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Soil microfauna, land transformation and 
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ABSTRACT 
 
Soil protists and nematodes are essential to ecosystem function such as decomposition and nutrient cycling, but 
conversion to agriculture and agricultural intensification can negatively impact these soil microfauna by decreasing 
diversity. Coffee is one of the most important crops in the Central American tropics, and is often grown with heavy 
chemical inputs. Organic coffee production may be less destructive to soil microfaunal biodiversity than 
conventional methods. In this study, I compare soil protist and nematode diversity for a conventional and an organic 
coffee farm in Costa Rica, and compare them to adjacent tropical premontane forest habitat. I also investigate leaf 
decomposition rates in these areas. Forest conversion and conventional vs. organic coffee production both affect 
microfaunal diversity. The organic coffee farm had significantly greater soil microfaunal diversity (H’ = 2.16) than 
the conventional coffee farm (H’ = 1.86). The conventional coffee farm was also significantly less diverse than the 
adjacent forest fragment (H’ = 2.30). However, these changes did not impact leaf decomposition rates. Changes in 
microfauna suggest that conventional coffee production lowers microfaunal diversity while organic coffee 
production enhances it. Similar leaf decomposition rates suggest high functional redundancy in microfauna.  
 
 
RESUMEN 
 
Los protistas y nemátodos del suelo son esenciales para el funcionamiento del ecosistema en los ciclos de nutrientes 
y descomposición, pero el cambio a la agricultura y la intensificación agrícola pueden impactar negativamente esta 
microfauna del suelo disminuyendo la diversidad.  Café es uno de los cultivos más importatnes en los trópicos de 
Centroamérica, y regularmente cultivado con grandes insumos de químicos.  La producción orgánica de café puede 
ser menos destructiva para la biodiversidad de microfauna del suelo que los métodos convencionales.  En este 
estudio, comparé la diversidad de nemátodos y protistas en cafetales orgánicos y convencionales en Costa Rica, y 
los comparé con un hábitat boscoso premontano tropical adyacente.  Además investigué también la tasa de 
descomposición de hojas en estas áreas.  La transformación del bosque y la producción de café convencional vs 
orgánica ambos afectan la diversidad de la microfauna.  La finca de café orgánico tiene significactivamente una 
mayor diversidad de microfauna del suelo (H’ = 2.16) que la finca de café convencional (H’ = 1.86).  La finca de 
café convencional fue también menos diversa que el fragmento boscoso adyacente (H’ = 2.30).  Sin embargo, estos 
cambios no afectan la tasa de descomposición de hojas.  Cambios en la microfauna sugieren que la producción 
convencional de café disminuye la diversidad de la microfauna mientras que la producción orgánica la mejora.  La 
similar tasa de descomposición de hojas sugiere una redundancia functional en la microfauna. 
 
 
INTRODUCTION 
 

Soil microfauna are an essential component of soil fertility and productivity (Brussaard 
1997, Corliss 2002).  Many are important decomposers and essential to nutrient cycling and 
carbon fixation (Corliss 2002, Brussaard 1997). Griffiths et al. (2000) demonstrated that 
decomposition rates initially decline when soil microfaunal diversity decreases, and 
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decomposition rates of the least diverse soils never recover to original levels. Other studies have 
shown that decomposition rates decrease by as much as a factor of 5 when soil microfauna are 
excluded (Gonzalez & Seastedt 2001). Land transformation and conventional agricultural 
practices can decrease soil microfaunal diversity, and agricultural intensification has been shown 
to reduce decomposition rates as well (Giller et al. 1997, Beare et al. 1997). Such land use 
changes are also known to impact species in adjacent habitats (Rand et al. 2006, Boutin & Benoit 
1998). Agricultural expansion is the leading land-use change associated with tropical 
deforestation (Geist & Lambin 2002). In particular, intensification of agriculture, including 
increased use of chemical inputs, is occurring more rapidly in the tropics than in any other region 
of the world (Giller et al. 1997). Rapid decomposition and soil leaching from heavy rains in the 
tropics (Giller et al. 1997, Ewel 1976) make nutrient cycling one of the few ways to maintain 
fertility (Lehmann et al. 2003, Tiessen et al. 1994). Therefore any changes in the soil 
microfaunal community caused by land transformation and subsequent conventional agricultural 
practices could compromise soil fertility and future agricultural productivity (Giller et al. 1997, 
Geist & Lambin 2002). Organic agricultural methods, in contrast, may be less destructive to soil 
protists and nematodes than conventional agriculture, and in some cases can increase soil 
microfaunal diversity due to their focus on building soil quality (Mader!et#al.!2002,!Bengtsson!
et#al.!2005).!In!a!review!of!relevant!literature,!Bengtsson!et#al.#(2005)!found!higher!soil!
microfaunal!diversity!reported!in!organic!farms!than!in!conventional!farms.! 

Coffee is an important tropical crop that requires high soil fertility (Moguel & Toledo 
1999, Lyngbaek et al. 2001). Coffee provides a good example of the contrast between 
conventional and organic agricultural methods (Moguel & Toledo 1999, Lyngbaek et al. 2001). 
Though originally a shade-grown, understory crop, sun-loving varieties of coffee that require 
heavy chemical inputs are now the norm (Moguel & Toledo 1999, Lyngbaek et al. 2001). Need 
for expensive inputs may reflect negative changes in the soil microfauna (Giller et al. 1997, 
Beare et al. 1997). Conventional coffee production has been linked to decreased soil microfaunal 
diversity (Moguel & Toledo 1999). The recent rise in organic coffee production (Moguel & 
Toledo 1999, Lyngbaek et al. 2001) may prevent loss of soil microfaunal diversity that is 
essential for tropical agricultural systems (Mader!et#al.!2002,!Bengtsson!et#al.!2005,!
Maheswaran & Gunatilleke 1988, Geist & Lambin 2002). 

I therefore propose to examine the relationships among soil microfaunal biodiversity, 
related ecosystem function, land transformation, and subsequent methods of coffee production in 
a tropical system. Specifically, I will compare the soil protist and nematode community between 
a conventional coffee farm and an organic coffee farm, as well as adjacent tropical forest 
fragments. I will also compare one of the most important microfaunal ecosystem functions, 
decomposition rate, among the sites. 
 

 
METHODS 
 

This study was conducted in October and November of 2013 in two small coffee 
plantations near Santa Elena, Puntarenas, Costa Rica. Finca Santamaria is an organic coffee farm 
and Finca Don Juan is a conventional coffee farm that seasonally applies pesticides and 
fertilizers. Both farms are less than five hectares in size, and are less than one kilometer away 
from each other. They are both therefore at approximately 1500 m elevation in what was tropical 
Premontane Moist Forest. Both plantations grow primarily coffee, with banana trees that grow 
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intermittently throughout the coffee as well as small sections of sugar cane. Finca Santamaria 
also grows smaller crops between coffee plants, primarily beans. Each farm is adjacent to a small 
region of selectively logged tropical forest. These farms and their adjacent forest fragments 
composed the four study sites used to compare the soil protist and nematode communities and 
decomposition rates within conventional and organic coffee plantations and adjacent forest 
habitat. The specific study sites are: the Organic Coffee (OC) plantation of Finca Santamaria, the 
Conventional Coffee (CC) plantation of Finca Don Juan, the forest fragment adjacent to Organic 
Coffee (OCF) and the forest fragment adjacent to Conventional Coffee (CCF).  

Methods to test decomposition rate were adapted from Cornelissen and Thompson 
(1997). I buried ten fine mesh bags filled with approximately five grams of leaves at each of the 
four sites. The leaves all came from one tree of Oreopatax capitatus (Araliaceae) that grows 
above the four habitats. Leaves were cut into 2 cm by 2 cm squares and dried under 100 watt 
light bulbs for 48 hours before being weighed, placed into the mesh bags, and buried within 24 
hours. Each bag was buried under approximately 10 cm of soil and leaf litter, since most soil-
related ecosystem processes occur within the first 10 cm of surface material (Berthold & 
Palzenberger 1995, Adl et al. 2007). The bags were buried 5 m apart from each other, left for 20 
days, and then dug up. The leaves were removed from the mesh bags and again dried for 48 
hours under 100 watt light bulbs. The contents of each bag were weighed again, and the percent 
leaf weight lost after the 20 days was calculated. 

In order to determine soil protist and nematode diversity, I took three soil samples from 
each site. Samples were taken 5 m apart along a transect line near the center of the coffee patch. 
The samples were approximately 5 cm by 5 cm dimensions at 5 cm depth. The three samples 
were all placed together into a Ziploc bag and mixed to create one composite sample for each 
habitat. Samples were taken with a trowel that was sanitized between use at each habitat, to 
avoid cross-contamination. Bags were sealed with plenty of air, and then stored in a cool and 
shaded place before analysis. These are methods similar to those used by Anderson (2004) and 
Foissner (1998).  

I used a number of methods to determine full soil protist and nematode diversity. I first 
conducted a direct count of all active protists in each soil sample within 24 hours of collection. I 
used a standard direct count method described by Adl and Coleman (2005) and Berthold and 
Palzenberger (1995). Briefly, 0.2g of each soil sample was placed in 2.0 mL of deionized water 
and mixed thoroughly. I examined one drop of this solution on a slide at 100x and 400x 
magnification. I counted all active protists and nematodes along a transect that bisected the slide 
cover used to cover the drop. These protists were too small to identify to morphospecies, though 
they appeared to be small flagellates. I placed these into one category of unidentifiable, small 
protists.  

I also used a standard Non-flooded Petri Dish method, as described in Foissner (1987), to 
sample active ciliates and other active protists. Within 24 hours of collection, 20 g of each soil 
sample were placed in a Petri dish and the soil was saturated but not flooded with deionized 
water. The run-off from this culture was analyzed after seven days. I examined one drop of the 
run-off water on a slide at 100x and 400x magnification. I counted all protists and nematodes 
along a transect that bisected the slide cover. All protists were identified first to major group, 
which included ciliates, amoebae, nematodes and flagellates, and then to morphospecies.  

I used a number of different cultures to identify and enumerate as many inactive soil 
protists as possible. Since many soil protists are only active under certain conditions, I used as 
many cultures as I could in order to excyst as many different protists as possible (Adl 1964, 
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Anderson 2010, Anderson 2004, Sleigh 1991, Adl et al. 2007, Microbus 2007). All water used in 
making cultures was spring water sanitized by boiling for 10 minutes. All cultures were started 
within 24 to 72 hours of sample collection. 

 
• Milk culture: 0.5 g dried milk powder in 250 mL water, mixed well and used 

immediately. 
• Yeast culture: 2 g dehydrated yeast in 250 mL water, mixed well and let sit for 

two to three hours before use. 
• Hay culture: 10 g hay boiled in 1 L of spring water for 10 minutes, let cool before 

use. 
• Barley culture: 5 grains of uncooked barley placed in 100 mL water, let sit for 48 

hours before use. 
• Rice culture: 5 grains of uncooked rice placed in 100 mL water, let sit for 48 

hours before use. 
• Egg culture: 0.5 g of hard-boiled egg yolk crushed into a paste and mixed with 1 

L of water, let sit for 48 hours before use.  
 
When cultures were ready to inoculate, I placed 2 g of each soil sample in a Petri dish 

and flooded the dish with the culture. Cultures all sat for six to eight days before analysis. 
Though incubation days varied between culture types, within a culture type all soil samples were 
incubated the same number of days. To analyze all cultures, I placed one drop of the culture on a 
slide and examined it at 100x and 400x magnification. I counted all protists and nematodes along 
a transect that bisected the slide cover. I identified all protists to major group (flagellates, ciliates, 
amoebae) and both protists and nematodes to morphospecies.  

I also used agar plates as described in Adl et al. (2007). I created a yeast-malt-milk 
powder agar medium by placing 0.5 g each of dehydrated yeast, malt powder and dried milk 
powder in 200 mL water with 1.5 g agar and boiling it for 5 minutes. This solution was used to 
coat the bottom of four Petri dishes to a depth of approximately 1 – 2 mm and let dry. I mixed 2g 
of each sample with enough water to create a thick mud, and placed 10 evenly spaced spots of 
the mud from each site on the surface of the agar. The dishes were let sit for 8 days, moistened 
slightly with distilled water every four days to avoid desiccation. I examined one drop of this 
moisture on a slide at 100x and 400x magnification. I counted and identified to major group and 
morphospecies all protists and nematodes along a transect that bisected the slide cover.  

From these cultures, non-flooded Petri dishes, direct counts and agar plates I calculated 
species richness and diversity for each site and compared them. When comparing abundances, I 
completed calculations that both included and did not include counts of small, unidentifiable 
protists. The category small, unidentifiable protists often had two to three times as many 
individuals as all other morphospecies combined, and so skewed abundance counts. Small, 
unidentifiable protists were also not included in calculations of diversity because they were not 
identified to morphospecies.  

 
 

RESULTS 
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I identified 32 morphospecies in total at all four sites (Figure 1). Nine of these species 
were shared among all the sites. Three of the species were found only in coffee sites, and two of 
the species were found only in forest sites. Each habitat also had several unique species not 
found in any of the other habitats. OCF had four unique species, OC had two unique species, 
CCF had two unique species and CC had one unique species (Figure 1). All sites contained all 
major taxonomic groups examined (nematodes, ciliates, flagellates, and amoebas). There were 
significantly more ciliates in the coffee sites than in the forest sites (Χ2 = 259.57, df = 1, p < 
0.0001). There were no other significant differences in major taxonomic groups.  

Species richness of all four habitats did not significantly differ (Χ2 = 0.747, df = 3, p = 
0.86). The species richness of OC was 23; the species richness of OCF was 18; the species 
richness of CC was 19; and the species richness of CCF was also 19 (Figure 1).  

The diversity and evenness of all sites was calculated using the Shannon-Weiner diversity 
index. The similarity of all habitats was calculated using Sorenson’s Quantitative Index. 
Diversity of OC (H’ = 2.16) was significantly greater than diversity of OCF (H’ = 2.02) 
(Student’s t-test, t = 2.94, df = 1512, p = 0.0033) (Figure 1). OC and OCF were 57% similar. 
Diversity of CCF (H’ = 2.30) was significantly greater than diversity of CC (H’ = 1.86) 
(Student’s t-test, t = 9.31, df = 1525, p < 0.0001) (Figure 1). CC and CCF were 45% similar. 
Diversity of OC was significantly greater than diversity of CC (Student’s t-test, t = 6.18, df = 
1638, p < 0.0001) (Figure 1). CC and OC were 66% similar. The diversity of CCF was 
significantly greater than the diversity of OCF (Student’s t-test, t = 5.83, df = 1392, p < 0.0001) 
(Figure 1). CCF and OCF were 37% similar.  
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FIGURE 1. Pie charts showing species composition and percent abundance of soil protists and 
nematodes in four different sites near Santa Elena, Puntarenas, Costa Rica, a region of Atlantic 
tropical Premontane Moist Forest at 1500m elevation. The four sites were an Organic Coffee 
farm (OC) and an adjacent forest fragment (OCF) and a Conventional Coffee farm (CC) and an 
adjacent forest fragment (CCF). Protist and nematode composition and abundances were 
determined by conducting direct counts and using several different culture techniques on soil 
samples taken from each site. Diversity and evenness of all sites, calculated using the Shannon 
Weiner Diversity Index, appear below each pie chart.  
 
 

The abundance of soil protists and nematodes in each of the four habitats significantly 
differed, both when small, unidentifiable protists were included (Χ2 = 276.39, df = 3, p < 0.0001) 
and not included (Χ2 = 134.11, df = 3, p < 0.0001). The abundance of soil protists and nematodes 
in OC was 1666 with small, unidentifiable protists and 749 without (Figure 2). Abundance in 
OCF was 1518 with small protists and 791 without (Figure 2). Abundance in CC was 2295 with 
small protists and 1076 without (Figure 2). Abundance in CCF was 1402 with small protists and 
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626 without (Figure 2). CC had significantly greater abundance than CCF both when small, 
unidentifiable protists were included (Χ2 = 215.70, df = 1, p < 0.0001) and not included (Χ2 = 
18.98, df = 1, p < 0.0001). Abundance in OC was significantly greater than OCF when small, 
unidentifiable protists were included (Χ2 = 6.879, df = 1, p = 0.0087) but the two abundances not 
differ significantly when small, unidentifiable protists were not included (Χ2 = 1.15, df = 1, p = 
0.28). Protist and nematode abundance in CC was significantly greater than OC both when small 
protists were included (Χ2 = 99.88, df = 1, p < 0.0001) and not included (Χ2 = 58.59, df = 1, p < 
0.0001). OCF had significantly greater abundance than CCF both when small protists were 
included (Χ2 = 4.61, df = 1, p = 0.0318) and not included (Χ2 = 19.21, df = 1, p < 0.0001).  

 

 
FIGURE 2. Abundance of soil protists and nematodes in four different sites near Santa Elena, 
Puntarenas, Costa Rica, a region of Atlantic tropical Premontane Moist Forest at 1500m 
elevation. The four sites were an Organic Coffee farm (OC) and an adjacent forest fragment 
(OCF) and a Conventional Coffee farm (CC) and an adjacent forest fragment (CCF). Abundance 
was determined from direct counts and several different culture techniques conducted on soil 
samples taken from each site. Whole bars show abundance with tiny, unidentifiable protists 
included; blue bars show abundance with tiny, unidentifiable protists not included.  

 
   

Leaf decomposition rates of each site did not significantly differ (One-Way ANOVA, F = 
1.214, df = 3, p = 0.325). The mean percent leaf weight lost from the Organic Coffee farm (OC) 
was 25.18 ± 2.85%; the mean percent leaf weight lost from the adjacent forest edge adjacent 
(OCF) was 27.17 ± 2.92% (Figure 3). The mean percent leaf weight lost from the Conventional 
Coffee farm (CC) was 24.52 ± 2.60%; the mean percent leaf weight lost of the adjacent forest 
edge adjacent (CCF) was 25.12 ± 1.90% (Figure 3). Tukey’s HSD post-hoc test demonstrated 
that none of these means were significantly different from each other.  
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FIGURE 3. Mean percent leaf weight lost by 5 g dried Oreopatax capitatus (Araliaceae) leaves 
after being buried for 20 days in fine mesh bags under 5 cm of soil in four different sites near 
Santa Elena, Puntarenas, Costa Rica, a region of Atlantic tropical Premontane Moist Forest at 
1500m elevation. The four sites were an Organic Coffee farm (OC) and an adjacent forest 
fragment (OCF) and a Conventional Coffee farm (CC) and an adjacent forest fragment (CCF). 
Mean percent leaf weight lost did not significantly differ between any of the sites (One-Way 
ANOVA, F = 1.214, df = 3, p = 0.325). Error bars represent one standard error. 
 
 
DISCUSSION 
 

The primary purpose of this study was to determine whether land transformation and 
conventional vs. organic coffee production affect soil protist and nematode diversity, and 
whether any changes in diversity impacts decomposition rate. None of the four sites differed in 
species richness. Therefore organic and conventional coffee agriculture do not seem to have 
different effects on soil microfauna species richness. In addition, species richness did not differ 
between forest and coffee plantation sites, so deforestation and land transformation also did not 
seem to have an effect on richness.  

Abundance of soil protists and nematodes at each site, however, did differ in most cases, and 
it did not matter whether small, unidentifiable protists were included in the count or not. There 
may be several reasons for the trends observed. Though abundance was greater in the 
conventional coffee farm, diversity and evenness were greater in the organic coffee farm. The 
protist community in CC is dominated by a few species as compared to OC (Figure 1). These 
species are perhaps more resistant to the pesticides used at Finca Don Juan. This result also 
agrees with previous studies that have found organic agriculture to be less harmful to soil 
biodiversity than conventional agriculture (Mader!et#al.!2002,!Bengtsson!et#al.!2005). 
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Similarly, though CC has greater abundance than CCF, CCF has greater diversity and evenness.  
This trend corresponds to studies that have found protist communities in deforested agricultural 
habitats to be less diverse than intact forest habitats (Beare et al. 1997).  

In contrast, though abundance in OCF was greater, OC was more diverse than the adjacent 
forest habitat, though evenness was approximately similar. In this case, diverse organic 
agricultural practices may have improved the typically poor rainforest soil (Mader!et#al.!2002,!
Bengtsson!et#al.!2005,!Maheswaran & Gunatilleke 1988). At the time of sampling, beans were 
growing between the coffee plants. Legumes are known to increase nutrient content of the soil, 
particularly nitrogen and phosphorus, through the symbiotic bacteria associated with them 
(Phillips 1980).  

The forest habitat adjacent to the organic farm was less diverse and less even than the forest 
habitat adjacent to the conventional farm, though it had greater abundance. In fact, the 
conventional forest fragment had the highest diversity of any other site (Figure 1). This result 
suggests that conventional coffee production does not negatively impact the soil microfauna 
community in adjacent habitats. These results conflict with other studies that have found that 
intensive agriculture does impact species diversity and composition in adjacent habitats (Rand et 
al. 2006, Boutin & Benoit 1998). 

The composition differences that exist among all sites do suggest some effect of organic 
coffee agriculture on soil protist and nematode communities. The OC and CC sites were most 
similar to each other compared to any other sites, suggesting that coffee agriculture may select 
for a subset of microfauna, regardless of the type of agricultural practices. Both coffee sites had 
significantly more ciliates than the forest sites, indicating that some of these ciliate 
morphospecies may be adapted to agricultural landscapes. In addition, CC and CCF were only 
45% similar, suggesting that conventional agricultural methods may impact soil protists and 
nematodes by changing composition as well as decreasing diversity. Intensive agricultural 
practices have been shown to change soil community composition in similar ways (Giller et al. 
1997).  

In all instances, any differences in the soil protist and nematode community did not affect 
decomposition rate. Therefore, there does not appear to be a link between microfauna diversity 
and decomposition. Other studies have also found no observable connection between soil 
biodiversity and decomposition rates (Brussaard 1997, Griffiths et al. 2000). This may be due to 
high functional redundancy within the soil community (Griffiths et al. 2000, Brussaard 1997). 
However, though differences in soil biodiversity did not directly affect decomposition rate, 
decreased diversity may affect ecosystem stability, which could impact decomposition rate in the 
face of a disturbance (Griffiths et al. 2000). Griffiths et al. (2000) found that decreasing soil 
microfaunal diversity also decreased the soil community’s resistance to persistent stress. These 
effects on community stability may interact with changes in community composition, especially 
if these changes involve differences in the functional groups present in the soil (Giller et al. 
1997, Griffiths et al. 2000, Brussaard 1997). Any decrease in diversity therefore has the potential 
to cause future effects on ecosystem function, through the loss in community stability.  

In conclusion, this study shows that deforestation and land transformation do impact the soil 
protist and nematode community through changes in diversity as well as composition. The 
subsequent use of organic agricultural methods is less harmful to the soil microfaunal 
community than the use of conventional methods, and may even improve diversity. Changes in 
soil microfaunal diversity may not directly impact ecosystem function, but the influence of these 
changes on community stability in the face of a disturbance should be considered when studying 
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long-term impacts on ecosystem function. In the end, organic coffee production is the best option 
for the maintenance of a healthy soil microfauna community. 
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ABSTRACT 
 

Bryophytes receive much of their water from atmospheric moisture.  Hence, they are more abundant on 
windward eastern slopes in the Neotropics, which are wetter and less seasonal, as well as mid-elevations with 
high adiabatic cloud formation.  This study examines diversity along an altitudinal gradient of windward and 
leeward slopes in Tropical Lower Montane Wet-Rain forest in Monteverde, Costa Rica from 1500 to 1800 
meters.  For both slopes at 1500, 1670 and the 1800m summit, the most abundant bryophyte species were 
chosen and tested for water holding capacity, rate of water absorption, and rate of drying.  Bryophyte 
diversity, richness, and abundance all increased with altitude on the Pacific slope leading to the highest 
diversity at the Summit 1800m site (H’=2.89).  Highest percent cover (77.8±2.2% per surveyed tree) 
occurred at the wettest site: Atlantic 1670m.  Wetter Atlantic slope sites had common bryophytes that could 
absorb significantly more water (2321±110%) than Pacific sites (1074±23%), some 138%-314% more.  
Common Pacific slope bryophytes had lower water holding capacities but absorbed and lost water at rates 
similar to common Atlantic and Summit species.  Hence, desiccation tolerance, rather than water absorption 
or storage, may be the driving factor lowering bryophyte richness and abundance on Pacific slopes in 
neotropical montane bryophyte communities.   

 
RESUMEN 
 

Los briófitos reciben mucha de su agua de la humedad atmosférica. Por eso, son más abundantes en la 
vertiente oriental a favor del viento en el neotrópico, la cual es más húmeda y menos estacional, al igual que 
elevaciones medias con alta formación adiabática de nubes. Este estudio examina la diversidad a lo largo de 
un gradiente altitudinal de vertiente a favor y contra viento en el Bosque Tropical Lluvioso-Mojado Montano 
Bajo en Monteverde, Costa Rica desde los 1500 a los 1800 metros. Para ambas vertientes a 1500, 1670 y 
1800m de altura, se escogieron las especies más abundantes de briófitos y se probó su capacidad de retención 
de agua, tasa de absorción de agua y tasa de desecado. La diversidad, riqueza y abundancia de briófitos 
incrementaron con la altura en la vertiente pacífica dando lugar a la mayor diversidad en la cima a 1800m 
(H’=2.89). El mayor porcentaje de cobertura (77.8±2.2% por árbol muestreado) ocurrió en el sitio más 
mojado: Atlántico 1670m. Sitios más mojados en la vertiente atlántica tuvieron especies de briófitos comunes 
que podían absorber significativamente más agua (2321±110%)  que la de los sitios del Pacífico 
(1074±23%), algunas 138%-314% más. Briófitos comunes de la vertiente pacífica tuvieron capacidades de 
retención de agua menores, pero absorbieron y perdieron agua a tazas similares que especies comunes del 
Atlántico y la cima. Por lo tanto, la tolerancia a la desecación, más que la absorción o almacenamiento de 
agua, podrían ser el factor determinante disminuyendo la riqueza y abundancia de briófitos en la vertiente 
pacífica en la comunidades montañosas neotropicales de briófitos. 

 
INTRODUCTION 
 
BRYOPYHTES ARE UNIQUE in that they obtain much of their water and nutrients from atmospheric 
moisture rather than their substrates.  Most absorb water through their entire leaf surface and lack 
a thick waxy cuticle that would otherwise reduce transpiration (Schofield 2001).  Therefore, 
water absorption, storage, and rate of loss is likely to influence bryophyte fitness, especially in 
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areas with marked wet and dry seasons.  Tropical montane forests are impacted by windward and 
leeward effects that cause different slopes and altitudes to be drier and more seasonal 
(Giambelluca et al. 2011).  Therefore, if bryophyte species differ in their water holding capacity 
and rates of water exchange, bryophyte distributions and abundance could be explained by 
differences in water availability on windward and leeward slopes.  This study investigates 
common bryophyte distribution and abundance based on variable water input and water 
exchange in a Tropical Lower Montane Wet-Rain forest of Monteverde, Costa Rica.  

While bryophytes are distributed throughout the world (Sun et al. 2013), their abundance 
and richness are highest where water is more available (Coley and Kursar 1996, Lloret and 
Gonzalez-Mancebo 2011, Schofield 2001).  Maximum diversity is in rain forests, both temperate 
and tropical (Pianka 1966), with approximately one-third of the global bryophyte diversity being 
found in the Neotropics (Gradstein et al. 2001).  As wettest areas in the Neotropics occur at mid-
elevation on Atlantic slopes, it is perhaps no surprise that bryophyte abundance and diversity are 
generally greatest here (Richards 1984, Sipman 1989, Sun et al. 2013, Wolf 1993).  On a more 
local scale, altitude, slope and even compass direction can determine bryophyte abundance and 
diversity (Banners 1996, Coley and Kursar 1996, Lee and Roi 1979, Stehn et al. 2010) as 
bryophytes more easily intercept atmospheric moisture from trade winds there.  This is not to say 
that bryophytes do not occur in dry and seasonal habitats in the Tropics (Ah-Peng et al. 2012, 
Gradstein and Pocs 1989), including more seasonal, leeward Pacific slope habitats.  The question 
is how more xeric bryophytes differ from mesic species in their capacity to absorb and hold 
moisture and if this is important to their distribution. 

Neotropical montane areas can deliver a significant amount of available water as mist, 
often exceeding rainfall, particularly during the dry seasons (Giambelluca et al. 2011, Wallace 
and McJannet 2013).  Thus, mist can account for as much as 79% of gross annual precipitation 
(Guevara-Escobar et al. 2011, Holder 2004, Holscher et al. 2004, Holwerda et al. 2010).  Mist 
hangs in the air, unlike rain, and multiplies over four times the available water contacting 
bryophyte leaves compared to an equal amount of rainfall (Wallace and McJannet 2013).  Any 
change in cloud frequency will therefore have a greater impact on wetness, something that 
occurs at higher altitudes during the dry season.  Wagner and Titus (1984) found that species of 
Sphagnum moss that inhabit seasonally dry hollows are more able to tolerate desiccation than 
species that inhabit hammocks exhibiting greater water availability and therefore dryer 
conditions may dictate future success of bryophytes.  As rainfall declines with altitude on 
seasonal neotropical Pacific slopes, mist frequency in these areas become even more important.  
Therefore, bryophytes living there are expected to have a greater capacity to absorb and store 
water.   

The coupling of bryophyte water absorption and retention to their distribution in tropical 
montane habitats is particularly important as these areas are drying in response to climate change 
(Pounds and Puschendorf 2004, Ray et al. 2005).   Mist frequency is in decline even as overall 
rainfall is rising (Pounds and Masters, unpublished data).  Mist frequency decline is greatest 
lower on Pacific slopes.  If bryophytes are adapted to already drier conditions there, changes in 
bryophyte communities may be modest.  More likely, though, is that bryophytes, like other 
organisms, may change their altitudinal distributions in response (Pounds et al. 1999).   

This study investigates differences in water absorption and holding capacities of 
bryophyte species found on the Atlantic and Pacific slopes in Tropical Lower Montane Wet-Rain 
forests of Monteverde, Costa Rica to determine altitudinal responses to precipitation and cloud 
water interception.  By further understanding responses of bryophytes to variable moisture inputs 
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between continental slopes, I hope to determine how certain species in congruent habitats will 
fare with climate change.   
 
METHODS 
 
FIELD STUDY 
The field study was conducted from 21 October 2013 to 11 November 2013 on trails directly 
behind the Estación Biológica in Monteverde, Costa Rica.  These trails go up and over the 
continental divide from the Pacific slope onto the Atlantic slope.  The study focused on Tropical 
Lower Montane Wet-Rain forest understory bryophytes (Figure 1) that occur near and along the 
continental divide on both slopes in intact forest.  Five study sites along a 5 km transect and 
altitudinal gradient were chosen: 1500m Atlantic, 1670m Atlantic, 1800m summit ridge, 1670m 
Pacific, 1500m Pacific, from here on referred to as A1500, A1670, S1800, P1670, and P1500 
respectively.  

 
FIGURE 1. (A) Vertical profile of the 5km transect from the Pacific slope onto the Atlantic slope.  Stars represent 
study sites from left to right: P1500, P1670, S1800, A1670, A1500.  (B) Tropical Lower Montane Rain Forest at 
1800m on the continental divide behind the Estación Biológica in Monteverde, Costa Rica. 
 

Species richness was determined at each site by surveying fifty accessible trees >30cm 
diameter at breast height and noting all morphospecies present on trees within 2m height (see 
Appendix 1 for species identifications).  A Shannon-Wiener diversity index was then calculated 
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based on richness and relative abundance.  Abundance was measured as percent cover of 
bryophytes using a 12x12 clear grid subdivided into 1cm squares, placed directly on tree trunks 
at breast height.  The number of grid subdivisions containing greater than or equal to 50% 
bryophyte cover was recorded as full and less than 50% recorded as empty.  Percent cover was 
calculated for each site as a ratio of full squares to total squares of the clear grid on each 
surveyed tree.   

Three morphospecies of bryophytes were chosen based on abundance on Pacific sites, 
Atlantic sites, and the Summit site; the species that was most abundant throughout the Pacific 
slope was a moss of the genus Leucoloma spp. (Figure 2a), on the Atlantic slope was a moss of 
the genus Pilotrichella spp. (Figure 2c), and on the summit was a liverwort of the genus 
Trichocolea spp. (Figure 2b).  Ten samples of the corresponding dominant bryophyte were 
collected from each site.  Volume of bryophytes collected was roughly standardized by filling a 
66cm3 petri dish with moss from below 2m on the trunk from ten of the fifty surveyed trees at 
each site. 
 

 
FIGURE 2.  Morphospecies of bryophytes collected for lab trials from study sites along a 5km transect in a Tropical 
Lower Montane Wet-Rain Forest of Monteverde, Costa Rica.  (A) Moss of the genus Leucoloma spp., used as most 
abundant bryophyte for Pacific sites.  (B) Liverwort of the genus Trichocolea spp. used as the most abundant 
bryophyte for the summit site.  (C) Moss of the genus Pilotrichella spp. used as the most abundant bryophyte for the 
Atlantic sites. 
 
 
LAB TRIALS 
Samples were dried in a Weston food dehydrator that uses very low heat and a circulating fan to 
dry specimens for 12 hours.  Dry weights were then taken.  Next, bryophyte samples were 
submerged in water baths at ambient temperature for 8 hours, with water just covering the tops 
of the samples (Figure 3).  Samples were hung to drip dry for approximately half an hour and 
wet weights were taken after dripping stopped.  Percent water was calculated as a ratio of wet 
mass to dry mass for each sample.  Samples were then re-dried for 12 additional hours in the 
dehydrator and measured for weight loss at intervals of 10 minutes, 30 minutes, 1 hour, 2 hours, 
and 3 hours to calculate rate of dehydration.   
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FIGURE 3.  Water bath setup for inundation of bryophyte samples.  Samples collected along an altitudinal gradient of 
Tropical Lower Montane Forest in Monteverde, Costa Rica were inundated for 8 hours prior to drip drying in order 
to calculate total water holding capacity.  
 

Rates of mist interception and absorption were recorded by placing dried samples in a 
glass aquarium attached to a ReptiFogger Terrarium Humidifier (Figure 4) so that samples were 
elevated and the ultrasonic cool mist humidifier distributed mist evenly from the center at 
0.8ml/minute.  Samples were weighed at intervals of 30 minutes, 1 hour, 2 hours, 6 hours, 12 
hours, and 24 hours.   

 
FIGURE 4.  Glass aquarium and misting apparatus used in the quantification of mist interception rates of bryophyte 
samples.  Aquarium was covered with plastic and sealed, allowing humidifier tubing to enter through the center.  
ReptiFogger humidifier was set to output a constant rate of 0.8ml/min for the entire duration of sampling.  Wire 
mesh elevated samples off the bottom to reduce effects of pooling water.  The misting tube was extended all the way 
to the bottom of the chamber to aid in equal distribution of mist.  Samples were spaced equidistant from the misting 
tube to reduce effects of proximity. 
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RESULTS 
 
FIELD STUDY 
S1800, the summit ridge, had the highest species richness and Shannon-Wiener diversity index 
with 32 species and 2.89, respectively.  Pair-wise Student’s T-tests (α=0.0083, Bonferroni 
corrected, n=50) revealed that diversity was similar between S1800 and A1670 (T=1.31, df=717, 
p=0.19) and between the two Atlantic sites, A1670 and A1500 (T=0.15, df=782, p=0.88).  P1670 
had the next highest diversity index of 2.30 and differed from summit and Atlantic sites (T=8.36, 
df=528, p<0.0001).  The lowest species richness and diversity was recorded at P1500 where 
species richness was 12 and the diversity index was 1.83.  Diversity of bryophytes at P1500 
differed from that of P1670 (T=4.66, df=244, p<0.0001) and showed a general increase with 
increasing elevation up onto the Atlantic slope (Figure 5). 

 
FIGURE 5.  Shannon-Wiener diversity indices for bryophyte communities along the Pacific and Atlantic slopes of a 
Tropical Lower Montane Wet-Rain Forest in Monteverde, Costa Rica (see Appendix 1 for species identifications).  
Five study sites include Pacific 1500m, Pacific 1670m, Summit ridge 1800m, Atlantic 1670m, and Atlantic 1500m.  
Groups with different letters are significantly different (Student’s T-test, Bonferroni corrected; α=0.0083, n=50). 
 
 Percent bryophyte cover was also shown to be highest at A1670 with a mean coverage of 
77.8±2.2% per surveyed tree.  Lowest percent coverage of bryophytes followed a similar trend to 
that of diversity indices and P1500 exhibited the lowest mean percent cover of 29.1±3.1%.  A 
one-way analysis of variance (ANOVA) showed that overall, sites differed in percent cover of 
surveyed trees (F=41.6, df=4, p<0.001, n=250) however a post-hoc analysis showed that S1800 
and A1670 did not differ significantly, nor did P1670 with A1500 (Tukey HSD; p>0.05) 
suggesting that bryophyte cover increases dramatically on the Pacific slope with altitude and 
more gradually on the Atlantic slope (Figure 6). 
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FIGURE 6.  Abundance based on percent cover of bryophytes for surveyed trees in the five study sites along an 
altitudinal gradient of the Pacific and Atlantic slopes of a Tropical Lower Montane Wet-Rain Forest in Monteverde, 
Costa Rica.  Groups with different letters are significantly different (ANOVA; F=41.6, df=4, p<0.001, n=250, 
Tukey HSD; p<0.05).  Error bars represent standard error. 
 

Differences in rainfall between the Pacific sites and the Atlantic sites were not directly 
measured in this study, although rain data from the Monteverde Cloud Forest Preserve gave the 
closest available representation of precipitation patterns for the Pacific and Atlantic slopes at 
1600m straddling the continental divide (Figure 7).  The Atlantic slope El Valle weather station 
experiences a significantly higher mean monthly rainfall (177±21mm) than that of the La 
Ventana station (95±18mm) on the Pacific slope (Student’s T-test, T=2.91, df=22, p=0.008).   
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FIGURE 7.  Total rainfall for Pacific Slope (Estacion Meteorológica La Ventana 95±18mm) and Atlantic Slope 
(Estacion Meteorológica El Valle) of a Tropical Lower Montane Wet-Rain Forest of Monteverde, Costa Rica for the 
year 2012.  Elevation 1600m. Average for the year are marked.  Atlantic slope site experiences a significantly higher 
mean monthly rainfall (177±21mm) than the La Ventana station (95±18mm) on the Pacific slope (Student’s T-test, 
T=2.91, df=22, p=0.008).  Data courtesy of Cristian Mena Mora and the Monteverde Cloud Forest Preserve. 
 
 
 
LAB TRIALS 
Water-holding capacities of the collected bryophyte morphospecies was shown to differ between 
sites (ANOVA; F=49.03, df=4, p<0.0001, n=50) with Pilotrichella spp. from A1670 having the 
highest water-holding capacity, 2365±118% of its dry mass.  Mosses of the genus Leucoloma 
spp. from P1500 had the lowest water-holding capacity of 1047±30% of its dry mass, which did 
not differ from the conspecific of P1670 (Tukey HSD; p>0.05).  Therefore water-holding 
capacities increased with increasing proximity to the Atlantic slope rather than with increasing 
altitude (Figure 8).  However, interestingly enough, an interspecific response to altitude was 
observed in the Atlantic moss, Pilotrichella spp..  At A1670, samples of Pilotrichella spp. were 
able to hold more total water than conspecifics at the lower altitude site, A1500, suggesting an 
ability for certain mosses to adapt to higher water inputs. 
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FIGURE 8.  Percent water mass (wet wt./dry wt.) of bryophytes after 8 hours of inundation in water baths.  
Bryophytes collected from Tropical Lower Montane Wet-Rain Forest of Monteverde, Costa Rica along an 
altitudinal gradient on Atlantic and Pacific slopes.  Colors represent different moss species: Pacific (red) sites tested 
moss of the genus Leucoloma spp., summit (blue) site tested liverwort of the genus Trichocolea spp., Atlantic 
(green) sites tested moss of the genus Pilotrichella spp..  Groups with different letters are significantly different 
(ANOVA; F=49.03, df=4, p<0.0001, n=50, Tukey HSD; p<0.05).  Error bars represent standard error.   
 

An analysis of covariance (ANCOVA) revealed that rates of dehydration did not differ 
between sites (ANCOVA; log(Time)*Site F=0.11, df=4, p=0.98, n=25) with bryophytes not 
exhibiting any difference in water retention properties (Figure 9).  Rates of mist absorption also 
did not differ between sites (ANCOVA; log(Time)*Site F=803.9, df=4, p=0.57, n=35) indicating 
that bryophytes from the designated sites do not have different water absorption properties 
(Figure 10). 
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FIGURE 9.  Log transformation of percent water mass lost from bryophyte samples over a three hour time period in 
the Weston food dehydrator.  Samples were collected from sites along an altitudinal gradient of Atlantic and Pacific 
slopes of Tropical Lower Montane Wet-Rain Forest in Monteverde, Costa Rica.  Study sites designated as Pacific 
1500m, Pacific 1670m, Summit ridge 1800m, Atlantic 1670m, and Atlantic 1500m.  Dominant bryophytes collected 
from the Pacific sites were mosses of the genus Leucoloma spp., Atlantic sites were mosses of the genus 
Pilotrichella spp., and from the summit were liverworts of the genus Trichocolea spp..  Rates of dehydration 
(interaction between log(Time) and Site) were not significantly different between study sites (ANCOVA; 
log(Time)*Site F=0.11, df=4, p=0.98). 

 

 
FIGURE 10.  Log transformation of percent water mass gained in bryophyte samples over a 24 hour period in the 
aquarium misting apparatus.  Samples were collected along an altitudinal gradient along the Atlantic and Pacific 
slopes of Tropical Lower Montane Wet-Rain Forest of Monteverde, Costa Rica and misted at a constant rate of 
0.8ml/min.  Sites were designated as Pacific 1500m, Pacific 1670m, Summit ridge 1800m, Atlantic 1670m, and 
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Atlantic 1500m.  Dominant bryophytes collected from the Pacific sites were mosses of the genus Leucoloma spp., 
Atlantic sites were mosses of the genus Pilotrichella spp., and from the summit were liverworts of the genus 
Trichocolea spp..  Rates of water absorption (interaction between log(Time) and Site) were not significantly 
different between study sites (ANCOVA; log(Time)*Site F=0.74, df=4, p=0.57). 

 
 
DISCUSSION 
 
Study sites along the Pacific and Atlantic slopes exhibited clear trends in bryophyte distribution 
and abundance, increasing in both species richness and diversity with an increase in altitude.  
Higher bryophyte diversity and species richness on the summit and Atlantic slope sites are 
consistent with higher availability of water year round and lower diversity and indicate that 
wetter conditions support more diverse assemblages of bryophytes.  Percent cover of bryophytes 
more than doubled in 300m of elevation gain on the Pacific slope whereas higher altitudes on the 
Atlantic slope had the greatest percent cover, suggesting abundance and diversity is influenced 
by more humid conditions that are present higher on the Atlantic slope.  Distribution of the 
majority of bryophyte species is hence dictated by the water input differences experienced at 
different altitudes on the windward and leeward slopes.  This further supports Coley and Kursar 
(1996) that also showed an increase in liverwort densities caused by higher water input, even 
over relatively small distances between test sites. 
 Water interception, absorption and retention was greatest for dominant Atlantic slope 
bryophytes, however, the Pacific slope moss Leucoloma spp. retained less than half the amount 
of the Atlantic slope moss, Pilotrichella spp.. It was originally expected that Pacific mosses that 
experience more water stress during the dry season would have to be capable of holding more 
water than species on the Atlantic that experience more aseasonal patterns of rainfall.  However, 
the ability for bryophytes in wetter conditions to hold more water than those of drier conditions 
suggests that bryophytes that colonize areas of high water input thrive and adapted to capitalize 
on excess water, perhaps through physiological advances in water retention via capillary 
networks or longitudinal plications (Schofield 2001) or by rolling their leaves (Glime 2007) to 
aid in conduction.  The Atlantic slope moss, Pilotrichella spp. exhibited interspecific responses 
between the two study sites, which suggests an ability for certain mosses to acclimatize to 
increased water input at higher altitudes.  Moss from A1670 were more succulent, perhaps as an 
opportunistic adaptation to higher moisture in the surrounding habitat, being able to effectively 
increase the amount of water stored, perhaps through an increase in papillae surface area 
(Gregorio Dauphin, Pers. Comm.). 
 The common Pacific moss Leucoloma spp. does not make up for its lower water-holding 
capacity by slowing the rate of water loss from evaporation and transpiration, since bryophytes 
from all sites exhibited similar rates of dehydration.  Likewise, rates of mist interception were 
similar between all sites and therefore the Pacific moss does not have more efficient 
physiological adaptations to aid in rapid water absorption. The ability for these bryophytes to 
tolerate desiccation may hence turn out to be an important physiological factor that limits 
distribution of intolerant species to wetter areas.  Species that can recover photosynthetic 
capacity most quickly after desiccation (Glime 2007, Proctor et al. 2007, Wagner and Titus 
1984) might more likely colonize the seasonal Pacific slope, where rainfall during the dry season 
is limited compared to the Atlantic slope.  
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 Climate change is drying Pacific slope montane forests in Monteverde (Pounds and 
Puschendorf 2005, Ray et al. 2005).  Therefore, bryophyte habitats are threatened with lower 
mist frequencies and increasing numbers of consecutive dry days (Pounds et al. 1999).  Drier 
conditions may result in the reduction of bryophyte diversity, richness, and abundance.  Since the 
diversity, richness, and abundance of bryophytes increases with increasing altitude, conservation 
of ridge habitats are vital to maintain the floristic composition of tropical cloud forests in 
Monteverde.  Drier conditions may not influence the Atlantic slope bryophytes as heavily since 
they appear to be well adapted to storing more water, which is important for fitness of the plants.  
Pacific bryophytes that already experience higher water stress because of higher seasonality may 
not be able to tolerate further changes in water regimes since their water-holding capacities are 
lower; less diverse communities of the Pacific may not be as resilient or exhibit as great of 
habitat breadth and therefore might be prone to phase shifts dictated by deforestation, habitat 
loss, and warming temperatures in the future. 
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APPENDIX 1.   
 
Table 1. Identified morphospecies of bryophytes at five study sites along an altitudinal gradient 
of Atlantic and Pacific slopes in a Tropical Lower Montane Wet-Rain Forest of Monteverde, 
Costa Rica.   
 

Morpho 1 

 Morpho 2 

 Morpho 3 
Pilotrichella spp. 

 

Morpho 4 

 

Morpho 5 

 

Morpho 6 

 

Morpho 7 
Leycobryum 
martianum 

 

Morpho 8 

 

Morpho 9 
Thuidium spp. 

 

Morpho 10 
Herbertus spp. 

 

Morpho 11 

 

Morpho 12 
Leucoloma spp. 

(L. cruegerianum) 

 

 26 



Morpho 13 
Hypnum spp. 

 

Morpho 14 

 

Morpho 15 

 

Morpho 16 
Dicranaceae 

 

Morpho 17 

 

Morpho 18 

 

Morpho 19 
Trichocolea spp. 
(T. tomentosa) 

 

Morpho 20 

 

Morpho 21 

 

Morpho 22 
Dicranaceae 

 

Morpho 23 N/A 

Morpho 24 N/A 

Morpho 25 

 

Morpho 26 
Squamidium spp. 

 

Morpho 27 
Radula spp. N/A 

Morpho 28 N/A 
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Morpho 29 N/A 

Morpho 30 
Jungermanniales N/A 

Morpho 31 
Plagiochila spp. N/A 

Morpho 32 N/A 

Morpho 33 
Hylocomium spp. N/A 

Morpho 34 N/A 

Morpho 35 N/A 

Morpho 36 N/A 
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Species Sites Found Color
Morpho 1 All
Morpho 2 P1500, P1670, S1800, A1500
Morpho 3 All
Morpho 4 All
Morpho 5 P1500, P1670, S1800
Morpho 6 P1500, P1670, S1800
Morpho 7 P1670, S1800, A1670, A1500
Morpho 8 P1670, S1800, A1670, A1500
Morpho 9 P1500, S1800, A1670, A1500
Morpho 10 P1670, S1800, A1670, A1500
Morpho 11 P1500, P1670, A1500
Morpho 12 All
Morpho 13 A1500
Morpho 14 S1800, A1670
Morpho 15 S1800, A1670, A1500
Morpho 16 S1800, A1670, A1500
Morpho 17 S1800, A1670, A1500
Morpho 18 S1800, A1670, A1500
Morpho 19 S1800, A1670, A1500
Morpho 20 S1800, A1670
Morpho 21 S1800, A1670
Morpho 22 All
Morpho 23 P1670, S1800, A1670, A1500
Morpho 24 P1670
Morpho 25 P1500, S1800
Morpho 26 P1500, S1800
Morpho 27 P1670, S1800, A1670, A1500
Morpho 28 S1800, A1670, A1500
Morpho 29 A1670
Morpho 30 S1800, A1670
Morpho 31 S1800, A1670
Morpho 32 S1800, A1670, A1500
Morpho 33 S1800, A1670
Morpho 34 S1800, A1670
Morpho 35 S1800, A1670
Morpho 36 S1800

Figure 11. Identified morphospecies across 
sites on the Atlantic and Pacific slopes 
straddling the continental divide of Tropical 
Lower Montane Wet-Rain Forest in 
Monteverde, Costa Rica.  Pie charts 
represent three most abundant 
morphospecies per site (P1500 n=141; 
P1670 n=231; S1800 n=360; A1670 n=415; 
A1500 n=386). 

 29 



Community assembly of tropical epiphylls: assessing 
patch dynamics, species sorting, mass and neutral 
effects

Sarah Crestol

Department of Natural Resources, Cornell  University

ABSTRACT

Current theories of community organization fall into four paradigms: patch dynamics, species sorting, mass effects, 

and neutral. To  assess their relative importance in organizing epiphyll communities, the species richness and 

abundance of epiphylls were studied on three leaf ages of two Clusia spp. (Clusiaceae). Only the neutral model of 

species diversity was supported by the diversity patterns in the two systems of epiphyll communities. Rank-

abundance curves of the two separate sets of communities did not show a significant departure from the lognormal 

neutral expectation (Kolmogorov-Smirnov p
1 
= 0.405 and p

2 
= 0.955). This study highlights the value of neutral 

theory beyond its utility as null model for other models of community assembly, by supporting the notion of high 

diversity among functionally equivalent organisms.

RESUMEN

Las teorías actuales de organización de las comunidades caen en cuatro paradigmas: dinámica de parches, 

ordenamiento de especies, efecto de masas, y neutral.  Para evaluar su importancia relativa en la organización de 

comunidades de epífilos, la riqueza de especies y abundancia de epífilos fue estudiada en hojas de tres edades y de 

dos especies de Clusia spp. (Clusiaceae).  Solo el módelo neutral de diversidad de especies fue apoyado por los 

patrones de diversidad en los dos sistemas de las comunidades de epífilos. Las curvas de rango-abundancia de los 

dos juegos separados de las comunidades no muestra diferencia significativa apartandose de la expectación neutral 

normal logarítmica (Kolmogorov-Smirnov p1 = 0.405 and p2 = 0.955).  Este estudio resalta el valor de la teoría 

neutral más allá de su utilidad como un módelo nulo para otros módelos de ensamblado de la comunidad, apoyando 

la noción de la diversidad entre organismos funcionalmente equivalents.

       

INTRODUCTION

A primary question in community ecology is how local communities are drawn from the same 

regional pool (McCauley et al. 2008). To explain regional species diversity, Leibold et al. (2004) 

put forth four paradigms to describe community assembly: (a) 'patch dynamics' assumes there is 

a tradeoff between species' abilities to disperse and compete in identical habitat patches; (b) 

'species sorting' assumes that species adapt to heterogeneous habitat patches, such that each is 

competitively superior in their patch type; (c) 'mass effects' considers source-sink dynamics 

where local abundance depends strongly on immigration from heterogeneous patches outside; 

and (d) 'neutral' assumes species do not differ in their dispersal ability or niches and assembly is 

largely chance drawings from the regional species pool (Figure 1). Each paradigm predicts local 

patterns that can be tested in the field. These empirical tests are important to build a clearer 

understanding of the relative importance of these competing paradigms (Driscoll 2008). 
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FIGURE 1.  Diagrams from Leibold et al. (2004) representing four metacommunity paradigms for two competing 

species with populations A and B. Boxes or ovals represent potential colonization sites whose shape represents 

different sets of conditions; arrows connect donor populations to these sites, with solid arrows showing higher 

dispersal than dashed arrows. The competitively dominant species in a site is indicated by the matching of a smaller 

box or oval (representing a niche) to a site shape. In (a) the patch-dynamics paradigm assumes a single patch type 

and conditions that allow coexistence due to a competition-colonization tradeoff: the vacant third patch can become 

occupied by either species A, the superior competitor, or species B, the superior colonist. In (b) species sorting is 

illustrated by species separated into spatial and ecological niches in heterogeneous patches with insufficient 

dispersal to alter their distribution. In (c) mass effects cause species from different patch types to embody a mix of 

source and sink habitats; smaller letters indicate smaller, sink populations. In (d) neutral theory dictates that species 

are ecologically equivalent, do not compete, and are drawn randomly from the regional source pool. 

Epiphylls are bryophytes, lichens, mosses, and algae that inhabit leaf surfaces. They 

provide an opportunity for gaining insight into higher-order ecological processes because they 

represent spatially and temporally discrete communities, each within the constraints of a single 

leaf (Kraichak 2013). It is not known whether host plant characteristics, abiotic microhabitat 

conditions, or species interactions most strongly control epiphyll diversity (Dyer & Letourneau 

2007). 

This study examined epiphyll diversity patterns to evaluate whether they are consistent 

with any of the four conceptual models of community dynamics. The following predictions were 

used to align observed patterns of diversity with the models: 

a. Patch dynamics: If patches are essentially identical, but there is temporal asynchrony in the 

system, each age class of leaf within a single host plant species will harbor distinct epiphyll

communities; younger leaves will host superior dispersers while older leaves will host 

superior competitors.

b. Species sorting: If patches are heterogeneous, niche partitioning and a lack of dispersal will

cause each plant species to host distinct epiphyll communities that show little overlap.  

c. Mass effects: If patches are heterogeneous, niche partitioning in combination with relatively

strong dispersal (allowing for the rescue effect) will cause each plant species to host 

epiphyll communities that show some overlap with those from the other plant species; a 

species that is common on one host species will be rare on the other.

d. Neutral: If patches are homogeneous and species are functionally equivalent with no 

meaningful interactions, there should be no clear differences in epiphyll species richness or

abundance on each plant species, which should occur as dictated by chance.

By investigating the relative importance of each paradigm to the organization of epiphyll 

communities, this study explored how niche-, dispersal-, and neutral-assembly mechanisms 

operate in natural systems.
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MATERIALS AND METHODS

Study System

In November 2013, leaf samples were collected in the relatively undisturbed Tropical 

Premontane Moist-Wet Forest adjacent to the Estacíon Biológica in Monteverde, Costa Rica at 

1550 m elevation. Two species of host plants from the genus Clusia (hereafter called “Clusia A” 

and “Clusia B”) were selected for their relative commonness in the study site and their 

propensity for supporting diverse epiphyll communities (Figure 2). From 20 individuals of each 

species, three leaves were taken: one each of Young, Medium, and Old leaves, for an overall total

of 120 leaves. Since new leaves emerge in pairs from the top of the plant in both species, a leaf's 

age was determined by its arrangement on the stalk. Moving inward from the stalk tip, the 

second, fourth, and sixth leaves after the first leaf with any amount of epiphyll cover were 

collected. This rule lent consistency to the sample, although sometimes a plant's oldest, most 

saturated leaves were neglected as a result. 

Sampled plants were restricted to those having seven to fourteen leaves and were located 

along cleared trails and in the nearby understory, from six haphazardly encountered locations 

throughout the forest. While the species were most often found side by side on the ground, 

several sampled individuals of Clusia A were found on tree trunks. 

Cataloging of Epiphylls

All epiphyll morphospecies present on each leaf were identified by naked eye or under a 

dissecting microscope if necessary. A transparent grid of 1 mm x 1 mm squares (125 squares 

long and 95 squares wide) was overlaid on each leaf to count the number of squares filled at least

50% by a certain morphospecies. This count was divided by the approximate total leaf area in 

mm2 squares to calculate the percent cover of each morphospecies per leaf, indicating relative 

abundance. 

FIGURE 2. Two host plant species from the genus Clusia (Right: “Clusia A”; Left: “Clusia B”) studied for epiphyll 

composition in Costa Rican Lower Montane Wet Forest. New leaves are produced from the stalk tip, such that the 

top pair of leaves in the alternate leaf arrangement are the youngest. 
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RESULTS

In the entire collection of leaves, a total of 48 epiphyll morphospecies was found. The overall 

species richness of the communities on all 60 leaves of each host plant species (39 

morphospecies on Clusia A and 33 on Clusia B) did not differ significantly between host species 

(Chi2 = 0.5, df = 1, p = 0.479). Species richness differed by leaf age (Chi2 = 9.415, df = 2, p = 

0.009) but not between species for a given leaf age (Chi2 = 0.026, df = 2, p = 0.987) (Figure 3). 

The Shannon-Weiner Diversity Index for each system differed by little (Table 1). 

Likewise, the Sorensen Quantitative Index, representing the community overlap and relative 

abundance, was 0.36, indicating that the communities were moderately similar between the two 

host plant species (Figure 4; Table 2). 

TABLE 1. Diversity Index for epiphyll communities on 120 leaves total from 20 individals of two Clusia spp in 

Costa Rican Lower Montane Wet Forest. N is the total percent epiphyll cover of the total leaf area of all 60 leaves of 

each plant species. Shannon-Weiner H' vaues were not significantly different (t-test = 0.89, df = 73, p = 0.38) 

Clusia A Clusia B

N 46 35

S 39 33

H' 2.63 2.42

E 0.72 0.69

TABLE 2.  Comparison of epiphyll species occuring on 120 leaves of two Clusia spp. In Costa Rican Lower 

Montane Wet Forest. For each plant species, 60 leaves were taken from 20 individuals. The second row of data 

represents the common epiphylls species occuring on at least 15 of the 60 in the sample of each plant species.

Epiphyll Species Species in common
Species unique to 

Clusia A

Species unique to 

Clusia B

All species 48 24 15 9

≥15 leaves 14 5 5 4

 An analysis of similarity of the epiphyll communities of both plant species indicated that 

the compositional disimilarities between the groups was greater than within the groups 

(ANOSIM, R = 0.3271, p = 0.001). Clusia B appeared to host fewer, more abundant epiphyll 

species in contrast to the wider range of rare species on Clusia A, such that there was more 

homogeneity in Clusia B's communities (Figure 5). 

Percent epiphyll cover differed by leaf age (Two-Way Friedman Test, maxT = 5.6015, p <

0.001) but not between species for a given leaf age (Post-Hoc Friedman Test, Z = -1.6396, p = 

0.101). Cover increased slowly with age (Figure 6).
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FIGURE 3.  Epiphyll species richness (S) by leaf age on two species of Clusia plants in Costa Rican Lower 

Montane Wet Forest. S did not vary significantly with age (Chi2 = 9.415 df = 2, p = 0.009. Each Clusia sp. is 

represented by 20 leaves of each age class from 20 individual plants.

FIGURE 4.  Pie charts of the common epiphyll morphospecies on 60 leaves of 20 plants each of two Clusia species 

in Lower Montane Wet Forest of Monteverde, Costa Rica. The criteria for commonness included being present on  

≥15 leaves and/or covering ≥1% of the total leaf area of the 60 leaves of each plant species. “Other” represents all 

morphospecies which did not meet these criteria. 
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FIGURE 5.  Dissimilarity diagrams representing the species composition of epiphyll communities from two host 

plant species in Lower Montane Wet Forest of Costa Rica. The schematic for “A” represents Clusia A while “B” 

represents Clusia B, and “Between” indicates the pooled sample. Y-axis values represent dissimilarity ranks of 

species. Horizontal bars indicate relative sample size. An analysis of similarity test indicated that the compositional 

disimilarities between the groups was greater than within the groups, suggesting that the two samples differed in 

their species composition in terms of community variability (ANOSIM, R = 0.3271, p = 0.001).

FIGURE 6.  Box plots of percent epiphyll cover by leaf age for 20 leaves of each age class of two Clusia spp. in 

Costa Rican Lower Montane Wet Forest. Leaf age was determined by relative placement on the plant: started with 

the uppermost leaf with any epiphyll cover, the second, fourth, and sixth leaves were collected, comprising the 

Young, Medium, and Old leaf samples, respectively. One leaf per age class was collected from 20 individuals of 

each plant species. Epiphyll cover differed by leaf age (Two-Way Friedman Test, maxT = 5.6015, p < 0.001) but not 

between species for a given leaf age (Post-Hoc Friedman Test, Z = -1.6396, p = 0.101).
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To test the importance of patch dynamics, the system's common epiphyll morphospecies  

(i.e. found on at least 15 leaves of the 60 leaves from a single Clusia sp.) were studied to find 

whether some species persisted as colonizers, found only on younger leaves, while others 

eventually outcompeted these, being found more on older leaves. Each Clusia sp. hosted nine 

common morphospecies, with five of them shared between the two systems. No species on either

Clusia sp. were found more often on older or younger leaves, when each species' occurrence on a

leaf was scored for leaf age (Figure 7). 

FIGURE 7. Distribution of epiphyll morphospecies among three age classes of two species of Clusia in Costa Rican 

cloud forest. Graphed morphospecies were those that occurred on ≥15 leaves out of all 60 from each Clusia sp. (20 

from each age class, from 20 individual plants). For each morphospecies on an individual leaf, mean leaf age rank 

was calculated by coding each morphospecies with a 1, 2, or 3 if it was present on a Young, Medium, or Old leaf, 

respectively; a code of 0 indicated absence on a certain leaf. There was no significant difference between the mean 

leaf age rank of each morphospecies within a given Clusia sp. (Kruskal-Wallis 1-Way ANOVA for Clusia A: Chi2  =  

2.70, df = 8, p = 0.952; for Clusia B: Chi2  = 11.0916, df = 8, p  = 0.197). Error bars represent standard error.

Species sorting was examined for all old leaves, as they represented the latest ecological 

succession stages where competition would be more likely than on younger leaves. The presence 

of checkerboard species, or those occurring in only one habitat type (a certain Clusia sp.), was 

investigated; a co-occurrence analysis that included either all 48 morphospecies or only the 11 

morphospecies that occurred on at least ten old leaves did not reveal a significantly higher 

number of pairs of checkerboard species than would be expected by chance alone (for all 

species: 160 checkerboard pairs observed, C-score = 0.1418, p = 1.00; for common species only: 

1 checkerboard pair observed, C-score = 0.0152, p = 1.00). A similar test of niche overlap which 

incorporated the abundance of species into the analysis of co-occurrence led to the same 

conclusion (Pianka Index = 0.62630, p = 0.258).

To document mass effects, the presence of significant negative correlations between rare 

and common species on old leaves of both host plant species was analyzed with a complete set of

pairwise presence-absence correlations (Pearson correlation matrix). After adjusting for a false 

discovery rate, the only significant correlations observed (58 out of the potential 2256, all with p 

< 0.0001 post-Holm's method) were positive.  

In comparing the observed epiphyll diversity on all old leaves of each Clusia species with

a neutral model, the data did not significantly depart from expectations of a community 

structured by random chance. For both plant species, a rank-abundance distribution of epiphyll 

species did not significantly differ from a neutral lognormal distribution (Figure 8). 
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FIGURE 8. Rank-abundance curves for the epiphyll communities of two host plant species from 20 old leaves of 

each species. Right represents Clusia A; left, Clusia B. Lines represent idealized neutral lognormal curves. Dots 

represent observations of species ranging from common to rare. Abundance was measured by total percent cover of 

total leaf area of the 20 leaves of each sample. Comparison of this data to random lognormal distributions using two 

different tests showed no statistically significant difference between the observed data and the expectations of a 

neutral model of species abundance (Clusia A: Randomness test mean of lognormal = -0.937 ± 1.79, Kolmogorov-

Smirnov D = 0.095, p = 0.405; Clusia B: Randomness test mean of lognormal = -1.19 ± 1.98, Kolmogorov-Smirnov

D = 0.0592, p = 0.955).

DISCUSSION

No support for the patch dynamics, species sorting, or mass effects models was found in this 

study. Species richness and percent epiphyll cover increased as leaves aged, at a comparable rate 

for both the Clusia species. However, rather than displaying a trend where a few species of 

superior colonists occupied young leaves, to be displaced by superior competitors over time, 

young, medium, and old epiphyll communities were fairly similar in their species composition of

common morphospecies. While the leaf surfaces of the Clusia species are unlikely to represent 

virtually identical habitat patches – merely on a macro scale, leaves of Clusia A tended to be 

more waxy, less grooved, and smaller than those of the other species – it may more reasonably 

be assumed that epiphylls vary little in dispersal and competitive abilities.  However, a  future 

study that considers the oldest, most saturated leaves of these Clusia species could counter this 

notion: potentially there is not sufficiently strong competition on younger leaves, which have 

much bare surface area, to generate the patterns expected under the patch dynamics theory. Also 

in regards to dispersal-assembly forces, a pattern of source-sink dynamics was not observed, 

suggesting that the rescue effect does not play a key role in determining species richness of 

epiphyll communities.

Niche-partitioning appeared to be only a weak force structuring the two sets of 

communities, as the presence of any one species was not a strong predictor of the absence of any 

other species. Plant defenses are known to restrict the kinds of epiphylls occupying a host (Coley

et al. 1993), and the communities of each Clusia species in this study may be similar in this way 

because their host species have similar defenses. Kraichak (2013) posited that, because leaf 
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chemistry traits tend to be phylogenetically conserved, the differences in leaf surface of the two 

sympatric fern species he examined were insufficient to generate a strong pattern of epiphyll beta

(regional, e.g. between fern species) diversity. Further, Dyer and Letourneau (2007) asserted that 

niche relationships do not strongly control lichen diversity because resource requirements for 

humidity and light availability are similar across species of lichens. 

In contrast to the lack of evidence for dispersal- and niche-assembly mechanisms, the 

neutral paradigm was well represented by the epiphyll communities in both Clusia species. Since

lognormal analyses demonstrated that species abundance of the sampled communities fit well to 

neutral expectations (a random sample from the source pool), this indicates that species 

interactions (e.g. competition, mutualism, predation) do not strongly determine epiphyll species 

richness. For Clusia A, the randomness test p-value of 0.05 suggests a trend deviating from 

neutral expectations, due to an overly high proportion of rare species in the samples. Possible 

explanations include the undersampling of rarer species due to the small sample, the appearance 

of species with slow growth rates as being rare, epiphyll specialization on microhabitats 

neglected during sampling, infrequent mass effects, or rarer epiphylls possessing weaker 

dispersal ability. 

Neutral structuring forces have traditionally been viewed as a null hypothesis to help 

demonstrate the presence of other forces of community organization. However, they are gaining 

prominence as standalone models and have been shown to represent communities where species 

are nearly equivalent or where transitional ecological dynamics occur over very extended 

timescales (Leibold et al. 2004). For example, McPeek & Brown (2000) found high species 

diversity among coexisting damselfly species despite the lack of functional difference among 

them. Epiphylls may represent a system in which inter- and intraspecific competition is weak 

because there is an abundance of resources (e.g. space, water) for each species in a community 

(Coley 1993). 

This study corresponds to that of Daniels (1998), who found no stable climax community 

among the epiphyllic bryophyte assemblages he studied, even though epiphyll cover did increase

significantly over time; instead, assemblage composition was highly variable. Furthermore, the 

rate at which epiphyll species increased in cover was not determined by the rate at which 

bryophyte propagules entered the system – suggesting that differential dispersal did not impact 

species abundance. On the other hand, Kraichak (2013) observed predictable compositional 

changes in epiphyll communities over time. Species richness increased with increasing cover of 

the dominant species – the first to colonize leaves and the most abundant in the system – which 

facilitated the later successional stages by maintaining a certain leaf surface moisture level. 

Kraichak also noted that facilitation seems to be a major mechanism in community assembly in 

bryophyte-dominated systems. The Clusia system of my study, however, was dominated by 

lichens rather than bryophytes. Instead of abiding by an orderly structure, the communities of 

this system seemed to represent a random sampling process from the species pool – a pool of 

species with highly similar dispersal and habitat requirements, making them functionally similar. 

This study demonstrates the potential for competing community assembly theories to be 

applied to the underexploited study systems of tropical epiphylls. While natural communities are 

rarely dominated by a single assembly paradigm (Leibold et al. 2004), epiphylls serve as an 

example of the capacity of a single model to accurately capture the dynamics of a set of 

communities. Moreover, it supports the prevalence of neutral effects as structuring mechanisms 

in natural systems, and documents the existence of high regional diversity among functionally 

equivalent species. 
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ABSTRACT 
 
The purpose of the study was to evaluate the intermediate disturbance hypothesis (IDH) with regards to cloud forest 
hummingbird species diversity because past studies have had conflicting results. The study took place in lower 
montane wet forest of Monteverde, Costa Rica. Two study transects were used (Transect 1 and Transect 2), each 
containing five sites along a horizontal linear anthropogenic disturbance gradient. The five sites on the transects 
were: primary forest edge (Edge), forest interior 50m from edge (Forest 1), forest interior 150m from edge (Forest 
2), disturbed area 50m from edge (Disturbed 1), and very disturbed area 150m from edge (Disturbed 2). Three 
hummingbird feeders were set up at each site containing sugar water (20% mass/volume). All five sites in Transect 1 
were observed every day for seven days, and all five sites in Transect 2 were observed every day for six separate 
days. These observations took place from 6am-10am (30 min per site). The total number of observed visits was 679, 
and they were identified to species (only 86 could not be identified). Eight total hummingbird species were 
observed. Stripe-Tailed Hummingbird and Purple-Throated Mountain Gem were the most common species. When 
both transects are combined, the sites had between five and seven species, with no statistically significant difference 
in species richness according to site. For Transect 1, Disturbed 2 had the fewest visits (mean: 4.28 ± 1.01) out of all 
of the sites on this transect. For Transect 2, Forest 2 had more visits  (mean: 14.5 ± 5.21) than every other site except 
Forest 1. Unlike expected by the intermediate disturbance hypothesis, Edge did not have a statistically significantly 
greater number of visits than any other site at either transect (15.85 ± 2.18 visits on transect 1 and 5.5 ± 1.14 visits 
on transect 2). Additionally, Edge did not have the greatest species diversity at either transect (H’=1.03 in Transect 
1, H’ = 0.80 in Transect 2). In fact, in Transect 1, Forest 2 was most diverse (H’ = 1.38) and in Transect 2, Forest 1 
was most diverse (H’ = 1.06). Therefore, areas that are least disturbed by humans have the greatest hummingbird 
species diversity. Thus, conservation efforts should focus on preserving intact primary forests rather than disturbed 
areas. 
 
RESUMEN 
 
El propósito de este estudio fue evaluar la hipótesis de perturbación intermedia (HPI) en cuanto a la diversidad de 
especies de colibríes debido a resultados conflictivos en estudios anteriores.  El estudio se llevó a cabo en el bosque 
humedo montano bajo de Monteverde, Costa Rica.  Dos transectos se usaron (transecto 1 y transecto 2), cada uno 
con cinco sitios a lo largo de un gradiente horizontal de perturbación antropogénica.  Los cinco transectos fueron: 
borde de bosque primario (Borde), interior de bosque a 50m del borde (Bosque 1), interior de bosque a 150m del 
borde (Bosque 2), área perturbada a 50m del borde (Perturbada 1), y un área altamente peturbada a 150m del borde 
(Perturbada 2).  Los comederos de colibrí se colocaron en cada sitio cada uno con agua de azúcar (20% 
masa/volumen).  Todos los cinco sitios en el transecto 1 se observaron cada día durante siete días, y los cinco sitios 
en el transecto dos se observaron cada día por seis días.  Las observaciones se realizaron entre 6am-10am (30 
minutos por sitio).  El número total de visitas observadas fue de 679, y se identificaron a especie (solo 86 no 
pudieron ser identificadas).  Se observaron un total de ocho especies de colibrí.  Las especies especies más comunes 
fueron el Colibrí Colirrayado y el Colibrí variable.  Cuando se combinan los dos transectos, los sitios tienen entre 
cinco y siete especies, y no muestran diferencia estadística significativa en la riqueza de especies de acuerdo al sitio.  
Para el transecto 1, Perturbada 2 tiene el número menor de visitas (promedio: 4.28 ± 1.01) de todos los sitios del 
transecto.  Para el Transecto 2, el Bosque 2 tiene más visitas (promedio: 14.5 ± 5.21) que los otros sitios excepto por 

 40 



!

Bosque 1.  Contrario a lo esperado por la hipótesis de perturbación intermedia, el borde no tiene un diferencia 
significativa mayor en cuanto al número de visitas que los otros sitios en cualquiera de los transectos (15.85 ± 2.18 
visitas en Transecto 1 and 5.5 ± 1.14 visitas en Transecto 2). Además, el borde no tuvo la mayor diversidad de 
especies en cualquiera de los transectos (H’ = 1.03 en Transecto 1, H’ = 0.80 en Transecto 2).  De hecho, en el 
Transecto 1 el Bosque 2 fue más diverso (H’ = 1.38) y en el Transecto 2, Bosque 1 fue más diverso (H’ = 1.06).  Sin 
embargo, áreas que han sido perturbadas menos por humanos tienen la mayor diversidad de especies de colibríes. 
Así, los esfuerzos de conservación se deben enfocar más en proteger más las áreas de bosque primario intacto que 
las áreas perturbadas. 
 
 
INTRODUCTION 
 
According to the intermediate disturbance hypothesis (IDH), when disturbances are intermediate, 
species diversity is maximized (Connell 1978). The reasoning behind this is that if disturbances 
are too great, species diversity will decrease and if disturbances are too small, competition will 
exist, which will also cause species diversity to decrease. However, intermediate disturbances 
allow species diversity to thrive (Kricher 2011). In tropical forests, anthropogenic disturbances 
are increasingly common (Lewis 2009). This could mean that even human-created intermediate 
disturbances could potentially benefit tropical biodiversity. As such, many suggest that these 
anthropogenically-disturbed areas become focus points for long-term conservation because of the 
increased biodiversity of certain taxa, including birds (Petit et al. 1999).   

However, IDH has been not been directly evaluated for tropical birds. Yet, the effects of 
forest cover and fragmentation on diversity have been studied in tropical birds including 
hummingbirds. In tropical dry forests, hummingbird abundances have been known to decrease 
with increasing forest cover, suggesting that hummingbirds are tolerant of forest edges (Lasky & 
Keitt 2010). More specifically, hummingbirds in tropical montane forests exist in greater 
abundance in forest edge than up to 200 m away from edge in forest interior (Restrepo & Gomez 
1998). These studies did not include disturbed areas away from the edge.  

In tropical lower montane forests of Monteverde, Costa Rica few studies have measured 
the relationship between forest cover and hummingbird diversity, richness, and abundance, and 
these studies have had conflicting results. One study found that closed forest locations have 
greater species richness and abundance of hummingbirds than open areas (Bozeman 2013). 
Another study, which was the only known study to compare open areas, forest edges, and forest 
interior sites, found that the number of hummingbird visits does not differ based on site location 
but that species diversity is significantly higher in forest edges than in open areas (Kieleczawa 
2013). Kieleczawa (2013) also found that species diversity of hummingbirds was significantly 
higher in forest interior than in open areas. Yet, forest edge had highest diversity of the study 
sites. No known study has defined a forest edge as an intermediate disturbance. Therefore, again, 
the IDH has not been directly evaluated for hummingbirds in tropical forests.  

To evaluate IDH directly, I observed species abundance (number of visitations), species 
richness, and species diversity of hummingbirds on two five-site horizontal linear transects along 
anthropogenic disturbance gradients. My gradients differed from previous gradients used to 
study hummingbird diversity in Monteverde. Bozeman (2013) did not use a transect but rather 
compared six forest interior sites (defined as 10-20 m inside the forest) and six open areas 
(defined as 10-40 m from closed forests). Kieleczawa (2013) had only 3 sites, with forest interior 
only 30 m from the edge, and open area just defined as “not connected directly to forest.” My 
study used two five-site horizontal transects, with sites up to 150 m away from forest edge in 
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either direction (disturbed area and forest interior). My study also defined forest edge as an 
intermediate anthropogenic disturbance. The way in which diversity increases at intermediately 
disturbed places such as edges is that both forest interior and open area species can live on the 
edge but not in other areas. I therefore expected forest edge to contain the highest abundance, 
richness, and diversity.  

 
MATERIALS & METHODS 
 
Study Sites 
 
The study was conducted in a lower montane wet forest of Monteverde (Haber 2000, sensu 
Holdridge), Costa Rica that is owned by the Monteverde Biological Station. The elevation is 
approximately 1450-1550 m, the mean annual rainfall is 1850-4000 mm, the mean annual 
temperature is 12-17 C° (Haber 2000). Two different transects were studied in the same forest to 
see if results were consistent in different transects. I chose five sites along each horizontal linear 
transect on an anthropogenic disturbance gradient.  One site (Fig. 1a) was located at the primary 
forest edge, where an anthropogenic disturbance begins (Edge). A second site (Forest 1) was 50 
m away from that forest edge, in primary forest that contains trails. A third site (Forest 2) was 
150 m from the edge, also in primary forest that contains trails (Fig. 1b). Two other sites were 
located in disturbed settings. One was 50 m away from the forest edge in a disturbed setting 
(Disturbed 1, Fig. 1c) and the second was 100 m away from that (Disturbed 2, Fig. 1d). 
Disturbed 1 had both native and immigrant plant species and little understory. Disturbed 2 had 
one or two isolated trees, cut grass, no understory, and was located next to a road.  
 

     
 

     
FIGURE 1 Feeder sites in tropical lower montane wet forest of Monteverde, Costa Rica at 
1450-1550 m in elevation. Top row, left to right: (a) Edge, (b) Forest 2. Bottom row, left to right: 
(c) Disturbed 1, (d) Disturbed 2. Edge was anthropogenic, Forest 2 was pristine primary forest, 
Disturbed 1 had little understory, and Disturbed 2 was next to a road and had isolated trees. Not 
pictured is Forest 1, which was also in pristine primary forest. Sites were similar for Transect 1 
and Transect 2.  

 42 



!

  
Study Organisms 
 
The hummingbirds that have been known to exist in this life zone in Monteverde are the Green 
Hermit, Stripe-Tailed Hummingbird, Coppery-Headed Emerald, Purple-Throated Mountain-
Gem, Magenta-Throated Woodstar, Violet Sabrewing, Green Violet-Ear, and Green-Crowned 
Brilliant (Fogden 2000). All of these species have been spotted at forest edges (Stiles & Skutch 
1989). Violet Sabrewing prefers understory and disturbed patches, Green Violet-Ear prefers 
large gaps and pastures, Green Hermit prefers understory and secondary growth, Stripe-Tailed 
prefers canopy and shrub level, Coppery-Headed Emerald prefers canopy and gaps, Purple-
Throated Mountain Gem prefers forested canopy or shrub level, Green-Crowned Brilliant prefers 
middle understory to canopy, and Magenta-Throated Woodstar prefers clearings (Stiles & Skutch 
1989).  
 
Experimental Procedure 
 
Transect 1 was observed for seven days between October 24 and October 31, 2013 and Transect 
2 was observed for six days between November 10 and November 18, 2013. The procedure 
described below was the same for both transects. I set up three hummingbird feeders per site 
(five sites) on tree branches approximately one-two m in height. The feeders were set up by tying 
a string in between two trees and hanging the three feeders all in a horizontal line on that string. 
The feeders were evenly spaced on the string, so there was approximately 15-30 cm in between 
them, just to assure that the feeders were not touching and that the hummingbirds would have 
room to feed. The feeders contained a sucrose sugar solution that is 20% mass/volume (20 grams 
of sugar/100 mL of water). Starting on day four, I visited all five sites in one transect every 
morning (30 minutes at each site, beginning at approximately 6am and ending at approximately 
9:30am) and recorded the number of visitations by each hummingbird species. The 
hummingbirds were not tagged so there was no way of ascertaining that the same hummingbird 
was not returning over and over again to the feeders. A hummingbird that left the feeders but was 
perched in sight and then returned to the feeders was not double-counted. However, if a 
hummingbird left my sight and a hummingbird of the same species returned to the feeders, this 
was counted as two separate visits.  I observed all of the sites each day to make sure that 
diversity differences were due only to feeder site and were not due to differences in weather. In 
addition, I alternated the order that I visited the sites to make sure that any differences in species 
diversity were not due to differences in activity level of hummingbirds corresponding to time of 
day. I switched out the sugar water approximately every 3 days to avoid fermentation and refilled 
the feeders with a volume of nectar that was enough for at least 3 days. All feeders were rinsed 
with water before replacing the sugar water solution.  I did not collect data during periods of 
heavy rain and strong winds. However, weather conditions were worse for Transect 2 
observation days than Transect 1 observation days (greater wind, light-medium rain, cloudier, 
and colder temperatures).  
 
RESULTS 
 
The total number of observed visits was 679, and they were identified to species (only 86 could 
not be identified). Eight total hummingbird species were observed, as expected: Green Hermit, 
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Stripe-Tailed Hummingbird, Coppery-Headed Emerald, Purple-Throated Mountain-Gem, 
Magenta-Throated Woodstar, Violet Sabrewing, Green Violetear, and Green-Crowned Brilliant. 
Each site had between 24 and 99 visits total.  
   
Abundance 
 
For Transect 1, number of hummingbird visits (Fig. 2) differed significantly based on feeder site 
(One Way ANOVA, F = 7.28, df = 4, 24,  p = 0.0005). Only Disturbed 2 had between 9.57 and 
11.57 fewer visits than all of the other sites, and this was statistically significant (Independent 
Contrasts post-hoc pairwise comparisons, p < 0.05). Although Edge had the greatest mean 
number of visits, it was not statistically significantly greater than any other site.  

 
FIGURE 2.  Mean number of hummingbird visits in 30 min of observation/site/day for five 
feeder sites in Transect 1, which is located along a horizontal linear anthropogenic disturbance 
gradient  in a tropical lower montane wet forest of Monteverde, Costa Rica at 1450-1550 m in 
elevation. This transect was observed for seven days. Error bars represent standard error. In 
Transect 1, Disturbed 2 had statistically significantly the fewest mean number of visits than all of 
the other sites.  
 

For Transect 2 alone, number of hummingbird visits (Fig. 3) also differed significantly 
based on feeder site (One Way ANOVA, F = 3.15, df = 4, 20, p = 0.0367).  Forest 2 had between 
4.84 and 9.84 more visits than every other site except Forest 1, and this was statistically 
significant (Independent Contrasts post-hoc pairwise comparisons, p < 0.05).  

 
FIGURE 3.  Mean number of hummingbird visits in 30 min of observation/site/day for five 
feeder sites in Transect 2, which is located along a horizontal linear anthropogenic disturbance 
gradient in a tropical lower montane wet forest of Monteverde, Costa Rica at 1450-1550 m in 
elevation. This transect was observed for six days. Error bars represent standard error. In 
Transect 2, Forest 2 had a statistically significantly greater mean number of visits when 
compared to every other site except Forest 1.  
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For the transects combined, number of visits (Fig. 4) also differed significantly overall 
(One Way ANOVA, F = 5.97, df = 4, 48, p = 0.0006). Disturbed 2 had between 5.08 and 10.47 
fewer visits than every other site and this was statistically significant. Forest 2 had 5.39 more 
visits than Disturbed 1 and this was statistically significant (Independent Contrasts post-hoc 
pairwise comparisons, p < 0.05). Although not statistically significant, there was a trend in the 
comparison between Forest 2 and Edge, in that Forest 2 had 3.93 more visits (Independent 
Contrasts post-hoc pairwise comparisons, p = 0.01).   

 
FIGURE 4.  Mean number of hummingbird visits in 30 min of observation/site/day for five 
feeder sites in Transect 2, which is located along a horizontal linear anthropogenic disturbance 
gradient (Disturbed 2, Disturbed 1, Edge, Forest 1, Forest 2) in a tropical lower montane wet 
forest of Monteverde, Costa Rica at 1450-1550 m in elevation. The two transects combined were 
observed for a total of 13 days. Error bars represent standard error. Disturbed 2 had 
statistically significantly the fewest mean number of visits, and Forest 2 had statistically 
significantly more visits than Disturbed 1.  
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Species Richness and Abundance by Hummingbird Species  
 
In Transect 1, either Stripe-Tailed or Purple-Throated Mountain Gem was dominant in all of the 
sites (Fig. 5a-e).  
 

 
FIGURE 5 Hummingbird visits according to species for 30 min/day/site observations for 
seven days. Observations were recorded separately for five feeder sites along Transect 1, which 
is located along a horizontal linear anthropogenic disturbance gradient ((a) Disturbed 2, n=27, 
where n is number of visits; (b) Disturbed 2, n=85; (c) Edge, n=88; (d) Forest 1, n=74; (e) 
Forest 2, n=99)) in a tropical lower montane wet forest of Monteverde, Costa Rica at 1450-1550 
m in elevation. Visits were counted when a hummingbird approached the feeder in a 30 
min/site/day observation period for seven days. A hummingbird that left the feeders but was 
perched in sight and then returned to the feeders was not double-counted. 
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In Transect 2, Stripe-Tailed composed the most visits and, unlike Transect 1, Purple-
Throated Mountain Gem was rarely seen (Fig. 6a-e). Additionally, the Transect 2 sites had 
overall fewer visits than Transect 1 sites, and lower species richness.  
 

 
FIGURE 6 Hummingbird visits according to species for 30 min/day/site observations for six 
days. Observations were recorded separately for five feeder sites along Transect 2, which is 
located along a horizontal linear anthropogenic disturbance gradient ((a) Disturbed 2, n=29, 
where n is number of visits; (b) Disturbed 1, n=24; (c) Edge, n=30; (d) Forest 1, n=59; (e) 
Forest 2, n=78)) in a tropical lower montane wet forest of Monteverde, Costa Rica at 1450-1550 
m in elevation.  
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For the transects combined, Stripe-Tailed also made the most visits, with Purple-Throated 
Mountain Gem and Violet Sabrewing having 2nd and 3rd number of visits (Fig. 7a-e). Only 
Magenta-Throated Woodstar and Coppery-Headed Emerald did not appear at all in edge or forest 
interior sites. Green-Crowned Brilliant did not appear at all in the disturbed areas but did appear 
in edge and forest interior sites. Green Violet-Ear only appeared in Disturbed 1 and Edge. Green 
Hermit did not appear at all in Disturbed 2.  

 

  
 
FIGURE 7 Hummingbird visits according to species. These graphs combined Transect 1 and 
Transect 2 data. Observations took place at five feeder sites per transect along a horizontal 
linear anthropogenic disturbance gradient ((a) Disturbed 2, n=56, where n is number of visits; 
(b) Disturbed 1, n=109; (c) Edge, n=118; (d) Forest 1, n=133; (e) Forest 2, n=177)) in a 
tropical lower montane wet forest of Monteverde, Costa Rica at 1450-1550 m in elevation.  
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Species Diversity 
 

For Transect 1, Disturbed 1 was more diverse than Disturbed 2 and than Forest 1. Edge 
was more diverse than Forest 1. However, Forest 2 was the most diverse of the sites, and it was 
statistically significantly more diverse than Disturbed 2, Edge, and Forest 1 (Fig.8). All of these 
differences were the only statistically significant differences according to t-tests of Shannon-
Weiner indices (p < 0.05).  

 

 
FIGURE 8.  Shannon-Weiner Diversity Indices of hummingbird species at five feeder sites in 
Transect 1 along a horizontal linear anthropogenic disturbance gradient (Disturbed 2, 
Disturbed 1, Edge, Forest 1, Forest 2) in a tropical lower montane wet forest of Monteverde, 
Costa Rica at 1450-1550 m in elevation. Each site was observed for 30 minutes/day for seven 
days. The number of visits per species was recorded for each site. Disturbed 1 was more diverse 
than Disturbed 2 and Forest 1. Edge was more diverse than Forest 1. Forest 2 was most diverse.   
 
 

For Transect 2, species diversity of hummingbirds did not differ according to feeder site 
(Fig. 9).  

 

 
FIGURE 9.  Shannon-Weiner Diversity Indices of hummingbird species at five feeder sites in 
Transect 2 along a horizontal linear anthropogenic disturbance gradient (Disturbed 2, 
Disturbed 1, Edge, Forest 1, Forest 2) in a tropical lower montane wet forest of Monteverde, 
Costa Rica at 1450-1550 m in elevation. Each site was observed for 30 minutes/day for six days. 
Species diversity did not vary according to site.  
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For the study transects combined (Fig. 10), Forest 1 was more diverse than Disturbed 2. 

However, Forest 2 was the most diverse out of all the sites and was statistically significantly 
greater than Disturbed 2 and than Edge. All of these differences were the only statistically 
significant differences according to t-tests of Shannon-Weiner indices (p < 0.05). 
 

 
FIGURE 10.  Shannon-Weiner Diversity Indices of hummingbird species at five feeder sites per 
transect along a horizontal linear anthropogenic disturbance gradient (Disturbed 2, Disturbed 
1, Edge, Forest 1, Forest 2) in a tropical lower montane wet forest of Monteverde, Costa Rica at 
1450-1550 m in elevation. This graph combines the data from Transect 1 and Transect 2. Each 
site was observed for 30 minutes/day for six days. Forest 2 was the most diverse.  
 

The greatest overlap (Table 1) in species for Transect 1 was between Edge and Forest 1, 
for Transect 2 was between Disturbed 2 and Disturbed 1 as well as between Forest 1 and Forest 
2, and for the transects combined was between Edge and Forest 1. The lowest overlap in species 
for Transect 1 and for the transects combined was between Disturbed 2 and Forest 2, and for 
Transect 2 was between Disturbed 1 and Forest 2. 
 
Table 1. Sorensen Quantitative Indices showing the pairwise overlap of hummingbird species at 
five feeder sites along a horizontal linear anthropogenic disturbance gradient for Transect 1, 
Transect 2, and combined transects in a tropical lower montane wet forest of Monteverde, Costa 
Rica at 1450-1550 m in elevation. The five sites per transect are Disturbed 2 (D2), Disturbed 1 
(D1), Edge (E), Forest 1 (F1), and Forest 2 (F2).  
 
 Transect 1 Transect 2 Transects Combined 
D2 vs. D1  0.43 0.83 0.62 
D2 vs. E 0.43 0.75 0.57 
D2 vs. F1 0.50 0.57 0.54 
D2 vs. F2 0.40 0.49 0.44 
D1 vs. E 0.81 0.74 0.85 
D1 vs. F1 0.75 0.51 0.78 
D1 vs. F2 0.64 0.45 0.64 
E vs. F1 0.90 0.63 0.90 
E vs. F2 0.71 0.52 0.71 
F1 vs. F2 0.74 0.83 0.80 
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DISCUSSION 
 
Previous studies suggested that intermediately disturbed areas could actually benefit biodiversity 
and should be conserved (Petit et al. 1999). Contrary to the prediction of the IDH, forest edge did 
not have the statistically significantly greatest number of visits at either transect in this study. 
Therefore, anthropogenic disturbances are not causing an increase in hummingbird species 
diversity. This contradicts the study conducted in Monteverde on hummingbirds by Kieleczawa 
(2013), which found that forest edge had highest species diversity. Diversity should have 
increased at the forest edge because forest interior and open area species should be able to both 
live on the edge but not in other areas.  My study showed that some open area species (especially 
Coppery-Headed Emerald and Magenta-Throated Woodstar) are not moving into the edge as 
expected. However other hummingbird species that appeared at the forest edge are typically 
found in open areas, including Purple-Throated Mountain Gem, Stripe-Tailed, Green Violet-Ear, 
Green-Crowned Brilliant, and Violet Sabrewing. Yet, these species were also found in non-edge 
sites.  

Additionally, all of the sites were dominated by either Stripe-Tailed or Purple-Throated 
Mountain Gem. Both of these species were nesting during the time of the experiment, as their 
nesting season is October to March (Stiles & Skutch 1989). Because of their increased territorial 
behavior during nesting, they could have been preventing other species from coming near the 
feeders and this could have caused a decrease in diversity. This could also be why my results 
differ from Kieleczawa (2013).  

Although my study does not support IDH, it does show that areas that are least disturbed 
by humans (forest interior sites) have greater hummingbird species diversity and more visitations 
than disturbed habitats. This supports the study by Bozeman (2013) in Monteverde, Costa Rica 
that also found that closed forest transects had greater species richness and abundance of 
hummingbirds than open areas. Additionally, this study supports the finding in the study by 
Kieleczawa (2013) that forest interior sites had greater diversity than open areas. Thus, 
conservation efforts should focus on intact primary forests rather than disturbed areas.  
 This study was novel in that it directly tested the intermediate disturbance hypothesis 
with hummingbirds in a tropical lower montane wet forest in Monteverde, Costa Rica by using 
two horizontal transects with five sites each on them that were farther apart than the transect that 
Kieleczawa (2013) used. The two transects did not differ in overall results (diversity, richness, 
and visitation were not highest on the edge for either transect). However, Transect 2 had overall 
fewer visits and lower species richness than Transect 1, perhaps due to worse weather conditions 
during the observation days for Transect 2 than Transect 1 or perhaps just due to location 
variations.  
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ABSTRACT 
 

Pollution in tropical streams follows land transformation and population growth, altering 
the biota of stream communities. Beyond biodiversity declines, the impact of pollution on 
species interactions, including parasitism, is largely unstudied. Here, I determine if 
stream pollution was a factor in the abundance of trichomycetes endoparasitic fungi 
present in the peritrophic membrane of the midgut of Simulium sp., a lotic blackfly 
larvae. The study sites were located in the tropical lower montane moist-wet life zone of 
Monteverde, Puntarenas, Costa Rica. 60 larvae were collected from each of two sites in 
the area, one pristine and one which experienced dumping and runoff from a residential 
neighborhood. After the length of each larva was measured, the peritrophic membrane of 
the gut was removed then stained to visualize fungal hyphae and attached spores. 
Trichomycetes abundance was assessed by counting individuals attached to the 
peritrophic membrane. Fungal abundance per individual was found to be greater in larvae 
from the polluted stream site (49.7 ± 23.7 SD individuals) than from the pristine stream 
site (19.3 ± 10.5 SD individuals). Mean fungal abundance per mm of body length for 
an individual was also greater in the polluted (11.4 ± 4.8 SD larvae/mm) than pristine 
(4.2 ± 2.2 SD larvae/mm). Additionally the polluted stream larvae was found to have a 
greater accumulation of fungi over its growth (R2 = 0.24) than the pristine stream larvae 
(R2 = 0.03). Thus, pollution has an impact on endoparasite load in Simulium sp. fly 
larvae, which are common in neotropical streams. Trichomycete fungi are found in many 
aquatic arthropods, and the fact that these parasites increase with stream pollution 
demonstrates the impact that pollution is having on species interactions in aquatic 
habitats. 
 
RESUMEN 
 
La contaminación en fuentes de agua tropicales sigue a la transformación del uso de la 
tierra y el crecimiento de la población, alterando la biota de las comunidades de agua 
dulce. Más allá de la disminución en la biodiversidad, el impacto de la contaminación en 
la interacción de especies, incluyendo el parasitismo, está poco estudiado. Acá, determino 
si la contaminación de una fuente de agua es un factor en la abundancia de hongos 
tricomicetes endoparásitos presentes en la membrana peritrófica del tracto digestivo 
medio de especies de Simulium, una larva de mosca negra lótica. Los sitios de estudio se 
localizaron en la zona de vida Húmedo-Mojada Montañosa Tropical Baja de Monteverde, 
Puntarenas, Costa Rica. Se colectaron 60 larvas de cada uno de dos sitios en el área, uno 
prístino y uno que ha experimentado desechos y escorrentías del área residencial. Luego 
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de medir la longitud de cada larva, se removió la membrana peritrófica del sistema 
digestivo y se tiñó para visualizar las hifas y las esporas de los hongos. Se evaluó la 
abundancia de tricomicetes contando los individuos adheridos a la membrana peritrófica. 
Se encontró que la abundancia de hongos por individuo fue mayor en las larvas del sitio 
de fuente de agua contaminada (49.7 ± 23.7 SD individuos) que del sitio de agua 
prístina (19.3 ± 10.5 SD individuos). La abundancia promedio de hongos por mm de 
longitud del cuerpo por individuo fue mayor en la fuente contaminada (11.4 ± 4.8 SD 
larva/mm) que en la prístina (4.2 ± 2.2 SD larva/mm). Adicionalmente, se encontró 
que las larvas de la fuente de agua contaminada tuvieron una mayor acumulación de 
hongos a través de su crecimiento (R2 = 0.24) que las larvas de la fuente prístina (R2 = 
0.03). Por lo tanto, la contaminación tiene un impacto en la carga de endoparásitos de 
larvas de mosca Simulium sp., las cuales son comunes en fuentes de agua neotropicales. 
Los hongos tricomicetes se encuentran en muchos artrópodos acuáticos, y el hecho de 
que estos parásitos incrementen con la contaminación demuestra el impacto que la misma 
está teniendo sobre la interacción de especies en hábitat acuáticos. 

 
INTRODUCTION 
 
The impacts of human population growth and development are of increasing importance in the 
tropics, including the impacts of runoff and dumping from human settlement to fragile stream 
ecosystems (Ramierez et. al. 2009). Watershed protection is of particular conservation 
importance because protection of sources of potable drinking water and maintenance of 
downstream fisheries are expensive to remediate (Kramer et. al. 1997). As in terrestrial tropical 
ecosystems, impacts of human development include declines in biodiversity, resulting in 
communities dominated by disturbance-dominated species (Benstead et. al. 2003). Streams in 
populated areas have much higher concentrations of dissolved organic and inorganic compounds 
due to runoff and dumping, which can be disruptive to these delicate aquatic ecosystems (Mallin 
2008). Many stream organisms are filter feeders, and even low level pollution of this type of 
habitat can have a large impact on biotic communities due to bioaccumulation by filter feeding 
invertebrates (Carlsson 1967).Species interactions as well may change as a result of stream 
perturbation due to pollutant introduction, further altering structure and function of the stream 
community (Wallace & Webster 1996). 
 Lotic larvae of family Simuliidae, or blackflies, are particularly susceptible to levels of 
stream pollution and are bioindicators of high water quality (Hodkinson & Jackson 2005). As 
they filter water to capture and ingest floating organic matter, they accumulate contaminants 
(Carlsson 1967). Additionally, high levels of organic pollution will precipitate on rocks over 
time and prevents larval feeding fans from filtering properly (Carlsson 1967), as well as 
preventing larva from forming the silk mats with which they anchor to substrates to live and feed 
(Kiel 1997). Simuliid larvae are particularly important members of the stream ecosystem because 
of the role they play in transformation of fine suspended particles in the water to larger pellets in 
the form of fecal pellets which then become available to benthic microbes and invertebrates 
(Wotton 1998).  

Simuliid larval guts also are host to the endoparasitic fungal group Trichomycetes 
(Lichtwardt 1997, Lichtwardt et. al. 2001). As pollutants can reduce the ability of hosts to resist 
parasitic infections, or even directly encourage reproduction and growth of parasites (Rice et. al. 
1996), larvae of Simuliidae may show higher parasite loads in polluted environments in addition 
to the direct impacts of pollution on the larval feeding. 
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Gut parasites are prevalent in many lotic insect species and negatively impact the growth 
and development of larvae which they inhabit (Strickland 1911). These are taxonomically 
diverse, but trichomycetes are very common in arthropod guts. In neotropical montane Simulium, 
the most common genus of Simuliidae in the study site of Monteverde, Costa Rica, the dominant 
trichomycete is Harpella tica (Lichtwardt 1997). While not always parasitic in their interactions 
with host arthropods, the majority of trichomycetes, including H. tica, rob hosts of nutrients and 
negatively impact host fitness, particularly in high abundance (Lichtwardt et. al. 2001). Here, I 
determine if stream pollution can increase the endoparasitic fungal load of blackfly larvae in 
tropical montane streams.   
 
METHODS 
 
STUDY ORGANISM.— Studies on the ecology of trichomycetes are very few. They seem to be 
widespread and not host-specific (Nelder et. al. 2005 A). We seek to determine if there is, in fact, 
a substantial difference between colonization of the Simulium sp. gut by trichomycetes such as 
H. tica and close relatives in streams differing in level of pollution from runoff and dumping 
from a residential area. These large parasitic fungi infect the peritrophic membrane of the host, 
which lines the midgut of all arthropods and is where most digestive processes take place 
(Lichtwardt et. al. 2001). The fungi are visible under simple light microscopy, so are a 
convenient metric for potential increased endoparasitism in their hosts. Additionally, as H. tica 
and other Harpalleles are present in virtually every Simuliid larvae, allowing for easy 
comparison of different levels of parasitism (Lichtwardt 1997). 
 
LARVAL COLLECTION.— Larvae of Simulium sp. were collected from two sites in Lower 
Montane Moist-Wet transition in Monteverde, Puntarenas, Costa Rica at 1350 m (polluted) and 
1550 m (pristine). One collection site was pristine stream habitat near the Monteverde Biological 
Station, and the other was downstream of a residential area which uses the creek for dumping 
organics in the neighborhood of Cerro Plano, Monteverde. In each site, 60 larvae were collected 
directly from substrates by lifting submerged rocks and sticks from the water and using tweezers 
to remove larvae. Larvae were stored in jars prior to dissection, and never more than 36 hours 
passed between collection and dissection. Larvae stored overnight were refrigerated to preserve 
the integrity of the peritrophic membrane. In most cases, larvae were dissected live and the same 
day of collection. 
 
DISSECTION AND MICROSCOPY.— Each larva was measured under an Olympus SZ51 dissecting 
microscope to the nearest one-tenth millimeter as an approximation of larva age. Following 
measurement, the peritrophic membrane of the midgut was removed, cleared of contents by 
grasping one end of the membrane with tweezers and lifting repeatedly out of a small pool of 
distilled water. The membrane was then colored with a 1:10 dilution with distilled water of 
lactophenol cotton-blue (Lichtwardt 1997, Fig. 1). 
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FIGURE 1. Dissection process for removal and coloration of peritrophic membrane of Simulium sp. 
for trichomycete assessment. (a) Larva is measured to nearest 0.1 mm. (b) The head is removed 
with a pin, which removes the foregut and often pulls out the anterior end of the peritrophic 
membrane, pictured. (c) Membrane is removed from the abdomen and hindgut with tweezers. (d) 
Tweezers lift the clear membrane repeatedly out of a pool of distilled water to clear contents, at 
this point the membrane is very difficult to see. (e) Membrane is placed in a pool of dilute 
lactophenol cotton-blue to color it and the fungi for mounting. 

 
After coloring, each peritrophic membrane was wet mount and examined with a compound 
microscope at 400x magnification to visualize fungus. Total number of trichomycetes individuals 
was counted and recorded for each larval gut (Fig. 2). 
 

 
 
FIGURE 2. Harpella tica fungi on the peritrophic membrane of the Simulium sp. midgut, collected 
from stream sites in Lower Montane Moist-Wet transition  habitat of Monteverde, Puntarenas, 
Costa Rica. (a) The posterior end of the peritrophic membrane with five distinct fungal individuals 
at 400x magnification. (b) A single H. tica individual mounted to the peritrophic membrane. 
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RESULTS 
 
It was much more challenging, as expected, to find larvae in the polluted stream environment 
than in the pristine stream. Additionally, in the polluted stream there was a very high abundance 
of brown algae covering most substrates. Simuliid larvae were rarely found where algae were 
dominant and only occasionally on the few algae-free substrates. Larvae collected from both 
sites were all of genus Simulium, and all appeared to be the same species, though not identified. 
Additionally, it was immediately obvious that fungi were more prevalent in the larvae from the 
polluted habitat, particularly in the accumulation of fungi at the posterior end of the peritrophic 
membrane (Fig. 2a). In addition to being numerous, the polluted stream gut membranes appeared 
to have more large and highly branched individuals (Fig. 2a) than did those from the clean 
stream (Fig. 2b). 
 Only one trichomycete species was recorded: H. tica. Other species may have been 
present in low abundance, or were nonreproductive and therefore largely indistinguishable, as the 
major characteristic defining species differences is spore shape (Lichtwardt et. al. 2001).  

The mean number of fungal individuals observed on the peritrophic membrane of 
Simulium sp. larvae collected from the polluted stream location (49.7 ± 3.1 SE individuals) was 
61% higher than for those collected in the pristine stream location (19.3 ± 1.4 SE individuals, 
independent samples t-test, p < 0.001, t118 = 9.10, n = 60 larvae/site; Fig. 3). 

 
FIGURE 3. Fungal individuals in the midgut of Simulium sp. larvae in pristine and polluted streams 
in Lower Montane Moist-Wet transition  habitat of Monteverde, Puntarenas, Costa Rica. Polluted 
stream larvae showed much greater peritrophic membrane fungal populations than did those of the 
pristine stream habitat (p < 0.001, n = 60 larvae/site). Means shown with standard error. 
 

 Body length was measured as an approximation of gut length, and the mean number of 
fungal individuals per millimeter of body length for a given larvae in the polluted stream 
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environment (11.4 ± 0.6 SE larvae/mm) was 63% greater than for the pristine environment (4.2 ± 
0.3 SE larvae/mm, independent samples t-test, p < 0.001, t118 = 10.64, n = 60 larvae/site; Fig. 4). 
 

 
FIGURE 4. Fungal individuals in the gut of Simulium sp. larvae in pristine and polluted streams in 
Lower Montane Moist-Wet transition  habitat of Monteverde, Puntarenas, Costa Rica per 
millimeter of total body length. The midgut of larvae at the polluted stream site showed much 
greater incidence of fungal infection on the peritrophic membrane per unit of body length than did 
those in the pristine stream site (p < 0.001, n = 60 larvae/site). Means shown with standard error. 

 
The relationship between number of fungal individuals found in the gut and body 

length differed between the two collection sites (ANCOVA, p = 0.003, F1,116 = 9.52, Fig. 
5). There was no significant relationship between body size and fungal load for 
individuals from the pristine stream (regression, p = 0.202, F1,58 = 1.67, n = 60 larvae). In 
the polluted stream, however, the fungus accumulated with increased body size. This 
change in body length explained 24% of change in fungal load. For every 1 mm increase 
in body length, there was an increase of 14.8 additional fungal individuals (regression, p 
< 0.001, F1,58 = 18.6, R2 = 0.24, n = 60 larvae).  
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FIGURE 5. Impact of body length on fungal populations in the gut of Simulium sp. larvae in pristine 
and polluted streams in Lower Montane Moist-Wet transition  habitat of Monteverde, Puntarenas, 
Costa Rica. Body length impacted peritrophic membrane fungal count differently between the two 
collection sites (p = 0.003, n = 60 larvae/site). Fungal populations on the peritrophic membrane 
did not increase with increasing body length in larvae from the pristine site (p = 0.202, R2 = 0.03). 
Fungal populations did increase significantly with increasing body length for larvae from the 
polluted site (p < 0.001, R2 = 0.24). 

 
DISCUSSION 
 
Trichomycete gut parasites of Simulium sp. are much more plentiful in individuals from the 
polluted stream than from the pristine stream. This demonstrates that, though the fungus was 
present to an extent in every larva dissected, stream pollution leads to an increase in infestation. 
At almost 50 trichomycetes per gut, it is likely that the larvae experience some level of fitness 
loss as a result of increased endoparasite load. Additionally, abundance of fungal individuals per 
millimeter of body length, or density, of fungal individuals was demonstrated to be higher in the 
polluted stream larvae than in those from the pristine stream. The average number of fungal 
individuals per mm of body length nearly tripled between the two environments. This shows that 
the increase in fungal abundance is not a result of differences in larval size, but very clearly is a 
function of increased density. Furthermore, the presence of fungus in larva was independent of 
age, estimated by body length, for the pristine stream. Over the growth of an individual, extent of 
fungal infection remained relatively constant. In contrast, fungus appeared to accumulate over 
time in larvae at the polluted site, with the fungal abundance in the gut increasing over the body 
length ergo the presumed age of an individual. 
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The pattern is almost certainly linked to pollution.  While we were not able to identify the 
fly larvae to species, there were no noticeable morphological differences. It has been 
demonstrated that some species of trichomycetes will colonize different closely related species of 
Simuliids differentially (Nelder et. al. 2005 B). Therefore, the impact of pollution on Simulium 
species may be compositional rather than the direct impact of pollution on the ability of the 
fungus to colonize a give identical pool of species. However this seems unlikely because of the 
strong morphological similarities and similarities in the substrates on which the larvae were 
found, indicating behaviorally similar organisms. I had no reason to believe the larvae were of 
different species despite the fact that I could not identify them to species. 

Pollution is demonstrably disrupting species interactions. The increase of parasitism on 
Simulium sp. by trichomycetes in response to pollution shows the alteration of species 
interactions due to anthropogenic inputs to stream communities. Species interactions, in addition 
to biodiversity, are crucial to maintain in tropical systems in order to keep ecosystem services 
intact. In the case of Simulium sp., the sedimentation which aids in maintenance of benthic 
communities is an important biological service which is being threatened by the increase in 
parasite loads impacting fitness of the larvae. Decrease in Simuliid populations has been long 
used to assess stream health: loss of disturbance-intolerant species in favor of more weedy 
species (Hodkinson &Jackson 2005). Here we also see that parasitic interactions are impacted in 
ways that are detrimental to ecologically important species, demonstrating that pollution is a 
bigger problem than simply biodiversity loss. This exemplifies the fact that watershed protection 
is important not only for human health, but also and perhaps most importantly for maintenance 
of the complex and interconnected stream ecosystem. 
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ABSTRACT 
 
Plants and herbivores evolutionarily respond to one another in an arms race that leads to a number of antiherbivore 
defenses.  In the Passifloraceae, these defense mechanisms include leaf toughness, toxic cyanide in leaves, and 
nectar production by ant attracting extra floral nectaries (EFNs) that deter generalist herbivores as well as 
Heliconiine butterflies that specialize on passion vines.  This study explores tradeoffs in defense mechanisms in the 
Passifloraceae, as these mechanisms are costly to produce and maintain.  Passiflora biflora leaves of varying ages 
were collected and analyzed for leaf toughness, cyanide concentration, EFN nectar production, and sucrose 
concentration.  Leaf width, number of extant EFNs, and percent herbivory were also noted.  Results showed that as 
leaves age, toughness increased while cyanide concentrations and EFN nectar production decreased, suggesting that 
plants invest energy for these defenses preferentially to young leaves most vulnerable, before they have had 
adequate time to toughen.  This study also examined variation in EFN nectar production, and found leaf age and leaf 
morphology to explain most of the variation in nectar volume.  Leaves exhibiting a broad leaf morphology were 
found to produce significantly more nectar than leaves characterized by a more narrow leaf morphology.  
Additionally nectar production was higher in leaves on hanging branches than on branches that grew horizontally or 
climbed vertically.  Presence or absence of active growth on a branch did not explain any variation in nectar 
production.  The findings indicate strong evidence for trade-offs in defense mechanisms.  Young leaves most prone 
to herbivory are protected most heavily by secondary defense mechanisms including increased cyanide and nectar 
production, and these defenses are reduced once leaves have reached adequate toughness for herbivore defense. 
 
Resumen 
 
Evolutivamente plantas y herbívoros responden el uno al otro en uuna carrera que conduce a un número de defensas 
antiherbivoría. En Passifloraceae, estos mecanismos de defensa incluyen dureza de la hoja, cianuro tóxico en las 
hojas, y producción de néctar por los nectarios extraflorales (NEFs) que atraen hormigas que disuaden tanto 
herbívoros generalistas como mariposas Heliconiine que se especializan en estas lianas. Este estudio explora los 
intercambios en mecanismos de defensa de Passifloraceae, ya que estos mecanismos son costosos de producir y 
mantener. Se colectaron hojas de Passiflora biflora de diferentes edades y se analizó la dureza de las hojas, la 
concentración de cianuro, la producción de néctar por los NEFs, y la concentración de sucrosa. Ancho de la hoja, 
número de NEFs existentes, y el porcentaje de herbivoría también fueron anotados. Los resultados mostraron que a 
medida que las hojas envejecen, la dureza aumenta mientras que las concentraciones de cianuro y la producción de 
néctar en los NEFs disminuye, sugiriendo que las plantas invierten energía para estas defensas preferencialmente en 
hojas jóvenes más vulnerables, antes de haber tenido el tiempo adecuado para endurecerse. Este estudio también 
examinó la variación en la producción de néctar de los NEFs, y encontró que la edad de la hoja y la morfología de la 
hoja explican la variación en el volumen de néctar. Se encontró que las hojas que mostraron una morfología ancha 
producen significativamente más néctar que hojas caracterizadas por una morfología más angosta. Adicionalmente 
la producción de néctar en hojas en ramas colgantes que en ramas que crecen horizontalmente o suben verticalmente. 
La presencia o ausencia de crecimiento activo en una rama no explica ninguna variación en la producción de néctar. 
Los hallazgos indican fuerte evidencia para intercambios en los mecanismos de defensa. Hojas jóvenes más 
susceptibles a la herbivoría están más protegidas por mecanismos de defensa secundarios incluyendo mayor 
producción de cianuro y néctar, y estos mecanismos de defensa se reducen una vez que las hojas han alcanzado una 
dureza adecuada para la defensa contra herbívoros. 
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INTRODUCTION 
 

Plants have evolved a variety of defense 
mechanisms in response to herbivorous pressures 
(Ehrlich & Raven 1964).  Leaf toughness 
universally protects plants from herbivory (Coley 
et. al. 1985), however newly formed leaves require 
time to toughen before this defense is effective 
(Foster et. al. 2013).  In the Passifloraceae, passion 
vines have evolved additional defense mechanisms 
including toxic cyanide in leaves to deter generalist 
herbivores (Hay-Roe & Nation 2007), however 
Heliconiine butterfly larvae have evolved tolerance 
to this defense and now specialize on passion vines 
for food (Smiley 1985).  To deter these parasitic 
herbivores, Passiflora species have evolved 
additional defense mechanisms targeting 
Heliconiine butterflies including variable leaf 

shape to confuse oviposition (Gilbert 1982), glands that mimic butterfly eggs (Gilbert 1982), 
hair-like trichomes that ensnare caterpillars (Gilbert 1971), and nectar secretion by EFNs to 
attract ants that prey upon Heliconiine caterpillars (Smiley 1986).  Defense mechanisms vary 
among species of Passiflora (Gilbert 1982), and even within an individual plant defenses may be 
expressed to varying degrees (Coley et. al. 1985).  This suggests the possibility of tradeoffs in 
defense, as resources are allocated differentially and investment in one defense may come at the 
expense of another. 

In the Neotropical passion vine Passiflora biflora, vines deter herbivory through leaf 
toughness, cyanide, and EFN nectar production.  EFNs located on the underside of leaf blades 
are variable in number and are highly variable in their nectar output.  Nectar volume and sugar 
concentrations of nectar produced by EFNs influence the ability of plants to attract ant soldiers, 
as well as patrolling activity of ants in ant-plant systems (Agrawal & Rutter 1988).  Therefore it 
is of interest to determine which factors explain variation in nectar production, as EFN output 
may reflect differential investment and tradeoffs in defense.  Increased nectar production may 
compensate defenses for leaves with low cyanide concentrations, or young leaves that lack 
toughness, to deter herbivory (Bentley 1977).  Alternatively, variation in nectar volume may by 
due to morphological differences in leaves that result in more surface area or leaf water content 
(Heil 2011), or even physical differences such as gravity that affects water potential differently 
in leaves on branches growing horizontally and vertically (Barrera & Nobel 2004).  Presence of 
new growth may influence nectar volume, as branches exhibiting active leaf production may split 
resources between growth and nectar defense (Cepeda-Cornejo & Dirzo 2010). 
 Defense mechanisms are costly; therefore the fitness of the plant may be compromised if 
resources are allocated excessively where defense is not needed.  This study will examine 
evidence for investment tradeoffs in P. biflora, focusing on leaf toughness, cyanide 
concentration, and nectar production as the primary defense mechanisms.  Additionally it will 
examine factors potentially influencing nectar production in P. biflora, including leaf 
morphology, branch position, and active leaf production.   
 

Figure 1.! Extra floral nectaries producing 
nectar in P. biflora leaves collected in the 
Monteverde and Selvatura Butterfly 
Gardens in Costa Rica.!
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METHODS 
 
Study Site 

This study was conducted in the 
Monteverde and Selvatura Butterfly 
Gardens in Monteverde, Costa Rica, 
where P. biflora can be found in large 
enclosures with Heliconiine butterflies.  
Branches of P. biflora were chosen that 
varied in leaf morphology, branch 
position, and new leaf production.  Two 
different types of leaf morphology were 
observed in individual plants of P. biflora 
in this study, and will be characterized 
here as ‘broad morph’ and ‘narrow morph’ 
(Figure 2).  Branch position was 
determined as the spatial arrangement of 
the tip of the branch.  Branches climbing 
vertically were noted as ‘up’, branches 
hanging vertically as ‘down’, and 

branches growing horizontally as ‘flat.’  Finally, presence or absence of new growth was 
examined for each branch.   

Leaf age was measured by relative leaf position.  The first fully expanded leaf at the tip 
of each branch was youngest and was denoted as position 1, and the position of each consecutive 
leaf determined as the number of leaf nodes from position 1.   Absolute leaf age differed for 
similar placements between branches with and without the presence of new growth, however, 
relative leaf age within a branch held true regardless of active growth.  Leaf width was measured 
as the widest portion of the leaf.  It was observed that leaf width between the two different 
morphs was not noticeably different for leaves of similar ages.  Number of EFNs present was 
counted, and percent herbivory on each leaf was recorded as 0 (0%), 1 (1-10%), or 2 (>10%).  
 
Nectar Collection and Analysis 
Nectar was collected from the EFNs on the underside 
of P. biflora leaves using microcapillary tubes to 
measure the quantity and quality of nectar (Figure 3).  
Sucrose concentration of the nectar collected was 
analyzed using a sucrose refractometer and recorded 
as 1 (1-10%), 2 (11-20%), 3 (21-32%), and 4 (>32%).   
 
Leaf Toughness 
Leaf toughness was measured using a leaf 
penetrometer (Figure 4).  Leaves were placed 
between two metal plates with a hole in the center 
allowing a rod to enter through the hole and rest on 
top of the leaf.  The hole was positioned so the rod 
rested between two primary veins on the upper 

Figure 2.! Narrow (left) and broad (right) leaf 
morphologies in P. biflora leaves collected in the 
Monteverde and Selvatura Butterfly Gardens in 
Costa Rica.!

Figure 3.!!Nectar collection using 
microcapillary tubes in P. biflora 
leaves collected in the Monteverde 
and Selvatura Butterfly Gardens in 
Costa Rica.!
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portion of the leaf, on healthy green tissue free of EFNs.  The 
rod supported a platform, which held a cup that was gradually 
filled with water at a rate of 3mL/sec for the first 40 mL and 
then 15 mL/sec after that until the rod punctured the leaf.  The 
total weight supported by the leaf was recorded and used as a 
measure of toughness. 
 
Cyanide Concentration 
Cyanide content was measured using the Sodium-Picrate Test 
(Haque & Bradbury 2002).  Each leaf was weighed and 0.05 g of 
healthy tissue free of large veins was placed in a small glass vial.  
Picrate test strips were prepared using strips of 0.5 cm by 6 cm 
filter paper soaked in sodium picrate and set in a Petri dish to let 
excess fluid evaporate.  Three drops of toluene solvent were 
added to the glass vials, and leaves were crushed with a glass 
stirring rod.  Test strips were then suspended in the vials and the 
vials capped.  The vials were placed at approximately 25°C for 
60 minutes.  After incubation the test strips were removed and 
dipped in 4 mL of water in a cuvette for 20 seconds (Figure 5).  

A blank sample was prepared using a picrate test strip that had been prepared but not exposed to 
leaf tissue.  The cuvettes were read in an MRC UV-200-RS Ultraviolet and Visible 
spectrophotometer at 550 nm and transmittance was recorded.  Transmittance was converted to 
absorbance using the formula ABSORBANCE = 2 – LOG10 (% TRANSMITTANCE).  A 
standard curve of absorption (Arthur 2009) was used to calculate cyanide concentration from 
absorbance (y = 0.0284ln(x) + 0.1665). 
 
Statistical Analysis 
Pairwise correlations compared possible investment 
tradeoffs between each variable (leaf age, number of 
EFNs, leaf width, percent herbivory, nectar volume, 
percent sucrose, toughness, and cyanide).  All leaves 
not producing nectar or producing less than 0.1 µL of 
nectar were excluded for sucrose comparisons.  
Likewise, all leaves with herbivory of 2 (>10%) were 
excluded for comparisons with leaf width, as those 
leaves were missing significant area, resulting in 
inaccurate width measurements.  

ANCOVA tests were completed to test the 
effects of leaf morphology, branch position, and the 
presence of new growth on nectar production using all 
data collected.  A multiple regression using the 
variables of leaf age, number of EFNs and leaf 
morphology was then run to determine which variables 
weighted most heavily in determining nectar 
production in P. biflora.  

 

Figure 4.! Leaf toughness in 
P. biflora leaves collected in 
the Monteverde and 
Selvatura Butterfly Gardens 
in Costa Rica was measured 
using a leaf penetrometer.!

Figure 5.!!Cyanide concentration in P. 
biflora leaves collected in the 
Monteverde and Selvatura Butterfly 
Gardens in Costa Rica was measured 
using a sodium-picrate test.  Test strips 
were exposed to cyanide in leaf tissue, 
and dipped in water to elute cyanide.  
Concentration was measured using a 
spectrophotometer.!
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RESULTS 
 
Defense Mechanisms 
The pairwise correlations test indicates that leaf age, percent herbivory, nectar production, 
sucrose concentration, toughness, and cyanide concentrations were all correlated in leaf samples 
of P. biflora (Table 1).  Percent herbivory, percent sucrose, and toughness were all positively 
correlated with leaf age (Figure 6), while nectar volume and cyanide concentration were both 
negatively correlated with age (Figure 7).  A 10% increase in leaf age resulted in 13.2% increase 
in toughness.  Consequently, a 10% increase in leaf age resulted in 14.2% and 14.7% decrease in 
cyanide concentration and nectar production respectively, as determined from the slope of the 
trendlines. 
 

!
Figure 6.  Percent herbivory, percent sucrose, and toughness were all positively correlated with 
leaf age in P. biflora leaves collected in the Monteverde and Selvatura Butterfly Gardens in 
Costa Rica.  Statistics for each test are as follows: percent herbivory and leaf age (corr = 0.2242, 
p = 0.0016, n = 195), percent sucrose and leaf age (corr = 0.2429, p = 0.0171, n = 96), toughness 
and leaf age (corr = 0.4533, p < 0.0001, n = 115).  
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!
Figure 7.!!Nectar production and cyanide were both negatively correlated with leaf age in P. 
biflora leaves collected in the Monteverde and Selvatura Butterfly Gardens in Costa Rica.  
Statistics for each test are as follows: nectar and leaf age (corr = -0.2831, p < 0.0001, n = 195), 
cyanide concentration and leaf age (corr = -0.5567, p < 0.0001, n = 115). 

 
Nectar Production 
The pairwise correlation test indicates that nectar production was positively correlated with 
number of EFNs (Figure 8).  ANCOVA tests were completed to test the effects of leaf 
morphology, branch position, and active leaf production on nectar volume.  Leaves exhibiting 
broad vs. narrow morphologies were found to differ significantly in amount of nectar produced, 
with broad leaves producing significantly more nectar than narrow leaves for a given leaf age 
(Figure 9).  Branch position also significantly influenced the amount of nectar produced (Figure 
10).  Leaves on branches hanging down produced more nectar than leaves on branches in either 
the up or flat positions (Tukey’s HSD, p < 0.05).  Finally, leaves on branches actively producing 
new leaves were not found to produce significantly more or less nectar than leaves on branches 
without new growth (Figure 11). 
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!
Figure 8.!Nectar production was positively correlated with number of EFNs in P. biflora leaves 
collected in the Monteverde and Selvatura Butterfly Gardens in Costa Rica (corr = 0.1649, p = 
0.0213, n = 195). 
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!
Figure 9. Nectar production was significantly higher in leaves with broad morphology in P. 
biflora collected in the Monteverde and Selvatura Butterfly Gardens in Costa Rica (ANCOVA, F 
= 20.00, d.f. = 1, 191, p < 0.0001, n = 195). 
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!
Figure 10.!!Nectar production was significantly higher in leaves on branches in the down 
position than any other position in P. biflora collected in the Monteverde and Selvatura Butterfly 
Gardens in Costa Rica (ANCOVA, F = 20.39, d.f. = 2, 189, p < 0.0001, n = 195).  Nectar amount 
produced by leaves in the up and flat positions were not determined significantly different from 
each other. 
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!
Figure 11.!Nectar production was not found to be significantly different between leaves on 
branches exhibiting new growth and those branches without new growth in P. biflora collected 
in the Monteverde and Selvatura Butterfly Gardens in Costa Rica (ANCOVA, F = 1.757, d.f. = 1, 
191, p = 0.1866, n = 195). 

 
Relative impact of leaf age, morphology, and EFN number on nectar production 
Factors influencing nectar production were weighted using a multiple regression to determine the 
influence each factor had on nectar output.  Leaf age, number of EFNs, and leaf morphology 
were used in this analysis.  Branch position was excluded from the multiple regression because it 
correlated with leaf morphology.  Percent herbivory, toughness, and cyanide concentrations were 
excluded as well because they correlated with leaf age and each other (p < 0.05), and sucrose 
was excluded because it correlated with leaf age (p < 0.05) and loosely showed trends of 
correlation with the other factors.  Therefore leaf age was used as a proxy for each of those 
factors (Table 1). 
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Table 1.!Pairwise correlations between defense mechanisms and factors influencing nectar 
production in P. biflora collected in the Monteverde and Selvatura Butterfly Gardens in Costa 
Rica.!

Interaction correlation coefficient p n 
Leaf Age v. Nectar -0.2381 <0.0001 195 
Leaf Age v. Herbivory 0.2242 0.0016 195 
Leaf Age v. Cyanide -0.5567 < 0.0001 115 
Leaf Age v. Toughness 0.4533 < 0.0001 115 
Leaf Age v. Sucrose 0.2429 0.0171 96 
Nectar v. Herbivory -0.1225 0.0879 195 
Nectar v. Cyanide 0.1115 0.2355 115 
Nectar v. Toughness 0.0212 0.8224 115 
Nectar v. Sucrose -0.1477 0.1510 96 
Herbivory v. Cyanide -0.4916 < 0.0001 115 
Herbivory v. Toughness 0.3965 < 0.0001 115 
Herbivory v. Sucrose -0.0638 0.5370 96 
Cyanide v. Toughness -0.6955 < 0.0001 115 
Cyanide v. Sucrose -0.1990 0.1275 60 
Toughness v. Sucrose 0.2304 0.0766 60 
Morphology v. Position 0.4945 < 0.0001 195 
 

Leaf age, number of EFNs, and morphology together explain 25.48% of variation in 
nectar production (Multiple regression, R2 = 0.2548, F = 21.77, p < 0.0001).  A post hoc analysis 
of semi-partial correlations, determining the unique contribution of each variable to the total 
amount of variance in nectar production, after interactions between variables have been removed, 
indicates that leaf morphology explains most of the variation in nectar production, followed 
closely by leaf age.  Leaf morphology explains 15.68% of variation in nectar production, which 
accounts for the higher nectar volumes observed in broad morph leaves than narrow morph 
leaves of similar age, as well as differential nectar production in leaves on branches positioned 
down, as that factor was positively correlated with leaf morphology.  Leaf age explains 14.29% 
of variation in nectar production and supports the evidence for trade-offs in defense mechanisms, 
as decreasing nectar production is strongly correlated with increasing age and leaf toughness, the 
ultimate herbivore defense mechanism.  Number of EFNs minimally influenced nectar 
production, only explaining 3.46% of variation, however this is significant as those leaves with 
more EFNs have higher total EFN output. 
 
 
DISCUSSION 
 
Evidence for trade-offs in herbivore defenses are clear in P. biflora.  Regardless of the 
differences in absolute leaf age between branches with and without new growth, correlations 
were found between leaf age, toughness, percent herbivory, cyanide concentration, nectar 
volume, and percent sucrose.  Toughness increases with leaf age, making youngest leaves most 
susceptible to herbivory because they have not had adequate time to toughen (Foster et. al. 2013).  
This study found that older leaves had experienced higher herbivory because timing of herbivory 
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was not taken into account, as herbivory effects are cumulative and herbivory experienced at a 
young age will be preserved through the life of the leaf (Root 1996). 
 Cyanide concentrations were highest in young leaves, which were also most tender.  
Additionally, younger leaves had higher amounts of available nectar in EFNs.  Increased nectar 
volumes in EFNs are likely to be more successful in attracting ants for defense (Apple & Feener 
2001; Lanza 1988).  Each of these relationships suggests that plants invest defense resources 
more heavily in young leaves susceptible to herbivory.  EFN nectar production is generally lost 
in older leaves, however higher quality nectar may be produced in small amounts along the way 
as leaves age and toughen, which indicates yet another tradeoff in defense for young to 
intermediately aged leaves (Heil 2011) before toughness becomes the strongest defense and 
nectar production terminates. 
 Nectar production was influenced by leaf morphology and branch position, however 
these factors were strongly correlated with each other as all branches in the down position also 
exhibited broad morphology.  Leaves of the broad morph produced significantly more nectar 
than leaves with narrow morphology.  Visually, broad leaves were observed to have greater leaf 
area than narrow leaves of comparable age (Figure 2).  Larger leaf area corresponds to more 
photosynthetic potential, more surface area for transpiration, and higher water storage capacity in 
young leaves capable of producing nectar, all of which could account for increased nectar 
production in the broad morph (Barrera & Nobel 2004).  Additionally, these hanging branches 
could have experienced increased EFN output because nectar flow is influenced by gravity, and 
water moving through branches oriented downward would allow more water to collect in EFNs 
on these leaves.  No difference in nectar production was found in branches with and without new 
growth, indicating that resource allocation to the production of new leaves does not significantly 
decrease nectar production potential in leaves on the same branch (Heil 2011).  This is 
advantageous for the plant as growth may continue without sacrificing energy for defense.   

While tradeoffs in defense are observable, limitations in these trends occur.  Nectar 
production was not correlated with cyanide concentration, indicating the highly variable nature 
of these defenses. Additionally, some variation in nectar production appears to be beyond the 
plant’s control, as physics also plays a role.  This highlights the importance of multiple defenses 
in young leaves most susceptible to herbivory, possibly making cyanide a more reliable deterrent 
given the variable nature of EFN output.  As leaves toughen to avoid herbivory, cyanide 
concentrations were found to significantly decrease, while nectar production was not correlated 
with leaf toughness, and many young leaves failed to produce nectar at all.  This could reflect 
investment decisions by the plant: unprotected leaves are “cheaters” and butterflies may not be 
able to recognize this.  Alternatively nectar production may be induced by herbivore activity, 
thereby saving the plant resources until they are needed (Bentley 1977). 

Defense mechanisms in plants are constantly being rewritten under pressures by 
herbivores.  Eventually leaves toughen, but until they do cyanide and EFN nectar are primary 
defenses.  Nonetheless these defenses are not all encompassing, and some leaves remain 
unprotected from herbivory.  This is especially true for leaves with narrow leaf morphology, or 
on branches that are climbing, as these leaves secrete less nectar.  These leaves could be more 
likely to suffer from herbivore attack, or they may benefit from other leaves displaying 
protection while avoiding resource investment themselves.  Tradeoffs in defense are prevalent, 
but not perfect, allowing the cycle of plant defense and herbivore response to continue to 
coevolve in conjunction with one another. 
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ABSTRACT 
 
Which morphological flower characteristics influence flower selection by nectivorous bats has gone 
relatively unstudied. Discovering which of these are most important will shed light on the evolution of 
traits in both plants and animals through ecological interactions. It will also help determine whether or not 
pollinator preferences are genetically hardwired or if they simply coevolved to maximize conspecific pollen 
transfer, as well as if these preferences are the same in captive bats. This study tests captive nectivorous 
bats’ preferences of artificial flower color and the presence of a mock echolocation-guiding petal on 
hummingbird feeders. Visitation and nectar consumption were measured for both of these treatments 
against a control feeder with no treatment. Bats significantly preferred the control to any treatment and 
consumed more nectar from this feeder when tested against feeders with flowers and echolocation guides. 
These results suggest that bats’ predilection for flowers may be genetic, but can be replaced with new 
preferences through experience. If these preferences were genetic then the bats should in theory be more 
attracted to artificial flowers with similar features to those of bat-pollinated flowers in nature. This means 
that because the bats were captive that perhaps they changed their preferences to what was available, in this 
case plastic hummingbird feeders, rather than choosing what may be more attractive in the wild.  
 
RESUMEN 
 
Cuales caracteristicas morfológicas florales influencian la selección de flores por parte de los murciélagos 
nectarivoros ha sido relativamente poco estudiada.  Descrubrir cuales de estos son más importantes dará 
señales en la evolución de rasgos tanto en plants como animales a través de interacciones ecológicas.  
Además ayudará a determinar si las preferencias de los polinizadores son genéticamente determinadas o si 
simplemente coevolucionaron para maximizar la transferencia de polen de conespecíficos, así como si estas 
preferencias son las mismas en murciélagos en cautiverio.  Este estudio prueba las preferencias de 
murciélagos en cautiverio por color y la presencia de falsas guías de ecolocalización en flores artificiales en 
comederos de colibríes.  Visitación y consumo de néctar se midieron para ambos tratamientos contra un 
control sin ninguno de los tratamientos. Los murciélagos prefieren significativamente el control a cada 
tratamiento y consumen más néctar de este comedero al compararlo a comederos con flores y guías de 
ecolocalización.  Estos resultados sugieren que la predilección por flores puede ser genetica, pero puede ser 
reemplazada por nuevas preferencias a través de la experiencia.  Si estas preferencias fueran genéticas los 
murciélagos se verían más atraídos a flores artificiales con características similares a las flores polinizadas 
por murciélagos en la naturaleza.  Esto significa que debido a que los murciélagos están en cautiverio ellos 
pueden haber cambiado sus preferencias a lo que hay disponible, en este caso comederos plásticos para 
colibríes, en lugar de escoger lo que puede ser más atractivo en la naturaleza. 
 
INTRODUCTION 
 
Plants have evolved throughout time to specialize towards specific pollinators. In tropical 
forests, an estimated 98% of flowering plants are animal-pollinated (Bawa 1990). With 
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such a dependence on animal pollinators plants have developed specific morphologies, or 
pollination syndromes, to attract the most efficient species (Muchhula 2006). Such 
morphologies include divergence of flowering times, placement of pollen, color, or even 
smell (Muchhula 2006). These pollination syndromes are thought to have risen due to 
selective pressures to maximize conspecific pollen transfer (Muchhula 2006). In this way, 
many flowering species, and their corresponding pollinators, have coevolved to ensure 
this conspecific pollen transfer, as well as maximize nutrient retrieval by pollinators 
(Muchhula 2006). Specific morphologies may also develop as a way to restrict potential 
inefficient pollinators from wasting pollen (Thomson 2003). For instance, the narrow 
tubes of many hummingbird-pollinated angiosperms serve to thwart less efficient 
pollinators such as bees from wasting pollen (Muchhula 2006). Each of these pollination 
syndromes have evolved based on the selective preferences of their preferred pollinators. 
 These flowers that have specific morphologies to attract bats are considered 
chiropterophilous flowers. Within this group of chiropterophilous are over 500 species of 
angiosperms that rely solely on the pollination of nectar-feeding bats (Fleming et al. 
2009). The main attributes exhibited by these bat-pollinated flowers include nocturnal 
antithesis, a drab coloration of typically white to cream colored, green, and sometimes 
yellow, bell or cup-shaped, and generally grow away from foliage either on the trunk of 
trees or branches above or below the canopy (Fleming et al. 2009). Many of these plants 
also produce a floral scent described as a strong foetid or musty smell (Pettersson et al. 
2009). Most of these characteristics evolved because bats rely more on olfaction and 
smell than vision to find flowers, hence the drab coloration and strong odor (Muchhala 
2006). Vision is mostly for support during crepuscular times or moonlit nights (Helversen 
& Helverson 2003). Bats also use echolocation to detect objects and so bat-pollinated 
plants also evolved flower morphologies with conspicuous  
acoustics to facilitate identification by the bats, such as in the 
genus Mucuna (Helversen et al. 2002) (FIG. 1). These guides 
are modified, concave petals designed to reflect sound and 
function as a target for the bats (Helversen & Helversen 
2003). Each of these features has adapted through time to 
create optimally specialized flowers for bats to locate, select, 
and pollinate. 
 Given the degree of specialization of nectarivorous 
bats on chiropterophilous flowers, it is possible that the 
preference of these are not learned but genetically hardwired. 
If they are learned preferences then the bats will have 
developed them overtime to what is available. If the 
predilection is genetically hardwired then, theoretically, all 
flower-feeding bats should be more inclined to select similar 
flowers. This study tests whether or not bats born in captivity 
contain the genetic instincts to choose similarly selected 
flower features as by nectarivorous bats in nature. These 
attributes include flower color and the presence of echolocation guides. 
 To test captive bats’ preferences of specific floral features, each characteristic will 
be tested independently against a control and measured for visitation. With this 
experiment it can be ascertained whether the most important feature is color, the presence 

FIGURE 1. Example of an 
echolocating-guide of Mucuna 
urens found in nature. 
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of a guide, or if each element is interrelated in overall selection. Captive-bred bats are 
especially useful in this test because they have no experience foraging from natural 
flowers and so testing their developed preferences against those found in nature would 
provide evidence for or against the genetic hardwiring hypothesis. If genetic hardwiring 
is present within the bats’ psyche they should prefer feeders with lighter colored flowers 
that have echolocation guides, in accordance with bat-pollination syndrome. 
 
 
MATERIALS AND METHODS  
 
Study Site  
Research was conducted in the Monteverde Bat Jungle in a 16 meter long glass enclosure 
containing 83 bat individuals. The “jungle” mimics a tropical habitat with potted plants 
throughout and floral murals on the walls. There are also woody vines with small foliage 
across the ceiling where many of the bats roost during feeding hours. All of the bats have 
maintained reverse day-night cycles. Bats are released into the feeding zone at 8:30am 
everyday and removed at 9pm. When they are not feeding, the bats are kept in a 
“dormitory” separated from the feeding area to sleep in. Feeding times monitored were at 
8:30am and 12:00pm, although nectar was present all day for the bats to feed on. The 
nectar that the bats are fed is generic mixed fruit nectar combined with a small portion of 
dry baby food and vitamin powder. During the time when bats are present in the feeding 
area the enclosure is very dark with only a few dim lights near the ground to illuminate 
enough of the room to see the bat shapes. Identification of bat individuals requires a 
flashlight. Within the enclosure are two standard, black hummingbird feeders, each with 
six openings for nectar removal. They hang roughly 1 meter from each other in a line 
near the window of the structure. My two experiments added an extra two and one feeder 
respectively.  
 
Study Organisms 
In the jungle are eight species of bats, three nectivorous and five frugivorous. Of these 
three species of nectivorous bats there are 15 individuals; 13 Anoura geoffroyi, three 
Glossophaga commissarisi, and two Hylonycteris underwoodi. Only the very oldest 
individuals were not born in captivity, but were introduced to the enclosure at a very 
young age. 
 
Experiment 1 
The first study tested if the bats preferred a specific flower 
color. To test this, a basic, flat, five-petal flower shape 
roughly three centimeters across was cut out of paper!and 
placed over each nectar removal opening (FIG. 2). Three of 
the feeders had these flowers in white, purple, and green, 
respectively, and then a fourth control feeder was left with 
no tampering. The purple and green flowers were colored 
using felt-tipped markers. Each feeder was monitored for 
visitation twice during each of the two meals for ten-minute 
intervals. Each feeder had 175 milliliters of nectar at the FIGURE 2. Flat, five-petal 

flowers cut out of paper. 
Colored flowers were colored 
with felt-tipped pens.  
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beginning of every day. A visitation was considered any visit by a bat that removed 
nectar from the feeder. Occasionally a bat would fly up to the feeder and then away 
before removing nectar; these visits were not counted. After each day of trials feeders 
were rotated to remove position as a factor in feeder selection. Nectar consumption was 
measured once the bats were removed from the feeding area at the end of the day.  
!
Experiment 2 
The second study tested if the bats preferred echolocation 
guides placed on the feeders. Three feeders were used for 
this experiment, one with flowers and the echolocation 
guide, one with just flowers, and a control with nothing. 
Flowers were the same shape from the first experiment and 
were all purple. Pointed semi-circle shapes were cut out of 
paper and taped above each of the nectar removal sites at 
approximately a 45º angle to mimic a Mucuna spp. 
echolocation-guiding petal (FIG. 3). Feeders were again 
measured for visitation during two ten-minute intervals twice 
a day during breakfast and lunch. Nectar consumption was 
measured at the end of the day.  
!
RESULTS 
 
Experiment 1: Visitation 
The bats tended to visit the feeder with white flowers less often than feeders with other 
colors or no flowers (ANOVA, controlling for differences between trails and meal time: 
F=2.40254 df=3 and 45, p=0.08, n=16; FIG. 4). Specifically, bats tended to visit purple 
and control flowers more often than white ones (post hoc test: p <0.06 in both cases); 
there was no difference between green and other types of flowers (post hoc tests, p>0.05).  
!

!
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FIGURE 3. Pointed semi-circle 
shapes cut out of paper and 
taped above each nectar 
retrieval site at approximately a 
45º angle. 
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FIGURE 4.  Bat visitation/10 min (± 1 SE) based on color of flowers added to feeders. 
Artificial flowers of varying colors with a hole in the center were placed over nectar 
removal sites on feeders. There was nearly a significant preference (ANOVA, controlling 
for differences between trails and meal time: F=2.40254 df=3 and 45, p=0.08, n=16), 
although the trend was towards avoiding white. Differences between Purple vs. White 
and Control vs. White showed significance (post-hoc tests: p<0.05).  
!
Experiment 1: Nectar Consumption 
Nectar consumption was also measured for differences between artificial flower colors. 
Each day, every feeder began with 175 milliliters of nectar and at the end of the day the 
remaining amount was subtracted from this value. The ANOVA test showed no 
significance between nectar consumption of different flower colors or the control 
(p=0.2679, n=4; FIG. 5). 
!

!
FIGURE 5. Average nectar consumed/ day (± 1 SE). Feeders began each day with 175mL 
of nectar and remaining amount was subtracted from this starting value. Nectar separated 
by color of flowers on feeder. Differences between nectar consumed by color were non-
significant (ANOVA, controlling for differences between trails and meal time: 
F=1.55034 df=3 and 9, p=0.2679, n=4).  
 
Experiment 2: Visitation 
Visitation was also measured for differences between treatments of a guided feeder, a 
flower feeder, and a control. Feeders were monitored individually for ten-minute 
intervals four times a day, twice at breakfast and twice at lunch. Bats strongly preferred 
the control to any treated feeder (ANOVA, controlling for differences between trails and 
meal time: F=9.99075 df=2 and 78, p<0.0001, n=32; FIG. 6). Visitation between the two 
treated feeders was very similar and was nearly half the average visitation of the control 
(post-hoc tests: p<0.05).  
!
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!
FIGURE 6. Bat visitation/10 min (±1 SE) separated by treatment. Visitation counted if 
nectar was removed from feeder during ten-minute intervals. Guided feeder had 
echolocation guides and flowers, Flowers feeder had only flowers, and Control had no 
treatment. Bats significantly preferred control to any treatment (ANOVA, controlling for 
differences between trails and meal time: F=9.99075 df=2 and 78, p<0.0001, n=32). 
 
Experiment 2: Nectar Consumption 
Nectar consumption was measured for differences between the three feeders, a control 
and two treated. The nectar remaining in the feeders after the end of the day was 
subtracted from the 175mL that each began the day with. There was significance between 
the amount of nectar consumed from the control and the two treated feeders (ANOVA, 
controlling for differences between trails and meal time: F=4.3057 df=2 and 14, 
p=0.0349, n=8). Both treated feeders had close averages, each of which were much lower 
than the average of the control. (FIG. 7) 
!
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!
FIGURE 7. Average nectar consumed/ day (± 1 SE), separated by treatment. The guided 
feeder had artificial echolocation guides as well as artificial purple flowers, the flowers 
feeder only had artificial flowers, and the control remained untreated. Feeders began each 
day with 175mL of nectar and remaining amount was subtracted from this value. Control 
was preferred over treatments significantly (ANOVA, controlling for differences between 
trails and meal time: F=4.3057 df=2 and 14, p=0.0349, n=8).  
!
!
DISCUSSION  
 
Experimentation deduced mixed results. In the first test, bats visited!the!control,!green!
and!purple!with!similar!frequencies,!and!removed!similar!volumes!of!nectar!in!all!
feeders.!The second experiment concluded that captive bats preferred their standard 
hummingbird feeders to any treatment, whether or not it resembled a typical bat-
pollinated flower in nature. Based on trends in nature, I would speculate that genetic 
hardwiring within a bat’s psyche would cause a preference of light-colored flowers with 
an echolocation guiding petal to a plastic hummingbird feeder, as these are the typical 
characteristics of chiropterophilous flowers. During the color visitation experiment, visits 
to the white flowers were considerably lower than those to the purple and green flowers 
and the control. Perhaps the reason for visitations being highest to purple of all the 
colored flowers was that it was closest to the black top of the nectar feeders that the bats 
have eaten from during their entire lives. Lighting in the enclosure was enough to 
differentiate colors on the feeders and so the bats may have simply chosen the darkest 
option, aside from the control. The trend pointed towards an avoidance of the white 
flowers, nearly significantly. This may be due to the fact that the white flowers were not 
colored with a pen, suggesting that the bats may have been attracted to the odor of the 
ink. The final two trials were conducted with white flowers colored with white pens and 
there was no noticeable difference in visitation, which implies that odor probably had a 
little to no effect on visitation. The other idea is that the white flowers contrasted so 
differently with the normal feeders that the bats didn’t find them attractive. In the second 
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experiment, the control received a significantly higher visitation rate as well as had a 
greater average consumption of nectar. The bats may have learned from the initial 
experiment that purple flowers were more attractive than the green or white flowers. But 
their preferences reverted back to the control in the second test due to old habits, possibly 
because they saw no advantage to the purple flowers. When faced with the option 
between the regular control feeder and the two treated feeders, one with flowers and the 
other with flowers and an echolocation guide, the bats preferred what they were used to.  
 One possible idea is that there is no genetic hardwiring within the bats and they 
learn from other individuals where the ideal nectar feeders are. Ratcliffe and Hofstede 
(2005) discovered that frugivorous roosting bats develop food preferences through social 
learning. However, whether or not nectar-feeding bats utilize similar social learning 
techniques has been unstudied. If they had learned socially, it would suggest that each 
trial would progressively shift towards a certain floral phenotype or, in the case of the 
first test, away from one. Another possible reason for such results is that the bats, being 
bred in captivity, have overridden their instinctive preferences and continued to visit the 
feeders that they have been used to their whole lives. In either case, captive bats appear to 
have developed different preferences for flower morphologies than wild bats in nature. 
 The idea that bats have a specific preference for flower morphologies engrained 
genetically may or may not be present. Carter et al. (2010) tested the reliance of spatial 
versus shape and scent cues of captive nectarivorous bats. They concluded that the 
overshadowing of shape and scent cues by spatial cues is a phylogenetically conserved 
trait in phyllostomid bats, suggesting that preferences of flower-feeding bats have some 
genetic origin. From my study it can be ascertained that these bats have developed a new 
preference for feeders or that they have overridden the genetic hardwiring to choose what 
is available. Perhaps in nature, bats are faced with copious plants to pollinate and so these 
flowers have developed and evolved in a way to be chosen over the other competitors. 
This may be a lighter coloration to be more visible on brighter nights, or even the 
development of an echolocation guide that acts as a target for nectar seeking bats. But 
when it comes to simply choosing a flower or a plastic feeder, it appears that preference 
may be something that is developed over a bat’s lifetime, or at least so in captive bats, 
when ideal options in nature are not present.  
%
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ABSTRACT 

  

It has been suggested that fruit variation is the consequence of the co-evolution of fruiting angiosperms 

and their mutualistic dispersers. These dispersing frugivores should therefore have a preference to the 

characteristics of the fruit they coevolved with. Past studies show contradicting results for the 

preference of bats for sugar in fruits. I studied sugar preference in frugivorous bats living in The Bat 

Jungle in Monteverde, Costa Rica. The Bat Jungle is an exhibit containing four species of native Costa 

Rican fruit bats, most of which were born in captivity. I fed one cm3 pieces of watermelon rinds soaked 

in 20% sugar solutions of glucose, fructose, sucrose or hexose to bats in The Bat Jungle to determine 

preference for sugar type. I then soaked watermelon rinds in 10%, 20% and 40% hexose solutions to 

determine preference for sugar concentration. The bats ate, on average between 22.94 and 25.06 pieces 

of each sugar type per trial showing no preference for any specific type of sugar. The bats showed a 

preference for fruits with added sugar over fruits without, eating on average 29, 22, 23 and 13 pieces 

for 10%, 20%, 40% and the control group, respectively. Therefore captive frugivorous bats are able to 

determine the sugar composition of fruit and select accordingly.  

 

RESUMEN 

 

Se ha sugerido que la variación en frutos es una consecuencia de la co-evolución de las angiospermas 

productoras de frutos y los mutualísticos dispersores.  Estos frugívoros dispersores deber por lo tanto 

mostrar una preferencia por las características frutales de los frutos con los que han co-evolucionado.  

Estudios posteriores muestran resultados contradictorios por la preferencia de azúcar en los frutos por 

parte de los murciélagos.  Estudié la preferencia por azúcar en murciélagos frugivoros que viven en el 

Bat Jungle en Monteverde, Costa Rica.  El Bat Jungle es una exhibición que contiene cuatro especies 

de murciélagos frugívoros nativos de Costa Rica, la mayoría de los cuales nacieron en cautiverio.  Los 

alimenté con pedazos de un cm3  de la cascara interna de sandía bañados en una solución del 20% de 

glucosa, fructuosa, sacarosa o hexosa para determinar la preferencia por el tipo de azúcar.  Luego bañe 

los pedazos de sandía en soluciones de hexosa del 10%, 20% y  40% para determinar las preferencias 

por la concentración de azúcar.  Los murciélagos consumieron en promedio 22.94 y 25,06 pedazos de 

cada tipo de azúcar por tratamiento mostrando no preferencia por algún tipo específico de azúcar.  Los 

murciélagos muestran una preferencia por frutos con azúcar agregada sobre aquellos sin azúcar, 

consumiendo en promedio 29, 22, 23 y 13 pedazos para 10%, 20%, 40% y el grupo control, 

respectivamente. Por lo tanto, los murciélagos frugívoros en cautiverio son capaces de determinar la 

composición de azúcar de los frutos y seleccionar de acuerdo a esto, 

 

INDRODUCTION 

 

Many of the fruits found in nature today are the product of millions of years of 

evolution with bats and other frugivores (Janson 1983). According to the adaptive 

hypothesis, variation in animal dispersed fruit today is the result of selective feeding 

preferences by mutualistic frugivores, which drives evolution via seed dispersal 

(Hodgkison, 2013). Fruit diversity is illustrated by differences in size, shape, color, 

sugar type and concentration in nature. Research suggests that different frugivores 
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show a preference for certain types of sugar and concentrations of sugar in the fruits 

they consume (Baker et al. 1998). If this preference reflects the evolutionary 

interactions between the frugivore and its respective food, frugivores should show a 

consistent preference for the particular ratio of sugar types and concentrations found 

in that fruit (Herrera et al. 2000). While the particular sugar and sugar concentrations 

preferred by nectarivorous and frugivorous birds has been highly studied, sugar 

preferences of bats has not been well researched (Lotz and Schondube 2006; Brown et 

al. 2008; Odendaal et al. 2010).  

 In general, the fruits consumed by bats in the New World are low in sucrose 

and high in glucose and fructose (Baker et al. 1998). Although fruits consumed by 

bats are low in sucrose, one study of two New World frugivorous bat species showed 

a preference for sucrose over monosaccharaides, such as glucose and fructose 

(Herrera 1999). Sugar concentration is also thought to be a determining factor in fruit 

preference, although, to the best of my knowledge, no studies have been done on 

frugivorus bats. The patterns of preference shown by nectarivorous bats could provide 

a cue for what frugivorous bats prefer. The Old World nectarivorous bat, 

Synconycteris australis, prefers  the highest sugar concentration offered (40%), 

suggesting bats want to maximize energy gains per energy expended foraging (Law 

1993). However this trend may not be true of frugivorous bats as fruits have a 

different composition than nectar. 

 The purpose of this study is to determine the type of sugar and concentration 

that four captive New World fruit bat species prefer. Fruit soaked in four different 

types of sugar was fed to the bats to determine if there was any preference for sugar 

type in fruit. Fruits were then soaked in different concentrations of the same sugar, 

hexose, to determine if there was any preference for sugar concentration in fruit. 

Hexose, a 50% glucose, 50% sucrose combination, was used for all concentrations 

because most fruits consumed by New World bats are a combination of glucose and 

fructose (Baker et al. 1998). This study will determine if four species of New World 

frugivorous bats have a preference for sugar type and concentration in fruit. 

 

 

MATERIALS AND METHODS 

 

Study site and species 

 

The experiment took place in Monteverde, Costa Rica in the Bat Jungle, an exhibit of 

captive bat species native to the area. The exhibit contains seven species of bats, four 

of which are frugivorous and the rest nectarivorous. There are 49 individuals of 

Artibeus tultecus, four of Artibeus lituras, five of Artibeus jamaicensis and eight of 

Carollia brevicauda for a total of 66 frugivorous bats. All four frugivorous species 

are of the family Phyllostomidae. Most individuals were born at the Bat Jungle, the 

rest having lived there for seven years. As the bats are not tagged and therefore are 

difficult to identify to species in the dark, all fruit bat species were  included in the 

experiment and referred to as "bats". All bats, frugivorous and nectarivorous, are kept 

in the same enclosure. The bats are kept in a reversed day-night schedule where they 

are active from 8:30 am to 8:00 pm and asleep from 8:00 pm to 8:30 am. During the 

day they are kept in the flight room, where they are fed, and at night are in the 

sleeping room. A door separates the two rooms to keep the bats in the right room. The 

dimensions for the flight room and the sleeping room are 17m x 2.5m x 2.5m and 

3.5m x 3.5m x 3.5m respectively. The flight room contains various vines for the bats 
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to roost on and is observable through a glass window. There are also potted trees in 

the room that are relocated around the room once a week. The flight room is dimly 

and evenly lit. The bats are fed fruit 3 times a day (as much as they can eat): at 8:30 

am, at 12:00 pm and at 3:00 pm. Their diet consists of bananas, watermelon, guava, 

apples and papaya in different proportions based on availability. They are fed 9 bowls 

of assorted fruit at 8:30 am, 5 at 12:00 pm and 5 at 2:00 pm. The bowls of fruit are 

placed in feeders resembling banana bunches on artificial vines hanging from the 

ceiling. Each feeder is approximately 20 cm apart on alternating sides of the vine. 

There are 3 feeders on each of the vines hanging on opposite ends of the flight cage 

and 4 feeders on the vine in the middle of the cage.  

 

Experiment 1: sugar type preference 

 

The first part of the experiment was to determine whether the bats preferred a certain 

type of sugar in their fruits. The sugars used were glucose, fructose, sucrose and 

hexose (50% glucose and 50% fructose). Four 20% sugar solutions were made by 

mixing each type of sugar with water. A concentration of 20% was used because in 

Herrera’s (1999) study on New World bats a 20% sugar concentration was used for 

each sugar type. The fruit used was the white mesocarp (rind) of the watermelon, 

without the green skin, because it is low in sugar as to not add significant amounts of 

unknown sugars to each treatment (Perkins Veazie 2002). One hundred one cm3 

squares of watermelon rind were cut and soaked in each of the sugar solutions for 24 

hours before each trial. For each morning trial, 50 pieces of soaked watermelon rind 

from each sugar solution were placed in separate bowls. The same was done for the 

afternoon trials except with 40 pieces of fruit per sugar type, because the bats were 

less hungry in the afternoon (personal observation). Each bowl was placed in one of 

the banana feeders on the middle vine containing four feeders. The positions of each 

type of sugar were randomly switched every trial to ensure that the bats could not 

make associations to certain positions. Each experimental feeding was done just 

before the bats regular feeding time to ensure they were hungry. There was no other 

food in the flight cage while the trials took place. Two trials were done each day, the 

first before the 8:30 am feeding and the second, before the 12:00 pm feeding. Each 

trial lasted 10 minutes. The number of pieces of fruit removed from each bowl was 

recorded. If a piece of fruit was removed from the bowl, it was presumed to have been 

eaten. After the trials were finished, the fruit bowls were replaced with their regular 

food. Trials for the preference of sugar type were performed for nine days for a total 

of 18 trials.  

 

Experiment 2: sugar concentration  

 

The second portion of the experiment tested for preference of sugar concentration in 

fruits. Hexose, a 50% glucose 50% fructose sugar, was used for all concentrations 

because fruits consumed by bats in the New World are low in sucrose and high in 

glucose and fructose (Baker et al., 1998). Three sugar concentrations were tested for 

this part: 10%, 20% and 40%. These concentrations were chosen because the five 

fruits that the captive bats were normally fed have approximately10% sugar 

concentration and nectarivorous bats prefer 40%. Twenty percent was chosen as an 

intermediate and as a reference because it was the concentration used in the first 

experiment. A control group was used that was not soaked in any sugar solution. The 

control group was rinsed in fresh water before each of the trials so they were 
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undistinguishable from the other three groups except for the sugar concentration. The 

remaining procedure was the same as the sugar type experiment. Fifty pieces and 40 

pieces were used per each sugar concentration, including the control, for the 8:30 am 

and 12:00 pm trials respectively. Each trial was ten minutes and the experiment was 

repeated for four days for a total of eight trials. 

 

 

RESULTS  

 

Experiment 1: sugar type preference 

 

The bats did not eat significantly more pieces of fruit of any particular sugar type 

(ANOVA, F = 0.21015, numDF = 3, denDF = 51, p = 0.8889). The number of pieces 

eaten per sugar type varied by trial but the mean values were statistically similar 

(Figure 1). The total number of pieces eaten of fruits soaked in 20% solutions of 

glucose, fructose, sucrose and hexose over 18 trials were 471, 465, 446 and 443 

respectively. While the bats preferred certain sugar types in different trials, the 

average number of pieces eaten was statistically similar over the course of the 

experiment (post hoc test, p>0.05). 

 

 

 
FIGURE 1.  Mean number of fruit pieces of different sugar types eaten by four 

captive fruit bat species in The Bat Jungle, Monteverde, Costa Rica. Each species is 

native to Costa Rica: Artibeus tultecus, A. lituras, A. jamaicensis and Carollia 

brevicauda (n = 66). Sugar type represents pieces of watermelon rinds soaked in 20% 

solutions of each sugar type: glucose, fructose, sucrose and hexose (50% glucose, 

50% hexose). Two trials were performed each day at 8:30am and 12:00pm for 9 days 

for a total of 18 trials. Error bars represent standard error. 
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Experiment 2: sugar concentration 

 

There was a significant difference in the number of fruit pieces eaten for different 

concentrations of hexose (ANOVA, F = 4.31945, numDF = 3, denDF = 21, p = 

0.016).  The bats ate significantly more fruit with 10% hexose and 40% hexose than 

the control with no added sugar (post hoc test, p<0.05, Figure 2). There was no 

significant difference in the number of fruit pieces eaten between the three groups of 

different concentrations of hexose: 10%, 20% and 40% (post hoc test, p>0.05). The 

bats ate the most pieces of fruit from the 10% group both on average and in total. The 

total number of fruit pieces eaten for all eight trials for 10%, 20%, 40% and control 

(0%), were 232, 173, 183 and 102 respectively. 

 

 
FIGURE 2. Mean number of fruit pieces of different sugar concentrations eaten by 

four captive fruit bat species in The Bat Jungle, Monteverde, Costa Rica. Each species 

is native to Costa Rica: Artibeus tultecus, A. lituras, A. jamaicensis and Carollia 

brevicauda (n = 66). Sugar concentration represents pieces of watermelon rinds 

soaked in solutions of different concentrations of hexose (50% glucose, 50% hexose): 

10%, 20%, 40% and a control group. Two trials were performed each day at 8:30am 

and 12:00pm for 4 days for a total of 8 trials. Error bars represent standard error. 

 

 

DISCUSSION 

 

The expectation that the bats in the Bat Jungle would prefer a certain type of sugar 

was not realized. While they preferred certain sugars on particular trials, the overall 

mean number of pieces eaten was statistically similar for all sugar groups. These 

results contradict those of a previous study that found that New World frugivorous 

bats preferred sucrose to glucose and fructose at 20% sugar concentrations (Herrera, 

1999). According to Anderson and Young (2010), all sugars provide the same caloric 

content and are metabolized in the same manner. It makes sense then that the bats 

would not eat any more of one sugar type then the others.  
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           One possibility is that that the bats could not differentiate between the different 

sugar types. While the results of the second experiment indicate that the bats can 

detect presence of sugar above 10%, they may not be able to distinguish different 

types of sugar. Another possibility is that the bats do not have a preference for a 

particular sugar type and the assumed preference for certain sugar types on certain 

trials was just by chance. This suggests that bats do not choose fruits based on the 

type of sugar but some other factor. This could include size, ripeness, abundance, 

familiarity or sugar concentration. It can also mean that they are so used to eaten 

whatever they are given, which can vary greatly in sugar concentration, that they take 

anything sweet. A final possibility is that because there were four species of bats, they 

had varying preferences for different sugar types but when grouped together, they 

balanced each other out. However this is the least likely situation because there were 

significantly more Artibeus tultecus individuals then the other three species.  

           The bats had a significant preference toward the fruits with added sugar versus 

the control group with no added sugar. This suggests that frugivorous bats can detect 

sugar presence in fruit. Morrison’s (1980) study showed that while foraging bats 

spend most of their flight time hovering to select the right fruit. Corollia perspicillata, 

another member of the family Phyllostomidae, is capable of locating food using solely 

olfactory cues (Laska, 1989). These findings indicate that bats are selective when it 

comes to choosing fruit and use their keen senses to help them pick the right fruit. As 

there was no significant difference in the bats preference to 10%, 20% and 40% 

hexose solutions there does not seem to be any correlation between sugar 

concentration in fruit and bat preference. All that can be stated is that captive 

phyllostomatid bats can detect a sugar concentration of at least 10% in fruit and prefer 

fruit with sugar to fruit without sugar.  

           Many factors can influence the availability of a certain type of fruit including 

fruiting season, deforestation and abundance of pollinators. Because of this frugivores 

should have a diverse diet. If a species has a very restrictive diet, they will be more 

vulnerable to starvation if their food source becomes depleted. Therefore being able to 

consume fruits with a range of sugar types and concentrations makes a species more 

fit for survival. Captive Phyllostomatid bats are able to detect presence of sugar in 

fruit but show no preference for any particular type of sugar.  
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ABSTRACT  
  
An emerging field of study within behavioral ecology is understanding personalities within 
populations of animals. The study of personalities in intra and interspecific interactions among 
individuals can provide further insight into personality traits. Variability in temperament has 
been found to be a key component of intraspecific competition. Studies have found variability in 
temperament can impact rates of speciation and diversification (Bolnick et al. 2003). The spiders 
in this study were scored using three test: latency to attack prey, measure of boldness, and 
measure of intrasexual aggressiveness. The sum of these test correlated to a score- index of 
aggression. After spiders were scored trials of same sexed and different sex individuals were 
conducted and hostile or non-hostile behavior was recorded for each individual. This study 
shows between hostile and non-hostile individuals the mean index of aggression in grass spiders 
(Sosippus agalenoides) is significantly higher for individuals that exhibited hostile behavior. 
Between intersexual individuals males that showed hostile behavior scored higher on the index 
of aggression than males exhibiting non-hostile behavior. Although, females that exhibited 
hostile behavior scored less on the index of aggression verses a higher index of aggression for 
non-hostile females. Generally, more aggressive individuals tend have more encounters which 
you can predict the outcome of intraspecific interactions according to pre-scored personality in 
Sosippus agalenoides. 
 
RESUMEN 
Un campo que esta surgiendo dentro del estudio de la ecología del comportamiento es el 
entendimiento de las personalidades dentro de las poblaciones animales.  El estudio de 
personalidades en interacciones inter e intraespecíficas entre individuos puede proveer una 
mayor comprensión en los rasgos de personalidad.  La variabilidad en el temperamento ha sido 
encontrado como un componente esencial de la competición intraespecífica.  Estudios han 
encontrado que la variación en el temperamento puede impactar las tasas de especiación y 
diversificación (Bolnick et al. 2003).  Las arañas en este estudio se midieron usando tres pruebas:  
latencia para atacar una presa, medición de audacia, y medición de la agresividad intrasexual.  La 
suma de estas pruebas se correlaciono con un índice de agresión.  Después de que las arañas 
fueron evaluadas, tratamientos con individuos del mismo y diferente sexo se condujeron y 
comportamientos hostiles y no hostiles se tomaron para cada individuo.  Este estudio muestra 
entre individuos hostiles y no hostiles que el índice promedio de agresión en arañas zacateras 
(Sosippus agalenoides) es significativamente mayor para individuos que muestran un 

 92 



 
 

comportamiento hostile.  Entre individuos del mismo sexo, machos que mostraron un 
comportamiento hostil tuvieron un índice de agresión mayor que los machos con un 
comportamiento no hostil.  Aunque, las hembras que exhibieron un comportamiento hostil 
tuvieron un índice de agresión menor que las hembras no hostiles.  Generalmente, los individuos 
más agresivos tienden a tener más encuentros lo que puede predecir el resultado de interacciones 
intraespecíficas concordantes con personalidades pre-marcadas en Sosippus agalenoides. 
 
INTRODUCTION 
 
Studies in the field of behavioral ecology have revealed variation of personality within single 
populations of animals (Dingemanse et al. 2002). The term animal ‘personality’ refers to 
consistency of the behaviors of individuals relative to each other across context and time (Bell 
2006). For instance, behavioral personality can refer to an individuals’ degree of aggressiveness 
towards predator, prey, and/or mates and their response towards a novel stimulus (shy/bold) 
(Pruitt & Riechert 2012). A continuum of shy-bold has been fundamental to variations in human 
behaviors (Wilson & Stevens 2005). Along the continuum individuals demonstrate aggressive 
and hostile behavior and timid, non hostile behavior. Individual differences in personality may 
be linked to evolution (Gottlieb 2002). The pattern in variation of personality traits has been 
recorded in a number of species (e.g. Wilson & Stevens 2005;  Pruitt & Riechert 2012), which 
suggest the shy-bold continuum may be common among many taxa, including spiders (Wilson & 
Stevens 2005).  Individual variations along the continuum can help predict the outcome of 
species interactions in some situations (Wilson & Stevens 2005).  

In general for all animals, aggression is defined as “overt behavior directed at harming or 
threatening to harm another individual with the intent of gaining some advantage” 
(Wittenberger1981). Among ecologist it is acknowledged that developmental factors shape 
behavioral mechanisms and the consequences of these behaviors to species interactions (Werner 
1992). Particular behaviors determine the nature and magnitude of interactions among a varying 
degree of situations (Werner 1992). Overall, more aggressive, bold and active individuals are 
thought to experience a greater number of species interactions (Sih & Bell 2012). Among 
spiders, more aggressive individuals are more likely to attack prey & conspecifics verse less 
aggressive individuals which are less likely to exhibit these behaviors (Riechert & Hedrick 
1993).  

In this study, a population of grass spiders, Sosippus agalenoides  was scored for 
personality along an index of aggressiveness. The index of aggressiveness was composed of 
three scored measurements: latency to attack prey, boldness, and the outcome of intra-sexual 
interactions. Then I tested whether the outcome of intraspecific interactions (either hostile or not) 
between same-sex and different-sex individuals was consistent with the score previously 
recoreded. Consistency was expected if the behavior in the spiders is consistent across time and 
context, i.e. if they show personality (Bell 2006).  
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METHODS 
 
Study Site 
 
The spiders used in this study were collected during the months of September to November in a 
grassy area at the Estación Biológica in Monteverde, Puntarenas, Costa Rica. This site is located 
at 1550 m in a Lower Montane Wet Forest Holdridge life zone. 
 

Picture 1. Study site at Estación 
Biológica in Monteverde, 
Puntarenas, Costa Rica.  
 
 
 
 
 
 
 
 
 
 

 
In this study 20 adult male and 20 adult female S. agalenoides were collected from the grassy 
area and placed in individual plastic containers over a 4 week period. Spiders were collected in 
the morning (0700-0900 hr). Each spider was marked with a blue or white non-toxic paint on 
their hind legs to ensure correct identification when two spiders were placed together.  The 
spiders’ sex was determined after being captured. Only Adult males and Adult females (without 
egg sacs) were considered in this experiment. Adult females of S. agalenoides are characterized 
by the lack of clubbed palps and have no white hair covering their first legs. Adult males are 
characterized by clubbed palps covered in black hair and white hair covering their first legs 
(Brady 2007). Spiders were kept isolated from one another until the onset of the experiment.  
 
Measures of Index of Aggression (MIA) 
 
Measure 1: Latency to Attack Prey (LAP) 
After being marked, spiders were placed into glass petri-dishes with a drossophilia fly to score 
the time elapsed once prey started to move until the spider caught it. Based on preliminary trials 
each spider was scored based on the time elapsed: 0:00-1:00 min (score=4), 1:00-5:00 min 
(score=3), 5:00-10:00 min (score=2), 10:00-20:00 min (score=1), 20:00+ min (score=0). After 
20:00 minutes if the prey was taken by the individual the prey was removed from the spider’s or 
if the prey was not taken the fly was removed from the dish.  
 
Measure 2: Measure of Boldness (B) 
Boldness test were conducted using physical touch of a pencil point while the spider was in the 
petri-dish. Based on a previous study done by Laing 1975 individuals were scored depending on 
their response to the physical touch: remaining stationary (score=0), lifting legs in an exploratory 
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manner not demonstration of territory (score=1), moving away from pencil (score=2), moving 
and orienting self toward pencil (score=3), attacking pencil (score=4).  Remaining stationary was 
considered less bold than moving away because the spiders remained move less for at least 3 
seconds, where as moving away would call attention to a predator.  
 
Measure 3:Measure of Intrasexual Aggressiveness (IA) 
Intrasexual aggressiveness  was conducted with two test individuals of the same sex. They were 
placed into the same petri-dish. Intrasexual aggressiveness was scored by placing two females or 
males together for 5 minutes. After observations of interactions between same sex individuals a 
score was determined for each behavior. The outcome of the interaction was scored as being 
stationary (score=0), avoiding spider by moving to ensure distance (score=1), leg lift (score=2), 
chasing or charging the other spider (score=3), and attacking each other where spiders collide 
and have legs connected (score=4). Scores were recorded for both individuals in the trial.  
 
Each measure was conducted 10 minutes after the previous one. The three scores were added for 
each individual to obtain a single score of aggressiveness.  
 
Intraspecific interaction trials 
Ten trials of males with females and nine trials of females with males of similarly sized spiders 
were run by placing a scored male or scored female with the opposite sex spider. Both were 
placed in the same petri dish for 5 minutes and the behavior of the focal individual was recorded. 
The behavior of the individuals was recorded as hostile if the focal individual attacked the other 
individual or raised its legs in a territorial manner (Laing 1975) or non hostile (retreat or no 
movement) was recorded. I also included all the trials used in the IA trials (20 male and male, 20 
female and female)  to score aggressiveness after confirming that only the combined index of 
aggressiveness was a good predictor of the outcome (hostile vs non-hostile) of the intra specific 
interactions (t-test,  p<0.05). The score of each individual measurement of aggression, including 
IA, was not a good predictor of the outcome by itself (t-test, p>0.05 in all cases).  
 
RESULTS 
The index of aggression is a sum obtained for each individual spider. The score was a sum of the 
three test: latency to attack prey, boldness, and intrasexual aggressiveness. The scores ranged 
from 3 to 11. The distributions of mean scores of aggression were continuous.  
 
Same Sex Trials 
The mean index of aggression was higher in Hostile than in Non-hostile individuals (One Way 
ANOVA,  F=7.84, df=1, df=1, p=0.008).  
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Figure 1. Mean index of aggression (MIA) between Hostile and Non-hostile with male and 
female data combined of Agelenopsis sp. (grass spiders) in Monteverde, Puntarenas, Costa Rica 
at 1550 m elevation. Individual spiders were placed in a petri dish for five minutes and the 
behavior of the focal individual was recorded as Hostile or Non-hostile. Twenty –two spiders 
represent Hostile and eighteen represent Non-hostile spiders. The mean index of aggression in 
cases for individuals that showed hostility had on average a higher MIA than individuals that 
were non-hostile. Error bars represent standard error.  
 
Intersexual  
Spiders of different sex tended to have different indices of aggression in hostile and non-hostile 
situations (One Way ANOVA, F=3.11, df=1, df=1, p= 0.09). The interaction between hostility 
and sex showed a trend under which hostile male individuals tended to have a higher mean index 
than non-hostile individuals, as in the case for same-sex interactions. However, females showed 
the opposite trend (One Way ANOVA, F=3.11, df=1, df=1, p=0.09). 
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Figure 2. Mean index of aggression of paired males and females of hostile and non-hostile 
Agelenopsis sp. (grass spiders) in Monteverde, Puntarenas, Costa Rica at 1550 m elevation. 
Nineteen spiders in total with 6 Hostile Males, 5 Hostile Females, 4 Non-hostile males, and 4 
non-hostile females.  Hostile males between interactions of hostility and sex showed a trend 
under which hostile males tended to have higher mean index than non-hostile individuals. 
However, the interaction between hostility and sex showed a trend under which non-hostile 
female individuals tended to have a higher mean index than hostile individuals, opposite from 
the case of same-sex interactions. Error bars represent standard error.  
 
 
DISCUSSION 
 
In general individuals that showed hostility had, on average, a higher MIA than individuals that 
were non-hostile in same-sex interactions and in male-female interactions when the focal 
individual was a male. These results are consistent with the existence of personality traits that are 
consistent over time and across context. Previous studies have found results that more 
aggressive, bold and active individuals are thought to experience a greater number of species 
interactions (Sih & Bell 2012). Therefore, personality traits may have fitness consequences. 
This study shows that aggression towards the same sex conspecifics, voracity towards prey, and 
boldness are repeatable and correlated thus an indicator of personality. High levels of aggression 
might be selectively favorable to the adult and Aggressive personalities across multiple context 
was found in sever spider species.  Aggressiveness in the context of same sex interaction could 
be adaptive through winning competition (Fiser-Kralj et al. 2012). 
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This is in accordance with another study that suggests that these traits are inherited components 
of spider personalities. Intrasex aggressiveness was positively correlated to the voracity towards 
prey, although individual aggressiveness did not spill over to mating context. This discrepancy 
may be explained by different species’ mating biology ( Fiser-Kralj et al. 2012)  
 The interaction between hostility and sex showed a trend under which hostile male 
individuals tended to have a higher mean index than non-hostile individuals, as in the case for 
same-sex interactions. However, females showed the opposite trend. These results may be due to 
not controlling for the score of the opponent. Furthermore, not controlling for the opponent could 
cause an aggressive individual (high score) to be paired with an even more aggressive individual 
(very high score) of the opposite sex. Also an individual of a very low score may have been 
placed with an individual with a very high scoring opponent of the opposite sex. Not controlling 
for the opponent could have had an effect on the results. Although it is interesting that this 
limitation did not affect much of the same sex interaction. In conclusion, these findings suggest 
the degree of aggression may be context-specific therefore how across context these behaviors 
evolve and are maintained within populations to ensure fitness could provide greater insight into 
how personality traits effect populations.  
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ABSTRACT 
 
Neotropical Morpho butterflies use wing iridescence and coloration in intraspecific interactions including 
territoriality, courtship and species recognition. Within a population, individuals have differing shades of 
blue, purple, and white coloration with varying levels of iridescence on their dorsal wing surface. It remains 
unclear why such natural variation occurs and whether it impacts intraspecific interactions. I determine 
whether M. helenor has a preference for conspecifics with different dorsal wing color and iridescence using 
extremes of natural variation. Attractiveness was measured as number of visits to a given morph. M. 
helenor individuals had a significant preference for models with bright, deep blue wings, regardless of blue 
surface area or degree of wear. Deep blue color is the result of darker pigmentation in the basal scales and 
was enhanced by surface scale iridescence. Iridescence in the absence of dark basal scales produced a 
nearly white but fully iridescent morph that was visited infrequently. Lighter basal scales with iridescence 
created a lighter blue hue. The most attractive signal was a combination of dark pigment and surface 
iridescence, and both vary in wild populations. Bright, deep blue individuals received 91.67% of the visits 
when compared with non-blue iridescent morphs and 91.18% of the visits when compared with light blue 
iridescent morphs. However, nearly all M. helenor have enough bright, deep blue area on their wings to be 
similarly attractive. Individuals had no preference for models with more or less blue surface area on wings. 
Therefore, this natural variation is not likely to change fitness, at least as an intraspecific signal.    
 
RESUMEN 
 
Las mariposas neotropicales del género Morpho utilizan la iridiscencia y coloración de las alas en 
interacciones intraespecíficas incluyendo territorialidad, cortejo y reconocimiento de especies.  Dentro de 
una población, los individuos tienen diferentes tonalidades de azul, morado y blanco con varios niveles de 
iridiscencia en la superficie dorsal del ala.  No está claro el porqué de esta variación natural y el impacto en 
las interacciones intraespecíficas.  Determine si Morpho helenor muestra preferencias por conespecíficos 
con coloración e iridiscencia diferentes usando extremos de la variación natural.  El atractivo se midió 
como el número de visitas a una variedad dada.  Los individuos de M. helenor tienen una preferencia 
significativa por los especímenes con alas azul oscuro y brillantes, sin importar el área superficial azul o el 
grado de desgaste.  La coloración azul oscuro es el resultado de pigmentación oscura en las escamas 
basales y es mejorado por la iridiscencia de las escamas superficiales.  La iridiscencia en la ausencia de 
escamas basales oscuras produce una variedad casi blanca pero muy iridiscente que fue visitada 
infrecuentemente.  Escamas basales claras con iridescencia crean una tonalidad celeste.  La señal más 
atractiva fue una combinación de pigmentación oscura e iridescencia, y ambas varían en las poblaciones 
silvestres.  Los individuos azul oscuro brillantes recibieron el 91.67% de las visitas cuando se comparan 
con las variedades iridiscentes no azules y 91.18% de las visitas cuando se comparan con las variedades 
celestes iridescentes. Sin embargo, casi todas las M. helenor tiene suficiente brillo y área azul en sus alas 
para ser igualmente atractivas.  Los individuos no tienen preferencias por módelos con más o menos área 
azul en las alas.  Así, está variación natural no es probable que cambie el éxito reproductivo, al menos 
como una señal intraespecífica. 
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INTRODUCTION 
 
ONE OF THE MOST STRIKING VISUAL DISPLAYS IN NATURE IS IRIDESCENCE. It is produced 
by surfaces that change or intensify in color and hue with viewing angle (Mason 1927). 
Iridescent coloration is broadly distributed throughout the animal kingdom (Doucet & 
Meadows 2009). It has evolved independently in a number of taxonomic groups and can 
be found in the feathers of peacocks (Pavo cristatus), the elytra of beetles (Coleoptera) 
and the scales of certain butterflies (Lepidoptera). The diverse ecologies and life histories 
of species that exploit iridescent coloration suggest that it has multiple functions (Doucet 
& Meadows 2009). Because iridescence can generate high visual contrast, it could be 
useful in intraspecific communication (Doucet & Meadows 2009). 
 The function of iridescent coloration in intraspecific interactions has been studied 
in insects. Male and female Colias butterflies use UV iridescent coloration in species 
recognition (Silberglied & Taylor 1978). Male Eurema lisa butterflies distinguish 
conspecific females from males on the basis of UV iridescence (Rutowski 1977). 
Similarly, male Heliconius cydno butterflies appear to use polarized iridescence to 
recognize females (Sweeney et al. 2003). Less iridescent E. hacabe males had lower 
mating success and were less attractive to females (Kemp 2008). Iridescence is restricted 
to males in C. umbratica jumping spiders and is emphasized by behavioral displays 
during male-male agnostic interactions (Lim & Li 2006). Black-winged damselflies use 
their iridescent blue-green coloration to predict territorial status (Fitzstephens & Getty 
2000). Therefore, even within class Insecta iridescence is used as an intraspecific signal 
in species recognition, courtship, mate selection and territoriality.     

Neotropical Morpho butterflies (Nymphalidae, Lepidoptera) are known for their 
striking blue and iridescent dorsal wings. Their iridescent coloration results from two 
mechanisms: scale structure and basal pigment (Doucet &Meadows 2009). Scales on the 
wing surface are covered with ribbed vertical veins called lamella that refract light and 
produce iridescence (Kinoshita et al. 2002). Dark pigment beneath these scales absorbs 
green and red wavelengths and enhances the contrast of blue coloration (Kinoshita et al. 
2002). Therefore, variation in scale structure and amount of basal pigment results in 
differing shades of blue, purple, and white coloration as well as varying levels of 
iridescence on their wings. Morpho butterflies are generally attracted to bright blue, 
iridescent coloration and will even flock to investigate any shiny blue object that 
resembles a conspecific, such as a silk scarf (DeVries 1983). They often approach one 
another in flight in a similar manner (DeVries 1987). These observations suggest that 
bright blue iridescence could operate as an intraspecific cue for courtship, territory 
establishment, or even both. Although Morpho individuals are attracted to shiny blue 
substrates (DeVries 1983), including conspecifics (Young 1971), how natural variation in 
Morpho iridescence and color impacts intraspecific interactions is unknown.   

M. helenor is a widely distributed butterfly throughout the Neotropics that shows 
great natural variation in wing color and iridescence (DeVries 1987). Dorsal wings vary 
in color from white to deep blue with brown and black borders and variable areas of 
iridescence (DeVries 1987). Males tend to have more blue coverage and reflectivity 
(Young 1971) while females tend to be slightly larger with a broader brown or black 
border (DeVries 1987). However, within a single population, size, color and iridescence 
vary greatly within sexes. Iridescence may also vary with age and wing condition because 
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scales are located on the surface and are more susceptible to damage than pigment-based 
colors (Kemp 2006). Here, I use this natural variation to assess the relative importance of 
iridescence and color as intraspecific attractants. Further, I assess their importance in 
distinguishing sexes. Finally, I assess the functional significance of variation in color and 
iridescence to explain its persistence in natural populations.  
 
METHODS 
 
STUDY SITE – This experiment was performed in the Ranario Butterfly Garden in 
Monteverde, Puntarenas, Costa Rica. This garden is a large screened enclosure in a 
clearing surrounded by patches of Tropical Lower Montane Moist Forest at 1,300 meters 
elevation.  The enclosure is approximately 9 x 15 meters with a height of 7 meters.  
 
STUDY ORGANISMS - All Morpho helenor individuals were bred in captivity and had an 
average life span of two weeks. There were always 30 to 40 individuals present in the 
garden during the recorded trials.  
 
PREPARATION – I pinned 100 hand-reared M. helenor butterflies of different colors and 
varying levels of iridescence to use as models. Butterflies were ordered from The Blue 
Morpho Butterfly House in La Guacima, Costa Rica.  
 
GENDER PREFERENCE – To determine whether individuals in the garden had a preference 
for models based on gender, I pinned one female model and one male model with 
identical iridescence and blue coverage on the wall of the garden approximately one 
meter apart from each other and five meters above the ground (FIG. 1) and recorded the 
number of visits each individual received over multiple trial periods of 10 minutes each.    
                                                 

FIGURE 1. Male (left) and female (right) M. helenor models with nearly identical blue 
color and iridescence  
 
COLOR, HUE AND IRIDESCENCE PREFERENCES – The same method of recording visits was 
used to perform the remaining paired comparisons measuring conspecific preference of 
natural wing variation. Here, all models were male. Visits were counted for pairs 
differing in (1) blue color (deep blue vs. white wings with identical iridescence; FIG. 2) 
(2) blue hue (deep blue vs. lighter blue wings with identical iridescence; FIG. 3) (3) blue 
coverage (more vs. less deep blue area with identical iridescence; FIG. 4) and (4) wing 
condition (pristine vs. worn condition; FIG. 5). Deep blue and iridescent dorsal wing 
surface is the most common M. helenor morph (Henderson 2010) and was used as a 
control for all trials.  
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FIGURE 2. Color Trials: white (left) and blue (right) M. helenor models with equal 
iridescence. 
 

 
FIGURE 3.  Hue trials: deep blue (left) and light blue (right) M. helenor models with equal 
iridescence. 
 

 
FIGURE 4.  Wing Coverage Trials: More blue wing coverage (left) and less blue wing 
coverage (right) on M. helenor models with equal iridescence. 
 
 

 
FIGURE 5.  Wing condition trials: worn wings (left) and pristine wings (right) on M. 
helenor models. 
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VISITS - Visits were scored for both gender and natural variation preference components 
and were considered any approach, hover, or swoop action made within 30 cm of the 
models. An approach occurred when individuals neared the models. A hover occurred 
when individuals neared the model and flew in front of it for a brief period of time. A 
swoop occurred when individuals glided past the model in a dive motion. Trials for each 
comparison were repeated until one individual in the pair received at least 30 visits. I did 
not identify the sex of visitors.   
 
RESULTS 
 
GENDER PREFERENCE – The Morpho helenor individuals in the Ranario Butterfly Garden 
showed no preference for either male or female models (Wilcoxon Sign Rank Test, p= 
1.0000, S= 0.5, n= 8). Eight 10-minute trials were performed for this comparison and 
both the male and female received a total of 33 (50%) of the total 66 visits over the 
course of those trials (FIG. 6).  
 
COLOR, HUE AND IRIDESCENCE PREFERENCES – M. helenor individuals had a significant 
preference for the deep blue models in the color trials (deep blue vs. white of equal 
iridescence; p= 0.0039, S= 22.5, n= 9). Nine trials were performed. The deep blue model 
received 33 (91.67%) of the 36 total visits while the white model received only 3 (8.33%) 
of the visits (FIG. 7). M. helenor individuals also had a significant preference for the deep 
blue models in the hue trial (deep blue vs. light blue wings; p= 0.0156, S=14, n= 8). Over 
eight trials, the deep blue model received 31 (91.18%) of the total 34 visits while the light 
blue model received only 3 (8.82%) of the visits (FIG. 8). There was no significant 
difference in preference for the models with more versus less deep blue and iridescent 
area on their wings (p= 0.5541, S= 11, n= 15). Over fifteen trials, the model with more 
blue coverage received 76 (46.34%) of the total 164 visits while the model with less blue 
coverage received 88 (53.66%) of the visits (FIG. 9). In addition, no significant difference 
in preference was found for the models with pristine versus worn wing condition (p= 
0.5541, S= 11, n= 15). Over eight trials, the model with pristine wing condition received 
29 (47.54%) of the total 61 visits while the model with worn wing condition received 32 
(52.46%) of the visits (FIG. 10).  
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FIGURE 6. Preference of captive Morpho helenor individuals for male versus female 
models with nearly identical blue coloration and iridescence in the Ranario Butterfly 
Garden in Monteverde, Costa Rica in a Tropical Lower Montane Moist Forest. 
Preference was measured by number of visits each model received over eight 10-minute 
trial periods (n=8). The figure shows that the difference in preference for the male and 
female models was not statistically significant (p=1.000) and reveals that M. helenor 
individuals did not have a preference for either males or females.  
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 FIGURE 7. Preference of captive Morpho helenor individuals for blue versus white 
models with equal iridescence in the Ranario Butterfly Garden in Monteverde, Costa 
Rica in a Tropical Lower Montane Moist Forest. Preference was measured by the number 
of visits each model received over nine 10-minute trial periods (n=9). The graph shows 
that the difference in preference for the blue and white models was statistically 
significant (p= 0.0039) and reveals that M. helenor individuals prefer conspecifics with 
blue wings rather than white wings regardless of iridescence.  
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FIGURE 8. Preference of captive Morpho helenor individuals for deep blue versus light 
blue models with equal iridescence in the Ranario Butterfly Garden in Monteverde, Costa 
Rica in a Tropical Lower Montane Moist Forest. Preference was measured by the number 
of visits each model received over eight 10-minute trial periods (n=8). The graph shows 
that the difference in preference for the deep blue and light blue models was statistically 
significant (p= 0.0156) and reveals that M. helenor individuals prefer conspecifics with 
deep blue rather than light blue wing hue regardless of iridescence. 
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FIGURE 9. Preference of captive Morpho helenor individuals for models with more or less 
blue coverage on their wings in the Ranario Butterfly Garden in Monteverde, Costa Rica 
in a Tropical Lower Montane Moist Forest. Preference was measured by the number of 
visits each model received over 15 10-minute trial periods (n=15). The graph shows that 
the difference in preference for models with more and less blue coverage was not 
statistically significant (p= 0.5541) and reveals that M. helenor individuals have no 
preference for conspecifics with more or less blue coverage on their wings.!
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FIGURE 10. Preference of captive Morpho helenor individuals for models with wings in 
pristine versus worn condition in the Ranario Butterfly Garden in Monteverde, Costa 
Rica in a Tropical Lower Montane Moist Forest. Preference was measured by the number 
of visits each model received over eight 10-minute trial periods (n=8). The graph shows 
that the difference in preference for models with pristine and worn wing condition was 
not statistically significant (p= 0.5541) and reveals that M. helenor individuals have no 
preference for conspecifics with wings in better or worse condition. !
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DISCUSSION  
  

M. helenor had no preference for either the male or female models. These had 
nearly identical blue coloration and iridescence. The models reflected the natural sexual 
dimorphism for slightly larger females with a wider black dorsal wing perimeter 
(DeVries 1987). The fact that both the male and female models received the same 
number of visits suggests that their conspecifics were equally interested in them. This 
might indicate that visual signals were used in species recognition. Beyond that, 
approaches to both sexes could have different functions. For example, males may 
approach both males and females equally but may signal territoriality to the male and 
courtship to a female. It is unclear why females would approach or signal other females 
because there is no known territoriality or competition between them (DeVries 1987). 
The equal frequency of visits may reflect a male bias in the enclosure or further support 
the general species recognition function of the color and iridescence signals presented.  

M. helenor individuals had a significant preference for deep blue models over 
white and lighter blue winged models of equal iridescence. This indicates that blue color 
and hue play a role in conspecific preference and that attraction is not based on 
iridescence alone. The results also showed that M. helenor individuals had no preference 
for models with more or less blue surface area on their wings. This suggests that quality 
of blue iridescence is far more important than quantity. Further, M. helenor individuals 
showed no preference for models in terms of wing condition as worn wings generally 
have less blue cover and less iridescence due to various tears, abrasions and missing 
pieces. These results indicate that M. helenor individuals are most attracted to 
conspecifics that display deeper blue hues regardless of area or wing condition. This 
suggests that the presence of deep blue pigment is preferred by conspecifics and that 
scale iridescence needed to be coupled with that coloration to enhance attractiveness. 
Therefore, as long as M. helenor individuals display some amount of deeper blue 
iridescence on their wings, they will be functionally equivalent in nature. Since there 
appears to be no selection against individuals with more or less blue coverage, this 
natural variation persists without fitness consequences.  

All of these findings question the significance of sexual dimorphism and 
coloration mechanisms in M. helenor. It would seem that higher reflectivity and blue 
coverage in males would not matter unless they have a deeper blue basal pigment beneath 
their scales. Perhaps males use their iridescence to recognize conspecifics from father 
distances but only continue to pursue them if they have that deeper blue pigment. Further, 
in terms of attractiveness, the difference in body size between females and males does not 
seem to hold much importance as long as both sexes exhibit any amount of deep blue 
iridescence on their wings. M. helenor individuals with deeper blue pigment and 
iridescence are those most selected for in nature. Those that have iridescence without 
pigment result in morphs similar to the shiny white model while those that have pigment 
without an iridescent scale structure are left brown and colorless (Lim & Li 2006). 
Neither of these variations are nearly as attractive to conspecifics which emphasizes the 
importance of both structural and pigment coloration mechanisms in M. helenor 
intraspecific interactions.  
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ABSTRACT 
 
Frogs nesting in temporary ponds avoid predators but risk the pool drying, increasing 
tadpole density and possibly leaving tadpoles with insufficient or no water. This can 
increase mortality and result in smaller size, both decreasing fitness. I assess the relative 
importance of crowding and drying in Isthmohyla pseudopuma (formerly Hyla 
pseudopuma) tadpoles. Tadpoles with hind legs were collected from a temporary swamp 
with plentiful water in Monteverde, Costa Rica. These were raised solitarily, in crowded 
tanks or left and collected once the swamp had dried 8 days later. Developmental stage 
was measured as the ratio of snout vent length (SVL) to tail length and this ratio was 
compared to SVL to assess body size at a given stage. This relationship was similar for 
frogs raised in crowded tanks and those found in the dried swamp.  Once fully developed, 
crowded frogs had a statistically significant, though slight, increase in mass compared to 
those from the dried swamp and those from individual cups with constant and plentiful 
water. Mean masses were 0.181 ± 0.20, 0.171 ± 0.017 and 0.168 ± 0.028 for crowded, 
dried swamp and individually developed frogs, respectively. Crowding may provide 
occasional high-quality food as these tadpoles are cannibalistic, though feeding at late 
developmental stages rarely occurs. While earlier stages might suffer more, late stage 
metamorphosis in this species is relatively independent of nutrients and water 
availability, as tadpoles rely on tail resorption and only need moist conditions to complete 
development. This may explain not only how I. pseudopuma exploits temporary pools, 
but also that they are resilient to changing conditions caused by land transformation and 
climate change. 
 
 
RESUMEN 
 
Las ranas anidando en charcos temporales evitan la depredación pero se arriesgan a que 
el charco se seque, aumentando la densidad de renacuajos y posiblemente dejándolos con 
insuficiente o no agua del todo.  Esto puede aumentar la mortalidad y resultar en tamaños 
más pequeños, ambos disminuyendo el éxito reproductivo.  Evalué la importancia 
relativa del agrupamiento y secado en renacuajos de Isthmohyla pseudopuma 
(antiguamente Hyla pseudopuma).  Renacuajos con patas traseras desarrolladas se 
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colectaron de un charco temporal con plenitud de agua en Monteverde, Costa Rica.  Estos 
fueron críados en solitario, en tanques grupales o se dejaron y colectaron 8 días después 
cuando el charco ya se había secado.  El estado de desarrollo se midió como la 
proporción de la medida de la boca al ano (SVL) con el largo de la cola y esta proporción 
se comparó con SVL para evaluar el tamaño en un momento dado del desarrollo.  Esta 
relación fue similar para los renacuajos críados en tanques grupales y los encontrados en 
el charco seco.  Una vez totalmente desarrollados, los renacuajos en grupos tienen un 
estadísticamente significativo, aunque pequeño, aumento en la masa al compararlos con 
los del charco seco y los renacuajos de vasos individuales con agua abundante y 
constante. . Las masas promedio fueron 0.181 ± 0.20, 0.171 ± 0.017 y 0.168 ± 0.028 para 
los renacuajos desarrollados agrupados, en el charco seco e individualmente, 
respectivamente.  El agrupamiento puede proveer ocasionalmente alimento de alta 
calidad al ser estos renacuajos caníbalisticos, aunque alimentarse en los estadíos tardíos 
raramente ocurre.  Mientras que los estadíos tempranos pueden sufrir más, la 
metamorfosis tardía en esta especie es relativamente independiente de la disponibilidad 
de agua y nutrientes, al confiar estos renacuajos en la reabsorción de la cola y necesitar 
condiciones húmedas para completar su desarrollo.  Esto puede explicar no solo como I. 
pseudopuma explota charcos temporales, pero también que son resistentes a condiciones 
cambiantes causadas por la transformación de el hábitat y el cambio climático. 
 
!
INTRODUCTION 
 
FROGS THAT USE TEMPORARY POOLS TO BREED do so to avoid predation (Skelly 1997).  At 
the same time, temporary pools may dry too quickly and tadpoles may find themselves 
crowded, or still worse, without water. Tadpole mortality is usually high due to such 
dangers. To cope with these conditions, development should be fast (Crump 1984, 
Touchon et al. 2013). Still, developing at a smaller body size is known to impact adult 
fitness (Crump 1989, Howard 1980, Salthe & Duellman 1973). Therefore, there should 
be enough plasticity to develop more slowly and to a larger size if conditions remain 
favorable. 

Isthmohyla (formerly Hyla) pseudopuma (Hylidae) is a montane Neotropical frog 
that uses temporary water sources along a gradient from primary forest to cattle pasture 
(Crump 1984). Eggs are laid after heavy rains in explosive breeding resulting in 
sometimes thousands of eggs and tadpoles in temporary pools. I pseudopuma is extreme 
in its selection of pools, including series of cow hoof prints in mud (Crump 1983). While 
ephemeral pools are likely to contain few predators (Skelly 1997), they can also dry up 
quickly, further crowding the tadpoles and possibly leaving them with insufficient water. 
Studies have shown that  

It has been shown that drying impacts I. pseudopuma development by shortening 
the time to reach metamorphic climax, resulting in a smaller size at forelimb emergence 
(Crump 1989). Ponds, however, may dry at any time, including during late 
developmental stages. Larval density is also known to impact anuran metamorphosis 
(Wilbur 1980). Here, I assess the impact of crowding and drying on fitness of tadpoles in 
later development, termed the metamorphic climax. In this period of development, 
tadpoles decrease feeding and rely increasingly on energy from tail resorption for 

 113 



nutrients (Hourdry et al. 1996). Therefore, body mass declines even as snout-vent length 
(SVL) increases (Elkin 1932). It is also during the metamorphic climax that tadpoles 
climb out of the water. Thus, increasingly later stages may be less dependent on 
ephemeral pools for food, while still needing water to keep skin wet. 
!
MATERIALS AND METHODS 
!
STUDY SITE.—Tadpoles were initially collected on 28 October 2013 from a roadside 
pond at 1550 m asl in the Tropical Lower Montane Wet Forest of Monteverde, Costa 
Rica. They were all fairly similar in size with large back legs and almost none had begun 
front leg development. At this stage, tads still feed and live entirely in water. Tadpoles 
were placed into 21 x 15 x 9 cm plastic containers with 1 L of water and 20-25 
individuals per container until front legs developed. With forelimb emergence, tads climb 
out of the water and feeding largely ceases (Hourdry et al. 1996). Once forelimbs 
developed, tads were put in an identical container with only 200 mL of water to lessen 
the risk of drowning. This group will henceforth be referred to as CROWDED.  

On 5 November 2013, a group of froglets was collected from the same swamp, 
now dry. It had no standing water but there were areas of moist mud. These were 
crowded with hundreds of partially developed froglets that had forelimbs but still had a 
good portion of their tails left. These were stored in 2 L plastic bottles with about 1 cm of 
water in the bottom. This group will be referred to as DRY.  

A third group of tadpoles had previously been captured by a peer from the same 
swamp on 23 October 2013. These were raised in individual plastic cups with 150 mL of 
water and fed 0.01 g of fish food everyday for 4 weeks prior to measurement. This group 
will be referred to as SOLITARY. 
 
SIZE DURING METAMORPHOSIS.—Snout-vent-length (SVL) and tail length were measured 
to the hundredth of a millimeter to assess and quantify developmental stage (Taylor & 
Kollros 1946) for individuals that had emerged from the water but still had tails. This was 
done for both CROWDED and DRY groups.  
   
POST-METAMORPHOSIS BODY MASS.—CROWDED, DRY and SOLITARY froglets that 
had completely reabsorbed their tails were weighed to a hundredth of a gram on an 
electronic scale. The CROWDED and DRY groups were also measured for SVL. 
!
RESULTS 
!
SIZE DURING METAMORPHOSIS.—No significant difference in body size at a given 
developmental stage was found between the CROWDED and DRY groups (ANCOVA, F 
= 0.111, df = 3,163, p = 0.954; Figure 1). The regression lines show that SVL is not 
affected by the SVL/Tail length ratio or the condition (SVL:Tail length ratio: regression, 
F = 0.0725, df = 1, p = 0.788; Condition: regression, F = 0.1151, df = 1, p = 0.735). There 
is more variance in the SVL for smaller SVL:Tail Length ratio.  
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FIGURE 1.  SVL against SVL:Tail length ratio for Isthmohyla pseudopuma individuals from Tropical 
Lower Montane Wet Forest in Monteverde, Costa Rica during metamorphic climax for two conditions: 
CROWDED and DRY (DRY: R2 = 0.0008, p = 0.735, n = 82; CROWDED: R2 = 0.0004, p = 0.735, n = 
85). There is no significant difference between the two regressions (p = 0.957, n = 167). Variability in SVL 
is high for individuals with a low SVL:Tail length ratio. 
 
POST-METAMORPHOSIS BODY MASS.—Body size differed by late developmental 
environment (1-way ANOVA, F = 7.095, df = 2, 224, p = 0.001; Figure 2). CROWDED 
individuals had a mean mass ± SE of 0.181 ± 0.023. This was significantly greater than 
the means of the SOLITARY and DRY groups of 0.168 ± 0.002 and 0.171 ± 0.003, 
respectively (Tukey HSD post-hoc). There was no significant difference between the 
SOLITARY and DRY groups. Likewise, there was no significant difference in the SVL 
of froglets from the CROWDED and the DRY groups (2-sample t-test, t = 1.29, df = 
100.19, p = 0.200). 
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FIGURE 2. Size differences of Isthmohyla pseudopuma froglets from Tropical Lower Montane Wet Forest 
of Monteverde, Costa Rica immediately following metamorphic climax. Each group experienced different 
conditions during late development; CROWDED had constant water level and high larval density, 
SOLITARY had constant water level in a solitary cup, DRY developed in a drying pond. Error bars 
indicate SE. Means are based on samples of 90, 81, and 56, respectively. 
 
DISCUSSION 
!
There is no significant difference in the size of I. pseudopuma froglets at a given stage of 
late development in metamorphic climax for crowded individuals with constant water vs. 
those from a swamp with no standing water. These results differ from those of Crump 
(1989) that show that I. pseudopuma tadpoles, including earlier developmental stages, 
were smaller in drying pools than those with a constant level of water. Thus, these earlier 
stages were still feeding and conditions may have set the body size at which metamorphic 
climax began. In this study, CROWDED and DRY tads were drawn from the same 
population and the treatment only began once in metamorphic climax, when feeding 
ceases and tail resorption begins (Touchon et al. 2013). Therefore, as long as I. 
pseudopuma have enough time to begin metamorphosis before their pool dries, their size 
during metamorphosis should not be affected by crowding or the water level of the pool.  

Conditions for the crowded tadpoles allowed for individuals to grow to a greater 
mass than those that developed in the temporary pond and in individual cups, however 
the difference was slight. In Bufo americanus, greater water depth positively affects 
metamorphic body mass (Pearman 1993). The CROWDED tads had plenty of water at 
metamorphosis while the DRY tads may have had close to no water at metamorphosis, 
leading to a high density and the difference in mass. Also, a lack of conspecifics seems to 
decrease size of froglets. Cannibalism has been observed to offer I. pseudopuma tadpoles 
with a high-quality food source, but it is rare at later developmental stages (Crump 1990) 
and was not observed in this study. 
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I. pseudopuma may lower the inherent risks that come with using temporary pools 
by becoming independent of pool conditions even before leaving the water. Once 
metamorphic climax begins, feeding is no longer an issue and body size is largely set.  
Also, the four-limb stage climbs out of the water and only needs to keep its body moist. 
This usually happens within an hour of forelimb emergence, with considerable tail to 
resorb (Crump 1989). This ability to metamorphose to similar body size as conditions 
deteriorate may explain I. pseudopuma’s ability to use transformed habitats, which are 
less predictable than primary forest.   

Further, this extreme resistance and resilience may have saved local I. 
pseudopuma from extinction. In 1990, 25 of 53 frog species in Monteverde suffered a 
precipitous decline, including I. pseudopuma (Pounds et al. 1999). Some species 
eventually went extinct, others remain at very low levels and some others have 
rebounded, including I. pseudopuma. Species requiring a long period of time in pools 
may not have fared as well as I. pseudopuma, but their ability to develop independently 
from pool conditions early on offers them a distinct advantage in a changing climate. 
 
ACKNOWLEDGMENTS  
 
I would like to thank Alan Masters and José Carlos “Moncho” Calderon for helping me catch the hundreds 
of tadpoles and froglets necessary for this study. I would also like to thank Alan for his guidance 
throughout the process of this study. I would also like to thank Matt Veith for his guidance on how to 
properly take care of tadpoles and for allowing me to use his frogs to collect data. Lastly, I would like to 
thank Madison Cox for helping me to make sense of the statistics used in this study. 
 
 
!
LITERATURE CITED 
 
CRUMP, M. L. 1983. Opportunistic cannibalism by amphibian larvae in temporary aquatic environments. 

The American Naturalist 121: 281-289. 
 
CRUMP, M. L. 1984. Ontogenetic changes in vulnerability to predation in tadpoles of Hyla pseudopuma. 

Herpetologica 40: 265-271. 
 
CRUMP, M. L. 1989. Effect of habitat drying on developmental time and size at metamorphosis in Hyla 

pseudopuma. Copeia 1989, 3: 794-797. 
 
CRUMP, M. L. 1990. Possible enhancement in growth in tadpoles through cannibalism. Copeia 1990, 2: 

560-564. 
 
ELKIN, W. 1932. Growth and resorption phenomena in anuran metamorphosis. Physiological Zoology 5: 

275-300. 
 
HOURDRY, J., L’HERMITE, A., AND FERRAND, R. 1996. Changes in the digestive tract and feeding behavior 

of anuran amphibians during metamorphosis. Physiological Zoology 69: 219-251. 
 
HOWARD, R. D. 1980. Mating behavior and mating success in wood frogs Rana sylvatica. Animal Behavior 

28: 705-716. 
 
PEARMAN, P. B. 1993. Effects of habitat size on tadpole populations. Ecology 74: 1982-1981. 

 117 



 
POUNDS, J. A., FOGDEN, M. P. L., AND CAMPBELL, J. H. 1999. Biological response to climate change on a 

tropical mountain. Nature 398: 611-615. 
 
SALTHE, S. N. AND W. E. DUELLMAN. 1973. Quantitative constraints associated with reproductive mode in 

anurans. In: J. L. Vial (Ed.). Evolutionary biology of the anurans, pp. 229-249. University of 
Missouri Press, Columbia, Missouri. 

 
SKELLY, D. K. 1997. Tadpole communities: pond permanence and predation are powerful forces shaping 

the structure of tadpole communities. American Scientist 85: 36-45. 
 
TAYLOR, A. C. AND KOLLROS, J. J. 1946. Stages in the normal development of Rana pipiens larvae. The 

Anatomical Record 94: 7-23. 
 
TOUCHON, J. C., JIMENÉZ, R. R., ABINETTE, S. H., VONESH, J. R., AND K. M. WARKENTIN. 2013. Behavioral 

plasticity mitigates risk across environments and predators during anuran metamorphosis. 
Oecologia 173: 801-811. 

 
WILBUR, H. M. 1980. Complex life cycles. Annual Review of Ecology and Systematics 11: 67-93. 
 
 
 
 
!
!
!
!
!
!
!

 118 



 

 

Development and Mortality of Neotropical Isthmohyla 
pseudopuma Tadpoles with Land Transformation 
 
Matt Vieth 
 
Department of Zoo and Conservation Science, Otterbein University.  
 
ABSTRACT 
 
Humans have global impact on species fitness as they alter the environment. Amphibians are particularly 
susceptible to such changes in the environment, and many have suffered from recent declines or 
extinctions attributed to human causes. This study looks to see how habitat transformation from forest to 
pasture effects growth and development of Isthmohyla pseudopuma tadpoles which occur in temporary 
pools of both habitats. Tadpoles were collected and placed in individual cups containing 150 ml of 
rainwater from pasture or closed canopy forest throughfall. Within each site, half of the tadpoles were in 
pasture rain water and the other half in forest throughfall water. Tadpoles were fed equally. Weights, pH, 
and water temperature were recorded every other day from a different site. pH, temperature, location, and 
source of water had no measureable impact on development and mortality of the tadpoles. In the pasture, 
11 tadpoles died with pasture water, and 14 died with forest throughfall. In the forest, 9 died with pasture 
water and 11 died with forest throughfall. pH had a positive correlation on the site in which it was 
collected (pasture water pH; 7.31 ± 0.03; forest water pH; 6.77 ± 0.03), but not the site in which it was 
placed. Pasture hylid species in the temperate zone appear to grow and develop at similar rates across a 
forest-pasture gradient though forest species did not. I. pseudopuma occurs in both habitats naturally and 
is most likely a resilient species because the growth and development are not tied to abiotic factors like 
pH or temperature. I. pseudopuma like other temporary pond species are generalist feeders and have high 
rates of cannibalism. This cannibalism and wide variety of feeding may be what buffers the frogs from 
habitat differences in food availability. As with other taxa, land transformation in hylid frogs appears to 
favor resilient generalist species like I. pseudopuma. This may be why it is one of the few hylid frogs that 
are able to maintain a healthy population in tropical montane areas.  

RESUMEN 

Los humanos tienen un impacto global en el fitness de las especies a medida que alteran el ambiente. Los 
anfibios son particularmente susceptibles a dichos cambios en el ambiente, y muchos han sufrido de 
disminuciones o extinciones atribuidas a causas humanas. Este estudio buscan cómo la transformación del 
hábitat de bosque a pastizal afecta el crecimiento y desarrollo de renacuajos de Isthmohyla pseudopuma 
que ocurren en lagunas temporales en ambos hábitats. Los renacuajos se colectaron y se colocaron en 
recipientes individuales con 150mL de agua de lluvia del pastizal o trascolación de dosel cerrado. Dentro 
de cada sitio, la mitad de los renacuajos se colocaron en agua de lluvia del pastizal y la otra mitad se 
colocaron en agua de trascolación de dosel cerrado (bosque). Los renacuajos se alimentaron igualmente. 
Peso, pH y temperatura del agua fueron registrados cada otro día de un sitio diferente. El pH, la 
temperatura, localización y la fuente de agua no tuvieron un impacto medible en el desarrollo y 
mortalidad de los renacuajos. En el pastizal, 11 renacuajos con agua de pastizal murieron y 14 con agua 

 119 



 

 

de bosque. En el bosque, 9 renacuajos con agua de pastizal murieron y 11 con agua de bosque. El pH tuvo 
una correlación positiva en el sitio que fue colectada (agua de pastizal pH; 7.31 ± 0.03; agua de bosque 
pH; 6.77 ± 0.03), pero no con el sitio en el que fue colocada. Las especies de hílidos de pastizal en zonas 
templadas parecen crecer y desarrollarse a tasas similares a través de un gradiente de bosque-pastizal 
aunque las especies de bosque no. I. pseudopuma ocurre naturalmente en ambos habitats y es muy 
probablemente una especie resistente porque el crecimiento y desarrollo no están relacionados a factores 
abióticos como el Ph o la temperatura. I. pseudopuma, como otras especies de lagunas temporales, son 
generalistas y tienen altas tasas de canibalismo. Este canibalismo y la gran variedad en la alimentación 
podría ser lo que previene que exista una diferencia en la disponibilidad de comida en los hábitats. Como 
con otros taxones, la transformación en el uso de la tierra en hílidos parece favorecer especies generalistas 
resistentes como I. pseudopuma. Esta podría ser la razón por la cual esta es una de las pocas especies de 
hílidos capaz de mantener poblaciones saludables en áreas montañosas tropicales. 

INTRODUCTION  
 
Human causes are a main driver for Tropical deforestation (Turner 1996), increasing global 
atmospheric carbon, altering regional climate and simplifying local communities (Collins & 
Storfer 2003). These deforested areas create a different type of environment where there is just 
open field. In these open fields, temperatures are higher during the day and drop lower at night. 
The lack of trees in a pasture causes an increase in sunlight and an increase in strong winds 
(Bailey 2005). Converting forest to agriculture uses is one of the most common changes in forest 
structure (Aide et al. 2001). The species that are remaining and are able to survive are usually 
very generalist species and exotics that can live in these new conditions (Aide et al. 2001).  
 Amphibians are particularly susceptible to habitat change because they are unable to 
migrate away from the changes (Collins & Storfer 2003). Amphibians need multiple habitats to 
complete development, and they absorb water and oxygen directly through their skin (Hawley 
2008).  
 In the late 1980’s there was a global decline in amphibian species (Beebee & Griffiths 
2005). Probable causes of this decline are many, and can be human-caused and are not mutually 
exclusive: pH from acid rain, pollution, climate change, increased uv, disease, and disruption of 
natural communities from habitat loss and development.( Beebee & Griffiths 2005). Most 
impacted in the Tropics were those in mid-elevation (Hawley 2008). In Monteverde, Costa Rica, 
a Lower Montane Rain Forest area at 1550-1880 meters, 25 of 53 species of apmphibians 
experienced a rapid decline in 1990 (Pounds et al. 1997) Those species less impacted or that 
have since rebounded appear to be widespread generalist (Beebee & Griffiths 2005) leaving a 
depauperate herpetofauna  

Isthmoyhla pseudopuma (formerly Hyla Pseudopuma) in Monteverde, Costa Rica was 
among those species that had a rapid decline, but has partially recovered(Solis et al. 2004). I. 
pseudopuma, commonly called the meadow tree frog is a very common species in humid mid-
elevation montane zones in Costa Rica and Panama (Solis et al. 2004). It breeds in temporary 
ponds and puddles in pastures but also in forest, including water tanks of bromeliads. It is an 
explosive breeder after heavy rains (Solis et al. 2004). Its diet is not specific and can include 
plants, detritus, other frog eggs, and in the tadpole state of life, they can be cannibalistic and will 
eat other I. pseudopuma tadpolesv(Crump 1983, 1990) The wide variety of food that I. 
pseudopuma can eat may prevent the effects of lack of food in the different habitats.  
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In this study, I examine the growth rate and development of I. pseudopuma tadpoles at 
the extremes of a forest-pasture gradient. In addition, I examine possible changes in pH and 
temperature resulting from a habitat and source of water input: rainwater for pasture and 
throughfall for forest. pH and nutrient content are known to be different in throughfall because of 
the water that falls through the vegetation of the forest canopy collecting nutrients and other 
various materials (Hawley 2008). Because of the various types of environments I. should be a 
hardy generalist and growth and development of this species should not be affected by land 
transformations. However, if I. pseudopuma is impacted, then it still remains unknown if they are 
making the most of a bad situation by occupying pasture puddles, or if they actually prefer 
pasture conditions.  

 
METHODS 
 
The study took place at the Biological Station in Monteverde Costa Rica at an altitude of 1550 
m. in Tropical Lower Montane Wet Forest. Collection of I. pseudopuma tadpoles came from a 
windy corner swamp, just outside the Monteverde Cloud Forest Preserve at 1550 meters.  
Containers for collecting water were placed in the forest and in an open pasture to obtain rain 
water in pasture and throughfall in forest. 150 tadpoles were taken from the swamp. Of these 150 
tadpoles, 120 of similar size and developmental stage were weighed and put into individual cups. 
All had newly-developed back legs. Each cup had 150 mL of either forest throughfall or pasture 
water. 30 Tadpoles containing forest water were placed outside in a pasture along with 30 
tadpoles containing pasture water. 30 Tadpoles with forest water and 30 tadpoles with pasture 
water were also placed in the forest. 

The tadpoles were then taped down to a table placed outside to ensure that the cup would 
not blow over or topple. Each individual cup was fitted with mosquito netting to prevent tadpoles 
from escaping once they formed front legs, and to prevent any insect or predators from getting 
in. On both tables, cups were placed beneath a plastic canopy to prevent precipitation from 
getting into the cups. The tarp was about 1.5 m above to cups to make sure that the cover did on 
have an effect on the temperature of the water and yet still allowed the sunlight to penetrate the 
water.  

Each group of tadpoles, either in the forest or in the pasture, was weighed every other 
day, along with the temperature of the water. Ten different cups from each group were selected 
to have their pH taken. Every day each tadpole was fed 0.01 grams of fish food, and a min/max 
temperature was recorded from each site. Notes about developmental stage were recorded as: no 
front legs, forming front legs, or having front legs. Once a tadpole started to form front legs, a 
strip of mosquito net was placed in the cup to allow them to climb out of the water. Each time 
the tadpole was weighed, the water in their cup was completely replaced with appropriate type. 
  
RESULTS 
 
I. pseudopuma had similar change in weights over the period of 14 days (mean slope pasture; -
0.018±0.002 g/day SE; mean slope forest; -0.019 ± 0.001 g/day SE) among both sites and the 
different water types (2-way ANOVA, F = 1.31, df =1, 70, p=0.256, Fig. 1) These weights are 
negative because as a tadpole develops their limbs, they feed less. As they begin to resorb their 
tails, feeding stops entirely (Hourdry et al. 1996).  Location of tadpoles had no effect on the 
weight of tadpole throughout their growth (2-way ANOVA, F =0.02, df = 1, 70, p =0.899, Fig. 
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1). Forest through fall water or open pasture water had no effect on the growth of I. pseudopuma 
tadpoles (2-way ANOVA, F = 0.27, df = 1, 70, p = 0.604, Fig. 1) 

 
Fig. 1. The mean slope of weights in the development of I. pseudopuma over a 
course of 14 days in Monteverde Costa Rica. Blue bars represent the tadpoles 
being placed in an open pasture and the red bars represent the tadpoles in closed 
forest canopy. Open water source means that the tadpoles were living in rain 
water collected from an open field and forest water source represents tadpoles 
living in rain water collected through the forest canopy. I. pseudopuma had 
similar weights among both sites and the two different types of water (p=0.256) 
The weight of the tadpole was not affected by the location in which they were 
grown (p =0.899). The type of water had no significant impact on the weight 
between the tadpoles (p = 0.604) 
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Table 1. The number of deaths that occurred in the tadpoles throughout the 
present study. The study took place at the Biological station in Monteverde, Costa 
Rica at an altitude of 1550 m. Data collection was a total of 14 days. Total 
mortality of tadpoles was independent of the location in which the water came 
from and from where the tadpoles lived (p = 0.949). Location had no significant 
impact on the mortality of tadpoles (p = 0.456) Forest throughfall and pasture rain 
water also had no significantly different impact of the mortality of I. pseudopuma 
(p = 0.366).  

Mortality of I. pseudopuma tadpoles 
 
 
 
 
 
 

 
The effect of site location on I. pseudopuma tadpole mortality was independent of the 

effects of the water type (chi-square test of independence, X2 = 0.950, df = 1, p = .949; Table 1) 
Site location alone had no significant impact on the mortality of I. pseudopuma tadpoles (chi-
square goodness-of-fit, X2 = 0.556, df = 1, p = 0.456 Table 1). Forest water and pasture water 
had no significant impact of the mortality of I. pseudopuma tadpoles (chi-square goodness-of-fit, 
X2 = 0.818, df =1, p = 0.366 Table 1) 

I. pseudopuma  had similar front leg growth (average front leg growth for pasture water 
and pasture site; 10.14 ± 0.73 SE; Average front leg growth for pasture water and forest location; 
12.38 ± 1.06 SE; average front leg growth for forest water and pasture site; 12.56 ± 0.99 SE; 
average front leg growth for forest water and forest location; 11.58 ± 0.69) among both sites and 
the different water types (2-way ANOVA, F = 3.38, df = 1, 73, p = 0.70 Fig. 2).  Location of the 
tadpoles had no effect on the growth of front legs (2-way ANOVA, F = 0.80, df = 1, 73, p = 
0.374 Fig. 2). Forest through fall water or open pasture water had no effect on how quick front 
legs developed in I. pseudopuma tadpoles (2-way ANOVA, F = 0.70, df = 1, 73, p = 0.405 Fig. 
2). 
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Figure 2. the mean number of days it took for front legs to be formed in I. 
pseudopuma. Blue bars represent tadpoles being grown in an open pasture, and 
the red bars represent tadpoles that were grown in the forest. Open water source 
means that the tadpoles were living in rain water collected from an open field and 
forest water source represents tadpoles living in rain water collected through the 
forest canopy. There was similar front leg growth among both sites and the 
different water types (p = 0.70). The location in which the tadpoles were raised 
had no effect on the growth of front legs (p = 0.374).  
 
The effect of the water type on the pH did not differ between the two sites. (2-way 

ANOVA, F = 1.44, df = 1, 266, p = 0.231 Fig. 3). The positive effect on pH depended on where 
the water came from (pasture water pH; 7.31 ± 0.03; forest water pH; 6.77 ± 0.03; 2-way 
ANOVA, F = 171.23, df = 1, 266, p < 0.001 Fig. 3) The location of study did not have a 
significant impact of the pH of the water (Pasture site pH; 7.11 ± 0.04; forest site pH; 7.03 ± 
0.03; 2-way ANOVA, F = 0.54, df = 1, 266, p = 0.465 Fig.3) 

 
Figure 3. pH levels of the rain water throughfall in which tadpoles were grown. 
This figure shows that the effect of the water on the pH did not differ between the 
two sites ( p = 0.231). When tested in regards to the source of the water, there was 
a positive difference in the pH. (p < 0.001). pH from pasture rain water was 
greater than that of forest throughfall water. The site in which the water was 
placed did not have an effect on the pH of the water ( p = 0.465) 
 
Mean maximum temperature in the pasture (24.68 ± 0.44oC SE) was 13.44% greater than 

that of the maximum temperature in the forest (21.36 ± 0.39oC SE, paired t-test, t=6.67, df = 11, 
p < 0.001 Fig. 4) Mean minimum temperature in the forest (16.53 ± 0.18oC SE) was 5.34% 
greater than the mean minimum temperature in the pasture (15.65 ± 0.26oC SE, paired t-test, t = 
3.14, df = 11, p = 0.009 Fig. 5) 
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Figure 4. The maxima temperatures of forest and open pasture water showing that 
the maxima for pasture is always higher than the maxima for forest temperature 
on the same day (p < 0.001). 

 
Figure 5. The minima temperatures of forest and open pasture temperatures 
showing that the minima temperature for pasture is always lower than the minima 
for forest temperature on the same day (p = 0.009) 

 
DISCUSSION 
Results from the study carried out show that the various abiotic conditions do not have an effect 
on the growth and the development of tadpoles. Location in which the tadpoles were placed also 
had no effect on their growth. pH of the water had a positive correlation in place in which it was 
collected.  Forest throughfall had a lower pH than that of pasture water. Temperatures also had a 
positive correlation range based on the location. The pasture had a wider range of temperatures 
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than the forest. Even though they were different, both pH and temperature were within the living 
range in which I. pseudopuma tadpoles occurred.  
 Studies of temperate hylid have shown that species found in pasture tend to do well along 
a forest-pasture gradient while forest specialists do not (Hawley 2008). Forest hylids suffer 
greater mortality despite faster growth rates in pasture (Hawley 2008). I. pseudopuma appears to 
fit into the pattern that development and mortality differ little from forest to pasture.  Because in 
the present study pH had differences from where the water came from, the pH still was well 
within the normal range for survival. The abiotic changes measured in this present study show 
that there were no functional differences between habitats that impacted development or 
mortality of the tadpoles. This study suggest that I. pseudopuma are hardy generalist and are not 
making the best of a bad situation because they are able to live in both types of environments. 
Their hardiness allowed them to live through the decline of amphibians that happened in the 
1980’s while other species went extinct.  
 Species richness decreases among disturbances of land. Each species reacts differently to 
habitat alterations and some respond better than others. Species that are susceptible to species 
loss when encroached with habitat loss often have habitat requirements, small population sizes 
and small geographic regions (Pimm et al. 1988). Frog responses to habitat alteration need to be 
looked at by examining life history and ecological traits. By studying one type of species, it can 
help to make predictions for different species that rely on that one species or that have similar 
needs. If these trends are looked at and they have consistent trends when evaluating tolerant and 
vulnerable species, predictive models can be made on species responses to habitat loss (Hawley 
2008). 
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Abstract 
 
! Many orb-weaving spiders in the families Araneidae, Uloboridae, and Tetragnathidae spin 
elaborate webs complete with web decorations commonly called stabilimentum. These decorations can 
either be made of silk or an additional amount of debris, and even egg sacs. The two major hypotheses 
explaining the stabilimentum are that they attract prey or camouflage the spider from predators. Most 
studies have focused on Argiope and their silk stabilimentum, while little research has been done on debris 
stabilimentum. Cyclosa monteverde was selected to test the prey attraction hypotheses of debris 
stabilimentum by placing the webs in a cardboard box with four holes; two on either side: two holes 
without webs as controls, one with a web without a stabilimentum, and one with a web and stabilimentum. 
Results showed that the web with stabilimenta attracted more prey than the expected amount and more than 
the web without a detritus stabilimentum. To test the camouflage hypothesis, 174 clay models of spiders 
with and without stabilimentum were placed along a trail in the lower montane tropical wet-rainforest of 
Monteverde, Costa Rica. 18 days later, the results showed that the models with a brown spider and brown 
stabilimentum had on average less marks than those without a stabilimentum, or with a white 
stabilimentum. The results show that these stabilimentum can be used for two uses, camouflage and prey 
attraction, and that the convergence of stabilimentum leads to multiple functions, as different spiders have 
different needs for their niche and life history.   

Resumen 

 Muchas arañas tejedoras de telas en las familias Araneidae, Uloboridae, y Tetragnathidae 
construyen telas elaboradas completadas con decoraciones conocidas comúnmente como estabilimentos.  
Estas decoraciones pueden ser hechas tanto de seda o una cantidad adicional de detritos, e incluso sacos de 
huevos. Las dos hipótesis mayores que explican el estabilimentos son que se usan para atraer presas o 
camuflaje para proteger las arañas contra depredadores.  La mayoría de los estudios se han enfocado en 
Argiope y su estabilimento de seda, mientras que poca investigación se ha realizado en los estabilimentos 
de detritos.  Cyclosa monteverdense se seleccionó para probar la hipótesis de atracción de presas del 
estabilimento de detritos colocando telas en una caja de carton con cuatro huecos; dos en cada lado, dos 
huecos sin telas como control, uno con tela sin estabilimento, y uno con tela y estabilimento. Los resultados 
muestran que la tela con estabilimentos atrae más presas que la cantidad esperada y más que la tela sin 
estabilimento de detritos.  Para probar la hipótesis de camuflaje, 174 módelos de plasticina de las arañas 
con y sin estabilimentos se colocaron a lo largo de un sendero en el bosque lluvioso montano bajo tropical 
de Monteverde, Costa Rica. 18 días después, los resultados mostraron que los módelos con arañas y 
estabilimento cafés tienen en promedio menos marcas que aquellas sin estabilimento o con estabilimento 
blanco.  Los resultados muestran que estos estabilimentos pueden ser usados con ambos propósitos, 
camuflaje y atracción de presas, y que la convergencia de estabilimento puede conllevar múltiples 
funciones, al arañas diferentes tener diferentes necesidades para sus nichos e historia de vida. 

!
!
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Introduction 
 
 Orb-weaver spiders (Araneidae, Uloboridae, Tetragnathidae) spin elaborate webs 
in order to capture prey (Levi et al.1990). In many genera, species will spin an additional 
web decoration typically referred to as stabilimentum. These can be made either with 
only silk or with the addition of organic debris, such as old prey and plant material 
(Herberstein et. al 2000).  The debate as to the function of stabilimenta has led to many 
hypotheses over the years. Originally, it was thought that the decorations helped stabilize 
the web (hence the term), but evidence shows that it is more likely that they are used for 
other reasons (Herberstein et. al 2000). One of these is using the silky decoration to coax 
prey to the web using UV light, as with Argiope argentata (Craig & Bernard 1990). 
Another method of luring prey is with detritus. Bjorkman-Chiswell et. al (2004) found 
that Nephila edulis incorporates decaying plant and animal matter into its web in order to 
attract flies or other prey looking to deposit eggs. Enticed by the smell, the prey then get 
caught in the web. Another hypothesis is web advertisement in order to avoid web 
destruction by vertebrates, most importantly birds. This may decrease prey capture rates, 
but also decreases the need to rebuild a web once destroyed by 45% (Blackledge & 
Wenzel 1998). Another idea is that the decorations are used as camouflage to avoid 
predation. An experiment by Gonzaga and Vasconcellos-Neto (2005) showed that clay 
models simulating spiders with and without debris stabilimentum all showed predation 
markings, but significantly more for those without the clay stabilimentum. Others 
hypothesize that the silk web decorations are only vestigial and serve to either regulate 
silk production or are a result of physiological stress (Herberstein et. al 2000, Eberhard 
2006). The consensus on the function of stabilimentum is still unclear.                   
 Typically, studies concerning the function of stabilimentum have been carried out 
on the model genus Argiope, orb-weavers with polymorphic silk web decorations that 
could function differently for various species (Herberstein 2000, Gálvez 2011, Bruce et. 
al 2005). However, as more and more species within other families and genera are 
studied, it is becoming clearer that the contradictions found in certain genera’s 
stabilimentum can be due to the convergence of web decorations (Eberhard 2006). For 
example, stabilimentum of the genus Arachnura and Cyrtophora both independently 
evolved debris stabilimentum. Stabilimentum are completely absent from one of the 
closest genera, Mecynogea (Heberstein et. al 2000).       
 In order to truly understand the purpose of web decorations, many more genera 
must be studied in order to reveal their specific purposes. For example, stabilimentum of 
Cyclosa spp. containing debris and egg sacs are very conspicuous. It seems to be 
counterintuitive to place the next generation in harms way, unless the linear debris 
decoration actually serves an evolutionary purpose. Yet, the prey attraction hypothesis 
with detritus decorations is contradicting. N. edulis webs attract prey with bacterial odor 
(Bjorkman-Chiswell et. al 2004), but Chou et. al (2005) found that detritus stabilimentum 
of Cyclosa confusa do not attract prey, perhaps because they do not give off enough 
decaying scent to attract prey or because there was not enough UV light reflected. 
However, decorated webs of C. mulmeinensis have also been found to aid in prey 
attraction, most likely because it distorts the prototype of a spider web, decreasing prey 
detection (Tan & Li 2009).        
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 The camouflage hypothesis has had more evidence in its favor. Wasp and lizard 
predators of Cyclosa cannot distinguish the differences between a spider and its 
stabilimentum over long or short distances, therefore decreasing mortality (Chou et. al 
2005, Gan et. al 2010). Furthermore, these predators may be more enticed to attack the 
stabilimentum, leaving the spider unharmed, but decreasing potential offspring (McNear 
2011, Chou et. al 2005, Gan et. al 2010). Perhaps that spider is sacrificing some egg sac 
sections in order to escape, knowing it has produced more than enough to ensure 
survivorship.          
 The focuses of the study are the two most prominent hypotheses for either silk or 
non-silk stabilimentum: Prey-attraction and camouflage (Eberhard 2006). Figuring out if 
the two are not mutual exclusive is important, as evolution has led to many different 
types and uses of stabilimentum. Furthermore, the information on debris stabilimentum is 
sparse. However, the data that does exist shows that spiders utilizing debris and egg sac 
stabilimentum should see an increase rate of prey interception over a given amount of 
time (Tan & Li 2009, Bjorkman-Chiswell et. al 2004). Also, spiders that camouflage 
themselves with this same type of stabilimentum should have a decrease in mortality due 
to less predation, as opposed to conspecifics that do not use stabilimentum as a 
camouflage technique (Chou et. al 2005, Gan et. al 2010, Tseng & Tso 2009, Gonzaga & 
Vasconcellos-Neto 2005).  

Materials and methods 

 Experiments took place in or in the adjacent forest of the Monteverde Biological 
Station, in Monteverde, Costa Rica, at 1,535 meters in elevation. The surrounding area is 
lower montane tropical wet-rainforest, according to the Holdridge life zones (Haber 
2000).   

Predator Attraction Hypothesis  
 
 Cyclosa monteverde (Araneae: Araneidae), a small detritus 
stabilimentum making spider, was chosen to test the hypothesis that detritus 
stabilimentum attract prey. C. monteverde builds its stabilimentum with silk, carcasses of 
old molts and prey, and egg sacs (McNear 2011, Foelix 1996, Eberhard 2006. This spider 
was selected due to personal observations of its resilience in experiments, its abundance 
around the Biological Station, and its obvious and sturdy linear 
detritus stabilimentum above and below the spider’s central hub. 
A cardboard box was created to host two spider webs on one 
side, while two other empty holes made up the other side of the 
box. In all, there were four holes (Fig.1). This experiment is very 
similar to that of the one done by Gálvez (2011) and Gonzaga 
and Vasconcellos-Neto (2005). Spider webs were obtained by 
wrapping tape, sticky-side up, around a 22-cm diameter wooden 
circle frame, and then gently wrapping the support silk of the 
webs around the frame edges. Spider webs of C. monteverde 
containing stabilimentum were collected, complete with the 
spiders. In each trial, one hole had a spider web containing a 

 

1a 
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stabilimentum, and another had a spider web in which the 
stabilimentum was carefully removed using forceps and small 
scissors to cut away the debris and overall decoration. Two were 
empty control holes, and all holes were the same 22 centimeters in 
diameter. A hole on the top of the box allowed for fruit flies 
(Drosophila sp.) to be added to the box (Fig. 1). Two desk lamps 
with 100-watt bulbs were placed at either side of the box to be able 
to see the flies and for the flies to see the webs. The webs with and 
without stabilimentum were always next to each other on one 
side of the box, and the controls on the other side. Observations 
as to which hole they escaped from were made. After every three 
to five escapes, the frames with the spider webs were swapped in 
order to eliminate any influences upon preference of a hole, 
including position of the box or its location. The experiment took 
place inside to avoid the additional influences of the wind and 
rain on fly behavior. This was done for 38 trials.  
 
Camouflage Hypothesis 
 
 In order to test whether or not the stabilimentum are used to 
camouflage the spider, clay models imitating the detritus stabilimentum of 
C. monteverde and the spider itself were put up at 58 locations in the 
forest trails adjacent to the Monteverde Biological Station. The model 
dimensions ranged from four centimeters in length by one centimeter in 
width, up to nine centimeters in length. Models were slightly larger than 
the spiders’ actual stabilimentum because if made too small, the clay 
would not adhere to the fishing line. This experiment is nearly identical to 
the one done by Gonzaga and Vasconcellos-Neto (2005) in Brazil. At 
each one of the 58 locations, three types of clay models attached to 
fishing line 33 cm long and .25 mm wide were placed together. Two 
groups of the models had stabilimentum along the line above and below 
the brown clay spider in the center of the line. A brown stabilimentum 
was to test the hypothesis and a white stabilimentum around a brown 
spider was to control for the presence of the clay. One group had only 
the spider to simulate spiders without stabilimentum. The three models 
were placed together at each site along the trails at least 10 centimeters 
apart and no greater than 60 centimeters. Models were no higher than 
1.83 meters off the ground, due to physical restraints, and each site was no 
less than three meters apart. Care was taken to avoid minor altitudinal 
differences in order to control for elevation. Model types were selected to 
be either higher or lower to the ground, with no apparent order and 
varying amongst groups so that height of the models would not be 
compounding. Small trees, bamboo shoots, plant and tree stems, and vines 
were the majority of substrates in which the models were tied between to 
simulate the positioning of Cyclosa, as the lines could easily be tied 
around the smaller diameters. In some instances, it was difficult to tie the 

FIGURE 1.    (a) 4-Holed box 
with the control holes in front. Note 
the stabilimentum on the back-left 
frame. (b) Box design with hole at 
top for fly insertion. 2 holes in back 
are web-less controls and 2 in front 
are webbed. On right is web with 
stabilimentum 
!

FIGURE 2.     (a) 3 
different models, L-R: 
White stabilimentum 
with spider middle, 
spider sans 
stabilimentum, and 
spider with brown 
stabilimentum. (b) Model 
of clay model set up, L-
R: White stabilimentum 
with spider middle, 
spider with brown 
stabilimentum, and 
spider sans 
stabilimentum. 

2b 

2a 

1b 
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models completely vertical, so many times the angles were less than 90 degrees (Fig. 2). 
The models were left in the forest for 18 days. Afterwards, they were collected and 
checked for marks. A mark was seemingly made either by teeth, beak, or claws and then 
counted, including deep and shallow marks. If half of the spider portion was missing, that 
counted as 11 marks due to that number of markings being intermediate in the resulting 
mark counts. If all, then 22 marks were recorded due to that being the highest number of 
marks. 
 
Results 
 
 The results of the prey attraction experiment showed that there was a higher 
tendency for the fruit flies to exit through the web-less holes than those with the webs, as 
predicted by chance. Flies should exit through each hole equally, 25 percent of the time, 
if each hole is equal. The two controls are added together to account for 50 percent of the 
chance.  There was a higher incidence of flies exiting through the hole with the 
stabilimentum intact than would be expected by chance, and less so for the web without 
the stabilimentum (Multiple Probability = .0147, n = 38, Fig. 3).  
 The results of the camouflage experiment with the clay models showed that there 
was a significant difference between the numbers of marks found on the groups of 
models. Marks were deep to shallow cuts and bites in the clay. Each model had marks 
and many were very noticeable. However, some were shallow enough to only be seen in 
the light. Brown stabilimentum had significantly fewer marks than white stabilimentum 
and non-stabilimentum groups, and these latter groupings were not significantly different 
from each other (Analyses of Variance: f = 5.458, d.f. = 2, 114, p = .0069, n = 174, Fig. 
4). 
 

            
  
FIGURE 3. Percentages of fruit flies escaping from the four-holed test box as 
indicated by the exit hole type: Stab= Stabilimentum present on web, Non Stab= no 
stabilimentum present on web, Control= two separate holes on the opposite side of the 
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box. Expected values represent chance if all four holes were equal (25% chance each that 
the flies will exit). The two control groups were added together for simplicity. Two lamps 
containing 100-watt bulbs were placed at either end to illuminate the webs for the flies 
and to see the flies at all. To simplify results, the two control exit holes’ exits were 
combined into one category. Drosophila sp. were inserted into the top of the box and 
counted as they exited a hole. Flies were not repeated. Webs with and without 
stabilimentum were swapped in order to control for preference of side by Drosophila (n = 
38).  
  
Additional Observations 
 
In working with the spiders and the models for three weeks, I made several observations. 
The white stabilimentum suffered the most total destruction, with two of the models 
sliced in half, and one completely missing the spider section. Female spiders are less 
likely to leave their webs, or to create a new one, if there are eggs present within the 
stabilimentum. Once removed, it was difficult to keep the spiders on their webs without 
leaving to create a new one. If no eggs are present, the spiders will move to another 
location to rebuild a web.!
 

         
  
FIGURE 4. Mean number of marks reported for each type of clay model: Stab= Brown 
stabilimentum, No Stab= No stabilimentum, White Stab= White stabilimentum. Post-hoc 
analysis showed that Stab was significantly different from No Stab and White Stab. No 
stab and White Stab were not statistically significant from each other (Stab vs. No Stab: 
p-value= .007, Stab vs. White Stab: p-value=.004, No Stab vs. White Stab: p-value= 
.838).  Clay models of spiders with and without brown and white stabilimentum and 33 
cm of fishing line were placed in the forest adjacent to the Monteverde Biological 
Station, Monteverde, Costa Rica in lower montane wet-rainforest at 1,535 meters in 
elevation (Haber 2000) (n = 174, errors bars represent standard error). 
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Discussion 
 
 The results show that the camouflage and prey attraction hypothesis are valid for 
Cyclosa monteverde. With the prey-attraction experiment, results showed that Drosophila 
sp. can decipher between a perceived threat and a safe exit, as the results show almost 
50% of the flies leaving through the web-less holes (Fig. 3). However, the flies often 
exited through the hole with the stabilimentum, even if they were not intercepted. On two 
occasions, the flies landed directly on the stabilimentum, free to move up and down it, 
until the spider figured out what was happening and attacked. This could be due to 
bacterial odors attracting the flies (Bjorkman-Chiswell et. al 2004) or perhaps the flies are 
taking advantage of the stabilimentum as another place to land. Nevertheless, the 
stabilimentum is attracting the flies, therefore increasing the chances that one will land in 
the web. Moreover, if debris stabilimentum are attracting insect prey, they may be also 
attracting insect predators. Such predators include parasitoid wasps. In fact, a study done 
by Tseng and Tso (2009) shows that webs with stabilimentum are up to 50 percent more 
like to have attacks by wasps. On the other hand, the spiders with the stabilimentum are 
more likely to survive an attack by wasps, as it distorts the predators’ image of the spider 
(Chou et. al 2005).  
 The results of the camouflage hypothesis show that the brown stabilimentum 
present on the clay models decreased the number of attacks on the body of the artificial 
spider compared to those without, or those with the white stabilimentum (Fig. 4). This 
could be for a few reasons. One is that the contrast between the white stabilimentum and 
brown middle could stand out more for a predator. That being said, the white 
stabilimentum suffered the most total destruction, with several of the models sliced in 
half, and one completely missing the spider section. The brown stabilimentum could have 
had the least amount of marks because it camouflages the spider and stabilimentum 
against the background of a dark green, and brown, heavily foliaged rainforest. It could 
also help to distort the spider section of the model so much that the overall model looked 
more unappealing than the other two categories. Other factors are predatory and 
parasitoid wasps. Once the wasps find the web and the stabilimentum, it attacks, but with 
little accuracy. Typically, once a web is attacked, the spider drops to the ground to run 
away and this gives the wasp the opportunity to pick up its prey. If a stabilimentum is 
present, however, then the wasp continues to attack the web and stabilimentum due to the 
camouflaging effect of the stabilimentum and the vision restraints of the wasp, even when 
the spider has left the scene (Chou et. al 2005, Blackledge & Wenzel 2001). 
 Explaining both of the tested hypotheses as a consequence of wasp predation 
brings the two hypotheses together seamlessly. An increase in prey due to the debris 
stabilimentum also increases predator approaches, either through UV or odor related 
attractants (Craig & Bernard 1990, Bjorkman-Chiswell et. al 2004). Once the predator 
begins to attack the web, the very same stabilimentum provides the cover needed for the 
spider to retreat, allowing it to build a new web elsewhere. 
  From observations made with the spiders and the stabilimentum, female spiders 
are less likely to leave their webs, or to create a new one if there are eggs present within 
the stabilimentum. Once removed, it was difficult to keep the spiders on their webs 
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without leaving to create a new one. However, there could be differences in disturbances 
by wasps than my movement and removal of stabilimentum. Because the models were 
left up for 18 days, this increases the chances of predation. If no eggs are present, the 
spiders will move around to avoid predation, which corresponds to the models without 
the brown stabilimentum. Because mortality is higher without a stabilimentum, then 
spending a lot of time (18 days) in one area would be risky. By moving around, the spider 
could delay predator discovery of itself and the web. Once the egg sac and detritus 
stabilimentum are installed, the spider is camouflaged enough to stay in one location, as 
the stabilimentum decreases predation rates. For C. monteverde, it is either become 
camouflaged or move to avoid predation by wasps, lizards, or geckos (Foelix 1996) as 
illustrated with the clay models.  
 In conclusion, the results showed that there is an advantage of placing a debris 
stabilimentum in the middle of the web. It decreases predation as the eggs develop and 
can give the spider a distraction if escape is necessary. The stabilimentum could also 
increase the number of prey items over time, either by attracting them with smell or by 
confusing them. By figuring out what each stabilimentum does for each species, the 
evolutionary outcome of spider webs becomes clearer. The convergence of these 
decorations and their different uses shows a potential method of capturing prey, as sit-
and-wait predators can lure their prey to their deaths. It is important to study many 
different kinds of stabilimentum due to the range and diversity present in these relatively 
newly studied phenomenona. 
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ABSTRACT 

 
Contrasting wing and tail colorations along with movement in birds has been hypothesized to facilitate 

the communication of a signal to a predator or aid in a functional behavior such as feeding. Recent 

research suggests that in the case of the Slate-throated Redstart, its contrasting white rectrices on a 

black tail in addition to tail-fanning, aids foraging by flushing out insects. This study examines the 

possibility of a second use in the tail-fanning behavior: a pursuit-deterrent or warning signal in the 

presence of a predator. This hypothesis was evaluated in a tropical lower montane wet-rain forest of 

Costa Rica by subjecting Slate-throated Redstarts to one of three calls: intraspecific, control (Grey-

breasted Wood-wren), and predator (Forest falcon). The number of tail-fannings/min was significantly 

lower during the falcon trials (6.15±0.68 tail-fannings/min) versus the redstart (10.10±0.87 tail-

fannings/min) and wren (10.45±1.08 tail-fannings/min) trials. Before and after trial behaviors also 

indicate a significant change in behavior when Slate-throated Redstarts are subjected to falcon calls. 

Specifically, many birds started out foraging and upon hearing the predator calls sat still or left the 

area. These results indicate that the Slate-throated Redstart does not use its tail-fanning behavior as a 

pursuit-deterrent or warning signal in the presence of a predator.   

 

RESUMEN 

 
Coloraciones contrastantes de ala y cola junto con movimientos han sido planteadas como hipótesis 

para facilitar la comunicación de señales a depredadores o ayudar en un comportamiento funcional 

como alimentarse.  Investigaciones recientes sugieren que en el caso del Candelita Pechinegra, sus 

contrastantes plumas timoneras blancas en una cola negra adicionalmente con el abanicar de la cola, 

ayuda al forrageo al espantar insectos.  Este estudio examina la posibilidad de un segundo uso en el 

comportamiento de abanicar la cola: la busqueda de disuasión o señal de alarma ante la presencia de un 

depredador.  Esta hipótesis fue evaluada en el bosque lluvioso tropical montano bajo de Costa Rica al 

someter a la Candelita Pechinegra a uno de tres llamados: intraespecífico, control (Soterrey de Selva 

Pechigris), y depredador (Halcón de Monte Barreteado).  El número de abanicadas de la cola/minuto 

fue significativamente menor durante los tratamientos del halcón (6.15±0.68 abanicadas/minuto) contra 

el candelita (10.10±0.87 abanicadas/minuto) y el soterrey (10.45±1.08 abanicadas/minuto).  Antes y 

después de los tratamientos los comportamientos también indican un cambio significativo en el 

comportamiento cuando el Candelita Pechinegra se someten al canto del halcón.  Específicamente, 

varias aves dejaron de forrajear y al oir el canto del depredador permanecieron quietos o dejaron el 

área.  Estos resultados indican que el Candelita Pechinegra no usa el abanicar de la cola como un 

comportamiento de disuasión o señal de alarma en la presencia de un depredador. 

 

 

INTRODUCTION 

 
     Many species of birds exhibit patterns and different colorations on their wings or 

tails. These colorations have been hypothesized to facilitate communication of a 

signal (Savalli 1995) or aid in a functional behavior such as feeding. The combination 
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of contrasting plumage coloration and movement has been known to serve as a 

predatory response or prey flushing (Mumme 2002, Murphy 2006). For instance, the 

Turquoise-Browed Motmot (Eumomota superciliosa) has a long, strikingly blue tail 

tipped by two black racquets on a long naked feather shaft (Stiles & Skutch). The 

Turquoise-Browed Motmot wags its tail in the presence of predators as a pursuit-

deterrent signal that tells the predator that the motmot is aware of its presence and 

ready to escape (Murphy 2006). In mocking bird species, it is thought that the white 

patches of coloration on the underside of their dark colored wings aids in prey-flush 

foraging behavior (Hailman 1960) or in the case of Northern Mockingbirds, predatory 

response (Dhondt & Kemink 2008). Northern Mockingbird breeding pairs have been 

observed to participate in intense wing flashing in the presence of a predator (Dhondt 

& Kemink 2008). Although the wing-flashing role is not straightforward in 

mockingbirds as originally thought, it seems unlikely that it is solely used for prey-

flushing and that agnostic encounters and the presence of a predator may also warrant 

the wing-flashing behavior  (Hayslette 2003). Myioborus redstarts and the American 

Redstart are known for their contrasting white tipped outer tail feathers. These 

brightly colored tail feathers are believed to play a role in startling prey (Mumme 

2002). The different colorations of tail and wing feathers on birds seem to have a 

functional role in survival behaviors.  

     As in several other insectivorous bird taxa, Myioborus Redstarts and the American 

Redstart use contrasting colors on their wings, tails, or rump to flush out prey when 

foraging (Mumme 2002). This prey-flushing behavior may be particularly important 

to American Redstarts in the winter when prey items are scarce (Lovette & Holmes).  

A particularly well studied is the case of the Slate-throated Redstarts (scientific 

name). It has been shown that the white patterns on the dark tail of this species are 

used for prey-flushing in foraging (Mumme 2002). The outer three rectrices have 

white tipsand the outermost rectrices are mainly white (Fig 1). When the Slate-

Throated Redstart forages, it hops and darts through the foliage often opening, 

closing, and fanning its tail (Stiles & Skutch 1989). The role of the white feathers in 

foraging behavior was tested using plumage manipulation experiments.  It was 

concluded that white coloration aids in the success of flush-pursuit foraging. It has 

also been noted that the tail-spread behavior characteristic of the Myioborus redstarts 

during foraging also increases flush-pursuit success (Mumme 2002). 
 

     The pursuit-deterrent hypothesis has not been tested in Slate-throated Redstarts or 

any other Myioborus species. The goal of this study is to test the use of tail fanning in 

Slate-throated redstarts in response to a predator call. The tail-fanning behavior 

benefits foraging success of the Slate-throated Redstart, but like the mockingbird, 

there may be another function other than foraging. The tail could be used in a pursuit-

deterrent signal, similar to that of the Turquoise-browed Motmot. To examine the 

possibility of a second use in the tail-fanning behavior, Slate-throated Redstarts were 

subjected to one of three playbacks; intraspecific, predator, and a control. 
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MATERIALS & METHODS 

 
Study Site 

The study was conducted during 28 October-16 November 2013 at the Monteverde 

Biological Station in Monteverde, Costa Rica. The study site is approximately 1550 m 

in elevation and consists of tropical lower montane wet-rain forest. Redstarts were 

found on a series of trails and forest edge located on the biological station’s property 

between 6:30AM and 10:30AM independent of weather conditions. To try and avoid 

double counting individuals, no trail was walked more than once in a given day and a 

trail was repeated only every-other day.   

 

Playbacks and Responses 

Playbacks were conducted everyday using portable speakers. All calls were played at 

the same volume. When a Slate-throated Redstart was sighted, the trials were 

conducted, alternating the calls with every trial For each of the 60 Redstarts found, 

each experienced one of three calls (20 birds per call): a Slate-throated Redstart, 

Forest Falcon, or a Grey-breasted Wood-wren. The Forest Falcon is a common 

predator of the Redstart (Stiles & Skutch) and the Grey-Breasted Wood-Wren was 

used as a control because it is a bird that the Redstart commonly sees and hears and 

they feed in different layers of the forest  than the Slate-throated Redstart so they do 

not compete for food (Stiles & Skutch).  Redstarts were generally found in pairs or 

alone. They were spotted in trees in the midstory. When a Slate-throated Redstart was 

spotted, its initial behavior was recorded. One of the calls was played for one minute 

and the number of tail-fannings was counted and recorded. At the end of the play 

FIGURE1: Drawing of the typical tail pattern seen 

in the Slate-throated Redstarts of Monteverde, Costa 

Rica. The last three rectrices on each side of the tail 

have a white coloration that is used in the flushing 

of insects. Figure from Mumme (2002).  
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back, the behavior of the redstart was observed and recorded again. If the bird left 

before the minute was over, the time at which the Redstart left was recorded. The time 

from these trials was used to extrapolate the amount of tail-fannings that would have 

occurred in a minute, had the Redstart stayed. The Redstart’s behavior was grouped 

into four different categories: foraging, sit, call, and leave. Foraging was defined by 

the following behaviors: catching prey fanning, and hopping from branch to branch. 

Sit was defined as: not moving, stop calling, and sitting. Call only included vocal calls 

or sounds. Leave was defined as a bird leaving the premises so that it could no longer 

be seen.  

 

RESULTS 

 
     The average number of tail-fannings displayed by the Slate-throated Redstart was 

significantly affected by the playback they experienced (Fig 2; One Way ANOVA, 

F=7.149, df=2, 57, p=0.0017). The Slate-throated Redstarts displayed the greatest 

number of tail-fannings when hearing the Grey-breasted Wood-wren (wren) closely 

followed by the Slate-throated Redstart (redstart) call The number of tail-fannings 

recorded during the Forest Falcon (falcon) playback was significantly lower than that 

of the wren (Tukey test, p=0.0034) and redstart (Tukey test, p=0.0078).  

 

 

      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

      

 

There were behavioral differences observed before and after the Slate-throated 

Redstarts were subjected to playback calls. When the Slate-throated Redstarts 

experienced their own call there was a significant difference in their before and after 

behavior, (Fig 3; G-test, G= 53.466, df=3, p< 0.001). Specifically, 11 of the birds 

stopped foraging, 1 bird stopped sitting and these 12 birds changed behavior to 

calling. 
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FIGURE 2. Mean tail fannings/min (± 1SE) in Slate‐throated Redstarts found in a 

tropical lower montane wet-rain forest of Costa Rica after being subjected to one of 

three call types for one minute A total of 60 birds (20 birds/call) were tested.  Letters 

over each bar indicate significant differences (One‐Way ANOVA followed by Tukey 

test, p<0.05).  
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There was also a significant difference in the before and after behaviors when the 

redstarts were subjected to the falcon playback (Fig 4; G-test, G=36.321, df=3, 

p<0.001), there was a 10 bird decrease in foraging, 2 bird decrease in calling and a 6 

bird increase in sitting and 6 birds left the area. These was no significant difference 

found in the before and after behavior of the Slate-throated Redstarts after being 

subjected to the wren call (Fig 5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION 
 

     The results of the study indicate that tail-fanning is not used as a pursuit-deterrent 

signal used in the presence of predators. Tail-fannings frequency during the Forest 
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FIGURE 3. Slate-throated Redstarts found in a tropical lower 

montane wet-rain forest of Costa Rica had behavior that was 

significantly different (G-test, p<0.05) before and after 20 

birds were subjected to an intraspecific call. Many birds 

switched from foraging to calling 

FIGURE 4. Slate-throated Redstarts found in a tropical lower 

montane wet-rain forest behavior was significantly different 

(G-test, p<0.05) before and after 20 birds were subjected to a 

predatory falcon call. Many birds switched from foraging to 

sitting or leaving 

FIGURE 5. Slate-throated Redstart behavior in a tropical 

lower montane wet-rain forest in Costa Rica did not 

significantly vary (G-test, p>0.05) before and after 20 birds 

were subjected to a control call of a wren.  
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falcon call was lower than that of the redstart and wren, and many of the birds stopped 

moving or left when they heard the falcon call. This could mean that in the presence 

of a predator, Slate-throated Redstarts attempt to remain inconspicuous by not moving 

or by leaving all together. There was little difference in the before and after behavior 

when Slate-throated Redstarts experienced the wren call. The redstart should not 

respond to the wren call because it occupies a different niche than the redstart and 

therefore does not act as a direct competitor so the redstarts continued foraging (Stiles 

& Skutch 1989). A possibility for the calling behavior observed after the Slate-

throated Redstart playback was experienced is Slate-throated Redstarts often times 

accompany small mixed flocks and occur in pairs (Stiles & Skutch 1989). The calling 

could have been a response to what the redstart believed was its other pair or a 

response to an aggressive intruder (Phillips 2012). 

     One explanation as to why Slate-throated Redstarts do not engage in pursuit- 

deterrent tail-fanning in the presence of a predator is because the cost does not 

outweigh the benefit. Displaying the tail in a fanning motion would immediately 

disclose the location of the redstart to its predator. Its black and white contrasting tail 

in addition to a fanning movement would draw attention to the redstart (Murphy 

2006). Fewer tail-fannings per minute would also help to preserve the location of the 

redstart. Unlike motmots, Slate-throated Redstarts are small and quick and therefore 

may have a better advantage staying hidden or using their speed to escape. Because 

redstarts already use their tail for prey-flushing, they would have to exhibit a very 

obvious tail or mobbing behavior to make the predator aware that it has been seen by 

the redstart.  

     Northern Mockingbirds and other Mimidae use the white patch of color under their 

wings to flush out insects. In addition to the prey-flushing behavior, they also use 

wing-flashing in the presence of a predator, especially in the presence of nestlings and 

dependent fledglings (Hailman 1960). Slate-throated Redstarts use their contrasting 

colored tails to prey-flush, similar to Mockingbird species. Unlike Mockingbirds 

though, Slate-throated Redstarts do not use any type of signaling or flashing in the 

presence of a predator. Instead, Slate-throated Redstarts become stationary or flee 

when a predator is detected. 

     It seems that the contrasting tail coloration and tail-fanning motion in Slate-

throated Redstarts is used to flush out prey insects and exploit their prey by 

manipulating their escape path across the redstart’s central field of vision (Jablonski 

2001). In conclusion, the white rectrices and tail-fanning are not used in a pursuit-

deterrent signal or any other predator response signals.  
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ABSTRACT  
 
The Tropical Kingbird (Tyrannus melancholicus), the Great Kiskadee (Pitangus sulphuratus), the Social Flycatcher 
(Myiozetetes similis), and the Boat-billed Flycatcher (Megarynchus pitangua) are common flycatchers found in the 
open areas and forest edges of Monteverde, Costa Rica. All four species live in the same general habitat and eat 
insects and fruit. There have been no previous studies on the partitioning and interactions of these specific bird 
species. To determine how these species coexist despite appearing to use the same resources, the micro- and macro-
habitat preferences and foraging methods were studied. The study took place along Monteverde roadsides and forest 
edges at an altitude of 1, 200 meters in Tropical Premontane Wet Forest. It was found that each species differs in 
terms of perch height, macro-habitat preference, perch preference, and foraging method. Tropical Kingbirds and 
Social Flycatchers were found to perch at medium heights in open areas, but Kingbirds preferred to forage from the 
air while Socials preferred to forage from trees. Great Kiskadees were found to perch low and forage off the ground 
in open areas, and Boat-billed Flycatchers were found to perch high on forest edges and forage from trees. 
Therefore, partitioning between these species has occurred in order to avoid overlap and competition, allowing them 
to coexist together within the same habitats.  

RESUMEN 

El Tirano Tropical (Tyrannus melancholicus), el Cristofué (Pitangus sulphuratus), el Mosquero Cejiblanco 
(Myiozetetes similis), y el Mosquerón Picudo (Megarynchus pitangua) son mosqueros (o pechoamarillos) comunes 
encontrados en áreas abiertas y bordes de bosque de Monteverde, Costa Rica. Todas las cuatro especies viven en el 
mismo hábitat general y comen insectos y frutos. O ha habido estudios previos en la partición e interacciones de 
estas especies de aves en específico. Para determinar cómo estas especies coexisten a pesar de parecer usar los 
mismos recursos, las preferencias en micro y macrohábitats y métodos de forrajeo, fueron estudiadas. El estudio 
tuvo lugar a lo largo de los caminos y bordes de bosque en Monteverde a una altitud de 1200m en Bosque Tropical 
Húmedo Premontano. Se encontró que cada especies difiere en términos de altura de percha, preferencia de 
macrohábitat, preferencia de percha y método de forrajeo. Se encontró que el Tirano Tropical y el Mosquero 
Cejiblanco se perchan a alturas medias en áreas abiertas, pero el Tirano Tropical prefirió forrajear en el aire mientras 
que el Mosquero Cejiblanco prefirió forrajear en árboles. Se encontró que el Cristofué se percha bajo y forrajea en el 
suelo en áreas abiertas, y el Mosquerón Picudo se percha alto en los bordes de bosque y forrajea en árboles. Por lo 
tanto, la partición entre estas especies ha ocurrido para evitar el traslape y la competencia, permitiéndoles coexistir 
dentro de los mismos hábitats. 
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INTRODUCTION 

THE COMPETITIVE NICHE THEORY STATES THAT TWO OR MORE SPECIES CANNOT COEXIST WITHIN 

the same niche with limited resources unless one species either goes extinct or adapts and 
specializes within the niche. Species must be able to specialize in order to avoid direct 
competition with one another (Levin 1970). Many studies have been done to test this theory. In 
particular, birds within the same feeding guilds in the same habitats have been shown to partition 
and specialize. Similar bird species within the same habitat in Argentina preferred the use of 
different microhabitats, such as more open or denser areas (Cueto & Casenave 2002). 
Flycatchers in Ontario foraged for food in distinct micro-habitats, including understory, ground, 
or canopy (Barlow & McGillivray 1983). Coexisting flycatchers in Finland had specific 
preferences in foraging type, such as foraging from the air or from trees, to avoid competition 
between species (Alatalo & Alatalo 1979).  

 In Monteverde, Costa Rica, flycatchers are very abundant birds in open areas and along 
forest edges. Four common species of flycatchers found in these areas are the Great Kiskadee 
(Pitangus sulphuratus), the Social Flycatcher (Myiozetetes similis), the Boat-billed Flycatcher 
(Megarynchus pitangua), and the Tropical Kingbird (Tyrannus melancholicus). All four 
species occupy the same general habitat of forest edges and patchy clearings, and all four have 
very similar prey preferences and foraging styles which include sallying, hawking, and gleaning 
for insects and fruits (Stiles & Skutch 1989). Therefore, in order to coexist within the same 
habitat, these species would be expected to have specializations or preferences within this 
habitat. Interactions between species can also influence specialization because, for example, one 
species could be more socially dominant than another and cause the other species to change their 
behaviors (Robinson 1992). The Tropical Kingbird and the Great Kiskadee are known for their 
aggressive behavior toward other birds, so I expect these to be the dominant species if any are 
found (Stiles & Skutch 1989).There have been no known previous studies done on the 
partitioning or interactions of these specific flycatcher species. This study evaluated whether 
these four species occupy different habitats, and if they forage differently from one another or 
interact with one another within those habitats.  

 

MATERIALS AND METHODS 

This study took place in human disturbed areas and forest edges in the Tropical Premontane Wet 
Forest life zone (sensu Holdridge) in Monteverde, Costa Rica, at roughly 1,200 meters elevation. 
I walked along roads through the macro-habitats of open areas and forest edges in search of 
flycatchers. Open areas included gardens, power lines over roads, and small pastures. Forest 
edges included roads that were bordered by secondary forest. When one of the four study species 
was sighted, the perch height was estimated by eye and the perch type was identified. Each bird 
was watched for 15 minutes or until it flew away. During this time, the foraging methods of each 
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bird were recorded. These include hawking, in which a perched bird flies out to catch a flying 
insect and lands on a different perch, gleaning, in which a flying bird catches an insect off a 
substrate, and sallying, in which a perched bird flies up or down to catch prey and then returns to 
the same perch (Stiles & Skutch 1989). The substrate from which the birds were obtaining their 
food from was also noted, which included the air, trees, or the ground. In addition, any species 
interactions that were observed were recorded. These were defined as two or more different 
species found within a visually estimated five meter radius of each other during the 15 minute 
observation time. Interactions included whether they ignored each other or if one displaced the 
other. This study took place over a period of 19 days during the wet season.  

   

RESULTS  

Overall, 44 Tropical Kingbirds and 42 Social Flycatchers were sighted. Great Kiskadees and 
Boat-billed Flycatchers were seen much less often, with 16 and 14 individuals sighted, 
respectively.  Three times as many Tropical Kingbirds and Social Flycatchers and twice as many 
Great Kiskadees were found in open areas than at forest edges (Fig. 1). Boat-billed Flycatchers 
were the only species that differed, with twice as many found on forest edges than in open areas.  
The difference in habitat preference was statistically significant (Fisher’s Exact Test, (expected 
values <5), p = 0.0006).   

 

FIGURE 1. Macrohabitat preferences of four flycatcher species (Tropical Kingbird (Tyrannus 
melancholicus) (TK), Boat-billed Flycatcher (Megarynchus pitangua) (BB), Great Kiskadee 
(Pitangus sulphuratus) (KK), and Social Flycatcher (Myiozetetes similis) (S)) observed in the 
open areas and forest edges in Monteverde, Costa Rica, at 1,200 meters elevation. Bars represent 
the number of individuals of each species observed in each habitat. Observations were obtained 
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by walking down roads that ran through both open areas and forest edges. Different roads were 
walked every day and the same amount of time was spent in each habitat each day.  

 Clear differences were found in perch preference of the four species (Fig. 2). Tropical 
Kingbirds were found twice as often on power lines than on trees. Only one Boat-billed 
Flycatcher and one Great Kiskadee were observed on a power line. Social Flycatchers showed 
little perch preference. The proportional differences in perch preference between species was 
statistically significant (Contingency analysis: Chi-square test, x2 = 27.8, df = 3, p = 4x10-6). 

 

FIGURE 2. Perch preferences of four flycatcher species (Tropical Kingbird (Tyrannus 
melancholicus) (TK), Boat-billed Flycatcher (Megarynchus pitangua) (BB), Great Kiskadee 
(Pitangus sulphuratus) (KK), and Social Flycatcher (Myiozetetes similis) (S)) observed in the 
open areas and forest edges in Monteverde, Costa Rica, at 1,200 meters elevation. Bars represent 
the number of individuals of each species observed perching on either power lines or trees. Each 
bird was watched for 15 minutes on roadsides.  

  The use of foraging techniques was very different among species (G test, G = 74.3,         
df = 19, p = 1.7x10-8, Fig. 3). Tropical Kingbirds used every foraging method observed, but 70 
percent of their forages were done in the air in the form of hawks or sallies. Boat-billed 
Flycatchers utilized tree gleans the most, as it made up 80 percent of their foraging. Social 
Flycatchers spent 50 percent of their time foraging in the air (sallying and hawking) and 50 
percent of their time gleaning from trees. Social Flycatchers were never observed obtaining food 
from the ground. Lastly, Great Kiskadees foraged on the ground 60 percent of the time and were 
never observed catching their prey in the air. Although all observations for foraging type were 
pooled for each species, there were no individuals observed with different behavior. Within each 
species, each bird observed had the same general behaviors. Therefore, the possibility that the 
trends are describing certain individuals rather than the whole species can be dismissed.  
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FIGURE 3. Foraging preferences of four flycatcher species (Tropical Kingbird (Tyrannus 
melancholicus) (TK), Boat-billed Flycatcher (Megarynchus pitangua) (BB), Great Kiskadee 
(Pitangus sulphuratus) (KK), and Social Flycatcher (Myiozetetes similis) (S)) observed in the 
open areas and forest edges of roadsides in Monteverde, Costa Rica, at 1,200 meters elevation. 
Bars represent total number of forages of each type and for each species observed within a 15 
minute window or until the individual flew away. An air hawk was defined as a flying bird 
catching a flying insect, sallying as a perched bird flying up or down to catch prey and then 
returning to the same perch, and gleaning as a flying bird catching an insect off a substrate.  

 Differences in perch height were also found to be significant between the species 
(ANOVA, F = 7.6, p = 0.0002, df = 3, 60). Boat-billed Flycatchers were found on average at ten 
meters, twice as high as Great Kiskadees, which had an average perch height of five meters. 
Tropical Kingbirds and Social Flycatchers were found at roughly the same heights at an average 
of about seven meters (Tukey’s HSD post-hoc; Fig.4).  
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FIGURE 4. Average perch heights of four flycatcher species (Tropical Kingbird (Tyrannus 
melancholicus) (TK), Boat-billed Flycatcher (Megarynchus pitangua) (BB), Great Kiskadee 
(Pitangus sulphuratus) (KK), and Social Flycatcher (Myiozetetes similis) (S)) observed in the 
open areas and forest edges in Monteverde, Costa Rica, at 1,200 meters elevation. Each bird was 
watched for 15 minutes on roadsides. Average perch height for each species was calculated using 
every individual bird observed. Error bars represent standard error.  

 Over the 19 day study period, only 11 species interactions were observed. One interaction 
was between a Boat-billed Flycatcher and two Tropical Kingbirds in the same tree, in which they 
ignored each other. The other ten interactions were between Tropical Kingbirds and Social 
Flycatchers of varying numbers. In four cases, the Tropical Kingbird directly displaced the 
Social Flycatcher through physical contact. In the other six cases they ignored each other. On 
more than one occasion, Kingbirds and Socials were observed perched side by side on the same 
power line, but the Kingbird was catching insects from the air while the Social was catching 
insects from a nearby tree. Because there were so few interactions observed, no statistical tests 
were done.  

 

DISCUSSION  

There were significant differences in the ways that these four bird species partition themselves 
within their shared habitats. Although all four species were found in both open and forest edge 
habitats, three of the four were shown to highly prefer open areas, and only the Boat-billed 
Flycatcher was observed more on forest edges. This open versus denser habitat preference has 
been found in coexisting wren species in San Luis, Costa Rica, demonstrating the fact that birds 
in the same habitat often specialize or prefer certain micro-habitats to avoid overlap, as the 
flycatchers have done (Most 2010). The Boat-billed Flycatcher has a much lower chance of 
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overlapping with the other species if it prefers to be in a different micro-habitat more often than 
they do.  

 Boat-billed Flycatchers were observed to prefer perching much higher in trees than the 
other three species, and Great Kiskadees preferred to perch much closer to the ground than the 
others. Social Flycatchers and Tropical Kingbirds had the same perch height preference, but 
Kingbirds highly preferred perching on power lines while Socials preferred trees slightly more. 
These results demonstrate that although all four species are found in the same habitats, they are 
clearly partitioned height-wise or perch-wise, with one species very high, one very low, and the 
two in the middle choosing different perches. If they are all foraging in different niches within 
their habitat they are preventing overlaps and competition with each other. Flycatchers studied in 
Ontario, Canada, showed very similar height partitioning between understory, ground, and 
canopy (Barlow & McGillivray 1983).  

 The four flycatcher species differed the most in their preferred foraging methods. Boat-
billed Flycatchers were found to highly prefer tree gleans, while Great Kiskadees highly 
preferred foraging on or near the ground and were never found in the air. This make sense with 
the observed perch heights of these two species, since ground foraging is much easier to do when 
perched lower as the Kiskadee prefers, and foraging from trees is easier when high up in the 
branches, as the Boat-billed prefers. These observations are supported by findings that different 
foliage types were preferred for different foraging types in passerines in Argentina (Cueto & 
Casenave 2002). Although Tropical Kingbirds and Social Flycatchers overlap in perch height, 
they have differed foraging methods. Socials foraged both in the air and off trees, but they 
preferred trees more and were never found on the ground. Kingbirds were the most diverse in 
their methods, since they utilized every foraging method observed. However, the majority of 
their foraging was done in the air in the form of either hawks or sallies. Birds found in the same 
habitats have previously been shown to utilize different foraging methods to avoid competition 
(Alatalo & and Alatalo 1979). Therefore, these Monteverde species exhibit partitioning. 
Although they were all observed eating the same prey, they each had different foraging locations 
and methods. 

 Despite all these differences, competition was not absent. Although there were not 
enough species interactions to be sufficiently analyzed, the fact that Socials were observed being 
directly chased away from an area by a Kingbird suggest direct competition. Clearly, despite 
their different foraging methods, these two species overlap on occasion and competition occurs. 
Displacement was not always the result of their overlap, but the occasions when displacement 
did occur suggest that Tropical Kingbirds are socially dominant over Social Flycatchers in these 
situations. This is likely due to the fact that Kingbirds are more aggressive and larger than 
Socials (Stiles & Skutch 1989). Although there is not enough data to conclude anything securely, 
these observations could imply occasional facultative competition between these two species and 
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provides further evidence that they are eating the same things. A similar relationship has been 
found between flycatchers and redstarts in New Hampshire, U.S.A. (Sherry & Holmes 1988).  

 These findings are consistent with the ideas of competitive exclusion and niche 
partitioning as a result of either past or present competition. Rather than go extinct, these four 
species that occupy the same niches of habitat and food type appear to have adapted. They have 
each specialized in a perch height, perch preference, habitat type, and foraging method, allowing 
them to avoid overlap and competition except on rare occasions. This study focused on human 
disturbed areas. Before humans, these birds were likely restricted to naturally disturbed areas, 
such as tree fall gaps, river edges, or landslides, where niche partitioning likely originated. 
Because human disturbed areas are becoming more and more abundant, it could be assumed that 
resources for these birds would increase, decreasing the need for competition. However, because 
the data from this study clearly shows that there is still specialization among these species, it 
demonstrates that competition is still occurring, even with increased habitat area. These findings 
are significant in the ecological world because little is known about the partitioning and 
interactions between these specific flycatcher species and these results provide insights into these 
behaviors. This helps to better understand ways in which species coexist in the tropics, especially 
in the presence of humans.  
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ABSTRACT 

 

Ecotourism is often touted as a win:win, since conservation and local development are promoted. Communities like 

Monteverde, Costa Rica shifted within 20 short years from an agriculturally based economy, landscape and culture 

to an eco-touristic one. This study evaluates the sociocultural consequences of ecotourism by comparing the 

perceived well-being of 18 Monteverde locals who experienced life in Monteverde before and after ecotourism.  

Well-Being is evaluated as changes in perceived quality of work, family, leisure, community, self, health and 

financial satisfaction (on a scale of 0 to 10).  Face to face interviews revealed a slight but significant improvement in 

work (median before=8, median after=9) and a larger improvement in self satisfaction (median before=6, median 

after=9).  What declined significantly were leisure (median before=8, median after=7), community (median 

before=8, median after=7) and family (median before=8, median after=7). There was no significant difference in 

health (median before=8, median after=7) and financial satisfaction (median before=7, median after=7 ) post 

ecotourism. Furthermore, demographic variables as sex, age, marital status, education level, occupation, religion and 

number of children did not impact the sum difference in satisfaction before and after ecotourism. Although the 

community’s well-being has improved in terms of work and self satisfaction, locals are unsatisfied with the 

disintegration of communal, familial, and leisure customs resulting from their newfound independence. Ecotourism 

hopes to protect biodiversity but cannot be considered a success if it does so at the expense of local cultural diversity 

and well-being.  

RESUMEN 

 

El ecoturismo frequentemente  se vende como un triunfo para todos , ya que se promueven la conservación y el 

desarrollo local. Comunidades como Monteverde , Costa Rica cambiaron en un período de 20 cortos años de una 

economía basada en la agricultura , el paisaje y la cultura a uno ecoturístico .Este estudio evalúa las consecuencias 

socioculturales del ecoturismo mediante la comparación de la percepción de bienestar de 18 habitantes de 

Monteverde que han experimentado la vida en Monteverde antes y después de ecoturismo. El bienestar es evaluado 

como los cambios en la percepción de calidad de trabajo, la familia , el ocio , la comunidad, sí mismo, la familia, la 

salud y la satisfacción financiera (en una escala de 0 a 10) . Entrevistas personales revelaron un mejoramiento leve 

pero significativo en el trabajo (mediana antes = 8, mediana después= 9) y un mejoramiento más grande en la 

satisfacción con sigo mismo (mediana antes = 6 ,mediana después = 9). Lo que declinó significativamente fueron la 

satisfacción con el ocio (mediana antes = 8, mediana después = 7), la comunidad (mediana antes = 8, mediana 

después = 7) y la familia (mediana antes = 8, mediana después= 7). No hubo diferencia significativa en la salud 

(mediana antes = 8 , mediana después = 7 ) y la satisfacción financiera (mediana = 7 antes de , después de la 

mediana = 7 ) post ecoturismo . Por otra parte, las variables demográficas como el sexo, edad, estado civil, nivel de 

educación, ocupación , religión y número de hijos no afectaron la diferencia suma en la satisfacción antes y después 

de ecoturismo. Aunque el bienestar comunitario ha mejorado en términos de trabajo y la satisfacción con sigo 

mismo, la población local está insatisfecha con la desintegración de las costumbres comunales, familiares y de ocio 

resultante de su nueva independencia . Se esperaría que el ecoturismo protega la biodiversidad, pero no podra 

considerarse un éxito si lo hace a costa de la diversidad cultural local y el bienestar. 
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INTRODUCTION 

 

Ecotourism is an ecosystem service provided by nature (Costanza et. al 1997). The Ecotourism 

Society defines it as “responsible travel to natural areas which conserves the environment and 

improves the welfare of local people” (Western 1993). Ecotourism may improve local welfare 

through new income, increased environmental awareness, education, forest protection, and even 

exposure to foreign cultures (Davis 2009). However, there are also cultural and community 

impacts to local humans populations (Stronza 2001).  

 The successes and limitations of ecotourism have been evaluated to a limited degree 

(West and Carrier 2004). Economic gains from ecotourism is the clearest success of ecotourism, 

providing a significant income to zones such as the Galapagos archipelago island, with 80% of 

island inhabitants reliant upon the ecotouristic industry for an occupation (Vanasselt 2000). 

Revenue from hotels and souvenir shops are not necessarily reinvested into wilderness 

protection, tourists can damage sensitive natural areas (Vanasselt 2000), and small local 

townspeople can be overwhelmed by the impact of foreign visitors on local infrastructure, 

contamination and personal well-being (Brown et. al 1995). Without forewarning, countries 

driven by ecotourism like Costa Rica have become servants to the “mass market”, altering native 

characters to attract ever more tourists with no regard for conservation (Fennell et. al 1990). 

Tourism related developments such as trails have decreased plant nutrient capture rates (Wallin 

and Harden 1996) and have modified the behavioral, habitat preference and productivity of 

animals such as large avian frugivores of the Brazilian Atlantic forest (Galetti et. al 2013), the 

Malaysian plover birds in Thailand (Yasue and Dearden 2006), and the green turtles of 

Tortugero, Costa Rica that are deterred from laying eggs ashore or hatchlings die before the 

reach shore due to tourist flashlights, camera flashes and physical touching (Jacobson and Lopez 

1994). 

 The degree to which ecotourism has effectively improved or harmed the well-being of 

local people is only recently becoming a subject of study (West and Carrier 2004). Places like 

Monteverde, Costa Rica are a perfect example of an area that has radically and rapidly 

transformed in response to ecotourism. Within 20 years, Monteverde shifted its economy from 

dairy farming to ecotourism, dramatically accelerating modernization and cultural modifications 

(Martin 2004). In the 1980’s worldwide interest in Monteverde grew from the praise in scientific 

papers, documentaries, and books about the magnificent flora and fauna the area housed. By the 

1990s the number of tourists visiting Monteverde had reached 50,000 per year (Nadkarni and 

Wheelwright 2000) and is currently estimated to be over 200,000 annually. Monteverde quickly 

adapted to the arrival of foreigners with a boom in local development from an area without a 

clinic or paved roads to a myriad of hotels, restaurants, souvenir shops, internet cafes, and other 

tourist destinations (Diggs 2009).  

 The reaction of the Monteverde locals to this rapid shift has been studied in the past, 

noting general positive attitudes towards ecotourism (Findlay 2010) but without interviews 

structured to capture different components of well-being. This study furthers the comprehension 

of the sociocultural consequences of ecotourism by comparing the perceived well-being of 

Monteverde locals before and after ecotourism in comprehensive terms of work, family, leisure, 

community, self, health and financial satisfaction. The interview responses serve as an evaluation 

of ecotourism’s ability to improve the well-being of the human cultural environment, shedding 

light upon the components of negative and positive repercussions ecotourism is actually 

contributing.  
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METHODS 

 

Study Participants and Sites 

The author conducted 18 personal interviews with residents of the greater Monteverde region 

between November 6, 2013 and November 14, 2013. Interviewees were carefully selected based 

on the following factors: they had to have lived in Monteverde by or before 1975 to have a 

clearer distinction between life in Monteverde before and after ecotourism escalated in the 

1980s.  Most were over the age of 55, with the exception of two participants: one being 46 and 

the other 49, setting the age range of interviewees from 46 to 78 years of age. These factors were 

implemented in order to discover as much from the older locals, whose stories may be lost within 

a couple of years, about their experiences and perception of Monteverde across time. Locating 

the participants that met the criteria was done at first through the recommendations of other 

locals such as Alan Masters, a resident biologist and professor, and Yerlin Morales, a 

homemaker that has worked with the elders of Monteverde in the past and finally contact 

information was also gathered from others interviewed (snowball sampling).   

 83% of the participants were natives of Costa Rica. Three individuals were not born and 

raised in Costa Rica, but all having lived here well before the rise of ecotourism. The sex of the 

group was an even distribution, half of the group consisted of males and the other half were 

female (see Appendix A for respondent list).  

 Ten of 18 locals were interviewed at home and eight at their place of business, including: 

CASEM COOP, a souvenir store, hotel reception area, wood shop, and even on a hotel van while 

the interviewee ran work errands. On a broader scale, the interviews were conducted in Bajo del 

Tigre, Cerro Plano, Monteverde, Santa Elena, and Sapo Dorado (see Appendix B for a map).  

 

Interviews 

Defining Locals’ Well-Being 

Demographic information requested included name, sex, age, marital status, education level, 

occupation, religion, number of children and their home’s distance from Santa Elena. The seven 

categories that were used to measure well-being are the seven well-being domain satisfactions 

described by Diener et. al (1999): work, self, family, community, leisure, health, and finances. 

Respondents were encouraged to elaborate on their score choices either before or after they rated 

their satisfaction level for each domain. The overall index of well-being was calculated for every 

study participant by averaging their self-reported domain scores.    

 Interviews were prefaced with an explanation of the interview’s broad goals and 

parameters.  The interview began with the collection of demographic information (see above) 

and then moved to a reflection on seven aspects of well-being (see above) before and after 

ecotourism in Monteverde. This included a semi-structured discussion where the interviewee 

reported how satisfied they were for each domain of well-being before and after ecotourism on a 

scale of zero to ten. To rank perception of well-being for each domain, study participants were 

handed a visual aid to portray the scale that should be used to assess levels of satisfaction as well 

as verbally informed that scoring zero meant “totally dissatisfied” and 10 meant “totally 

satisfied” while five was the equivalence of indifference (see Appendix C). A similar interview 

method and question has been used repeatedly to study overall life satisfaction, in German socio-

economic studies (e.g. Winkelmann and Winkelmann 1998) and the World Values survey 

(Inglehart et al. 2000). 
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  Interviews were conducted in the native language of the interviewee and were recorded 

on a cellular device for future reference (but most relevant commentary was noted by the author 

at the time of the interview) while maintaining active conversation engagement through eye 

contact, posture and verbal assurances or relevant commentary. Ten of the interviews were 

conducted in the most preferable form, in private and without interruptions. The interviewer was 

typically unable to control the interview situation so that interviewees would not be influenced 

by the presence of others. The interviews ranged from 20 minutes to 1.75 hours, with the average 

interview lasting 1 hour.  

 

RESULTS 

 

The 7 Domains of Well-Being: 

Work and Self Satisfaction 

______________________________________________________________________ 

FIGURE 1.[left] Personal interviews with Monteverde, Costa Rica locals reveal a significant difference in work 

satisfaction before and after ecotourism’s arrival to the community, with a higher satisfaction on a scale of 0-10 after 

(mdn = 9) Monteverde ecotourism in comparison to before (mdn = 8) (Wilcoxon Signed Rank, n = 18, s = 33, p = 

0.02). 

 

FIGURE 2.[right] Personal interviews with Monteverde, Costa Rica locals reveal a significant difference in self 

satisfaction before and after ecotourism was established there, with a higher satisfaction on a scale of 0-10 after 

(mdn = 9) Monteverde ecotourism in comparison to before (mdn = 6) (Wilcoxon Signed Rank, n = 18, s = 75, p < 

0.001). 
______________________________________________________________________ 

Work and self satisfaction were the only well-being domains that showed a significant 

improvement following the rise of ecotourism. Most interviewees mentioned lack of available 

work before ecotourism: milking cows, caring for animals and crops in agriculture, helping at 

home if you were a woman with men in the home, or at the cheese factory. The work was 

physically strenuous and tiring. A female participant recalled waking up at 3 AM regularly to 

prepare the corn needed to make tortillas for food later and working all day long for little to no 

money because it was on a personal farm and the work you did benefited the entire family. Some 

enjoyed the manual labor but did appreciate the option post ecotourism to choose a less 

physically demanding occupation, enabling the entrance of women into the workforce. 

Interviewees saw that as soon as ecotourism arrived the hotel and supermarket business boomed 
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due to the increase in consumers and movement of money. Study participants said that having 

more money gives families more options for commodities beyond what they actually just need. 

 Females declared a higher self-satisfaction due to new job opportunities. Before, women 

found it hard to leave the house because they had curfews and time consuming domestic work; 

those who were married had no way to contribute to the household economically and now they 

do. Both males and females alike perceived a higher self satisfaction level post ecotourism 

thanks to the appearance of roads and ease of transportation and travel. Study participants enjoy 

being able to leave Monteverde every now and then, and are especially grateful that it is now 

possible for family members who are studying to visit home frequently.  

 

Family, Leisure, and Community Satisfaction 

______________________________________________________________________ 

FIGURE 3.[left] Personal interviews with Monteverde locals reveal a trend in family satisfaction before, etc., with a 

lower satisfaction on a scale of 0-10 after (mdn = 7) Monteverde ecotourism in comparison to before (mdn = 8) 

(Wilcoxon Signed Rank, n = 18, s = -23, p = 0.07). 

 

FIGURE 4.[middle] Personal interviews with Monteverde locals reveal a trend in leisure satisfaction before, etc., 

with a lower satisfaction on a scale of 0-10 after (mdn = 7) Monteverde ecotourism in comparison to before (mdn = 

8) (Wilcoxon Signed Rank, n = 18, s = -35, p = 0.08). 

 

FIGURE 5.[right] Personal interviews with Monteverde locals reveal a trend in community satisfaction before, etc., 

with a lower satisfaction on a scale of 0-10 after (mdn = 7) Monteverde ecotourism in comparison to before (mdn = 

8) (Wilcoxon Signed Rank, n = 18, s = -33, p = 0.08). 

______________________________________________________________________ 

Family, leisure, and community domains of well-being showed higher satisfaction levels of 8 

before ecotourism in comparison to 7 after. These domains inspired the most nostalgic memories 

of how beautiful and united the community and families of Monteverde once were. Tones of 

voices and postures changed to those of excitement when interviewees described the strong 

union within families and the strong interdependence in the households of the past. Now, 

everyone is in their own world, even the women leave the house to work independently, which 

was mentioned once to be the cause of divided homes. Interviewees shared about their formerly 

creative forms of using their leisure time:  playing football for the males, walking in the forests, 

hunting, climbing trees, using wood tablets as sleds after school to slide down mud or grass hills, 

using a pig bladder as a playing ball, making dolls out of corn with gum as the eyes and a spare 
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old cloth brilliantly sewed into a dress for it, hanging from the tree contests, and much more. The 

creativity of children now is not the same, according to the interviewees, sadly, all kids do now is 

sit and watch television or are on their cell-phones or computers.  

 In turn, there was perceived to be less leisure time shared as a family, and more activities 

for individuals. The general feeling of interviewees is that the same happens in the community; 

everyone is in their own world. Interviewees expressed concerns regarding the presence of drugs 

that were never around before, how they never locked their doors before but must now, robbery 

of banks and having to worry about walking too far alone at night now when before precautions 

were not felt necessary. In general, there was a feeling of there being a lack of communal trust 

and lack of time to visit or know your neighbors. More jobs means less time to visit your friends. 

Foreigners are not frowned upon but have made it difficult for locals to keep track of who is 

around and whom they can trust; one interviewee has even given up saying hello to strangers on 

the street, fearing a misinterpretation of his friendly gesture.  

 

Health and Financial Satisfaction 

______________________________________________________________________ 

FIGURE 6.[left] Personal interviews with Monteverde locals do not reveal a significant difference in health 

satisfaction before, etc., with a lower satisfaction on a scale of 0-10 after (mdn = 7) Monteverde ecotourism in 

comparison to before (mdn = 8) (Wilcoxon Signed Rank, n = 18, s = -16, p = 0.35). 

 

FIGURE 7.[right] Personal interviews with Monteverde locals do not reveal a significant difference in financial 

satisfaction, with an approximate equal satisfaction on a scale of 0-10 after (mdn = 7) ecotourism in comparison to 

before (mdn = 7) (Wilcoxon Signed Rank, n = 18, s = 6, p = 0.80). 

______________________________________________________________________ 
 

No significant difference in financial and health satisfaction was revealed after Monteverde 

ecotourism. People felt torn when deciding how to rate their satisfaction levels with these 

domains and tended to lump their evaluations. For several interviewees, stress was not as 

relevant before tourism as it is today, perhaps due to financial worries and the debts that came 

from a false sense of confidence regarding the need for a new hotel or shop for tourists. Many 

community members were left with serious bank loans they had to pay off when their tourist 

related business did not work out. Study participants also noted that a rise in money spurred a 

rise in greed, replacing the tight community support system with competition. Interviewees 
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considered the mental stress of work and obsession with being “the best”, an unhealthy way of 

living that may be responsible for the medical problems of people nowadays.  

 Interviewees acknowledged that while ecotourism brings in money, that money is used as 

easily as it is earned and now people have to worry about bills and purchasing food when they 

did not have to pay others for their personal necessities if they had their own farm. People felt 

like growing and eating their own food was healthier than the fast food around now because 

people are in a rush all the time. Level of activity was also higher before compared to now; 

locals stated that taxis were not an option so people would walk to and fro if they wanted to go 

somewhere. Yet, the medical treatment and facility available now in Monteverde is considered a 

blessing by the majority of study participants because although people were healthier before, 

those who became awfully ill had little to no chance of surviving. A female participant disclosed 

that the number of pregnancy problems was much higher before and it took people carrying you, 

because there were no cars or ambulances, over to the closest doctor for medical attention. 

 

Demographics 

______________________________________________________________________ 

 

 

 

 

 

 

 

 

 

 

 

 
FIGURE 6. Personal interviews with Monteverde locals fail to show any significant correlation between study 

participant demographics (age, education, kids, marital status, religion, and sex) and the difference in well-being 

before and after ecotourism. A positive BADifference indicates a higher level of well-being before ecotourism, 

while a negative BADifference signals a higher level of well-being after ecotourism, and a value of zero indicates 

the same level of well-being pre and post ecotourism.  (Multiple regression, df = 6 and 11,  f  = 0.97, p = 0.49) 

______________________________________________________________________ 
 

Recorded interviewee demographic variables (name, sex, age, marital status, education level, 

occupation, religion, number of children) and well-being differences before and after ecotourism 

for all study participants failed to show any significant correlation.  The well-being average for 

the interviewees before ecotourism was 7.42 and after ecotourism was 7.47, a marginal and not 

statistical difference.  

DISCUSSION 
 

The sociocultural consequences of ecotourism are not black or white, as observed by Diggs 

(2009) and Findlay (2010). Instead, the effects of ecotourism on the local peoples of Monteverde 

are highly variable. Despite such complexity, this study still managed to identify some 
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significant differences and trends in well-being. Interviews revealed a marginal difference in 

work and greater change in self satisfaction after ecotourism and significant declines for 

differences in leisure, community and family. There was no significant difference in health or 

financial satisfaction post ecotourism. Furthermore, interviewee demographic variables (name, 

sex, age, marital status, education level, occupation, religion, number of children) and well-being 

differences before and after ecotourism failed to show any significant correlation. Lack of 

demographic correlations to difference of well-being across time underlines the general 

variability within the group that should serve as a motivation to emphasize the reasoning behind 

the presence or lack there of significant differences found among the components of well-being.  

 According to the Happy Planet Index, Costa Rica is the happiest country on the planet 

with an overall score of 7.3 on a scale similar to this study of zero to ten (Murphy 2012). This 

value is very similar to this study’s averaged well-being scores of 7.42 before ecotourism and 

7.47 after.  These values indicate how happy Costa Ricans are with or without alterations to their 

community. Happiness or at least the expression of it may be assumed to be a cultural tendency, 

perhaps explaining the high levels of self-satisfaction in all domains. This is why it was of 

upmost importance to ask about more than one aspect of well-being. As expected, the work 

opportunities are much more extensive now to the point to where neighboring Monteverde zone 

members have moved to Monteverde to work (Davis 2009). Moreover, work is capable of 

heightening sense of purpose (Winkelmann and Winkelmann 1998), which in turn resulted in 

higher levels of self satisfaction. Discussions revolving around group interactions in the leisure, 

family, and community domain were the points in which the usual happiness of Costa Ricans 

was not as positively perceived before compared to now. It is clear that these three domains are 

values that have been undermined post ecotourism, causing a decrease in well-being or overall 

happiness.  

 Hence, ecotourism has a spotty record of improving the well-being of Monteverde locals.   

Ecotourism only improved self and work satisfaction but diminished the perceived spirit of 

community, family, and leisure. It seems that ecotourism has brought some level of self-

empowerment in women but perhaps not enough to make up for the loss of other valuable 

elements of well-being.  

 It is imperative that the The International Ecotourism Society realize that ecotourism may 

need to be managed to avoid robbing communities of customs that may disappear within a 

generation. As ecotourism aims to conserve as much biodiversity, it should also strive to 

conserve cultural diversity and optimize human-well-being of both locals and tourists.  The 

community component of ecotourism has not been fully appreciated.  As areas of natural beauty 

often have small human populations, the influx of hundreds of thousands of visitors annually can 

disrupt the fabric of community even as it brings economic opportunity.  Sustainable ecotourism, 

therefore, needs to aim higher: protecting communal culture and sustaining familial values.   
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APPENDIX B 

 

 

APPENDIX C 

 

Nombre/Name:  

Sexo/Sex:  

Edad/Age:  

Estado civil/Marital status:  

Nivel de educación/Education level:  

Ocupación/Occupation:  

Religión/Religion:  

Numeró de hijos/Number of children:  

Hogar-distancia de Santa Elena/Home-distance from Santa Elena:  

 

Cómo era la satisfacción que usted tenía con lo siguiente antes y después del eco-turismo? Elige un numeró 

entre 0 y 10, 0 indicando falta de satisfacción y 10 siendo la satisfacción máxima.  

 

 

   

 

           0 ---------------------------------------------------------5---------------------------------------------------------10 

 Antes del Ecoturismo/ 

Before Ecotourism 

 (0-10) 

Despues del Ecoturismo/ 

After Ecotourism 

 (0-10) 

El Trabajo/Work    

La Familia/Family    

Los Pasatiempos/Leisure   

La Salud/Health   

Las Finanzas/Finances   

Sí Mismo/Self   

La Comunidad/One’s group   
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