefit from 
a short dispersal distance because it ensures seeds are taken to places that are well suited 
for their establishment and growth, since it was a location that also supported the parent 
plant (Howe and Smallwood 1982).  As for the Acnistus, it is possible a bat could eat the 
seeds and then fly far enough away to a location that is not ideal for the seeds 
establishment or survival.  
 After germinating the digested Ficus seeds, we found only seeds that were 
collected in the 15-minute time interval had reproductive success. There was no 
germination found in any of the seeds collected from the other time intervals. This 
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suggests that Ficus seeds need to be excreted from the digestive tract of the fruit bats 
before 15-minutes to have reproductive success. These finding proposes that the digestive 
enzymes in the bats guts may be harmful to the Ficus seed coat if too much time is spent 
in the gut of the bats (Verdú and Traveset 2005). This finding is important when 
compared to the rate of excretion for this plant species. Since the digestive enzymes 
found in the bats digestive tract could be harmful to the germination of the Ficus seeds, it 
is important the seeds are excreted quickly before damaged. This suggests that Ficus 
tuerckheimii plants have adapted to enhance their fitness by speeding up their gut 
retention times to combat the harmful digestive enzymes found in the gut of their 
disperser. On the other hand, the majority of seeds germinated from the Acnistus 
arborenscens fruits were collected at 30 minutes or after, proposing seeds need to be in 
the gut at the bats longer for the seed coat to be broken down and for germination to 
occur. Since Acnistus fruits are more commonly eaten by birds, it is possible they have 
not adapted a way to speed up their dispersal rates when consumed by bats. This could be 
bad for reproductive success because by the time the seed has been exposed to the 
digestive enzymes for the ideal amount of time, the disperser could have traveled to a 
location far away and less ideal the plants growth.  

Although this study found that Ficus tuerckheimii has adapted to pass quickly 
through the digestive tract of frugivorous bats to enhance rapid germination, we are still 
unsure what causes this rapid excretion rate. Some plant species have adapted the use of 
laxatative chemicals (Wilson and Traveset 2000). It is possible the Ficus fruits have 
adapted in similar ways. Further chemical studies would have to be conducted to test this 
theory.  
 Looking at this plant and plant disperser relationship has a vast ecological 
importance. Protecting only certain species of plants is not enough to guarantee the plants 
survival. Instead we must also protect the dispersers that have coevolved with these 
plants. As the world population is moving towards urbanization, the regeneration of 
secondary forests will become extremely important. Keeping these coevolved partners 
together could assist in quick regeneration since it leads to the fastest dispersal of seeds, 
and the most successful germination of offspring.  
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ABSTRACT 
Agouti caching may be important for seed dispersal and maintenance of high tree diversity in the 
Tropics. Larger cache sizes may be easier to remember but may increase likelihood of discovery by 
others and increase pilfering.  A previous study conducted with kangaroo rats found that caches with 
≤5 seeds were pilfered less often than larger caches; in addition there was a 60% increase of cache 
removal when caches size doubled.  Central American Agoutis living in secondary forest of Monte 
Verde, Costa Rica were used to test cache size and pilfering intensity.  I created artificial caches of 
three, six, and twelve raw macadamia nuts buried no deeper than 3 cm with leaf litter on top.  Larger 
caches tend to have higher probabilities of pilferage. 
 
RESUMEN 
El almacenamiento de semillas por parte de guatusas puede ser importante para la dispersión y el 
mantenimiento de la alta diversidad de árboles en los trópicos. Escondites grandes pueden ser más 
fáciles de recordar pero pueden incrementar la posibilidad de que otros los descubran y roben las 
semillas. Un estudio previo con ratas canguro encontró que escondites con ≤5 semillas fueron robadas 
con menos frecuencia que grandes escondites, y los hurtos se incrementaron en un 60% cuando se 
dobló el tamaño del escondite. La guatusa centroamericana habita en bosques secundarios de 
Monteverde, Costa Rica donde se estudió el tamaño del escondite y la intensidad de hurtos. 
Artificialmente se crearon escondites de tres, seis y doce semillas de macadamia enterradas a no más 
de 3cm con hojarasca encima. Escondites más grandes tendieron a tener más probabilidades de robo. 
 
INTRODUCTION  
 
Scatter hoarding rodents like agoutis are important dispersers of tropical canopy trees 
and may be key to explaining the maintenance of high species diversity there (Jansen 
& Forget 2001). Hoarding in agoutis and other rodents make seed predators into seed 
dispersers, as abundant seeds are cahced and forgotten (Jansen & Forget 2001).  
Caches may move seeds further from a parent plant and increase seedling 
survivorship, but may be remembered and later consumed (Haugaasen et al 2010) or 
discovered by someone else who pilfers the seeds (Haugaasen & Haugaasen 2010). 
Therefore, caching and pilfering behavior may determine the fate of canopy tree seed 
movement and eventual recruitment (Jansen & Forget 2001). 

Scatter hoarding evolved to increase animal survival during low food 
availability (Vander Wall, 1990). Scatter hoarding is common in rodents, who cache 
nuts and fruit for future consumption (Ahn et al 2005).  The advantages of creating 
caches to store food for later are offset by risks of potential pilfering (Haugaasen & 
Haugaasen, 2010). Agoutis and acouchis are large Neotropical caviomorph rodents 
who cache, but also forget caches and pilfer caches of others (Haugaasen & 
Haugaasen 2010).  The outcome of caching is important for both agouti and plant.  
Caching allows for food in time of shortage, but forgetting or disregarding caches 
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disperses seeds.  Pilfered caches cost both parties as the cached seeds are no longer 
available as food or plant regeneration (Jansen & Forget 2001).   

Cache pilferage occurs when a competiting conspecific steals food contents 
from a cache (Luo et al 2014). Pilfering caches is common in the Neotropics 
(Haugaasen & Haugaasen 2010).  Cache depth and characteristics were measured to 
analyze what factors increase the probability of cache pilferage (Ahn et al 2005).  
Cache scent was found to have no affect on cache pilferage (Ahn et al 2005), but it is 
known that rodents locate food using scent.  Also cache depth was shown to have no 
impact on cache pilferage (Ahn et al 2005).  The appearance of previously dug soil 
was the main contributing factor of cache discovery, which was supported by false 
caches experiencing pilferage attempts (Ahn et al 2005). 

Cache size may be important in determining fates of caches.  Fewer, large 
caches may be more likely to be remembered but may also be more likely to be found 
by a pilferer.  The aim of this study is to investigate the relationship between cache 
size and probability of cache pilferage in Central American Agoutis (Dasyprocta 
punctata).  Cache pilferage was evaluated with artificial caches containing raw 
macadamia nuts. 
 
METHODS 
 
Study site.- 
The study focused on the pilfering behavior of Central American Agoutis nearby the 
Estacion Biológica in Monteverde, Costa Rica, on the edge of primary Cloud Forest.  
The study area was located in understory of secondary premontane moist forest from 
1450 m to 1550 m.  The selected caching sites were placed avoiding open grassy 
areas, bamboo, trails, and steep slopes.  The ten study sites were composed of areas 
containing native species and closed canopy (eg Figure 1). High activity sites were 
determined by agouti sightings or loss of many artificially cached seeds. The study 
took place during the wet season the last two weeks of July. 
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Figure 1. A typical sites in closed canopy area containing native species where 
artificial caches of raw macadamia nuts were created to study pilfering behavior by 
Central American Agoutis (D. punctata).  The study site was near the Estacion 
Biológica in Monteverde, Costa Rica, in secondary forest at 1450 to 1550 asl.  The 
premontane secondary forest was on the edge of primary Cloud Forest. 
 
 
Study Species.- 
Central American agoutis (D. punctata) are large neotropical caviomorph rodents 
with small home ranges. They are diurnal granivores that commonly scatter hoard. 
Caches are typically placed shallowly in the soil, 3 to 6 cm from the surface. Cache 
pilferage is common among conspecifics (Haugaasen & Haugaasen, 2010).  
!
Artificial Cache Placement.- 
Ten total cache sites were chosen, each containing one cache of three sizes.  The 
number of Macadamia nuts, or cache size, was three, size, or twelve raw seeds 
without their shells. Figure 3 illustrates how the three caches were spatially 
constructed to form an equilateral triangle, with each side of the triangle (the distance 
between caches) having a length of 5m.  Two artificial caches were placed infront of 
camera traps to record the identity of the pilferers, and to see if the pilferors were 
conspecifics. 
 
 
 
 
!
!
!
!
!
!
!
!
!
!
!
!
!
!
Figure 3. Experimental layout of artificial caches created to test the effects of cache 
size on pilfering.  As demonstrated the distance between the caches was 5m.  The 
caches were placed in understory secondary forest at an elevation of 1450 m to 1550 
m. 
 
Mimicked caches possessed a cache depth from 3cm to 5cm (Fig 2).  Caches were 
made with a small metal spade (Fig 2), in addition to macadamia nuts being handled 
with latex gloves to prevent my scent from being transferred to the cache.  Previous 
studies show that human handling of seeds and fruit did not deter agoutis’ interest 
(Haugaasen et al, 2012), therefore the handling over macadamia nuts before and after 
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packaging was not an issue. The nuts used for caching sites were commercially 
available raw macadamia nuts (Fig 2).   
 

 
 
Figure 2. This photo illustrates how mimicked caches had a depth of 3 cm to 5 cm 
from the surface using a small metal spade.  Caches typically were surrounded by leaf 
liter, trees, decaying branches, and small plants as seen above. Orange flagging tape 
was placed overhead (0.3 m to 2 m high) to mark the location and cache size.  A total 
of 30 initial caches were made, 3 caches per artificial cache site.  Each cache site 
contained 21 raw macadamia nuts before pilferage began. The caches were positioned 
in closed canopy areas in secondary growth forest near the Estacion de Biologica 
Monteverde, Costa Rica.  
 
Every time a cache was pilfered a replacement cache was created and placed a meter 
from the previous cache, with the same number of nuts. Individual caches were 
marked by placing orange flagging tape on a branch above the site, at approximately 
0.3 m to 2 m high. Two cache sites were placed near camera traps, which had already 
recorded previous agouti activity and high rates of pilferage. An individual cache was 
positioned directly in front of the camera trap.  Caches were placed near and in front 
traps to observe which animals pilfered the mimicked caches, and to see what other 
animals may be in the high activity agouti areas.   
!
Pilfering Rates.-  
Data were collected from ten cache sites, with a total of 30 available cache sites at any 
given moment.  Each cache site was initially set up with three cache sizes, and 21 
individual seeds total.  Caches were examined every one to four days after being 
made.   Caches were checked in the afternoon, allowing agoutis to feed during the 
day.  The study duration was two weeks, with eight days of in field data collection.  
Three sites were transferred to new areas due to lack of discovery by agoutis of any 
artificial caches after 7 days. The picture below represents how pilfered cache sites 
were recorded and appeared.  
!
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RESULTS 
!
Determining what cache sizes are more susceptible to pilfering provides the 
information needed for indentifying optimal cache size for the Central American 
Agouti.!
!
Cache Size.-  
Artifical caches of three raw macadamia seeds were pilfered less than the larger 
caches of six and twelve.  , Pilferage of the smallest caches occurred 16 times (Fig. 5).  
Caches of six were pilfered 24 times, so eight more caches than the smallest cache 
size.  On the other hand, loss of caches of six were similar to loss of the largest caches 
of twelve.  Still, caches of twelve had the highest rate of pilfer, at 27 (Fig. 5).  The 
ratios of the three cache sizes was (1:1.5:1.7).  The increasing trend of larger cache 
sites having a higher frequency of pilferage can be seen in Figure 5.   The resulting 
chi-squared test does not show a statistical difference of discovery between the three 
cache sizes (chi-squared = 2.87, df = 2, p = 0.24, n = 67).  However, the smallest 
cache size pilfer number was nearly statistically different from that of the largest 
cache size of twelve (hi-squared = 2.81, df = 1, p = 0.09, n = 43). The p value of 0.9 
suggests a trend, but is not statistically significant due to the lack of a p value of less 
than 0.5.     
!

!
!
Figure 6.  This graph shows the trend of increasing pilferage rates as the size of the 
cache becomes larger.  The total number of pilfered caches was 77 (n = 77).  The 
trend can be seen that larger caches are more likely to be pilfered, but comparing the 3 
cache sizes with a chi-squared test did not show a statistically difference.  The data 
collected for this graph was taken from closed canopy secondary forest near the 
Estacion de Biologica Monteverde, Costa Rica.  
!
Individual Seeds.- 
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Examining the pilferage of individual seeds provides a new way to interpret data.   
The overall number of pilfered seeds from the three cache sizes is 516 (n =516).  The 
total number of seeds placed into the ground is 726.  Therefore 71% of the seeds put 
out were pilfered throughout the two-week data collection period.  Number of seeds 
pilfered from caches of three was 48, and the total number of seeds depositing into 
caches of three was 78.  Consequently 61% of seeds from caches of three were 
discovered.  Caches of six included 144 pilfered seeds out of 204 seeds deposited 
seeds.  Individual seeds from caches of six had a pilfer percentage of 70%.  Seeds 
from caches of twelve demonstrated a pilferage percent of 73%, composed of 324 
pilfered seeds and 444 seeds that were used to construct the caches of twelve.   
  The relationship between cache size and percentage of seeds pilfered presents 
a climbing trend as cache size and number of seeds pilfered increase.  The agoutis in 
nature always had 10 caches of each size to choose from, thereofore the relative 
proportion of seeds of each cache size available would have the ration 3:6:12.  The 
trend for expected seeds pilfered would follow the ratio trend of 1:2:4.  When the total 
of individual seeds pilfered of three cache sizes were compared using a chi-squared 
test it resulted in a significant statistical difference (chi-squared = 11.382, df = 2, and 
p = 0.0034).   

The total number of observed seeds pilfered and expected numbers pilfered 
were calculated to evaluate if each cache matched the expected value of distribution.  
The number of pilfered seeds for each cache size was directly proportional to the 
number of seeds buried for each cache size.   

Caches of three made up 14% of the 726 seeds that were placed in caches; 
therefore we could expect 14% of the 516 seeds pilfered to be from caches of three.  
The expected number of seeds pilfered for caches of three is 72, which is much larger 
than to the observed number of seeds pilfered 48 (Figure 7). Therefore the large 
difference between what was expected and observed with individual seeds pilfered 
from caches of three concludes that caches of three were less likely to be discovered 
than was is statistically expected.  Caches of six demonstrated similar numbers of 
expected seeds pilfered (150) and observed seeds pilfered (144), thus caches of six 
were discovered exactly how you would expect randomly. The seeds composed from 
caches of twelve were pilfered more than what would be expected, with values of 
observed pilfered seeds equaling 324 and expected pilfered seeds equaling 294 
(Figure 7).  Caches of twelve were discovered more than what was expected, showing 
a trend of increasing pilferage with increased cache size. 
 
!
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Figure 7. Total number of individual seeds pilfered compared to their relative 
abundance in the study.  The bars of the graph represent a comparison of number of 
observed seeds pilfered (blue) and number of expected seeds pilfered (red).  The total 
number of seeds pilfered was equal to 516 (n = 516). REWRITE) The 3 caches show 
that the observed and expected are nearly the same, showing there is no difference in 
the number of seeds that was expected to be pilfered from each cache from the 
number of observed seeds pilfered.  The study site was in edge understory near 
primary cloud forest of Estacion de Biologica Monteverde, Costa Rica.  
 
 
The!camera!traps!aided!in!selecting!two!of!the!artificial!sites,!because!of!previous!
recordings!of!high!agouti!activity.!Two!artificial!cache!sites!were!located!near!
camera!traps!to!provide!evidence!of!the!pilferers!identities.!!The!purpose!was!to!
have!proof!that!artificial!caches!were!pilfered!by!conspecifics,!instead!of!other!
organisms!such!as!squirrels!and!coatis!(Haugaasen et al 2012).!One!camera!trap!
recorded!high!agouti!activity,!in!addition!to!the!pilferage!of!one!of!the!artificial!
caches!(cache!of!twelve).!!!
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Figure 5. Camera trap recording of an agouti pilfering one of the artificial cache sites.  
Orange flagging tape 0.6 m above the agouti was marking the artificial cache site and 
size (cache of twelve).  The artificial cache was nearby a trail in closed canopy 
secondary forest close to the Estacion de Biologica Monteverde, Costa Rica. 
 
Additional Observations.- 
Macadamia nut caches were pilfered anywhere from one day to 13 days after burial. 
!
DISCUSSION 
 
The trend displayed (Figure 6) suggested an increasing probability of pilferage with 
cache size, whereas the later trend supported the suggested trend of larger caches 
experiencing pilferage rates higher than what would be expected (Figure 7).  On a per 
seed basis, seeds of twelve had higher likelihoods of being discovered than what was 
expected, and seeds of three were found nearly half as often than expected by chance 
alone.  Therefore caches of twelve tended to show higher rates of discovery than 
smaller caches.  A previous study found supporting evidence that smaller caches were 
less likely to be removed (Geluso 2005).  Camera trap recordings of agoutis pilfering 
an artificial site demonstrates the conspecfic dynamic of pilferage, and that agoutis 
are creating the selective pressure for smaller caches among themselves instead of 
other species (Luo et al 2014). The trends support that smaller caches being harder to 
discover, and seeds in those smaller caches are harder to find as well.  The pilferage 
intensity of larger caches would drive agoutis to prefer creating smaller caches, even 
with the challenge of remembering the abundance of smaller caches.  Therefore 
agoutis selecting to make smaller caches decreases pilferage, and in turn decreases 
cache recovery for later consumption.  The seeds that are not later consumed during 
the dry season end up being dispersed rather than predated. Smaller cache sizes 
benefit neotropical seed dispersal and agoutis by perserving more food storage for 
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surviving dry season. Furthermore cache size determines whether agoutis will be seed 
predators or seed dispersers. 
!
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ABSTRACT 
Due to the ever increasing agricultural landscapes, the conservation of arthropods depends greatly on the amount of 
human dominated landscapes and semi-natural habitats that are able to maintain larger amounts of arthropod 
biodiversity. We compared the richness, composition, and diversity of three different land use sites, sun coffee 
plantation (~2Ha), organic banana plantation (~0.5Ha), and natural forest (~4Ha), in the premontane wet forest of 
Cañitas, Puntarenas, Costa Rica. Pitfall trap sampling revealed decreased diversity in the banana and coffee plots. 
Out of the sites, the plot with organic banana experienced the least abundance and richness and natural forest the 
most. Forest and the organic banana plantation had the most similar species composition according to Sorenson’s 
test of similarity of the sites (52% similar) and coffee and banana were the least similar (29%). The evenness of each 
site was also calculated and resulted in the banana plantation being the most even and the coffee plantation being the 
least.  

RESUMEN 
Debido al cada vez mayor aumento en la agricultura, la conservación de los artrópoos depende ampliamente en la 
cantidad de paisajes dominados por los humanos y hábitats semi-naturales que son capaces de mantener una amplia 
diversidad de artrópodos.  Comparamos la riqueza, composición, y diversidad de tres tipos diferentes de uso de 
suelo, plantación de café abierta (~2Ha), una plantación de banano orgánica (~0.5Ha), y un bosque natural (~4Ha), 
en el bosque húmedo premontano de Cañitas, Puntarenas, Costa Rica.  Mustreos con trampas de caída revelan una 
disminución en la diversidad en las parcelas de banano y café.  De los sitios, la parcela con banano orgánico tiene la 
menor abundancia y riqueza y el bosque natural la mayor.  El bosque y la plantación de banano tienen la 
composición de especies más similar de acuerdo a la prueba de similitud de Sorenson (52% de similitud) y café y 
banano son los menos similares (29%).  La uniformidad de cada sitio fue también calculada resultando en la 
plantación de banano siendo la más uniforme y la plantación de café la menos. 

INTRODUCTION 
Ground-dwelling arthropods are highly diverse and abundant in crop fields, semi-natural, and 
natural habitats across the world (Finke & Snyder 2010). They make up 93% of the total animal 
biomass in one hectare of Amazonian rainforest therefore, making them organisms of great 
importance to an ecosystem (Kremen et al. 1993).The diversity and abundance of ground-
dwelling arthropods can provide information about the health and conservation of natural and 
disturbed habitats (Pyle et al. 1981). They are able to do this because they respond to the 
environment at a finer scale than the larger organisms (Fabricius et al. 2003). Therefore, many 
arthropods are considered to be bioindicators, organisms known to be sensitive to anthropogenic 
disturbance, whose presence or absence indicates the health of a habitat (Burnett 2007). 
Invertebrates also play an important role of altering the structure and fertility of soils, pollinating 
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plants, feeding animals, and cycling nutrients as well as other ecosystem services (Fabricius et 
al. 2003). The anthropogenic effects we impose on the environment alter the way in which 
arthropods are able to conduct their beneficial services. Therefore, if arthropod communities are 
altered both biotic factors such as, maintaining the food chain, and the abiotic factors such as, 
nutrient cycling, are lost and the environment is greatly degraded. As natural habitats continue to 
shrink due to human development, biodiversity of arthropods depends on the conservation of 
rural country-side, agricultural landscapes, and remnants of forest patches to provide suitable 
habitat and corridors for them to thrive (Goehring et al. 2002). Invertebrate community diversity 
and dynamics are often linked to the plant communities in their environment (Jonas et al. 2002). 
In the tropics, countryside habitats are known to retain a diverse arthropod community years 
after the destruction of natural habitats (Perfecto et al. 1996). This does not mean that there isn’t 
a continual decrease in arthropods over the years. Even though a large part of the community is 
maintained, arthropod communities are continuously affected by the changes in microclimate 
and other consequences of land use change (Didham et al. 1996).  

Agriculture contributed to the development and deforestation of Costa Rica. 
Deforestation and habitat disturbance has been driven in Costa Rica by the demand for 
agricultural land with agriculture being the cause of more than 80 percent of total deforestation 
(Brockett & Gottfried 2002). Some of Costa Rica’s most important crops in terms of area use are 
coffee and bananas (Boucher et al. 1983). Because of this it is important to consider their effects 
on arthropod communities to better understand their negative impact on the environment and the 
future of arthropod communities. Many Costa Rican coffee and banana farmers use herbicides to 
improve the quality and yield of their crops and although they are effective in doing that they 
adversely affect arthropod populations (Lilien & Scheuerell 1992). As land management 
increases, so will disturbances, causing foreign organisms and chemicals be introduced to the 
habitat. This causes the diversity and abundance of arthropods to decrease, effectively creating a 
degraded, less diverse environment (Hendrickx et al. 2007). To study the effect of these two 
types of habitats, coffee plantations and banana plantations, on arthropod communities, the 
diversity, abundance, and richness of arthropods was calculated for three different land use sites, 
natural forest, organic banana plantation, and sun coffee plantation, in the premontane wet forest 
of Costa Rica.  

MATERIALS AND METHODS 
Study Site 

The area of Monteverde Costa Rica used to study ground-dwelling arthropods was located on a 
private farm of the Torrez- Rojas family in premontane wet forest at approximately 1,350m asl 
(Fig. 1). This area has a mean annual temperature of 17-24 °C, and an annual mean rainfall of 
2,000-4,000mm (Haber 2000). Three sites were chosen to compare species richness and 
diversity: coffee plantation, banana plantation, and a natural patch of forest. The coffee 
plantation is approximately two hectares, open sun, and surrounded by small patches of forest 
used as wind barriers (Fig. 2). It is occasionally sprayed with fungicide and fertilizers. Between 
the rows of coffee plants the ground was fully exposed with little ground cover or leaf litter. The 
soil in the coffee plantation was dry. The banana plantation is approximately an hectare, organic, 
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it has never been exposed to chemicals, and is surrounded by patches of forest. The placement of 
the banana palms allowed for most of the ground to be shaded. The leaf litter in this area was 
higher in part because the leaves of the palms are cut down periodically and left on the ground to 
rot. The ground cover and soil moisture in the banana plantation was higher. The four hectare 
patch of natural forest had a closed canopy approximately 30-40m tall and had an abundance of 
leaf litter (Haber 2000).  The soil there was also moist.  The patch of forest most closely 
resembles the original habitat of ground-dwelling arthropods. 

 

FIGURE 1. Satellite image of study site located in premontane wet forest of Cañitas, 
Monteverde, Costa Rica at an elevation of approximately 1,350m asl. The image was taken from 
google maps.  
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FIGURE 2. Ground view of coffee plantation in the premontane wet forest of Cañitas, 
Monteverde, Costa Rica at an elevation of approximately 1,350m asl.  

 
FIGURE 3. Ground view of banana plantation in the premontane wet forest of Cañitas, 
Monteverde, Costa Rica at an elevation of approximately 1,350m asl. A pit-fall trap can be seen 
in the ground.  
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FIGURE 4. Ground view of forest habitat in the premontane wet forest of Cañitas, Monteverde, 
Costa Rica at the elevation of approximately 1,350m asl. The picture on the left shows the 
canopy of the forest. The picture on the right shows the landscape. 

Sampling Design and Protocol 

12 pit-fall traps were set up in each land-use type making it a total of 36 traps that were set up. 
The traps were set up in a four by three grid, away from edges, and spaced approximately 5m 
apart from each other. The pit-fall traps were created by making a hole in the ground and placing 
in it two plastic cups with an opening of about 7cm. Two cups were used to facilitate the removal 
of arthropods trapped. The plastic cups were sunk level with the surface of the ground, making 
sure that the rim was flush with soil, otherwise the trap’s effectiveness is reduced (Ausden & 
Drake 2006). The cups were filled with approximately 3cm of soapy water prepared with 1L of 
water and 15ml of liquid dish soap. To avoid the cups being inundated with water from rain, the 
traps were covered with a plastic plate suspended approximately 4cm above the ground surface.  

 Arthropods were collected for a total of three days during the month of July. The traps 
were emptied after approximately 24 hours of being set up to avoid arthropods deteriorating. 
After removing the caught arthropods new soapy water was added. The trapped insects were 
placed in vials filled with ethyl alcohol to preserve them until they were sorted and identified. 
The arthropods were sorted by morphospecies and site into petri dishes with ethyl alcohol. They 
were then assigned a number and on a spreadsheet a small description, the order, and the number 
of each morphospecies found in each site was documented.  

RESULTS 
The total number of individuals captured over a three day trapping period was 1,048 individuals. 
415 (37 morphospecies) individuals were found in the forest, 325 (31 morphospecies) in the 
coffee plantation and 308 (24 morphospecies) in the banana plantation. The forest and coffee 
plantation shared six morphospecies in common, the coffee plantation and the banana plantation 
shared 7, and the forest and banana plantation had 11 morphospecies in common. There was 5 
morphospecies shared between the three sites. 14 orders of arthropods were found throughout the 
three sites: Acari, Araneae, Blataria, Coleoptera, Diplopoda, Diptera, Hemiptera, Hymenoptera, 
Isopoda, Isoptera, Lepidoptera, Orthoptera, Polydesmidae, and Thysanoptera. 
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FIGURE 5. Pie charts showing the order of arthropods found in each site and their relative 
abundance in the premontane wet forest of Cañitas, Monteverde, Costa Rica at approximately 
1,350m asl. Chart A shows the abundance of orders found in coffee, chart B shows bananas, and 
chart C forest. Chart D shows the abundance of each order in all of the sites. The wedge that has 
been exploded shows the most abundant order of that site. In chart D both Hymenoptera and 
Coleoptera had the largest abundance. 

The species richness of each site was calculated. Forest habitat had the highest species 

richness with a total of 37 morphospecies, coffee had 31, and banana had the least with 24 

morphospecies (Fig. 6). The species richness was not significantly different in the three sites 

based on the results of a chi-squared test (X2 = 2.76, df = 2, p = 0.25). The species abundance of 

each site was calculated. Forest habitat had the most individuals with a total of 415, coffee had 

325, and banana had the least with 308 individuals (Fig. 7). The difference between the three 

sites was tested using a chi-squared test and was calculated to be significant (X2 = 18.93, df = 2, 

p < 0.05). The species richness and abundance were combined to calculate Shannon-Wiener and 

Simpson’s diversity indexes. Shannon-Wiener diversity index (H’) for the forest habitat was 

2.18, coffee plantation 1.65, and the banana plantation 1.821.  Simpson’s diversity index for the 
forest habitat was 0.81, coffee plantation 0.66, and 0.74 for the banana plantation. Using a 

modified t-test the diversity indexes were compared. All the sites were significantly different 

from one another when comparing Simpson’s index (p-value < 0.05), but when comparing the 

A B 

C D 

 119 



sites using Shannon-Wiener diversity index the coffee and banana plantation’s diversity where 
not sufficiently different (p-value = 0.13). The evenness within each site was calculated. The 
evenness of the banana plantation was the highest with an evenness value of 0.25, the forest had 
a value of 0.238, and the coffee plantation was the least even with an evenness value of 0.17. The 
similarity between the compositions of each site was calculated using Sorenson’s similarity 
index. The coffee and forest habitats were 35.12% similar, the banana and forest habitats were 
52.01% similar, and the coffee and banana habitats were 29.38% similar.  

 

FIGURE 6. Species richness of each site in the premontane wet forest of Cañitas, Monteverde, 
Costa Rica at approximately 1,350m asl.  

 

FIGURE 7. Species abundance of each site in the premontane wet forest of Cañitas, Monteverde, 
Costa Rica at approximately 1,350m asl. 

DISCUSSION 
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Replacement of forest vegetation with sun coffee and banana plantations in Cañitas, Puntarenas, 
Costa Rica, is shown to be associated with substantial changes in the arthropod community as 
sampled by pitfall traps. There was no clear trend in community composition across habitats. In 
each habitat the order with the highest abundance was different. Coffee was the most disturbed 
out of the three sites but did not show the lowest abundance and species richness, banana did. 
This goes against the hypothesis that species richness and abundance would decrease with an 
increase in disturbance. In other studies it has been demonstrated that increased management 
intensity of agricultural fields is one of the causes of the decline of species richness (Hendrickx 
et al. 2007). Although the species richness was not statistically significant in this study, there is a 
trend that shows that unaltered habitats have a higher diversity than those converted into 
agricultural landscapes. These quantifications of biodiversity did not result as expected but once 
they were combined to produce the biodiversity indexes the hypothesis was supported. The most 
disturbed habitat, the coffee plantation, was the least diverse and the patch of natural forest was 
the most diverse for both Shannon-Wiener and Simpson’s diversity indexes. This result has been 
shown in previous studies such as Hendrickx et al. 2007 and Schweiger et al. 2005. Our results 
also showed that there is a difference in arthropod diversity at each site with the exception that 
when comparing Simpson’s diversity of the banana and coffee plantation they were not 
significantly different. This may be due to the way that the two indexes are calculated. It should 
also be noted that each both agricultural lands were buffered by natural patches of forest and that 
each patch of agricultural land was relatively small. This could have had an effect on the 
biodiversity of the plots by allowing arthropods to move from one plot to another easier. 
Nevertheless, this successfully aids the hypothesis that the amount of disturbance is inversely 
correlated to diversity and that as disturbance increases the diversity within a site is diminished.  

 According to the diversity results, it would appear that organic banana plantations 
provide a more suitable habitat for arthropod diversity than coffee plantations. The banana 
plantation was also the most similar, 52 percent, to the natural forest patch in terms of the 
abundance and morphospecies present at both sites providing more evidence to the possibility 
that organic banana plantations allow for greater diversity of insects than the sun coffee 
plantation. One possible explanation for the arthropod community of the banana plantation being 
most similar to that of the natural forest rather than the coffee plantation may be due to the 
increase in leaf litter found in the banana plantation and the fact that it is not exposed to any 
chemicals. The increase in leaf litter provides a moister, more suitable environment for 
arthropods. Also, not being sprayed with chemicals greatly increases the viability of the banana 
plantation as a suitable habitat, most similar to the forest. One of the consequences of changes in 
insect communities as a result of clearance for agricultural purposes is the disappearance of the 
previously mentioned beneficial insects that provide ecosystem services (Goehring et al. 2002). 
Further study to identify possible bioindicators found in these sites could help determine the 
approximate health state of the sites. For example, in other studies it has been found that with 
increased land management the amount of scarab and carabid beetles declines, in turn slowing 
the recycling of nutrients into the soil and reducing decomposition rates (Goehring et al. 2002). 
In this study a reduction of Coleoptera, the order to which scarab and carabid beetles belong, was 
observed as site disturbance increased but due to lack of species information and natural history 
no inferences to the health of the sites can be made. In the effort to conserve arthropods, it is 
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important to understand the dependence of species in agricultural habitats and the services they 
provide in order to assess more accurately the effects of continual habitat destruction (Goehring 
et al. 2002).  
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ABSTRACT 
 
Land transformation is happening on a global scale with an increasing human population. This activity can 
simplify leaf litter habitat and can alter leaf litter arthropods communities. This study examines both leaf-
litter abundance and associated leaf litter arthropod communities in four different land uses in the Costa 
Rican premontane wet forest at 1350m asl.. Results found that Musa acuminata contained the highest amount 
of leaf litter in 1 meter by 1 meter with a mean weight of 4.021kg and an average moisture loss of 42.2% 
followed by forest (3.047kg, 44.5%), Coffea arabica (1.663kg, 23.9%) and pasture (0.278kg, 16.7%). A total 
of 455 individual arthropods were isolated from the four sites and forest had the highest abundance of 
individual arthropods (169) followed by M. acuminata (152), C. arabica (105) and pasture (29). A total of 39 
different species were found and C. arabica held the most species with 23, followed by the forest (21), M. 
acuminata (17) and pasture (10). A Shannon-Wiener biodiversity index for each site was performed and 
found that C. arabica (2.671) was the most diverse followed by M. acuminata (1.958), pasture (1.827) 
and forest (1.625) Lastly, I gathered preliminary data on 4 soil nutrients and pH. Study found significant 
differences in both arthropod abundance (p<0.001) and leaf litter moisture loss (p<0.001) for all land use 
types.  
 
RESÚMEN 
 
La transformación del suelo está ocurriendo a una escala global con el aumento de la población 
humana.  Esta actividad puede simplificar el hábitat de la hojarasca y puede alterar las 
comunidades de artrópodos que viven en ella.  Este estudio examina tanto la abundancia de 
hojarasca y las comunidades de artrópodos asociadas en cuatro tipos diferentes de uso del suelo en 
el bosque húmedo premontano en Costa Rica a 1350 msnm. Los resultados muestran que Musa 
acuminata contiene la mayor cantidad de hojarasca en 1 metro por 1 metro con un peso promedio 
de 4 021 kg y un promedio de pérdida de húmedad de 42.2%, seguido por el bosque (3.047kg, 
44.5%), Coffea arabica (1.663kg, 23.9%) y pastizal (0.278kg, 16.7%). Un total de 455 individuos 
de artrópodos se aislaron de los cuatro sitios y el bosque tuvo la mayor abundancia de artrópodos 
individuales (169), seguido por M. acuminata (152), C. arabica (105) y pastizal (29).  Un total de 
39 especies diferentes se encontraron y C. arabica tiene la mayor cantidad de especies con 23, 
seguido por el bosque (21), M. acuminata (17) y pastizal (10).  Se efectuo el índice de 
biodiversidad de Shannon-Wiener para cada sitio y se encontró que C. arabica (2.671) fue el más 
diverso seguido por M. acuminata (1.958), pastizal (1.827) y bosque (1.625).  Finalmente, colecté 
datos preliminares en 4 nutrientes del suelo y pH.  El estudio encontró diferencias significativas 
tanto en la abundancia de artrópodos (p<0.001) y húmedad de la hojarasca (p<0.001) para todos los 
diferentes tipos de uso del suelo.!
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INTRODUCTION 
 
Organic material, or leaf litter, hosts one of the most diverse assemblages of living 
organisms (Giller et al. 1997). Organic matter also aids soil with moisture retention, 
supplying nutrients for plant use, increased nutrient holding capacity, aggregation and 
aeration, and reducing soil erosion (LaMotte Soil Handbook 1994). Organic matter is also 
one form of available habitat for maintaining arthropod biodiversity. 
 Arthropod biodiversity in agroecosystems performs a variety of ecological services 
including recycling of nutrients, suppression of undesirable organisms and detoxification 
of noxious chemicals (Altieri 1999). However, agricultural land use simplifies biological 
habitat by simplification, introduction of insecticides and fungicides and monocropping 
(Lawton et al. 2001). Since the 1960’s, the expansion of cattle farming and agricultural 
development in Costa Rica has led to rapid deforestation and rates reached 32,000 hectares 
(ha) a year between 1973 and 1989 (Brown & Bird 2010). In 2011, 37% of Earth’s total 
land area was being used for agriculture and that percentage is expected to increase with 
the growing human population (The World Bank 2011). This study investigates the 
impacts on arthropod species richness and abundance, leaf litter abundance, soil pH and 
soil nutrients Potassium, Phosphorous, Iron and Manganese in four different land uses 
(undisturbed forest, coffee, banana, and pasture) on a single 35-hectare (ha) farm in the 
tropical wet forest of Costa Rica. 
 
MATERIALS AND METHODS 
 
STUDY SITE - All leaf-litter samples were collected on a 35-ha farm during wet season in 
the premontane wet forest at 1350m asl. The farm has 4ha of forest, 2ha of open-grown 
coffee, C. arabica, 1ha of banana, M. acuminata, and 1ha of pasture (Figure 1). Land used 
for M. acuminata  uses only composted soil, while coffee is treated with a fertilizer 
containing P and K semiannually and was last treated two months prior to this study. 
Pasture land supported grass that was approximately 3cm in height and is not currently 
occupied by livestock.  
 
 

                

Fig.!1.!Left!to!Right:!Foret,!M.#acuminata,!C.#arabicaI,!and!open!pasture!were!!tested!for!
leaf!litter!abundance!and!arthropod!species!richness!and!abundance!at!1350m!asl!in!
premontane!wet!forest.!Ten!1x1m!plots!of!leaf!litter!were!sampled!for!this!study.!
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LEAF LITTER – Ten 1m x1m squares of leaf litter were collected at random in each of the 
four study sites for a total of 40 samples. . All samples were collected on July 20th, 2014. 
1m x 1m squares were delineated and all loose leaf litter within the parameters were 
collected. (Fig. 1) Leaf litter was put into a plastic bag and labeled by site and sample 
number. Leaf-litter samples were weighed after branches, large rocks, and logs were 
removed.  

To calculate total biomass of each site I placed a piece of aluminum foil on a scale 
and set it for tare. Six sub-samples weighing from 19.8 to 20.1g from each site, 24 in total, 
were wrapped in aluminum foil and placed in an oven for 1.5 hours to remove moisture on 
July 25th 2014. Dry sub-samples were weighed and percentage of weight loss was 
calculated. Average percent of weight loss was applied to average original sample wet 
weights to give extrapolated dry weights. 

Soil was collected by digging approximately 10cm deep holes at 3 of the 10 
sampling sites for all four of the locations, for a total of 12 samples, and approximately 50 
grams of soil was removed an placed in a labeled plastic bag  
 
 ARTHROPOD COMMUNITIES- Arthropods were isolated using two different methods, berlese 
funnels and quick surveys (Figure 2A & B).  

To isolate arthropods I set up 16 funnels for four sub-samples of leaf litter from 
each site and let them dry for one week. Sub-samples were all measured to be 1L. Two 
funnels of each site, 8 total, were analyzed after the drying period.  

I also conducted quick surveys to isolate arthropods on 28 sub-samples. A 1L 
container was used to measure sub-samples for three of the original samples for each site. 
Twelve total sub-samples were mixed and a handful of dirt from the bottom of each sample 
into every sub-sample. Each sub-sample was inspected for insects on a whiteboard and any 
found insects were placed in a petri dish containing ethanol. Insects were counted and 
classified into morphospecies for both methods.  

 
 

 

 
 

Figure 2A and B: Left(A) 16 berlese funnels made from 3-liter plastic bottles used for 
analyzing insect biodiversity in leaf-litter across four land uses. Right(B): 1-liter leaf-litter 
sub-sample was analyzed on a whiteboard and insects were placed in petri dish.  
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RESULTS 
 
LEAF LITTER– Wet weights were M. acuminata (4.02kg), C. arabica (1.66kg), pasture 
(0.28kg) and forest (3.05kg). A significant difference in amount of moisture held in leaf-
litter across the four land uses was found (ANOVA: F=20.462; p-value<0.001; df=3; 
N=24). Average moisture lost from all for sites individually were: forest (44.5%), M. 
acuminata (42.2%), C. arabica (23.9%), and pasture (16.7%).  
 
INSECT BIODIVERSITY – A total of  455 individuals from 39 different morphospecies were 
collected. species. (Figure 4A&B) Leaf-litter from forest had the most arthropod 
abundance (169) followed by M. acuminata (152), C. arabica (105) and pasture (29). 
Species richness for all sites were: forest (21), C. arabica (23), M. acuminata (17) and 
pasture (10). There was a difference in the abundance of arthropods across each of the 
study sites (Chi-square value: 103.5; p-value<0.001, n-28, df=3), but there was no 
significant difference in species richness across all four land uses (Chi-square value: 5.56; 
p-value: 0.13, n=28, df=3). Evenness (E) and biodiversity, Shannon-Wiener Index (H’) 
varied among all four sites with forest (H’=1.625, E=.2419), pasture (H’=1.827, 
E=0.6213), M. acuminata (H’=1.958, E=0.4168) and C. arabica (H’=2.671, E=0.6282). 
(Table 1) 
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Figure 4A & 4B.  Chart shows distribution of species richness and 
abundance of insects found in leaf-litter from pasture, coffee and 
banana plantations, and undisturbed forest. All samples (N=28) were 
collected during dry season in premontane wet forest in Costa Rica at 
1350 asl. Chi-square test showed a significant difference in insect 
abundance (Chi-square value: 103.5; p-value<0.001, df=3) and no 
significant difference in insect species richness (Chi-square value: 5.56; 
p-value: 0.13, df=3). 
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NUTRIENTS AND PH – pH for soil from the pasture was 5.6, forest 6.5, M. acuminata 5.9 
and C. arabica was 6.3. Fe concentrations (in ppm) in soil from land used for M. 
acuminata was 5.86, C. arabica 0.1, forest 3.1 and pasture 0.14. K levels (in ppm) were 
even across the four land uses at 0.5. Mn levels (in ppm) for all soils were: forest (2.2), M. 
acuminata (14.9), C. arabica (14.5) and pasture (11.8). Phosphorous levels (in ppm) for all 
land uses were: pasture 0.4, M. acuminata 12, C. arabica 11.4 and forest 3.6. (Figure 5). 
 
 
DISCUSSION 
 
The forest showed highest arthropod abundance than all other land uses but C. arabica 
showed the most arthropod species richness. Leaf litter from the four different land uses 
varied significantly and the forest lost the most moisture which may suggest a relationship 
between leaf litter moisture retention and arthropod abundance. When looking at 
biodiversity, the forest had both higher abundance and richness than the pasture. However, 
it ended up being least diverse according to its Shannon-Weiner Index value. I believe this 
is due to the low evenness of species distribution of the forest litter. This is an example of 
why a mathematical index may not be the best method of testing biodiversity as a single 
statistical method rarely retains all information needed to answer this type of question 
(Barrantes & Sandoval 2009). However, multivariate analyses could be used instead of 
diversity indices, such as cluster analyses or multiple regressions. More complex 
multivariate analyses, such as Canonical Correspondence Analysis, provide very valuable 
information on environmental variables associated to the presence and abundance of the 
species in a community (Barrantes & Sandoval 2009).  
 The significant difference in the amount of moisture retained by the four leaf-litter 
samples is a good indication of the relationship between available moisture and insect 
abundance. Observing higher insect abundance in leaf-litter with higher moisture retention 
may be caused by the slowed evaporation rates which can protect insects vulnerable to dry 
conditions (Williams et al. 1990).  
 Soil nutrient levels showed from the four land uses showed altered results. Low 
iron concentrations in both C. arabica and the pasture may be caused by soil runoff as both 
sites had lower leaf-litter mass and moisture retention. My results suggest that land 
transformation may reduce the available habitat for insects, alter soil nutrient levels and 
reduce overall species richness and abundance. As global population and demand for 
natural resources continues to increase, the impacts of land transformation on these 
biological components will have to be considered moving forward. 

 Site Pasture Banana Coffee Forest 

Species Richness 10 17 23 21 

Abundance 29 152 105 169 

Evenness 0.6213 0.4168 0.6282 0.2419 

Shannon (H') 1.827 1.958 2.671 1.625 
Variance 0.036 

 
0.011 

 
0.009 0.013 

Table!1.!ShannonCWeiner!Index!(H’)!calculated!for!four!agricultural!
land!uses!in!premontane!wet!forest!in!Costa!Rica.!Species!richness!
(N=39)!and!abundance!(N=455).!!
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ABSTRACT 

Ecotourism is growing, and with it its economic, social, cultural and environmental impacts. In the Cloud Forest 
Reserve of Monteverde, Costa Rica, tourist activity can compromise species compositions.  This study estimated 
mammal species richness, abundance, and diversity on trails of high and low traffic using three methods: camera 
traps, track tubes, and visual transects.  One trail had abundant tourists (TT) and the other was used only for 
research purposes (RT).  Species richness, diversity, and abundance were all found to be higher in TT (S= 12, 
H’= 1.95 n=55), yet richness (n=15) and diversity (n=71) were very similar to RT (S= 8, H’= 1.73, n=17). 
Abundance (n= 71) was observed to be more than 3 times higher in TT than RT, but tube track visitation saw no 
real difference between trails (TT n=66, RT n=62).  Poor weather during the study may be responsible for low 
mammal abundance compared to similar studies. Track tube inserts did not hold up in the field, and could not be 
used for track identification but were still useful for monitoring small to medium-sized mammal activity.  
Camera traps worked best but were still compromised by camera limitations and poor weather conditions.  This 
study suggests that while ecotourism may negatively affect mammals, some populations are resistant while 
others appear to benefit.   

 RESUMEN 

El ecoturismo está creciendo, y con este los impactos económicos, sociales, culturales y ambientales.  En la 
Reserva del Bosque Nuboso de Monteverde, Costa Rica, la actividad turística puede comprometer la 
composición de especies.  Este estudio estima la riqueza, abundancia y diversidad de especies de mamíferos en 
senderos con alto y bajo transito usando tres métodos, trampas cámara, tubos de huellas y transectos visuales.  
Un sendero tuvo turistas en abundancia (tourist trail, TT) y el otro es utilizado únicamente con propósitos de 
investigación (research trail, RT).  La riqueza de especies, diversidad y abundancia demostraron ser mayores en 
TT (S= 12, H’= 1.95, n=55), así riqueza (n=15) y diversidad (n=71) fueron muy similares a RT (S= 8, H’= 1.73, 
n= 17).  La abundancia (n=71) se observó que es más de tres veces mayor en TT que en RT, pero la visitación 
de los tubos de huellas no mostró diferencias entre los senderos  (TT n=67, RT n=66). Mal clima durante el 
estudio puede ser responsable por la baja abundancia de mamíferos comparado con estudios similares.  Los 
tubos de huella no funcionaron muy bien en el campo, y no pudieron ser usados para la identificación de huellas, 
pero fueron útiles para monitorear la actividad de mamíferos de pequeño y mediano tamaño.  Las cámaras 
trampas fueron las que funcionaron mejor pero estuvieron también comprometidas por limitaciones de la cámara 
y las condiciones climáticas.  Este estudio sugiere que mientras el ecoturismo puede afectar negativamente los 
mamíferos, algunas poblaciones son resistentes mientras otras parecen beneficiarse. 

INTRODUCTION 

Ecotourism is an effective means of biodiversity protection and has a growing economic, 
social, cultural, and environmental impact. as the industry grows 10-30 percent per year (Self 
et al. 2010).  There were 545 million international ecotourists in 2013 and a projected 800 
million in 2020, a doubling from 440 million in 2009 (Vannaselt 2001, UNWTO 2014, 
Lundberg 2011).  Many tourists visit areas for their mammalian mega fauna (Lindsey et al. 
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2007) making them an important part of the industry.  Moreover, while mammals often 
provide economic incentives for their conservation, many are sensitive to human presence 
(Lindsey et al. 2007).   

 The Monteverde Cloud Forest of Costa Rica is an international ecotouristic 
destination, with 200-250 thousand tourists visiting per year (Y. Mendez, pers. Comm.)  This 
Cloud Forest includes six Holdridge Life Zones and transitions, from premontane to lower 
montane, tropical wet to tropical rain forest (Haber et al. 2000, Monteverde Cloud Forest 
Reserve 2005).  Monteverde is home to over 275 mammal species, 18 percent endemic, and 
is known as the best high-elevation Central American site to see mammals (Timm and LaVal 
2000).  Some mammals are more sensitive to noise and development, including charismatic 
megafauna that draw in tourists (Lindsey et al. 2007).  Therefore, ecotourism can be 
detrimental to both mammals and the ecotourism industry, itself.  Exacerbating ecotourism’s 
possible negative impact are habitat fragmentation and transformation around ecotouristic 
sites that has reduced populations of many large and medium sized mammals while 
increasing the abundance of generalist species (Timm and LaVal 2000). 

 The Monteverde Cloud Forest Reserve is a popular destination in the area, with over 
70 thousand visitors per year (Y. Mendez, pers. comm.)  Higher levels of tourism have been 
seen to decrease mammal diversity in certain areas (Thomann 2010, Vandenburg 2014), 
showing the paradox of people who want to be close to and see certain animals which are 
driven away by this human presence.  Many of the rarer species are naturally evasive, so 
quantifying their responses to human development can be elusive as well.  

 In this study three different techniques are used to measure the abundance, frequency, 
and diversity of mammals in two trails of the Monteverde Reserve.  One includes sections of 
some of the most popular tourist trails (TTs) in the reserve, with high levels of tourist 
activity.  The other is a research trail (RT) with restricted access, available only to select 
researchers and staff.  Understanding direct impacts of tourism on mammal diversity may 
help to gauge its effectiveness as a conservation strategy not only for the forest, but mammals 
and other wildlife living in it.   

METHODS 

Study Sites— This study was conducted along two types of trail of approximately 1.5 km in 
length in the Monteverde Cloud Forest Reserve, Costa Rica, a 4025 ha area of lower montane 
tropical wet forest (Haber et al. 2000) that is part of a larger, 22,000 hectare system of private 
reserves.  Data were taken during the rainy season from 15 July to 30 July.  The reserve has a 
limit of 450 people per day, 200 at a time, allowed on an 80.5 ha (2%) section of the 
property.  The first trail was the tourist trail Sendero Quebrada Cuecha and Sendero Tosi 
(together denoted TT), two of the most visited in the reserve. The research trail (RT) is used 
only by staff and select research personnel (Figure 1), where there were two low impact 
studies occurring.  TTs are approximately 1 m wide, gravel, and lined with metal strips, 
cleared of leaf litter and other debris, and generally flat.  The RT is narrow and more natural, 
generally covered in mud and leaf litter and minimally maintained, with cinder block-like 
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cement structures as stepping stones in hilly, muddy areas.  These are used in all trails of the 
reserve for erosion prevention in prone areas, but not in the TT study site area.   

 

Tropical Science Center 2014 

Figure 1: Map of Monteverde Cloud Forest Reserve trails highlighting those used to assess 
mammal diversity.  Highlighted sections of Quebrada Cuecha and Sendero Tosi are tourist 
trails (TT) with high human activity; the red line approximates the location of the research 
trail (RT).  Both were about 1.5 km long.  Five camera traps and ten track tubes were 
distributed throughout each trail to be compared, and each trail served as a transect for 
mammal observation on seven days of data collection from 15 July to 30 July.     

Camera Traps— Five camera traps were spaced out along each trail at 250-300 m intervals, 
at knee height, pointed at an angle likely to capture an animal 0-1 m off the ground.  
Locations were selected avoiding areas of dense forest, where vegetation would obstruct the 
camera view, and where larger mammals would be unlikely to travel.  Traps were in the field 
from 15 July to 30 July.   

Track Tubes— The basic idea for this method comes from Wiewel et al. (2007).  Tubes 
were constructed from Sherman live traps, a box style animal trap, measuring 36.5cm long 
with an opening of 10cm x 10cm.  Each spring loaded door was taped down, making them 
stay open, and wooden sticks were used to provide stability against collapse.  Plastic bags 
covered the top to prevent rain from entering.  To record animal prints, an insert was made of 
cardboard 10 x 36.5cm long, with a 15 x 21.5 cm piece of contact paper centered with a 10 x 
8cm cotton pad on each end.  Ink was applied to the pads, a 1:1 mixture of carbon black 
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powder and mineral oil.  A small amount of peanut butter and oats was placed in the middle 
of the contact paper, so a mammal would step on the ink pads and leave prints on the contact 
paper on its way in (Figure 2).   

 Ten tubes were distributed along each trail (Figure 1), approximately 150m apart.  
They were placed 0-10m off the trail, and most were within 5m.  On the TT, tubes had to be 
placed farther off the trail and behind a tree, to be inconspicuous to tourists, while some tubes 
on the RT could be within 1m from the trail.  On 7 days of data collection throughout the 15 
day study period, these tubes were checked for evidence of mammal visitation, and re-baited.  
Plastic bag coverings were added after day one.   

 

Figure 2:  Track tube designed to record animal prints, before plastic bag covering was added 
on top.  Small mammals are meant to enter on either side, pick up ink (1:1 carbon powder and 
mineral oil) from cotton pads, and transfer tracks to contact paper in the middle.  Bait (peanut 
butter and oats) was placed in the center of the insert.  Tubes were placed on two trails of 
differing human traffic levels in the Monteverde Cloud Forest Reserve, part of the lower 
montane tropical wet forest of Costa Rica.   

Transects— Each trail (Figure 1) was approximately 1.5km long.  On 7 days of data 
collection throughout the 15 day study period, I walked these trails to check camera traps and 
track tubes along the way.  At each of these points I stopped to check and record data, 
providing extra time for observation.  Any mammal sighting was recorded. 

RESULTS 

Species Richness—Richness was calculated for all species observed in photos and from 
visual transects.  Fifteen species were identified in the reserve (Table 1), 5 highlighted 
species were seen in both trails.  There was no significant difference in richness between trail 
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types (χ2= 0.81, d.f.=1, p= 0.37), but more species were observed on TT with n= 12, while 
only 8 species were observed on RT.  Some photos were difficult to identify to the species 
level, such as opossums and mice classified to higher taxonomic levels.   

Table 1:  Mammal species encountered in the lower montane tropical wet forest of Costa 
Rica, in the Monteverde Cloud Forest Reserve, using a combination of visual transect 
walks and camera traps.  N= 71.  Species listed top down were observed on TT, while 
those from the bottom up are from RT.  Shaded species are those shared by both trails, 
and relative abundance for each trail is presented TT, RT.  *Tentative identification; 
may also be Northern Tamandua (Tamandua mexicana), from what could be surmised 
from the photo.   

 

 

 

 

 

 

 

 

 

 
 

Abundance—The total number of mammals observed per trail was found to be statistically 
significant between TT and RT (χ2= 20.1, d.f.=1, p<.01) using grand totals from visual 
transect walks and camera trap photos.  TT had a significantly higher number of individuals 
(n= 55) than RT (n= 17).   

Track tubes measured animal presence focusing on small individuals able to fit inside, 
yet could not be used to identify what species visited the tube.  There was no significant 
difference between TT and RT for mammal presence using track tubes (χ2= .001, d.f.= 1, p= 
0.97) with 99 percent and 94 percent visitation, respectively.  This is broken down into two 
observed possible visitation outcomes: small mammal visitation, classified by the absence of 
bait and/or presence of fecal matter in the tube; or medium sized mammal visitation, if the 
tube was collapsed, moved, or disassembled in some way (Figure 3).  Mammal presence was 
not found to be different between TT and RT for small (χ2< .01, d.f.= 1, p= 0.99) or medium 
sized mammals (χ2= 0.01, d.f.= 1, p= 0.92).   

Scientific Name Common Name n= 
Bradypus variegatus Sloth 1 
Cebus capucinus White- Faced Capuchin 1 
Dasypus novemcinctus 9 Banded Armadillo 2 
Mustela frenata Long tail Weasel 1 
Puma concolor Puma (Cougar) 1 
Sciurus granatensis Squirrel 7 
Sylvilagus brasiliensis Rabbit 1 
Cuniculus paca Lowland Paca 5,   1  
Dasyprocta punctata Central American Agouti 17, 5 
Didelphidae Opossum 3,   1 
Suborder: Sciurognathi Mice 11, 1 
Nasua narica White Nosed Coati 4,   6 
Conepatus semistriatus Striped Hog-Nosed Skunk 1 
Eira barbara Tayra 1 
Puma yagouaroundi* Jaguarundi 1 

TT 

RT 
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Figure 3: Small and Medium sized mammal presence measured as percentage of 10 x 10 x 
21.5cm track tubes with evidence of visitation n= 133.  Evidence of a small mammal was the 
absence of bait and/or defecation inside the tube.  Medium mammal evidence was a tube 
found to be collapsed, disassembled, or moved, assumedly by an animal too large to fit 
inside.  20 tubes were spread along two trails (tourist and research) of differing human foot 
traffic in the Monteverde Cloud Forest Reserve, part of the lower montane tropical wet forest 
of Costa Rica.  

Species Diversity— Using the number of species and individuals identified with visual 
transects and camera traps (Table 1; Figure 4), diversity indices were used and compared 
with a t-test.  The Shannon-Weiner Index for TT had slightly higher diversity (S= 12, H’= 
1.95, E= 0.64, n= 54) than RT, though RT was slightly more even (S= 8, H’= 1.73, E= 0.7, 
n= 17).  This was not found to be significant (modified t-test; t = .88, d.f.= 27.5, p= 0.39).  
This is supported by the Simpson Diversity Index, showing a higher diversity in TT 
(Simpson’s = 0.81) than in RT (Simpson’s = .77), yet this too was not statistically significant 
(t= 0.6, d.f.= 23.7, p= 0.55).  In a test of similarity, using Sorensen’s Quantitative Index, TT 
and RT were found to be 33 percent similar.   
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Figure 4:  Species composition in two trails of differing levels of tourist activity in the 
Monteverde Cloud Forest Reserve, in the lower montane tropical wet forest of Costa Rica.  
TT (S= 12, H’= 1.95, E= 0.64, n= 54) was a high impact trail, while RT (S= 8, H’= 1.73, E= 
0.7, n= 17) is used only for research.  Species unique to each trail marked with a period 
before species name. and abundance for each species is listed after species name.  *Tentative 
identification; may also be Northern Tamandua (Tamandua mexicana), from what could be 
surmised from the photo. 

Additional Observations—D. punctata and mice were seen much more often in TT than 
RT, and nearly every species shared by both trails was more common on TT.  For example, 
on several occasions there were coatis foraging around the entrance to the reserve not counted 
in this study.  They would come almost within arm’s reach to forage for food. 

Traffic on each trail differed greatly.  Only once did I see other researchers on the RT, 
while the absence of tourists was rare on TTs.  There was one TT camera pointed toward a 
segment of trail, and it took 771 total photos over 15 days, mostly of passing tourists.  All 
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five RT cameras were pointed toward the trail, and even the sum of all RT photos taken was 
much less (n= 348) with a mean of 70 pictures per camera.  Therefore human traffic, and 
pictures taken in general, was much less frequent on RT.  Data from reserve officials support 
this observation; there was an average of 278 visitors per day on TTs (Y. Mendez, pers. 
comm.) during the study period.  If half of those tourists used Sendero Quebrada Cuecha 
(which is likely, given its popularity), that makes for roughly 140 tourists per day on TT.  In 
contrast, RT had 2 other studies consisting of 2 researchers and a small group of students 
periodically walking the RT, which is abnormally high for that trail (Y. Mendez, pers. 
comm.), accounting for an estimated 2-5 people per day.   

 It rained nearly every evening until mid-morning during data collection, often with 
very strong winds.  Track tubes, originally meant to pick up animal tracks, were not 
successful in these conditions; no ink was seen to transfer to the contact paper so taxonomic 
identification was impossible, and the cardboard inserts did not hold up to the very wet 
conditions of the rainforest.  Additionally, identification of some camera trap pictures was 
difficult due to the wet and foggy conditions, as well as partial or obstructed views of 
individuals.   

DISCUSSION 

TT had higher species richness, abundance, and diversity than RT, but only abundance was 
significantly higher.  There were 15 species found with 5 of the most common ones 
overlapping trail types, most likely due to their overall abundance and disposition, since some 
animals are very resistant to humans and may even be attracted to them.  Overall number of 
individuals observed was more than 3 times more in TT than RT, suggesting that human 
presence does not have a negative impact on some mammal populations, and it might actually 
provoke an increase in numbers for some species.  Dunstone and O’Sullivan (1996) found 
similar results in Manu National Park, Peru, where animals were found to frequently use 
trails soon after they were cut.  Additionally some individuals were not fazed by busy tourist 
trails, and they would rest just a few meters off.   

 This finding may be due to wildlife acclimation to humans in the same way wild 
coatis in the Monteverde Reserve approach humans fearlessly.  Another explanation could be 
a shift in species composition because of human presence.  According to Lindsey et al. 
(2007), many mega-fauna species are absent from wilderness areas such as a reserve due to 
sensitivity to surrounding land development and human presence.  If these displaced animals 
are at a high trophic level, their absence makes a widespread difference on the local 
community.  If nocturnal predators tend to avoid areas close to development, those areas may 
tend to house more prey species and could account for changes in composition.  This could 
partially explain small mammal visitation by track tubes, if predatory pressure has been 
alleviated on a scale larger than the study area. 

 This study did not find the same statistical significance as the trends found in previous 
literature, likely due to differences in methodology and environmental conditions.  In 
Thomann (2010), total abundance was very similar between trails, but all but 2 observed 
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individuals on TTs were N. narica.  Vandenburg (2014) saw very different distributions of 
animals, with only a few individuals observed on TTs, one or two from several species.  It is 
possible that, in different circumstances, my results may have concluded more statistical 
significance, but my general trends would bring up more questions than answers in relation to 
these other studies.  The difference may be due to seasonal differences in the activity of 
certain mammals, such as more intense foraging by N narica in the fall, where they were 
observed in great abundance (Thomann 2010).   

 My visual transects only added 5 individuals to camera trap specimens, whereas 
previous studies saw many more (Thomann 2010, Vandenburg 2014).  This may be due to 
general limitations in direct animal counts, which depend on field conditions, training of 
researchers, and bias for large or conspicuous diurnal mammals (Silveira et al. 2003).  For 
track tubes, on the first day of data collection it was clear that the cardboard inserts would not 
be useful for long.  Animal visitation was evident in nearly all tube track nights recorded, yet 
not one footprint was left behind.  This method worked in a study done by Wiewel et al. 
(2007), but in very different environmental conditions of a North Dakota summer and slightly 
different tube design.  I suggest a more water resistant design to tube tracks such as the use of 
a clay, putty, or Play Dough type substance to create an imprint of small mammal tracks, 
instead of relying on the transfer of some liquid or powder substance to a contact paper 
medium.  Camera trapping is the best sampling method for (Silveira et al. 2003), yet they still 
have limitations such as fast animals becoming a blur in photos, along with environmental 
obstructions.  Some cameras were triggered to capture a photo, yet did not capture enough 
light for a good image, possibly due to camera malfunction or some other reason.  Some of 
these may have been triggered by mammals and not recognized as such.  Due to these 
described uncertainties, total estimations of richness and abundance is likely to be low, for all 
types of measurement.   

 In conclusion, the difference in level of tourist activity was not found to harm species 
richness, abundance, or diversity.  Out of the pool of species observed, the existence of 
established trails and regular tourist traffic does not seem to negatively impact mammal 
populations; rather it was seen to increase frequency of sightings.  This could be a good sign 
for the Monteverde Cloud Forest Reserve in that their conservation efforts are not in vain and 
even its high level of tourism does not harm the mammal community it houses, but changes 
in ecosystem composition should be considered.  With continual widespread use of multiple 
sampling techniques of mammals and other taxa, we may grow in our understanding of 
ecotourism and ecosystem relationships, and work to maximize ecotouristic benefits while 
minimizing costs.   
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ABSTRACT 
 
Monteverde, Costa Rica has rapidly developed as ecotourism and population increased. Monteverde and its 
surrounding towns, including Santa Elena, Cerro Plano, and Cañitas vary in their land use and population density.  
As the area transitions away from purely rural land use, the development and the influence of people has resulted in 
local streams being contaminated by grey and black wastewater. The contamination results in elevated levels of 
fecal contamination caused by human activities. This contamination has the potential to negatively impact human 
health, since residents who do not receive their drinking water through the municipal distributor, Acueductos y 
Alcantarillados (AyA), rely on natural sources that have not been treated. Survey data showed that 22 percent of 
respondents got their water from sources other than AyA, either natural springs or streams. While 97 percent of 67 
people surveyed use septic tanks for their black water, only 50 percent use septic tanks for their grey water. Most 
local residents know the streams are contaminated (89 %), yet they do not feel personally responsible for causing the 
pollution (77%). Residents suggest a number of responsible parties (i.e. agriculture, hotels, restaurants, and houses) 
as sources of pollution and as potential partners in reducing contamination. Analyzing the results of the survey 
provides insight into potential avenues for reducing contamination, such as decreasing the number of people who 
directly deposit their wastewater into the environment and raising awareness of stream health through environmental 
education.   
 
Keywords: Monteverde, Costa Rica, water, streams, contamination, pollution, survey 
 
RESUMEN 
 
Monteverde, Costa Rica se ha desarrollado rápidamente al aumentar el ecoturismo y la población.  Monteverde y sus 
comunidades aledañas, incluyendo Santa Elena, Cerro Plano y Cañitas, varían en el tipo de uso de la tierra y la 
densidad de población.  La influencia humana, desarrollo, y transición del uso de la tierra han resultado en niveles 
elevados de contaminación fecal en las quebradas locales debido al aumento de la contaminación por las aguas 
grises y negras residuales. De 67 personas entrevistadas, 97 por ciento usan tanques sépticos para las aguas negras 
mientras que solo un 50 por ciento usa tanques sépticos para las aguas grises.  La contaminación de las quebradas 
puede impactar negativamente la salud pública, ya que los residentes que no utilizan el agua del distribuidor 
municipal, Acueductos y Alcantarillados (AyA),  dependen en fuentes naturales que no han sido tratadas. Datos de 
las encuestas muestran que 22 por ciento de los entrevistados obtienen su agua de otras fuentes a parte de AyA, ya 
sea nacientes de agua o quebradas.  La contaminación fecal además reduce la biodiversidad y daña la salud 
ecológica, los cuales son importantes para el ecoturismo y la economía de Monteverde.  La mayoría de los 
entrevistados sienten que las quebradas están contaminadas (89%) pero no se sienten personalmente responsables 
por esto (77%).  Los residentes sugieren un número de posibles responsables (ej. agricultura, hoteles, restaurantes y 
casas) como fuentes de contaminación y como posibles responsables en reducir está misma.  Los resultados de las 
encuestas proveen una señal en posibles maneras para reducir la contaminación, tales como disminuir el número de 
personas que deposita las aguas residuales directamente en el ambiente y aumentar la conciencia de la salud de las 
quebradas a través de la educación ambiental.  
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INTRODUCTION 
 
Monteverde, Costa Rica is known for its ecotourism and has experienced a rapid increase in the 
number of tourists and permanent residents over the past three decades (Himmelgreen et al. 
2012. Rapid development precluded planning and left a negative impact on local water quality. 
Unsafe water and sanitation, which often results from rapid urbanization and unregulated 
development, is a major factor in the global environmental burden of disease (Narain, 2012). 
These changes have been ongoing as Monteverde transforms from a sparsely populated, rural 
area into a hub for ecotourism. Failing to adequately protect water sources places the 
Monteverde community in conflict the United Nation’s Millennium Development Goals, one of 
which is to ensure environmental sustainability by increasing the number of people with access 
to safe drinking water (United Nations, 2014).  Costa Rica scored 0.9 out of 100 on an evaluation 
of wastewater treatment practices carried out by Yale University in 2014. Of particular concern 
is the fact that this score is no better than it was ten years ago (Yale University, 2014).  

Despite Monteverde’s reputation as an ecotourism hotspot, many of the streams in the 
community are contaminated.  A common contaminant in local waterways near humans and 
farms is fecal waste, which has the potential to harm public health and ecological health. Two 
common types of water contamination associated with people are black and grey wastewater. 
Black water comes from toilets or agriculture, while grey water is wastewater from other sources 
(citations). Black water has a higher content of pathogens than grey water (Masi et al. 2010). 
However, proper treatment of grey water is still important because it often contains 
microbiological markers of fecal contamination as well (Ottoson & Stenström 2003). In 
Monteverde, it is not uncommon for homes, hotels, and restaurants to dispose of their waster 
water directly into the environment, including local streams. Water flowing freely from pipes 
into streets, gutters, and drains is easily observable in the towns.  Only 58 percent of black waster 
water and 22 percent of grey waste water in Monteverde is treated prior to disposal (Rasmusson, 
2008). 

An investigation into water quality in the community found that streams tested away 
from human inhabitation, mostly in protected forest, had minimal levels of fecal contamination, 
while water collected downstream from residences and businesses had high levels of fecal 
contamination (Ringler 2001). Small urban areas and agriculture both increase fecal 
contamination present in water compared to the amount found in waterways in primary forest 
(Keylon 2008). Water collected from a stream adjacent to a local pig farm had higher levels of 
contamination than other nearby water sources (Smith & Uy 2006). This is evidence that changes 
in anthropogenic land use are causing elevated levels of fecal contamination in streams. Stream 
contamination in Monteverde has been shown to reduce biodiversity (Keylon 2008, Smith & Uy 
2006). Because the Monteverde economy is so dependent on ecotourism, local residents cannot 
afford to let biodiversity suffer. Inconsistent, or non-existent, methods of wastewater treatment 
will continue to cause environmental and public health problems for Monteverde, unless steps 
are taken improve wastewater treatment methods.  
 In order to gain a better understanding of current stream contamination and the best 
options for improving water quality, a survey was conducted on the attitudes and practices of 
local residents. The purpose of the study was two-fold; to determine what wastewater 
management practices are used in the Monteverde community and examine local residents 
attitudes about stream contamination in the community.  
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METHODS 
 
Study Site 
 
The survey was conducted in Monteverde community, which was considered to Monteverde, 
Santa Elena, Cerro Plano, Cañitas and other nearby small towns. Its population is approximately 
6,000 people and as of 2008, two million tourists visited the area each year (Himmelgreen et al. 
2012). The towns of Monteverde, Santa Elena, Cerro Plano and Cañitas differ in their level of 
development. Santa Elena and Cerro Plano are more developed areas. Monteverde is less 
populated and is the location of the Monteverde Cheese Factory, as well as the pig farm that 
belongs to the factory. It was settled by Quakers in 1951 and remains a largely English-speaking 
community of mostly expatriated from the United States and Canada.  Cañitas is largely rural 
and agricultural, with a less dense population than Santa Elena or Cerro Plano.   
  
Water Contamination and Waste Water Disposal 
 
Grey water and black water are both common sources of microbial contamination in watersheds 
that contribute to pollution in Monteverde. For the purpose of this study, black water is 
wastewater from toilets and grey water is wastewater that comes from activities such as cooking, 
washing dishes and doing laundry. People dispose of their waste into septic tanks, streets/gutters, 
pastures, and streams. Some people also use underground drain fields, locally known as 
drenajes. Sources of contamination are likely to vary by town; however, sources would include 
homes, hotels, restaurants, business, agriculture, and the Monteverde Cheese Factory.   

 
Survey Design and Response Collection  
 
In order to determine the attitudes and practices of people living in the community, a survey was 
created [Appendix 1]. The survey was 12 questions and one page in length. The survey was 
intentionally designed to be short to increase the likelihood that people would be willing to 
complete the survey. Questions were written in English and then translated into Spanish by a 
native speaker. Questions included demographic information, i.e. place of residence and 
nationality. The survey also included four questions about people’s practices relating to stream 
contamination; (1) the source of their drinking water, (2) how they dispose of their black water, 
(3) how they dispose of their grey water, and (4) if they would drink water from local streams. 
The remaining questions focused on their attitudes and perceptions of stream contamination. 
These questions addressed (1) whether they thought streams were contaminated, (2) what they 
thought the sources of contamination were, (3) who should be responsible for cleaning local 
streams, (4) if they thought they contributed to stream pollution, and (5) what they could do to 
reduce their impact on stream contamination.  

Survey responses were collected from a variety of locations to ensure that as many 
different people as possible were reached. Collection of surveys took place for one week 
between 26 July 2014 and 2 August 2014. As much as possible, surveys were conducted in a 
wide variety of locations to ensure a varied sample. Surveying was done at a local ferria 
(farmer’s market), supermarkets, stores, Santa Elena and Monteverde’s town centers, and at 
people’s homes. In total, 67 people took the survey. 
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RESULTS 
 
Location of Residence and Source of Drinking Water 
 
Of the 67 people responding to the survey; 22 people lived in Santa Elena, 17 lived in Cerro 
Plano, 11 lived in Monteverde, six lived in Cañitas and 11 in lived in other nearby areas. In the 
overall Monteverde community, 52 people got their water from AyA, 13 got their water from a 
non-AyA natural spring, and two got their water directly from a spring; this difference was 
statistically significant (χ2 = 61.8209, p = <0.0001, df = 2). There was also significant variation 
in water source depending on the location of a person’s residence. Relatively more developed 
areas  (Santa Elena and Cerro Plano) are more likely to receive their water from AyA than less 
developed areas (Monteverde, Cañitas, and other) (χ2= 4.196, p= 0.0266, df= 1; Figure 1).!!

 
FIGURE 1.Variation among primary sources of drinking water in towns in the greater Monteverde community (N= 
67). Data were collected through surveys of local residents during Summer 2014. 

 
Residences also differed in how far they were located from a stream, (Figure 2; Yates’s 

Corrected χ2= 43.79, p < 0.00001, df= 2). More homes were located greater than 50 km from a 
stream (n= 48) than adjacent to a stream (Yates’s χ2= 33.283, p= <0.0001, df= 1, n= 5) or within 
50 km of a stream (Yates’s χ2= 17.56, Yates’sp= <0.0001, df= 1, n= 14). The town of residence 
was not statistically related to the distance from streams (Fisher Exact Test, p= 0.194).  

 
FIGURE 2. Number of households per location separated by distance from streams in Monteverde, Costa Rica (N= 
67). Data were collected through surveys of local residents in Summer 2014. 
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Black and Grey Water Disposal 
 
Black wastewater went to a septic tank (χ2 = 220.53, p = <0.0001, df = 4). Of the 67 respondents, 
62 used septic tanks for black water (92 %). Two people reported disposing of their waste into a 
drain/street, two onto pastures and one directly into a stream. The difference between methods 
other than septic tank use was not significant (χ2 = 2.20, p = 0.5319, df = 3).   

Overall, there was statistical variance between methods of grey water disposal (χ2 = 
23.80, p = <0.0001, df = 3; Figure 3). Thirty-four of the 67 people surveyed used septic tanks for 
grey water (50.74 %). The number of people who used drains/streets, pastures, or other methods 
to dispose of grey water did not differ significantly (χ2 = 0.18, p = 0.91, df = 2). Although not 
listed as an option, some of the people who said they used other methods mentioned that they 
used a drain field for grey wastewater. No respondents indicated that they deposited their grey 
water directly into a stream. The method that people used to dispose of grey water varied 
significantly based on where they live (Fisher Exact Test, p = 0.018). Santa Elena had the highest 
percentage use of septic tank for grey water (63 %) and “other” areas had the least amount of 
septic tank use for grey water (18 %). 

 
FIGURE 3. Self-reported methods of disposal of grey water in the Monteverde community and surrounding areas. 
Options included septic tank (tanque septico), drain/street (caño/calle), stream (quebrada), pasture (pastizal), and 
other (otro). No respondents chose stream as an answer.   
 
Personal Responses to Contamination 
  
The majority of respondents felt that local streams are polluted (89 %, N= 67); yet, many did not 
feel that they personally contributed to contamination (77 %, N= 66). The number of people who 
thought that streams were contaminated roughly matched with the number of people who would 
not drink water from local streams (92 %, N=67). Common reasons given for not drinking water 
from streams included fear of becoming ill, presence of trash, knowledge of contamination and 
an unwillingness to drink water from natural sources, regardless of location. Another common 
response given was that people would only feel comfortable drinking water from certain streams, 
such as those in nature reserves or away from where people lived.  
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Perceptions of Sources of Contamination and Responsibility for Addressing the Problem  
 
Respondents who answered that they felt that streams in the local area were contaminated were 
also asked to respond to two follow up questions about (1) sources of contamination and (2) who 
should be responsible for addressing stream contamination (Figure 4). For both questions, people 
could choose more than one response. There was a significant differnce among the number of 
people who selected each source of contamination (χ2= 43.56, p= <0.001, df= 4). The majority of 
respondents There was also a significant difference among the categories listed for who people 
thought should be responsible for improving water quality in streams (χ2= 38.23, p= <0.001, df= 
5). The majority of people choose houses (72 %) and hotels and restuarants (69 %) as sources of 
contamination. The cheese factory, agriculture, and other sources were all chosen less often 
(respectively, 37 %, 12 %, and  24 %). Fifty-two of the 62 people who answered the question 
about responsibility said that the municipality should be responsible for stream clean up (83 %). 
Individuals were listed as a responsible party 32 times, AyA 22 times, hotels and restaruants 18 
times, the cheese factory 17 times and agriculture 15 times.  
         

 
 
FIGURE 4. (a) Number of responses (N= 134) that indicated each category as a source of contamination for 
streams in the Monteverde community. Respondents were able to select more than one option. (b) Distribution of 
responses (N= 156) for which category should be responsible for reducing contamination and pollution in local 
streams. Respondents could select more than one option.  
  

Respondents were also asked what they felt best indicated water in Monteverde streams 
is contaminated; (1) presence of trash, (2) odor, (3) color of water and (4) other. More than one 
option could be selected. Seventy percent of people recognized that streams were contaminated 
because they could see trash in the water, 35 percent felt odor was an indicator of contamination, 
and 45 percent said that the color of stream water was evidence of contamination. Ten percent of 
people felt that there were also other indications that streams were contaminated. Additionally, 
some respondents commented that they could not tell a stream was contaminated through 
observation, but because they witnessed people polluting or had knowledge of water quality tests 
done in the area they were aware that the streams are contaminated. Only one of the 62 
respondents who answered this question did not select any indicator of contamination.   

(a) 
(b) 
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DISCUSSION 
 
The results of this study shed light on both attitudes and practices of residents in the Monteverde 
community to local stream contamination. When considering the overall survey, it became 
apparent that there might be a level of disconnect between people and their natural environment. 
In general, people lived far away from streams, received water that came from a treated source, 
and did not feel personally responsible for contamination despite the fact that, in many cases, 
their grey wastewater would almost certainly be contributing to the problem. However, people 
did seem to recognize that stream contamination is a problem in Monteverde and have 
suggestions about how they could change their behavior to limit their environmental impact.  

Despite not feeling personally responsible, a large number of respondents said that they 
thought individuals should be responsible for reducing local stream contamination. This suggests 
that if we educate people about the impact they are having on stream quality, they may be willing 
to change their behavior. Responses also indicated that people felt AyA and the municipality are 
responsible for cleaning up local streams. This corresponds with previous study findings that 
people wanted both AyA and the government to intervene to improve water quality (Rasmusson 
2008). Based on this, it seems people in the Monteverde community would be receptive to 
government programs and regulations to improve stream quality and reduce contamination. 
Since the majority of people already use septic tanks for their black water, future efforts to 
improve wastewater disposal should make implementing better practices a priority for disposing 
of grey wastewater. However, further studies should be done to investigate the feasibility and 
popularity of such programs.  

Reducing contamination in streams will result in a number of positive changes for 
Monteverde and its surrounding community. As noted before, stream contamination is associated 
with losses in biodiversity. Better protection of the Monteverde waterways will help to preserve 
biodiversity. These ecological benefits will contribute to supporting ecotourism and the local 
economy as well. Finally, reducing contamination in streams has the added benefit of protecting 
public health.  
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APPENDIX 1. Copy of survey (cuestionario) used in a study of attitudes and practices related to stream 
contamination in the Monteverde, Costa Rica and surrounding towns.  
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