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Bryophyte Water Holding Capacity and 
Absorption With Elevation in Neotropical 
Cloud Forest  
 
Cristina Riani 
 
Department of Environmental Science, Oregon State University 
 
 
ABSTRACT 
 
Global warming causes clouds to form higher in places like the Monteverde Cloud Forest in Costa Rica and species 
there will adapt, move or go extinct. Epiphytic bryophytes are particularly susceptible to climate change, as they get 
all water from precipitation and have high surface area to volume. Water holding capacity by saturation and water 
absorption in the elfin forest above the Monteverde Biological Station in Monteverde, Costa Rica were compared 
between bryophyte species collected from higher (1780 m) and lower (1530 m) elevations. Leaf Wetness Sensors 
(LWS) and rain gauges were used to determine the amount of water available to bryophytes in the elfin forest on 
days with different combinations of sun, rain and mist. Water absorption in bryophytes was also compared between 
weather conditions. The LWS detected the least amount of water (41 g/m2) on a sunny day with a short period of 
rain, an intermediate amount (71 g/m2) on a day with some mist, and the most (170 g/m2) on a day with a lot of mist 
and some rain. Water holding capacity varied between bryophyte species, but where bryophytes were collected had 
less impact on water holding capacity than morphology. Under the dry or intermediate weather conditions, all 
species absorbed around the same amount of water (less than 0.05 g). Under the wet weather condition, there was 
variation between species, but all absorbed more than 0.10 g and lower elevation species generally absorbed more 
water than high elevation species. With climate change leading to more dry days and less water available at low 
elevations, it is important to note that lower elevation bryophytes are not adapted to absorb more water than higher 
elevation species during dry or intermediate weather conditions. Therefore, the best strategy for low elevation 
bryophyte species would be to move their range up in elevation. If they are able to shift their range before suffering 
too much from rapid climate change, their ability to absorb more water during wet conditions could allow them to 
thrive and potentially outcompete high elevation bryophyte species. 
 
RESUMEN 
 
El calentamiento global hace que las nubes se formen más alto en lugares como el Bosque Nuboso de Monteverde 
en Costa Rica, y las especies allí se adaptarán, se moverán, o se extinguirán. Las briofitas epifitas son 
particularmente susceptibles al cambio climático, ya que obtienen toda su agua de la precipitación y tienen una gran 
relación superficie-volumen. Se comparó la capacidad de retención de agua por saturación y la absorción de agua en 
el bosque enano detrás de la Estación Biológica Monteverde en Monteverde, Costa Rica entre briofitas recogidas de 
elevaciones mayores (1780 m) e inferiores (1530 m). Se utilizaron los Sensores de Humedades de Hojas (LWS por 
sus siglas en inglés) y los pluviómetros para determinar la cantidad de agua disponible para las briofitas en el bosque 
enano en días con diferentes combinaciones de sol, lluvia, y niebla. La absorción de agua en briofitas también se 
comparó entre las condiciones climáticas. El LWS detectó la menor cantidad de agua (41 g/m2) en un día soleado 
con una precipitación corta, una cantidad intermedia (71 g/m2) en un día con algo de niebla y la mayor cantidad (170 
g/m2) en un día con mucha niebla y algo de lluvia. La capacidad de retención de agua varió entre las especies 
briofitas, pero el lugar donde se recolectaron las briofitas tuvo menor impacto sobre la capacidad de retención de 
agua que la morfología. Con las condiciones climáticas intermedias o secas, todas las especies absorben más o 
menos la misma cantidad de agua (menos de 0,05 g). Con la condición de clima húmedo, hubo variación entre las 
especies, pero todas absorbieron más de 0,10 g y las especies de elevación baja generalmente absorbieron más agua 
que las especies de elevación alta. Debido a que el cambio climático produce días más secos y menos agua 
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disponible a elevaciones bajas, es importante tener en cuenta que las briofitas de elevación baja no están adaptadas 
para absorber más agua que las especies de elevación alta durante condiciones climáticas intermedias o secas. Por lo 
tanto, la mejor estrategia para las especies briofitas de elevación baja sería mover su hábitat hacia altitudes más 
altas. Si son capaces de cambiar su rango antes de sufrir demasiado por el cambio climático rápido, su capacidad 
para absorber más agua durante las condiciones húmedas podría permitirles prosperar y tal vez competir con 
especies de briofitas de elevación alta.  
 
INTRODUCTION 
 
Global average temperature is expected to rise by 1-4°C this century (Corlett, 2014). With 
climate change, sea surface temperatures are rising, causing evaporated moisture to condense at 
higher elevations (Hannah 2015). The lifting-cloud-base hypothesis predicts a rising altitude of 
cloud base formation, and a subsequent decrease in important mist and cloud water input during 
the dry season from January through April for Cloud Forest areas in the Tropics (Pounds, et al. 
1999). In Costa Rica, this leads to more consecutive dry days (Pounds, et al. 1999) with periods 
of intense rainfall replacing historically longer periods of consistent mist. Species that live along 
these elevational gradients will have to respond to these changes by adapting, moving up, or 
dying (Corlett, et al. 2013).  

Bryophytes may be one group of species affected by the lifting cloud base. Since 
epiphytes have no contact with the ground, they rely on water input from the air—directly in the 
form of mist, from deposition from trees, or in pools that condense on large branches, or from 
rain. Epiphytes have different strategies to deal with limited access to water, with some focusing 
on foliar water uptake and others on drought resistance and water storage (Gotsch, et al. 2015). 
There is variation in water holding capacity between bryophyte species (Hagen-Botbol 2016). 
One study in Monteverde, Costa Rica that looked at dehydration and rehydration rates of 
bryophyte species from low and high elevations found that lower elevation bryophyte species 
have slower dehydration rates and generally faster rehydration rates than higher elevation 
bryophytes (Rose 2016). However, another study comparing Pacific and Atlantic slope 
bryophyte species found that water interception, absorption and retention were greater for 
Atlantic slope bryophytes that had more atmospheric water input (Nichols 2013).  

Bryophytes play many important roles in forest ecosystems, including nutrient storage 
and cycling (Nadkarni 1984), are foundation species for vascular epiphytes (Prats 2012, Heitler-
Klevans 2016) and provide habitat for micro-invertebrates (Jonsson 2015). It is important to 
clarify how well bryophytes can absorb and retain moisture to determine to what degree 
decreasing mist input will impact them and how the ecosystem is likely to change as a result.  

My study will measure water holding capacity in several bryophyte species from 1530 m 
and 1780 m elevation which are critical altitudes for changing mist frequency. I will also 
compare the difference in absorption of water between high and low elevation bryophyte species 
at 1780 m in a range of dry to wet weather conditions with differing amounts of mist and rain. 
The amount of water coming into the high elevation site for each weather condition will be 
quantified using Leaf Wetness Sensors (LWS) and rain gauges. This will allow me to compare 
the absorption of water between species of bryophytes for different amounts of water input. The 
question is then whether bryophyte species have different water holding capacity and water 
absorption with the same water input and how species from different elevations respond.  
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METHODS 
 
Study Site 
 
Data were collected along the Sendero Principal trail on the Pacific side of the Monteverde 
Cloud Forest from 12 April 2017 to 4 April 2017. The trail spans from 1520 m to 1785 m in 
elevation, covering tropical premontane wet forest to tropical premontane rain forest life zones 
(Lawton 2016). Lower elevation bryophyte samples were collected from the forest just outside 
the Monteverde Biological Station at around 1530 m, and higher elevation samples were taken 
from the elfin forest above the station at around 1780 m. A study site of dimensions 1040 m by 
2040 m was set up in the elfin forest (1784 m elevation). A data logger and three leaf wetness 
sensors (LWS) were attached to branches around a foot above eye level across the study site 
(Fig. 1). LWS are plastic leaves that detect the amount of moisture on their surface every fifteen 
minutes throughout a set time period and send that information to a data logger. Makeshift rain 
gauges made from funnels in graduated cylinders were placed on the ground adjacent to trees 
with LWS (Fig. 1). Strings were hung between trees at eye level around the study site, to hang 
bryophyte samples.  
 

 

 
Study Organisms 
 
Ten samples each of six different Bryophyte morphospecies were gathered along the Sendero 
Principal Trail. Common morphospecies at high and low elevations were separated by 
morphology. Three morphospecies each were selected from trees at the high and low elevations 
(Fig. 2). Once collected, each morphospecies was split into samples of 1 cm radius clumps. For 
the field study portion of the project, “cages” with openings for water to come through were 
made. Equal sized pieces (about 4 x 2 cm) were cut out of mesh bags, stapled closed, and labeled 
with elevation and sample number (Fig. 3) 

FIGURE 1. Data logger (left), one of three LWS (middle) and one of three makeshift 
rain gauges (right) set up in the elfin forest at 1784 m elevation in a tropical 
premontane rain forest.   
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Lab Trials: Saturation and Dehydration 
 
All 60 bryophyte samples were saturated by soaking them in water in Petri dishes for 5 minutes 
(Fig. 4), laying them on wire mesh to drip for 5 minutes and then measuring their wet masses 
using a sensitive electronic balance. The samples were put in a food dehydrator to dry over night 
(Fig. 4). After approximately 24 hours, the dry masses of all the samples were taken.  

 
 
Field Study: Water Absorption in Elfin Forest 
 
The dry bryophyte samples were hung from string (trial 1) or paper clips (trails 2 & 3) that 
attached each cage to strings hung between trees at eye level around the study site (Fig. 5). Each 
sample was weighed again 24 hours after hanging them. All samples were hung, dried, and 

FIGURE 2. Six Bryophyte morphospecies, three from a low elevation (1530 m) and three from 
a high elevation (1780 m), labeled with elevation (L, H) and morphospecies number (1, 2, 3).  

 

FIGURE 4. Bryophyte samples soaking in water in Petri dishes (left) and 
drying in a food dehydrator (right).  

 

FIGURE 3. An example of a 
bryophyte sample in its mesh 
cage, stapled closed and labeled 
with elevation (H), 
morphospecies (3), and sample 
letter (c).  
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weighed in their cages, and the mass of each cage was subtracted at the end. This process was 
repeated on three days (the 24 hour period while the bryophytes were hanging), with different 
weather conditions: dry (DRY), intermediate (INT), and wet (WET). Weather conditions were 
determined based on personal observation and compared to LWS and rain gauge data (see 
Results).  
 

 

 
LWS were used to measure the total amount of water available to the bryophytes by 

detecting how much water was on the surface of sensor every 15 minutes for a 24-hr period. 
Makeshift rain gauges were used to compare the amount of water in the gauge with the amount 
of water measured by the LWS. The data from the sensors were downloaded and compiled using 
a small portable laptop. The LWS data were converted from counts to amount of water in g/m2 
using an established equation. This was repeated for each day that the bryophyte samples were in 
the elfin forest.  
 
RESULTS 
 
Lab Trials: Saturation and Dehydration 
 
Overall, there was a significant difference in water holding capacity (change in mass between 
saturation and dehydration) between the six morphospecies (One Way ANOVA, F = 53.93, df = 
5, p < 0.001, n = 60). Between morphospecies, the first low elevation sample (L1) had a 
significantly higher water holding capacity than all other morphospecies (Fisher LSD, p < 0.01). 
The mean change in mass for L1 was around 1.0 g while the rest of the morphospecies had 
changes in mass under 0.75 g (Fig. 6). There does not seem to be a trend in water holding 
capacity between high elevation and low elevation morphospecies overall (Fig. 6). Low elevation 
morphospecies 2 (L2), low elevation morphospecies 3 (L3), and high elevation morphospecies 3 
(H3) are all not significantly different (Fisher LSD, p > 0.01). High elevation morphospecies 1 
has a higher water holding capacity than L2, L3, and H3 with around 0.6 g change in mass (Fig. 
6). High elevation morphospecies 2 (H2) has the lowest water holding capacity, with around 0.2 
g change in mass (Fig. 6). Both H1 and H2 have significantly different water holding capacities 
than the rest of the morphospecies (Fisher LSD, p < 0.01).  

FIGURE 5. Bryophyte samples hung by string (left) or paper clips (middle) in the elfin 
forest at 1784 m elevation in a tropical premontane rain forest. Cages attached to string 
hung between trees at eye level across the elfin forest study site (right).  
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Field Study: Water Absorption in Elfin Forest 
 
Varying weather conditions had a significant effect on the amount of water detected on three 
LWS every 15 minutes for 24 hours each trial (One Way ANOVA, F = 178.04, df = 2, p < 0.001, 
n = 180). The day with the wet weather condition had the most water detected on the LWS, the 
intermediate weather condition day had a medium amount of water detected, and the dry day had 
the least water detected (Fig. 7). In general, days with more moisture in the air caused more 
water to be detected by the LWS in the elfin forest.  
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FIGURE 6. Water holding capacity of ten samples each of six Bryophyte morphospecies, from 
high (H) and low (L) elevations along the Sendero Principal trail in tropical lower montane wet 
forest and tropical lower montane rain forest in Monteverde, Costa Rica. Water holding 
capacity was measured by change in mass of each bryophyte sample between full saturation in 
Petri dishes and drying in a food dehydrator. Error bars represent +/- standard error (SE). 
Means with different letters are significantly different (Fisher LSD, p < 0.01).  
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When high (H) and low (L) elevation morphospecies were grouped by weather condition, there 
was also an overall significant difference in bryophyte water absorption (Two Way ANOVA, F = 
6.39, df = 10, p < 0.001, n = 60). However, when looking closer at the data (Fig. 8), not every 
difference is significant. There was a significant difference in water absorption by bryophytes 
between dry and wet weather conditions and between intermediate and wet weather conditions 
(Fisher LSD, p < 0.01), but no significant difference between dry and intermediate weather 
conditions (Fisher LSD, p > 0.01). Under dry or intermediate weather conditions, no 
morphospecies absorbed more than 0.05 g water (Fig. 8). Under wet conditions, all 
morphospecies absorbed more than 0.10 g and all lower elevation morphospecies absorbed more 
than higher elevation morphospecies (Fig. 8). Amount of water absorbed by bryophytes only 
differed between morphospecies in the wettest weather condition (Fig. 8).  
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FIGURE 7. Effects of dry (DRY), intermediate (INT) or wet (WET) weather 
conditions on the average amount of water (g/m^2) detected on three Leaf 
Wetness Sensors (LWS) in the elfin forest behind the Monteverde Biological 
Station in Monteverde, Costa Rica. Error bars represent +/- standard errors (SE). 
Means with different letters are significantly different (Fisher LSD, p < 0.05).  
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Additional Observations 
 
On the day with a dry weather condition, the observed weather was mostly sunny with a period 
of rain. The mean amount of water in the three rain gauges was 16.67 ml +/- 6.01 SE. The 
observed weather on the day with an intermediate weather condition was some mist throughout 
the day. The mean amount of water in the rain gauges was 0.92 ml +/- 0.55 SE. Even though 
there was more mist on this day, the rain gauges collected less water because there was no rain. 
On the day with a wet weather condition, the observed weather was consistent mist or rain 
throughout the whole day. The mean amount of water in the rain gauges was 36.67 ml +/- 15.90 
SE.  
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FIGURE 8. Effects of dry (DRY), intermediate (INT) and wet (WET) weather conditions on water 
absorption by different morphospecies from high (H) and low (L) elevations along the Sendero 
Principal trail in tropical lower montane wet forest and tropical lower montane rain forest in 
Monteverde, Costa Rica. . Water absorption was measured by change in mass of bryophytes 
between hanging in the elfin forest above the Monteverde Biological Station and dehydration. 
Error bars represent +/- standard errors (SE). Means with different letters are significantly different 
(Fisher LSD, p < 0.05).  
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DISCUSSION 
 
When saturated in the lab, some bryophyte species had much higher or lower water holding 
capacities. Since elevation does not seem to have a significant impact on water holding capacity, 
this is probably due to morphological differences. Morphospecies L1 potentially has the highest 
water holding capacity because it is the most densely clumped (Fig. 2). Likewise, morphospecies 
H2 could have the lowest water holding capacity because it is the least dense, with very small 
spread out leaves and branches (Fig. 2). Larger clumps of bryophytes with greater surface areas 
are able absorb more water (Rose 2016), so it makes sense that the denser morphospecies would 
have a higher water holding capacity. This means that elevation does not necessarily determine 
how much water bryophytes can hold when completely saturated.  
 Within the dry and intermediate weather conditions in the elfin forest, morphospecies had 
no effect on how much water the moss absorbed, indicating that all species will suffer equally 
when there is insufficient mist. Since all bryophyte species absorbed significantly more water on 
the wet day, having consistent mist and/or rain is very important to keep bryophytes wet. Even 
though there was more rain on the dry day than the intermediate day, moss was still able to 
absorb more on the intermediate day, indicating that they absorb more moisture from mist than 
rain. This is significant since dry days are increasing in frequency (Pounds, et al. 1999), 
especially with consistent mist being replaced by periods of sun and bursts of intense rain.  
 On the wet day, morphospecies elevation did have an effect on water absorbed, with 
lower species having higher water absorption than higher elevation species. It is notable that with 
high water input, morphospecies L1 once again has the highest water absorption and 
morphospecies H2 has the lowest. So, morphology seems to only have an impact on water 
holding capacity or absorption during conditions of high water input. With increasing 
temperatures and more dry days, lower elevation species will have to deal with less water input, 
and may not necessarily be better adapted to handle less water. 

Low elevation morphospecies do, however, absorb more water when there is excess. 
Therefore, they may be able withstand longer dry periods that occur lower on the mountain by 
retaining moisture from wet days. This is less important at higher elevations where conditions 
are more uniformly wet. Low elevation bryophyte species may not be competitive in always-wet 
conditions. It is possible their morphology favors water retention over growth. Once conditions 
become drier, ability to absorb more water may allow lower bryophytes to outcompete higher 
species. Upward movement of low elevation bryophytes could be rapid. One study found that a 
majority of the bryophytes they studied had dispersal rates no higher than 25 km/50yrs, with a 
few species having much faster dispersal (Hutsemekers 2008). Since the distance between my 
low and high elevation sites was only 0.25 km, there is potential for low elevation bryophytes to 
disperse to higher elevations within half a year. Epiphytes, including bryophytes, play an 
important role in tropical forest ecosystem function and are particularly vulnerable to climate 
change (Foster 2001). The loss of bryophyte diversity in low elevations could have a significant 
impact on the ecosystem of these forest communities.  
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Bryophyte and Lichen Diversity in Native and Exotic 
Windbreaks 
 
Grace Ditch 
 
Department of Forest Resources, University of Minnesota-Twin Cities  
 
ABSTRACT 
Biodiversity conservation is especially important in the face of anthropogenic threats, such as exotic species 
introduction. In Monteverde, Costa Rica, two exotic tree species, Cupressus lusitanica and Ligustrum lucidum, were 
introduced as windbreak trees around agricultural lands. The purpose of this study was to determine if there is a 
difference in bryophyte and lichen growth and diversity between the two exotic windbreak tree species and two 
native windbreak species, Montanoa guatemalensis and Viburnum costaricanum. 15 trees of each species were 
surveyed from monospecific windbreaks of similar age and location. Each tree was surveyed for the number of 
bryophyte and lichen morphospecies found within an 8 x 16 cm sampling frame as well as the percent area within 
the frame covered by each morphospecies. It was found that the exotic species had higher mean cover by bryophytes 
and lichens than the native species (C. lusitanica= 58 percent +/- 2.9, L. lucidum= 68 percent +/- 5.3, M. 
guatemalensis= 43 percent +/- 4.3, V. costaricanum= 51 percent +/- 2.6). The native species supported higher 
species richness (M. guatemalensis= 5.13 species +/- 0.36, V. costaricanum= 6.13 species +/- 0.35) and diversity 
(M. guatemalensis: H’=2.35, V. costaricanum: H’=2.28) than the exotic species (C. lusitanica= 3.6 species +/- 0.21, 
H’= 1.59, L. lucidum= 4.26 species +/- 0.23, H’= 1.85). Land managers should prioritize planting native species in 
windbreaks because they capture the most diversity of bryophytes and lichens. 
 
RESUMEN 
La conservación de la biodiversidad es especialmente importante al enfrentar los retos del antropoceno, tales como 
la introducción de especies exóticas.  En Monteverde, Costa Rica, dos especies de árboles exóticas, Cupressus 
lusitanica y Ligustrum lucidum se introdujeron como rompevientos alrededor de tierras agrícolas.  El proposito de 
este estudio fue determinar si hay una diferencia en el crecimiento de líquenes y briófitas y la diversidad entre los 
dos rompevientos exóticos y las dos especies de rompevientos nativas Montanoa guatemalensis y Viburnum 
costaricanum.  15 arboles de cada especie se muestrearon para rompevientos monoespecíficos de ubicación y edad 
similar.  Cada árbol se muestreo para el número de morfoespecies de briófitos y líquenes encontradas en una 
cuadrícula de muestreo de 8 x 16 cm, así como el porcentaje de área dentro de la cuadrícula cubierta por cada 
morfoespecie.  Se encontró que las especies exóticas tienen un promedio mayor de cobertura por briófitos y líquenes 
que las especies nativas (C. lusitanica= 58 percent +/- 2.9, L. lucidum= 68 percent +/- 5.3, M. guatemalensis= 43 
percent +/- 4.3, V. costaricanum= 51 percent +/- 2.6).  Las especies nativas contienen una mayor riqueza de especies 
(M. guatemalensis= 5.13 species +/- 0.36, V. costaricanum= 6.13 species +/- 0.35) y diversidad (M. guatemalensis: 
H’=2.35, V. costaricanum: H’=2.28) que las especies exóticas (C. lusitanica= 3.6 species +/- 0.21, H’= 1.59, L. 
lucidum= 4.26 species +/- 0.23, H’= 1.85). Los dueños de tierras deberían dar prioridad a plantar especies nativas en 
cortavientos debido a que ellos capturan la mayor diversidad de briófitos y líquenes. 
 
INTRODUCTION 
The Anthropocene is the most recent epoch of geologic time in which the influence of humans is 
significantly altering Earth system processes and biomes globally (Malhi et al. 2014). This 
includes species introductions. Some exotic species can rapidly colonize their new environment 
and have the potential to impact native species in a variety of ways (Allendorf & Lundquist 
2003). Exotic species can alter symbioses within the native community, displace native species, 
or exclude native species through competition (Mooney 2001). Overall, native species that are 
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not excluded from their habitat by exotic species have little choice but to interact with their new 
exotic counterparts, sometimes resulting in detrimental or cooperative interactions (Bruno et al. 
2003). Therefore, exotic species have the potential to impact native biodiversity (Keane & 
Crawley 2002). One of the major goals of conservation is the protection of biodiversity, 
especially in the face of anthropogenic threats such as the introduction of invasive species 
(Gurevitch & Padilla 2004). To best protect biodiversity that might be threatened by exotic 
species, it is important to understand how native species interact with exotic species.  

Alongside the native tree species Montanoa guatemalensis and Viburnum costaricanum, 
nonnative tree species Cupressus lusitanica and Ligustrum lucidum were introduced to 
Monteverde, Costa Rica windbreak trees (Burlingame 2000). Windbreaks are an important part 
of agriculture in Monteverde as strong winds without trees cause soil erosion and stress pastures 
and crops (Burlingame 2000). In 1988, the Monteverde Conservation League began to encourage 
farmers to plant windbreaks for agricultural lands, as well as reforestation. By 1994, over 
500,000 trees were planted in windbreaks (Burlingame 2000). C. lusitanica, M. guatemalensis, 
L. lucidum, and V. costaricanum were commonly selected as windbreak species because they 
exhibited fast growth and blocked wind effectively (Burlingame 2000).   

It was discovered later that windbreaks also served as food sources for animals, nesting sites, 
and habitat for a variety of animals (especially birds, see Harvey 2000). Windbreak trees can also 
support populations of some forest plants, including epiphytes (Harvey et al. 2000). While some 
animals and understory plants have been studied in windbreaks, bryophytes and lichens that 
grow on windbreak trees have received less attention. Bryophytes are important to ecosystem 
function because they provide habitat for a large diversity of microflora, microfauna, and 
mesofauna, contributing to the detrital food web (Lindo & Gonzalez 2010). They can also be 
foundation species for vascular epiphytes as they help to retain water, are an appropriate 
germination bed, and provide anchorage for the vascular epiphytes (Chang et al. 2002). 
Bryophytes and lichens also contribute to forest biomass and primary productivity as well as 
nutrient cycling (Lindo & Gonzalez 2010).  

The purpose of this study is to determine if there is a difference in the cover and diversity of 
bryophytes and lichens between native and nonnative windbreak trees in Monteverde. 
Knowledge of how bryophytes and lichens interact with an exotic species is important to 
understanding how to best protect native bryophyte and lichen diversity and species relying on 
them.  
 
METHODS 
Study Site 
Windbreak trees were surveyed for bryophyte and lichen cover and diversity in the tropical lower 
montane wet forest of Monteverde, Costa Rica at 1450 m elevation. Surveyed windbreaks were 
parallel to each other and situated 100 meters from a forest, controlling for biotic and abiotic 
factors like elevation and dispersal that could potentially impact bryophyte and lichen 
establishment and growth. All of the windbreaks surveyed were planted in 1987-8 (Fig. 1). 

 12 

 12 



 
Figure 1: Diagram showing how windbreaks operate to protect croplands from wind that can 
cause soil erosion and stress crops and pastures (Tengnäs 1994).!!
 
Experiment 
One monospecific windbreak of each species, C. lusitanica, M. guatemalensis, L. lucidum, and 
V. costaricanum, perpendicular to forest was studied. Within each windbreak, 15 trees of each 
species were surveyed. Trees were selected from locations throughout the length of the 
windbreak. At each tree, an 8x16 centimeter frame was tacked onto the tree trunk at 
approximately breast height, on the side of the trunk that appeared to represent typical lichen and 
bryophyte cover for that tree (Fig. 2). Within the frame, all bryophyte and lichen morphospecies 
were identified and recorded. Morphospecies were differentiated from one another using 
physical attributes such as color, texture, and leaf arrangement. Each time a new morphospecies 
was encountered, it was assigned a number and a sample was taken for future reference.  

After recording the presence of each morphospecies, a digital photo was taken of the 
frame on the tree. While still at the study site, the photo was uploaded onto a computer and 
analyzed using ImageJ software. Manually outlining the total area of the frame with the 
computer cursor allowed ImageJ to calculate the area within the frame in number of pixels. 
Then, each individual morphospecies was outlined and area was calculated in pixels. The pixel 
measurements of each morphospecies compared to the total area of the frame allowed the percent 
cover of each morphospecies to be calculated within the area of the frame.    
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Figure 2: Examples of study frames of each windbreak tree species: C. lusitanica (A), L. 
lucidum (B), M. guatemalensis (C), V. costaricanum (D). These images and others were 
uploaded to ImageJ to calculate percent cover of each bryophyte and lichen morphospecies.  

 
RESULTS 
Bryophyte and lichen cover differed significantly between windbreak tree species (One Way 
ANOVA F=7.08, df=3, p=0.0004). Exotic L. lucidum had the highest mean percent cover at 68 
percent (+/- standard error). Native M. guatemalensis had the lowest mean percent cover at 43 
percent cover (+/- standard error). The exotic species, C. lusitanica and L. lucidum, generally had 
higher mean cover than the native species M. guatemalensis and V. costaricanum (Fig. 3).  
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Figure 3: Mean percent bryophyte and lichen cover on four species of windbreak trees in tropical 
lower montane wet forest of Monteverde, Costa Rica at 1450 m elevation. Each species (C. 
lusitanica, L. lucidum, M. guatemalensis, and V. costaricanum) was represented by 15 trees from 
a monospecific windbreak. The area covered by bryophytes and lichens was compared to to total 
sample area to calculate percent cover for each tree and total cover was averaged for each tree 
species. Exotic tree species are in red, native tree species are in green. Error bars represent 
standard error and different letters above bars indicate statistically different mean percent cover 
(Tukey Test p<0.05).  
 
Bryophyte and lichen morphospecies richness differed significantly between windbreak tree 
species (One Way Anova F=13.67, df=3, p<0.0001). V. costaricanum had the greatest mean 
species richness of 6.13 morphospecies (+/- standard error). C. lusitanica had the lowest mean 
species richness of 3.60 morphospecies (+/- standard error). The native species, M. 
guatemalensis and V. costaricanum, had higher mean species richness than the exotic species C. 
lusitanica and L. lucidum, however some native species did not differ significantly from exotic 
species (Fig. 4).  

 
Figure 4: Mean morphospecies richness found on four species of windbreak tree in tropical lower 
montane wet forest of Monteverde, Costa Rica at 1450 m elevation. Each species (C. lusitanica, 
L. lucidum, M. guatemalensis, and V. costaricanum) was represented by 15 trees from a 
monospecific windbreak. The number of morphospecies of bryophytes and lichens was counted 
on each tree and averaged for each tree species. Exotic tree species are in red, native tree species 
are in green. Error bars represent standard error and different letters above bars indicate 
statistically different mean percent cover (Tukey Test p<0.05). 
 
Bryophyte and lichen diversity was the greatest for M. guatemalensis (Shannon-Weiner Index 
H’=2.35) (Fig. 5d). Diversity was the lowest for C. lusitanica (Shannon-Weiner Index H’=1.59) 
(Fig. 5a). The morphospecies diversity of nearly all tree species differed significantly from each 
other (Diversity t-test p<0.0001), except for M. guatemalensis and V. costaricanum (Diversity t-
test p=0.19). Both of the exotic species C. lusitanica and L. lucidum had significantly lower 
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diversity than the two native species M. guatemalensis and V. costaricanum (Diversity t-test 
p<0.0001). The exotic tree species also show more dominance by a few species of bryophytes 
and lichens (Fig. 5a,c). 
 

Figure 5: The morphospecies breakdown for four species of windbreak tree in tropical lower 
montane wet forest of Monteverde, Costa Rica at 1450 m elevation. Each pie slice and respective 
number in the legend represents a different morphospecies of bryophyte or lichen. Each species 
(C. lusitanica, L. lucidum, M. guatemalensis, and V. costaricanum) was represented by 15 trees 
from a monospecific windbreak. Total percent cover of each morphospecies found on each tree 
species was rounded to the nearest whole number to calculate diversity (H’) using the Shannon-
Weiner index.  
 
DISCUSSION 
Exotic windbreak tree species had higher mean percent bryophyte and lichen cover than natives, 
however they had lower species richness and diversity. These differences could be attributed to 
differences in bark substrate. Based on personal observation, both of the native windbreak 
species surveyed had thicker bark than the exotic species surveyed. McAlister (1995) found that 
thicker tree bark has higher water absorption capacity, and that low water absorption capacity 
made bark less hospitable to bryophyte growth. Gustafson and Eriksson (1995) also found that 
bark thickness was correlated with bryophyte species number. It is possible that the exotic 
species with lower water holding capacity in their bark could not support the water resource 
requirements of many bryophyte and lichen species, so fewer species were found on them. If 
species with lower water requirements colonize exotic species, they could escape competition for 
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more water-loving species on natives. Moreover, they could dominate exotic species, potentially 
explaining why exotic windbreak tree species had higher coverage and domination in coverage 
by a few species. 

Another possible explanation for the richness and diversity trend is that the exotic species 
have bark chemistry that is different than native tree species. In a study of epiphytic lichens, 
Jüriado et al. (2009) found that bark chemistry, specifically acidity, is one of the most 
pronounced factors affecting species richness of lichens. If the bark of the exotic tree species 
studied was more acidic than the native species, or was chemically very different from the native 
species, the exotic species may have been less hospitable for a variety of bryophyte and lichen 
species (Lisanework & Michelsen 1993). Only the bryophyte and lichen species able to 
withstand a chemically different substrate would be able to persist on the exotic windbreak tree 
species, potentially explaining why there were less bryophyte and lichen species found on the 
exotic windbreak species.  

Overall, what the data show is that only a subset of lichen and bryophyte species are able 
to live on exotic windbreak tree species. The data suggest that with the encroachment of exotic 
species into new habitats, there will be some winners and some losers in the interactions with 
those species but only a subset of natives will associate with exotics. Despite the exotic tree 
species forming a positive relationship with some bryophyte and lichen species, the highest 
diversity of bryophytes and lichens was captured by the native windbreak tree species. Other 
studies have shown the same patterns of diversity and richness in native and exotic windbreak 
species in arthropods (Escobar & Tando 2014) as well as understory plants (Morrison 2011), so 
the trends found in this study are not limited to bryophytes and lichens. With the goal of 
conserving the biodiversity and ecological function, it would be wise for land managers to 
prioritize native tree species for windbreaks because they have been shown to support more 
diversity than exotic tree species.  
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ABSTRACT 

The purpose of this study was to determine community composition of bryophyte-dwelling arthropods in three 
vertical tree zones in a Neotropical Elfin forest. Moisture levels in moss was also measure to assess its impact 
on diversity, abundance, and richness of these communities. Past wet season studies have shown that epiphytic 
mosses and bryophytes provide excellent microhabitats for arthropods. I do this study in the dry season to see 
if zonation increases and moisture becomes more important. Bryophyte samples were collected from base, 
mid-trunk, and canopy for fifteen trees at 1700 m in Monteverde, Costa Rica.  Moss was dried using a Berlese 
funnel. Moss arthropod diversity was found to be significantly higher at the base of trees (H’ = 3.45, p = 0.011, 
df = 680.44), while abundance was higher in the canopy (t = 15.02, p = 0.0005). Mid-trunk showed the lowest 
diversity, abundance, and richness. High variation between samples suggest that height alone is not a 
determining factor for arthropod distribution. Moisture content was shown to be higher among base level 
samples, though not significantly, but may still be a factor in the high diversity of base level arthropods.  If so, 
end of dry season arthropods may collect in wetter moss mat refugia, regardless of where they occur vertically 
on the tree.   

 

RESUMEN 

El propósito de este estudio fue determinar la composición de las comunidades de artrópodos  que habitan en 
los briófitos en tres zonas verticales en un bosque enano Neotropical. Los niveles de humedad en el musgo se 
midieron también para determinar su impacto en la diversidad, abundancia, y riqueza de las comunidades. 
Estudios previos en la época lluviosa han demostrado que los musgos y briófitas proveen un excelente 
microhábitat para los artropodos.  Hago este estudio en la época seca para determinar si la zonación aumenta y 
la húmedad se vuelve más importante.  Muestras de briófitos se colectaron en la base, medio y el dosel para 
quince árboles a 1700 m en Monteverde, Costa Rica.  El musgo se secó usando un embudo de Berlese.  La 
diversidad de artropodos se encontró significativamente mayor en la base de los árboles (H’ = 3.45, p = 0.011, 
df = 680.44), mientras que la abundancia fue mayor en el dosel (t = 15.02, p = 0.0005).  El medio del tronco 
muestra la menor diversidad, abundancia, y riqueza.  Una alta variación entre las muestras sugiere que la altura 
sola no es un factor determinante para la distribución de los artrópodos.  El contenido de húmedad mostró ser 
mayor entre las muestras de la base, aunque no significativo, pero puede aún ser un factor en la mayor 
diversidad de los artrópodos en la base.  Si así, al final de la época seca los artrópodos se pueden encontrar en 
los refugios de musgo que son mas húmedos, sin importar donde se encuntran verticalmente en el árbol. 
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INTRODUCTION  

Community diversity may increase with area, productivity and abiotic favorability, including 

stability. Hallett et al’s (2014) study showed that community stability increased with species richness and 

that this factor and the variance ratio, but not dominant species stability, were significant predictors of 

stability within a community. In general, species diversity should increase when you increase in area and 

when abiotic conditions are stable enough to lead to higher productivity. 

 Elfin forests, or lower montane rain forests, are characterized by high ambient moisture and 

this leads to smaller trees with thick bryophytes growing epiphytically from trunk to canopy 

(Nadkarni and Wheelright 2000). A previous study done in Monteverde, Costa Rica found that 

increased levels of moisture at higher elevations caused an increase in moss-dwelling arthropod 

diversity, richness, and abundance (Afashi 2001). This is because arthropods that are significantly 

influenced by relative humidity are provided excellent microhabitats from the higher moisture 

content in tropical lower montane forests (Allen 1994). The thick bryophytes in these forests also 

lead to higher levels of water retention, and subsequently, higher photosynthesis rates and nutrient 

content in those canopy mosses, [which are directly correlated with arthropod diversity]. 

Because these bryophytes are located on every part of the tree, this could suggest a more 

even distribution of moss-dwelling arthropod species in montane forests. However, arthropod 

richness in epiphyte mats generally is lower in the dry season (February–May), when many taxa 

probably become dormant or seek shelter against desiccation in deeper portions of mats (Yanoviak 

2007; Tanaka and Tanaka (1982). A study (Northrup 2003) done in the wet season in a Monteverde 

Elfin rain forest showed highest abundance of arthropods in the canopy mosses when compared to 

mosses that occupy the mid-trunk and base zones of a tree. However, diversity among arthropod 

species was greatest at mid-trunk level. 

My study focuses on vertical stratification of arthropod assemblages in bryophytes during the 

dry season of a tropical lower montane rain forest, and what effects, if any, vertical height has on 

moisture content and diversity of arthropod communities. The more suitable the conditions for 

bryophytes to grow in, previously indicated as being in the canopy, the more suitable a habitat for 

bryophyte-dwelling arthropods to inhabit. Because of increased area, productivity, and stability 

within canopy moss mats, I hypothesize that species richness, diversity, and abundance will increase 

as you increase with height on the tree, due to higher levels of moisture and moss thickness, but that 
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the total abundance of arthropods will be lower during the dry season than in the wet season due to 

an overall decrease in moisture levels. 

 

MATERIALS AND METHODS  

Study Site 

Research was conducted in the elfin forest surrounding the Estación Biológica in Monteverde, Costa 

Rica in the Dry Season from April 13 to May 2, 2017. The trees were sampled from Elfin Forest, a 

tropical lower montane rain forest, near the continental divide ridgeline at an elevation of 1700 m. 

On every collection day, samples were collected between the hours of 10 am and 2 pm and only 

when there was no precipitation. As the study was done in the dry season, there was limited 

precipitation in the forest during the first 2 weeks of sampling. Precipitation increased during the 

third week due to shifting weather patterns preceding rainy season. Trees were selected based on 

visible bryophyte thickness and area accumulation, as well as accessibility of canopy branches to set 

up climbing ropes. Fifteen unidentified trees of no particular species with dbh greater than 75 cm 

were chosen and bryophyte samples were taken from three different zones on the tree: the base, mid-

trunk (approximately 5 meters above ground), and the canopy (approximately 10 meters above 

ground), with exact heights of samples based on the individual heights of the trees.  

Moss Collection  

Base samples were taken at breast-height, at about 1 m, while canopy samples were generally 

gathered from the first set of large canopy branches. A transect measuring tape was used to measure 

the height of the collection site. All samples were taken by hand from patches of bryophytes that are 

large enough to fill the volume of a small plastic container (250ml), to attempt to keep the volume of 

each sample similar. Typically, around 5 smaller pieces of moss from the same area were combined 

in the container, rather than one large single piece, and compactness was kept to a minimum to 

mimic the level that occurred naturally on the tree. The samples were then immediately placed into 

labelled plastic bags to preserve moisture content and arthropods in the moss.  

Moss Wetness, Arthropod Sorting and Identification 

The wet moss was weighed before drying. Samples were placed in a Berlese funnel under a 100-watt 

light for 24 hours to encourage the arthropods to leave the sample. A mesh covering was placed over 
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funnel to prevent outside arthropods from entering. The bottom of the Berlese funnel was filled with 

isopropyl alcohol to preserve the arthropods. Dry moss was examined for visible arthropods that had 

not left the sample. All arthropods were examined under a dissecting microscope to identify to 

morphospecies and were photographed and labeled to help with later identification. After the drying 

process, the moss samples were weighed again to determine water content. Due to most of the 

arthropods in this study being microscopic in size, it was unlikely that their presence in the wet moss 

and absence in the dry moss had any significant impact on weight and would therefore have a 

negligible effect on water content again.  

Control funnels, without moss, were also placed under lights to determine if there were any outside 

species capable of entering the funnels. High numbers of the order Diptera entering the control 

funnels leading to the removal of all Diptera species from the study. 

RESULTS  

Diversity of bryophyte-dwelling arthropods was shown to be significantly higher at the base of the 

tree compared to mid-trunk when all arthropods from each zone were considered a collective 

community [(H’ = 3.45; t = 2.56, p = 0.011) or canopy (H’ = 3.25; t = 2.43, p = 0.015; Fig. 1)]. Total 

abundance of arthropods was shown to be significantly higher in the canopy [(Friedman Test), N = 

15, t = 15.02, p = 0.0005, df = 2] compared to mid-trunk and base (Fig. 2), which lines up with 

Northrup’s (2003) trend of abundance. Total richness of arthropods was found to be the lowest at 

mid-trunk, and highest in the canopy, although not significantly (Fig. 3). In comparison, a previous 

study (Northrup 2003) found highest richness at mid-trunk zone. According to the Morisita 

Similarity Index, communities between the base and mid-trunk were most similar, while 

communities between the canopy and base were found to be the least similar. Communities between 

canopy and mid-trunk were found to be similar, as well (Table 2).  
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Figure 1.      Shannon-Wiener diversity for all bryophyte-dwelling arthropods from 3 different tree 
sections (base, mid-trunk, and canopy) from fifteen trees in a Costa Rican Elfin Forest. Section 
heights were measured by individual tree, with average heights being 1 m, 5.7 m, and 10.5 m, 
respectively. This diversity index indicates significant difference in diversity between base and mid-
trunk (p-value: 0.010772, df = 680.44) and base and canopy (p-value: 0.015533, df = 705.31) and a 
non-significant difference in diversity between mid-trunk and canopy (p-value: 0.76606, df = 
757.59).  

 

Figure 2.   Total abundance of bryophyte-dwelling arthropods in a Monteverde, Costa Rica tropical 
lower montane rain forest per section of tree. All arthropods are grouped together and abundance is 
shown for single zone types: base, mid-trunk, and canopy. Section heights were measured by 
individual tree, with average heights being 1 m, 5.7 m, and 10.5 m, respectively. A total of 15 non-
species-specific trees of dbh greater than 75 cm were sampled. 

 

3.1

3.15

3.2

3.25

3.3

3.35

3.4

3.45

3.5

base midtrunk canopySh
an

no
n-

W
ie

ne
r D

iv
er

sit
y 

In
de

x 
(H

')

Tree Section

0

50

100

150

200

250

300

350

400

450

500

Base Midtrunk Canopy

Nu
m

be
r o

f I
nd

iv
id

ua
ls

Tree Section

 23 

 23 



 

Figure 3.   Total richness of bryophyte-dwelling arthropods in a Costa Rican tropical lower montane 
rain forest per section of tree: base, mid-trunk, and canopy. Section heights were measured by 
individual tree, with average heights being 1 m, 5.7 m, and 10.5 m, respectively. A total of 15 non-
species-specific trees of dbh greater than 75 cm were sampled.  

 

Table 2.     Morisita Similarity Index showing similarity of bryophyte-dwelling arthropod 
communities between 3 heights of trees: base, mid-trunk, and canopy. 

 Mid trunk Canopy 

Base 0.88438504 0.77152776 

Mid trunk  0.82311695 

 

Orders Acari, Collembola, and Hemiptera were found to have the highest abundances, with 

Collembola having an even distribution and Acari increasing in abundance with height. Other orders 

with high abundance were Coleoptera, Hymenoptera, Araneae, and Thysanoptera. Orders 

Achatinoidea, Blatodea, Diplopoda, Isopoda, Protura, and Lepidoptera were all found to have 

relatively low abundance (Fig. 6). Evenness among arthropods showed no significant difference 

amongst tree height: base (EH = 0.835), mid-trunk (EH = 0.816), and canopy (EH = 0.809).  These 

high evenness numbers suggest there were no dominant species and most species were rare. Water 

content per bryophyte sample showed no significant difference throughout tree height, however, base 

samples were overall shown to have a higher concentration of water than mid-trunk or canopy 

samples (Fig. 4). When compared to a similar study done in the wet season in Monteverde, total 

abundance of arthropods per tree at all heights is shown to be much higher in the dry season, and 
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trends of higher abundance in the canopy and lower abundance at mid-trunk remain the same 

between studies (Fig. 5). 

 

Figure 4.    Average moisture content of bryophyte samples, given in grams, per section of tree 
height in the dry season of a Costa Rican tropical lower montane rain forest. Based on Friedman’s 
test, there was shown to have higher levels of moisture, though not significantly different than mid-
trunk or canopy (Chi-square (15) = 3.73, p = 0.155, df = 2). 

 

 

 

Figure 5.    Comparison of the average number of individual bryophyte-dwelling arthropods in a 
Costa Rican tropical lower montane rain forest. Data is averaged per tree, separated by tree height 
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between wet and dry seasons. Standard errors for wet season from Northrup’s (2003) study were not 
included. Averages +/- se for dry season: base (23.8 +/- 0.72), mid-trunk (21.8 +/- 0.73), and canopy 
(28.7 +/- 0.95). 

 

 

Figure 6.    Number of species per Order (expressed in percent) from data collected of bryophyte-
dwelling arthropods in a Costa Rican tropical lower montane rain forest, from three separate tree 
zones: base, mid-trunk, and canopy. The order Acari held the highest number of morphospecies at 30 
(31%), with Coleoptera at 17 (18%), Hemiptera at 14 (15%), and Araneae at 13 (14%) having the 
next highest abundances.  

 

DISCUSSION 

Based on previous research that canopy moss mats are generally more abundant in tropical forests 

than mosses that grow on the trunk of the tree or on the ground (Nadkarni and Longino 1990), I 

hypothesized that species richness, abundance, and diversity would increase with height due to the 

microclimate caused by moss mats and bryophytes in the canopy and that overall abundance would 

decrease due to dry season desiccation (Yanoviak 2007). While arthropods were more abundant in 

the canopy, diversity was greatest at the base.  Therefore, it can be concluded that height, and factors 

associated with height, like area, productivity, wetness, etc. are not the driving factors in variation in 

bryophyte-dwelling arthropods in this study. 

Although there was a significant trend showing high abundance of arthropods in the canopy, it was 

likely due to the presence of 50 individuals of ant found in one tree sample. This does support 

Number of Species per Order

Collembola Coleoptera Araneae Lepidoptera Thysanoptera

Hymenoptera Hemiptera Acari Achatinoidea Diplopoda

Blatodea Isopoda Protura
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Nadkarni and Longino’s (1990) findings that showed that ants were among the most common and 

abundant taxa in the canopy and in the understory in Monteverde, Costa Rica. Janzen et al’s (1976) 

findings that ant populations are patchier and have reduced abundance above 1500 meters could 

explain why only one sample contained a large population of ants. 

Abiotic factors such as sunlight, moisture levels, and wind can vary drastically in the canopy. This 

variation can lead to patchy resource availability and most likely contributes to less stable conditions 

for arthropods who make their home in bryophyte mats in the canopy. With less influence from sun 

and wind in the understory, there are less variables to affect habitation of base level bryophytes, 

which could explain why there is more diversity in this zone. For example, moisture content in this 

study was found to be higher in the base than at mid-trunk or canopy heights. Standard error 

measurements of water content at the base do not suggest patchiness, and is likely indicative of a 

more stable long term moisture content in the understory, which could potentially be a factor in the 

significant diversity found at the base of the trees. A previous study (Northrup 2003) on vertical 

stratification of arthropods in Monteverde’s rain forest found that during the wet season, the highest 

diversity and evenness were found at mid-trunk height. In this dry season study, however, mid-trunk 

height shows the lowest levels of diversity, richness, and abundance. This could be because higher 

moisture levels during the wet season increased bryophyte moisture levels at all heights of the tree, 

therefore increasing the area in which moisture dependent arthropods can inhabit; if all levels of the 

tree provide sufficient moisture, there are likely other factors during the wet season that affect 

distribution, perhaps sun light and nutrient availability. Decreased moisture levels in the dry season 

could cause base level bryophytes to retain more moisture than other zones of the tree, because there 

are less abiotic factors like sunlight and wind to dry out the water in the understory. The 

accumulation of water in base level bryophytes could lead to an increase in the number of species 

who inhabit these bryophytes. This is not necessarily true for all species, however. This study shows 

that the Order Acari increased in abundance as you get closer to the canopy, whereas in Northrup’s 

(2003) study, Acari were only slightly more abundant there and were generally more evenly 

distributed amongst heights. This suggests that Acari may prefer drier conditions overall. These 

increases in certain arthropod abundance with height contrast the Nadkarni and Longino study (1990) 

which showed a decrease in abundance of all arthropod groups, other than ants, with height. Because 

their study was conducted in canopy leaf litter, this difference supports the idea that bryophytes and 

moss-mats create desirable microhabitats for arthropod communities. 
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While findings from this research generally support findings from similar previous studies, 

implications from this study could indicate a much higher arthropod abundancy during dry season 

than previously thought. While limitations like a short time frame for research and small sample size 

of trees could have affected some aspects of this study, arthropod abundance is over three times as 

great in the dry season than in Northrup’s (2003) study in the wet season. Results suggest that higher 

canopy abiotic variability supersedes area and productivity as the most important determinant of 

arthropod moss diversity.  Most moss arthropod species seem to like the stability of the lower parts 

of the tree and few respond to the larger mats with higher productivity in the canopy. 
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Abstract 
 
Leaf cutter ants (Atta cephalotes) rely on their mutualistic fungus they grow inside their nest to survive. To protect 
this fungus that does not exist outside the A. cephalotes nest, a caste of smaller workers called minima, are known to 
‘hitchhike’ on leaf fragments back to the nest carried by larger workers. It has been found that minima in Atta 
‘hitchhike’ for longer on leaf fragments with more fungal contaminants and that ‘hitchhiking’ reduces the number of 
fungal contaminants on a leaf fragment, but is not known if leaf fragments are more clean when they reach the nest. 
It has also been found that minima cannot recognize contaminants until ‘hitchhiking’ on the leaf fragment, so 
whether minima can sense contaminants once a leaf fragment is in transit is a question. Here I tested this by 
measuring fungal growth on leaf fragments foraged by an A. cephalotes colony with and without minima by the tree 
being foraged and near the nest. I also tested if A. cephalotes in Monteverde, Costa Rica can sense contaminants on 
leaf fragments without inspecting them from the ground. I did this by adding bread mold to cornflakes once they 
were in transit and measured minima abundance after 6.5 m of travel distance. I found that leaf fragments with 
minima had grown about 35 more fungal colonies, but as leaf fragments with minima approached the nest the fungal 
growth was no different than when first collected. I also found that 45 more minima ‘hitchhiked’ on cornflakes 
treated with bread mold compared to the control cornflakes treated with cornstarch. These results suggest that there 
is more cleaning happening to leaf fragments inside the nest, and there is a mechanism for how minima know to 
clean leaf fragments while in transit. 
  
Resumen 
 
Las zompopas (Atta cephalotes) confían en el hongo que crece dentro de su nido para sobrevivir. Para proteger este 
hongo que no existe fuera del nido de A. cephalotes, existe una casta de trabajadores pequeños llamada minima, los 
cuales viajan en los fragmentos de hojas que son cargados por los trabajadores más grandes que van de vuelta al 
nido. Se ha encontrado que los minima en Atta viajan más en fragmentos con más contaminantes fúngicos y que 
estos “viajeros” reducen el número de contaminantes fúngicos en el fragmento de hoja, sin embargo, se desconoce si 
esstos fragmentos son más limpios cuando alcanzan el nido. También se ha demostrado que minima no puede 
reconocer los contaminantes hasta que pueda “viajar” en el fragmento de la hoja, por lo que la pregunta es si minima 
puede detectar contaminantes una vez que el fragmento de hoja es en tránsito. Por tanto examiné lo anterior 
mediante la medición del crecimiento fúngico en fragmentos de hojas cortados por una colonia de A. cephalotes con 
y sin minima en el arból que estaba siendo forrajeado y cerca del nido. También probé si A. cephalotes en 
Monteverde, Costa Rica puede detectar contaminantes en fragmentos de hojas sin inspecciónarlos en el suelo. Lo 
anterior lo logré añadiendo moho de pan en hojuelas de maíz, una vez en tránsito medí la abuncia de minima 
después de 6.5 metros de distancia de viaje. Encontré que fragmentos de hoja con minima generaron el crecimiento 
de 35 colonias de hongos, pero cuando los fragmentos de hojas con minima se acercaron al nido no fueron diferentes 
de la primera colecta. También encontré que 45 minima más “viajaron” en las hojuelas de maíz tratados con moho 
de pan comparados con las hojuelas de maíz control tratadas con maicena). Estos resultados sugieren que hay mayor 
limpieza de los fragmentos de hojas sucediendo dentro del nido, y que existe un mecanismo en el cual minima sabe 
limpiar los fragmentos de hoja mientras están en tránsito. 
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Introduction 
 
In the Neotropics leaf cutter ants are highly successful herbivores and classified as a keystone 
species consuming up to 12-17% of tropical forest leaf production (Garrettson et al. 1998). To 
put this in perspective, another insectivorous herbivore, the hawk moth family consumes less 
than 2% of the 625 broad-leaf plant species is Santa Rosa National Park (Janzen 1981). Since 
leaf cutter ants can be considered a keystone species, it is important to understand their behavior 
to better understand how they affect the forests they reside in. Leaf cutter ants have a complex 
social system with many castes preforming different tasks. One caste called the workers, which 
have a head width of 2.2 mm in the species Atta cephalotes, make and maintain foraging trails, 
cut, and carry vegetation back to the nest (Wilson 1980). The workers carry the plant material 
back to nest to grow their mutualistic fungus, which is the only fungus they eat and does not 
exist outside the nest (Yackulic & Lewis 2007). Since the fungus does not grow outside the nest 
and the nest substrate is suitable for other fungi to grow, the mutualistic fungus can be 
outcompeted by other fungi (Weber 1966). 

Since there are fungi growing on the leaf fragments that leaf cutter ants collect, the leaf 
fragments first need to be cleaned before they are brought back to the susceptible fungus in their 
nest. The cleaning of leaf fragments is hypothesized to be done by another worker called 
minima, which is much smaller and has a head width of 1.0 mm in Atta cephalotes (Wilson 
1980). The minima of Atta species are known to ‘hitchhike’ on the leaf fragments that workers 
carry back to the nest (Vieira-Neto et al. 2006). The mechanism of how minima know to clean 
leaf fragments may be due to stridulatory vibrations that the workers are producing when cutting 
the leaf (Roces & Hölldobler 1995). 
 It has been found that minima in Atta ‘hitchhike’ for longer on leaf fragments with more 
fungal contaminants and that ‘hitchhiking’ reduces the number of fungal contaminants on a leaf 
fragment (Griffiths & Hughes 2010).  If leaf fragments are being cleaned before they reach the 
nest, then leaf fragments should be cleaner at the nest than by the tree being foraged. A 
preliminary test of this hypothesis with A. cephalotes pointed in this direction (Wiltse 2016), but 
the results were inconclusive due to small sample size.  

Another unresolved issue is how minima ants identify the leaf fragments that need to be 
cleaned. It has been hypothesized that workers communicate to mimina that a leaf fragment has 
high levels of fungal contaminants through stridulatory vibration when a worker cuts a leaf 
(Roces & Hölldobler 1995). This would suggest that minima choose what leaf fragment to climb 
on at the site of cutting. However, mimina frequently climb on leaf fragments along the trail as 
well (Roces & Hölldobler 1995, Vieira-Neto et al. 2006, Wiltse 2016), which suggest they can 
also recognize what fragments need to be cleaned without communicating with the ant that 
carries the fragment through stridulation. In three species of Atta, including A. cephalotes, 
mimima climb on corn flakes treated with fungal spores more often compared to control flakes 
not treated (Vieira-Neto et al. 2006, Wiltse 2016). These studies potentially allowed the minima 
to inspect the flakes by putting them on the trail before they were picked up by larger worker 
ants. Griffiths & Hughes (2010) added fungal spores to leave fragments that were already in 
transit, eliminating the possibility that minima inspected them before carrier ants picked them up. 
Minima climb on fragments irrespective of contamination levels but stay longer on leaf 
fragments that have increased levels of fungal contaminants (Griffiths & Hughes 2010).  This 
suggests that minima cannot recognize levels of contamination without first climbing on a leaf 
fragment. 

 31 

 31 



!
!

 

The goal of this study was to answer the two questions highlighted above for the genus 
Atta. First, since it is unknown if leaf fragments are cleaner once they reach the nest compared 
where they were foraged, I tested how much fungal growth is on leaf fragments with and without 
minima, by the tree being foraged and by the nest. I expect to see more fungal contamination 
when there are minima on the leaf fragments and when leaf fragments are closer to the tree. 
Second, I tested whether minima can differentiate cornflakes that are treated with mold as they 
are in transit from cornflakes that are treated with a control substance (starch). If minima cannot 
detect the contaminants, then I expect no difference in number of minima between mold and 
control flakes. If minima can detect contaminated leaf fragments, then I expect there to be more 
minima on cornflakes with mold than starch. 

 
Materials and Methods 
 
Study Site 
 
I conducted my study with one Atta cephalotes colony in a secondary growth forest behind 
Orlando Torres’s house, which is before the Cheese Factory in Monteverde, Costa Rica (lower 
montane wet forest Holdridge life zone).  I completed lab work at the Estación Biológica 
Monteverde, Costa Rica. I completed my study from 8 April 2017 to 7 May 2017.  
 
Experiment I:  Fungal contamination of leaf fragments carried by workers with and 
without minima 
 
The day before collecting leaf fragments from the ant trail, I sterilized forceps, Eppendorf tubes, 
hole punchers, petri dishes, a scoopula, micropipette tips, and an inoculation loop by bringing to 
a boil, and boiling for one min in tap water. At the study site, I found one trail and chose two 
points. One point was at most 5 m from the tree being harvested and the other point was at most 
5 m from the nest entrance. From each site, I collected ten leaf fragments with at least one 
minima and ten fragments with no minima per day, for a total of 40 fragments per day. I 
collected leaf fragments without minima first to prevent contamination and collected leaf 
fragments from the site closest to the tree first to ensure I collected ten leaf fragments with 
minima. I collected leaf fragments with separate forceps for leaf fragments with and without 
minima, near the nest or the tree, and stored each leaf fragment in a separate, labeled 1.5 mL 
Eppendorf tube. The procedure was repeated four times, for a total of 160 leaf fragments.  
 In the lab, I separated tubes into ten groups so each group had four tubes that correlated 
to the four different conditions: nest with minima (NW), nest without minima (NW/O), tree with 
minima (TW), and tree without minima (TW/O). I cut all leaf fragments into equal sized discs 
with separate hole punchers for leaf fragments that did and did not have minima and returned 
leaf discs back to their Eppendorf tube with 1 mL of distilled water. I shook one group of four 
tubes at once for 1 min to ensure that any fungal spores on leaf fragments were washed into the 
water. I made ten agar plates with 1.5% bacteriological agar No. 1 by adding 2.25 g of agar to 
150 mL of distilled water and brought the mixture to a boil while stirring constantly. I allowed 
the agar to boil for 30 seconds and I removed from hot plate and allowed to cool for 1 min before 
I poured enough into each plate so that it covered the bottom completely. I closed the petri dishes 
and allowed them to set and cool before I continued. I pipetted 40 µl of liquid from an Eppendorf 
tube onto a quarter of a petri dish and I spread the suspension with a sterile inoculation loop. I 
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sterilized the loop with an alcohol lamp between each tube. One group of four tubes were plated 
on one plate, so all four conditions, NW, NW/O, TW, and TW/O were all plated on one plate. I 
sealed plates with Para film after all suspensions were plated and stored them upside down at 
room temperature from five to eight days in a cardboard box. I used a dissecting scope with a 
black background, an added artificial lamp, and a micrometer to count the number of greyish 
circle colonies of the densest area of growth. I viewed all plates at the same magnification and 
the micrometer was used to split my view in half so the same amount of area was always 
counted. The number of colonies was used to determine amount of fungal growth on each leaf 
fragment. 
 
Experiment II:  Minima presence on cornflakes with mold added during transport 
 
I used preservative-free bread and grew mold to apply on cornflakes that were approximately 2 
cm2 in size. I used cornstarch as a control since it has similar texture as mold. I sterilized two 
forceps and paintbrushes for my two treatments of either mold or starch. I put fresh cornflakes in 
a small, clean Ziploc! bag and brought all materials with me to the ant trail. I picked a straight 
point on the ant trail and lined up ten cornflakes, ~3 cm apart, with five on each side of the trail. 
Once a worker or solider ant picked up a plain cornflake, I waited until it walked a small distance 
with the cornflake so I knew it had a good grip. I picked up the ant carrying the cornflake by 
using forceps to grab the top half of the cornflake. I brushed mold or cornstarch (only one of 
these was applied to all flakes within a trial) to both sides of the top half of the cornflake, so it 
was away from the worker, using a fine paintbrush. After I applied mold or cornstarch to all ten 
cornflakes or ten min went by, I observed the A. cephalotes carrying the cornflakes and counted 
how many minima were on the cornflakes once they reached a point 6.5 m from the original 
point since this is how far they can travel in ten min carrying a cornflake (Wiltse, 2016). After all 
treated cornflakes were recorded or 30 min had passed I took a ten min break and repeated this 
process with ten more cornflakes and the treatment mold or cornstarch, whichever I had not done 
yet. I repeated this test nine times using the same trail from the same colony, for nine total trials 
and each trial I alternated the order I applied the mold or cornstarch to flakes to avoid any bias. 
 
Results 
 
Experiment I:  Fungal contamination of leaf fragments carried by workers with and 
without minima 
 
I used a Generalized Linear Mixed Model (GLMM) with Poisson distribution, and compared 
number of colonies per quadrant on the petri dish per condition using condition (all combinations 
of near nest, near tree, with or without ants) as a fixed effect and day as a random effect to 
account for potential lack of independence on leaf fragments collected on the same day. The 
amount of fungal growth per leaf fragment differed between conditions (GLMM, X2 = 128.79, df 
= 3, P = 0.0001, n = 160). All leaf fragments collected with minima on them had 35 more fungal 
colonies than leaf fragments without minima (Figure 1). When looking at where the leaf 
fragment was collected, leaf fragments by the tree without minima had more fungal growth than 
leaf fragments by the nest without minima (Figure 1). This shows that leaf fragments without 
minima are more clean than leaf fragments with minima and for leaf fragments without minima, 
they were more clean by the nest than by the tree being foraged.  Although the leaf fragments 
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with minima had more fungal growth they were not significantly different between locations 
(Figure 1). 

 
Experiment II:  Minima presence on cornflakes with mold added during transport 
 
I used a GLMM with Poisson distribution, and compared number of minima on cornflakes per 
treatment (mold or starch) using treatment as a fixed effect and day as the random effect. The 
abundance of minima on mold treated cornflakes was 57% higher compared to starch treated 
cornflakes (z = -3.67, p = 0.00025, Figure 2). The number of cornflakes recorded for mold was 
51 and for starch there were 55, but in total there were 45 more minima recorded on cornflakes 
with mold. 

 34 

 34 



!
!

 

 
 

Figure 3 depicts how two treatments effected the proportion of cornflakes that contained minima. 
I used a paired t-test and compared proportion of cornflakes with minima per treatment per trial.  
There was a higher proportion of mold flakes that contained minima (t = 3.88, df = 8, p-value = 
0.0046). So, for nine trials there were ~26% more minima on the mold cornflakes than the starch 
cornflakes.  
 

 
 

Additional Observations 
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I observed more ‘hitchhiking’ activity by the nest than the tree. I also observed minima climb 
onto cornflakes both while the worker carried the cornflake and when a worker fell with the 
cornflake, it contacted the ground and minima climbed on or off quickly. I observed that when 
there were some minima on the cornflake, more climbed on and all of them stayed or some 
climbed off.  They usually accumulated on the cornflake when it was treated with mold, but they 
left the starch treated cornflakes if there were too many minima already present. 
 
Discussion 
 
This study looked at amount of fungal growth on leaf fragments carried by A. cephalotes under 
four different conditions to determine whether leaf fragments were cleaned by minima, and this 
study also looked at if minima know to clean leaf fragments when already in transit. I found that 
leaf fragments without minima were cleaner than leaf fragments with minima, suggesting that the 
leaf fragments had already been cleaned by minima (Griffiths & Hughes 2010). I also found that 
for leaf fragments without minima, there were more fungal contaminants when leaf fragments 
were closer to the tree than the nest.  However, this is not the case for leaf fragments containing 
minima. There was no difference in leaf contamination when leaf fragments with minima were 
by the nest or the tree.  This suggests that the leaf fragments are no cleaner when they reach the 
nest compared to when they are first foraged. So, if leaf fragments are supposed to be cleaned 
before they reach their susceptible fungus, but they are not being cleaned completely then there 
must be another explanation for how leaf fragments are cleaned before they are given to their 
mutualistic fungus (Yackulic & Lewis 2007). 
 Leaf fragments might be cleaned more frequently by the nest entrance. Although not 
quantified, I observed more minima ‘hitchhiking’ activity closer to the nest than the tree, which 
may suggest that some leaf fragments were not being cleaned until they reached the nest.  This is 
the opposite in which Griffiths and Hughes (2010) found, where they saw more trail maintenance 
closer to the nest and ‘hitchhiking’ was more common by the tree. So, if leaf fragments are not 
being completely cleaned before they get to the nest, the process might be inside the nest. Leaf 
cutter ants carry a filamentous bacterium in the genus Streptomyces that produces antibiotics that 
inhibits the growth of microorganisms, such as the specific parasitic fungus Escovopsis which 
can outcompete the Atta’s mutualistic fungus (Currie et al. 1999). It is also possible that the 
mutualistic fungal garden of Atta has evolved a tolerance to general antifungal properties derived 
from different leaf species (Lopez 2016). If this the case, Atta could take leaves with antifungal 
properties that inhibits growth of most fungi, but not their own fungus. Therefore, compared to 
Wiltse’s (2016) preliminary data, leaf fragments are not more clean when they reach the nest. 
Leaf fragments do not need to be completely cleaned before they reach the nest because ants 
have an antibiotic that will inhibit the growth of a parasitic fungus and antifungal properties of 
leaves can also be used to inhibit foreign fungi growth in the nest (Currie et al. 1999; Lopez 
2016). 
 My field experiment shows that leaf fragments are still being cleaned as minima 
‘hitchhike’ on them back to the nest. When I gave cornflakes to A. cephalotes and manipulated 
the cornflake with either mold or starch after they started carrying it, the cornflakes with mold 
had a greater abundance of minima and a higher proportion of cornflakes with minima. These 
results are different than Griffiths and Hughes (2010) where they found that minima only knew 
to clean the leaf fragments once they were ‘hitchhiking’ because minima could not sense the 
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contamination. This may be due to many different variables that differed between my study and 
Griffiths and Hughes (2010) study. Griffiths and Hughes (2010) applied a fungal solution to 
leaves that the ants already foraged, where I used solid bread mold and cornflakes. So, my 
cornflakes were either very contaminated or very clean, whereas their leaf fragments already had 
contaminants on them. Therefore, it may have been easier for the minima I studied to sense the 
difference between the contaminants on the cornflakes from the trail. It could also be that the 
minima had an easier time detecting solid bread mold than the liquid solution, or perhaps the 
Atta cephalotes are better at detecting contaminants than the Atta colombica studied by Griffiths 
and Hughes (2010). Therefore, my study shows that A. cephalotes minima know to clean the 
cornflakes even when they are in transit.  

From my additional observations, minima could climb on the cornflake while workers 
were carrying the cornflake and the cornflake did not have contact with the ground. The 
mechanism for this could be that they can sense the contamination from the trail. Saverschek and 
Roces (2011) found that a species of Atta ants are able to avoid leaves from a distance that would 
harm their fungus. So, possibly the minima are also using their olfactory organs to sense the 
contaminants on leaf fragments from a distance while leaf fragments are in transit to the nest. 
 The results of my study confirm that A. cephalotes minima in Monteverde, Costa Rica 
‘hitchhike’ on leaf fragments to clean the contaminants, but leaf fragments are not completely 
clean before they reach the nest. This supports that there Atta ants do much more to leaf 
fragments inside the nest before they give them to their mutualistic fungus, for example, 
antibiotics may be applied to inhibit specific fungus growth or the ants pick leaves with certain 
antifungal properties that will not harm their mutualistic fungus, but could inhibit other fungi 
growth (Currie et al. 1999; Lopez 2016). The results of my second part of my study also support 
the complexity of the Atta social organization in that they have ways of sensing contaminants 
that need to be removed from what workers are carrying, even when leaf fragments are in transit 
(Saverschek & Roces 2011). 
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ARTHROPOD PREY DIVERSITY FOLLOWING PREDATION BY ARMY 
ANTS ECITON BURCHELLII IN A CLOUD FOREST  
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ABSTRACT 
Top predators control diversity in a community through top-down effects of predation. In 
the Neotropical lowlands, the army ant Eciton burchellii acts as a generalist top predator 
for numerous species of arthropod prey by consuming the most common species. The 
effect of E. burchellii on prey abundance and diversity has not been studied in highland 
sites near their elevational limits of around 1600 m. I counted the number of individuals 
and number of taxa of arthropods in areas before, and periods of time after E. burchellii 
raids in Monteverde, Costa Rica. There was found to be no immediate affect of a swarm 
on prey, as litter diversity did not vary significantly before and right after an army ant 
raid. While prey after diversity did increase 18 days after a swarm compared to before a 
swarm, due to the beginning of the rainy season during samples taken 9 and 18 days later, 
no conclusions can be made as to the cause of this trend. It can be concluded that E. 
burchellii raids have minimal impacts on arthropod diversity in the highlands and are less 
effective top predators at higher elevations.   
 
RESUMEN 
Los depredadores de los niveles tróficos altos controlan la diversidad en la comunidad a 
través de los efectos de arriba hacia abajo de depredación.  En las tierras bajas 
Neotropicales, las hormigas arrieras Eciton burchellii actuan como depredadores 
generalistas para numerosas especies de artrópodos al consumir las especies más 
comunes.  El efecto de E. burchellii en la abundancia y diversidad de presas no han sido 
estudiadas en sitios elevados cerca de sus límites altitudinales alrededor de 1600 m. 
Conté el número de individuos y número de taxones de artrópodos en áreas antes, y 
períodos de tiempo después la incursión de E. burchellii en Monteverde, Costa Rica.  No 
se encontró un efecto inmediato del enjambre en las presas, al no variar 
significativamente la diversidad antes y justo después del paso de las hormigas.  Mientras 
que la diversidad de presass después de 18 días de pasar el enjambre aumenta, debido al 
inicio de la época lluviosa durante los muestreos tomados 9 y 18 días después, no se 
pueden tomar conclusiones con respecto a la causa de esta tendencia.  Se puede concluir 
que los enjambres de E. burchellii tienen un impacto mínimo en la diversidad de 
artrópodos en las tierras altas y son depredadores de niveles tróficos altos menos 
efectivos a elevaciones altas. 
 
  
INTRODUCTION 
THE TROPICS CONTAIN THE GREATEST DIVERSITY OF SPECIES IN THE WORLD; one of the 
reasons for this is due to top-down effects from top predators (Philpott and Armbrecht 
2006). Top predators exist at the top of the food chain and are often generalist predators, 
which keep prey diversity in check by feeding on the most common prey item (Chesson 
2000). This type of density-dependent foraging can promote coexistence in systems that 
would be otherwise dominated by a prey single species (Chesson 2000). The loss of a top 
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predator in a top-down system can result in trophic cascades; where every other tropic 
layers sees an increase or decrease in population size (Letnic et al. 2011). For instance in 
Australia the absence of viable dingo populations impacted plant communities when 
dingo prey populations increased without a predator to keep them in check (Letnic et al. 
2011).  
 The army ant Eciton burchellii functions as a top predator for arthropods in the 
tropics as it eats almost everything that comes in its path and has virtually no predators 
(Gotwald Jr. 1995). These ants forage for arthropod prey in large swarms up to 20 meters 
wide and over 100 meters long in a specific direction following pheromone trails (Couzin 
and Franks 2003). The ants live in colonies of around 500,000 individuals (Rettenmeyer 
et al. 2011, Gotwald Jr. 1995) and forage from dawn to dusk before returning to their 
mobile nest known as a bivouac where they will begin again in a different direction when 
they resume foraging in the morning (Franks and Fletcher 1983). They stay at a site for 
around three weeks, 14 of these days are spent foraging, after which they will have 
ravaged the surrounding area of prey (Franks and Fletcher 1983). At this point they begin 
moving their nest to a new location over the course of approximately 15 days (Franks and 
Fletcher 1983). In this stage they will forage every day, roughly in the same compass 
direction, but will move their nest at night until they find a new place to begin their 
stationary foraging again (Franks and Fletcher 1983).  
 While E. burchellii raids have large effects on prey populations (Franks 1982), the 
ants themselves only consume around 50 g (dry-weight) of arthropods per day. A large 
impact of raids comes from a variety of birds that follow the ants as well as parasitic flies 
(Wredge et al. 2005, Otis et al. 1986). When ants swarm through an area, arthropods are 
disturbed and sent fleeing the area, making them easy targets for the over 300 species of 
birds that have been found to follow these swarms (Rettenmeyer et al. 2011). These birds 
can be found in groups of up to 60 individuals (Chaves-Campos 2005) and up to 30 
different species (Willis 1978). They can eat about the same amount of arthropods as the 
ants, and twice the amount of non-Hymenoptera prey (Franks 1982). Parasitic flies also 
affect prey populations, as these flies follow swarms to lay their eggs on arthropods 
(Rettenmeyer 1963). Around 50-90 percent of crickets and grasshoppers near a swarm 
become parasitized by these flies (Otis et al. 1986), so even those that survive a raid may 
be killed a few days later when the eggs of these flies hatch. Some arthropods have found 
to associate with army ants; Staphylinidae beetles follow these ants to feed on prey as 
well as dead brood in the ant’s refuse (waste) piles (Gotwald Jr. 1995). Some species of 
mites are also common in refuse piles and some millipedes are often found in close 
proximity to swarms, though the interaction is unclear (Rettenmeyer et al. 2011). 
 Foraging of E. burchellii is density-dependent as the majority of its feeding 
occurs on the most common species in the area (Kaspari et al. 2011, Vieira and Hofer 
1994). They feed most commonly on other ants, wasps and insect larvae (Gotwald Jr. 
1995, Rettenmeyer et al. 2011) though this is likely due to the abundance of these prey 
items in the tropics (Vieria and Hofer 1994). Not every arthropod species is eaten, some 
are avoided due to developed defenses such as armor or chemicals (Vieira and Hofer 
1994) or because they are too small; under 0.5 cm (Gotwald Jr. 1995). This type of 
foraging rewards smaller populations of species who spend energy on defense rather than 
those with large population sizes who focus their energy on reproduction. Foraging 
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patterns of E. burchellii’s followers favor smaller and quicker species since big, slow 
species are often consumed or parasitized (Wredge et al. 2005, Otis et al. 1986).  
 Army ant raids are reasonably common in the lowland tropics; on Barro Colorado 
Island, due to frequent raids (an area is raided every 630 days) and slow recovery times, 
over a quarter of ant prey populations are in recovery at all times (Franks 1982). Due to 
this constant pressure on prey populations, leaf litter ants have reduced their average 
population size to a tenth of the size of populations found in the temperate zone (Kaspari 
and O’Donnell 2003). Army ant raids are likely very important in maintaining the 
diversity of tropical leaf litter as otherwise dominant arthropods are kept in check 
(Kaspari and O’Donnell 2003, Boswell et al. 1998). 
 Determining just how much E. burchellii swarms impact their prey populations is 
important in determining how effective they are in preserving arthropod diversity. Both 
number of individual species and number of arthropod taxa significantly decreased after a 
swarm passed through the lowlands (Otis et al. 1986). This initial diversity loss is 
expected after a disturbance since all in the area are impacted, but diversity is expected to 
increase sometime later as any dominant species that may have been present would have 
been impacted harder, opening up resources for less competitive species (Sousa 1984). 
Franks (1982) determined that crickets and roaches are able to recover to pre-raid 
populations within a week, while it takes some common prey species over 100 days to 
recover to half its initial population (Franks 1982). E. burchelli is able to promote 
diversity of arthropods in lowland areas, however no tests have been done of this nature 
in highland environments.  
 The upper elevational limit of E. burchellii is around 1600 m as the ants are 
sensitive to cold temperatures (O’ Donnell 2006). High elevations force army ants to 
locate their bivouacs underground to increase insulation; because of this there are fewer 
optimal sites for bivouacs since in the lowlands they can nest just about anywhere, where 
in the highlands they must locate suitable underground sites (Soare et al. 2011). This 
limits the number of colonies in the highlands and therefore the amount of swarms that 
pass through on a daily basis (O’ Donnell 2006, Soare et al. 2011). Having fewer swarms 
affects those who rely on army ants for prey and therefore ant-following birds are less 
common in the highlands (O’ Donnell 2006). While no study has categorized size 
difference between ant swarms in the lowland and the highlands, it has been observed 
that swarms in the lowlands are generally larger and made up of more individuals 
(Chaves-Campos pers. comm.). This smaller swarm size might lead to more arthropod 
prey being missed or escaping. Because of these factors, it is unclear whether or not E. 
burchellii can control prey diversity in high elevation areas.  
 In this study, I compare arthropod abundance and diversity before and after E. 
burchellii raids as well as abundance and diversity of these sites over time. Previous 
studies have all been conducted in lowland areas, where I perform this study in a 
highland area. Knowledge of interactions in the highlands will become increasingly 
important as climate change continues to occur as E. burchellii are sensitive to small 
changes in thermal temperatures and will likely be found in higher elevations in the 
decades to come (Meisel 2006). This study will help determine if E. burchellii can 
regulate diversity in arthropods in a highland environment like they do in the lowlands.  
 
 

 41 

 41 



METHODS 
STUDY SITE 
E. burchellii was sampled in Bajo del Tigre reserve in Monteverde, Costa Rica. Bajo del 
Tigre is a secondary forest acquired as part of the Children’s Eternal Rainforest in 1988. 
It is tropical premontane wet forest and ranges from 1020 to 1380 m in elevation.  
 
SAMPLING PROCEDURE 
Sampling took place over four weeks from 8 April to 7 May 2017. In order to locate a 
bivouac, I walked the trails of Bajo del Tigre until I came across a trail of E. burchellii, 
which I followed to back to the bivouac. I located three separate bivouacs and noted their 
locations.  

I then got as close to the beginning of a swarm of ants as possible and marked 
four 50 cm by 50 cm plots with wooden stakes. Three of these plots were where ants 
were currently foraging, separated by roughly one meter. The fourth plot was roughly 
three meters away from the edge of the swarm in an area that had similar landscape 
features as the first three. The fourth plot was sampled right away by scooping the leaf 
litter and organic matter in the site area into a 3-gallon bag and sealing it. After the 
swarm had passed through, one of the three other plots was sampled the same way. These 
two bags were the ‘before’ and ‘after’ samples for each site.  

In order to determine changes over time, one of the other two plots was sampled 
nine days later and the other was sampled 18 days later.  
 This process was repeated for a total of four sites sampled. Sampling then 
continued with only sampling two plots, one outside the swarm and only one inside the 
swarm collected immediately after the swarm passed. This was repeated six times to end 
up with a total of ten paired samples.  
 Two different army ant colonies were sampled from, though I was only able to 
sample from the first colony once as it moved after my first sample and I was unable to 
locate it again.  
 
IDENTIFICATION 
Leaf litter and arthropods that was bagged was placed into a large bin. I picked through 
the leaf litter to find arthropods under 0.5 cm. The arthropods were placed into containers 
of 70% ethanol using forceps and identified to the level of Class or Order under a 
dissecting microscope. Larvae of species were compiled into a separate group as they 
differ a great deal morphologically from the adults. The order Coleoptera without the 
family Staphylinidae was tested because of Staphylinidae’s known interaction with army 
ants (Gotwald Jr. 1995). 
 
RESULTS 
GENERAL RESULTS 
Over the 28 total samples taken, 489 individuals of 21 total taxa were found. Abundance 
of each taxa ranged from 2 Diplura individuals to 71 total larvae individuals. The highest 
abundance of any one taxon was 23 Amphipoda individuals in Site 2, 18 days after a 
swarm. In terms of total abundance, sites ranged from 3 individuals in Site 5 before the 
swarm (which was a day of heavy rainfall) to 58 individuals in Site 2, 18 days after a 
swarm.  
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PAIRWISE COMPARISON  
There was no significant difference in the number of arthropods in the leaf litter before 
(13.4 ± 1.851) and after (11.9 ± 1.785) E. burchellii swarms (paired t-test, df= 9, t=0.700, 
p=0.504) (Fig. 1). Number of taxa in the leaf litter did not differ significantly before (6.5 
± 0.792) and after (6.0 ± 0.558) a swarm of E. burchellii (paired t-test, df=9, t=0.667, 
p=0.521) (Fig. 2). Pairwise comparisons of the means and standard errors of all taxa 
before and after swarms were performed, but none were found to be significant (p>0.05) 
(Table 1). Diptera larvae trended towards being found more commonly before army ant 
raids (V=0, p=0.098) (Table 1). Diptera larvae were found in only three different sites, 
but when they were present, more were found in sites before E. burchellii in each of the 
three sites (Fig. 3).  
 

 
Figure 1. Mean number of individual arthropods (± standard error) in the same area 
before and after a swarm of the army ant Eciton burchellii. Ten samples for each category 
were taken in a tropical premontane wet forest in Costa Rica at ~1200 m elevation. No 
significant differences were found (p>0.05). 
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Figure 2. Mean number of arthropod taxa (± standard error) found in the same area 
before and after a swarm of the army ant Eciton burchellii. Ten samples for each category 
were taken from a tropical premontane wet forest in Costa Rica at ~1200 m. No 
significance was found (p>0.05). 
  
Table 1. Comparison of results of a Wilcoxon paired rank test between different 
arthropod taxa in the same area before and after a swarm of the army ant Eciton 
burchellii. The mean number of individuals and standard error are compared as well as a 
p and V-value for each comparison (between sites with and without ants). Ten samples 
for each category were taken from a tropical premontane wet forest in Costa Rica at 
~1200 m. 

Taxa$
Presence$of$
Ants$ Mean$ Standard$Error$ p4value$ V$

Coleoptera$Larvae$ No$Ants$ 0.2$ 0.133333333$ 0.572$ 10$
$$ Ants$ 0.5$ 0.307318149$ 0.572$ 10$
Amphipoda$ No$Ants$ 2.1$ 1.110055054$ 0.787$ 9$
$$ Ants$ 1.7$ 0.88254682$ 0.787$ 9$
Coleoptera$ No$Ants$ 2.3$ 0.472581563$ 0.905$ 21$
$$ Ants$ 1.7$ 0.3$ 0.905$ 21$
Diplopoda$ No$Ants$ 1.3$ 0.978093383$ 0.836$ 4$
$$ Ants$ 0.9$ 0.640312424$ 0.836$ 4$
Diptera$ No$Ants$ 0.8$ 0.512076383$ 0.098$ 0$
$$ Ants$ 0.4$ 0.305505046$ 0.098$ 0$
Araneae$ No$Ants$ 2.2$ 0.742368582$ 0.932$ 13$
$$ Ants$ 1.7$ 0.633333333$ 0.932$ 13$
Isopoda$$ No$Ants$ 0.6$ 0.266666667$ 0.414$ 1$
$$ Ants$ 0.3$ 0.213437475$ 0.414$ 1$
Coleoptera$without$
Staphylinidae$$ No$Ants$ 2$ 0.421637021$ 0.2$ 8.5$
$$ Ants$ 1.3$ 0.3$ 0.2$ 8.5$
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Figure 3. Site comparison of Diptera larvae before and after a swarm of the army ant 
Eciton burchellii. Samples were taken from a tropical premontane wet forest in Costa 
Rica at ~1200 m. 10 samples were taken in total with and without ants but no Diptera 
larvae was found until Site 7. 
 
TIMEWISE COMPARISON 
There was a non-significant trend of arthropod individuals increasing 18 days after a 
swarm of army ants passed through (ANOVA, df=3,9 f=3.670, p=0.056) (Fig. 4). The 
trend showed that there were slightly more individuals before a swarm (13.75 ± 6.875) 
than after (12.25 ± 6.125) and even fewer 9 days after, though all values were very 
similar (Fig. 4). However 18 days after, the number of individuals increased dramatically 
(31.25 ± 15.625) (Fig. 5). Another non-significant trend found that arthropod taxa 
increased 18 days after an E. burchellii swarm (ANOVA df=3,9 f=3.197, p=0.077) (Fig. 
5). This trend was similar to the trend found in abundances, as mean number of taxa was 
highest 18 days after the swarm (9.0 ± 1.581), and the next highest number of taxa was 
before the swarm (7.25 ± 1.030). Number of taxa was higher 9 days after (7.0 ± 0.913) 
than right after the swarm (6.25 ± 0.854) (Fig. 5). 
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Figure 4. Mean number of arthropod individuals (± standard error) in the same area 
before and after a swarm of Eciton burchellii on the same day and 9 and 18 ds after. 4 
samples for each category were taken from a tropical premontane wet forest in Costa 
Rica at ~1200 m. No individual comparison was significant (p>0.05) but the overall 
comparison had a non-significant trend (p=0.056). 
 

 
Figure 5. Mean number of arthropod taxa (± standard error) in the same area before and 
after a swarm of Eciton burchellii on the same day and 9 and 18 ds after. 4 samples for all 
four categories were taken from a tropical premontane wet forest in Costa Rica at ~1200 
m. No individual comparison was significant (p>0.05) but the overall comparison had a 
non-significant trend (p=0.077). 
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 Trends appeared over time in abundances of individuals in different taxa (Fig. 6). 
Taxa such as Araneae (spiders), Coleoptera (beetles) and Hemiptera (true bugs) make up 
a large majority of the samples before and right after army ant swarms, but make up a 
much smaller proportion as time passes, and Hemiptera was not present at all in these 
samples (Fig. 6). Taxa such as Amphipoda (shrimp-like crustaceans) and Diplopoda 
(millipedes) make up large proportions of the site 18 days later, and are present in the site 
9 days later, but are not present the day of the swarm (Fig. 6). Total number of larvae is 
found to make up almost a quarter of the diversity 9 and 18 days after the swarm, but is 
much less present in sites the day of the swarm (Fig. 6). 
 Both species richness and number of taxa increased from before the swarm to 18 
days after (Table 2). While evenness went down marginally 9 and 18 days after when 
compared to the site beforehand, both number of taxa and individuals increased 
substantially (Table 2).  Shannon Index of Diversity (H’) was highest in the site 18 days 
after the swarm (H’=2.287), followed by the same site directly after the swarm 
(H’=2.209), the site 9 days after the swarm (H’=2.202) and the site before the swarm 
(H’=1.995) (Table 2). A pairwise comparison between the H’ the site at each different 
time phase was performed. The comparison of the sites before the swarm and 18 days 
after yielded a significant difference, showing that diversity increased over time after 
army ants passed through (paired t-test, df=86.112, t=2.002, p=0.049). No other 
comparison showed significance (t<1.357, p>0.178).  
 
  

Figure 6. Comparison of arthropod taxa found in the same area in leaf litter before and 
after a swarm of the army ant Eciton burchellii. (1) before a swarm, (2) directly after a 
swarm, (3) 9 ds after a swarm, (4) 18 ds after a swarm. 4 samples from each category 
were taken from a tropical premontane wet forest in Costa Rica at ~1200 m. 
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Table 2. Comparisons of number individuals, number of taxa, Shannon Index (H’) and 
evenness in the same area before, directly after, 9 ds after, and 18 ds after a swarm of the 
army ant Eciton burchellii. Samples were taken from a tropical premontane wet forest in 
Costa Rica at ~1200 m. 4 samples were taken for each category.  
Statistical$test$$ No$Ants$ Ants$$ 9$Ds$Later$ 18$Ds$Later$
Number$of$individuals$$ 53$ 51$ 55$ 150$
Number$of$taxa$ 11$ 11$ 14$ 16$
Shannon$Index$(H')$ 1.995$ 2.209$ 2.202$ 2.287$
Evenness$ 0.83$ 0.9$ 0.83$ 0.82$

   
ADDITIONAL OBSERVATIONS 
Starting on 19 April, it began to rain almost everyday in the afternoon, making the leaf 
litter damp, whereas before it had been dry. This occurred in sites 5-10 and every 
resampling of sites 1-4 except for the first resampling of site 1. Ant-following birds were 
observed in every swarm after the rains began, but in no swarms before. There were only 
around 3-5 birds observed per swarm.  
 
DISCUSSION 
PAIRWISE COMPARISON 
The results of this study suggest that there are no immediate impacts of army ant swarms 
on arthropod abundance and richness in the tropics. This is contrary to the study 
performed in the lowlands by Otis (1986), which found significant differences in both. 
Otis (1986) sampled areas before an approaching army ant swarm, which may have had a 
higher number of arthropods because individuals were fleeing the swarm towards his 
sampling plot (Otis et al. 1986). In my study, I sampled from areas to the side of the 
swarm, which may have contained fewer arthropods as I observed arthropods fleeing 
areas close to the swarm. It is possible that large arthropods such as grasshoppers or 
crickets that are key prey items for army ants (Vieira and Hofer 1994) flee far from the 
swarm and therefore are not present in samples without ants. Another explanation for this 
result is related to the lack of ant-following birds and unobservable impact of parasitic 
flies at the sites. Army ants themselves do not consume enough prey (~50 g) (Franks 
1982) to significantly change abundance or richness; instead the combined impacts of 
ants, birds as well as parasitic flies affect prey populations (Otis et al. 1986). In this study 
few birds were observed (around 4 per site) whereas studies in the lowlands have 
observed up to 60 in one site (Chaves-Campos 2005). As birds eat roughly the same 
amount of arthropods as army ants (Franks 1982), the lack of birds likely increases the 
amount of arthropods that escape the swarm. Parasitic flies kill their prey over the course 
of time, and so by collecting right after a swarm has passed through, I likely collected 
doomed individuals but counted them as survivors. The final explanation for this results 
comes from the observation that swarms in the lowlands are larger than swarms in the 
highlands (Chaves-Campos pers. comm.) and therefore have a greater impact on prey. 
The results of this study show that there is no immediate impact of army ant swarms on 
arthropod abundance and richness in the highlands.  
 There were no taxa that varied significantly between sites, though Diptera larvae 
did show a trend towards being more abundant in sites without ants, however it only 
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showed up in three sites. Army ants commonly prey on larvae of different species and 
since Diptera larvae lack legs, they are unable to do anything to escape these predators 
(Rettenmeyer et al. 2011). There is also a positive correlation between the number of 
Diptera larvae and amount of rainfall (Rosa 2017), so it is likely that with more samples, 
Diptera larvae would differ significantly, since the three sites they showed up in were 
during the rainy season.  
 It is interesting that no other larvae significantly differed abundances before and 
after swarms, in fact Coleoptera larvae increased in the presence of ants. This could be 
because Staphylinidae beetles interact positively with army ant swarms (Rettenmeyer et 
al. 2011, Gotwald Jr. 1995). Since army ants seem to take no interest in this species most 
of the Coleoptera larvae found after army ant swarms could be Staphylinidae larvae, 
though this was not determined in this study. Otis et al. (1986) identified Isopoda and 
Pseudoscorpiones as the only Orders that had significantly fewer individuals after a 
lowland swarm. I found only two Pseudoscorpiones individuals, one in a site without ants 
and one in a site with ants. I found that Isopoda species did not vary significantly, though 
since these were found only in four total sites all after the rainy period, more samples 
would be necessary to see an interaction.   
 
TIMEWISE COMPARISON 
A comparison of the same site over time the course of 18 days in number of individuals 
trended towards being higher the longer the time after a swarm had passed through. The 
same trend was present in a timewise comparison of number of taxa; there were more 
taxa as time passed. In all cases, both abundance and number of taxa was higher 18 days 
after a swarm than they were directly after one. This shows an expected trend that after a 
disturbance, species richness and abundance is lower than after some time of recovery 
(Sousa 1984). In all but one case, abundances and number of taxa were higher in sites 18 
days after a disturbance than sites where ants did not pass through. There is possibly 
some effect of E. burchellii on arthropod abundance and species richness in the highlands, 
however since all but one of the samples taken 9 and 18 days after a swarm was taken 
after the rains began, it is impossible to say the impact was solely due to E. burchellii 
swarms, as rain likely played a role in increased abundances (Boinski and Fowler 1989, 
Frith and Frith 1990, Pearson and Derr 1986). 
 The types of arthropod taxa that were present differed in sites before and after a 
swarm. Some of this variation is very likely due to almost daily rain when sampling the 
sites 9 and 18 days after swarms. Amphipoda and total larvae are found more commonly 
in wet areas and this is reflected in the data as these two taxa were found to be the most 
dominant 18 days later (Frith and Frith 1990). Some variation between sites, like the 
smaller proportion of Araneae and Coleoptera 9 and 18 days after the swarm, is simply 
due to there being a larger overall population size and lack of much variation in the total 
population of these taxa. This shows that army ants likely do not have much of an effect 
on these populations and that they are stable at this population size. The complete loss of 
Hemiptera days after the army ant swarm could be because they were parasitized by flies 
as many large arthropods are, which would explain why they did not differ before and 
right after a raid (Otis et al. 1986). Presence of Diplopoda in sites after the swarm is 
interesting since they have sometimes been described as being associated with army ants 
and also have a defense mechanism against the ants (Rettenmeyer 2011) however, since 
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they found commonly in sites before and directly after the swarm in sites after the rain it 
can be assumed they also associate positively with rain.  
 Evenness hardly differed throughout, showing that even though there were more 
taxa in the site 18 days after a swarm than before one, there was not a change in 
proportionality, as some taxa had considerable more individuals than others. Species that 
were dominant did not dominate 18 days after, perhaps showing that dominant taxa was 
more greatly affected by ant raids, leading to other species taking over their niches. 
However, the most likely reason for the change in dominance is that total larvae and 
Amphipoda, the two most dominant taxa 18 days after a swarm, both are more common 
during the wet season (Frith and Frith 1990) and it is likely that their abundances would 
have increased during this period of rain regardless of an ant swarm. 
  The significantly higher diversity found 18 days after the swarm compared to the 
site before the swarm could be potentially due to the presence of an army ant swarm, but 
could also simply be due to fact that the rainy season increases the abundance of 
arthropods (Boinski and Fowler 1989, Frith and Frith 1990, Pearson and Derr 1986). 
Ultimately, I am unable to make a conclusion about whether or not E. burchellii increases 
arthropod diversity after a swarm.  
 
CONCLUSIONS 
While number of arthropod individuals and number of taxa was not immediately affected 
by the presence of army ant swarms, after 18 days, both trended higher than before the 
ants passed through. Arthropod diversity was found to be significantly higher 18 days 
after a swarm than before it, however due to almost daily rain during samples taken 9 and 
18 days after swarms and no rain before, it is impossible to determine that swarms 
increased diversity in these sites. It can then be concluded that in the highlands E. 
burchellii swarms do not have a large impact on number of arthropod individuals or taxa. 
This is likely due to this study being performed so close to E. burchellii’s elevational 
limit where it likely exists in smaller colonies (Chaves-Campos pers. comm.) and has 
fewer birds following it (O’ Donnell 2006). It is possible that as temperatures rise, due to 
climate change this species will control for more diversity at this elevation.  
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ABSTRACT 
 
Seed predation directly alters plant fitness, spatial patterns of populations and diversity of 
communities.  Here, I test 4 characteristics affecting seed predation in Costa Rican Cloud Forest 
at the very end of dry season: habitat transformation, seed size, predator risk, and seed 
palatability with aposematism. I compared rates of consumption and possible caching between 
primary edge and secondary forest. All other seeds were placed in primary edge habitat.  Using 
portions of raw vs. whole macadamia nuts, I determined the impact of seed size. Later, model 
snakes, including those with coral patterns, were placed in close proximity to unshelled peanuts. 
Finally, I offered agoutis dyed peanut shells treated with a tonic water reduction containing 
concentrated quinine. Finally, camera traps were placed nearby to assess sources of seed 
predation. All 700 seeds offered in primary and secondary forest over a 5 day period were 
consumed. 720 whole macadamia pieces and a similar number of 0.25 and  0.5 madacamia 
fragments offered over nine days were also all consumed.   Snakes models did not deter seed 
predation, as all but 2,350 of the total 2,400 placed in primary edge were taken.  Finally, 
chemical defense and color of unshelled peanuts did not deter seed predators, who ate all 800 
offered regardless of color or palatability.  Camera traps and direct observation suggest agoutis 
were the primary seed predators, as they accounted for the majority of photos or sightings.  Seeds 
tethered with string suggest all seeds were eaten and not cached, which was agreed with direct 
observation.  Two coatis and five rodents were also detected on cameras during the study.  Data 
suggest that agoutis are decimating seeds here and show no signs of satiation or caching.  Other 
studies in the same site have shown extensive caching by agoutis during the wet season. 
Cloudforest plants should avoid fruiting at this time and wait for wet season pulses of seeds to 
assure agouti satiation and caching.   
 
RESUMEN 
 
La depredación de semillas afecta directamente el éxito de las plantas, el patrón espacial de 
poblaciones y la diversidad de comunidades. Aquí, probé 4 características que afectan la 
depredación de semillas en el Bosque Nuboso de Costa Rica al final de la época seca: 
transformación de hábitat, tamaño de semilla, riesgo de depredación, y sabor de la semilla con 
aposematismo. Comparé las tasas de consumo y la acumulación entre borde primario y bosque 
secundario. Todas las otras semillas se colocaron en el hábitat de bosque primario. Utilizando 
porciones de macadamias crudas vs enteras. Determiné el impacto del tamaño de semilla. Luego 
modelos de culebras, incluyendo unas con patrones de coral, se colocaron en la proximidad de 
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maní con cascara. Finalmente, le ofrecí a las guatusas maníes con cascara tratados con agua 
tónica reducida en agua que contiene quinine concentrada. Finalmente, trampas cámara se 
colocaron en la proximidad para determinar la fuente de la predación de semillas. Todas las 700 
semillas ofrecidas en bosque primario y secundario en un período de 5 días fueron consumidas. 
720 macadamias enteras y piezas similares de 0.25 y 0.5 de macadamia se ofrecieron en un 
período de nueve días y fueron todas consumidas. Los modelos de las culebras no impidieron la 
depredación de semillas, al todas las 2350 semillas de un total de 2400 que se colocaron en el 
bosque primario fueron tomadas. Finalmente, las defensas químicas y el color del maní con 
cascara no impiden la depredación de semillas, ya que se consumieron todas las 800 semillas sin 
importar el color o el sabor. Las trampas cámara y observaciones directas sugieren que las 
guatusas son los depredadores primarios, al ser ellos el mayor número de fotos y observaciones. 
Semillas a las que se le colocaron hilos sugieren que todas las semillas fueron consumidas y no 
acumuladas, lo cual concuerda con las observaciones directas. Dos pizotes y cinco roedores se 
detectaron también en las cámaras durante el estudio. Los datos sugieren que las guatusas están 
diezmando las semillas aquí y no hay señal de saciedad o acumulación. Otros estudios en el 
mismo sitio han mostrado una acumulación excesiva por guatusas durante la época lluviosa. Las 
plantas del Bosque Nuboso deberían evitar producir frutos en estas épocas y esperar por la época 
lluviosa para asegurar la saciedad de las guatusas y la acumulación. 
 
 
INTRODUCTION 

 
Seed predation can drastically reduce individual plant fitness, dispersion patterns of populations 
and community diversity (Howe and Smallwood 1982).  High seed predation near parent plants 
(Janzen and Connell 1970) has led to a variety of seed dispersal mechanisms, some abiotic but 
others rewarding animals to scatter seeds (the Escape Hypothesis).  However, the fate of seeds 
post-dispersal may still be their consumption (Schupp 1988).   Thus, the fate of seeds is complex 
(Andersen 1989) A combination of habitat, season, predation risk on seed predators, and seed 
characteristics may ultimately determine if a seed survives (citations; Lambert, J.E., Hulme, P.E. 
and Vander Wall, S.B., 2004. Seed fate: predation, dispersal, and seedling establishment. CABI. 
 Tropical forests have higher seed predation rates than any other forest type (Schupp 
1988). As a result, there is a higher diversity and evenness of tree species present (Schupp 1988). 
However, within the tropics, there are a several different habitat types and disturbance levels that 
result in different rates of seed predation (Jorge and Howe 2009). Continuous forests support 
conditions that favor seed dispersal over predation (Jorge and Howe 2009). Furthermore, forest 
interior boasts more seeds dispersed than forest edges and fragments (Aliyu et al. 2014). 
Interestingly, a study conducted in Monteverde, Costa Rica found similar numbers of seed 
predators within continuous and fragmented forest (Chinchilla 2009). The similar seed predator 
populations, coupled with notably different predation rates, suggests the difference between 
habitat types lies with the available food sources (Chinchilla 2009, Aliyu et al. 2014, Jorge and 
Howe 2009). Continuous, forest interior typically has higher diversity in fruiting tree species, 
and therefore more seeds available to satiate a predator (Aliyu et al. 2014).  
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 The availability of food is highly seasonal in the tropics (Leigh 1999). A higher 
abundance of seeds are available during the rainy season, resulting in more seeds dispersed. 
During the peak fruiting season, a study offering seed predators 709 seeds found 44% were 
cached, 40% not found, and only 2% eaten (Forget et al. 2002). Studies conducted during the dry 
season of Costa Rica revealed almost all offered seeds were consumed (Forget et al. 2002). On a 
Neotropical island, the combination of high rodent populations during a season of scarcity can 
result in 100% consumption of seeds offered (Asquith et al. 1997).   
 Predators of seeds also have predators of their own. Predators such as pumas, jaguars, 
and ocelots are responsible for medium-sized seed predator control in Neotropical forests, while 
smaller seed predators are controlled by snakes, birds, and carnivorous mammals (Asquith et al. 
1997, Suselbeek et al. 2014, Flemming 1971). In general, animals reduce their foraging activity 
when predation risks are high (Suselbeek et al. 2014). For example, when predators are common, 
agoutis concentrate their foraging during mid-morning and afternoon, before predators become 
active (Suselbeek et al. 2014). When predators are uncommon, agoutis have greater freedom in 
foraging time and location, and can consume more (Suselbeek et al. 2014). Therefore, when 
predators are removed there are higher rates of seed predation, resulting in reduced seed 
dispersal and germination (Asquith et al. 1997).   

Tree species have evolved seed characteristics that discourage seed predation and 
encourage dispersal (Wang and Yang 2014, Guimaraes Jr. 2003, Lev-Yadun 2009). One method 
is variable seed size. Seed size has been thoroughly studied, though the results are often 
conflicting (Cao and Wang 2016, Wang and Yang 2014). Small seeds are found consumed more 
often than hoarded, though the parent tree usually accounts for this by producing large quantities 
(Cao and Wang 2016). Large seeds are generally found to be more resistant to drought, 
herbivory, and competition; and are usually hoarded during the initial stages of seed dispersal 
(Leishman et al. 2000). However, the drawback occurs later when the seed is consumed from the 
cache site, as large seeds are more conspicuous and emit a stronger odor (Cao and Wang 2016).  
Germination success may ultimately depend on the body mass of rodents present (Cao and Wang 
2016). Large rodents prefer large seeds, while small rodents consume small seeds (Cao and 
Wang 2016).  

Developing chemically unpalatable seeds is another strategy to avoid predation. Ormosia 
arborea produces seeds containing quinolizidine alkaloids, a chemical that is unpalatable to seed 
predators (Guimaraes Jr. et al. 2003). Agoutis consume significantly fewer seeds with the 
quinolizidine alkaloids present, but show no difference in caching behavior (Guimaraes Jr. et al. 
2003). Therefore, the tree benefits from dispersal services, without the risk of predation 
(Guimaraes Jr. 2003). There are many examples of aposematic unpalatable seeds (Lev-Yadun 
2009). 

My study focuses on factors affecting seed predation in and around Neotropical 
Cloudforest. I examine four different factors: habitat type, seed size, predation risk, and  seed 
color and palatability. Because my study took place at the end of the dry season, I also compare 
my results to seed predation studies done in the same area during the wet season. Further, I use 
camera traps to document which seed predators are responsible and make direct observations to 
better understand their seed handling behavior.   
 
METHODS 
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Study Area 
I conducted my study around the edge of the Cloudforest of the Estacion Biologica Monteverde, 
located in Monteverde, Costa Rica at an altitude of 1,500 m. This is evergreen Pacific lower 
montane wet forest (sensu Holdridge) with significant mist input. This study was done in April 
and May of 2017, during end of dry season into the transition to rainy season..  
 
Experiment 1: Habitat Type 
This portion of my study was conducted in primary and secondary forest types. Primary forest 
included mature vegetative structure, with canopy trees present. The secondary forest was 
younger in composition and contained a denser understory. In each habitat, I had seven seed 
stations spaced 2 ha apart. At each seed station, 10 shelled macadamia seeds were placed in close 
proximity to each other. To track their fate, I attached a 30 cm segment of monofilament fishing 
line to each seed by drilling a hole through the center. One end of the line was tied to the seed 
while the other was attached with flagging tape. This method allows for hoarded seeds to be 
more conspicuous from their caching site. Seed stations were checked once daily, with each seed 
station used throughout the experiment. Camera traps were placed at seed stations to see who 
was interacting with seeds. I used these stations for five consecutive days, resulting in 35 seed 
groups per habitat.  
 
Experiment 2: Seed Size 
Observations of differing seed sizes and their impact on predation levels were collected in 
secondary forest. I manipulated seed size by offering whole, halved, and quartered macadamia 
nuts (hereby referred to as small, medium, and large). I constructed nine 5 x 4 m plots for each 
seed size. Plots sites were liberally spaced alongside a trail within a secondary forest edge. 
Within each plot, I arranged 20 seeds into a grid and placed them 1 m apart. I marked the 
location of each seed with a toothpick to assure the original placement of the seed was 
conspicuous to me only, while not artificially attracting the attention of seed predators. Plots 
were checked for missing seeds and reset each morning over a four day period.  
 
Experiment 3: Presence of predator 
To measure the response of seed predators to potential predators, I placed model snakes within 
seed stations. I had 30 total study sites, 10 with green snakes, 10 with coral snakes, and 10 
control groups. Seed station sites were chosen alongside a trail in a secondary forest with no 
specified spatial distance. At each site 10 peanuts were placed either around a snake or, if the site 
was a control group, a pile. Model snakes were constructed by wrapping electrical tape around a 
50 cm length of garden hose, using colors and patterns corresponding to their natural 
morphology. Stations were checked and reset daily in the morning and evening to differentiate 
diurnal versus nocturnal seed predator responses. The seed stations remained static through the 
duration of the study, while the snakes and the control groups were rotated daily to maintain 
novelty. Observations took place over a 4 day period, and were supplemented with photos taken 
by 6 camera traps placed at various seed stations, revealing diurnal and nocturnal predators.  
 
Experiment 4: Seed Color and Palatability 
Using shelled peanuts, 4 different treatments were used to determine the effects of color and seed 
palatability on seed predators: (a) colored, (b) colored and unpalatable, (c) unpalatable, and (d) 
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unchanged control group. Peanuts were rendered unpalatable by applying a tonic water 
reduction. Colored peanuts were dyed either red or blue using unflavored food dye. Red seeds 
were used for 2 days of data collection, while blue seeds were used for 1 day, totaling a 3 day 
sampling period. I constructed 10 seed stations containing 3 seeds from each of the treatment 
groups. Their placement locations remained unchanged from measuring predator presence with 
model snakes. Seed stations were restocked each morning and rechecked approximately 4 hours 
later. After initial seed placement I also recorded several behavioral observations while watching 
agoutis interacting with the seeds.  
 
RESULTS 
 
Experiment 1: Habitat Type 
 
Primary and secondary forests did not differ in their rate of seed consumption (paired t-test, F= 
3.98, p= 1.0). Each day 35 seeds were consumed in each habitat type, resulting in 320 seeds 
consumed over a 4 day period (Figure 1). All of the seed markers remained present at each seed 
station, with no remaining seeds. Therefore, I concluded none of the seeds were found cached in 
either forest type.  
 
 

 
Figure 1. Mean number of seeds eaten by seed predators in primary and secondary forests types 
within a cloud forest in Costa Rica. Each forest type contained 7 seed stations placed with 10 
macadamia nuts and were checked daily over a 5 day period.   
 
Experiment 2: Seed Size 
 
Small, medium, and large seed sizes had an equal likelihood of discovery and consumption 
(Figure 2, One-Way ANOVA, F= 3.08, p= 1.0).  
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Figure 2. Mean number of seeds consumed by seed predators within a cloud forest of Costa Rica 
at an altitude of 1,500 m. Nine plots of each size macadamia nut (whole, halved, or quartered) 
were constructed with 20 seeds each and checked daily for 4 days.  
 
 
 
Experiment 3: Presence of a Predator 
 
Diurnal and nocturnal seed predators showed no significant avoidance of model snakes (Two-
Way ANOVA, F= 3.03, df= 2,  p > 0.05).  
 
  

 
Figure 3.  Mean number of seeds consumed by seed predators while in the presence of model 
snakes. Seed stations were constructed in the cloud forest of Monteverde, Costa Rica at an 
altitude of 1,500 m. Using peanuts as the offered seeds, 30 sites were created with 10 of each 
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treatment group present. Seed sites were checked and restocked in A.M. and P.M. sessions over 
4 days.  
 
Experiment 4: Seed Color and Palatability 
 
Neither seed color, nor palatability had a significant effect on predation rates (Two-Way 
ANOVA, F= 3.03, df= 2, p=1.0). There were 180 brown peanuts offered along with the 2 trials 
of 90 colored peanuts, resulting in a larger sample size, but the same level of consumption 
(Figure 4).  

 
Figure 4. Mean number of seeds eaten in a cloud forest in Monteverde, Costa Rica. Peanut shells 
were either left alone (brown), dyed red, or dyed blue, using unflavored food dye. They were 
rendered unpalatable by using a tonic water reduction. Data collection took place over a 4 day 
period, with 2 days using each color. Brown seeds were used all 4 days.  
 
Camera Traps 
 
Of the hundreds of photos taken by my camera traps, agoutis were photographed most 
abundantly. Small rodents were also photographed, though at a much lower abundance.  Only 2 
photographs of coatis were captured, suggesting that coatis were the least common species 
consuming seeds. Agoutis and coatis were photographed during daytime, while rodents were 
found exclusively at night.  
 
Behavioral Observations 
 
Agoutis were the only species seen directly interacting with the seeds, which supports the camera 
trap data suggesting agoutis were the most common seed predators. Agoutis were sighted 
approximately 10 times while restocking seed stations. Agoutis showed no signs of hesitation 
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before consuming seeds in the presence of humans, snakes, or aposematic seeds. I even recorded 
2 occasions of agoutis chewing and dragging a coral snake away from its original placement. To 
further suggest an abundance of hungry agoutis, 3 agoutis were found interacting with the same 
seed station at once.  
 
DISCUSSION 
 
Seed predation was extremely high, with nearly all seeds consumed by agoutis. Evidence from 
camera traps identified coatis and rodents consuming seeds, but to a significantly lesser extent. I 
directly observed only agoutis interacting with seed stations. From testing variables and direct 
observation, I assume all of the seeds were consumed rather than cached. Seed tethering in 
primary and secondary habitat revealed seeds eaten directly off the line, with the tether left 
empty in the location of original placement.  Seed caching studies using tethered seeds is a 
commonly used method, and there is no evidence of agoutis removing tethers before caching 
present in the literature. A study with similar methodology found agoutis showed no hesitation 
against caching tethered seeds (Eberhart 2006). In fact, the majority of seeds offered were cached 
(Eberhart 2006).  

Moving to specific variables, my research found no difference in forest type on seed 
predation. This result is in direct conflict with previous studies finding that fragmented, 
secondary forests have higher rates of seed predation by agoutis than continuous forest, likely 
because of scarce resources (Jorge and Howe 2009). In addition, a study conducted within the 
same site and season as my own, agoutis cached 101 of the 154 seeds offered (Eberhart 2006). 
Despite this, agoutis have also been shown to benefit from fragmented habitats (Jorge 2007).  
Therefore, I assume because my research was based in disturbed, edge habitat, there was less of 
a distinction between the forest types than in previous studies, including: fewer predators of 
agoutis, less diversity of fruiting tree species, and less abundant food resources (Jorge 2007). If 
this is the case, with the onset of increased fragmentation, fruiting tree species will suffer under 
the impact of increased predation rates and lack of dispersal service (Jorge and Howe 2009). 

The morphological characteristics of seeds that have developed in response to seed 
predation seem to be powerless in the edge habitat of a cloud forest. The 3 characteristics I 
measured, color, palatability, and size had no significant impact on predation rate. Seed predators 
showed no difficulty finding and consuming seeds of various sizes. To large rodents, like 
agoutis, large seeds are more conspicuous and seen as more energetically attractive (Cao and 
Wang 2014). I observed agoutis as the most common seed predator, however smaller rodents 
(e.g. mice and rats) may have been responsible for consuming the smallest seeds. Either way, the 
tree is still not able to produce seeds that survive and disperse.  

Agoutis, coatis, and mice were unphased by the presence of model snakes. Coral snakes 
are not direct predators of large rodents, but their dangerous neurotoxin could indirectly cause 
mortality (Brodie 1993). Camera traps identified seed predators showing no hesitation 
approaching seed stations with either snake model, despite evidence of prey typically showing an 
innate avoidance of aposematic coloration (Paluh et al. 2013, Brodie 1993). Furthermore, I found 
evidence on 2 occasions of agoutis moving coral snakes some distance away from their original 
locations. Previous studies have found similar occurrences, with agouti bite marks found on 
model coral snakes (Brodie 1993).  This could be a result of the common criticism of model 
predator studies, which identifies lack of movement by the model not accurately representing its 
natural counterpart (Paluh et al. 2013).  
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Red and blue colored seeds had the same chance of being consumed by a predator as the 
brown seeds. Personal observations concluded agoutis showed no hesitation before consumption, 
despite bright colors, typically red, visually communicating a warning of toxicity to predators 
(Lev-Yadun 2009). A possible explanation may result from agoutis inability to register red 
coloration (Farias Rocha 2009) or they may not associate blue as a warning color. Perhaps a 
better strategy for the plant is to form green fruits and seeds, which are found to have lower 
predation rates from remaining inconspicuous and advertising low nutritional quality (Barcelos 
et al. 2012). Offering unpalatable seeds also warranted no reaction from seed predators. In a 
previous study, when presented seeds treated with unpalatable alkaloids, consumption by agoutis 
was recorded at a reduced rate (Guimaraes Jr. et al. 2003). Likely the difference here is the 
combination of a dry, fragmented habitat driving seed predators to higher rates of consumption.  

Overall, a contributing explanation for my findings could be the season in which the 
study was conducted. I collected data during the transition from dry to rainy season. Agoutis and 
other scatter hoarders are expected to cache more in seasons of abundance and consume more in 
times of scarcity, with the dry season representing a period of food shortage (Jorge and Howe 
2009). Surprisingly, two separate studies conducted in the same habitat type and same season 
had evidence of caching behavior (Arneja 2007, Eberhart 2006).  Arneja found over half of the 
natural seeds offered were cached by agoutis (2007). Eberhart observed 101 of the offered 154 
seeds were cached (2006). These findings suggest this year may be drier than previous years.  

Not only were seed predators incredible at locating seeds and fearless in consuming them, 
I am also led to believe there is an overpopulation of agoutis in the area. Agoutis are territorial 
rodents and occupy solitary territories of 1-4 ha (Galvez et al. 2009), despite my field 
observation finding 3 agoutis interacting with a single seed station at once. Agoutis have 
benefitted from a severe reduction in predators, especially in edge forest near humans activity 
(Jorge 2007).  However, in Monteverde, camera trap data reveals pumas and other large 
predators with some frequency. Likely, the underlying causes of my findings are resulting from a 
dry season effect, coupled with an agouti population explosion.  

To effectively disperse their seeds, trees may need to change their fruiting methodology. 
Perhaps, trees producing larger amounts of small seeds could satiate predators (Jansen et al. 
2002). Trees could also participate in mast fruiting, where all individuals of a species fruit at the 
same time (Hoshizaki and Hulme 2002).  Or, the tree my simply need to shift its period of 
fruiting to later in the wet season. The rate of predation on a single plant can decrease in the 
presence of more preferred species (Hoshizaki and Hulme 2002).  
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ABSTRACT 
 
Territoriality is a documented behavior among crustaceans; however, literature addressing this trait in 
neotropical freshwater species is rare. Because territoriality is expressed for the purpose of controlling 
individual spatial access to resources such as food, mates, or shelter, it may be crucial in explaining 
community assemblages. This study examines territorial behavior in Costa Rican freshwater crabs by 
estimating crab dispersion in sixty-four pools throughout a stretch of lower montane wet forest stream in 
Monteverde, Costa Rica at approximately 1500 m. Crabs were likely of the genus Ptychophallus spp. 
Distances between crabs, pool area, and various pool characteristics including depth, variance in depth, 
location along the stream, velocity, and substrate complexity were evaluated. Presence-absence tables were 
constructed to look at territoriality across different crab morphs and sizes. Spatial dispersion was uniform 
(mean distance = 149.69 ± 70.84 cm (SD), N = 45), confirming that Monteverde crabs are territorial. Crabs 
in different morph and size categories were more often found in separate 1 x 1 m square quadrats than 
together, suggesting that territorial behavior was common across these categories. Depth and substrate 
complexity were found to be important habitat variables, likely because they provide a greater number and 
diversity of refuges for weaker opponents, or because they simply provide more spaces for individuals to 
occupy. Variance in depth, pool location, and water velocity were not strong predictors of crab abundance. 
By confirming territoriality in Monteverde crabs and describing their most used habitat, this study lays the 
foundation for further exploration of neotropical freshwater crab habitat, behavior, and dispersion. 
 
RESUMEN 
 
La territorialidad es un comportamiento documentado entre crustaceos; sin embargo, la literatura 
direccionada a estos rasgos en especies de rasgos neotropicales de agua dulce es rara. Debido a que 
territorialidad se expresa con el propósito de controlar el acceso espacial de los individuos a recursos como 
comida, parejas, o refugio, puede ser crucial en explicar el asemblamiento de las comunidades. Este estudio 
examina el comportamiento territorial en cangrejos dulceacuícolas en Costa Rica estimando la dispersión 
en sesenta y cuatro pozas a lo largo de una quebrada en el bosque humedo montano bajo en Monteverde, 
Costa Rica a aproximadamente 1500 m. Los cangrejos son probablemente del género Ptychophallus spp.  
Las distancias entre cangrejos, al área de la poza, y varias características de la poza incluyendo 
profundidad, variabilidad en la profundidad, ubicación a lo largo de la quebrada, velocidad y complejidad 
del sustrato fueron evaluados. Tablas de presencia – ausencia se construyeron para observar la 
territorialidad a lo largo de las diferentes morfoespecies y tamaños. La distribución espacial fue uniforme 
(distancia promedio = 149.69 ± 70.84 cm (SD), N = 45), confirmando que los cangrejos en Monteverde son 
territoriales. Los cangrejos en categorías diferentes de morfoespecie y tamaño se encuentran 
mayoritariamente en cuandrantes separados de 1 x 1 m que juntos, sugiriendo que el comportamiento 
territorial es común entre estas categorías. Profundidad y la complejidad del sustrato se encontraron como 
variables importantes, probablemente porque proveen un número mayor y diversidad de refugios para 
oponentes débiles, o porque simplemente proveen más espacios para individuos para ocupar. La varianza 
en profundidad, ubicación de las pozas, y la velocidad del agua no fueron fuertes predictores de la 
abundancia de cangrejos. Al confirmer la territorialidad en los cangrejos de Monteverde y describir su 
hábitat más usado, este estudio provee los fundamentos para una exploración mayor del hábitat, 
comportamiento, y dispersión de los cangrejos dulceacuícolas neotropicales. 
 

 64 

 64 



  

INTRODUCTION 
 
Territoriality is a behavioral trait common to many, but not all, species, and includes any 
strategy used by individuals to defend resources within a physical space against 
encroachment by others. Benefits of territoriality include increased access to mates 
(Bunnell 1973; Christy 1988; Mautz et al. 2011), food (Jensen et al. 2005), and refuge 
(Fero and Moore 2014; Ambrosio & Baeza 2016). Costs include injury, mortality, and 
energy loss (Ambrosio & Baeza 2016). The tradeoff between these benefits and costs 
plays out in how individuals assemble (Bunnell 1973; Mautz et al. 2011). Literature on 
territoriality in organisms has been primarily conducted on terrestrial species (Hack 
1997) and vertebrates (Palombit 1993). Studies investigating crustaceans tend to focus on 
marine or estuarine species rather than their freshwater variations. Male fiddler crabs Uca 
capricornis living in intertidal mudflats defend empty burrows, which are potential 
breeding sites, to obtain more mates (Mautz et al. 2011). Marine lobsters Homarus 
americanus actively guard their shelters, as well as shelters nearby, when dominant 
(Karnofsky & Price 1989). At least one species of temperate freshwater crayfish 
Orconectes propinquus evicts subordinate individuals and enforces strict territorial 
spacing (Fero and Moore 2008). 

Evidence for territoriality in freshwater crabs in the tropics is scarce; however, 
literature discusses it as a possibility (Rigler 2012; Friel 2014; Ambrosio & Baeza 2016) 
and one report estimates low levels of expression (Corajod 2012). In the subtropics, 
estuarine pea crabs Tunicotheres moseri exhibit solitary behavior, interpreted as a 
consequence of territoriality in response to food partitioning (Ambrosio & Baeza 2016). 
Freshwater crabs play an important role in the ecology of tropical inland waters, where 
they are found in aquatic and semi-aquatic habitats ranging from moist lowland forests to 
cloud forests (Cumberlidge et al. 2009). They contribute to the trophic web in a variety of 
ways: as predators and prey, omnivores, and sometimes detritivores (Cumberlidge et al. 
2009).  

The taxonomy of freshwater crabs in Costa Rica has only begun to be resolved, 
and knowledge of habitat choice and territorial behavior remains limited (Lara et al. 
2013). One family (Pseudothelphusidae) exists in the neotropics, with 20 species from 
four genera in Costa Rica, the most common being Ptychophallus spp (Lara et al. 2013; 
Magalhães et al. 2015). Little is known about crab populations in the Monteverde Cloud 
Forest, located along the central cordillera at 1450 m to 1600 m in elevation; however, 
they likely derive from the genus Ptychophallus spp. Previous studies have described 
Monteverde Ptychophallus sp as detritivores, living in pools where water moves slower, 
and appearing in deeper habitat with more leaf litter (Yau 2003; Corajod 2012; Rigler 
2012). Past literature has also tried to characterize habitat where crabs are most often 
found and interactions between color morphs of Ptychophallus sp (Corajod 2012; Rigler 
2012). One report describes most used habitats and suggests low territoriality (Corajod 
2012); however, no specific study has been conducted to confirm whether or not 
Monteverde crabs are truly territorial. 
 This study evaluates the possibility of territoriality in Ptychophallus sp crabs by 
looking at how they assemble within pools. If territorial, crabs will be uniform in 
dispersion, as individuals control their access to resources while investing energy into 
reducing overlap with neighboring territories (Bunnell 1973; Mautz et al. 2011). If 
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dispersion is clumped or random, other mechanisms contribute to spacing. This study 
also looks at spacing across different morphs and sizes, based on previous research 
indicating that these variables may influence the expression of territorial behavior (Rigler 
2012). Most used habitat is characterized with respect to flow, depth, and substrate. Crab 
abundance according to pool size is evaluated as well, because of previous literature 
suggesting that pool size is related to number of crab territories (Corajod 2012). Finally, 
location along the stream is approximated in the event that differences between upstream 
and downstream sampling sites predict crab abundances (Magalhães et al. 2015). 
 
METHODS 
 
Study Site 
 

 
FIGURE 1. Map of the area with the study site, a 1.5 transect of the freshwater stream 
Quebrada Máquina, marked (**). Sixty-four pools along the stream were sampled for 
crabs and then characterized. Quebrada Máquina is represented by the dark blue, dotted 
line farthest to the east, located in lower montane wet forest (Holdridge 1967) in 
Monteverde, Costa Rica. 
 
Sixty-four pools were sampled along a 1.5 km transect of the Quebrada Máquina stream 
in Monteverde, Costa Rica at the end of the dry season from April 9 to May 6, 2017. The 
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study area was located on the Pacific side of the Monteverde Cloud Forest, a lower 
montane wet forest (Holdridge 1967), ranging from 1450 m to 1600 m in elevation 
(Figure 1). 
 
Study Organism 

 FIGURE 2. Four morphs were observed, sitting on substrate, hiding beneath or climbing 
on rocks, foraging, or occasionally in direct conflict with conspecifics in the freshwater 
stream Quebrada Máquina, located within lower montane wet forest (Holdridge 1967) in 
Monteverde, Costa Rica. Represented here are photos of a bright morph carapace (a) and 
underside (b), a dark morph carapace (c) and underside (d), a special morph carapace (e) 
and underside (f), and a purple morph carapace (g) courtesy of Mary Rigler (Rigler 
2012).  
 
Four color varieties of Monteverde freshwater crab were identified from photos by an 
expert as bright, dark, special, and purple (I.S. Wehrtmann, pers. comm.; Figure 2). Crabs 

a b 

c d 

e f 
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were likely from the genus Ptychophallus spp, although the possibility of dark being from 
the genus Potamocarcinus spp was discussed (I.S. Wehrtmann, pers. comm). Bright, 
dark, and purple had dark carapaces and differed in the color of their legs, after which 
they were named. Previous literature suspects that these morphs are variations of each 
other at different life stages (Rigler 2012). The fourth morph, named “special,” had a 
light carapace and may be a different species as well. Ptychophallus sp crabs have been 
known to forage on leaf litter and spend time in deeper pools beneath various sized rocks 
and rock fragments, below logs, and leaves (Magalhães et al. 2015).  
 
Sampling Procedure 
 
Individuals were located in pools and occasionally ripples. A dispersion pattern analysis 
(nearest neighbor model) was used to evaluate territoriality. This method involves 
measuring the distance between an individual crab and its closest neighbor and then 
measuring the size of the study area (Clark & Evans 1954). Because crab pools were 
segregated along the length of the stream, area and crab distance data were added up, and 
totals were factored into the dispersion model.  

Habitats were sampled for thirty minutes. If a crab appeared, sampling time was 
extended by thirty minutes. Maximum time was one hour. Crabs were observed by sitting 
and watching substrate for movements in leaf litter or appearance of crab appendages. 
Both of these types of observations were recorded and morph, number, size, and activity 
were noted. Size was visually assessed as small (less than three cm), medium (between 
three and four cm), or large (greater than four cm). Once sampling period ended, 
measurements for calculating area and nearest neighbor distance were taken. If crabs 
were mobile or disappeared, distances were estimated based on where they spent the most 
time or where they were last seen. Depth, velocity, and type(s) of substrate were 
quantified as well. If a pool was heterogeneous in depth, multiple measurements were 
recorded. Velocity was determined by counting how many seconds it took a ping-pong 
ball to travel 50 cm down the stream. Substrate was observed by recording whether 
leaves, logs, rocks, sand, dirt, or a combination of these traits were present. Pools were 
labeled “1” through “64,” where “1” indicates farthest upstream and “64” farthest 
downstream. Because this study did not explore the physiological tolerances of crabs 
within the stream, location was the best way to estimate differences in crab abundance 
due to water quality. 

Differences in spacing based on morph or size were evaluated by determining 
how many and what morphs and sizes of crab were present, if any, within 1 x 1 m square 
quadrats. The number of quadrats in a given pool was determined by placing a square 
PVC pipe apparatus close to the pool surface and shifting it grid-wise as many times as it 
took to cover areas with water. 
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RESULTS 
 
General Results 
 
Sixty-four pools were sampled. 32 pools had crabs, and 22 pools had more than one crab 
and were used in the nearest neighbor analysis. A total of 71 crabs were observed, and 45 
distances gathered for calculating dispersion.  
 
Nearest Neighbor 
 
Nearest neighbor analysis of dispersion showed that crabs were nonrandom and 
uniformly dispersed (Z = 16.34, R = 2.152, p < 0.00001; Clark & Evans 1954), with 
average distances between crabs of 149.69 ± 70.84 cm (N = 45). Distances ranged from 
28 cm to 308 cm. 
 
Presence-absence (Quadrats) 
 
TABLE 1: Presence-absence data of Ptychophallus sp crabs from different size and morph 
categories. Sizes were visually assessed as small (less than three cm), medium (between 
three and four cm), or large (greater than four cm). Chi-squared analyses were run on 
presence-absence tables, followed by Φ test of association. Thirty-two pools with at least 
one crab were considered; crabs with unknown morphs were excluded. Seventy-one crabs 
were observed in total. Crabs were found in the freshwater stream Quebrada Máquina, 
located within lower montane wet forest (Holdridge 1967) in Monteverde, Costa Rica. 
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TABLE 2: Presence-absence analyses of Ptychophallus sp crabs from different size and 
morph categories. Sizes were visually assessed as small (less than three cm), medium 
(between three and four cm), or large (greater than four cm). Chi-squared analyses were 
run on presence-absence tables, followed by Φ test of association (Zar 1999). p values 
were all significant, and Φ coefficient of association indicated negative association. 
Thirty-two pools with at least one crab were considered; crabs with unknown morphs 
were excluded. Seventy-one crabs were observed in total. Crabs were found in the 
freshwater stream Quebrada Máquina, located within lower montane wet forest 
(Holdridge 1967) in Monteverde, Costa Rica. 

Morph/Size Combination df X2 p Φ 
Bright + Dark 2 60.59 6.97e-14 -1.15 

Bright + Purple 2 97.06 8.39e-22 -3.43 
Bright(small) + Bright(medium) 2 91.49 1.36e-20 -0.35 
Bright(large) + Bright(medium) 2 105.13 1.48e-23 -0.27 

Bright(large) + Bright(small) 2 199.41 4.99e-44 -0.75 
 
Quadrats with at least one crab were used for the presence-absence analysis, and 
significance was found across all morph and size groupings considered (Table 1-2). Chi-
squared analyses were run on presence-absence tables, and results showed deviation from 
the expected likelihood of crab categories equally appearing together, apart, or absent 
(Table 1-2). Φ coefficients of association (Zar 1999) were negative, indicating that crabs 
of different morphs and sizes tended to be found in separate quadrats without the other 
present. The negative association is stronger between morphs (Φ < -1, Table 2) and 
between large and small sized individuals (Φ = -0.75, Table 2).  
 
Pool Characteristics 

FIGURE 3. Crab abundance increases with pool area (ANOVA, p = 1.13e-5). Boxes show 
data between the 25th and 75th percentile. The dark line represents the median (50th 
percentile). Whiskers show the 5th and 95th percentiles. Boxes with different letters are 
significantly different (Tukey’s HSD, p < 0.01). “3” includes pools with three and four 
crabs. Sixty-four pools were considered, including those without crabs. Seventy-one 
crabs were observed in total. Crabs were found in the freshwater stream Quebrada 
Máquina, located within lower montane wet forest (Holdridge 1967) in Monteverde, 
Costa Rica. 
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The number of crabs found per pool increased with pool size (ANOVA, F = 10.56, p = 
1.13e-5. df = 3; Figure 3), and pools with two or more crabs were significantly larger 
than pools with one or no crabs (Figure 3). 
 

 
FIGURE 4: Depth (a) (ANOVA, p = 9.07e-8), but not depth variance (b) (p = 0.097), pool 
location (c) (p = 0.301), or water velocity (d) (p = 0.20), predicted changes in crab 
abundance. Depth was taken in one or more locations if there was variability. Depth 
variance is the standard deviation calculated for pools containing multiple depths. 
Location of the pool ranges from one to 64, where one indicates farthest upstream. Water 
velocity is how long (s) it took for a ping-pong ball to travel 50 cm within a pool. Boxes 
show data between the 25th and 75th percentile. The dark line represents the median (50th 
percentile). Whiskers show the 5th and 95th percentiles. Boxes with different letters are 
significantly different (Tukey’s HSD, p < 0.01). “3” includes pools with three and four 
crabs. Sixty-four pools were considered, including those without crabs. Seventy-one 
crabs were observed in total. Crabs were found in the freshwater stream Quebrada 
Máquina, located within lower montane wet forest (Holdridge 1967) in Monteverde, 
Costa Rica.  
 

Pools with crabs were significantly deeper than pools with no crabs (ANOVA, F 
= 16.04, p = 9.07e-8, df = 3; Figure 4a), although there were no significant differences 
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between the depths of pools with one and two crabs or the depths of pools with two and 
“3” crabs (Figure 4a). Variance in pool depth did not correlate with the number of crabs 
found; however, there was a slight positive trend (ANOVA, F = 2.21, p = 0.097, df = 3; 
Figure 4b). Differences between pools with “3” crabs and pools with one crab show the 
greatest promise in supporting a correlation between these variables (Tukey’s HSD, p= 
0.099; Figure 4b). Neither location (ANOVA, F = 1.247, p = 0.301, df = 3; Figure 4c) nor 
water velocity (ANOVA, F = 1.577, p = 0.20, df = 3; Figure 4d) correlated with the 
number of crabs found per pool.  
 
TABLE 3. Substrate complexity data, where far-left column refers to number of different 
types of substrate, “0” includes pools with no crabs, “1-2” includes pools with one or two 
crabs, and “> 3” includes pools with more than three crabs. More crabs were found in 
pools with greater complexity. Crabs were observed in the freshwater stream Quebrada 
Máquina, located within lower montane wet forest (Holdridge 1967) in Monteverde, 
Costa Rica. 

Substrate 0 1-2 > 3 
1 5 0 0 
2 16 20 4 
3 7 18 21 
4 0 5 3 

 
Finally, substrate complexity was found to be significantly different between 

pools with zero crabs, one to two crabs, and greater than three crabs (Fisher’s Exact, p = 
1.56e-5; Table 3), where more crabs were present in pools with greater complexity. 
 
Additional Observations 
 
Crabs were observed foraging, hiding underneath or climbing on rocks, or sitting on the 
substrate. Crabs were rarely encountered interacting directly; however, two direct 
conflicts were observed. A large bright morph crab snapped its pincers at a medium 
bright morph crab, and the medium crab escaped to a nearby log, approximately a meter 
away. Two large bright morph crabs scuffled in the sand, until one retreated to a nearby 
rock. The winner of the contest remained in the open substrate. Crabs were more often 
found spaced out throughout an inferred territory, sometimes observed in the same spots 
over multiple days. 
 
DISCUSSION 
 
The number of crabs per pool increased as pool size increased, indicating that the amount 
of available space is important to crab habitat choice, and that when possible, crabs live 
in the same pools. In pools where multiple crabs were present, individuals were found 
uniformly dispersed, confirming the hypothesis that Monteverde freshwater crabs are 
territorial, similar to many marine and estuarine decapods (Christy 1987; Ambrosio & 
Baeza 2016).  

Crabs of different morphs and sizes were usually found in separate 1 x 1 m square 
quadrats, suggesting that territory maintenance is common between crabs across these 
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categories.  Whether or not certain morphs and sizes do better or worse in direct contest 
is up to a future study; however, past studies correlating territoriality and agonistic 
behavior suggest that crabs of different morphs demonstrate similar levels of 
territoriality, but that larger-sized crabs exhibit greater territoriality (Rigler 2012). 
Observations in situ support the possibility that larger crabs have the advantage during 
direct contest. It is also conceivable that territory maintenance may not be contingent on 
size or aggressiveness alone. Habitat complexity, for example, has been shown to reduce 
the frequency of aggressive interactions (Jensen et al. 2005). 

Characterizing Monteverde crab territory provides further explanation as to the 
spacing of individuals in a pool. Average distance between crabs was about 150 cm, 
suggesting territory of approximately that size. Crabs were found in deeper pools, an 
observation supported by past literature, which explains this behavior as either a strategy 
to avoid terrestrial predation or to maximize access to the detritus build-up at greater 
depths (Corajod 2012).  

Because the significance of the correlation between depth and crab presence did 
not hold between pools with one and two crabs or two and “3” crabs, characteristics other 
than depth may be important to habitat colonization. Location along the stream did not 
predict crab abundance within pools, suggesting that crabs were not avoiding habitat due 
to stream conditions. It is possible that the sampling transect was not long enough to track 
changes in distribution due to altitude or temperature, two factors that have been shown 
to be important to neotropical crab range (Lara et al. 2013). Water velocity did not appear 
to characterize most used crab habitat either, in spite of past studies suggesting that crabs 
like slower moving water (Lara et al. 2013). Discrepancies could be due to the 
superficiality of surface flow in predicting substrate conditions. 

Pools with greater substrate complexity had higher crab abundance, enabling 
crabs to share habitat and minimize territory overlap. Substrate complexity may explain 
why no differences were found between sizes of crabs in terms of territoriality, and why 
depth alone does not explain differences between substrates with one or two crabs. It may 
also shed light on why depth variance – another measure of complexity – was a weak, 
albeit non-significant, predictor of crab abundance. Complex habitat allows individuals to 
use the three-dimensional space more efficiently and also provides opportunities to 
escape confrontation (Jensen 2005). In more structurally complex areas, house mice Mus 
domesticus remained static and did not retreat as far following aggressive interactions 
(Jensen 2005). Purple shore crabs Hemigrapsus nudus inhabited creeks in greater 
numbers when habitats were more complex, offering more rocks as potential shelter 
(McGaw 2001). Complexity may be more important than temperature and water quality 
indicators in predicting dispersion (McGaw 2001).  

In some cases, the presence of territorial behavior leads to unique or novel 
relationships between individuals and their space (Mautz et al. 2011; Christy 1988) 
Understanding Monteverde freshwater crabs as territorial creatures provides the basis for 
future characterizations of their pool choice, behavior, and dispersion. The suite of 
factors discussed in this study is the beginning of such descriptions. 
 
  

 73 

 73 



  

ACKNOWLEDGEMENTS 
 
Many thanks to all of my incredible CIEE professors, mentors, staff, and peers for their 
endless support, the field station for facilitating this project, and my amazing homestay 
family for welcoming me into their life throughout the sampling period. A special thanks 
to Johel Chaves for his insights and for listening to all of my crabbing stories.  
 
 
LITERATURE CITED 
 
Ambrosio, L.J. and Baeza, J.A., 2016. Territoriality and conflict avoidance explain 

asociality (solitariness) of the endosymbiotic pea crab Tunicotheres moseri. PLoS 
ONE, 11(2), pp.1-20. 

Bunnell, P., 1973. Vocalizations in the territorial behavior of the frog Dendrobates 
pumilio. Copeia, pp.277-284. 

Christy, J.H., 1988. Pillar function in the fiddler crab Uca beebei (II): competitive 
courtship signaling. Ethology, 78(2), pp.113-128. 

Clark, P.J. and Evans, F.C., 1954. Distance to nearest neighbor as a measure of spatial 
relationships in populations. Ecology, 35(4), pp.445-453. 

Corajod, J., 2012. Sexual dimorphism and habitat preferences of Monteverde freshwater 
stream crabs. CIEE Tropical Ecology and Conservation, Spring, pp.125-132. 

Cumberlidge, N., Ng, P. K., Yeo, D. C., Magalhães, C., Campos, M. R., Alvarez, F., 
Naruse, T., Daniels, S.R., Esser, L.J., Attipe, F.Y.K., Colitolde-Ba, F., Darwall, 
W., McIvor, A., Baillie, J.E.M., Collen, B., Ram, M., 2009. Freshwater crabs and 
the biodiversity crisis: importance, threats, status, and conservation challenges. 
Biological Conservation, 142(8), pp.1665-1673. 

Daws, A.G., Hock, K. and Huber, R., 2011. Spatial structure of hierarchical groups: 
testing for processes of aggregation, clustering, and spatial centrality in crayfish 
(Orconectes rusticus). Marine and Freshwater Behaviour and Physiology, 44(4), 
pp.209-222. 

Fero, K. and Moore, P.A., 2008. Social spacing of crayfish in natural habitats: what role 
does dominance play?. Behavioral Ecology and Sociobiology, 62(7), pp.1119-
1125. 

Fero, K.C. and Moore, P.A., 2014. Shelter availability influences social behavior and 
habitat choice in crayfish, Orconectes virilis. Behaviour, 151(1), pp.103-123. 

Friel, B., 2014. Personalities and freshwater crabs: comparing behavioral plasticity and 
consistency. CIEE Tropical Ecology and Conservation, Spring, pp.129-140. 

Hack, M.A., 1997. The energetic costs of fighting in the house cricket, Acheta domesticus 
L. Behavioral Ecology, 8(1), pp.28-36. 

Holdridge, L.R., 1967. Life zone ecology. Tropical Science Center. San José, Costa Rica.  
Jensen, S.P., Gray, S.J. and Hurst, J.L., 2005. Excluding neighbours from territories: 

effects of habitat structure and resource distribution. Animal Behaviour, 69(4), 
pp.785-795. 

Karnofsky, E.B. and Price, H.J., 1989. Dominance, territoriality and mating in the lobster, 
Homarus americanus: a mesocosm study. Marine & Freshwater Behaviour & 
Phy, 15(2), pp.101-121. 

 74 

 74 



  

Rigler, M., 2012. Microhabitat, agonism, and territoriality in three color morphs of a 
Neotropical Cloud Forest Crab. CIEE Tropical Ecology and Conservation, 
Summer, pp.79-89. 

Lara, L.R., Wehrtmann, I.S., Magalhães, C. and Mantelatto, F.L., 2013. Species diversity 
and distribution of freshwater crabs (Decapoda: Pseudothelphusidae) inhabiting 
the basin of the Rio Grande de Térraba, Pacific slope of Costa Rica. Latin 
american journal of aquatic research, 41(4), pp.685-695. 

Magalhães, C., Wehrtmann, I.S., Lara, L.R. and Mantelatto, F.L., 2015. Taxonomy of the 
freshwater crabs of Costa Rica, with a revision of the genus Ptychophallus 
Smalley, 1964 (Crustacea: Decapoda: Pseudothelphusidae). Zootaxa, 3905(3), 
pp.301-344. 

Mautz, B., Detto, T., Wong, B.B., Kokko, H., Jennions, M.D. and Backwell, P.R., 2011. 
Male fiddler crabs defend multiple burrows to attract additional females. 
Behavioral Ecology, 22(2), pp.261-267. 

McGaw, I.J., 2001. Impacts of habitat complexity on physiology: purple shore crabs 
tolerate osmotic stress for shelter. Estuarine, Coastal and Shelf Science, 53(6), 
pp.865-876. 

Palombit, R.A., 1993. Lethal territorial aggression in a white‐handed gibbon. American 
Journal of Primatology, 31(4), pp.311-318. 

Thiel, M., 2007. Evolutionary ecology of social and sexual systems: crustaceans as 
model organisms. Oxford University Press on Demand. 

Villalobos, C.R., 1974. Ptychophallus costaricensis, a new freshwater crab from Costa 
Rica. Rev. Biol. Trop, 21(2), pp.197-203. 

Yeo, D.C., Ng, P.K., Cumberlidge, N., Magalhaes, C., Daniels, S.R. and Campos, M.R., 
2008. Global diversity of crabs (Crustacea: Decapoda: Brachyura) in freshwater. 
Hydrobiologia, 595(1), pp.275-286. 

Zar, J.H., 1999. Biostatistical analysis. Pearson Education India. 
 

 75 

 75 



Mist Frequency, mortality, growth, and 
eclosion in the Neotropical Owl butterfly 
(Caligo memnon).  
Kathryn C. Ross 

Natural Science Collegium, Eckerd College 

ABSTRACT  

Tropical Cloud Forests are drying out as mist frequency there declines. This 
could lead to encroachment of mist-inhibited species.  The owl butterfly 
Caligo memnon range extends to 1400m in elevation, just below the Cloud 
Forest.  Constant and intermediate mist frequencies were compared to dry 
conditions for the development and mortality C. memnon caterpillars and 
chrysalises. Caterpillars in the dry environment grew much faster and had 
higher survival compared to caterpillars with mist. Emergence of C. memnon 
butterflies from the chrysalises occurred faster with mist (constant=19.625 
days, mist every 3 days= 18.875 days, no mist= 22.91667 days). Data 
suggests that C. memnon is negatively impacted by mist, particularly in early 
caterpillar instars. As mist frequency declines with climate change, it is 
likely this butterfly will move up, impacting potential host plants, predators, 
parasites and competitors. 

    

ABSTRACTO 

Los	bosques	nubosos	tropicales	se	están	secando	al	disminuir	la	
frecuencia	de	la	neblina	ahí.		Esto	puede	llevar	a	la	invasión	de	especies	
inhibidas	por	la	neblina.		El	rango	de	la	mariposa	buho	Caligo	memnon	
se	extiende	hasta	los	1400	m	de	elevación,	solo	por	debajo	del	bosque	
nuboso.		Frecuencias	de	neblina	intermedias	y	constantes	se	
compararon	a	condiciones	secas	para	el	desarrollo	y	mortalidad	orugas	
y	pupas	de	C.	memnon.	Las	orugas	en	el	ambiente	seco	crecieron	mucho	
más	rápido	y	tuvieron	una	mayor	supervivencia	comparado	a	las	orugas	
con	neblina.		La	salida	de	las	mariposas	C.	memnon	de	las	pupas	ocurrió	
más	rápido	con	neblina	(constante=19.625	días,	neblina	cada	3	días	=	
18.875	días,	sin	neblina	=	22.91667	días).		Los	datos	sugieren	que	C.	
memnon	se	ve	impactada	negativamente	por	la	neblina,	particularmente	
en	los	estadíos	tempranos	de	las	orugas.		Al	disminuir	la	frecuencia	de	la	
neblina	con	el	cambio	climático,	es	muy	probable	que	estas	mariposas	
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se	muevan	hacia	arriba,	impactando	posibles	plantas	hospederas,	
depredadores,	parásitos	y	competidores.	
 

INTRODUCTION  

Climate change has important and varied impacts on many tropical species 
and ecosystems (Corlett 2012; Walther et al. 2002). Tropical Cloud Forests 
may be particularly vulnerable as mist frequency is declining (Pounds et al. 
2002). As mist moves up the mountain, many species move with it (Pounds 
et al. 1999). Organisms inhibited by mist can then move up to take their 
place. The Owl Butterfly Caligo memnon may be one such species.  It has an 
upper elevational limit in Costa Rica of 1500 m (DeVries 1983), which is 
the lower limit of Cloud Forest there.  

C. memnon is characterized by its large eye-like ventral hindwing 
markings and its large size, with forewing length up to 78mm. The C. 
memnon can be found from New Mexico to the Amazon Basin. It is 
common on the Pacific slope of Costa Rica. It is the only species of Caligo 
that can live with severe Guanacaste dry seasons and in highly disturbed 
agricultural habitats. This paper finds that many species max out at lower 
cloud forest altitude, suggesting that mist may create an abrupt ecotone.  
This suggests there are lots of species that don’t like cloud forests.  Maybe it 
is temperature, but that is not abruptly changing with elevation.  It is more 
likely mist and cloud formation, which tends to occur abruptly at a given 
altitude (depending on latitude), causes this to occur.   

MATERIALS AND METHODS  

This study took place at the Biological Station in the Cloud Forest of Monte 
Verde, Costa Rica at 1545 m elevation. This location is considered a lower 
montane wet forest (Garza 2013). The temperature ranges from a low of 
15°C at night and a high of 22°C during the day, averaging around 19°C 
overall (Haber et al. 1996).  

Three types of environmental chambers were created that differed 
only in mist frequencies:  dry, intermediate, and constant mist. 
Environmental chambers were transparent aquaria measuring 48.5 x 25 x 
30mm. Condensed water collected on the bottom, so elevated floors of 
hardware cloth were added.  Chambers were housed in an open but covered 
greenhouse surrounded by vegetation.  It was thus shielded from any direct 
sun exposure but had ambient temperature and humidity (approximately 
80%). Mist was created by ultrasonic humidifiers. The constant mist tank 
had a total of 2 liters of water delivered as continuous mist each day from 
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6am to 6pm for chrysalises and 6pm to 6am for caterpillars (who feed at 
night). The intermediate tank received the same amount of water at the same 
time, but only every three days. Dry tanks had no mist. A timer was used to 
turn tanks on and off. Additionally, to ensure containment of both butterflies 
and caterpillars a lid was made out of cardboard and sealed with Duct Tape 
for each tank. To allow the mist to enter the sealed off tanks, a hole was cut 
in each lid that fit a tube inside. The tubes were connected to the humidifiers 
using Duct Tape.  

In three chambers, 201 caterpillars collected from Zingerberales 
plants in the Selvatura butterfly garden were divided by size:  tiny, small, 
medium, and large. Caterpillars were measured initially before being put 
into their designated tank atop fresh, young Musa acuminata leaves whose 
petioles rested in bottles filled halfway with water. Leaves were changed 
when needed, which varied from every week at first to every few days once 
the caterpillars started to get bigger. Caterpillars were measured a total of 
five times throughout the three week time frame of the experiment. A digital 
caliper was used to measure each caterpillar’s total length and caterpillars 
were counted each day of measurement.  

Chrysalises were purchased from Mariposario Blue Morpho. 24 
chrysalises were placed in each chamber type and pinned onto a tilted 
Styrofoam board.  The tilted angle guarantee butterflies a proper chance in 
the tanks with mist that builds up water over time, a platform made of 1 x 
1mm. metal hardware cloth was fitted to the floor of each tank. Once 
butterflies emerged from their chrysalises and had fully dry wings, they were 
weighed (Fig. 4a.) and forewing span was measured.  Sex was determined 
by examining the abdomen. If there was a red bald spot on the abdomen the 
butterfly was male. The females had no hairless areas. Once the butterflies 
were measured, they were put into a butterfly net that hung inside the 
greenhouse (Fig. 4b.). Eventually, they were released into the butterfly 
garden of the Ranario Frog Pond.  

FIGURE 1. Development stages of Morpho peleides.1a. depicts the 
larval phase as a caterpillar with several instars. 1b. shows a fully grown 
Caligo memnon. 1c. depicts several chrysalises as well as a newly emerged 
butterfly drying its wings (note the metal mesh bottom of the tank).  

                                                                                                                                                   1b. 
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1a.  
            https://commons.wikimedia.org/wiki/File:Caligo_memnon_larva_002.JPG 

 

1c.  
FIGURE 2. 2a shows three tanks representing constant mist (far left), 
intermediate mist (middle), and no mist (far right). When these chrysalises 
arrived they were 3 days old. These tanks will replicate climate change with 
different myth frequencies dispersed evenly throughout them. 
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2a. 
 

 

 

 

 

 

 

FIGURE 3. Caligo memnon caterpillars after being placed on young Musa 
acuminate leaves for the first time. 3a. depicts the tank setup, although once 
treatment started after letting the caterpillars rest for 2 days, cardboard tops 
and humidifiers were placed on top of the three tanks like with the 
chrysalises.    
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 3a. 

 

 

 

 

 

FIGURE 3. 4a. depicts what the butterflies were put in in order to be 
properly weighed. The bag was weighed separately and subtracted from the 
final measurement. 4b. shows the net that the butterflies were put in after 
measurements were taken and they were ready to be taken to the Ranario  
butterfly garden. 
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4a.  

       4b.          

      

 

 

 

RESULTS  

MIST IMPACTS ON CATERPILLAR GROWTH AND MORTALITY C. memnon 
caterpillars were significantly impacted by mist for both growth and 
mortality. When time and treatment were compared (Fig. 4) time had the 
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most significant effect on growth (ANCOVA, F=72.58, p<0.0001). More 
mist also meant slower growth (F= 8.066, p=0.0004). However, the large 
caterpillars did not show a treatment effect (post hoc at p < 0.05). As far as 
mortality, there was significance for both time and treatment (Fig.6). 
Number surviving declined overall with time regardless of treatment 
(F=51.65, p<0.0001) but constant mist died more quickly in all caterpillar 
sizes but large (Fig. 5), the mortality of large caterpillars showed to only be 
significantly impacted by day.  

MIST IMPACTS ON EMERGENCE Overall, regardless of treatment all the 
butterflies emerged except for 2, showing a 97.2% total emergence. The 
chrysalises were 3 days old when received, spent 25 day in treatment before 
completely emerging with a total timeframe of 28 days spent in the 
chrysalises. The rate of emersion differed significantly between all three 
tanks (Fig. 4; ANOVA, F=7.608, p =0.00103). Mean emergence day for 
treatments was: constant mist=19.625 +/-	0.604369656 SE., mist every 3 
days=18.875 +/- 1.007782219 SE., no mist=22.917 +/- 0.664625498 SE. 
Scheffe contrasts among pairs of means determined the p-value for each tank 
comparison; constant mist vs mist every 3 days: p=0.794, constant mist vs 
no mist: p=0.015, mist every 3 days vs no mist: p=0.002.Dry chrysalises 
took on average three days longer to emerge than those in the tanks treated 
with mist. 	

For the intermediate tank, a chi-square test was used to see if there 
was a significant impact on emergence in relation to if it was a day with mist 
treatment or a day without. It was proven that with a P value of 0.6650 and 
Chi-square value of 0.188, there was no significance (Table 1). Treatment 
and sex both individually and when tested together showed no significance 
in relation to weight or wingspan of the C. memnon (Fig. 9; ANOVA (two-
way), F= 0.25, p= 90.81%). Effects of sex and treatment on weight: constant 
mist female=1.369g. +/- 0.08275261 SE., mist every 3 days female=1.321g. 
+/- 0.07304511 SE., no mist female= 1.458g. +/- 0.08079348 SE, constant 
mist male= 1.429g. +/- 0.10091952 SE., mist every 3 days male= 1.412g. +/- 
0.09069016 SE., no mist= 1.5645g. +/- 0.07221446 SE.) (Fig. 10; ANOVA 
(two-way), p=91.57%, F=0.25=). Effects of sex and treatment on 
wingspan: constant mist female=68.53mm. +/- 1.13796744 SE., mist every 3 
days female=69.96mm. +/- 1.20645772 SE., no mist female= 67.51mm. +/- 
1.16111111 SE, constant mist male= 66.85mm. +/- 1.34966468 SE., mist 
every 3 days male= 65.71mm. +/- 1.49001431 SE., no mist= 68.09mm. +/- 
1.61736972 SE.) 	
Although there were slight effects of mist on quality of the butterfly it was 
overall not significant because the other tanks also experienced similar 
quality (Fig. 11; ANOVA, F=1.69901, p =0.19042). Quality based on a 3 
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score rating system=2.208 +/-	0.13431478 SE., mist every 3 days=2.583 +/- 
0.14641447 SE., no mist=2.5 +/- 0.17025131SE.). 
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FIGURE 4. Length of Caligo Memnon caterpillars over the 22 day 
study within three moisture conditions, no mist, mist every 3 days, 
and constant mist. Each caterpillar’s length was measured for four 
size groups: tiny, small, medium, and large. Total sample size for 
each size includes: tiny=96, small=63, medium=21, large=21 all 
split evenly between tanks. Dry treatment was shown to have 
positive effects on growth in length. Trend lines represent average 
growth per treatment. 
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FIGURE 5. Caligo memnon caterpillar survival was determined 
using the rate of mortality over a 22 day span. Each size was tested 
separately.  
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FIGURE 6. Emergence was determined by comparing the mean 
emergence day for each of the three treatments. Mean emergence 
day for treatments was determined using ANOVA (one-way) test: 
constant mist=19.625, mist every 3 days=18.875, no mist=22.917. 
Scheffe contrasts among pairs of means determined the p-value for 
each tank comparison; constant mist vs mist every 3 days: 
p=0.794, constant mist vs no mist: p=0.015, mist every 3 days vs 
no mist: p=0.002.  

TABLE 1. A Chi-square test was ran to determine if there was 
significance between emergence on days with mist and days with 
out for the intermediate tank. Chi squared=0.188 with 1 degrees of 
freedom, p=0.665.  

Row	#	 Category	 Observed	 Expected	#	 Expected	

1	 Mist	 7	 8	 33.33%	

2	 No	Mist	 17	 16	 66.67%	
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FIGURE 7. Impact of treatment on quality was determined by 
running an ANOVA (one-way). Between groups, P=0.19042. This 
data test depicts whether or not there is a direct influence over 
quality due to mist levels. Butterflies in perfect conditions received 
a 3/3 rating. Whereas, a butterfly that is unable to fly or did not 
emerge properly would get a 1/3 rating. In the middle of these two 
ratings holding a 2/3 were typically butterflies with wrinkled or 
tattered wings. 

 

 

 

FIGURE 8. Analysis of Variance (two-way), showing influence of 
sex and treatment over weight. ANOVA was used to determine 
significance: p-level=90.81%, F=0.25. This data test depicts 
whether or not there is a direct influence over weight due to mist 
levels. 
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FIGURE 9. Analysis of Variance (two-way), showing influence of 
sex and treatment over length of wingspan. ANOVA was used to 
determine significance: p-level=91.57%, F=0.25. This data test 
depicts whether or not there is a direct influence over size due to 
mist levels. 

 

DISCUSSION  

Environments without mist are required for Caligo memnon caterpillars to 
develop properly, at least at younger instars. The mist not only prolongs 
caterpillar growth, but also causes higher mortality. One reason why the 
caterpillars might do better in drier environments might be because there is 
probably no water build-up on the leaves. When that many caterpillars share 
the same leaf, some do not find their way to the underside of the plant like 
they should, so instead of being sheltered from the mist they drown in the 
water collecting on the leaf. I think even solitary caterpillars move up and 
down. When we were collecting caterpillars I found them on the upper and 
undersides of leaves, even the small ones. The eggs are also laid on the top 
of the leaves so the newly hatched caterpillars start on top. For the 
caterpillars, mist ran from 6pm to 6am when the caterpillars are active and 
eating. The caterpillars could have sensed the mist and avoided going to the 
edge of the leaf, where they eat due to fear of getting stuck in the water. 
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Caterpillars require lots of food to grow. Therefore, if they eat less their 
development will not be as efficient.  

Butterfly emergence was only affected in the form of time due to mist, 
there were no significant results found for quality, wingspan, or weight. 
However, like stated previously, there was a difference in the time of 
emergence. The constant mist tank and the intermediate tank had earlier 
emergence. Oxygen absorption through the chrysalis could have been 
reduced due to moisture buildup (Scott 1986). This oxygen block could have 
caused the butterflies to emerge faster in order to evade suffocation. 
(Holmes et al. 2013).  

Garza (2013) did a similar study for the Blue Morpho butterfly 
Morpho peleides.  Her data were similar but showed caterpillar mortality 
was unaltered by mist. Morpho peleides is common at this altitude, going up 
to 1800 m (DeVries 1987), well within Cloud Forest, so it is perhaps not 
surprising that caterpillars had no problem with mist.  Still, her results show 
that mist is not a universal problem for caterpillars.   

Because of caterpillar mortality, C. memnon would not be able to 
sustain a healthy population in an area of high mist, such as the Cloud 
Forest. Mist caps the elevational range of C. memnon. As climate change 
continues to move mist upward, higher in elevation, this could expand the 
elevational range of C. memnon. However, this change in elevational range 
could also impact other species, ultimately changing the tropical food webs 
due to the introduction of new species like the C. memnon and others like it 
(Kricher 2011).  
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Ethanol consumption compromises anti-
predatory behavior in the Owl Butterfly (Caligo 
memnon) 
Emily Ellison 
Department of Environmental Science, Ramapo College of New Jersey 

 
ABSTRACT 
 
Many tropical butterflies feed on rotting fruit, which contains up to 4.5% ethanol. This 
study determines if the owl butterfly Caligo memnon feeding on varying concentrations 
of ethanol compromise their predator escape behavior. In the butterfly enclosure of the 
Monteverde Frog Pond (Ranario) in Monteverde, Costa Rica, two trials were conducted. 
Butterflies were allowed to feed for as long as they desired with no disturbance on 0, 0.5, 
1, 2 and 3% ethanol in commercial mango nectar. The second, butterflies were fed for ten 
minute on these solutions. After feeding, a sound of 4 kHz noise similar to a predatory 
bird call or a series of finger pokes would make the butterfly leave the feeding station.  
Subsequent flight times, distance, and flight pattern observations were recorded for both 
trials. There was a significant increase in the number of pokes needed to make a butterfly 
leave the feeding station as ethanol concentrations rose. Average number of pokes and 
standard error for pokes in the first trial were 2.7±0.47, 5.8±0.95, 12.5±1.21, 31.1±4.02, 
45.9±5.91 for the previously mentioned concentrations. Average number of pokes for the 
second trial were 5±1.87, 4.9±1.17, 6±1.43, 14±1.19, 9.7±1.52, as ethanol concentrations 
increased from 0% to 3%, but here, maximum number of pokes was 15, after which the 
trial was terminated. This suggests that intoxication levels lower reaction time, which 
also impacts fitness in predator escape for Caligo memnon butterflies. There was a 
significant difference in flight times as the ethanol concentrations rose, the average flight 
time and standard error were 5±1.87, 4.9±1.17, 6±1.43, 14±1.19, 9.7±1.52. Flight pattern 
became circular rather than straight as ethanol concentrations increased. The study shows 
that intoxication decreases reaction time and disorients the butterflies after feeding.  
Despite this, C. memnon fed on high ethanol concentrations for long periods of time.   
 
RESUMEN 
 
Muchas mariposas tropicales se alimentan de frutos podridos, los cuales contienen hasta 
un 4.5% de etanol.  Este estudio determina si la mariposa buho Caligo memnon al 
alimentarse en varias concentraciones de alcohol compromete su comportamiento de 
escape de depredadores.  En un mariposario en el Ranario de Monteverde, Costa Rica, 
dos experimentos se condujeron. Se les permitió a las mariposas alimentarse por el 
tiempo que ellas quisieran sin ningún disturbio en etanol al 0, 0.5, 1, 2, y 3% en néctar 
comercial de mango.  El segundo, las mariposas se alimentaron por diez minutos en esas 
mismas soluciones.  Después de alimentarse, un sonido de 4 KHz (similar a un ave 
depredadora) o una serie de toques con el dedo harán a la mariposa dejar las estaciones de 
alimentación.  Subsecuentemente el tiempo de vuelo, distancia, y patrón de vuelo se 
observaron y midieron para ambos tratamientos.  Existe un aumento significativo en el 
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número de toques necesarios para hacer que la mariposa deje la estación de alimentación 
al aumentar la concentración de etanol.  El promedio de número de toques y el error 
estándar de toques en el primer tratamiento son de 2.7±0.47, 5.8±0.95, 12.5±1.21, 
31.1±4.02, 45.9±5.91 para las concentraciones mencionadas anteriormente.  El promedio 
de toques para el segundo tratamiento son de 5±1.87, 4.9±1.17, 6±1.43, 14±1.19, 
9.7±1.52, al aumentar las concentraciones de etanol de 0% a 3%, pero aquí, el número 
máximo de toques fue de 15 después de los cuales se dió por terminado el 
tratamiento.  Esto sugiere que los niveles de intoxicación, bajos tiempos de reacción, los 
cuales también afectan el éxito en el escape de depredadores por las mariposas Caligo 
memnon. Existe una diferencia significativa en el tiempo de vuelo  al aumentar las 
concentraciones de etanol, el tiemopo promedio de vuelo y el error estándar fueron de 
5±1.87, 4.9±1.17, 6±1.43, 14±1.19, 9.7±1.52. El patron de vuelo se volvió circular más 
que derecho al aumentar las concentraciones de etanol.  En general, el estudio muestra 
que la intoxicación disminuye el tiempo de reacción y desorienta a las mariposas después 
de alimentarse. A pesar de esto, C. memnon se alimenta en altas concentraciones de 
etanol por largos periodos de tiempo. 
 
INTRODUCTION 
  
In the tropics, many butterflies are fruit feeding (DeVries 1988). Fruit-feeding butterflies 
are attracted to the juices of rotting fruit or tree sap (Molleman et al. 2004). In Costa 
Rican forests several butterfly species feeding on rotting fruit have conspicuous eyespots 
on the ventral wing surface (Young 1979). Butterflies may feed on rotting fruits because 
there are large amounts available, for at least several months.  However, some appear 
intoxicated while feeding on the fruits (Young 1979), which naturally produce ethanol as 
they rot (Gomez 1977). These fallen fruits contain ethanol ranging from 0.6% up to 4.5% 
(Young 1985).  

Not all frugivorous animal species show effects of intoxication with fermented 
fruits, however.  Some Phyllostomid bats can consume fermenting fruits with no decline 
in performance (Orbach et al. 2010). Butterfly intoxicated behavior, though, may impact 
antipredator performance. Adult Morpho peleides found at rotting banana-feeding baits 
with swollen abdomens were unable [or willing] to fly away when disrupted (Young 
1975). This anecdotal evidence suggests that ethanol might be compromising predator 
escape.  

The owl butterfly Caligo memnon, has several adaptations attributed to predation 
avoidance. C. memnon has a Vogel’s organ, a membrane on the ventral surface of the 
forewing sensitive to sound. The organs have the capacity to hear, eliciting neuronal 
activity between 1-4 kHz (Lucas et al. 2014). The jacamar (Galbula ruficauda) has a low 
frequency call around 2-5 kHz and is a frequent butterfly predator (Mikhail 2014). The 
butterflies also have cryptic coloration on the ventral side of their wings to mimic the 
appearance of an owl eye (Young 1971) and brightly colored, iridescent wings, which 
can stun their predators briefly when flashed (DeVries 1987). Their flight can be rapid 
and sporadic (Ambrose and Raj 2005).  They are known for flying quickly and then 
effectively disappearing as they land on a trunk and close their cryptic wings (Young 
1979). The butterfly Blue Morpho (Morpho peleides) is similar to the Caligo memnon in 
its feeding preferences and possession of a Vogel’s organ (Heitzman 2016). A study 
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shows a similar result of intoxication. The results show trends that mean flight time 
decreases  (Heitzman 2016).  

C. memnon in the wild feeds nearly exclusively on fallen fruit (Young 1985). My 
goal is to study the escape behavior in the butterflies when ethanol has been consumed. 
Using a variety of concentrations, I would like to see if ethanol hinders or helps the 
escape behavior in these butterflies. I believe the butterflies will be more likely to be 
preyed on because of the effects of disorientation and slower reaction time (Young 1979). 
 
METHODS 
 
Study Site 
My experiment took place in the butterfly garden of the Monteverde Frog Pond 
(Ranario), in Costa Rica. The garden was exposed to the Tropical Premontane Wet Forest 
conditions of Monteverde. I studied there from April to May of 2017. The garden held 
many different species of butterflies including Caligo memnon, Morpho peleides, Danaus 
plexippus, and more. The space was enclosed in a metal mesh area; the walls and ceiling 
were open to ambient conditions outside, which was forest. Inside the garden, there was 
rotting fruit left out for the butterflies on feeding stations at all times. The fruit provided 
by garden staff varied depending on the availability in the market, but usually was 
fermenting bananas (Musa acuminata) or mangos (Mangifera indica). This rotting fruit 
contained generally 2.36% alcohol (Omura and Honda 2003). Approximately ten 
butterflies per day were put into a mesh cage for testing at 5PM.  The following morning, 
these were used to ensure they were hungry and sober.  

The area where I would feed the butterflies was in a shady spot. I used five 
feeding stations a meter apart, 0.91 meters off the ground. Each feeding station contained 
a petri dish with a sponge of the following ethanol concentrations: 0%, 0.5%, 1%, 2%, 
and 3% (Figure 1). Mango nectar solutions were made using the ethanol, since the 
butterflies were familiar with the flavor. I would put 20 mL of mango nectar with ethanol 
on a 3x3x1 cm saturated sponge. The sponge was used to simulate a piece of fruit for 
easy consumption. 
 
Feeding Procedure 

Removing a butterfly from the cage I would mark the abdomen with a paint pen, 
to differentiate the butterfly if I needed to conduct additional observations. I would take 
the sex of the butterfly by pulling back the wing and seeing if there was a red bare patch 
on the abdomen (male). I would place the butterfly on the saturated sponge and hold them 
there until the proboscis uncoiled and made contact with the sponge. Most individuals 
would immediately begin to uncoil the proboscis and begin feeding, but if they did not I 
would use a paper clip with a drip of the solution on it to initiate feeding.  

For the first trials I would allow the butterfly to feed until the individual decided 
to leave the sponge, noting observations of time feeding, flight pattern, and distance. I 
would then find the butterfly in the garden, and poke their abdomen until they moved. I 
used ten butterflies for each of the five concentrations.   
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Figure 1. Caligo memnon butterfly feeding on 1% solution during a trial. This butterfly 
was allowed a ten minute feeding session before being disturbed by 4 kHz noise or poke. 
(Left) Caligo memnon butterfly with wings spread, showing its brightly colored 
iridescent wings, which can stun predators. (Right) 
 
Flight Test Procedure 

For the second trial, I used a similar method of feeding. I would still take the 
caged butterflies, mark them with paint pens, sex them, and begin by uncoiling their 
proboscis on the sponge. Instead of letting them feed until they wanted to leave, I would 
allow them to feed for ten minutes. After feeding, I would play a 4 kHz (Lucas et al. 
2009) tone obtained from a Tone Generator app played on a speaker to simulate a 
predator call. The type of speaker is a X-mini, model: XAM18, 91.9 decibels, played 
from a distance of ten centimeters. I would play this tone for one minute, recording the 
observations and if the sound was enough to create a flight response. After one minute if 
the butterfly did not move, or just merely seemed agitated, I would begin disturbing 
them. These disturbances came from me poking near their abdomen and recording the 
response of each poke. Most times, the pokes would be enough to make them fly. If they 
still stayed feeding after fifteen pokes, I would remove them from the feeding sponge and 
release them in a constant spot. For all butterflies I counted number of pokes, flight time, 
and distance of flight. I also noted flight quality as directed or disoriented.   
 
RESULTS 
 
Impairment after feeding as long as desired 
 
The number of pokes required for butterflies allowed feeding ad libitum to fly from the 
feeding platform increased significantly with ethanol concentration (One Way ANOVA, 
F=31.47, df=49, p<.0001). The average number of pokes and standard error for 0 to 3 
percent were as follows, 2.7±0.47, 5.8±0.95, 12.5±1.21, 31.1±4.02, 45.9±5.91 (Figure 2). 
There was a significant difference between mostly all the concentrations (Fisher LSD, 
p<.001). The only concentrations that did not have a statistically significant difference 
were 0% and 0.5% (Fisher LSD, p=50) and, 0% and 1% (Fisher LSD, p=4%), and 0.5% 
and 1% (Fisher LSD, p=34). 
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Figure 2. Number of pokes, intended to disturb fifty Caligo memnon butterflies after 
feeding on various concentrations of ethanol. The butterflies were not disturbed when 
feeding, so the fed as long as they desired. After the butterflies flew off the feeding 
sponge, they would be found within the garden and disturbed by me poking them. The 
trials were done in an open butterfly garden in the Tropical Premontane Wet Forest of 
Monteverde, Costa Rica. A statistical increase in number of pokes was observed as 
intoxication levels increased from the ethanol concentrations (One Way ANOVA, 
F=31.47, df=49, p<.0001). Error bars represent standard error and different letters show 
statistical difference between concentrations. 
 

A significant difference was found between flight time after feeding between the 
concentrations (One way ANOVA, F=26.7, df=49, p<0.0001). The average number 
seconds flown and standard errors for the 0 to 3 percent ethanol were as follows, 
14.3±1.02, 11.2±1.38, 8.6±0.64, 5.2±0.36, 3.5±0.34 (Figure 3). The longest flight time 
was ranked as 1, with the least number being ranked as 5, notable decrease in flight time.  
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Figure 3. Number of seconds in flight of Caligo memnon butterflies after feeding on 
various concentrations of ethanol. The butterflies were not disturbed when feeding, so the 
fed as long as they desired. After the butterflies flew off the feeding sponge, they would 
be found within the garden and disturbed by me poking them. The trials were done in an 
open butterfly garden in the Tropical Premontane Wet Forest of Monteverde, Costa Rica. 
A statistical increase in number of pokes was observed as intoxication levels increased 
from the ethanol concentrations (One Way ANOVA, F=26.7, df=49, p<.0001). Error bars 
represent standard error. 
 

Ethanol concentration did not change the duration of feeding (Two Way ANOVA, 
F=0.14, df=4, p=96.5; Figure 4). Likewise, males and females did not differ (Two Way 
ANOVA, F=1.5, df=4, p=22.1).   Illustrate trends using means and standard errors. 
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Figure 4. The time feeding in minutes on fifty Caligo memnon after feeding on various 
concentrations, the butterflies were not disturbed and were allowed to feed for as long as 
they desired. They were then found around the garden and observations of behavior were 
recorded. There was a nonsignificant trend between the amount of time fed for each 
concentration (Two Way ANOVA, F=0.14, df=4, p=96.5). The comparisons between 
sexes were also noted and found to be nonsignificant (Two Way ANOVA, F=1.5, df=4, 
p=22.1). Error bars represent standard error. 
 
Impairment after feeding for ten minutes 
 
Flight times (seconds) did not change with ethanol concentration consumed by butterflies 
(One Way ANOVA, F=2.12, df=50, p=0.09). The mean flight times and standard errors 
for 0 to 3 percent were as follows, 8.09±1.19, 6±0.56, 8.36±1.48, 4.89±0.68, 5.8±0.76 
(Figure 5). Differences in flight pattern may have affected the result. The difference 
between 0%, 0.5%, and 1% in flight pattern is the straight, glide like pattern of flight. 2% 
and 3% exhibited rapid wing movement and circular flight pattern. 
 

 
Figure 5. Time in flight of fifty disturbed Caligo memnon butterflies after feeding on 
various concentrations of ethanol for ten minutes. The butterflies were disturbed during 
feeding by noise of 4 kHz or from a series of being poked. The trials were done in an 
open butterfly garden in the Tropical Premontane Wet Forest of Monteverde, Costa Rica. 
A non significant trend appears in time in flight as intoxication levels increased from the 
ethanol concentrations (One Way ANOVA, F=2.12, df=50, p=0.09). Error bars represent 
standard error. 
 
 A significant difference was found between number of pokes inflicted on the 
butterflies showed between the concentrations (One way ANOVA, F=6.49, df=50, 
p<.0001) here, as well. Trial three allowed the butterflies to be disturbed after ten minutes 
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of feeding, they were then poked if the individual did not fly away during a 4 kHz noise 
(nine out of fifty flew with noise) The average number of pokes and standard errors for 
the 0 to 3 percent ethanol were as follows, 5±1.87, 4.9±1.17, 6±1.43, 14±1.19, 9.7±1.52 
(Figure 6). The highest number of pokes was ranked as 1, with the least number being 
ranked as 5. Generally, as there is an increase in ethanol concentration, more disturbance 
pokes are necessary to insight flight. The control 0%, 0.5%, and 1% concentration 
differed with the 2% concentration significantly (Fisher LSD, p<0.05). The number of 
pokes in 0%, 0.5%, 1%, and 3% were significantly the same. 
 

 

Figure 6. Number of pokes, intended to disturb fifty Caligo memnon butterflies while 
feeding on various concentrations of ethanol. The butterflies were poked while feeding, if 
they did not move from the sponge from playing a 4 kHz noise. After the butterflies flew 
off the feeding sponge, their number of pokes, distance, flight time, along with additional 
observations would be recorded. The trials were done in an open butterfly garden in the 
Tropical Premontane Wet Forest of Monteverde, Costa Rica. Generally, a statistical 
increase in number of pokes was observed as intoxication levels increased from the 
ethanol concentrations (One Way ANOVA, F=6.49, df=50, p<0.0001). Error bars 
represent standard error and different letters represent statistical difference between 
concentrations. 
 
 A significant difference was found between distance flew after feeding between 
the concentrations (One way ANOVA, F=2.89, df=50, p<0.05). The average number of 
pokes and standard errors for the 0 to 3 percent ethanol were as follows, 2.31±0.39, 
1.36±0.22, 1.34±0.24, 1.10±0.20, 1.86±0.32 (Figure 7). The longest flight time was 
ranked as 1, with the least number being ranked as 5. Generally, as there is an increase in 
ethanol concentration, the flight distance is less far. The control 0% and 2% was 
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significantly different (Fisher LSD, p<0.05). Concentrations 0.5% and 2% are 
significantly different as well (Fisher LSD, p<0.05%). 1% and 2% (Fisher LSD, p<0.05). 
 

 
Figure 7.  Distance flew (m) after disturbing fifty Caligo memnon butterflies while 
feeding on various concentrations of ethanol. The butterflies were poked while feeding, if 
they did not move from the sponge from playing a 4 kHz noise. After the butterflies flew 
off the feeding sponge, their number of pokes, distance, flight time, along with additional 
observations would be recorded. The trials were done in an open butterfly garden in the 
Tropical Premontane Wet Forest of Monteverde, Costa Rica. Generally, a statistical 
decrease flight distance was observed as intoxication levels increased from the ethanol 
concentrations (One Way ANOVA, F=2.89, df=50, p<0.05). Error bars represent 
standard error and different letters represent statistical difference between concentrations. 
 
 A significant difference was found between individuals that reacted to the 4kHz 
noise and those that did not react (Fisher Exact Test, p<.0001). From 0% respectively to 
3% there is a significant decrease in reactions displayed. There was a non-significant 
trend observed with the butterflies that in fact flew off the sponge (Fisher Exact Test, 
p=0.700). Four out of ten 0% concentration feeders flew off of the sponge from the 4 kHz 
noise, one out of ten 3% concentration feeders flew off.  
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Figure 8.  Reaction or no reaction of fifty Caligo memnon butterflies (10 of each 
concentration) while feeding on various concentrations of ethanol. The reactions were 
noted after playing a 4 kHz noise. After the butterflies flew off the feeding sponge, their 
number of pokes, distance, flight time, along with additional observations would be 
recorded. The trials were done in an open butterfly garden in the Tropical Premontane 
Wet Forest of Monteverde, Costa Rica. Generally, a statistical decrease of reaction was 
observed as intoxication levels increased from the ethanol concentrations (Fisher Exact 
Test, p<.0001).  
 
  A significant difference was found between individuals that flew straight 
and those that flew in an erratic pattern (Fisher Exact Test, p<.0001). From 0% 
respectively to 3% there is a significant decrease in straight flight and in increase in 
erratic flight displayed. 
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Figure 9.  Erratic or straight flight pattern of 100 Caligo memnon butterflies (20 of each 
concentration) after feeding on various concentrations of ethanol. These are a culmination 
of both trials. After the butterflies flew off the feeding sponge, their number of pokes, 
distance, flight time, along with additional observations would be recorded. The trials 
were done in an open butterfly garden in the Tropical Premontane Wet Forest of 
Monteverde, Costa Rica. Generally, a statistical decrease of straight flight was observed 
and an increase of erratic flight as intoxication levels increased from the ethanol 
concentrations (Fisher Exact Test, p<.0001). 
 
Additional Behaviors 
 Butterflies feeding on higher ethanol concentrations tended to have circular flight 
patterns, and perch up high on poles or trees. The circular patterns would normally be 
very erratic and near the food source, not going very far beyond the food source. The 0% 
and 0.5% tended to fly straight and steady, away from the feeding station and to a lower 
perch. Their flight pattern would be an almost carefree glide. 
 Butterflies drinking the higher concentration tended to flap their wings open and 
closed, while the lower concentration would tend to keep their wings closed during 
feeding. During the sound trials it was noted that butterflies with higher concentrations 
would be unphased by the 4 kHz noise, and continue probing without hesitation. 0.5% 
and 1% would usually stop probing with their proboscis, or shake, sometimes they would 
even move away from the noise a centimeter or two on the sponge. The flight with the 
sound test was not statistically significant (p=0.9) but there were observational trends 
especially with their reaction to the noise. Butterflies would sometimes release liquid 
from their abdomen when agitated. 
 
DISCUSSION 
 
There is a marked difference in behavior for Caligo memnon butterflies that consume 
higher concentrations of ethanol. At higher ethanol, butterflies could be poked up to 60 
times before finally flying away, while butterflies feeding on 0% mango flew after just 
one or two pokes. With each concentration, number of pokes to flight increased, 
indicating reaction time slowed. This might be countered if butterflies feed for a shorter 
time on high ethanol fruits. However, when able to feed for as long as desired, butterflies 
will feed for around the same time (average of 50 minutes) regardless of concentration, 
which is more than enough time for behavioral changes.  
 Flight time and flight distance generally decreased with concentration, but 
showed an increase at 3%. Though there is a trend with butterflies able to feed as long as 
they desired becoming drunk, when timed the 3% showed a small dip lower than the 2% 
in level of intoxication during this trial. The butterflies may be able to notice the alcohol 
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and be able to make the decision to drink more slowly, or may even become so “drunk” 
they forget to keep drinking even though their proboscis is in contact with the fruit.  

Flight distance was highly variable between the concentrations, but flight became 
more erratic with increasing ethanol concentration.  The butterflies that drank 2% and 3% 
would fly in an erratic circular pattern. This erratic circling would normally not occur too 
far from the feeding station, sometimes even over my head. Occasionally when I would 
disturb them with pokes they would fly back at me, and land on my shirt or hat. Also, I 
would poke some butterflies that fed 2 or 3% over fifteen times with no reaction and have 
to pick up off the sponge and force them to fly, at which time they showed this circular 
flight. The circular pattern is likely a result of intoxicated, they try to fly straight end up 
in circles making them more prone to predation. The more intoxicated butterflies would 
release liquids from their abdomen once agitated, probably to purge as much liquid as 
they could for escape (Young 1979). Butterflies that drank 0% or 0.5% would glide in 
their flight; they were not as rapid in their wing movements. These individuals were able 
to take their flight in a more “carefree” way, rather than the inconsistent flapping of the 
higher concentration butterflies. 
 During the sound trials, the 0% and 0.5% were the highest to flee from just the 4 
kHz sound. All ten butterflies studied under each concentrations (fifty in total), if they did 
not flee (nine flew), reacted by ceasing to feed, shaking intensely, or moving over on the 
sponge one or two centimeters. This movement could be the butterflies’ way of showing 
off their owl eye to scare the predator. The butterflies that had higher concentrations 2% 
or 3% were generally unfazed by the sound and would continue probing. The data 
showed a significant trend in reaction to noise yet no statistical significance in flight by 
noise. It is important to note the behaviors observed from these sound trials, and how the 
lack of movement at higher concentration can impact their fitness negatively. 
 My study has shown that there is an effect on flight pattern, behavior, and reaction 
time to ethanol consumption. The ability to escape in Caligo memnon after feeding on 
rotten fruit is lowered, and thus impacts their fitness. There have been observations of 
even birds and mammals feeding on rotting fruits, which rendered them more likely to be 
captured by predators (Janzen 1977). I believe that increased alcohol consumption does 
disorient and slow reaction time (Krull et al. 1993) but does not necessarily decrease 
mobility as Krull et al., also described (2010). My findings show that mobility was 
increased and more rapid in pattern, shown by circular flight patterns and rapid wing 
movements. Over all, Caligo memnon butterflies do not have adaptations that allow them 
to tolerate the effects of ethanol, such as Phyllostomid bats (Orbach 2010). Heitzman 
found that mean flight times decreased, I only experienced this for trial one, and there 
was an insignificant trend for trial two (2016). They do have adaptations to avoid 
predation such as their Owl Eye cryptic coloration, but the more intoxicated butterflies 
would tend to flap their wings open and closed, unlike the less intoxicated butterflies that 
would keep their wings shut during feeding. Based on this study, their adaptations of 
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cryptic coloration and hearing do not aid C. memnon in having sober enough behavior 
needed for predator escape when they are drinking high ethanol concentrations. 
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ABSTRACT  
 
Some animals defend territories to protect important resources. Neighbor-stranger discrimination (NSD) is the 
difference in behavioral response between a stranger, territory, intruder and a familiar, neighbor, intruder. The ‘dear 
enemy’ effect occurs when territorial species react more aggressively towards stranger intruder in relation to 
neighbor. This study looks at long-tailed manakin’s (Chiroxiphia linearis) response to simulated, potential, territory 
intrusions using playbacks of neighbor and stranger leks. The number of each of the thirteen different call types that 
long-tailed manakins produced during the playbacks, were to determine discrimination to playback type. Eleven out 
of the thirteen call types were detected. The rate of toledo call responses during stranger playbacks was higher (63.1 
+/- 17.9), than in neighbor playbacks (31.9 +/- 19.1). Buzz-went calls that signal dominance between alpha-beta, 
male, were only detected during stranger playbacks. The other ten call types showed no significant difference 
between leks of neighbors and strangers. Lek arenas of long-tailed manakins had stronger responses towards 
stranger toledo calls, that suggests that C. linearis may pose individuals from stranger leks, as a greater threat.  
 
RESUMEN  
 
Algunos animales defienden sus territorios para proteger importantes recursos. La discriminación entre vecino-
extraño (NSD por sus siglas en ingles) es la diferencia entre la respuesta del comportamiento de un intruso, extraño, 
territorio con un intruso y familiar vecino. El efecto ‘querido-enemigo’ ocurre cuando especies territoriales 
reaccionan de forma más agresiva ante un intruso, extraño en relación con un vecino. Este estudio se enfocó en las 
respuestas del toledo saltarín (Chiroxiphia linearis) durante simulaciones de potenciales intrusiones en 
sus territorios, usando "playback" de leks vecinos y extraños. La cantidad de los trece diferente tipos de cantos que 
producieron los toledos saltarines durante los playback, fueron determinados por discriminación del tipo de 
"playback". Once de los trece cantos fueron detectados. Los respuestas de cantos toledo durante "playbacks"  
de extraños fue mayor (63.1 +/- 17.9) que el playback de un vecino (31.9 +/- 19.1). Los cantos de buzz-went son 
señales de dominio entre machos, alfa-beta, y solo fueron detectados durante playbacks de extraños. Los otro diez 
tipos de cantos no mostraron diferencias entre leks de vecinos y extraños. Las arenas de los leks del toledo saltarín 
tienen una respuesta mayor al canto Toledo de extraños, lo que sugiere que C. linearis pueden tomar individuos de 
leks extraños, como una amenaza mayor.    
 
INTRODUCTION 
 
Determining territories among species is important for the survival and fitness of a species when 
considering the importance of resources. Animals may protect a spatial area through signals and 
behaviors that act as cues to avoid competition from surrounding threats (Giuggioli et al. 2011).  
A distinct behavior seen in some species is neighbor-stranger discrimination (NSD), when a 
species reacts differently towards an encounter with a neighbor versus a stranger, conspecific 
intruder in their territory (Lovell and Lein 2004). NSD in territorial animals can result in strong 
display responses towards strangers as opposed to a neighbor (Mackin 2005). The level of threat 
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is expected to be different between intruder neighbors and strangers because adjacent, stable 
neighbors compete for mates, while strangers may compete for both mates and territory (Müller 
and Manser 2007). This produces less aggressive responses to a neighbor trespassing the 
territorial boundaries of a territory holder, as opposed to the intrusions of a stranger that can 
present a greater threat of unknown danger (Temeles 1994). 

Territorial birds recognize neighbors from learned vocalizations and locations of 
individuals, and react accordingly to territorial intrusions (Mackin 2005, Temeles 1994). The 
‘dear enemy’ effect has been demonstrated in many species of territorial birds (Temeles 1994). 
For instance, the Audbon’s shearwater Puffinus l. lherminieri respond with more phrases towards 
acoustic simulated territorial intrusions (playbacks) of stranger than to those of neighbors 
(Mackin 2005). The ‘dear enemy’ effect is expected to occur more often in species that hold 
multi-purpose that include breeding purposes (Temeles 1994). Species that aggregate for 
courtship display, known as leks, constitute a good test to the ‘dear enemy’ effect hypothesis, 
because different individuals hold a territory exclusively for breeding purposes (Zuk 1996). Very 
few studies have tested the dear enemy effect in lekking species. In the only specific test of the 
hypothesis conducted on a lekking species, to my knowledge, is Mionectes oleaginous, which 
consistently elicited a stronger response to stranger playbacks for solitary males near leks 
(Westcott 1997). Indirect evidence suggests that the ‘dear enemy’ effect may also occur in long-
tailed manakins (Maynard et al. 2012). 

Long-tailed manakins (Chiroxiphia linearis) are residents of Neotropical forests with a 
distribution that ranges from Southern Mexico to Costa Rica. In Monteverde, the breeding 
season goes from the end of January to the end of July or August. Females begin to reproduce 
after one year of hatching, while males mate after ten years as the alpha male at a lek site 
(McDonald 2010). Males require three to four years to gain mature plumage colors, once they 
are adults they have black, plumage on their body, with a red-crown and sky-blue back (Stiles 
and Skutch 1989). In long-tailed manakins, sexual selection is determined by the social structure 
of males in lek arenas. A lek can vary from 3-15 males with a queue of dominance (Trainer et al. 
2002, McDonald 2010). The alpha usually stays at one lek, while juveniles move between 
multiple leks until they rise in social status (McDonald 2010). Lek arenas are, usually, visually 
isolated from one another with distances between each lek arena area being 75 m, to as close as 
25 m from each other (Maynard et al. 2012). The alpha-beta pair form a core-relationship for 
displaying purposes that is a coordinated backward leapfrog dance for courtship, that if 
successful almost, always ends with the alpha male copulating with the female (Trainer et al. 
2002, McDonald 2010). McDonald suggests that partners end up together in a lek by the social 
history and patterns of male mortality in different lek groups. So males don’t choose a partner 
immediately, but interact with many partners in different lek groups, that narrows down as they 
get older. This allows them to be at the most favorable queue when a higher-ranking male 
disappears(Trainer et al. 2002). 

The male-male dynamic is important to how successful a lek arena is in the long run for 
C. linearis. Females build a long term assessment of leks from dual-male dance displays, to 
decide which lek she copulates in for that season and for the following years (McDonald 2010). 
Males can show territorial behaviors when protecting a lek for reasons such as taking over the 
alpha male’s position or for the success of a lek arena. Long-tailed manakins have presented 
aggressive behavior towards taxidermic models of males with varying plumage coloration 
(McDonald 1993). Non-alpha males reacted the most towards models as plumage can signal 
status and age of males (Trainer et al. 2002). The presence of another male threatens the system 
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of male-male alliance or linear dominance present at a lek (McDonald 1993). Playbacks of 
wheeoo and the dance call (nyanyownh) resulted in mobbing towards predators or strange male, 
manakins that appear in a lek area, as they pose a threat. Its thought that manakins can 
acknowledge the presence of non-cooperative males and will call attention to that through mob 
calling, wheeoo (Trainer and McDonald 1993). Additionally, Maynard et al. (2012) discovered 
that male’s duet calls had greater variation during interactions with playback simulated rivals 
near display areas. This suggests that C. linearis reacts differently towards a rival or stranger and 
leads to a similar idea of the ‘dear enemy’ effect.  

To specifically test the dear enemy effect in C. linearis, I evaluated if there are 
differences between the 13 call types that long tailed manakins produce (Trainer and McDonald 
1993) during simulated territorial intrusions of neighbor and stranger calls at their leks using 
playbacks. I hypothesize that there will be higher rate of calls towards a playback playing 
‘during-song-bout’ calls, toledo and wit, (Trainer and McDonald 1993) of a stranger lek. 
Stranger leks can perceive a bigger threat to long-tailed manakins as their presence could signal 
establishment of a new lek territory instead, of the expansion of a known, neighbor lek territory.  
 
METHODS 
 
Study Sites 

The study took place from April 8th to May 7th, 2017 on premontane tropical wet forest 
(Holdrige 1966) in Monteverde, Costa Rica. Seven lek arenas were located at three sites: Bajo 
del Tigre a section of the Children’s Eternal Rainforest, the Rachel and Dwight Crandell 
Memorial Reserve and the Monteverde Ecological Sanctuary. Lek arenas were located in dense, 
shady tangles as previously reported for other studies (Stiles and Skutch, 1989). 
 
Territory Mapping 

Lek arenas were determined by visually observing male long-tailed manakins perform a 
courtship display on a dance perch (fig. 1). The distance between different leks in an area were 
approximately 50 m away from each other. Each study site had at least two lek arenas to evaluate 
territorial intrusions between neighbors (fig 2.).  
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FIGURE 1. Primary dance perch located in the Crandell Reserve, on site CR1 (see Fig. 2). A low 
horizontal perch is the focal point of a lek. Dual-male toledo calls attract females on the perch. 
Once the female appears, males conduct a dual-male dance display (McDonald 2010). 
 

 
 

FIGURE 2. Trail maps of the three study sites, (A) Bajo del Tigre, (B) Crandell Reserve, and (C) 
the Ecological Sanctuary in Monteverde, Costa Rica from April-May 2017, with the seven leks 
labeled. Leks were determined by visually observing male, long-tailed manakins dance on a 
display perch. Leks were at least 50 m apart from each other. 
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Playback Recording and Editing 
Using a RØDE NTG2 microphone connected to an iPod, audio recording was collected 

using the PCMRecMKII application at each lek, to record vocalizations without compression. To 
create the playbacks, I chose calls that occur frequently at leks from personal observations and 
calls that attract dual-male calling. I used a combination of waanh, teeamoo, wit, and toledo calls 
that show “positive call associations” by the order I organized the playback. Waanh signals to 
other males that it is in close proximity, teeamoo attracts a male partner to sing a toledo duet, 
wits are a rapid series of calls that are delivered by two partners perched close together in the 
subcanopy immediately preceding from the social interaction of synchronized toledos, that 
attract females (Trainer and McDonald 1993). Playbacks were 100 s long in the order of: 9 s 
silence, 1 waanh, 9 s silence, 1 teeamoo, 9 s silence, 1 waanh, 9 s silence, 1 waanh, 9 s silence, 1 
teeamoo, 9 s silence, 1 teamoo, 9 s silence, 1 waanh, 4 s of wits, 25 s of toledos that were 1.5 s 
apart. The audio files were adjusted in Audacity v2.1.1. to the same volume, pattern of call types, 
and silence in between calls, to remain consistent between leks.  

Playback Experiment 
Playback recordings were loaded onto an iPod that were played through a portable 

speaker, 5-10 m away a dance perch, placed at chest-level on branches. The same microphone 
and recording application were used to record call responses on another iPod. At each lek arena, 
responses towards neighbor and stranger playbacks were recorded from 7:00 – 10:00 A.M. A 
neighbor playback corresponds to vocalizations recorded from a lek that shared a border (i.e. was 
adjacent) to the lek where the experiment was conducted. A stranger playback corresponded to 
vocalizations recorded from a lek found at a different reserve. With the presence of a male at the 
lek arena, playbacks began and I sat 5 m away from the devices to record physical observations 
of long-tailed manakins from a distance. Playbacks of neighbor and stranger calls looped six 
times for a total of ten minutes. Only one playback type was done per day on each lek, with the 
second playback occurring two days afterwards, to allow recovery time from initial response. 
The response recordings during the playback, were reviewed to count the number of the 13 
different call types that long-tailed manakins produce (Trainer and McDonald 1993).  
 
RESULTS 
 
Call Types 

Of the 13 call types produced by C. linearis, the number of toledo calls were significantly 
higher during stranger playbacks (Wilcoxon Sign Rank Test, p = 0.022, V = 0, n = 7; Fig. 3A). 
Teeamoo calls were similar in either playback (Wilcoxon Sign Rank Test, p = 1, V = 11, n = 7; 
Fig. 3B) and in waanh calls (Wilcoxon Sign Rank Test, p = 0.578, V = 10, n = 7; Fig. 3D). Buzz-
went calls that were heard at two out of the seven leks; not significant but only occurred during 
stranger playbacks (Wilcoxon Sign Rank Test, p = 0.371, V = 0, n = 7, Fig. 3C). The other eight 
call types detected at the leks were not different between stranger and neighbor playbacks 
(Wilcoxon Sign Rank Test, p > 0.349, V > 1.5 in all cases, n = 7; table 1). The chitter and 
squawk calls were not heard during the study.  
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FIGURE 3.  Total number of four different calls that C. linearis produced during neighbor and 
stranger playbacks at seven lek sites. (A) toledo calls, (B) teeamoo calls, (C) buzz-weent calls, 
and (D) waanh calls. Playback recordings and audio recordings were done in a span of ten 
minutes, one playback of 100 s looped six times. Stranger playbacks were played at lek sites that 
were from different study sites: Bajo del Tigre, Crandell Reserve and The Ecological Sanctuary. 
The box shows the data between the 25th and 75th percentile. The dark line represents the median 
(50th percentile). Whiskers show the 5th and 95th percentiles. Call names follow Trainer and 
McDonald (1993). 
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TABLE 1. The mean number of eight call types during neighbor and stranger playbacks in the 
seven lek arenas. The chitter call was not detected during review of playback recordings. The 
squawk call distinguished in Trainer and McDonald (1993) was not heard, as there was no 
physical handling of the subjects. Call names follow Trainer and McDonald (1993). 
 
 Neighbor Stranger 
Call Types Mean SE Mean SE 
Chitter* 0.00 0.00 0.00 0.00 
Doodoodoo 2.00 1.68 0.857 0.705 
Nyanyownh 0.286 0.286 0.286 0.184 
Owng 1.00 0.655 0.429 0.297 
Toodleloo 0.143 0.143 0.00 0.00 
Weet 8.57 2.01 6.00 3.06 
Wheeoo 2.29 1.46 6.00 2.69 
Wit 44.4 25.0 48.1 13.1 

 
Additional Observations 
During the toledo part of the playback, manakins either got hyperactive or silent depending if 
accompanied by a pair. Most of the time, long-tailed manakins tried not to overlap the toledo 
calls of either playback. At times some manakns would fly a few inches above the speaker, low 
to ground or high in the canopy.   
 
DISCUSSION 
 

In response to playbacks near lek sites, C. linearis responded more with toledo calls 
during the playbacks of strangers, than those of neighbors. The difference in rates of toledo calls 
during the playbacks, could be territorial behavior on rescuing the reputation of the lek arena or 
seen as an approach for mating opportunities (Maynard et al. 2012). The results agree with the 
‘dear enemy effect’ that territorial animals respond less aggressively towards neighbors than to 
strangers (Müller and Manser 2007). Toledo calls are loud and abundant with a function to 
purely attract females from a long-range and not to repel other males (McDonald 1989). Since 
male-male dynamic in long-tailed manakins are close interactions with unrelated males, the 
presence of another unfamiliar lek in its area can pose confusion and aggression of already 
established status and boundaries. A high toledo rate is needed for the advancement of dual-male 
dance display for copulation (McDonald 2010), that if another lek is in the lek boundary of 
another, C. linearis may want to attract females away from the ‘new establishing lek.’ From 
previous work, toledos sung by a pair with matching sound frequencies received more visits 
from females (Trainer et al. 2002). Hearing playbacks of a stranger lek’s frequency while duet 
singing, could have caused males to try to compete, by displaying how much better their duet 
singing is to the stranger. It’s a competition for territory or understanding the boundary between 
leks. As observed by myself I noticed that toledos were not sung in sync with the playback. 
Either the males could not predict the next call or it would prefer to be heard from females as a 
comparison between the two leks present in near proximity. Another suggestion is that since 
long-tailed manakins normally do not overlap calls with neighbor leks (Maynard et al. 2012), 
males present could have believed that a neighbor lek was formed.  
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There was no evidence for discrimination between neighbors and strangers for the other 
11 call types identified during the study. There was an interesting finding of only hearing buzz-
went calls during stranger playbacks. Buzz-went calls produced by the alpha signal already-
established dominance, that suggests the beta to drop out of a display (McDonald 2010). It’s a 
call that cues dominance between the duo pair, but it could have also been directed towards my 
playback to stop calling. The manakins may have not been aware that the close proximity of the 
playback was to present a new lek. Another finding was that there was no difference between 
neighbor and stranger calls with the mob calls detected in Trainer and McDonald (1993), wheeoo 
and nyanyownh. Manakins in the leks could have reacted similar to the presence of a new danger 
without discriminating against neighbor or stranger, as playbacks of simulated new lek is closer 
than usual neighboring leks.   

The males of C. linearis present at each lek during the playbacks, could have altered the 
responses recorded. Without knowing the age or status of the manakins present in a lek arena 
during playback recordings and simulation of a new lek, there would be different reactions by 
who is present. Older males reduce aggression against young males, possibly from plumage as it 
acts a badge and signals to others that it is no threat to reproductive success (Doucet et al. 2007). 
If long-tailed manakins, present in the leks, could differentiate by call the position of the 
manakin calling, then it may react more towards calls of manakins with similar status. During 
my study, when manakins would reach cm away from the speaker producing the playback calls, 
it could have been the effort of the manakin to verify the status of the individual present visually. 
Some studies suggest that the alpha male in C. linearis will interact with many other males 
within their lek. The alpha could have high rates of call responses to understand if the male 
present is cooperative (Edelman and McDonald 2014). But in some cases intermediate-level 
males react more towards other males of similar status, with aggressive behaviors to defend leks 
from intruders (McDonald 1993). Since females look more at the “reputation” of a lek over a 
long-term period than a short-term. Male long-tailed manakins that are waiting to reach alpha 
male status may have higher inclination to protect the present situation of a lek, to prolong the 
success of a lek for its own future. Since alpha males are already established at a ‘home’ lek 
(McDonald 2010) the presence of a stranger competitor in its lek territory, for less then 30 
minutes out of the entire breeding season, could pose minimal threat and not react as much.  

Long-tailed manakins appear to differentiate between calls of neighboring leks to 
strangers and react differently to each call. The presence of a stranger could make higher ranked 
males more responsive, to direct females towards their direction as a form of establishing their 
territory in a lek arena area (Maynard et al. 2012). This supports the effort that C. linearis has in 
establishing stable partnerships for a higher fitness in cooperative courtship. Overall, lekking 
birds may also present signs of discrimination between neighbors and strangers, if there are 
established territories between the specie, that can simply be determined by hearing calls of 
individuals (Westcott 1997).   
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The tail-wag display of the Lesson’s Motmot 
(Momotus lessonii) as a signal of territoriality 
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ABSTRACT 

Tails serve many diverse functions throughout the animal kingdom. Many species of birds 
regularly wag their tails for reasons that are not fully understood, but possible functions include 
signaling an individual’s alertness to predators, foraging for insects, and communication between 
conspecifics. Members of the family Momotidae wag their tail side to side in a 100-degree arc 
for several reasons. In motmots, tail-wagging is used as a predator-deterrent signal to dissuade 
predators from attacking by informing predators that prey is aware of its presence and cannot be 
taken by surprise. Tail-wagging can also be a dishonest predator-deterrent signal before 
individuals feed their chicks, and a communication signal between mates during the breeding 
season. The Lesson’s Motmot (Momotus lessonii) uses tail-wag displays to deter predators, but it 
is also possible that this species, which is believed to be territorial, uses tail-wagging as a 
territorial display as well. This study quantifies the responses of M. lessonii to conspecific 
playback calls that simulate territorial intrusion. Subjects responded differently to trials 5 m from 
their nest site and 15 m from their nest site. With trials nearer to their nest, motmot subjects 
responded by calling more (17.68 +/- 2.10 times per near trial (n =25 pairs), 11.68 +/- 1.58 times 
per far trial (n = 25 pairs), approaching more (1.24 +/- 0.21 times per trial (n = 25), and during 
the far trial was 0.24 +/- 0.09 times per trial (n = 25 pairs)), and tail-wagging more (48% of near 
trials and 8% of far trials for full tail-wagging (n = 25 pairs), 36% of near trials and 4% of far 
trials for half tail-wagging (n = 25 pairs)). These findings shed light on territoriality in M. 
lessonii and suggest that tail-wag displays could mean more than previously believed. 
 

RESUMEN 

Las colas cumplen muchas funciones diversas a lo largo del reino animal. Varias especies de 
aves mueven regularmente sus colas por razones que no son conocidas totalmente, pero posibles 
funciones incluyen avisar a un individuo la alerta sobre depredadores, forrajear por insectos, y 
comunicación entre conespecíficos. Los miembros de la familia Momotidae mueven la cola de 
lado a lado en un arco de 100 grados por varias razones. En los pájaros Bobo, el movimiento de 
la cola es usado como una señal contra depredadores para disuadir depredadores de atacar al 
informarles que la presa es alerta de la presencia y no pueden ser tomados por sorpresa. El 
movimiento de la cola, puede también ser una señal deshonesta contra depredadores antes de los 
individuos alimentar sus crías, y una señal de comunicación entre la pareja durante la época 
reproductiva. El pájaro Bobo (Momotus lessonii) usa el movimiento de la cola para disuadir 
depredadores, pero es también posible que esta especie, que se cree es territorial, use el 
movimiento de la cola como una señal de territorialidad también. Este estudio cuantifica las 
respuestas de M. lessonii a llamados de reproducción de conespecíficos para simular la intrusión 

 117 

 117 



en sus territorios. Los sujetos responden de manera diferente a tratamientos a 5 m y 15 m del 
sitio de su nido. Con tratamientos cercanos al sus nidos, los momotos responden llamando más 
(17.68 +/- 2.10 veces por tratamiento (n =25 pares), 11.68 +/- 1.58 veces por tratamiento (n = 25 
pares), acercandose más (1.24 +/- 0.21 veces por tratamiento (n = 25), y durante el tratamiento 
lejano 0.24 +/- 0.09 veces por tratamiento (n = 25 pares)), y más movimiento de cola (48% de los 
tratamientos cercanos y 8% para tratamientos lejanos para movimiento completo de la cola (n = 
25 pares), 36% de tratamientos cercanos y 4% de tratamientos lejanos para medio movimiento de 
cola (n = 25 pares)). Estos resultados arrojan evidencia en la territorialidad de M. lessonii y 
sugiere que el movimiento de cola puede significar más de lo creído con anterioridad. 
 

INTRODUCTION 

Some morphological adaptations hold a diverse range of functions. For birds, tails can have 
many different uses. Different bird species wag their tails for different reasons, some of which 
are not fully understood. Possible functions of tail-wagging include predator-deterrent signaling, 
foraging for insects, and a signal of communication between conspecifics. In the case of motmots 
(family Momotidae), a long tail with racquet-tipped feathers, tail-wagging can be a signal 
between mates during the breeding season, and both an honest and dishonest predator-deterrent 
signal (Hawkins 1955, Murphy 2006, Murphy 2007a).  

Male and female motmots wag their long, racquet-tipped tail from side to side repeatedly 
in a 100-degree arc; this is a full tail-wag (Fig. 1) (Stiles & Skutch 1989, Murphy 2006). Other 
times, the tail is held far to one side, occasionally for an extended period of time; this is a half 
tail-wag (Fig. 2) (Murphy 2006). These behaviors draw attention to the motmot, which would 
otherwise be hidden from view (Skutch 1964). In the Turquoise-browed Motmot (Eumomota 
superciliosa), and in the Lesson’s Motmot (Momotus lessonii) tail-wagging functions as a 
predator-deterrent signal (Murphy 2006, Nishikawa 2010, Kornbrath 2011). Momotus lessonii 
tended to wag their tails when presented with a predator call or shown a visual model of a 
predator (Nishikawa 2011). As a predator-deterrent signal, a motmot’s tail informs nearby 
predators that pursuit would be disadvantageous, since the prey is aware of the predator’s 
presence and likely to escape (Caro 1995, Murphy 2006, Nishiwaka 2011, Kornbrath 2011). This 
behavior is mutually beneficial by stopping the predator from pursuing the prey, thus, allowing 
the predator to save its energy and allowing the prey to remain where it is and save its energy as 
well (Hasson 1991, Caro 1995).  

Previous studies have suggested that tail-wag displays serve many functions other than 
honest predator-deterrence. A species similar to M. lessonii, E. superciliosa, preemptively tail-
wags before feeding its nestlings in a dishonest display meant to signal to any predators that may 
be nearby, but may not be seen (Murphy 2007a). M. lessonii also uses the tail-wag in courtship 
displays during the breeding season (Hawkins 1955). Other findings show that M. lessonii 
sometimes responded to conspecific playback calls with tail-wag displays and also excessive 
calling suggest the tail-wag displays could function to warn other motmots of an individual’s 
territory (Nishiwaka 2011). Observations in the Yucatan Peninsula of Mexico show M. lessonii 
having little overlap between nesting pairs and show this species using tail-wagging behavior 
more frequently in the breeding season, also suggesting territoriality (Orejuela 1977). By calling, 
approaching, and performing tail-wag displays in response to conspecific calls, M. lessonii 
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individuals could be trying to inform an intruder that a given territory belongs to them. Studies 
note minor territoriality in E. superciliosa, and suggests that because M. lessonii is a less social 
species, it is likely to be more territorial, but so far no studies have given definite quantitative 
evidence that M. lessonii defends territories (Murphy 2006). Although Kornbrath (2011) showed 
M. lessonii responding to conspecific calls with possible territorial responses like calling, 
approaching, and tail-wagging, this study builds upon that by including trials near to nest sites 
and far from nest sites.  This study examines territoriality in the Lesson’s Motmot through their 
usage of tail-wag displays, and other behaviors like calling, and approaching in response to 
conspecific calls played at 5 m from nest sites and 15 m from nest sites. These trials simulate 
territorial intrusions. If a conspecific call is played closer to the nest site and, thus, closer to the 
center of the territory, a motmot subject should exhibit greater territorial responses with more 
vigorous calling, approaching and tail-wagging (Ickes & Ficken 1970). 

 
FIGURE 1. from Nishiwaka 2011. 

 
FIGURE 2. from Nishiwaka 2011. 
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MATERIALS AND METHODS 

Study Site 

This study occurred in the area in the premontane and lower montane tropical wet forest life 
zones around Monteverde, Costa Rica, wherever Lesson’s Motmots are found including Bajo del 
Tigre, the Ecological Sanctuary, Crandell Reserve, Calandria Private Reserve, the Monteverde 
Biological Station, Cerro Plano, and Santa Elena. All reserves that I visited receive tourists and 
all data were collected on trials used by tourists. All territories were located in mud banks, 
including natural cliff-sides and human-made road-cuts. Some territories were located in mature 
secondary-growth forest, especially those in reserves. Other territories were located along 
roadsides in open areas and near buildings. 

Study Organism 

The Lesson’s Motmot (Momotus lessonii) is a large (39 cm), socially monogamous, Neotropical 
bird ranging from southern Veracruz and northern and southeastern Oaxaca, south along both 
slopes of Middle America (including the Yucatan Peninsula) to western Panama (Stiles 2009). 
Often inhabiting primary growth forests, as well as human disturbed areas like secondary growth 
forests, pastures, gardens, and roadsides, M. lessonii is an adaptable bird that nests in long 
burrows dug into exposed earthen banks along roads or streams. As well as nesting in reserves, 
the Lesson’s Motmots in Monteverde often nest directly beside houses and buildings and remain 
in these nests for many years, since humans do not disturb them. Individuals in both reserves and 
more exposed areas are used to seeing humans and do not usually react to them. M. lessonii 
captures spiders, earthworms, insects, small lizards and snakes from by sallying to the ground, 
but will also take insects and fruits off of foliage (Stiles & Skutch 1989). In March or April, M. 
lessonii lays eggs, which will hatch approximately there weeks later. Both parents care for the 
nestlings (Skutch 1964). Motmot call with a soft, resonant hoop-hoop. Sometimes this call is 
stretched into a longer series of hoops. 
 Both sexes are monomorphic in plumage, with a black crown bordered by a wide ring of 
blue, a black mask with a blue margin, a tawny chest, and green to turquoise underparts that 
blend into dark blue tail feathers with two long racquet-tipped feathers (Skutch 1989). 

Stimulus Presentation Trials 

I found and determined the nest sites and territories of 25 M. lessonii mated pairs. All trials 
occurred between the hours of 06:00 and 12:00 each day from April 12th to May 6th of 2017; this 
included the the beginning of Monteverde’s rainy season (Nadkarni & Wheelwright 2000). I ran 
trials for two treatments (near and far) on one motmot of each mated pair. Near trials were 
conducted approximately 5 m from the nest site of a motmot pair and far trials were conducted 
approximately 15 m away from the nest site. All trials involved playing a conspecific call 
approximately 1.5 m above the ground from an IPod and a portable speaker for three minutes or 
until the bird left and could not be seen any longer. I counted all trials where the individual 
motmot remained within sight for more than two minutes. I ran one near trial and one far trial for 
each nest site over the course of my data collection. I waited two minutes to allow the motmot to 
become accustomed to my presence before of each trial. Both trials were run consecutively for 
each territory, with a two-minute waiting period between them. I randomly chose which trial 
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type to run. During the three-minute trial, I recorded all of an individual’s behaviors, including 
calls, approaches, full tail-wags, and half tail-wags. One call was defined as a single hoop-hoop. 
One approach was defined as any single time a motmot subject flew closer to the speaker. My 
playback call was recorded in the Osa Peninsula, Costa Rica and was acquired from Xeno-Canto. 
I did not include a control call (the call of a species that should have a neutral effect on M. 
lessonii), since previous studies have evidenced that motmots rarely show tail-wagging behavior 
when subjected to a control call (Nishikawa 2011, Kornbrath 2011). 

RESULTS 

Motmot subjects exhibited a range of responses to trials. Nearly every motmot responded with 
calls, with only one motmot not calling during a single far trial. The number of calls greatly 
varied, with one near trial having as many as 41 calls, and another near trial only having one call. 
Approaches occurred less often than calling and varied in number also. In 24% of far trials 
subjects approached, with no subject approaching more than once. Subjects approached in 72% 
of near trials, with some subjects approaching as many as three times. Tail-wagging occurred 
less frequently than both calling and approaching. Full tail-wagging occurred in 28% of total 
trials and half tail-wagging occurred in 20% of total trials. Of subjects that full tail-wagged, most 
did not wag more than twice, but one individual tail-wagged 11 times. For subjects that half-tail-
wagged, most did so only once or twice during a trial. 

 Of the total motmot territories, 11 were located within reserves, and 14 were located 
outside of reserves. 17 of the total territories were located within sight of a building, with some 
nests being built in mud banks produced from the construction of houses, meaning motmots were 
in nearly constant contact with humans and showed little to no fear of humans. 

Tail-wagging 

Lesson’s Motmot subjects were six times more likely to full tail-wag during near trials than far 
trials (Chi Squared Test, X^2 = 12.71, df = 1, p = 0.0004, n = 14, Fig. 3). Of birds that full tail-
wagged, the mean number of full tail-wags per trial was 3 (Wilcoxon signed rank paired test with 
continuity correction, V = 0, p = 0.013, s = 2.87, n = 25 pairs, Fig. 4). Out of the total trials, 28% 
involved full tail-wagging, with 48% of near trials and 8% of far trials. Of the 10 trials where 
motmot subjects half tail-wagged, only one was a far trial and the remaining nine were near trials 
(Chi Squared Test, X^2 = 6.4, df = 1, p = 0.011, n = 10, Fig. 5). Of birds that half tail-wagged, 
the mean number of half tail-wags per trial was 1.7 (Wilcoxon signed rank test with continuity 
correction, V = 2.5, p = 0.0027, s = 0.97, n = 25, Fig. 6). 20% of total trials involved half-tail 
wagging, with 36% of near trials, and 4% of far trials. 
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FIGURE 3. Frequency of Momotus lessonii full tail-wagging in response to a conspecific call. 
Calls were played for three minutes in the presence of M. lessonii in the premontane and lower 
montane tropical wet forest life zone around Monteverde, Costa Rica. Subjects responded with 
full tail-wagging significantly more during near trials (5 m from the nest) than far trials (15 m 
from the nest).  
 

 
FIGURE 4.  The number of full tail-wags per trial for motmot pairs that full tail-wagged. Calls 
were played for three minutes in the presence of M. lessonii in the premontane and lower 
montane tropical wet forest life zones around Monteverde, Costa Rica. Subjects responded with 
full tail-wagging significantly more during near trials (5 m from the nest) than far trials (15 m 
from the nest).  
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FIGURE 5. Frequency of Momotus lessonii half tail-wagging in response to a conspecific call. 
Calls were played for three minutes in the presence of M. lessonii in the premontane and lower 
montane tropical wet forest life zones around Monteverde, Costa Rica. Subjects responded with 
half tail-wagging more during near trials (5 m from the nest) than far trials (15 m from the nest). 
 

 
FIGURE 6. The number of half tail-wags per trial for motmot pairs that half tail-wagged. Calls 
were played for three minutes in the presence of M. lessonii in the premontane and lower tropical 
montane wet forest life zones around Monteverde, Costa Rica. Subjects responded with half tail-
wagging more during near trials (5 m from the nest) than far trials (15 m from the nest). 
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Lesson’s Motmot subjects were significantly more likely to call more frequently during near 
trials than far trials (Wilcoxon signed rank paired test with continuity correction, V = 2.5, p-
value = 0.0027, n=25 pairs, Fig. 7). The mean frequency of standard calling during the near trial 
was 17.68 +/- 2.10 times per trial, and during the far trial was 11.68 +/- 1.58 times per trial (n = 
25 pairs). Lesson’s Motmot subjects were five times more likely to approach during near trials 
than far trials (Paired t-test, t = -3.15, df = 24, p-value = 0.004, Fig. 8). The mean frequency of 
approaching during the near trial was 1.24 +/- 0.21 times per trial (n = 25), and during the far 
trial was 0.24 +/- 0.09 times per trial (n = 25 pairs). 

 
FIGURE 7. Number of standard calls of Momotus lessonii in response to a conspecific call. Calls 
were played for three minutes in the presence of M. lessonii in the premontane and lower 
montane wet forest life zones around Monteverde, Costa Rica. Subjects responded with standard 
calls significantly more during near trials (5 m from the nest) than far trials (15 m from the nest) . 
Error bars represent the +/- standard error for each mean. 
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FIGURE 8. Number of times Momotus lessonii approached in response to a conspecific call. 
Calls were played for three minutes in the presence of M. lessonii in the premontane and lower 
montane tropical wet forest life zones around Monteverde, Costa Rica. Subjects responded with 
significantly more approaches during near trials (5 m from the nest) than far trials (15 m from the 
nest). (Error bars represent the +/- standard error for each mean. 

Additional Observations 

More often than not, mates of motmot subjects were either directly seen or heard while running 
trials. Occasionally, if I did not see a motmot while first approaching a nest, I played a 
conspecific call. Usually, one or both individuals of the mated pair approached me. Lesson’s 
Motmots may also be more social than previously thought (Orejuela 1980, Stiles & Skutch 
1989), as I occasionally heard up to six motmots simultaneously calling to each other in one 
place. However, when I began to play conspecific calls, every motmot but two, would would flee 
and stop calling. The two remaining were presumed to be the pair occupying the nearby nest site. 
These two usually remained calling. 

DISCUSSION 

As expected, motmot subjects responded more strongly to trials that were near M. lessonii nests 
versus trials that were farther from nests. This held true for standard calls, approaches, half tail-
wags, and full tail-wags. Sensibly, the closer a conspecific is to a motmot subject’s nest, the 
more the motmot should perceive this as a threat and react accordingly (Ickes & Ficken 1970, 
Searcy et al. 2005, Vehrencamp et al. 2014). Motmot subjects called more frequently during near 
trials than far trials, most likely to draw attention to themselves and make possible intruders 
aware that a conspecific intruder is in their territory. As an intruder moves closer to the nest of a 
motmot subject, the motmot responds with more aggressive calling. Similarly, motmot subjects 
approached more during near trials than far trials. Approaching also informs an intruder that a 
territory belongs to a motmot. As an intruder moves closer to the nest, the motmot attempts to 
make its presence more known by getting closer to the intruder.  More frequent and vigorous full 
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tail-wagging and half tail-wagging acts in the same way, drawing a conspecific intruder’s 
attention to the motmot. These findings provide evidence that M. lessonii is indeed a territorial 
species. The greater occurrence and frequency of both full tail-wagging and half tail-wagging 
during near trials suggests that M. lessonii uses the tail-wag display as a territorial display, as 
well the previously suggested predator-deterrent signal. My observations that motmot subjects 
were often with their mates and would approach the nest site if a call was played nearby the nest 
when the motmot pair was not directly seen, also gives evidence for territoriality (Hall et al. 
2015).  

It is possible that motmot reactions were aimed toward me, a possible predator, and not 
toward the playback calls. However, to minimize this possibility I randomized the order in which 
I did near and far trials. It is also important to note that near and far trials were conducted based 
on the location of the nest site and not the location of the motmot subject. If trials had been run 
based on the distance from the motmot, it would make sense that motmots would respond more 
vigorously when a call was closer to them, but this issue was resolved by playing calls near and 
far from the nest, not the subject. I waited two-minutes before each trial to allow motmot 
subjects to become accustomed to my presence and minimize the subject’s response toward me. 
Also, M. lessonii can become tame and habituated to people (Hundley & Mason 1965, Larcombe 
1991). In Monteverde, motmots are less likely to view humans as predators because most nest 
sites are located in or very near to human disturbed areas. Even nest sites within reserves 
experience fairly regular human presence.  

It is already known that tail-wagging serves many functions in different species of 
motmots, including both honestly and dishonestly deterring nearby predator, and signaling 
between mates during the breeding season (Hawkins 1955, Murphy 2006, Murphy 2007a). 
Unlike E. superciliosa, which is highly social and nests in large colonies, M. Lessonii is more 
territorial (Orejuela 1980, Murphy 2006). Murphy (2006) ruled out signaling to conspecifics as a 
function of tail-wagging. However, if M. lessonii is more territorial, then it is possible that this 
species would develop territorial signals that E. superciliosa lacks. This study provides evidence 
that tail-wagging in the Lesson’s Motmot can be used to warn conspecific intruders. More 
frequent and aggressive tail-wagging coupled with more calling and a stronger tendency to 
approach when a conspecific call is played closer to a motmot pair’s nest points to a strong 
territorial response (de Kort 2009).  

It is interesting to note that not all motmot individuals tail-wagged when hearing a 
conspecific call. Since previous studies have shown that M. lessonii subjects respond more 
strongly to a visual predator cue than an auditory predator cue (Kornbrath 2011), it is possible 
that M. lessonii would respond with even stronger territorial displays if presented with a visual 
conspecific cue in addition to the conspecific playback call. It is also possible that more 
individuals did not tail-wag since different individuals possess different personality traits, which 
could result in some being more likely to tail-wag than others (Ickes & Ficken 1970, Hall et al. 
2016). Other questions still remain, however. The tail-wag in Momotidae is already shown to 
have many functions (Hawkins 1955, Murphy 2006, Murphy 2007a, Nishiwaka 2011, Kornbrath 
2011), but perhaps there are even more. It is possible that the tail wag could also be used to 
startle up insects for the motmot to eat, as in other bird species (Randler 2005, Rakowski 2016), 
or as a signal to conspecifics for reasons other than territoriality, as well. 
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ABSTRACT 
 
Animal personality, consistent individual differences in behavior over time and/or across contexts, and behavioral 
syndromes, correlations between multiple different behavioral traits between individuals, have been found in 
numerous different taxa. Such behavioral consistencies may impact life history and fitness via reactions to predators, 
reproductive ability, and longevity. Behavioral syndromes may limit plasticity but lessen errors made by organisms. 
There is debate on whether personality in captive populations accurately reflects personality in wild populations. 
Behavioral changes occur in some species when wild animals adapt to new captive environments and the absence of 
predators might influence part of these changes. Personality has been studied in many species but, to the best of my 
knowledge, no studies have been done on behavioral consistencies in captive bats. The objective of this study is to 
test for personality and behavioral syndromes in captive Toltec fruit-eating bats (Dermanura tolteca) in Costa Rica. 
Similar to a previous bat personality study by Menzies et al. (2013), a hole-board test was used to test for 
personality traits and behavioral syndromes associated with activity and exploration. I found evidence for 
personality traits in two variables related to activity, flight attempt (R = 0.32) and scratching time (R = 0.005). These 
results for activity are comparable to a previous study by Menzies et al. (2013), but differ for exploration. No 
evidence for behavioral syndromes or personality traits related to exploration were found. Personality and behavioral 
syndromes are greatly influenced environmental stimuli, including the presence of predators and group sizes. The 
evidence for some personality traits and no behavioral traits could be explained by these bats living in captivity for 
at least one year, without predators and in larger than normal groups. This comparison is just exploratory because 
some inherent life history differences between insectivorous temperate bats and neotropical frugivores exist that 
may account for differences in behavioral consistency.  
 
RESUMEN 
 
La personalidad en los animales, diferencias contextuales individuales en comportamiento a lo largo del tiempo y/o 
entre contextos, y los síndromes de comportamiento, correlaciones entre multiples rasgos de comportamiento 
diferentes entre individuos, se han encontrado en varios taxones diferentes.  Estas consistencias en el 
comportamiento pueden impactar la historia de vida y el éxito vía reacciones a depredadores, abilidad reproductiva, 
y longevidad.  Los síndromes de comportamiento pueden limitar la plasticidad pero disminuir los errores cometidos 
por organismos.  Existe un debate si la personalidad en poblaciones en cautiverio reflejan de manera correcta la 
personalidad en poblaciones silvestres.  Los cambios en el comportamiento ocurren en ciertas especies cuando los 
animales silvestres se adaptan a nuevos ambientes de cautiverio y la ausencia de depredadores puede en parte influir 
en estos cambios.  La personalidad ha sido estudiada en varias especies pero, en lo mejor de mi conocimiento, 
ningún estudio se ha hecho en las consistencias del comportamiento en poblaciones en cautiverio de murciélagos.  
El objetivo de este estudio es probar por personalidad y síndromes de comportamiento en murciélagos frugívoros 
Toltecos (Dermanura tolteca) en cautiverio en Costa Rica.  De la misma manera a estudios previos en personalidad 
de murciélagos por Menzies et al. (2013), una prueba de tabla-hueca se uso para determinar los rasgos de 
personalidad y los síndromes de comportamiento asociados con actividad y exploración. Encontré evidencia para 
rasgos de personalidad en dos variables relacionadas con actividad, intentos de vuelo (R = 0.32) y tiempo de rascado 
(R = 0.005).  Estos resultados de actividad son comparables con estudios previos de Menzies et al. (2013) pero 
difieren para exploración.  No se encontró evidencia por síndromes de comportamiento o rasgos de personalidad 
relacionados con exploración.  Los síndromes de personalidad y comportamiento son ampliamente influenciados por 
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los estímulos ambientales, incluyendo la presencia de depredadores y el tamaño de grupos.  La evidencia de algunos 
rasgos de personalidad y no rasgos de comportamiento se puede explicar por estos murciélagos viviendo en 
cautiverio por al menos un año, sin depredadores y en grupos más grandes de lo normal.  Estas comparación es solo 
exploratoria ya que algunas diferencias inherentes a la historia de vida entre murciélagos insectvoros de zonas 
templadas y murciélagos frugívoros neotropicales existen y pueden contar por las diferencis en la consistencia del 
comportamiento. 
 
 

INTRODUCTION 
 
Animals often differ consistently in the ways they react to potential risks, interact with 
conspecifics, and handle novelty (Réale et al. 2007). For instance, some individuals are generally 
more aggressive than others and some individuals are more likely to explore novel environments 
than others and these differences between individuals tent to be consistent (Sih et al. 2004b). 
Consistent between individual behavior differences over time or across contexts are referred to 
as “temperament”, “personality” or “behavioral syndromes” (Réale et al. 2007). The latter term 
is usually restricted to the correlation between rank-order differences in multiple genetically 
linked different behavioral traits between individuals (Sih et al. 2004a; Bell 2007), whereas the 
first to terms can be used with single behavioral traits (Réale et al. 2007). The study of animal 
personality aids in understanding link between behavior, physiology, and ecology (Réale et al. 
2007). Personality may consequently impact life history and fitness via reactions to predators, 
reproductive ability, and longevity (see references in Menzies et al. 2013). Personality 
phenotypes will be favored or disfavored by selection, depending on ecological conditions 
experienced by the population at a time (Réale et al. 2007). For example, in highly competitive, 
resource-limited environments, spiders are bold towards prey. In non-competitive, food-rich 
habitats, they are shy (Riechert and Hall 2000). Additionally, behavioral syndromes may affect 
ecological and evolutionary process, such as how well a species responds to environmental 
change, or speciation rates (Sih et al. 2004a). Behavioral syndromes couple behaviors and 
therefore limit behavioral plasticity, but lessen errors made by the organism (e.g. due to 
environmental unpredictability) (Sih et al. 2004a). When traits are correlated, such as in 
behavioral syndromes, they should be studied together, as a package, rather than separately (Bell 
2007). Evidence for personality and behavioral syndromes have been found in numerous 
different taxa, in both invertebrates and vertebrates (Sih et al. 2004a). 
 Most studies on behavioral consistency have been conducted on captive populations 
(McDougall et al. 2006; Gosling 2011) but there is debate on whether personality studied in 
captive populations reflects personality in wild populations (Butler et al. 2006, Campbell et al. 
2009; Herborn et al. 2010). Some studies have shown that personality in captivity accurately 
reflect personality in the wild, and adds to the evidence that wild animals have personality traits 
that are expressed consistently across contexts (Herborn et al. 2010) but other studies have 
suggested the opposite (Sweeney et al. 2013). Studying behavior in captivity can be misleading. 
Behavioral changes occur when wild individuals adapt to new captive environments and 
individuals may adapt to novel environments at different speeds (Butler et al. 2006). It has been 
suggested that the presence of predators affect personality. Also, captive populations may not 
represent a random sample of wild behavioral phenotypes because bolder individuals are usually 
easier to catch, which could bias studies conducted in captivity (Michelangeli 2015). However, 
studying personality in captivity also has advantages, such as allowing researchers to control 
conditions (Campbell et al. 2009). Captive studies can allow for testing over a longer period, 
allowing habituation to be less likely and reducing within individual variation between test trials. 
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Captive studies also eliminate issues of recapture, which may be difficult in free ranging 
organisms.  
 Comparing captive with wild studies on similar taxa can offer insight into the factors that 
promote the origin, development and maintenance of behavioral consistency (McDougall et al. 
2006). For instance, captive environments lack predators, which can induce behavioral 
consistency (Bell and Sih 2007, Urzán et al. 2015). Exposure to predation in captive sticklebacks 
generated a boldness–aggressiveness behavioral syndrome that did not previously exist, due to 
more predation on individuals with mismatching phenotypes between boldness and 
aggressiveness, and to plastic changes in the behavior on surviving individuals (Bell and Sih 
2007). Raising individuals with a different social environment compared to the wild social 
environment can also cause behavioral syndromes that occur in the wild to not develop in 
captivity (Urzán et al. 2015). In general, captivity is expected to change the consistency of 
behavior in animal populations due to changes in selective pressures, either through relaxation of 
the levels of natural selection experience in the wild or as a product of new pressures created by 
the captive environment (McDougall et al. 2006). 
 Comparative studies of behavioral consistency between captive and wild environments 
have been conducted in a limited number of taxa (McDougall et al. 2006, Urzán et al. 2015) that 
are not necessarily representative of the most diverse taxa found on the planet. For instance, very 
few studies have been conducted on bats on personality/behavioral syndromes in bats despite 
that they represent a very diverse group of more than 1200 classified species, and represent over 
20% of extant mammal species (Simmons and Conway 2003). They represent a potentially 
valuable taxon for studies of personality variation, as they can be captured in large numbers and 
offer opportunities for personality comparisons among many related species. Two studies have 
been conducted quantifying personality or behavioral types in temperate wild insectivorous bats, 
but to personality has never been studied in frugivorous or tropical bats (Kilgour and Brigham 
2013; Menzies et al. 2013). Kilgour and Brigham (2013) found that aggression was linked to 
increased competitive ability in big brown bats and that behavior differed in solitary and social 
settings. Menzies et al. (2013) found evidence for personality in little brown bats and found that 
older young-of-the-year bats had higher activity scores than younger young-of-the-year bats. To 
the best of my knowledge no studies have been conducted on captive populations of bats to 
explore how captivity may affect the consistency of behaviors in bats.  
 The objective of this study is to test for personality and behavioral syndromes in captive, 
Toltec fruit-eating bats (Dermanura tolteca) using behaviors associated with activity and 
exploration. Toltec fruit-eating bats belong to a species rich and diverse family, Phyllostomidae. 
They are known to roost in a wide variety of locations, including caves, buildings, and under 
banana leaves and is highly adept at climbing and crawling (Rodriguez and Cajas 2015). Toltec 
fruit-eating bats, like many bats, must explore to find potential roosts and therefore a hole-board 
test would provide an ecologically relevant assessment of personality. A hole-board test is a 
standard open-field behavioral test commonly used to assess personality traits in rodents. Hole-
board tests were initially developed to study behaviors associated with exploration and activity 
separately, and a bat-modified hole-board test successfully isolates behaviors associated with 
exploration and activity (Menzies et al. 2013). In this study, I evaluate if captive D. tolteca show 
personality traits found in previous studies conducted with wild bats, such as exploration and 
activity and if they show behavioral syndromes between these variables. These results allow the 
first comparison of personality and behavioral syndromes between captive and wild population 
in bats. This comparison is just exploratory because some inherent life history differences 
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between insectivorous temperate bats and neotropical frugivores, such as thermoregulatory 
differences and food habitat differences (McNab 1969) that may account for differences in 
behavioral consistency.  
 
MATERIALS AND METHODS  
 

Study Site 
 
This experiment was conducted in the Monteverde Bat Jungle, a bat exhibit where live bats fly 
through a stimulated jungle environment. The Bat Jungle has been successfully operating since 
2006 and contains a 17 m enclosure where bats can fly, eat, social, give birth, and nurse their 
babies. Approximately 66 frugivorous and nectivorous bats of 8 different species live in this 
place, including 26 D. tolteca. Some of these bats were caught in Monteverde and introduced to 
the Bat Jungle as juveniles, whereas others were born in the Bat Jungle. The bats included in this 
study have lived in the Bat Jungle for at least one year. The night/day cycle is reversed for bats in 
the Bat Jungle, therefore this experiment was done during the day when bats are typically active 
in their dark enclosure.  
 

Behavioral tests 
 

 
 

Figure 1 Hole-board test apparatus was used to test personality variation and behavioral 
syndromes in captive Dermanura tolteca fruit-eating bats in Costa Rica. The hole-board test was 
made from a plastic box with Styrofoam backing for bats to vertically crawl along box. A start 
tube was located on the left side of the box for bats to enter.  
 
There are no standardized personality tests for bats, so personality was quantified using modified 
rodent hole-board test, like the one used by Menzies (2013) on little brown bats (Myotis 
lucifugus). Due to the similar body sizes of M. lucifugus and D. tolteca, the hole-board for this 
study was constructed to be like the one described by Menzies (2013). The test chamber (approx. 
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57 x 42 x 14 cm) hung vertically and was made from a transparent plastic box that videos can be 
recorded through the box. A piece of Styrofoam (approx. 57 x 42 x 5 cm) was placed against the 
inside of the plastic box. A start tube (20 cm long, 6 cm diameter) was connected to the test 
chamber and a sliding door was cut into both boxes to allow the bat to leave the start tube and 
then the door was closed to prevent re-entry (Figure 1). A smooth, Styrofoam plunger was 
connected to the start box to gently push bats out of the start box if necessary. Four holes (2 cm 
deep by 3 cm diameter) were cut into the surface of the Styrofoam backing. Two of these holes 
were positioned close to the center of the chamber and two were positioned closer to the corners. 
Investigation of the holes closer to the center is thought to indicate more exploration and lower 
anxiety in bats (Menzies et al. 2013). 
 
General approach 
 

Following the approach from Menzies et al. (2013), bats were subjected to a hole board test 
twice, with 24 hours separating the first trial from the second trial. Dermanura tolteca were all 
captured from the same flight cage, 5 bats caught per testing session, at the Bat Jungle after 
being fed and were given approximately 20 minutes to acclimate to their individual cage with 
more food prior to testing. Five bats were tested each day, and individuals were held overnight in 
identical individual cages with plenty of food and water. Prior to testing, weight, forearm size, 
sex, and reproductive status of each bat was recorded to later test to see if body conditions affect 
repeatability. One bat at a time was placed in the start tube and held there for two minutes for 
acclimation. After two minutes, the door was opened and the bat was free to enter the testing 
box, which constitutes a novel environment. The time taken to leave the tube was recorded as a 
measurement of exploration (Réale et al. 2007).  If the bat did not enter the hole-board testing 
box after five minutes, it was gently pushed into the box using the plunger and the maximum 
time was recorded. Once the bat entered the hole-board test apparatus, behavior was filmed for 
ten minutes. After ten minutes, the individual was removed, placed back in its individual cage, 
and the testing apparatus was cleaned. Twenty-four hours later the same individual was tested 
again. Bats were marked and released back into the Bat Jungle flight cage immediately after the 
second day of testing. Marking consisted of clipping the fur in a small spot on the back. Marking 
avoided catching individuals that were already tested. All testing was done in a dark room with 
red lights. From videos, I quantified the proportion of time each bat spends crawling, flying, 
scratching the wall to leave the chamber, frequency of flight attempts, frequency of head dips in 
the holes. Flight attempts, flight time, time spent crawling were considered measures of activity 
(Réale et al. 2007). Time spent scratching trying to escape the testing apparatus was also 
considered a measure of activity (Réale et al. 2007; Careau et al. 2008). 
 
Statistical analysis  
 

 Personality is tested by measuring whether 1) there is significant variation between 
individuals in behavioral and 2) whether within-individual variation in behavior is repeatable. 
Behavioral syndromes are tested by evaluating whether between-individual variation is 
correlated between behavioral traits (Dingemanse and Dochtermann 2013). Following 
Dingemanse and Dochtermann (2013), I estimated between-individual variation for each 
behavior using a Generalized Linear Mixed Model (GLMM) with a Poisson distribution and with 
individual identity as random effect using the R package MCMCglmm (Hadfield 2010) in R 
version 3.3.0 which follows a Bayesian Markov Chain Monte Carlo (MCMC) approach to fit 
models. I used uninformative inverse Gamma priors and uninformative alternative priors (half 
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the phenotypic variance for each variable) to test the robustness of the results to the priors 
(Hadfield 2010). I only report the results of the models fit using the latter prior, because the 
results were nearly unaffected by the priors. I used 1,300,000 iterations in the chain of all 
models, with burn-in of 30,000 iterations and thinning interval of 1000. Following the 
recommendations of Hadfield (2010), I confirmed visually (using plots) for convergence. Bat 
weight, right forearm measurement, sex, and reproductive status were included in the GLMM to 
evaluate if they had an impact on behavior. Variables that affected the behavior of interest were 
included in calculations for repeatability because they may inflate repeatability estimates if not 
considered in the calculation (Nakagawa and Schielzeth 2010). Repeatabilities were calculated 
using R version 3.3.0 package rptR program with a Poisson distribution.  
 To evaluate potential habituation to the tests, a generalized linear model with a Poisson 
distribution was used to compare population-level magnitude of behavior between test days for 
each behavioral trait.  
 The potential existence of behavioral syndromes was first explored using phenotypic 
correlations (Brommer and Class 2016) exploration (i.e. latency to enter box) and activity traits. 
Definite tests on potential behavioral syndromes were conduced by calculating between-
individual correlations between candidate traits. Between individual correlations were calculated 
from the variance components obtained with a MCMC GLMM with Poisson distribution that 
included the two traits of interest as dependent variables and bat identify as random effect. The 
individual identity was specified as a random effect in this model (Dingemanse and 
Dochtermann 2013).   
 
RESULTS 
  
All variables showed small but significant variation between individuals. Evidence for 
repeatability was found for two measures of activity, flight attempt and scratching time. There 
was significant variation between testing days for all variables except movement time. The 
number of flight attempts by the bats ranged from 0 to 27 attempts. The amount of time spent 
flying ranged from 0 seconds to 144 seconds with most bats flying for less than a minute. Motion 
time varied greatly 0 seconds to 295 seconds, with approximately half the bats crawling on the 
wall time and half not crawling. Some bats immediately left the start tube (latency to enter), 
whereas others needed to be forced out after 300 seconds. Scratch time varied greatly where 
most bats did not scratch to leave and some individuals spent up to 295 seconds scratching to 
escape.   
 While the purpose of a hole-board test is generally to quantify head-dipping by an 
organism to measure exploration (File and Wardill 1975), the bats in this study rarely explored 
the holes. Both outside holes and inside holes were each only explored 2 times. The inside right 
hole was explored once, and the outside left hole was explored once, both by different 
individuals. One individual bat explored the inside left hole during the first test, and the outside 
left hole once during the second test. Due to the small sample size of head-dips, this data was not 
analyzed. 
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Variation between individuals 
 
All measured behaviors showed small but significant variation between individuals (Table 1).  
Only scratch time showed a large variance. Significant variation between individuals is the first 
condition required to evaluate the existence of personality.  
 
TABLE 1 Variance between individuals for all behavioral variables with a 95% confidence 
interval for 26 captive Dermanura tolteca bats. Variables were measured during a hole-board test 
and considered significant if the confidence interval did not include zero. Flight attempts were 
measured as how many times a bat tried to fly. Flight time is how many seconds a bat spent 
flying. Latency to enter is how much seconds a bat spent in the start tube before exiting to the 
testing box. Movement time is how many seconds a bat spent crawling on the wall and 
scratching time is time spent scratching to escape the testing apparatus.  
 
Variable Variance between individuals Confidence Interval 
Flight Attempts  1.47 0.0006, 5.4 
Flight Time 0.024 0.0003, 5.7 
Latency to Enter 0.009 0.0004, 12.6 
Movement Time 0.23 0.0006, 59.6 
Scratching Time 74948.8 8207.4, 170841.2 

 
Repeatability 
 
Variation in forearm size tends to explain some of the variation in flight attempts (MCMC 
GLMM, p=0.09) and significantly explains variation in flight time (MCMC GLMM, p=0.03) but 
not in other behaviors (GLMM, p>0.55 in all cases). The other cofactors evaluated (i.e. sex, 
weight, reproductive status) did not significantly affect the behaviors of interest (MCMC 
GLMM, p>0.18 in all cases).  For this reason, forearm was included in the calculation of 
repeatability for flight attempts and flight time. Repeatability is significant for flight attempts 
(R= 0.54 (latent scale, (Nakagawa and Schielzeth 2010)), 95% confidence interval CI = [0.043, 
0.807], P = 0.01, R = 0.32 original scale) (Figure 2). Repeatability is not significant for flight 
time when forearm is included in the model (R= 0.28 (latent scale, (Nakagawa and Schielzeth 
2010)), CI = [0, 0.601], P = 0.11, R = 0.038 original scale) (Figure 3). There is no evidence for 
repeatability for movement time and latency to enter time (R = 0 (latent scale, (Nakagawa and 
Schielzeth 2010)), CI = [0, 0] P > 0.47 in all cases, R = 0 original scale) (Figures 4 and 5). There 
is also weak evidence for scratch time (R = 0.92 (latent scale, (Nakagawa and Schielzeth 2010)), 
CI = [0.122, 0.994] P = 0.04, R = 0.005) (Figure 6). Additionally, there is no evidence for 
behavioral syndromes for any pair of different behaviors, i.e. as 0 was included within the 95% 
confidence interval for all pairwise correlations.  
 While there was no evidence for significant repeatability in the latency to enter measure 
of exploration (Figure 4), most individuals did exhibit a trend. Twelve individuals remained fast 
when exiting the start tube the second time in comparison with the first one, seven were faster 
the second test and therefore become exploratory, and 4 were remarkably slower the second test. 
Three other individuals remained the same and were not particularly fast in their exiting of the 
start tube for either test.  
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FIGURE 2 Variation in repeatability for flight attempts over a 24-hour period between test 1 and 
test 2 in 26 captive Dermanura tolteca bats. Flight attempts is the number of times a bat tried to 
fly during a hole-board test and is a measure of activity. The 1:1 line shows perfect repeatability 
and it is included for comparison.  
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FIGURE 3 Variation in repeatability for flight time over a 24-hour period between test 1 and test 
2 in 26 captive Dermanura tolteca bats. Flight time is the number of times a bat spent flying 
during a hole-board test and is a measure of activity. The 1:1 line shows perfect repeatability and 
it is included for comparison.  
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FIGURE 4 Variation in repeatability for latency to enter over a 24-hour period between test 1 and 
test 2 in 26 captive Dermanura tolteca bats. Latency to enter is a measure of the time it takes for 
an individual to enter the testing box from the start tube during a hole-board test. It is considered 
a measure of exploration. The 1:1 line shows perfect repeatability and it is included for 
comparison.  
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FIGURE 5 Variation in repeatability for movement time over a 24-hour period between test 1 and 
test 2 in 26 captive Dermanura tolteca bats. Movement is the time a bat spent crawling during a 
hole-board test and is a measure of activity. The 1:1 line shows perfect repeatability and it is 
included for comparison.  
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FIGURE 6 Variation in repeatability for scratching time over a 24-hour period between test 1 and 
test 2 in 26 captive Dermanura tolteca bats. Scratching time is the time a bat spent scratching or 
biting on the box to escape and is a measure of activity. The 1:1 line shows perfect repeatability 
and it is included for comparison.  
 
Habituation  
 
Variation between testing days were significantly different for flight attempt, flight time, latency 
to enter, and scratching time (Figures 7, 8, 9, 10). Variation between testing days was not 
significant between day 1 and day two for movement time (Figure 11).  
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FIGURE 7 Comparison the number of flight attempts during hole-board test between tests 1 and 
test 2 for 26 Dermanura tolteca bats. There is a significant difference between test 1 and test 2 
(General Linearized Model with Poisson Distribution, z = -2.30, p = 0.02). The box shows the 
data between the 25th and 75th percentile. The dark line represents the median (50th percentile). 
Whiskers show the 5th and 95th percentiles.  

 
FIGURE 8 Comparison of latency to enter, the time it took to enter the testing box during hole-
board test between tests 1 and test 2 for 26 Dermanura tolteca bats. There is a significant 
difference between test 1 and test 2 (General Linearized Model with Poisson Distribution, z = -
11.27, p < 0.001). The dark line represents the median (50th percentile). Whiskers show the 5th 
and 95th percentiles. 
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FIGURE 9 Comparison time spent flying during hole-board test between tests 1 and test 2 for 26 
Dermanura tolteca bats. There is a significant difference between test 1 and test 2 (General 
Linearized Model with Poisson Distribution, z = -10.22, p < 0.001). The dark line represents the 
median (50th percentile). Whiskers show the 5th and 95th percentiles. 

 
FIGURE 10 Comparison time spent scratching to escape the hole-board test between tests 1 and 
test 2 for 26 Dermanura tolteca bats. There is a significant difference between test 1 and test 2 
(General Linearized Model with Poisson Distribution, z = -8.22, p < 0.001). The dark line 
represents the median (50th percentile). Whiskers show the 5th and 95th percentiles. 
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FIGURE 11 Comparison time spent moving during a hole-board test between tests 1 and test 2 for 
26 Dermanura tolteca bats. No significant difference is shown between test 1 and test 2 (General 
Linearized Model with Poisson Distribution, z = -0.49, p = 0.627). The dark line represents the 
median (50th percentile). Whiskers show the 5th and 95th percentiles. 
 
Behavioral syndromes 
 
All measurements of activity were significantly and positively correlated with each other at the 
phenotypic level (Spearman rank correlation: rs > 0.38, p<0.02 in all cases). This suggests they 
truly measure the same behavioral trait. On the contrary, exploration (i.e. latency to enter) was 
negatively correlated with all measurements of activity at the phenotypic, and only significantly 
correlated with flight time (rs = -0.4, p=0.02) but it tended to be correlated with flight attempts (rs 
= -0.32, p=0.07). All other correlations were clearly non-significant (p>0.8). This suggests that 
exploration does not measure activity, as intended. The between-individual correlation between 
exploration and flight time and flight attempts included zero in both cases (CI: -0.99 – 0.99) and 
therefore it was not significant. This indicates that behavioral syndromes do not occur between 
exploration and activity.  
 
DISCUSSION 
 
Evidence for certain personality traits were found in captive Toltec fruit-eating bats, Dermanura 
tolteca. Between-individual variation was high for all behavioral variables showing that there 
were significant differences between-individual’s exploration and activity behavioral traits. Not 
all behavioral traits were repeatable within the 24-hour testing period. Repeatability was 
significant for flight attempts and there was weak evidence for repeatability for scratch time. 
Both variables are measures of activity. The repeatability value for flight attempt was 
comparable (R = 0.32 original scale), to the corresponding activity repeatability value of 0.34 
found by Menzies et al. 2013 for activity, and the same as the mean value reported in a meta-
analysis of repeatability estimates (Bell et al. 2009). However, no evidence for personality was 
found in the other two activity traits, movement time and flight time. There was no evidence for 

 143 

 143 



repeatability in latency to enter the box, which was the only exploratory variable measured 
because most of the bats chose to not explore the holes in the hole-board test. While there was 
between-individual variation in latency to enter, there was no evidence for repeatability. It is 
important to note that almost half the bats remained consistently fast when exiting the start tube 
and therefore remained exploratory. Almost a third of the bats left the start tube much faster the 
second test. These bats may have habituated to the test and learned that the testing box would 
pose no risk, therefore taking less time to enter the testing box. Four bats were much slower to 
enter the box the second time. These bats may have also habituated to the test in that they were 
content in the dark, small, start tube. Three bats that were not particularly fast or slow remained 
the same. These variations within-individuals that may have habituated would affect repeatability 
for exploration. The repeatability value found here (R = 0) is much lower than the exploration 
repeatability value of 0.29 found by Menzies et al. (2013). Additionally, no behavioral 
syndromes were found because individuals did not consistently differ across the two functionally 
different behaviors tested, activity and exploration.  
 On average, the bats had less activity during the second time being tested. It is important 
to note that I did not quantify this on a within-individual basis but as an overall comparison of 
testing over the 24-hour period. Activity significantly decreased between test 1 and test 2 for 
three out of the four activity traits measured in this study. The time it took bats to enter the test 
also significantly decreased, on average, from test 1 to test 2. Movement was the only 
measurement that did not significantly change between test 1 and test 2. The overall decrease in 
activity between tests could be to bats habituating over time. Due to living in captivity for an 
extended time, these bats are more used to human interaction than wild bats and therefore may 
habituate and perceive risk as lower during second trials, accounting for lower activity and 
exploration levels.   
 My findings of personality traits only existing for some measures of activity, no measures 
of exploration and the absence of behavioral syndromes could be due to the bats living in 
captivity for an extended period and potentially starting to lose some personality traits over time. 
It has been argued that behavioral consistency in the context of behavioral syndromes and 
personality is not purely genetically determined, but needs ecologically relevant environmental 
stimuli to emerge (Urszán et al. 2015). While most of the bats were likely born in the wild, they 
have all lived in captivity for a least one year. During this time, they lived without any predators, 
and in larger than usual groups. Dermanura tolteca bats typically live in small groups in various 
locations, including under banana leaf tents (Rodriguez and Cajas 2015), whereas in the Bat 
Jungle they can be seen roosting in larger groups with many different species (personal 
observation). A previous study in frogs (Urszán et al. 2015) found that both predation and group 
living had considerable effects on behavior. The perceived risk of predation has been shown to 
decrease when living in groups, and predation risk typically decreases activity and risk-taking. 
Perceived predation induced significant behavioral consistency regarding activity in the frogs in 
the study by Urszán et al. (2015). In this study, the bats have not been exposed to predators for 
an extended period and are roosting in larger than normal groups. Additionally, highly active 
animals are generally more likely to be poorly adapted to captive conditions than less active 
animals, causing selective pressures to favor less active individuals (McDougall et al. 2006). A 
previous study of personality and behavioral syndromes in captive-reared and wild-reared 
spiders found that the presence of behavioral syndromes differed based on the spiders’ 
developmental stage and rearing environment. They found that field-reared juveniles did not 
exhibit a syndrome but field-reared penultimate spiders did. Laboratory-reared spiders never 
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exhibited a behavioral syndrome, regardless of their developmental stage (Sweeney et al. 2013). 
This shows that some behavioral syndromes are driven by environmentally induced phenotypical 
plasticity, such as population density, presence of predatory cues, and/or sexual signals 
(Sweeney et al. 2013), which could explain what is happening with these captive bats. These two 
factors could explain the limited behavioral consistency for activity, the lack of consistency for 
exploration and the absence of behavioral syndromes found between activity and exploration.   
 Another explanation for why personality traits only existed for some measures of activity 
and the absence of personality traits for exploration could be simply because D. tolteca bats do 
not have personality traits or behavioral syndromes. To the best of my knowledge, no one has 
studied personality or behavioral syndromes in fruit-eating bats before, and therefore my results 
could be due to differences between D. tolteca and other wild bats that have been studied 
(Kilgour and Brigham 2013; Menzies et al. 2013). While this is a possibility, I argue it is 
unlikely being that most personality studies in wild and captive mammals have found evidence 
for personality, involving activity and exploration, and behavioral syndromes (Smith and 
Blumstein 2008; Réale et al. 2009; Dingemanse et al. 2010).  
 In conclusion, there is some evidence for personality traits in captive D. tolteca bats and 
no evidence for behavioral syndromes but it is unknown whether that is due to being in captivity, 
or simply a property of this bat species. It is more likely explained by the absence of predators 
and the larger group setting causing D. tolteca to lose personality traits over time. These findings 
aid in our understanding of how personality and behavioral syndromes may change in captivity.  
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ABSTRACT 
 

Deforestation and habitat fragmentation have become a major concern and threat to ecosystems 
globally. Fragmentation results in an increase of forest edge area, which has negative impacts on 
nearby biodiversity. Mammal diversity, in particular, may be highly vulnerable to the impacts of 
forest edge area and human influence. With the use of camera traps and visual transects, I 
measure mammal diversity and abundance at three sites at a private reserve in Monteverde, 
Costa Rica. Fifteen cameras were used in this study, five per transect. Three transects parallel to 
the forest edge were set up: one at forest edge, one 200 m from forest edge and another 550 m 
from forest edge. The average abundance of individuals per sample day and average abundance 
of species per sample day was similar between sites. The total number of species among sites 
was similar but the edge had a significantly higher number of individuals compared to the other 
sites (edge: 283, middle: 126, interior: 153). Diversity increased away from the forest edge. 
Similarity among sites increased towards the forest edge. Five species were found only at the 
interior site. These findings are consistent with other studies that forest edge extends 
approximately 200 m into the forest. The results from this study confirm the slight non-
significant trend found by a previous study on mammal diversity in Monteverde. Conservation 
efforts must improve in order to sustain mammal populations for the future. 
 

RESUMEN 
 

La deforestación y la fragmentación del hábitat se ha convertido una preocupación mayor y 
amenaza para los ecosistemas globalmente.  La fragmentación resulta en un aumento en el área 
del borde de bosque, lo cual tiene un impacto negative en la biodiversidad cercana.  La 
diversidad de mamíferos, en particular, puede ser altamente vulnerable a los impactos del área 
del borde de bosque y la influencia humana.  Con el uso de trampas cámara y transectos visuales, 
medí la abundancia y diversidad en tres sitios en una reserva privada en Monteverde, Costa Rica.  
Quince cámaras se usaron en este estudio, cinco por transecto.  Tres transectos paralelos al borde 
del bosque se instalaron: uno en el borde de bosue, uno a 200 m del borde del bosque y otro 550 
m del borde del bosque.  La abundancia promedio de individuos por día de muestreo  y la 
abundancia promedio de especies por día de muestreo fue similar entre sitios.  El número total de 
especies entre sitios fue similar pero el borde tienen un número significativamente mayor de 
individuos comparado con otros sitios (borde: 283, medio: 126, interior: 153).  La diversidad de 
mamíferos aumenta lejano al borde de bosque.  Similarmente entre sitios aumenta hacia el borde 
del bosque.  Cinco especies se encontraron únicamente en el interior.  Estos resultados son 
consistentes con otros estudios en los cuales el borde del bosque se extiende aproximadamente 
200 m dentro del bosque.  Los resultados de este estudio confirman la tendencia no significativa 
encontrada en estudios previos en la diversidad de mamíferos en Monteverde.  Los esfuerzos de 
conservación deben incrementar en orden de mantener las poblaciones de mamíferos para el 
futuro. 
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INTRODUCTION!
 
Deforestation consumed 7.6 million Ha of forest per year in the 2000s (Achard et al. 2014). With 
such high rates of deforestation, forest becomes more fragmented, leading to more forest edge 
area (Fahrig 2003). Forest fragmentation is a landscape-scale process that eliminates habitat and 
breaks habitats apart (Fahrig 2003), resulting in the establishment of a forest edge. However, 
forest edge is often loosely defined and needs improvement in order to strengthen conservation 
practices (Yahner 1988). A forest edge (or road-effect zone) is the area where significant 
ecological effects extend outward from a road into the surrounding landscape (Pocock and 
Lawrence 2006). 
 The impacts of forest fragmentation and forest edge on biodiversity are huge (Fahrig 
2003). With a high rate of deforestation, it is important to more closely examine exactly how 
biodiversity is being affected. Studies to date suggest a large and consistently negative impact on 
biodiversity (Fahrig 2003). Not only have land loss and disturbance shown to negatively impact 
biodiversity, noise from nearby forest edge has shown to decrease nearby diversity (Pocock and 
Lawrence 2005). Various studies show fragmentation’s negative impacts on mammal diversity, 
including small mammals decreasing in number of species as well as species diversity towards 
forest edge at approximately 120-160 m (Stevens and Husband 1998). Large mammals are 
particularly important, as they are often predators or keystone species that have an important role 
in an ecosystem and are highly threatened by forest fragmentation, as they often require a large 
home range (Morrison et al. 2007). Furthermore, species subject to exploitation show a lower 
diversity near forest edge within five km because they are more exposed with less tree coverage 
(Kiffner et al. 2013). It is also important to rethink aspects of landscape configuration in order to 
decrease forest edge area (Thornton et al. 2011). By effectively developing proper conservation 
practices, negative human impacts on nearby mammal populations may decrease.  
 Approximately 70% of mammals are negatively impacted by forest fragmentation, and 
this must lead to an increase in conservation efforts (Thornton et al. 2011). In the neotropics, 
considerably less is known about mammal biodiversity in response to forest edge effects 
compared to other vertebrates (Timm and LaVal 2000). In Costa Rica, there are many mammal 
species. Approximately 4.8% of the world’s mammals are found on Costa Rica, an area of only 
51022 km2 (Timm and LaVal 2000). 
 Mammal populations suffer significant impacts from deforestation and human impacts 
(Timm and LaVal 2000). A study on the direct impacts of forest edge on mammal diversity and 
abundance showed a slight non-significant trend of a decrease in mammal diversity near the 
forest edge at Bajo del Tigre Reserve (Reenders 2015). Although this trend was non-significant, 
it must be tested further to determine if it is significant. This study uses three transects of camera 
traps, separate from each other and parallel to forest edge as opposed to the Reenders study, 
which had one long transect perpendicular to forest edge. Camera traps were used because the 
Reenders study developed a slight non-significant trend with this methodology. This study aims 
to determine the impact of forest edge on mammalian abundance and diversity in Monteverde 
and conclude if the slight non-significant trend in the Reenders study is accurate. Results may be 
used to further understand human impacts on mammal populations and aid in developing ways to 
reduce impacts. 
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METHODS 
 
Study Site 
  
The Santuario Ecológico is a 48 Ha private property located in a tropical pre-montane wet forest 
in Monteverde, Costa Rica. The property consists of a patch of 58-year-old regenerating 
secondary forest on what used to be pastures. The property contains a 60 m2 house and 30 m2 
parking lot at the edge of the property, connecting to the forest edge (Figure 1). Three different 
sites were chosen at the Santuario Ecológico to test the effects of forest edge. The three sites 
each consisted of one 200 meter long transect. Transects were developed to establish an edge site 
(transect 1: numbers one through five), middle site (transect 2: numbers six through 10) and 
interior site (transect 3: numbers 11 through 15) parallel to the forest edge based on trail 
availability (Figure 1). Transect 1 (T1) was located on the start of the property including the 
parking lot, transect 2 (T2) was approximately 200 meters from T1 and transect 3 (T3) was 
approximately 550 meters from T1. Data collection took place from 4/10/17 to 5/7/17 for a total 
of 28 days. 187 people visited during the day and 150 at night (337 total) during these 28 days. 
Approximately 3600 people have visited the property this past year. 
 

 
FIGURE 1. Map, satellite image, and parking lot/reception building pictures of the Santuario 
Ecológico located in Monteverde, Costa Rica. The red circle on the satellite image represents the 
reception building and parking lot of the Santuario Ecológico, marked as the green circle or 
number “3” on the left map. The left map is a trail map, which represents the entire property. The 
red numbers on the map represent the 15 camera traps used in this study. The forest edge seen in 
the satellite image is Santa Elena and Cerro Plano. Forest edge was considered the reception 
building (60 m2) and parking lot area (30 m2) pictured on the right.  
 
Camera Traps 
 
A combination of camera traps and visual transects were used to test the effect of forest edge on 
mammalian populations. The same three transects previously discussed were used (Figure 1). 
Cameras were set 50 meters apart on the 200 m long transects. Cameras were set up at knee 
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height on trees or posts located directly next to the trail, facing alternating directions of the trail. 
Each camera was set to the same sensitivity and was programmed to take two pictures when 
triggered. Cameras were set up on 4/10/17 and were collected on 5/7/17 for a total of 28 days of 
data collection.  

Camera trap pictures were collected every 72 hours on average to identify species at each 
site. If an individual was pictured twice based on the time recorded on the picture and movement 
of the individual, it was only counted once. Battery life was checked every time pictures were 
collected, however, some cameras malfunctioned. Two cameras (camera 5 and camera 15) were 
not set up properly for the first 48 hours, and other cameras stopped taking pictures or lost 
battery at some point during the data collection period. Cameras 3, 4, 7, 13, and 14 (Figure 1) 
malfunctioned at some point during the data collection period. All of the hours were recorded to 
account for malfunctions. T1 acquired a total of 2904 hours of collection, T2 acquired 3168 
hours and T3 acquired 2808 hours. These discrepancies were considered when analyzing data. 
 
Visual Transects 
 
Camera trap data was complemented with data from visual counts conducted on the same three 
200 m transects where the camera traps were located, on days camera trap pictures were not 
collected. T1 began at camera 1 and finished at camera 5, T2 began at camera 6 and finished at 
camera 10 and T3 began at camera 11 and finished at camera 15 (Figure 1). Each one of the three 
transects was covered in 30 minutes between 8am and 10am. Transect sampling order was 
changed every time to prevent bias in sampling time. 
 
RESULTS 
 
A total of 14 species were identified in this study (Table 1). A rat/mouse category was 
developed, as it was not possible to identify them to genus. An unknown category was developed 
with four individuals at the edge, one at the middle and two at the interior.  
 
TABLE 1. List of all species recorded from visual transects and camera trap pictures over a 28-day 
period from 4/10/17 to 5/7/17. A total of 562 individuals were recorded with a total of 14 
identified species. 

Common% Scientific%
Camera%
Traps%

Visual%
Transects% Common% Scientific%

Camera%
Traps%

Visual%
Transects%

Opossum'
Didelphis)
marsupialis) 57' 0' Tamandua'

Tamandua)
tetradactyla) 1' 0'

Coati' Nasua)narica) 89' 16' Puma' Puma)concolor) 15' 0'

Agouti'
Dasyprocta)
punctata) 288' 18' Ocelot'

Leopardus)
pardalis) 2' 0'

Rat/Mouse' Rat/Mouse' 5' 0' Racoon' Procyon)lotor) 1' 0'

Margay' Leopardus)wiedii) 6' 0' Unknown' NA' 7' 0'

Squirrel'
Sciurus)
variegatoides) 1' 10' Red'Squirrel'

Sciurus)
granatensis) 7' 0'

Capuchin' Cebus)imitator) 0' 24' Skunk'
Conepatus)
semistriatus) 2' 0'

Armadillo'
Dasypus)
novemcinctus) 12' 0' Kinkajou' Potos)flavus) 1' 0'
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 The number of individuals recorded per day was similar between sites (Kruskal-Wallis = 
1.60, df = 2, p = 0.45). The number of species recorded per day was also similar between sites 
(Kruskal-Wallace = 2.04, df = 2, p = 0.36) (Figure 2). The total number of species recorded for 
each site (edge 10, middle 7, interior 14) was also similar (X2 = 2.40, df = 2, p = 0.30). The total 
number of individuals among sites was significantly different with the edge having significantly 
more (X2 = 75.2, df = 2, p < 0.0001)(Figure 3). 
 

                 
FIGURE 2. Frequency distribution of mammal observations (A number of individuals, B number 
of species) recorded per sample (roughly every three days) at three different distances from 
forest edge (0 m, 200 m, 550 m) at the Santuario Ecológico in Monteverde, Costa Rica. Data was 
collected for 28 days using a combination of visual transects and camera traps. The box shows 
the data between the 25th and 75th percentile. The dark line represents the median (50th 
percentile). Whiskers show the 5th and 95th percentiles. 
 
  The distribution of individuals among species differed for each site (Figure 3). The edge 
and middle sites did not differ in diversity (t = 0.39, df = 322, p = 0.70) but the interior site 
showed higher diversity in comparison with the middle site (t = -5.73, df = 276, p < 0.0001) and 
edge site (t = -5.59, df = 360, p < 0.0001). Agoutis were most abundant on the edge. Margay, 
tamandua, red squirrel, skunk and kinkajou were only found at the interior site. Capuchin 
monkeys weren’t found at the interior site and a raccoon was found only at the middle site 
(Figure 3). 
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FIGURE 3. Diversity and relative abundance at edge (A), middle (B), and interior (C) sites. Data 
shown is from eight visual transects per site and nine sets of camera trap pictures. Edge had 
significantly more total individuals than other sites. Number of species was not significantly 
different. 
 

The Morisita index of similarity was calculated among sites. Values were determined to 
be as follows: edge vs middle (0.94), middle vs. interior (0.81) and interior vs edge (0.77). Based 
on these values, we may conclude that when considering diversity and abundance among the 
sites, the sites become less similar when moving towards the interior. 
 
TABLE 2. Results based on the data collected from visual transects and camera trap pictures for 
each site over the 28 day data collection period. Values compared through t-tests to show no 
significant difference between edge/middle but a significant difference between middle/interior 
and interior/edge. 
Site Shannon H Evenness Individuals Species 
Edge 1.237 0.54 283 10 
Middle 1.194 0.61 126 7 
Interior 1.872 0.71 153 14 

 
A species accumulation curve was created in order to display potential for finding 

stronger difference in diversity among sites. After the 13th day of data collection, no more 
species were found at the edge and middle sites (excluding unknown individuals). However, on 
the 28th day of data collection, more species were found at the interior site (Figure 4). Based on 
this result, it may be possible that with an increase in sampled individuals, more species may be 
found at the interior site and not at the middle and edge sites.  
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FIGURE 4. Species accumulation curve of each site. The four data points for each curve represent 
the 7th , 13th, 21st, and 28th day of data collection. A total of 562 individuals were sampled: edge 
(283), middle (126), and interior (153). Data are from eight visual transects per site and nine sets 
of camera trap pictures. 14 identified species are displayed in this graph as well as the rat/mouse 
category, however, unknown species were not included in this graph. 
  

As there is a significant difference in diversity among the sites, it is important to 
recognize the number of hours cameras were working at each site. Since the middle had the most 
recorded hours (3168) and the interior had the least (2808), yet the middle had the least amount 
of individuals and species and the interior had the most amount of species, it was determined that 
this malfunction was not significant and therefore data was not adjusted based on this. 
 
DISCUSSION 
 
This study found no significant difference in the average abundance of individuals or species per 
sample among each site. The total number of species was also not significant, but the total 
number of individuals was. The significance of total individuals sampled is likely due to several 
individuals frequenting the edge, pictured many times by the camera traps. Visual transects did 
not appear to have a significant difference in total individual abundance, so the difference in 
agouti abundance is misleading. Although average number of species and individuals among 
sites wasn’t significant, it does not account for differing species, thus why the diversity indices 
are significantly different. This suggests that mammalian populations are effected by a forest 
edge and some species prefer to avoid the human developed area. This is consistent with the 
finding that mammals in general respond negatively to the presence of a forest edge (Thornton et 
al. 2011). 
 In this study, forest edge appears to have an effect of about 200 m into the forest, similar 
to the finding that forest edge extends approximately 120-160 m into the forest (Stevens and 
Husband 1998). Forest edge increases temperatures and humidity, depletes soil moisture, 
increases wind and light exposure, and changes vegetation structure, which impacts nearby 
mammal populations (Stevens and Husband 1998). 
 Species such as the margay are a good example of a species that may play an important 
role in ecosystem function (Morrison et al. 2007) but show a negative response to fragmentation, 
which contrasts the ocelot as it prefers closed canopy and tolerates fragmentation (Thornton et 
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al. 2011). Both of these findings are consistent with the results of this study. The puma is another 
example of a large mammal important to ecosystem function (Morrison et al. 2007) but seemed 
to not be disturbed by human impacts, which is likely a characteristic of that individual species. 
No jaguars (Panthera onca) were found in this study, which is likely the result of over 
exploitation, which is consistent with the idea that species more subject to exploitation will 
experience lower densities near human impacted areas (Kiffner et al. 2013). Capuchin monkeys 
were likely not found at the interior site because of preference of large ficus trees (which were 
less common at the interior), and are likely not bothered by human presence. 
 Although there appears to be a negative impact from a forest edge in this study, it is 
important to recognize the state of this forest. The Santuario Ecológico consists of a 58-year-old 
patch of secondary regenerating forest. Within the timeframe of 58 years, the forest has been 
capable of recovering mammal populations as this entire property used to be pasturelands, a 
completely disturbed ecosystem.  
 This study has displayed a significant decrease in mammal diversity when approaching a 
forest edge. The Reenders study showed a slight non-significant trend that is consistent with the 
findings of this study (Reenders 2015). The differed results are likely due to a different 
developed methodology in this study. The Reenders study utilized one long transect line 
perpendicular to the edge with cameras set every 100 m, broken into several sites (Reenders 
2015). Instead, this study developed three separate transect lines parallel to the edge in order to 
more successfully separate the sample sites, thus finding significant results. In this study, visual 
transects acquired more data, but were likely not necessary to find a significant trend as no 
additional species were found from visual transects at the interior site. 

It appears to be clear that human impacts have a negative impact on mammals in this 
region (Timm and LaVal 2000). With this information, we must understand the impacts of 
deforestation and fragmentation on mammalian populations globally. However, better 
measurements of forest edge must be adapted (Fahrig 2003). Land conservation and protected 
areas must grow, but we must implement better strategies of how to protect land to decrease 
forest edge area (Thornton et al. 2011). By carefully considering human impacts and 
fragmentation as well as deforestation for the future, we may more successfully eliminate 
negative human impacts on nearby mammal populations. 
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Antibiotic resistant soil bacteria in cattle/pig 
farmland and nearby cloud forest  
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ABSTRACT 

World-wide, the overuse and misuse of antibiotics is inducing the selection of antibiotic resistant bacteria and 
interfering with natural bacterial communities. While knowledge about antibiotic use and antibiotic resistance is 
abundant in many developed nations, in developing nations such as Costa Rica, knowledge is limited. This study 
investigates antibiotic resistant bacterial growth and nutrient concentrations in soil and water samples from a farm in 
Monteverde, Costa Rica that uses antibiotics on their livestock (cattle and pigs). It compares soil samples from forest 
sites at 70, 370, and 820m away from the farm. Using the disk method of diffusion, bacterial growth on agar plates 
was measured under five treatments: Ceftiofur, Gentamicin, Oxytetracycline, Penicillin, and control (no antibiotic). 
Results displayed some differences in resistance amongst the antibiotics, notably that there was most resistance to 
Ceftiofur (1.02 +/- 0.12mm disk-to-colony), and least resistance to Gentamicin (1.36+/- 0.12mm disk-to-colony). 
There was an overall trend of decreasing antibiotic resistance with increasing distance from the farm. Water runoff, 
a combination of water from both the cattle pasture and the pig enclosure, showed the most resistance (0.51+/- 
0.06mm disk-to-colony). Nutrient sampling for ammonium and nitrates displayed no evidence for agricultural 
antibiotic presence at any site. However, at the forest ~370m away, results displayed an interesting interaction 
between a leaf-cutter ant nest and the soil nearby. Overall, results displayed minor dispersal of antibiotics and 
antibiotic resistant bacteria in soil, a positive outcome for the farm and near-by ecosystems.  

RESUMEN 

Mundialmente, el uso y desuso de antibióticos induce la selección de bacterias resistente a antibióticos e interfiere 
con comunidades de bacterias naturales. Mientras que el conocimiento acerca del uso de antibióticos y resistencia a 
antibióticos es común en muchos países desarrollados; en países en desarrollo como Costa Rica, el conocimiento es 
limitado. Este estudio investiga la resistencia del crecimiento bacteriano ante antibióticos y las concentraciones de 
nutrientes en muestras de suelo y agua de una finca en Monteverde, Costa Rica que usa antibióticos en su ganado 
(res y cerdo). Este compara muestras de suelo del bosque a 70m, 370m, y 820m en distancia con respecto a la finca. 
Usando el método de disco por difusión, el crecimiento de bacterias en platos agar fueron medidos dentro de 5 
tratamientos: Ceftiofur, Gentamicina, Oxytetracylina, Penicilina y control (sin antibiótico). Los resultados mostraron 
algunas diferencias en la resistencia a antibióticos, notablemente hubo mayor resistencia al Ceftiofur (1.02 +/- 
0.12mm disco-hacia-colonia) y menor resistencia a la Gentamicina (1.36+/- 0.12mm disco-hacia-colonia).Hubo una 
tendencia notable a la disminución de la resistencia antibiótica con el aumento en distancia desde la finca. Agua del 
desagüe, una combinación de agua de pastizal de las reses y el encierro de cerdos, mostró la mayor 
resistencia(0.51+/- 0.06mm disco-hacia-colonia). Las muestras de nutrientes por amonio y nitratos no mostraron 
evidencia de la prescensia de antibióticos agrícolas en ningún sitio. Sin embargo, en el bosque a ~370m de distancia, 
los resultados mostraron una interesante interacción entre un nido de hormigas zompopas y el suelo circundante. En 
general, los resultados evidencian menor dispersión de antibióticos y resistencia antibiótica de las bacterias en suelo, 
un resultado positivo para la finca y ecosistemas cercanos. 
 
INTRODUCTION 

Antibiotics are used around the world to treat both humans and livestock. They are used in 
agriculture for infection prevention and for growth promotion (Graham et al. 2007). Most 
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antibiotics are poorly metabolized after ingestion; 25-75 percent of the antibiotics can leave the 
body in an unaltered form after consumption (Borghi et al. 2014). Excreted antibiotics are found 
in the environment long after treatment (Levy 2002).  

Antibiotics in the environment disturb natural microbial communities by prompting 
selection for antibiotic-resistant bacteria (ABR) in the wild (Cruz et al. 2014). Initially, the 
deleterious mutation that allows for antibiotic resistance, also slows growth rates. The advantage 
of being resistant to antibiotics is more advantageous than fast growth rates when antibiotics are 
present in the environment. If allowed to evolve in the presence of antibiotics, a compensatory 
mutation increasing growth rate in ABR will be selected for (Paulander et. al. 2007). In the end, 
compensatory evolution may mask the original deleterious effects of antibiotic resistance 
(Maisnier-Patin & Andersson 2004). In agriculturally-based nations, high concentrations of 
antibiotics in the environment should be considered a form of pollution (Cruz et al. 2014). 
Tetracycline resistant bacteria are prevalent in Japan where 176 antibiotic resistant isolates were 
found in animal fecal samples, 62 isolates in farmyard manure, and 102 isolates in soil samples 
(Kobashi et al, 2006). On a pig farm China, 149 unique resistance genes were found in manure 
and soil samples (Zhu et al. 2013). Furthermore, soil bacteria are important to ecosystems for 
their role in nitrogen fixation and denitrification (Costanzo et al. 2005, Pinto-Tomás et al. 2009). 
The presence of antibiotics has been shown to decrease denitrification rates of soil bacteria 
(Costanzo et al. 2005). The rate of denitrification for soil samples without antibiotics can be 
about twice as high as rates where antibiotics are present (Costanzo et al. 2005). In theory, lower 
denitrification rates should increase nitrate and ammonium concentrations in the soil (Zumft 
1997). 

Antibiotic-resistant genes among bacterial populations in the environment can enter the 
food chain via contaminated crops or groundwater (Udikovic-Kolic et al. 2014) and can be found 
in microbiota of animals and humans (Levy 2002). For instance, birds in the Brazilian Atlantic 
Forest have tested positive for ABR in their mouths (Nascimento et al. 2003) showing that ABR 
can spread in the environment away from agricultural areas. In 2000 the World Health 
Organization produced guidelines for the containment of antimicrobial resistance. They urged 
participation from human and public health associations world-wide to follow their 
recommendations about the overuse and misuse of antimicrobials in food for animals (WHO 
2000). In 2006, Europe banned all uses of low-dose antibiotics (5~40 ppm) in food animals with 
the intention of avoiding the negative impacts of resistant development (Marshall et al. 2011). In 
the United States, there has been little regulation on antibiotic use in agriculture (Dibner & 
Richards 2005). In developing countries, little information about the use of antibiotics is 
available because control is lacking (Diaz- Cruz et al. 2007). ABR is a concern in developing 
nations where access to antibiotics is good and widespread sewage systems allow for drugs to 
make their way into aquatic ecosystems (Costanzo et al. 2005). Very little has been studied about 
antibiotic use in Costa Rica. Thus, designing and enforcing prevention strategies related to 
antibiotic use is difficult (Cruz et al. 2014).  Knowing more about ABR dispersal in the 
environment is useful for future health and sustainability practices in agriculture.  

This study measures bacterial growth and nutrient concentration in soil samples collected 
at varying distances from a cattle and pig farm in Monteverde, Costa Rica. A prior study in 
Minnesota, USA found ABR in manure samples and soil samples ~20m away from a livestock 
enclosure where there was no visible manure accumulation. The same study found less antibiotic 
resistance in non-agricultural (undeveloped wilderness) areas (Ghosh & LaPara 2007). It is 
expected that there will be less antibiotic resistance farther away from agriculture, because the 
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antibiotics are less likely to be found in the environment, and there is no selective pressure for 
ABR. This study investigates the differences in bacterial growth among two variables: site and 
antibiotic treatment. Bacterial colonies that are uninhibited by antibiotic treatment are suspected 
to be antibiotic resistant. The study also compares nitrate and ammonium concentrations in soil 
samples from all the sites. Variation in nutrient concentration among the sites may be related to 
proximity to antibiotics.  

 
MATERIALS AND METHODS  
 
Sampling sites 

The pig/cattle farm used in this study is property of Erick Rockwell and located in 
Monteverde, Costa Rica near the Cheese Factory. Soil samples were taken from a cattle pasture 
~10m to the north of the main enclosure (Pasture). Water samples were taken from a runoff 
stream along the driveway to the farm. Runoff water came into contact with fecal matter from 
both cattle pasture and pig enclosure (Source). Samples were taken from a forest located ~70m 
away from the farm across the street, property of Marvin Rockwell (Intermediate). The next site 
was a forest located ~370m away from the farm located near the entrance to Bajo del Tigre 
(Forest). The final site was within the Bajo del Tigre forest (protected since 1986) ~820m away 
from the farm (Bajo) (Figure 1). All sites are ~1200m of elevation. Ten independent soil samples 
were taken from the Forest location. Fifteen independent samples were taken from all other sites. 
Samples were taken from April 8th through April 30th, 2017.  

 
FIGURE 1. The relative locations of the five sites: pasture on Rockwell’s farm (Pasture), runoff 
water samples from the farm (Source), intermediate-distance forest (Intermediate), far-distance 
forest (Forest), and Bajo del Tigre forest (Bajo). Samples taken from each of these sites were 
plated with different antibiotic treatments to measure antibiotic resistant growth. Soil samples 
from all sites were tested for nitrate and ammonium concentrations.  
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Treatments 
Each sample was individually plated on a petri dish. Petri dishes were divided into five 

sections, one for each treatment (Figure 2). Treatments included: control (1X Phosphate-buffer 
solution), Ceftiofur (8ug/mL), Gentamicin (16ug/mL), Oxytetracycline (16ug/mL), and 
Penicillin/Dihydrostreptomycin (later referred to as Penicllin)(32ug/mL). Concentrations were 
based off minimum inhibitory concentrations of these antibiotics used in a study by Mathew et 
al. (2001). Antibiotic dilutions were obtained from the respective veterinarian drugs: Celaq, 
Gentamicinia, Emicinia, and Pen Duo Strep. These specific treatments were used because they 
are the antibiotics used on the cattle and pig farm. Following the methods of Koshi et al. (2006), 
1mL of sample solution was diluted with 9mL of 1X Phosphate-buffer solution. This sample 
dilution was then spread on the entire surface of the petri dish. Five disks of filter paper, each 
soaked in one of the five treatments were placed on the dish. The antibiotic on each of the disks 
dispersed into the agar (disk method of diffusion). Plates were stored in a container with 
temperatures varying from 18deg to 23deg Celsius.  

 
FIGURE 2. Five treatments organized on each sample: control (1X Phosphate-buffer solution), 
Ceftiofur (8ug/mL), Gentamicin (16ug/mL), Oxytetracycline (16ug/mL), and Penicillin 
(32ug/mL). A total of 70 samples were taken from five sites: pasture, water runoff from farm, and 
forests ~70m away, ~370m away, and ~820m away. Each sample received each treatment, and 
bacterial growth was measured for each disk after 10 days of growth.  
 
Bacterial growth 
Plates were measured ten days (+/- 1 day) after they were prepared. Using a dissecting scope, the 
distance (in mm) between the edge of each disk and the nearest bacterial colony was measured. 
Shorter distance between disk and colony suggests more antibiotic resistance (if under antibiotic 
treatment). Any fungal growth was ignored (Figure 3). Fungal growth displayed hair-like spores, 
were more obviously 3D, and were typically bright white in color, compared to bacterial growth 
which were beige in color.  
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FIGURE 3. The purple ring shows an example of fungal growth. The green ring shows an example 
of bacterial growth. Only bacterial growth was measured in this study. The distance from the 
edge of each disk to the nearest bacterial colony was measured (in mm). Prior to being placed 
on the plates, filter paper disks were soaked in five treatments: control, Ceftiofur, Gentamicin, 
Oxytetracycline, and Penicillin. 
 
Nutrient tests 

Fifteen soil samples from Pasture, forest ~70m away, forest ~370m away, and forest 
~820m away were tested for both nitrate and ammonium concentrations (mg/L). Soil samples 
from each site were collected and placed in a dehydrator for 24 hours. ~0.50g of each sample 
was then added to ~5mL of distilled water. Nitrate and ammonium concentrations were 
measured using Vernier LabQuest sensor probes. Probes were calibrated each day that they were 
used.  
 
RESULTS 
 
Sites 

When comparing growth amongst sites, bacterial colonies were found at significantly 
different distances from filter paper disks (Linear mixed model test, with sample as random 
effect to control for repeated measures on the same sample, F=9.33, numDF=4, denDF=65, 
p<0.0001). Samples from farm runoff water showed the smallest distance from disk edge to 
bacterial colony (Figure 4). This distance was significantly smaller than the Bajo, Intermediate, 
and Pasture sites, but not from the Forest (Figure 4).   
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FIGURE 4. Bars show the mean and standard error distance between disk edge and colony (in 
mm). Soil samples were taken from Bajo del Tigre forest ~820m away from a cattle and pig farm 
(n=75), forest ~370m away from the farm (n=50), forest ~70m away from the farm (n=75), and 
pasture on the farm ~10m away from the main buildings (n=75). Runoff water samples from the 
cattle and pig farm ~20m away from the main buildings were also taken (n=75). All sites are 
located in Monteverde, Costa Rica at 1200m elevation. Each sample received five treatments 
(Phosphate-buffer solution, Ceftiofur, Gentamicin, Oxytetracycline, and Penicillin). After 
allowing time for growth, the distance from each disk to the nearest bacterial colony was 
measured. Significant differences in distance between sites are represented by different letters 
(Tukey test, p<0.05). 
 
Treatments 

Distances between bacterial colonies and disks were significantly different between 
treatments (LMM, F=28.88, numDF=4, denDF=260, p<0.0001). Under the control treatment, 
samples showed significantly shorter distances between bacterial colony and disk edge (Figure 
5). Amongst the antibiotic treatments, Gentamicin had longer distances than Ceftiofur and tended 
to have longer distances than Oxytetracyline (Figure 5). The interaction between site and 
treatment was not significant (LMM, F=0.92, numDF=16, denDF=260, p=0.55), which indicates 
that the general pattern of differences found between treatments is consistent across sites 
(Appendix 1).  
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FIGURE 5. Bars show the mean and standard error of distance between disk edge and bacteria 
colony (in mm). Each sample received five treatments: control (phosphate-buffer solution) 
(n=70), Ceftiofur (n=70), Gentamicin (n=70), Oxytetracycline (n=70), and Penicillin (n=70). 
Samples were from five sites (Bajo del Tigre forest ~820m away from farm, forest ~370m away 
from farm, intermediate-distance forest ~70m away from farm, pasture ~10m away from main 
building on the farm, and farm runoff water ~20m away from the main building). All sites are 
located in Monteverde, Costa Rica at 1200m elevation. After allowing time for growth, the 
distance from each disk to the nearest bacterial colony was measured. Significant differences 
between treatments are represented by different letters (Tukey test, p<0.05). The difference 
between Ceftiofur and Oxytertacycline, and between Gentamicin and Penicillin were barely 
nonsignificant (Tukey test, p=0.06 for both).  
 
Nutrient Tests 

Amongst the sites Bajo, Forest, Intermediate, and Pasture, there were no significant 
differences in nitrate content in the soil samples (General linear model with Gamma distribution, 
chisq=2.08, df=3, p=0.56) (Figure 3). There was significant difference in ammonium levels 
between the ~370m- distance forest (Forest) and all other sites (General linear model, chisq= 
10.78, df=3, p<0.05). This forest had greater average ammonium content (Figure 4).  
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FIGURE 6. Bars show the mean and standard error of nitrate concentration. Fifteen independent 
soil samples were taken from four sites (Bajo del Tigre forest ~820m away from farm, forest 
~370m away from farm, forest ~70m away from farm, and pasture ~10m away from the main 
building on the farm). All samples are from Monteverde, Costa Rica at 1200m elevation. 
Solutions of soil (~0.500g) and distilled water (~5mL) were tested for nitrate concentration using 
a sensor probe. No significant differences were found between the sites.  
 

 
FIGURE 7. Bars show mean and standard error ammonium concentration. Fifteen independent 
soil samples were taken from four sites (Bajo del Tigre forest ~820m away from farm, forest 
~370m away from farm, forest ~70m away from farm, and pasture ~10m away from the main 
building on the farm). All samples are from Monteverde, Costa Rica at 1200m elevation. 
Solutions of soil (~0.500g) and distilled water (~5mL) were tested for ammonium concentration 
using a sensor probe. Significant differences between sites are represented by different letters 
(Tukey test, p<0.05).  
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Additional Observations 
The forest site located near the entrance of Bajo del Tigre, ~370m from the cattle/pig farm, was 
distanced from any major agriculture. The site was in close proximity to an exceptionally large 
leaf-cutter ant (Atta cephalotes) nest.  
 
DISCUSSION 
 

Water runoff from agricultural areas where antibiotics are used often have antibiotic 
resistant bacterial isolates (Davis et al. 2006, Burkhardt et al. 2005, Baquero et al. 2008). The 
shorter disk-to-colony distance in water runoff (Source) samples in this study suggests the 
presences of ABR. The Source samples in this study had contact with both the pig enclosure and 
the cattle pasture, while soil samples from the pasture were only in contact with cattle manure. 
The ABR may be more related to the antibiotic treatment of the pigs than the cattle. With the 
exception of the ~370m-distance forest (Forest), there is an overall trend of increasing disk-to-
colony growth with increasing distance away from the farm. As expected, antibiotic resistance 
decreases the farther the site is from antibiotic pollution. This agrees with findings by Ghosh & 
LaPara (2007) who found that ABR is more prevalent in manure, and soil samples ~20m away 
from the farm than samples in ‘pristine’ wilderness areas. 

The difference found between the control and the other treatments demonstrates that the 
antibiotics did inhibit the growth of bacterial colonies as expected. Bacteria were most resistant 
to Ceftiofur and least resistant Gentamicin. There also tended to be more resistance to Ceftiofur 
than Oxytetracycline, and resistance to Penicillin tended to be greater than Gentamicin. 
Differences in growth amongst the antibiotic treatments is likely due to differing use of these 
antibiotics on the farm (Mathew et al. 2001). The Source samples showed more resistance to all 
of the antibiotic treatments. This is not unusual, as multidrug resistance has been observed in 
many studies, including Sawant et al. (2006) that showed multidrug (>3) resistance in 40.04 
percent of E. Coli isolates.  

The forest site ~370m from the farm, near the leaf-cutter ant nest, showed several 
interesting differences. First, it showed a nonsignificant difference in disk-colony distance 
compared to the farm water runoff samples. Second, this forest showed significant difference in 
ammonium concentration. It is unlikely that any residual antibiotics from agriculture are more 
prevalent at the Forest site than at the Intermediate site because the Forest site was located 300m 
farther away from the farm than the Intermediate site. It is likely that the proximity to the leaf-
cutter ant nest influenced these results. Studies suggest that leaf-cutter ants have an 
endosymbiotic relationship with a bacterium (Burkholderia sp.) that produces a broad-spectrum 
antibiotic to protect their fungal garden (Santos et al. 2004). The presence of this antibiotic may 
be inducing selection for antibiotic resistant bacteria in the environment. Additionally, the 
presence of antibiotics may impact the nitrogen cycling of bacteria in soil communities. The 
presence of those antibiotics can decrease denitrifying rates of soil bacteria (Costanzo et al. 
2005). Theoretically, this would increase nitrate and ammonium concentrations in the soil. As 
ammonium is an important part of the nitrogen cycle, it is possible that the high concentration of 
ammonium found at the Forest site was related to the presence of this antibiotic. Another 
explanation for the high ammonium concentration is related to nitrogen fixation by a different 
symbiotic microbe in leaf-cutter ant nests. Nitrogen fixing microbes near leaf-cutting ant nests 
supplement nitrogen available in the environment for their fungal garden (Pinto-Tomás et al. 

 165 

 165 



2009). The result is an increased amount of ammonium and nitrates available in the environment 
around leaf cutter ant nests. If these microbes are present, it is surprising that nitrate 
concentrations are not also different at the Forest site. 

The results of this study suggest that the frequency and concentration at which antibiotics 
are used on this cattle and pig farm are insufficient to influence a change in soil bacterial 
community composition. It suggests that antibiotic strains may be present in water runoff, but do 
not persist in nearby soil. This is a promising result for the conservation of natural microbial 
communities near small-scale agriculture.  
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APPENDICIES 
 
APPENDIX 1. Samples were collected at five sites and were plated in five treatments. This table 
shows the mean and standard deviation disk-to-colony distance (in mm) for each site and 
treatment combination. The water site and the control treatment show small mean distances 
compared to other treatments and sites. These trends agree with analysis of the two factors 
independently.   
 
 Ceftiofur Control Gentamicin Oxytetracycline Penicillin 
Bajo 1.28+/-0.61 0.73+/-0.70 1.75+/-1.07 1.55+/-0.62 2.34+/-1.60 
Forest 1.02+/-0.73 0.33+/-0.41 1.37+/-1.06 1.15+/-0.86 0.90+/-1.09 
Intermediate 1.43+/-1.88 0.53+/-0.56 1.69+/-1.40 1.54+/-0.90 1.02+/-0.10 
Pasture 0.95+/-0.60 0.48+/-0.39 1.25+/-0.57 1.40+/-1.09 1.05+/-0.88 
Water 0.40+/-0.33 0.25+/-0.21 0.75+/-0.54 0.51+/-0.32 0.66+/-0.97 
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ABSTRACT 
 

Ecotourism is widely touted as conservation-friendly but may negatively impact species diversity, 
abundance, and behavior. The white-nosed coati (Nasua narica) is a highly social, opportunistic species 
that interacts with humans, including in the highly touristic region of Monteverde, Costa Rica. Previous 
studies from the region show that coatis congregate near ecotouristic sites.  Here, I measure to what extent 
their behaviors are changing, as well.  I observed 31 coatis in seven of Monteverde’s forest reserves 
varying in number of visitors per year from 400 to over 80,000.  I also surveyed 33 naturalist guides 
employed at the reserves about coati behavior and signs of habituation. Coatis spent 67 percent of their 
time foraging, which is typical of studies from remote field stations.  Similarly, around 30% of their time 
was split between resting, vigilant, and moving, and very little time preening or competing. The activity 
budget was not impacted by sex, sociality (group vs. solitary), reserve visitation, if the coati was seen in 
deep forest or in the open, or by distance from reserve entrance. This indicates that the activity budgets of 
coatis are resilient to ecotourism in Monteverde. Still, behavior was highly context-specific:  coatis alone in 
the forest were more fearful and vigilant when I stepped off trail.  Coatis would approach tourists only 
when offered food.  Approaching a coati even in a high tourism area still solicited escape behavior. 
Questionnaire results showed that while coatis are generally not problematic at reserves, they are 
occasionally fed by tourists and raid trash cans.  They also occasionally approach people and beg for food. 
Group behaviors also seem impacted as solitary coatis were seen more often than groups near reserve 
entrances, groups tend to be slightly smaller at high-visitation reserves, and key non-foraging group 
behaviors took place away from tourist impact. Coatis are highly motivated by food and can become 
aggressive toward tourists if fed regularly.  In Monteverde, reserves have been diligent in instructing 
tourists and protecting trash so coati behavior has not become a problem there.  Still, coati density, sociality 
and individual behaviors show clear changes as a result of human interaction. 
 
RESUMEN 

 
El ecoturismo es ampliamente promocionado como amigable con la conservación pero puede 

impactar negativamente la diversidad, abundancia, y el comportamiento de especies.  El pizote (Nasua 
narica) es una especie altamente social y oportunista que interactúa con los humanos, incluyendo en la 
región de Monteverde, Costa Rica.  Estudios previos en la región muestran que los pizotes se congregan 
cerca de sitios ecoturisticos.  Aquí, medí hasta que punto sus comportamientos están cambiando.  Observé 
31 pizotes en siete reservas forestales en Monteverde que varían en el número de visitantes por año entre 
400 y 80 000.  También encuesté 33 guías naturalistas empleados de las reservas sobre el comportamiento 
de los pizotes y señales de habituación.  Los pizotes pasaron 67 por ciento de su tiempo forrajeando, lo cual 
es típico de estudios de estaciones biológicas remotas.  Similarmente, cerca del 30% de su tiempo se 
dividió entre descansar, vigilar, y moverse, y muy poco tiempo acicalándose o compitiendo. El presupuesto 
de actividad no se vio impactado por el sexo, socialidad (solitarios vs en grupo), visitación de reservas, si el 
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pizote fue visto adentro del boque o afuera, o por la distancia a la entrada de la reserva.  Esto indica que los 
presupuestos de actividad de los pizotes son flexibles al ecoturismo en Monteverde.  Aún así, el 
comportamiento fue altamente específico al contexto: los pizotes en el interior del bosque fueron más 
temerosos y vigilantes cuando me salí del sendero.  Los pizotes se aproximan a los turistas solo en 
buscando comida. Acercarse a los pizotes aún en las áreas de mucho turismo todavía solicita el 
comportamiento de escape.  Los resultados del cuestionario muestran que mientras los pizotes 
generalmente no son problemáticos en las reservas, ellos son ocasionalmente alimentados por los turistas y 
buscan en los basureros.  Ellos ocasionalmente se acercan a la gente y suplican por comida.  Los 
comportamientos grupales también se ven afectados al verse los pizotes solitarios más frecuentemente que 
los grupales en las entradas de las reservas, los grupos tienden a ser un poco más pequeños en las reservas 
con visitación alta, y comportamientos claves de grupos no forrajeando toman lugar lejos del impacto 
turístico.  Los pizotes están altamente motivados por la comida y se pueden volver agresivos hacia turistas 
si son alimentados regularmente.  En Monteverde, las reservas han sido diligentes en instruir a los turistas y 
protegiendo la basura para que el comportamiento de los pizotes no se vuelva un problema aquí.  Aún así, 
la densidad, socialidad, y comportamientos individuales muestran cambios claros como resultado de las 
actividades humanas. 
 
INTRODUCTION 
 

While ecotourism has been widely touted as beneficial to conservation, it is not 
without negative impacts (Brandon 1996, Treves and Brandon 2005). These impacts may 
include noise, light, or waste pollution, habitat fragmentation, and increased resource 
extraction all of which can alter animal behavior, stress levels, change social dynamics, 
and depress reproductive rates (Brandon 1996, Treves and Brandon 2005). There can be a 
resultant loss of biodiversity (Westin 2007; Zavaleta et al. 2009, Cunha 2010, Meier 
2011) with more resilient species dominating and homogenizing the local community 
(Schochat et al. 2006, McKinney and Lockwood 2009).  

Impacts of ecotourism on animal behavior can influence populations (Westin 
2007). In primates, endangered black howler monkeys in a reserve in Belize would climb 
higher into the canopy and scatter when tourist groups were nearby, increasing their daily 
energetic losses and decreasing the time spent resting, foraging, or socializing (Treves 
and Brandon 2005). Though clear causational evidence is lacking, these researches 
suggest a link between high tourism levels and higher infant mortality rate. In China and 
Asia, food provisioning around ecotourism sites altered macaques’ nutrition, and 
increased group size, competition, and stress levels around food sources (Westin 2007). 
While dominant macaques benefitted, they would exclude lower-ranking monkeys from 
human food sources, forcing them to spend more time and energy foraging, and less time 
socializing.  
 The white-nosed Coati (Nasua narica) is a member of the raccoon family 
(Procyonidae) found from the southeast United States down to northern Colombia, where 
is it replaced by a congener. It is very common and has an inquisitive and gregarious 
nature, thus interacting frequently with humans, including occasional domestication 
(Mehrkens et al. 2013). Coati social structure is unique in the Procyonidae; females and 
juveniles live in groups of 5-40 individuals, while males are pushed out of the group once 
they reach sexual maturity (approximately 2 years of age; Hass and Venezuela 2002). 
They remain solitary, only rejoining a group for the brief purpose of mating. Female 
coatis form lasting social bonds with other females in their groups with allomaternal care, 
grooming, and shared vigilance (Russell 1983, Hass and Venezuela 2002). Other key 
behaviors include competition (male-male, male-group, or within-group), communication 
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by tail signaling or vocalization, and socialization, like playing among juveniles. These 
behaviors and group dynamics have evolved over time and are integral to coati fitness. 
For instance, it has been suggested that females live in groups to effectively defend their 
food sources from males, despite higher solitary foraging efficiency (Hass and Venezuela 
2002).  

Since disturbance often favors opportunistic generalist species, the coati is a prime 
candidate to capitalize on disturbed habitats. However, as demonstrated with primates, 
impacts can be negative. Coati abundance increases near humans, including reserves with 
ecotourism (Hidinger 1996, Scott 2005, Vandenburg 2014).  Increased abundance with 
human interaction could alter activity budgets (Blevins 2000), decrease health (King & 
McQueen 2008), increase disease transmission (Herrera et al. 2008, Silva 2014), alter 
species interactions (Scott 2005), and ultimately lead to local community simplification 
(McKinney and Lockwood 2009). Furthermore, problems can arise for the tourists 
themselves, as animals accustomed to being fed can get very bold and aggressive (Orams 
2002).  

Although coatis are quite common, and understanding their ecology is paramount, 
few to no studies have focused on the behavioral impacts of ecotourism on coatis. One 
undergraduate study examined the effect of ecotourism on peak coati activity time but did 
not characterize any behaviors, or find significant impacts (Sabatke 2015). Alimentation 
has been studied to a degree; in Monteverde, groups of coatis exhibited higher rates of 
competition foraging at human-provided food sources than in the forest (Kress 1999, 
Blevins 2000).  
 My study looks at the impact of ecotourism on activity budgets of white-nosed 
coatis.  This is done by focal point surveys in areas of high and low visitation.  In 
addition, naturalist guides were surveyed to have a longer-term understanding of 
acclimatization and interaction with humans.  
 
MATERIALS AND METHODS  
 
Study site 

My study was conducted in and around nature reserves in Monteverde, Costa 
Rica. Monteverde is one of the major ecotourism destinations in Costa Rica, receiving 
250,000 tourists a year. I collected data at the end of the tourism high season (November 
to May) during April and May. The area supports large populations of coatis, both at 
reserve entrances and reserve interiors. I collected data at six reserves and the Biological 
Station of Monteverde, which span from premontane to lower montane tropical wet 
forest. These seven sites were split into two categories based on yearly visitation (Table 
1).  
 
Table 1. Annual visitation to the seven study sites in Monteverde, Costa Rica. 

HIGH 
Reserva Monteverde 80,000 

Selvatura 75,000 
Reserva Santa Elena 43,000 

Curi Cancha 35,000 
LOW 

Bajo del Tigre 4,000 
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Santuario Ecológico 3,600 
Biological Station 400 

 
Coati behavior 

To test the effect of ecotourism on coati behavior, individual behavior was 
recorded in the following categories: foraging, moving, vigilant, resting, preening, 
begging, and fighting/competing. Coatis were chosen opportunistically since finding a 
sufficient number of them was difficult, especially in remote forested areas. I observed 
each individual for a maximum of 20 minutes, recording its behavior every 30 seconds, 
totaling to 40 observations per coati. Only individuals with at least 15 observations (7.5 
minutes) were included in my analysis. I stayed as far away as possible while recording 
observation, often using binoculars and making minimal noise or movement.  

For each observation, I recorded distance from the reserve entrance (close or far), 
habitat (woods or open – where open included parking lots, banana plantations, picnic 
areas, etc.), and sex and sociality (solitary or in a group) of the coati. 
 
Questionnaire 
 A short questionnaire of 12 questions (Appendix 1) was given to a total of 33 
naturalist guides employed by the six major reserves of Monteverde included in the study 
(this includes all study sites listed above except the biological station). These guides 
spend most of their days at the reserves leading tourist groups. Several guides have been 
working at their respective reserves for 15-25 years, making them a good source of 
longterm information on coati behavior. Questions focused on frequency of seeing coatis, 
location of coatis in relation to reserve entrances, sociality, habituation, begging, 
aggression, tourists feeding coatis, proximity of coatis to people, and problems with 
coatis at the reserves.  
 
RESULTS  
 
Coati behavior 

On average, coatis spent the majority of their time foraging, spent some time 
resting, moving, and vigilant, and very little time preening, competing, or begging 
(Figure 1). “Other” behavior included mating, defecating, and urinating. Coati activity 
budget differed significantly from random (p = 0.0001; Chi-squared test). 
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Figure 1. Time budget of White-nosed coatis (Nasua narica) near ecotourism reserves in 
tropical premontane and lower montane wet forests of Costa Rica. Behavior was recorded 
for up to 20 minutes, noting each coati’s behavior in the above categories every 30 
seconds (N = 25 coatis). Coatis spent most of their time foraging, some time resting, 
moving, and vigilant, and very little time preening, competing, or begging. “Other” 
behavior included mating, defecating, and urinating. 
 

Effects of sex, sociality (group vs. solitary), reserve type (high vs. low visitation), 
habitat (woods vs. open) and distance from entrance (near vs. far) were only tested for 
vigilance and foraging because very few individuals spent more than 10 percent of their 
time on other behaviors, including resting. None of these factors significantly impacted 
time spent foraging or vigilant (p > 0.05; ANOVA; Table 2). Coatis did spend notably 
more of their time (by 19%) foraging at high-visitation reserves than low-visitation 
reserves (p = 0.22). 

 
Table 2. Effect of sociality, sex, and ecotourism (distance from reserve entrance, woody 
or open habitat, and high or low reserve visitation) on foraging and vigilance behavior in 
white-nosed coatis (Nasua narica) in Monteverde, Costa Rica. Behavior was recorded 
every 30 seconds for up to 20 minutes, and means ± SE of the average percent time spent 
foraging and vigilant are reported below (N = 25 coatis). None of these factors 
significantly impacted time spent foraging or vigilant (p > 0.05; ANOVA). 
 Foraging (Mean ± SE % of time spent) Vigilance 
Distance Close: 69 ± 10 Far: 65 ± 10 Close: 7 ± 2 Far: 7 ± 2 
Habitat Woods: 60 ± 10 Open: 77 ± 9 Woods: 8 ± 2 Open: 6 ± 2 
Sex M: 60 ± 18 F: 69 ± 8 M: 7 ± 3 F: 8 ± 2 
Sociality Group: 68 ± 2 Solitary: 66 ± 2 Group: 9 ± 3 Solitary: 6 ± 2 
Reserve visitation High: 81 ± 4 Low:  62 ± 9 High: 8 ± 3 Low: 7 ± 2 
 
Additional observations 
 Coatis are extremely smart animals with complex and context-specific behaviors. 
Even the coati that spends every day foraging around the busy Reserva Monteverde 
entrance, totally undisturbed by masses of tourists taking pictures from a meter distance, 
watched me intently and ran from me on three occasions as soon as I followed her as 

67%	
8%	

8%	

14%	

2%	 1%	 0%	 0%	
Foraging	
Vigilance	
Moving	
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Preening	
Competing	
Begging	
Other	
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much as a few meters into the forest. One morning, a group of coatis foraging in a picnic 
area early in the morning were so sensitive that they would be wary if I looked directly at 
them for too long, but would go about their business if I they felt I was doing the same. 
Similarly, five separate times, solitary coatis approached me when I was sitting still, one 
even sniffing and touching my foot, but became quite fearful and ran away when I 
approached or followed them at a distance.  
 It should be noted that vigilance was often not captured in my data because coatis 
looked around or directly at me for short bursts of time, whereas other behaviors, such as 
foraging or resting, are more sustained and easily captured in the 30-second observation 
method. 
 Social behavior in groups seemed only to occur in the relative absence of people. 
I observed coatis mating in the same picnic area before the first tourist arrival of the day, 
and saw group members preening each other on two occasions high up in the big trees in 
forests undisturbed by tourists.  
 On several occasions after the observation period, I offered the coati I was 
studying a banana to see if and how it would react, without actually feeding any. Several 
minutes later, I approached it at a slow and constant pace without the banana to see how 
close I could get before it moved away. Out of the seven coatis I offered a banana, three 
gave no response, but the ones that did respond all came within half a meter to me, and 
one coati made begging noises. For the eight coatis I was able to approach, the average 
distance between the coati and myself before it ran away was 2.2 m. 
 
Nature guide questionnaires 

Most guides reported seeing coatis at their reserve either every 2-4 days or every 
day (Figure 2), with responses differing significantly from random (χ2 = 24.82, df = 3, p 
< 0.0001; Chi-squared test; Figure 2). This trend did not differ between high and low 
visitation reserves (p = 1; Fisher exact test). 

 

	
Figure 2. Frequency of nature guides seeing coatis at reserves in Monteverde, Costa 
Rica. A total of 33 guides at six different reserves were given a questionnaire surrounding 
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coati behavior around ecotourism, including the question, “How often do you see coatis 
while guiding?” Almost all guides reported seeing coatis at least every four days.  
 

Guides reported seeing solitary coatis more often than groups nearby the reserve 
entrance (χ2 = 9.97, df = 1, p = 0.002; Chi-squared test). Responses were split as to which 
was seen more often in the reserve interior (χ2 = 0.03, df = 1, p = 0.853; Figure 3).  
	

	
Figure 3. Proximity of solitary coatis and groups to ecotourism according to nature 
guides at reserves in Monteverde, Costa Rica. A total of 33 guides at six different 
reserves were given a questionnaire surrounding coati behavior around ecotourism 
including the question, “Which do you see near the reserve entrance/in the reserve 
interior more often, solitary coatis or coatis in groups?” While guides reported seeing 
solitary coatis more often than groups near the entrance, there was no significant trend for 
the reserve interior. 

 
Guide responses about coati begging behavior were significantly different from 

random, with most guides (67 percent) reporting occasionally observing begging, with 
only a few saying they never (15 percent) or frequently (18 percent) observed begging (χ2 
= 16.55, df = 2, p = 0.0003; Chi-squared test). There was a non-significant trend that 
begging is observed more frequently at high visitation reserves (p = 0.185; Fishers exact 
test; Figure 4).  
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Figure 4. Frequency of coatis begging according to nature guides at reserves in 
Monteverde, Costa Rica. A total of 33 guides at six different reserves were given a 
questionnaire surrounding coati behavior around ecotourism including the question, “Do 
you see coatis begging for food?” There was a slight trend that coatis beg for food more 
often at high visitation reserves. 
  

Though the three groups I observed consisted of four to five coatis each, most guides 
reported a larger average group size of either five to ten (24 percent of guides) or ten to 
fifteen (58 percent of guides) coatis. Their responses were significantly different from 
random (χ2 = 20.93, df = 3, p = 0.0001; Chi-squared test). There was a non-significant 
trend that slightly larger groups are seen at low visitation reserves (p = 0.237; Fisher 
exact test). 
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Figure 5. Average coati group size according to nature guides at reserves in Monteverde, 
Costa Rica. A total of 33 guides at six different reserves were given a questionnaire 
surrounding coati behavior around ecotourism including the question, “What is the 
average group size of coatis?” Most guides observed groups of ten to fifteen coatis, and 
there was a non-significant trend that slightly larger groups are seen at low visitation 
reserves. 
 

Guide responses about minimum distance between coatis and people were 
significantly different from random, with most guides reporting that coatis get within one 
meter (54 percent) or one to three meters (42 percent) of people (χ2 = 30.15, df = 3, p = 
0.0001; Chi-squared test). This trend did not differ between high and low visitation 
reserves (p = 0.196; Fishers exact test) (Figure 6).  
 

 
Figure 6. Minimum distance between coatis and people according to nature guides at 
reserves in Monteverde, Costa Rica. A total of 33 guides at six different reserves were 
given a questionnaire surrounding coati behavior around ecotourism including the 
question, “What is the closest a coati will get to you or a tourist?” Almost all guides 
reported that coatis get within a three meter distance of people.  
 

More than 85% of guides reported that they never saw coati aggression towards 
tourists and saw tourists feeding coatis or coatis competing for human food at most 
occasionally (Table 3). All responses about feeding (χ2 = 11.13, df = 2, p = 0.004; Chi-
squared test), aggression, (χ2 = 40.62, df = 2, p = 0.0001), and competition (χ2 = 8.95, df 
= 2, p = 0.011) were significantly different from random. None of these trends differed 
between reserves with high and low visitation (all p = 1; Fishers exact test). 

 
Table 3. Nature guide responses about coati feeding, aggression, and competition near 
ecotourism at reserves in Monteverde, Costa Rica. A total of 33 guides at six different 
reserves were surveyed. 
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feeding coatis at the 
reserve? 

48% 45% 6% 

Have you ever seen a 
coati get aggressive 
towards a tourist? 

 
85% 

 
15% 

 
0% 

Have you ever seen 
coatis fighting or 

competing for human 
food (compost, tourist 

meals, dropped 
food…)? 

 

 
 
 

48% 

 
 
 

42% 

 
 
 

9% 

	
Most guides reported that there were coatis near reserve entrances that are to 

some degree habituated to human presence (Table 3), however, these responses did not 
significantly differ from random (χ2 = 2.46, df = 1, p = 0.117; Chi-squared test).  

The majority of guides did not find coatis were a problem at their reserve (Table 
3). The guides that did state they were a problem mostly attributed this to the coatis 
eating the trash or compost. At Reserva Monteverde, the most visited ecotourism reserve 
in the region, the management occasionally has to trap coatis that are regulars around the 
entrance and are too bold in their search for tourists’ food, scratching or scaring people. 
They transport them into the reserve interior, far away from the entrance. While none of 
the 5 guides who work at low visitation reserves found coatis to be a problem, six out of 
28 at high visitation reserves did, four of which work at Reserva Monteverde. However, 
this difference was not significant (p = 0.556; Fishers exact test). 
 
Table 3. Nature guide responses about coati habituation and problems near ecotourism at 
reserves in Monteverde, Costa Rica. A total of 33 guides at six different reserves were 
surveyed. 

 Yes No 
Would you say that there are 

coatis near the reserve entrance 
that are more accustomed to 

people (less fearful, more 
willing to take human food…)? 

 

 
 

64% 

 
 

36% 

Would you say coatis are ever a 
problem at your reserve? 

 

 
18% 

 
81% 

 
 
DISCUSSION  
 
 Given my own observations and the responses of the guides, coatis are common 
around Monteverde’s reserves, and often actively seek out touristic areas to forage. This 
is consistent with higher coati population densities found near the heavily touristed Tikal 
ruins of Guatemala than at a nearby undisturbed control site (Hidinger 1996). Similarly, 
at Reserva Monteverde, there are more instances of egg-predation by coatis on high-
traffic trails, suggesting higher abundances near tourists (Scott 2005). Furthermore, 
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though overall mammal abundance and diversity were higher on non-tourist trails at the 
same reserve, coati abundance was higher on trails with daily tourist traffic (Vandenburg 
2014). 
 Coatis spend most of their time feeding, regardless of visitation, habitat, sex, 
sociality (group vs. solitary), and distance from entrance. This is similar to reports of 
other coatis from similar studies (Ideris 2001), but comparative data from undisturbed 
coati habitats are lacking. Therefore, food is a powerful motivator for coatis to collect 
around touristic sites and for their behavior to become bolder. At the Finca Ecologica in 
Monteverde, coatis were fed in the past and as a result, foraging behavior increased to 
89% of their activity budget and on site abundance increased (Ideris 2001).   

 Increased coati abundance near tourism is widely attributed to greater food 
availability (Hidinger 1996, Scott 2005, Sazima 2010). One behavior developed by 
alimentation is begging (Sazima 2010); my questionnaires suggest that coatis are slightly 
more likely to beg for food at high visitation reserves, because tourists were reported to 
occasionally feed the coatis or leave food scraps on the ground. Anecdotes from the 
guides about heavily-touristed Costa Rican National Parks such as Manuel Antonio and 
many tourist videos on YouTube from Costa Rica (Appendix 2, Figure 7) show that in 
extreme cases, coatis can swarm tourists in large numbers and exhibit a variety of 
begging strategies that they have learned to obtain food. This behavior is problematic 
because it may increase intra-specific competition and aggression towards tourists, as my 
results indicate, and facilitate disease transmission in both (Herrera et al. 2008, Silva 
2014). Furthermore, shifts in nutrition from a natural diet of insects and fruit to more 
sugary, fatty, and synthetic human foods are usually unhealthy for animals (Kaufmann 
1976, Orams 2002, Westin 2007).  
 

 
Figure 7. A group of coatis in Costa Rica exhibiting extreme begging behavior when fed 
by tourists. Taken from a tourist YouTube video from March 2011. 

 
Ecotourism also seems to impact group behavior. Several pieces of evidence point 

to this: I observed group behaviors like mating and mutual preening away from tourist 
presence, and guides reported seeing solitary coatis more often than groups at reserve 
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entrances and seeing slightly smaller groups at high visitation reserves. Furthermore, 
several guides conveyed to me that when groups were seen near reserve entrances, they 
were usually just passing through. This suggests that ecotourism may disturb social group 
behaviors. In extreme cases of alimentation, groups will beg for food from tourists, but 
social processes like mating or mutual preening may necessitate a less disturbed site. In 
Monteverde, a group of coatis frequently engaged in mutual preening after within-group 
competition for human-provided food (Blevins 2000). Thus, Blevins suggests that mutual 
preening may be a mechanism to maintain group cohesiveness, which implicates 
repercussions of human disturbance on group cohesiveness. 

Alimentation, competition, and group behavior are linked synergistically, 
resulting in disproportionate and complex impacts of ecotourism on coatis. Due to 
varying foraging success observed between solitary and gregarious males and females, 
Gompper (1996) suggests that the coati social system is maintained by sexual 
dimorphism interacting with reliance on patchy defendable foods. When the way in 
which coatis obtain food changes drastically, like through begging and exploiting 
concentrated food sources such as compost piles, this is bound to alter competition and 
social structure. Blevins (2000) found higher rates of aggression when the food she 
provided was less spread out. While males were not studied, Blevins also found that 
aggression was higher within age-classes than between them, showing that certain social 
relationships may be disproportionately impacted.  

Furthermore, a study in Argentina on the very similar species, Nasua nasua, 
found that there was no difference in foraging success within coati groups when food was 
widely dispersed, like insects in leaf litter, but that dominant members, who occupy the 
front and center position of the group, had higher foraging success than others at more 
clumped sources such as fruit trees (Hirsch 2011). The spatial positioning of dominant 
members in a natural setting represents a trade-off between foraging success and risk of 
predation (Hirsch 2011), so groups in touristic settings where predation risk is very low 
and food sources are even more clumped and concentrated, disparity between dominant 
and sub-dominant group members is likely to increase. 
 The lack of significant trends in my data in fact suggests that coatis are extremely 
resilient, yet exhibit some complex, context-specific changes in behavior. My categories, 
such as forest vs. open habitat, were likely too broad to capture this complexity; even in 
open habitat, I saw increased vigilance as soon as I stepped a meter off the trail. This 
suggests that coatis have developed acute threat perception abilities that allow them avoid 
natural predators yet do well in the presence of humans. In fact, predator avoidance has 
been cited as a likely reason that coatis prefer touristic areas (Hidinger 1996, Scott 2005), 
but not to the extent that habituating harms their ability to detect potential threats.  

Given that coatis spend most of their time foraging, and some behaviors like 
vigilance come in short bursts, it is difficult to detect differences in non-foraging 
behavior. Thus, future studies should have a longer data collection period, repeat 
observations on individuals, and record behavior more often than every 30 seconds. It is 
important to observe behavior across a wide range of situations and habitats as my study 
did, but differences should be noted in greater detail. More data and higher resolution of 
data may elucidate trends in behavior across different sexes, sociality, habitat type, and 
proximity to people. Furthermore, our understanding of human impacts on coatis 
seriously lacks a baseline study on behavior of non-habituated coatis. Perhaps, this is 
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telling of how easily coatis become habituated, but in any case, changes in behavior due 
to human disturbance can hardly be discerned without proper comparison to wild coatis.  
 The ability of coatis to seemingly thrive with ecotourism may not be the case in 
the long term because of heightened susceptibility to disease, altered nutrition, and 
disturbed social dynamics. Disease specifically, can affect not only coatis but can also 
spread to humans in areas were interaction between the two is high (Herrera et al. 2008, 
Mehrkens et al. 2013, Silva 2014). Furthermore, coatis may displace other species; they 
compete for food with parrots, armadillos, squirrels, peccaries, and monkeys, thus their 
population dynamics are likely linked (Kaufmann 1976). Coati habituation can also have 
community-wide impacts across trophic levels. For instance, prey bird populations in 
Reserva Monteverde experienced imbalanced egg predation because of higher coati 
abundances on tourist trails (Scott 2005). While Monteverde must rectify problems of 
alimentation by securing trash and compost from coati access, populated areas throughout 
the coati’s range, especially ecotourism destinations with large influxes of naïve 
foreigners, should implement practices to minimize impact, as has been done with some 
success in Monteverde. This includes having clear signs that forbid feeding or touching 
wildlife and educating tourists about the reason behind this, so they can spread their 
understanding across the world, where disturbance and alimentation affect many species 
(Orams 2002). 
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APPENDIX 
 
Appendix 1. Questionnaire given to nature guides at reserves around Monteverde, Costa 
Rica about White-nosed Coati behavior. 
 

The	Coati	Questionnaire	
	

I	am	a	CIEE	student	at	the	Monteverde	Biological	Station,	looking	at	the	impacts	of	ecotourism	on	the	
behavior	of	Coatis.	Thank	you	so	much	for	taking	the	time	to	answer	these	questions!	
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Name	of	reserve:	___________________________				How	long	have	you	been	a	guide?		_________________________	
	

1. How	often	do	you	see	coatis	while	guiding?		

Never	 	 Every	day	 Every	2-4	days	 	 Once	per	Week	 	

2. Which	is	seen	near	the	entrance	of	the	reserve	more	often?	

Solitary	coatis	 	 Coatis	in	groups	

3. Which	is	seen	in	the	reserve	interior	more	often?	

Solitary	coatis	 	 Coatis	in	groups	

4. What	is	the	average	group	size	of	coatis?	

2-5	 	 	5-10	 	 10-15	 	 >15	

5. Have	you	ever	noticed	a	solitary	female	coati?	

No	 Occasionally	 Frequently	

6. Do	you	see	coatis	begging	for	food?	

No	 Occasionally	 Frequently	

7. Have	you	seen	people	feeding	the	coatis	at	the	reserve?	

No	 Occasionally	 Frequently	

8. Have	you	ever	seen	a	coati	get	aggressive	towards	a	tourist?	

No	 Occasionally	 Frequently	

9. Have	you	ever	seen	coatis	fighting/competing	amongst	one	another	for	human	food	
(compost,	tourist	meals,	dropped	food…)?	
	
No	 Occasionally	 Frequently	

10. What’s	the	closest	a	coati	will	get	to	you	or	a	tourist?	

Within	1	m	 	 1-3	m	 	 3-6	m	 	 They	keep	a	>6	m	distance	

11. Would	you	say	that	there	are	coatis	near	the	reserve	entrance	that	are	more	accustomed	to	
people	(less	fearful,	more	willing	to	take	human	food…)?	

	
No		 Yes	

	
12. Would	you	say	coatis	are	ever	a	problem	at	your	reserve?	

No	 Yes	
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Appendix 1. Links to tourist videos on YouTube from Costa Rica displaying extreme 
coati aggregation and begging behavior. 
 
https://www.youtube.com/watch?v=kdYZnUoEnCs 
https://www.youtube.com/watch?v=588RebwxC1I 
https://www.youtube.com/watch?v=c9jCnYhFz44 
https://www.youtube.com/watch?v=YjsQE5mHt0U 
https://www.youtube.com/watch?v=b1qvyE93DT4 
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Climate Change Knowledge and Attitudes among Elementary 
Students in a Tropical Rural Community 
Andrea Lukas 

School of Education, University of Wisconsin-Madison 

 

ABSTRACT 
Global warming is a pressing environmental concern as climate change impacts Earth’s systems, 
even in remote places like Montevede, Costa Rica. This study compares climate change 
knowledge among four different third grade classes in Monteverde, Costa Rica. These were an 
afternoon (TSE) and morning (MSE) class in the public Escuela Santa Elena, and a class in the 
private Monteverde Friends School (MF) and Cloud Forest School (CEC). 73 students were 
given a pre-test which contained five general science questions and 13 climate change questions 
followed by a lesson and activity about climate change. They were then given a post-test which 
contained five general science questions and 15 climate change questions to assess learning. 
General science knowledge significantly differed between classes with the two private schools 
(MF and CEC) scoring highest (4.1+/- 0.04 and 3.5 +/- 0.03 respectively). Climate change 
knowledge differed both between classes and over time significantly, with all classes showing a 
significant improvement over time. The TSE (0.59 +/- 0.01) and MF (0.57+/- 0.02) classes 
scored highest on the climate change section, possibly due to their small class size (15 students). 
These results further reinforce the notion that climate change education can be lacking 
throughout both public and private education systems in tropical rural communities impacted by 
climate change.  It is vital to include climate change in the local curriculum for the local 
population to engage in confronting its many impacts locally and globally.   

RESUMEN 

El calentamiento global es una preocupación ambiental urgente al impactar el cambio climático 
los sistemas terrestres, aún en lugares remotos como Monteverde, Costa Rica. Este estudio 
compara el conocimiento sobre el cambio climático entre cuatro clases diferentes de tercer grado 
en Monteverde, Costa Rica. Fueron una clase en la tarde (TSE) y una en la mañana (MSE) en la 
escuela pública de Santa Elena, y una clase en la escuela privada de los Amigos de Monteverde 
(MF) y la Escuela Creativa (CEC). 73 estudiantes tomaron una pre-prueba que contenía cinco 
preguntas generales de ciencia y 13 preguntas sobre cambio climático seguidas por una lección y 
actividad acerca del cambio climático. Luego se les hizo una post-prueba que contenía cinco 
preguntas generales sobre ciencia y 15 preguntas sobre el cambio climático para medir el 
aprendizaje. El conocimiento general de ciencia difiere significativamente entre clases con las 
dos escuelas privadas (MF y CEC) con las mayores notas (4.1+/- 0.04 y 3.5 +/- 0.03 
respectivamente). El conocimiento sobre el cambio climático difiere tanto entre clases como a 
través del tiempo significativamente, con todas las clases mostrando una mejora significativa con 
el tiempo. El TSE (0.59 +/- 0.01) y MF (0.57+/- 0.02) mostraron las mayores notas en la sección 
del cambio climático, posiblemente debido al tamaño pequeño de sus clases (15 estudiantes). 
Estos resultados refuerzan la noción que la educación sobre el cambio climático puede tener un 
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faltante a través de los sistemas educativos tanto públicos como privados en las comunidades 
rurales tropicales impactadas por el cambio climático. Es vital incluir el cambio climático en el 
curriculum local para la población local para comprometerse en confrontar sus impactos locales 
y globales.  

 

INTRODUCTION 
Due to recent human activity, the global environment is deteriorating now more than ever 
(Pounds et al. 1999). Therefore, creating an environmentally conscious future generation is 
essential (Hungerford et al. 1980.Environmental education teaches students about the natural 
world and how to live sustainably (Hungerford and Volk 1990). It is essential to have well-
informed students, and therefore a better informed citizenry, to ensure a more environmentally 
mindful future (Hungerford et al. 1980). Presently, many developed countries such as the United 
States and much of Europe require students to take part in at least some form of environmental 
education. Even so, only 20% of the US population is considered scientifically literate 
(Blumstein and Sylan 2007).   

One such topic included in environmental education is climate change. Climate change 
education has become an increasingly more prevalent topic in education systems worldwide 
(Papadimitriou 2004). However, even at the university level, there are many misconceptions 
among students and teachers (Cordero et al. 2008). In fact, less than half of school teachers are 
correctly able to identify humans as the cause of climate change (Stager 2017). In addition, 
previous studies have demonstrated that only about half of students surveyed in the US are 
familiar with the term climate change (CEED 2011). Even more shocking, about 30% of teachers 
explain climate change as something due to natural causes and 31% report teaching both “sides” 
to climate change (Plutzer et al. 2016). 

This is alarming considering the global impact of climate change. It affects every part of 
the world, including rural communities such as Monteverde, Costa Rica (Pounds et al. 1999). 
Monteverde had one of the first recorded extinctions due to climate change, and an estimated 
67% of amphibians have gone extinct for the same reason there (Pounds et al.) Many species, 
due to climate change, have been moving up the mountain, and many extinctions could follow as 
they run out of space to move (Pounds et al. 1999). In addition, Monteverde has been 
experiencing a rising of its cloud cover in the cloud forest and lower mist frequency, altering its 
ecosystems (Pounds et al. 1999). Because of the dramatic changes in the area, having a well-
informed citizenry is essential. 

Despite this, not much is known about climate change education in Costa Rica. Though 
the country has pledged to be carbon neutral in the near future (Gössling 2009), it does not seem 
to apply this strong commitment to reducing its impact to its schools. The government-created 
public school curriculum is lacking key information about climate change and only touches on 
the impacts of global warming not the causes (Minesterio De Educación Pública 2016). The 
Cloud Forest School, a private school in Monteverde, has a curriculum that only briefly touches 
on the topic during its weather unit (Cloud Forest School 2016). In contrast, the Monteverde 
Friends School has a curriculum that has explaining climate change, its human causes, and 
detrimental effects written in to the curriculum explicitly (Hemsi and Gosse 2015). The latter 
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two schools have taken it upon themselves to further include this topic beyond the government-
mandated requirement. This study, therefore, was conducted to compare the strength of both 
public and private schools’ environmental education curricula pertaining to climate change to 
evaluate their effectiveness in a location where climate change’s impacts are evident 
(Monteverde, Costa Rica).  

METHODS 
Study Sites 

Monteverde is a community founded by Quakers in the rural tropics of Costa Rica. Its current 
population is estimated at 5,000 people. It is centered around a tourism based economy. This 
study was conducted at three different schools in Monteverde, Costa Rica. These schools were la 
Escuela Santa Elena, the Monteverde Friends School, and the Cloud Forest School. Four third 
grade classes (73 students) were surveyed for climate change knowledge (two from la Escuela 
Santa Elena and one from each private school).  

LA ESCUELA SANTA ELENA - This school is a public school with the students of la Escuela 
Santa Elena being mostly Costa Rican and having grown up in the area. The morning Santa 
Elena class (MSE) differed from the afternoon Santa Elena class (TSE) only in number of 
students, with the MSE class having slightly more. The MSE class had around 20 students while 
the TSE class had 15.  

MONTEVERDE FRIENDS SCHOOL - This is a private school with a mixture of both foreign 
students (mostly from the United States) and native Costa Ricans. The class had about 15 
students. The Monteverde Friends School (MF) was founded by Quakers and emphasizes 
learning English as well as incorporating the nature around them into the classroom. 

THE CLOUD FOREST SCHOOL - This is a private school that was founded with 
environmental education as an essential pillar. The class had about 20 students, and 95% of the 
entire school’s population are native Costa Ricans.  

Assessments 

Initially, each school’s curriculum was obtained and environmental topics, particularly those 
related to climate change, were noted. I then created age-appropriate pre and post lecture quizzes 
as well as a climate change lesson based on both the curricula and interviews with each class’s 
teacher. In addition to climate change knowledge, both the pre and post assessments contained 
five general science question created based on overlapping topics in all of the school’s curricula 
to assess general science aptitude. To begin, initial climate change knowledge was assessed with 
a pre-lecture quiz one day at each school (see Appendix 1). This quiz contained questions about 
demographic information, five general science questions, and 13questions pertaining to climate 
change knowledge (a yes or no was one point and the explanation was worth up to 2 points). 
Within the week, I returned to teach a lesson about key aspects of climate change and did a 
related activity with the students (Appendices 2 and 3). Lastly, a post-assessment quiz was given 
immediately following the lesson (Appendix 4). This quiz contained questions about 
demographic information, five points of general science questions (but different from those in 
the pre-assessment), and 15 points pertaining to climate change knowledge. In addition, teachers 
were given a similar quiz to the students’ pre-lecture quiz to assess their own beliefs and 
knowledge (Appendix 5).  
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RESULTS 
First, when looking at general science knowledge, there was a significant difference between 
classes (2 way ANOVA, F=13.13, p < 0.0001, df=3). The classes differed (Figure 1) in that the 
MF school scored the highest (4.1+/- 0.04) followed by the CEC (3.5 +/- 0.03). The TSE scored 
slightly lower (2.9 +/- 0.03) with the MSE coming in last (2.4 +/- 0.02). There was a 
nonsignificant trend (Figure 2) between time and score with scores being slightly lower on the 
post-test (F=3.35, p=0.07, df=1). Despite this, only the CEC showed a significant decrease with 
time (Scheffe test, p = 0.03). Specifically, classes that differed significantly from one another 
(Scheffe test at p < 0.05) were the CEC versus the MSE, the MF versus the MSE, and the MF 
versus the TSE (Figure 3).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. This study assessed general science knowledge of 73 students from various classes in 
Monteverde, Costa Rica. Each student was given a pre-test, a lesson, and then a post-test. Each 
test contained five questions that pertained to general science knowledge. Bars are based on the 
mean number of correct science answers per class. Error bars represent standard error.  
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Figure 2. This study assessed general science knowledge of 73 students from various classes in 
Monteverde, Costa Rica. Each student was given a pre-test, a lesson, and then a post-test. Each 
test contained five questions that pertained to general science knowledge. Bars are based on the 
mean number of correct science answers per time period. Error bars represent standard error.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3. This study assessed general science knowledge of 73 students from various classes in 
Monteverde, Costa Rica. Each student was given a pre-test, a lesson, and then a post-test. Each 
test contained five questions that pertained to general science knowledge. Bars are based on the 
mean number of correct science answers per class and split per time period for each class. Error 
bars represent standard error. 

 Next, when looking at climate change knowledge, classes differed significantly (2 way 
ANOVA, F=4.77, p=0.003, df=3) in scores and also differed (Figure 5) significantly (F=30.11, p 
< 0.0001, df=1) over time. The classes differed (Figure 4) in that the TSE school scored the 
highest (0.59 +/- 0.01) followed closely by the MF school (0.57+/- 0.02). Next was the CEC 
(0.51 +/- 0.01) with the MSE class coming in last (0.41 +/- 0.01). Specifically, the classes that 
differed from one another (Scheffe test of p < 0.05) were the MSE versus the TSE (Figure 6). 
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Figure 4. This study assessed general science knowledge of 73 students from various classes in 
Monteverde, Costa Rica. Each student was given a pre-test, a lesson, and then a post-test. The 
pre-test contained 13 points that pertained to climate change knowledge while the post-test 
contained 15 points that pertained to it. Bars are based on the mean fraction of correct climate 
change answers per class. Error bars represent standard error.  

 

 

 

 

 

 

 

 

 

 

 

Figure 5. This study assessed general science knowledge of 73 students from various classes in 
Monteverde, Costa Rica. Each student was given a pre-test, a lesson, and then a post-test. The 
pre-test contained 13 points that pertained to climate change knowledge while the post-test 
contained 15 points that pertained to it. Bars are based on the mean fraction of correct climate 
change answers per each time period. Error bars represent standard error.  
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Figure 6. This study assessed general science knowledge of 73 students from various classes in 
Monteverde, Costa Rica. Each student was given a pre-test, a lesson, and then a post-test. The 
pre-test contained 13 points that pertained to climate change knowledge while the post-test 
contained 15 points that pertained to it. Bars are based on the mean fraction of correct climate 
change answers per class and split per time period for each class Error bars represent standard 
error.  

 

Lastly, science scores of the pre-test were compared to the fraction of correct climate 
change scores from the pre-test to reveal a significant trend (correlation test, R2 = 0.07, p = 0.03). 
However, the R2 of 0.07 indicates that just 7% of the climate scores were impacted by general 
science knowledge. This was repeated for the science scores of the post-test and the climate 
scores of the post-test. Once again, a significant trend was found (R2 = 0.17, p = 0.0003). It is 
notable that in the post-test 17% of the climate change scores were influenced by science scores 
(Figure 7). 
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Figure 7. This study assessed general science knowledge of 73 students from various classes in 
Monteverde, Costa Rica. Each student was given a pre-test, a lesson, and then a post-test. The 
pre-test contained 13 points that pertained to climate change knowledge while the post-test 
contained 15 points that pertained to it. Both tests contained five questions that pertained to 
general science knowledge. The top graph represents the correlation between students’ science 
scores and their climate change knowledge on the pre-test, while the bottom graph represents the 
same correlation based on the results of the post-test. The lines represent best-fit trend lines. 

Additional observations 

DEMOGRAPHICS - Demographic information was collected from the assessments. At the CEC 
school, there appeared to be an even split between parents who were teachers or guides and 
parents working in hospitality. At the Friends School, most students were professors, guides, or 
biologists. There were four students with parents that worked on farms or in tourism. The TSE 
class had almost all parents working in tourism, hospitality, or the service industry with two 
parents that were professors. The MSE class had one parent as a teacher with the rest working in 
hospitality, tourism, and the service industry. 

TEACHER ASSESSMENTS – The MF school teacher had the deepest grasp of the material, 
providing several in depth responses to each prompt. The CEC teacher had sufficient knowledge 
and was able to provide an accurate reasoning for each question. The public school teacher had a 
basic understanding of most questions but answered one “why” part of a question incorrectly.  

VARIANCE IN MISSED QUESTIONS – There did not appear to be any trend related to missed 
science questions. In general, answers varied and there was not any particular question that 
students missed more frequently. In addition, initial climate change knowledge varied and most 
students knew some parts but not others. However, there did not seem to be any one question 
that all students got correct. Similarly, missed questions also varied on the post test.  

CLOUD FOREST SCHOOL – In interviewing teachers, they explained that although their 
curriculum does not go in depth regarding climate change, teachers often choose to further 
incorporate it based on their own personal interests.  

DISCUSSION 

General Science Knowledge 

Science score significance between classes could be explained by the demographics and 
curricula of each class. The MF school had the highest proportion of students from the US. In 
general, the US has a greater emphasis on environmental and science education than Latin 
American countries (Arias-La Forgia 1994). In addition, the public school’s curriculum is less 
detailed in regards to science and thus leaves more room for interpretation to the teachers 
(Minesterio De Educación Pública 2016) which could be either a good or bad thing depending on 
the teacher’s capabilities and interests. This explains why the two private schools, who had 
climate change more often incorporated into their classrooms, differed significantly from the two 
public school classes but neither group did between themselves. Furthermore, the TSE’s slightly 
higher score than the MSE class was most likely due to having a smaller class size than the MSE 
class, resulting in more individualized attention. The nonsignificant decrease in science scores on 
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the post-test was most likely due to the wording of the questions as there was not one specific 
question that was more often missed. Though they focused on similar, already learned, topics, 
some of the wording must have proven ambiguous for third graders and thus caused this change. 
In addition, only the CEC showed a significant decrease in science score pre and post 
assessment. This was most likely due to the fact that this class chose to do all three parts (pre-
test, lecture, and post-test) all in the same day. Students most likely grew tired or bored of the 
topic, altering results.  

Climate Change 

Climate change scores differed significantly between classes which seemed to be correlated with 
class size as the TSE and MF schools both had small class sizes (around 15 students) with the 
CEC and MSE classes having around 20 students. This resulted in more individualized attention 
and accessibility for students to ask further questions. In particular, the TSE class seemed the 
most engaged with the material and asked far more questions than the other classes. In general, 
all classes improved over time, but the MSE class improved the most dramatically. This could be 
due to a lack of climate change education in their curriculum (Minesterio De Educación Pública 
2016) or a lack of resources as they were the largest class and seemed to benefit from having two 
staff members (myself and their classroom teacher) on hand to answer more questions 
efficiently. It is also notable that this class did the poorest on both the general science and 
climate change sections. In addition, the MF and CEC’s successes could be due to their parents’ 
professions as their parents were more often teachers or biologists while nearly all public school 
children’s parents worked in tourism or hospitality and thus would not have as much access to 
recent climatic findings. In addition, based on teacher responses to a similar survey, the CEC and 
MF teachers had a much deeper grasp of the subject matter than the public school . Because of 
this, the TSE class’s success was unanticipated and was not consistent with the other third grade 
class (MSE) from the same school. Thus, it can be concluded that both class size and a 
combination of outside factors (perhaps stories from parents about changes they’ve seen) caused 
the increased knowledge of this class.  

Correlation between Science and Climate Scores 

It was found in both pre and post-tests that having a general aptitude for science influenced the 
way a student performed on the climate change portion of the assessment. This would make 
sense in that students that cannot grasp scientific concepts or have no interest in them may not 
pay attention to these type of conversations between their family members or may not be able to 
understand the material when presented in a lecture. Likewise, a student who has a high aptitude 
for science or holds a high interest for it may seek out climate change information on their own 
time, thus increasing the likelihood they will do well on an assessment.  

General Findings 

Based on the data, it can be concluded that all schools in Monteverde would benefit from further 
incorporation of climate change into their curricula. In all schools, students showed an aptitude 
and ability to comprehend the material at the third grade level. It appears as though, in the public 
school, science itself needs to be further emphasized, which could consequentially boost 
awareness of scientific topics such as climate change. In all schools, it was evident that these 
children are intelligent and willing to learn, they only need to be given the resources to do so. 
This is essential to the future well-being of our planet because without mindful, committed 

 192 

 192 



individuals, no progress will be made (Hungerford et al. 1980). It is important to understand that 
many students still hold misconceptions about climate change, but, through further education, 
these can be amended (Cordero et al. 2008). Especially here in Monteverde, where one of the 
first climate change caused extinctions occurred, it is important that students who can visibly see 
the impacts take action and properly inform others (Pounds et al.) and to do that, they need to be 
well-educated. 
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Appendix 1. 

Topic: This questionnaire is to evaluate the knowledge and attitudes of students in Monteverde, 

Costa Rica about climate change. This is important in order to compare different curricula and 

evaluate their effectiveness. This study is important in order to understand the thoughts of the 

next generation about an essential topic in the environment. Children are the forefront of future 

changes and therefore need to be well informed.   

Instructions: Answer the following questions to the best of your ability and with honesty.   

How old are you? _________ 

How many people live in your house? _____________ 

In what country were you born? ___________________ 

Have you visited other countries? ____________________ 

What are your parents’ jobs? ________________ 

What are five things that have changed in Monteverde during your life here?  

______________________________________________________________________________

______________________________________________________________________________ 

Circle your answer: 

Do your parents or grandparents talked about the changes they have seen in Monteverde? 

 Yes    No   Maybe 
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If the answer is yes, what do they say? 

______________________________________________________________________________

______________________________________________________________________________ 

Which is an organ in the digestive system? 

a) Heart 

b) Stomach 

c) Lungs 

d) Brain 

Which is a mammal?  

a) Frog 

b) Snake 

c) Coati 

d) Bird 

Which is NOT a product from an animal? 

a) Meat 

b) Eggs 

c) Milk 

d) Beans 

Which does NOT use electricity? 

a) Television 

b) Car 

c) Lights 

d) Refrigerator 

Which is NOT a way to prevent illness? 

a) Sharing drinks with friends 
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b) Going to the doctor when you feel bad 

c) Washing your hands 

d) Receiving vaccinations  

 

 

  

Do you think the global temperature is getting warmer?    Yes    No   Maybe 

If you think the temperature is hotter, do you believe this is natural? Yes    No   Maybe 

Why or why not? 

______________________________________________________________________________

______________________________________________________________________________ 

Would it be bad if the global temperature was warmer?  Yes    No   Maybe 

Why or why not? 

______________________________________________________________________________

______________________________________________________________________________ 

If the temperature was warmer, would it affect animals and the places they live?  

 Yes    No   Maybe 

Why or why not? How would it change in Monteverde?  

______________________________________________________________________________

______________________________________________________________________________ 

Can you, third grade students, do something to prevent climate change in the future?  

Yes    No   Maybe 

If the answer is yes, what could you do? 

______________________________________________________________________________

______________________________________________________________________________ 
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Appendix 2. 
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Appendix 3. 

This game requires a lot of space to run. The class makes a large circle (preferably outdoors). 
Each student removes one shoe (this will serve as a “base”). The teacher begins the game and 
enters the middle of the circle and says something he/she does to reduce his/her impact on 
climate change (ex. walks instead of driving). Every person that also does this activity must run 
and find a different shoe. This shoe cannot be the one directly to either side of them. Once 
everyone has moved to a new shoe there will be one person left without a “base” (because 
teacher kept both shoes on there is one less shoe than people). This person will then enter the 
middle of the circle and say something he/she does to reduce his/her impact and so on. This 
game serves as a kinesthetic pedagogical approach to reinforce ideas previously explained in the 
lecture. 

Appendix 4. 

Topic: This questionnaire is to evaluate the change in the knowledge and attitudes of the students 

in Monteverde, Costa Rica about climate change. This is important in order to compare different 

curricula and evaluate their effectiveness. This study is important in order to understand the 

thoughts of the next generation about an essential topic in the environment. Children are the 

forefront of future changes and therefore need to be well informed.   

Instructions: Answer the following questions to the best of your ability and with honesty.     

How old are you? _________ 

How many people live in your house? _____________ 

In what country were you born? ___________________ 

Have you visited other countries? ____________________ 

What are your parents’ jobs? ________________ 

Circle an answer: 

How many degrees has the global temperature risen? 

A. 2o C 
B. 0.6o C 
C. 5o C 
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D. The global temperature hasn’t changed 

 

Circle the things that are affected by climate change: 

   

    

What do humans do that causes climate change? 

______________________________________________________________________________

______________________________________________________________________________ 

What are some effects of climate change? 

______________________________________________________________________________

______________________________________________________________________________ 

What can you do to improve the climate situation?  

______________________________________________________________________________

______________________________________________________________________________ 

Which is NOT an organ of the 5 senses?  

a) Nose 
b) Eyes 
c) Stomach 
d) Skin 
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In which habitat does a monkey live? 

       

 

Which is a healthy food? 

a) Rice 
b) Fruit 
c) Fish 
d) All of these are healthy in a balanced diet 

Which is an amphibian? 

                       

Which food is NOT processed? 

                 

 

Appendix 5. 

Topic: This questionnaire is to evaluate the knowledge and attitudes of the teachers in 

Monteverde, Costa Rica about climate change. This is important to compare curricula and 
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evaluate their effectiveness. This study is important in order to understand the thoughts of 

educators about an essential topic in the environment.  

Instructions: Answer the following questions to the best of your ability and with honesty   

How many years have you been a teacher? _________ 

How many people live in your house?_____________ 

What country were you born in?___________________ 

Have you visited other countries?____________________ 

What are your parents jobs?________________ 

How much time do your spend talking about climate change in class each 

year?________________ 

What university did you go to?_____________________________ 

Where do you find your information about climate change?________________________  

What are five things that have changed in Monteverde during your life here?  

______________________________________________________________________________

______________________________________________________________________________ 

Circle an answer: 

Do you think the global temperature is rising?    Yes   No   Maybe 

If you think the temperature is rising, do you believe this is something natural? Yes   No   Maybe 

Why or why not? 
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______________________________________________________________________________

______________________________________________________________________________ 

Would it be bad if the temperature is rising?  Yes   No   Maybe 

Why or why not? 

______________________________________________________________________________

______________________________________________________________________________ 

Do your parents or grandparents talk about the changes they have seen in Monteverde? 

 Yes   No   Maybe 

If the answer is yes, what do they say? 

______________________________________________________________________________

______________________________________________________________________________ 

If the temperature is rising, would it affect animals or their habitats?  Yes   No   Maybe 

Why or why not? How would they change?  

______________________________________________________________________________

______________________________________________________________________________ 

Do you think that third grade students can do something to prevent a change in the world 

temperature in the future?  

Yes   No   Maybe 

If the answer is yes, what could they do? 

______________________________________________________________________________

______________________________________________________________________________ 
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