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ABSTRACT 
 THE EFFECTS OF ANTHROPOGENIC DISTURBANCE on biodiversity, abundance, and 
ecosystem services provided are not as well-researched in the soil as above it.  I investigated 
differences of microbial soil communities in culture from three microhabitats of varying levels of 
disturbance and succession: intact forest, windbreak, and pasture.  Soil samples were flooded in 
cultures, and chitin, cellulose, and keratin substrates added to favor chytrid fungal growth.  Out 
of more than 66 morphospecies found, pasture had the highest abundance of microscopic 
organisms, followed by forest and then windbreak.  When organisms ≤5 µm were excluded, 
forest had highest abundance, followed by pasture and then windbreak.  No differences in 
species richness nor in Shannon-Weiner indices of forest diversity were found.  No correlation 
between fungal density and abundance was found.  Finer classification of small protists, fungi, 
and bacterial presence and a longer period of culture observation are needed to better understand 
community structure and population dynamics of soil microbiota. 
 
RESUMEN 
 LOS EFECTOS DE LOS DISTURBIOS ANTROPOGÉNICS en la biodiversidad, abundancia, y 
servicios que los ecosistemas proveen no han sido bien estudiados sobre y bajo el suelo.  
Investigue las diferencias de las comunidades microbianas en cultivos de tres microhabitats de 
varios niveles de perturbación y sucesión: bosque intacto, rompe viento, y pastizal.  Las muestras 
de suelo fueron colocadas en cultivos y quitina, celulosa y queratina usados para favorecer el 
cultivo de quitridios.  Con más que 66 morphoespecies encontrado, el pastizal tiene la mayor 
abundancia de organismos microscópicos, seguido por el bosque y luego el rompe viento, pero 
cuando los organismos ≤5 µm son excluidos, el bosque tiene la mayor abundancia, seguido por 
el pastizal y el rompe viento.  No hay diferencias en la riqueza de especies, pero el índice de 
Shanno-Weiner indica una tendencia a mayor riqueza en el bosque que en el pastizal y el rompe 
viento, los que son muy similares. No hay correlación entre la densidad y abundancia de hongos. 
Una clasificación más fina de los protistas pequeños, hongos y la presencia de bacterias y un 
mayor período de observación de los cultivos es necesario para entender mejor la comunidad 
structural y la dinámica de las poblaciones de los microbios del suelo. 
 
INTRODUCTION 
 In a premontane tropical environment, land transformation leaves a mosaic of land use 
types (Dailey et al. 2001).  These disturbances affect biotic communities of all taxa, and the 
immense richness of soil microbiotic communities, including protists, fungi, and other 
microfauna that reflect the wide range of niches occupied are no exception (Panikov 1999) 
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(Patterson 1992).  Protista, form a group of the most diverse eukaryotes on earth, and many 
aspects of their ecology are poorly understood (Schlegel 1991).  Because of their short 
generation times and rapid dispersal abilities, protist and other microbiotic communities can be 
valuable bioindicators of the conditions of their environment (Smith 1995; Martín et al. 2006).  
As the principal grazers of bacteria, protists provide ecosystem services such as decomposition 
of organic matter, nutrient cycling to higher trophic levels, and bioturbation, all of which affect 
the structure and chemistry of the soil and create microhabitats for other smaller protists 
(Brussaard 1997).  Chronic disturbance of soil structure and disintegration of microhabitats allow 
for the invasion and proliferation of widely distributed “weedy” species.  This can ultimately 
reduce the diversity of soil microcosms, leading to a homogenization of community structure, as 
has been demonstrated in arable soil (Tiedje et al. 2001).  Ecosystem function, such as 
nitrification, denitrification, and methane oxidation, has been demonstrated to decrease with soil 
microbe diversity (Griffiths et al. 2000).  Therefore, it is important to understand the conditions 
that affect microbial community structure.   
  I investigated how microscopic protist communities are affected by differences between 
three microhabitats: pasture, adjacent windbreak, and adjacent primary forest.  As several taxa of 
aboveground biodiversity increase from pasture to windbreak to forest, I expect to see a similar 
correlation between belowground soil microfauna biodiversity and abundnace. 
 
METHODS 
 Soil samples were collected from a horse pasture bordered by primary forest and 
secondary-growth windbreak, providing three distinct adjacent microhabitats.  Horses range 
freely on the pasture, which is dominated by grass and does not receive fertilization treatment.  
The windbreak is several decades old and is blocked from horse access.  Every nine meters along 
a separate transect for each habitat, vegetation was cleared from the soil surface, and soil 
approximately 10 cm deep and 10 cm in diameter was extracted, giving eight samples for each of 
three habitats.   
 The same day of collection, each soil sample was separated from vegetative material, 
coarsely sifted, and mixed, sterilizing equipment in between samples.  One gram of soil was 
placed into a Petri-dish half-filled with distilled water.  To each culture, approximately 9 pieces 
(~0.25 cm2) of each of three substrates were added to harbor microbial communities and 
encourage chytrid growth: chitin in the form of shrimp shell (boiled and dried), cellulose from 
onion skin, and keratin from human hair (boiled). 
 Each culture was surveyed once.  I began to record population composition nine to 11 
days after initial soil collection (difference due to multiple days of collection) up to 22 days of 
growth for forest cultures, 21 days for windbreak cultures, and 20 days for pasture cultures.  For 
each culture, I mounted at least 3 pieces of each substrate on a microscope slide using water from 
the culture, and for each substrate, under the microscope selected three representative views at 
x100 and took a census of all protists, nematodes, rotifers and fungal morphospecies.  
 Protists included amoeboid, flagellated, and ciliated organisms that are heterotrophic, 
thus representing the second, third, or even fourth trophic level in a soil community, feeding 
directly or indirectly on decaying organic vegetable debris, algae, or bacteria (Smith 1995).  I 
compared these microbial communities identifiable under a magnification between x40 and x400.  
Nematodes were largely grouped into one morphospecies.  Many flagellated and ciliated 
organisms I was unable to distinguish as separate morphospecies, and therefore lumped into 
three categories by size and their abundances recorded as an order or half-order of 10, with 
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organisms ≤ 5 µm described as “small protists”, and those >5 µm as “large protists” en masse.  
The inability to distinguish between protist morphospecies ≤ 5 µm and the necessary coarseness 
with abundance estimates under the resolution of the microscope justified treating certain indices 
like H’ separately from these “small organism” counts, and handling the analysis abundance both 
with and without these counts.  Most hyphae were thin, grouped into mats, and indistinguishable 
as individuals, therefore filament density was given a rank of 0, 1, 2, or 3, but other fungal 
hyphae and fruiting bodies were large and distinct enough to be separated and described.  Bacilli; 
pollen spheres; spores; and stationary, indistinguishable sphere shapes in and outside of substrate 
were noted but not included in analyses. 
 
RESULTS 
 Over 24 soil cultures I recorded individuals from over 66 morphospecies of protists, 
nematode, rotifer, and fungi.  Using the average values of morphospecies across each substrate’s 
one to five microscope views per substrate, I calculated abundance, species richness, and 
Shannon-Weiner diversity index (H’) for each substrate of each culture.  There was a high 
abundance of indistinguishable, small flagellated and ciliated protists less than 5 µm that were 
grouped into essentially two morphospecies.   I analyzed abundance both with and without the 
counts of these “small protists”, and also analyzed H’ without.  The dominance of these small 
protists is demonstrated in Fig. 1. 
 

 
FIGURE 1. Overall abundance of protists and other microorganisms within x40 and x400 by 
habitat.  Abundance of “non-small” (>5 µm) microfauna shown in blue, and abundance of the 
mega-group “small” (≤5 µm) protists removed from diversity indices and some analyses 
involving abundance shown in red.  Proportions of overall abundance of non-small 
microorganisms are low: 12.10% (forest), 8.27% (windbreak), and 3.21% (pasture).  The pasture 
supports much greater amounts of small microorganisms than any other habitat. 
 
 A chi-square test for habitat separated by substrate revealed significant differences in 
abundance, including small protists, with highest counts for pasture and shrimp, illustrated in Fig. 
2 (X2=1181.0, p<0.0001).  Excluding small protists, chi-square test also revealed significant 
differences, but with highest counts for forest and shrimp, illustrated in Fig. 3 (X2=85.09, 
P<0.0001).  For species richness, there was no significant difference between habitats nor 
between substrates, illustrated in Fig. 4. (X2=1.74, p=0.7834).  Due to the high disproportion of 
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abundance of lumped small protists, diversity could only be effectively calculated while 
disregarding substrate type.  1-way ANOVA compared diversity indices by habitat using 
abundance without small protists, and while not statistically significant (F=2.095, P=0.148), 
forest diversity trended higher (Fig. 5). 
 

 
FIGURE 2.  Total abundance by habitat and substrate including counts of small protists.  
Differences between habitat or between substrate are significant (X2=1181.0, p<0.0001).  Pasture 
supports many more individuals than any other habitat. 
 

 
FIGURE 3.  Abundance by habitat and substrate not including counts of small protists. Differences 
between habitat or between substrate are significant (X2=85.09, p<0.0001).  Forest contains more 
non-small protists than any other habitat, though these abundances are orders of magnitude less 
than the abundances of small individuals. 
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FIGURE 4.  Species richness by habitat and substrate.  No significant difference between habitats 
nor between substrates (X2=1.74, p=0.7834,).  Forest, windbreak, and pasture as well as three 
substrate types harbor similar levels of species richness. 

 

 
FIGURE 5.  Shannon-Weiner diversity indices, calculated across all substrate types excluding 
small protists, sorted by habitat type.  No statistically significant differences between habitats 
(F=2.095, p=0.148). 

 
 There was no significant correlation in testing the effect of age of culture on species 
richness, though the trends were positive and similar between three habitats (ANCOVA Forest: 
F=2.219, p=0.187; Windbreak: F=2.491, 0.166; Pasture: F=4.763, p=0.0718; Fig. 6).  However, 
there were no significant conclusions to be drawn from time’s effect on abundance, both with 
small protists (ANCOVA Forest: F=0.0158, p=0.904; Windbreak: F=2.40, p=0.172; Pasture: 
F=16.5, p=0.0066; Fig. 7), except for a significant negative trend in pasture, and without small 
protists (ANCOVA Forest: F=0.348, p=0.577; Windbreak: F=0.0245, p=0.881; Pasture: F=0.381, 
p=0.560; Fig. 8).  In testing diversity against time, there were no significant correlations for any 
habitat (ANCOVA Forest: F=0.359, p=0.571; Windbreak: F=0.237, p=0.643; Pasture: F=0.428, 
p=0.428; Fig.9).  In testing average fungal density rank per culture over time, there were no 
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significant results, and trends varied greatly between habitats (ANCOVA Forest: F=4.07, 
p=0.0904; Windbreak: F=0.267, p=0.643; Pasture: F=3.61, p=0.106). 
 
 

 
FIGURE 6.  Species richness versus age of culture when surveyed.  No correlations were 
significant, but there is a general positive trend, and pasture trended toward significance 
(ANCOVA Forest: F=2.219, p=0.187; Windbreak: F=2.491,, 0.166; Pasture: F=4.763 df=7, 
p=0.0718).  
 
 

 
FIGURE 7.  Abundance including small protists by days of growth when culture was surveyed.  
Correlation of pasture abundance and culture age is significantly negative (ANCOVA Forest: 
F=0.0158,, p=0.904), with no significant trends in the other two habitats (ANCOVA Windbreak: 
F=2.40,, p=0.172; Pasture: F=16.5, p=0.0066*).  Decline suggests a change in community 
conditions less favorable for microorganisms, while lack of clear decline suggests self-sustaining 
communities for those ~13 days of data collection. 
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FIGURE 8.  Abundance excluding small protists by days of growth when culture surveyed.  
Trends were not significant (ANCOVA Forest: F=0.348,; p=0.577, Windbreak: F=0.0245,, 
p=0.881; Pasture: F=0.381, df=7, p=0.560).  Relative abundances between habitats are apparent. 

 

 
FIGURE 9.  Shannon-Weiner diversity index, calculated without counts of small protists, versus 
age of culture when surveyed.  Trends are not significant (ANCOVA Forest: F=0.359, p=0.571; 
Windbreak: F=0.237, p=0.643; Pasture: F=0.428, p=0.428).  Outlier is due to high count in that 
culture of the lumped group “large protists”. 
 
 Having qualitatively observed greater abundances of small protists in proximity to 
bacterial growth and fungi, I tested average filament density rank per culture against abundance 
including small protists, but found no apparent trends, nor between any other aforementioned 
category (see Table 1). 
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FIGURE 10.  Abundance including small protists versus average filament rank, per culture.  
Trends are not significant (ANCOVA Forest: F=4.07, p=0.0904; Windbreak: F=0.267, p=0.643; 
Pasture: F=3.61, p=0.106).  Model made to relate abundance with food availability, but does not 
include bacteria and algae density. 
 
TABLE 1.  Statistical results of ANCOVA for species richness v. culture age (Fig. 5), abundances 
with and without small organism counts v. culture age (Fig. 6 and 7), Shannon-Weiner diversity 
index v. culture age (Fig. 8), and abundance with small organism counts v. average filament rank.  
* Indicates significant correlation.  
 
DISCUSSION 
 By far, pasture contained the most individuals, but the vast majority were small protists.  
Without those counts, forest contained highest abundance.  From Starkweather (1980) and 
personal observation, protists of that size represent a distinct trophic level that make nutrients 
available to heterotrophic microfauna, such as rotifers and nematodes, having a body size of one 
order of magnitude greater.  The proportion of small to non-small protists (12.10% for forest, 
8.27% for windbreak, and 3.21% for pasture), very roughly encompass what might be expected 
following the rule of 10% upward flow of energy from trophic level to the next.  Both with and 
without were significant, so it is worth looking into with finer resolution. 
 In the window of data collection from eight to 22 days since soil sampling, the age of the 
cultures was largely not a factor in population dynamics.  There was, however, one significant 
negative correlation in pasture abundance with time.  This may indicate that bacterial/fungal 
growth was declining at that time and less able to support a population of grazers, yet looking to 
the non-small counts of pasture abundance, there is no trend.  Perhaps some aspect of the 
community became steadily less favorable for the masses of smaller protists, yet did not cascade 
up to the next trophic level.  As for the trends of the other two habitats, it may have been a matter 
a time before abundances began to fall off.  The time scale may also have not been long enough 
to have in many cases detected real differences in abundance, since a succession of community 
compositions can appear over a matter of several weeks (Patterson 1992). 
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 Contrary to what was expected, the data suggest windbreak abundance has the lowest 
abundance out of the three habitats.  The explanation may be that it is a less “healthy” system 
than the forest and cannot support as many microorganisms, while also not receiving the periodic 
input of nutrients from the excrement of the ranging horses, consistent with a study by Butler 
(1999) that found increases in planktonic abundance in the gradual process of eutrophication of 
an Antarctic lake by the excreta of a local seal population. 
 No real trends were found with species richness between habitats nor through time 
However, the correlation trends toward positive through time, suggesting that certain 
morphospecies populations had, in the span of its culture, grown to the point where they were 
finally detectable in the sampling process. 
 There was no significant difference in overall diversity between habitats, and trends were 
even similar when plotted against time.  Because any differences seen in diversity would have to 
be explained by differences in evenness, and because there are no real differences in diversity, 
we can conclude that evenness is also similar between species.  However, the outlier seen in one 
forest, the abundance of which is almost an order of magnitude greater than the others, brings 
attention to the difficulties in the coarseness of abundance estimates. 
 The trends of abundance versus fungal density are difficult to interpret, and perhaps does 
not fully represent the qualitative observation that small protists tended to collect more densely 
yet unpredictably around dense fungal and bacteria growths.  This model, which is meant to 
explain the availability of food for the trophic level above, does not include bacteria and algae 
density.  More systematic recording of fungal, bacterial, and algal density and diversity through 
time is needed to better explain the trends in protist abundance and diversity.   
 I found few significant differences in measures of community structure between habitats 
of different levels of disturbance, but many compelling trends.  It is possible that the resolution 
in identifying morphospecies was too low, so that what appeared similar was actually different.  
This would apply especially to the lumped “large” and “small” protist counts.  Though, it is also 
possible that there are no real differences, that each habitat is intact enough to support similar 
microbial communities.  If so, then patterns of response to disturbance are different below 
ground compared to above.  Another possibility is that the sampling and culturing technique was 
too restrictive, in that I eliminated fragile species before they could be accounted for, leaving 
hardy species evenly across habitat types. 
 Also to consider is the life history of each species, that those found in the disturbed 
habitats are more widely dispersed and resilient, and have replaced the rarer, more restricted 
species of undisturbed habitats found in the forest, as has been demonstrated by butterfly 
communities in Lewis (2009).  More needs to be known about each species in the sample, and 
rates of endemism that would help determine conservation value. 
 The rate at which I encountered new morphospecies (>66 over the course of the study) 
were consistent with other protist diversity studies of similar sampling methods, compared to the 
507, 361, and 95 species found over 92, 157, and 90 samples from different parts of the globe, 
respectively (Foissner 1997).  This “ballpark” consistency suggests that there is some practicality 
of a study without molecular techniques in addressing topics of protist biodiversity.  However, 
given the necessarily low resolution in estimating abundance and difficulty in identifying distinct 
morphospecies, working with only a microscope for a study on microbial communities is 
challenging.  However the challenges have especially highlighted the rich information that can 
be drawn from a diversity study. 
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ABSTRACT 
 
Tropical montane species found in narrow altitudinal belts respond to climate change by increasing altitude, 
as temperature increases and mist frequency declines.  Here, tropical macrofungal abundance and diversity 
was studied to determine what fraction of Cloud Forest macrofungi have narrow altitudinal ranges that 
might respond similarly to climate change. The distribution of 432 individuals in 128 morphospecies 
revealed that diversity and abundance generally increase with altitude. Of these, 43 morphospecies were 
endemic to one of the eight altitudinal ranges, the highest being 1600m-1625m with 11 endemics. 
Altitudinal range restriction in macrofungi and increasing diversity with altitude both suggest that Cloud 
Forest macrofungi will be negatively impacted by climate change as communities at the top go locally 
extinct and less diverse communities below replace them. 
 
RESUMEN 
 
Especies tropicales de montaña se encuentran en bandas altitudinales estrechas como respuesta al cambio 
climático aumentando en altitud, al aumentar la temperatura y la disminución de la frecuencia de niebla. En 
este caso, se estudió la abundancia  y la diversidad de macrohongos tropicales para determinar qué fracción 
de macrohongos del Bosque Nuboso tienen rangos altitudinales estrechos que pueden responder de manera 
similar al cambio climático. La distribución de los 432 individuos en 128 morfoespecies revelaron que la 
diversidad y la abundancia generalmente aumentan con la altitud. De éstos, 43 morfoespecies fueron 
endémicas de uno de los ocho rangos altitudinales, el más alto era 1600m-1625m con 11 especies 
endémicas. La restricción de los rangos altitudinales de los  macrohongos y el aumento de la diversidad 
sugieren que los macrohongos del Bosque Nuboso se verán afectados negativamente por el cambio 
climático, las comunidades de la parte superior van extinguiendo localmente y comunidades menos 
diversas por debajo van a reemplazarlos. 
 
INTRODUCTION 
 
The biodiversity of mountain systems is very vulnerable to climate change (La Sorte and 
Jetz, 2010). In general, Cloud Forest species with restricted altitudinal ranges move up 
the mountain, tracking historic temperature and mist frequency (La Sorte and Jetz, 2010).  
Warmer temperatures raised the heights of orographic cloud formation and thus reduced 
the amount and frequency of mist in Monteverde, Costa Rica (Pounds, et al. 2006). 
Studies link the extinctions of the golden toad and the Monteverde harlequin frog to 
climate change (Pounds, et al. 2006). Species at higher elevations go extinct locally and 
are replaced by lower species; a pattern shown for butterflies, bats, birds, and plants 
(Chen et al., 2010, La Sorte and Jetz, 2010, LaVal, 2004, Ford, 1995, Parmasean 2006) 
Despite this abundant evidence, no study of this nature has been done on fungi.  
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Fungi are organisms that are sensitive to temperature and moisture (Kost, 2002). 
Though fungi are key functional components of forest ecosystems (in decomposition, 
nutrient cycles, etc.) they are less studied than other taxa (Brown, et al. 2006). Most 
macrofungi are in the classes Ascomycota or Basidiomycota, and in the tropics are 
usually saprophytic, often on woody substrata or in soil (Mueller, et al. 2007). 
Macrofungi have spore-bearing structures that are visible to the naked eye (mushrooms, 
brackets, puffballs, false-truffles, cup fungi, etc.; Mueller, et al. 2007). How fungal 
communities respond to altitude is critical for assessing species threats and predicting 
how fungi biodiversity will respond to global warming in tropical montane communities.  

Here, species diversity and abundance of tropical macrofungi were determined 
along an altitudinal gradient during the dry season in a Costa Rican Cloud Forest. If 
Cloud Forest fungi have narrow altitudinal distributions, it is likely they will respond to 
global warming that same way other taxa have:  by moving up to track changes in 
temperature and mist frequency.  Fungal species endemic to highest altitudes will go 
locally extinct as they are replaced from below.   
 
METHODS 
 
The experiment was conducted in April 2013 in the primary forest above the Monteverde 
Biological Station in Costa Rica, on the Pacific slope, between 1550m and 1750m (from 
a lower montane wet forest to a lower montane rainforest Holdridge life zone). Samples 
of macrofungi were collected over eight days for 3 hours each day, starting at the time of 
arrival to the sampling site. The sample sites were 25m-altitudinal bands, from 1550m-
1750m (Fig. 1). Each band was defined by their starting height, so that the 1550m-1575m 
range is known as the 1550m altitudinal band. Pacific slope forests in Monteverde are 
more seasonal than Atlantic slope forests because of windward/leeward effects of easterly 
winds passing over the mountains (Haber et al. 2000). April to mid May represents the 
end of a 4.5 month dry season in Monteverde (Haber et al. 2000).    

1550%1575!

1575%1600!

1600%1625!

1625%1650!

1650%1675!

1675%1700!

1700%1725!

1725%1750!

Figure 1: Cloud Forest macrofungi were surveyed in 25 meter altitudinal bands to assess 
altitudinal ranges.  All bands were in primary forest and span Holdridge Life Zones from 
Premontane – Lower Montane Wet Forest to Lower Montane Rain forest at the top.  In 
general, upper altitudes are wetter and receive more consistent mist inputs (Haber et al. 
2000).!
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For each site, data were collected for three hours by proceeding along a main trail 
and spending an equal amount of time on each side of the trail. Soil, leaf litter, and dead 
wood were examined, regardless of degree of slope. When any macrofungal specimen 
was encountered I took a picture of it, recorded its exact altitude, cut it from its substrate 
using a knife, and wrapped it in wax paper for protection (Fig. 2) (Mueller, 2004). Next, 
the fungi were laid out on a dehydrator and dried in order to preserve them. I assigned 
each fungi to a morphospecies and identified abundant samples with a key (Mata et al., 
2003). Samples were also examined for endemic morphospecies – those that were only 
found in one of the eight altitudinal bands. 
 

 
RESULTS 
 
The environment noticeably changed as elevation increased; higher up the air was more 
humid and the substrates were moister. In total, 432 macrofungi were collected. For 
these, 128 species morphospecies were differentiated. Of those, 43 morphospecies were 
endemic to one of the eight altitudinal ranges, the highest richness of endemics occurring 
between 1600m band, with 11 endemic species in this band.  
 

a"" b"

c" d"
Figure 2: Macrofungi samples were collected in the field (a) and put into a basket wrapped 
in wax paper for protection (b). Each sample was documented with its exact altitude (c). 
Samples were laid out on a dehydrator in order to preserve them (d). 
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Figure 3: There was no significant trend in the number of endemic morphospecies found in each 
altitudinal band. The highest was 11 endemics in the 1600m altitudinal band. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
"

Figure"4:"There"were"28"individuals"of"Coprinus sp. (morphospecies 37) found, with the highest 
species richness in the 1600m altitudinal band, composing 20% of the individuals found there (a – 
seen in blue). There were 30 individuals of Russula sp. (morphospecies 54) found, with the highest 
species richness in the 1650m and 1725m altitudinal bands, composing 8% and 20% of the 
individuals found there, respectively (b and c – seen in orange)."
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Species diversity indices (H’ values) were calculated for each altitudinal band. 
Figure 5 shows that as altitude increases, so does macrofungal species diversity (R2 = 0.4, 
p = 0.08, n = 8). The majority of altitudes were significantly different from each other: 
altitudinal bands whose H’ values differed by more than 0.30 were statistically different 
(modified t-test p<0.5). Of 28 possible comparisons, 18 (64%) were statistically different. 
The 1700m altitudinal band was significantly different from every other range, with a p-
value < 0.05 for comparison with each other altitudinal band.  

 

 
Figure 5: A plot of the Shannon Weiner diversity indices (H’ values) for each altitudinal band 
graphically shows a positive trend but is statistically not significant (R2 = 0.4, p = 0.08, n = 8). Of the 
28 comparisons of altitudinal bands to each other, 18 were statistically different – the majority being 
non-adjacent bands.  

The plot of species abundance for each altitudinal band, seen in Figure 6, shows a 
positive relationship as well: as altitude increases, species abundance increases (R2 = 0.8, 
p = 0.001, n = 8). The second highest altitudinal band, 1700m, had the highest abundance 
with 42 species.  
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Figure 6: A plot of macrofungi morphospecies abundance along the altitudinal gradient shows a 
positive trend that is statistically significant (R2 = 0.8, p = 0.001, n = 8). More macrofungi 
morphospecies are found at higher elevations.  

Species richness was plotted and shows a positive relationship: as altitude 
increases, species richness increases (Fig. 7). The highest altitude, 1725m-1750m, had the 
highest species richness: 82 individuals.  

 
Figure 7: The plot of macrofungi morphospecies richness along the altitudinal gradient shows a 
positive trend that is statistically significant: more macrofungi individuals of any species are found at 
higher altitudes (R2 = 0.5, p = 0.04, n = 8). 

 
Sorenson Quantitative Index (SQI) revealed that altitudinal ranges overlapped in 

species composition most with those ranges it was most adjacent to and least with those it 
was lead adjacent to (Table 1). In this test, 1.0 is 100% overlap. This is most easily seen 
in the bottom row of overlapping indices of the 1725m-1750m range to every other 
range: SQI=0.07 overlap with 1550m-1575m, and SQI=0.29 overlap with 1700m-1725m.  
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Table 1: Sorensen Quantitative Index values to check for overlap between all altitudinal bands with 
each other. Sample sites overlapped with sites that they were most adjacent to. The further the 
distance between altitudinal bands, the less species overlap they had. 

 
1550-
1575 

1575-
1600 

1600-
1625 

1625-
1650 

1650-
1675 

1675-
1700 

1700-
1725 

1725-
1750 

1550-
1575   

       1575-
1600 0.13   

      1600-
1625 0.09 0.15   

     1625-
1650 0.02 0.05 0.25   

    1650-
1675 0.13 0.07 0.25 0.28   

   1675-
1700 0.17 0.07 0.3 0.4 0.25   

  1700-
1725 0.06 0.2 0.22 0.28 0.32 0.27   

 1725-
1750 0.07 0.04 0.13 0.26 0.23 0.21 0.29   

 
DISCUSSION 
 
Species diversity, abundance, and richness all increased with altitude. The altitudinal 
change in temperature and moisture has been well documented (Parmasean 2006) and is 
the reason taxa move up as climate changes in tropical montane habitats (La Sorte and 
Jetz, 2010). It was noted that higher elevations were indeed wetter and cooler. For 
example, substrates were generally wetter at higher elevations in the study.  

Since fungi have many ecological roles, perhaps their shift in habitat will disrupt 
ecosystem functioning and stability. This would occur by removing key components of 
decomposition, nutrient cycles, and food webs from lower elevation habitats where the 
fungi no longer thrive due to lowering moisture levels. 

During the dry season, differences in precipitation at different altitudes may be 
more marked. Because of this, the vertical stratification of moisture-dependent species 
may be more marked. Since moisture is less limiting at these elevations during the wet 
season, the results of this experiment may have differed greatly if performed then. This is 
because the fructification period of many fungal species is restricted to the very moist 
periods during the rainy seasons (Kost, 2002). Still, the moisture gradient with altitude is 
most evident at the end of the dry season and this may be a critical time for species that 
respond strongly to it.   

Endemic macrofungi morphospecies peaked at mid-elevations rather than at high 
elevations, which may be expected due to the higher number of overall species. Few 
endemics found in the higher altitudinal bands may be the result of a higher number of 
more abundant species at these elevations. Species that are not able to establish as large a 
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presence over more than one altitudinal band may be outcompeted, thus reducing the 
possibility of an endemic species surviving.  

Adjacent sampling sites occasionally did not have very much overlap and were 
significantly different from each other. This could reflect a high degree of endemism or 
narrow altitudinal ranges in Cloud Forest fungi, but could also result from high overall 
fungal diversity and restricted sampling. 

Elevation and amounts of moisture profoundly affect populations of fungal 
communities (Lodge and Cantrell, 1995). Given that endemics are the species in most 
danger of extinction, geographic ranges that are particularly vulnerable to the effects of 
climate change, such as mountain ecosystems, need to be understood fully. The results of 
this experiment imply that as climate change continues, Cloud Forest fungi will continue 
to shift their habitats to higher altitudes where there is more moisture, increasing the 
probability of their extinction.  
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ABSTRACT

Insect pollinators pollinate a wide variety of plants. Here, I assess pollinator composition  and 
vertical stratification. I used pan-trapping to collect small insects in understory and sub-canopy 
near the Estacion Biologica in Monteverde nea the Continental divide in cloud forest. Yellow 
traps had the highest abundance, richness, and diversity in both understory and subcanopy traps. 
51% of the total 581 insects collected came from yellow traps alone. Understory had the double 
the amount of average individuals per trap than sub-canopy. Mean richness was also higher in the 
understory than the sub-canopy. Understory traps had on average two more species than canopy 
traps. Diversity between sub-canopy and understory was also significantly different. Diversity 
was higher in understory traps than sub-canopy traps. These differences may be because insects 
that are pollinating sub-canopy plants do not spend most of their time in the canopy, spending the 
majority of their time in the understory. Understory insects  are more protected from wind, and 
rain allowing for better flying conditions to not only pollinate but mate and reproduce safely, 
compared to sub-canopy heights which may be much more exposed to wind, rain, and predators. 
Insects collected in the understory may have also not been pollinators but simply visiting flowers 
in search of mating sites, food (leaf tissue), or a place to lay their eggs. Whether pollinating or 
not, understory traps were visited by more species and individuals of small insects than the 
higher, sub-canopy traps. 

RESUMEN

Los insectos polinizadores polinizan una gran variedad de plantas. Acá, evalúo la composición y 
estratificación vertical de polinizadores. Utilicé una trampa de bandejas para colectar insectos en 
el sotobosque y el subdosel cercano a la Estación Biológica Monteverde, cerca de la División 
Continental en el bosque nuboso. Las trampas amarillas tuvieron la mayor abundancia, riqueza y 
diversidad en ambos estratos. El sotobosque tuvo el doble de la cantidad promedio de individuos 
por trampa que el subdosel. La riqueza promedio también fue mayor en el sotobosque que el 
subdosel. Las trampas de sotobosque tuvieron en promedio dos especies más que las trampas del 
subdosel. La diversidad entre el subdosel y el sotobosque también fue significativamente 
diferente, siendo mayor en éste último. Estas diferencias podrían deberse a que los insectos que 
polinizan las plantas en el subdosel, no pasan la mayor parte de su tiempo en este estrato, sino en 
el sotobosque. Los insectos en el sotobosque están más protegidos del viento y la lluvia 
permitiendo mejores condiciones de vuelo para no sólo polinizar, sino también copular y 
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reproducirse de manera segura, comparado con las alturas del subdosel, las cuales pueden estar 
mucho más expuestas al viento, lluvia y depredadores. Los insectos colectados en el sotobosque 
podrían también no ser polinizadores sino simplemente visitantes de las flores en busca de sitios 
de apareamiento, comida (hojas), o un lugar para ovopositar. Polinizadores o no, las trampas en 
el sotobosque fueron visitadas por más especies e individuos de insectos pequeños que las 
trampas más altas de subdosel.

INTRODUCTION

Animal pollinators are crucial for pollination of over 98% of tropical rainforest plants (Bawa, 
1990).  A particularly common tropical pollinator system involve small insect pollinators, that 
are responsible for pollination in 24% of canopy and 7.7% of understory plants in forest like La 
Selva, Costa Rica (see citations in Bawa, 1990).  These small insect pollinators include small 
flies, wasps, bees and beetles.  Given their importance, it is surprising that so little is known 
about how these species partition their habitat and what this might mean to the specificity of 
small insect pollinated plants.
 Creating nectar and pollen requires a lot of energy (Sargenti and Vamosi 2008). Thus, 
plants have adapted ways to ensure pollination, are not wasting these precious resources 
(Mawdsley et al 2012). One way of doing this is creating specific color, UV, or blossoming 
patterns to attract specific insect pollinators (Hopkins 1984). The opposite approach requires 
general, small flowers, that are pollinated by general, small insects.  Unlike understory, a 
majority of canopy plants utilize these generalists for their own pollination (van Dulmen 2001). 
 Here, I will determine if there are more small insects found at two different levels of the 
forest: the understory and the sub-canopy. A majority of canopy and sub-canopy plants are 
pollinated by small insects, however there are still small insect pollinators in the understory. 
Studies on the composition and overlap of these pollinators  in the Neotropics is lacking. I 
predict to find more potential small insect pollinators at the sub-canopy than the understory, due 
to the amount of sub-canopy plants that produce flowers to attract small pollinators.  

METHODS

Study Area
Traps were placed near the Estación Biológica in Monteverde at 1550 m elevation in lower 
montane moist Cloud Forest. Monteverde is on the Pacific Coast of Costa Rica, near the 
Continental Divide. Monteverde receives over 3 m of rain, a fourth of which is mist (Haber et al 
2002). Surveys were made on sunny says. Traps were placed in areas of similar wind protection, 
sun exposure, proximity to water, and within 100 m of the trail.

Study Set Up
Traps were set up in the understory and sub-canopy. Understory traps were set up between 0.5 
and 1.5 m whereas sub-canopy traps were set up between 15 and 20 m. No trap was within 100 
m of another one, regardless of height. 15 traps were set for understory and another 15 for sub-
canopy.
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 Previous research claims a difference in insect visitation between blue, white, and yellow 
traps (Westphal et al 2008). Therefore, each trap consisted of three different colored 11 X 5 cm 
bowls, one yellow, one white and one blue. Each trap was filled 1/4 with water with 2-3 drops of 
scentless, odorless soap to break surface tension when the insects land to pollinate. Specimens 
were kept in marked vials with the study site, day, color of trap, and height in small vials with 
70% alcohol to store until identification. 
 Sub-canopy locations were determined based on 1) availability of a branch for the traps 
to be secure to 2) high enough height so accurate results can be found and 3) ease of actually 
getting to the site where the rope falls to attach the traps without compromising the accuracy of 
the traps. Understory traps sites were determined based on similar abiotic habitat factors such as 
wind protection,  humidity, and sun exposure.
 To position the sub-canopy traps, we used a sling shot or blunt object attached to rope and 
a small weight to shoot over an acceptable branch. Then the end with the weight, once over and 
bake down from a branch, was attached to the traps which could be hoisted to the necessary 
heights (Fig. 1 from Nuttman et al 2011). Once the top of the sub-canopy traps were attached to 
the end of the rope, the bottom of the traps would be also attached to rope to secure them once 
near the sub-canopy. This was done by tying both the rope used a pulley and the rope attached to 
the bottom of the tree to a blunt object, a log, or something else secure enough to enable minimal 
movement from the traps.
 Every two days, five new traps were set up. These traps were given two more days until 
insects were collected to allow ample time for insects to find the traps. Identification was to 
morpho species using body form, antennae characters, wing veins, leg characteristics, and color 
to group species. Identification of Order was also done at the same time as morpho identification.

RESULTS
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Yellow was found to have the highest amount of richness (2-way ANOVA F=; df=; P-value=), 
abundance (2-way ANOVA F=12.8245; df=2; P-value < 0.0001), and diversity.

 Small insect pollinators are distributed differently in the understory and sub-canopy 
heights between traps colors (chi-squared=6.9; df=2; p-value <0.05). Mean abundance was found 
to be higher in understory traps (8.78+/- 0.897) than sub-canopy traps (4.16  +/- 0.910) (2-way 
ANOVA F=24.45; df=1; P-value=<0.001). Understory traps had  on average about four more 
individuals, per trap, than sub-canopy traps (Fig. 2). 

 Species of insect pollinators are also distributed differently in understory and sub-canopy 
heights between trap colors (Chi squared=7.99; df=2, p-value<0.05). Average richness was found 
to be higher in understory traps than sub-canopy traps (2-way ANOVA F=10.85; df=1; P-
value=0.0015) (Fig. 4). Understory traps had an average of 5 species while sub-canopy had an 
average of 3 species.
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 There was no significant difference in diversity between understory traps and sub-canopy 
traps (2-way ANOVA F=0.2332; df=1; P-value=0.6304) (Fig. 4). Also, when comparing overlap 
of species between sub-canopy and understory, there is hardly any over lap (1.3%). There are 
similar diversities, but higher richness and abundance in understory compared to sub-canopy. 
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Additional Observations
The most common species found in both the understory and sub-canopy were in the 
Hymenopteran (bees and wasps) Order making up 38% and 42%, respectively. Coleopteran was 
the second most common making up 30% of sub-canopy an 25% of understory. Dipteran species 
were the third most common in the sub-canopy (25%) and understory (22%) (Fig. 5). Order 
percentages across trap heights were similar and within 5% of each other for all Orders.
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 Dipterans are by far the most common pollinator collected from both the sub-canopy 
(40%) and understory (59%) (Fig 6). Hymenopterans were the second most common making up 
30% of sub-canopy and 23% of understory traps. Coleopterans were the third most common in 
the sub-canopy (26%) and understory (17%). Order percentages are similar between heights for 
Coleoptera, Hymenoptera and other, with the difference of only 7%. Dipteran percentages are 
19% different between sub-canopy and understory, the highest difference in percentage. 
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DISCUSSION

Yellow traps had the most abundant, richest, and had the most diversity compared to white and 
blue traps. This supports a multitude of previous research suggesting that yellow is the best color 
to attract small insect pollinators, both in the canopy and understory (Nuttman et al 2011).
 The understory had higher mean richness and abundance. Understory traps had  on 
average about four more individuals, per trap, than sub-canopy traps (Fig. 2). Additionally, 
understory traps had an average of 5 species while sub-canopy had an average of 3 species (Fig 
3). Although the understory has higher richness and abundance than the sub-canopy, the 
diversities between the two heights were not significantly different. Also, there was little (1.3%) 
overlap between the two heights. 
 However, the only way diversities could be similar between sub-canopy and understory is 
if the sub-canopy was more even. Therefore, the insect pollinators in the sub-canopy are a few 
among a variety of species, there are not a few species with a lot of individuals dominating 
pollination. However, in the understory common species are dominating the pollination. These 
individuals visit many different flowers and are therefore, more general. The sub-canopy flowers 
are more specialized having more abundance of rare species doing the pollination. Therefore, 
there are more specialized pollinating in the canopy compared to the understory. 
 Having specific pollinators may allow for a plant to ensure its pollen is reaching another 
plant of that same species and it is not being “wasted” by being transferred to another plant that 
is not the same species, which is likely to be more common in plants that have general 
pollinators that visit a variety of plant species. Sub-canopy plants may utilize specialization 
because there light is not a limiting factor in the canopy and these trees can invest more energy in 
making colorful, specialized flowers that attract specific pollinators. On the other hand, 
understory plants do not have much light, limiting them to the amount of floral reward they can 
give pollinators, suggesting they need a vide variety of pollinators to ensure at least some of their 
pollen goes to the right place. 
 Small insect pollinators in Neotropical Cloud forest may be more specialized on a 
vertical stratification than once thought. There are different amounts and types of insects 
pollinating between the understory and the sub-canopy suggesting the once classified 
‘generalists’ small insect pollinators may be more specialized requiring further investigation to 
classify these small insects more accurately.
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ABSTRACT'
'
Land'transformation'in'the'Tropics'replaces'forest'with'pasture'and'other'land'uses.'
Some,'but'not'all,'biodiversity'can'survive'in'these'new'habitats.'Here,'I'assess'land'
transformation'on'fruit?feeding'Neotropical'butterfly'communities'in'Cloud'Forest'
areas.'This'study'was'done'at'1,500?1,550m.'Three'land'uses'were'examined:'forest'
interior,'forest'edge,'and'windbreaks'located'in'pasture.'A'total'of'372'butterflies'of'
nine'species'of'Nymphalidae'were'observed.''In'forest'interior,'162'butterflies'were'
found,'115'in'the'forest'edge,'and'95'in'windbreaks,'showing'that'richness'and'
abundance'of'butterflies'was'highest'in'forest'interior,'and'lowest'in'windbreaks.'
Three'species'of'butterflies'were'only'found'in'forest'interior,'while'Manitaria'
maculata'was'the'most'abundant'species'in'all'three'areas.'If'deforestation'
continues,'Cloud'Forest'butterfly'communities'are'likely'to'suffer.''
'
RESUMEN'
'
La'transformación'del'bosque'en'los'tropicos'está'reemplazando'bosques'por'
pastizales'y'otros'tipos'de'uso'de'suelos.'Algunos,'pero'no'todos,'la'biodiversidad'
puede'sobrevivir'en'estos'hábitats'nuevos.''Aquí,'yo'evaluo'las'comunidades'de'
mariposas'Neotropicales'en'diferentes'usos'de'suelo'en'el'Bosque'Nuboso.''El'
estudio'se'realizó'enter'los''1,500?1,550m.''Tres'usos'de'suelo'fueron'examinados:''
interior'del'bosque,'borde'de'bosque'y'corta'vientos.''En'el'interior'del'bosque,'se'
encontraron'162'mariposas,'115'en'el'borde'de'bosque,'y'95'en'los'corta'vientos,'
mostrando'que'la'riqueza'y'abundancia'de'las'mariposas'fue'mayor'en'el'interior'del'
bosque,'y'menor'en'los'corta'vientos.''Tres'especies'de'mariposas'fueron'encotradas'
únicamente'en'el'interior'del'bosque,'mientras'que'Manitaria'maculata'fue'la'
especie'más'abundante'en'las'tres'áreas.'Si'la'deforestación'continua,'las'mariposas'
del'Bosque'Nuboso'están'propensas'a'sufrir.'
'
INTRODUCTION''

Tropical'Moist'Forest,'and'Premontane'Moist'Forest'life'zones'are'being'
deforested;'with'continued'deforestation'in'these'areas,'these'life'zones'may'be'in'
danger'in'just'a'few'years'(Sánchez?Azofeifa'et'al.'2006).'Deforestation'leads'to'
increased'pasture'land'which'has'shown'to'hold'the'lowest'insect'diversity,'
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including'insects,'with'the'greatest'butterfly'diversity'found'in'habitats'with'
greatest'plant'diversity'(DeVries'1992).'

Costa'Rica'has'a'high'butterfly'diversity,'due'to'its'large'range'of'elevation,'
many'forest'microhabitats,'weather'patterns,'and'its'location'between'Central'and'
South'America'(DeVries'1987).''According'to'previous'studies,'butterfly'diversity'is'
found'to'usually'be'highest'in'forest'edges,'but'many'species'use'resources'found'in'
the'forest'for'nutrients'(Vu'and'Vu'2011;'Horner?Devine'2003).''

The'Intermediate'Disturbance'Hypothesis'states'that'there'should'be'a'
maximum'diversity'of'species'at'habitats'with'intermediate'regimes'of'disturbance'
(Molino'and'Sabatier'2001).'This'theory'suggests'that'there'should'be'the'highest'
species'richness'and'abundance'in'forest'edges'since'this'is'where'there'would'be'
an'intermediate'amount'of'disturbance.'In'a'study'by'Ramos'(1996)'they'found'the'
greatest'butterfly'diversity'in'the'forest'edge'and'intermediately'disturbed'areas.''

Species'richness'and'Shannon'diversity'of'butterflies'had'been'found'to'peak'
at'moderately'disturbed'sites,'while'relative'abundance'decreased'from'the'natural'
to'urban'areas'(Blair'and'Launer'1996),'however,'in'the'tropics,'fruiting'of'trees'
usually'occurs'during'the'dry'season'(Horner?Devine'2003).'This'would'lead'me'to'
believe'that'in'the'dry'season,'there'would'be'a'higher'species'richness'and'
abundance'in'the'forest'interior'where'there'is'the'highest'concentration'of'fruiting'
individuals.'Because'of'this,'I'want'to'look'at'species'diversity'and'richness'of'
butterfly'species'in'forest'interior,'forest'edges,'and'windbreak'areas.'I'am'curious'
to'see,'if'the'trend'of'deforestation'continues,'leaving'mainly'pastureland'with'small'
windbreaks'in'place'of'Tropical'Forest,'how'butterfly'species'diversity'and'richness'
would'be'affected.'
 
MATERIALS'AND'METHODS''
Site'description'
This'experiment'was'done'at'Estación'Biológica'Monteverde'(EBM).'EBM'is'a'
Tropical'Lower'Montane'Wet'Zone'old'growth'forest,'between'1,500'and'1,550'
meters'elevation'(Haber'2000).'In'this'area,'three'habitats'that'were'chosen'to'
study'were'forest'interior,'forest'edge,'and'windbreaks'in'pasture'area.'Data'was'
collected'during'the'Dry'season,'from'April'21'to'May'9,'2013.'

Windbreak'areas'were'characterized'as'strips'or'patches'of''a'single'species'
of'native'tree'(Montanoa'guatemalensis,'Asteraceae)'with'pasture'area'on'either'
side'(Figure'1).'Trees'in'this'area'were'not'very'abundant,'but'were'clumped'in'
areas,'leaving'large'areas'of'pasture'between'sections.'These'strips'of'trees'were'
about'ten'meters'wide,'and'100'meters'long.'Trees'in'this'area'were'shorter'than'
trees'in'the'edge'and'forest'interior.'Traps'set'in'these'areas'were'placed'to'avoid'
wind,'which'could'cause'them'to'fall.'Because'of'this,'traps'placed'in'this'area'were'
placed'in'the'middle'of'the'windbreak.'Pasture'was'seen'on'either'side'of'the'trap'
from'where'each'was'placed.'
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'
FIGURE'1.'A'Cloud'Forest'pasture'with'a'windbreak'where'butterfly'traps'were'placed.'In'
the'center'was'a'strip'of'trees'with'grassy'pasture,'or'short'shrubs'on'either'side'of'it.'Traps'
were'placed'on'either'side'of'the'windbreak,'and'as'close'to'the'tree'as'possible'to'minimize'
effects'on'the'trap'due'to'wind.'
'

Forest'interior'was'characterized'as'having'a'dark'understory,'with'a'thick'
layer'of'leaf'litter'(Figure'2).'There'was'a'noticeable'difference'in'temperature'in'the'
forest'interior'compared'to'edge'and'windbreak.'Trees'were'large,'and'very'
condensed.'Not'many'tree'fall'gaps'were'seen,'but'if'one'was'found,'traps'were'not'
set'up'at'least'15'meters'away'from'it.''
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' '
FIGURE'2.'Forest'interior'had'forest'on'all'sides'of'the'trap,'and'was'a'significant'distance'
away'from'the'forest'edge,'and'any'tree'fall'gaps'that'were'encountered.'This'area'had'a'
thick'canopy,'less'sunlight'hitting'the'understory,'and'was'less'windy'than'both'forest'edge'
and'windbreak.''

'
Forest'edge'areas'were'parts'of'forest'connecting'old'growth'forest'to'

pasture'land'(Figure'3).'In'these'areas,'the'understory'had'a'higher'level'of'sunlight,'
making'it'warmer.'This'part'of'the'forest'was'also'windier'than'forest'interior,'but'
not'as'windy'as'windbreak'study'areas.'Forest'could'be'seen'from'one'side'of'the'
trap,'while'pasture'could'be'seen'from'the'other,'ensuring'me'the'area'I'was'in'was'
still'considered'edge.''
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'
FIGURE'3.'This'is'a'photo'of'a'study'site'in'the'forest'edge.'Edge'was'categorized'by'hiving'
forest'on'one'side'of'the'trap,'and'pasture'on'the'other.'Edge'sites'had'a'high'percentage'of'
sunlight'reaching'the'understory'making'it'warmer,'but'also'winder'than'forest'interior,'but'
not'as'windy'as'windbreaks.''

'
'

Procedure'
In'each'study'site,'15'traps'were'placed'on'trees,'hanging'approximately'one'

meter'above'the'ground.'Each'tree'was'a'minimum'of'ten'meters'apart.'The'type'of'
trap'used'was'modeled'after'the'East'African'hanging?trap,'which'was'originally'
designed'by'John'G.'Wiliams'(Rydon'1964).'This'design'is'characterized'by'a'net'
held'together'by'two'wire'circles'on'either'end'of'the'net,'closed'at'the'top,'and'left'
open'at'the'bottom'(Figure'4).'The'underside'of'the'net'is'then'attached'to'a'wooden'
board'with'a'clearance'of'an'inch'or'two'to'allow'butterflies'to'enter.'It'has'been'
shown'that'many'different'fruit?eating'butterflies'respond'to'the'odor'of'rotting'
banana'(Young'1975),'so'every'other'day,'or'when'needed,'new'bait,'about'a'cup'of'
rotting'bananas'which'had'been'fermenting'for'at'least'48'hours,'was'placed'in'each'
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trap.'Because'of'this'though,'my'study'was'limited'to'only'fruit'feeding'butterfly'
species.'After'the'individuals'entered'the'trap'to'reach'the'bait,'the'majority'of'the'
individuals'would'fly'vertically,'to'the'top'of'the'trap,'where'after'flying'around'for'a'
few'minutes,'would'rest'inside'the'net'(Rydon'1964).'They'will'usually'remain'
resting'for'many'hours,'unless'the'trap'is'disturbed'(Rydon'1964).'''

'

'
FIGURE'4.'Trap'used'to'assess'fruit?feeding'butterfly'diversity'in'Cloud'Forest'and'
surrounding'human?transformed'habitats.'This'trap'was'modeled'after'John'Wiliams’'East'
African'hanging?trap.'Also'in'the'picture'is'a'butterfly'(Manitaria'maculata)'eating'bait'that'
had'been'placed'in'the'trap.''

'
Traps'were'checked'a'total'of'eleven'non?consecutive'days'over'a'total'of'19'

days,'with'a'minimum'of'one'day'and'a'maximum'of'two'days'between'inspection.'
After'each'butterfly'was'examined,'they'were'identified'to'species,'marked'with'a'
small'red'dot'from'a'paint'pen,'then'released.'Individuals'were'marked'to'keep'track'
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of'individuals'who'were'captured'in'the'traps'more'than'once.''Each'individual'was'
recorded'to'keep'track'of'the'different'species'and'the'amount'of'individuals'of'each'
species'caught'in'the'traps,'and'at'which'habitats'they'were'found'in.'If'an'individual'
was'caught'more'than'once,'it'was'noted.'
'

RESULTS'

Comparing'three'study'sites'
A'total'of'372'individual'butterflies'were'observed.'These'individuals'belonged'to'
nine'different'species.'All'species'found'in'this'study'belong'to'the'family'
Nymphalidae.''
' When'comparing'the'three'land'uses,'there'were'significantly'more'
individual'butterflies'caught'in'the'forest'interior,'than'in'the'other'two'habitats'
(Chi?square=19.08,'df=2,'p=0.0001).'There'is'a'significantly'higher'amount'of'
species'in'the'forest'habitat'than'in'the'forest'edge'and'windbreak'(Multinomial'test'
p=0.03).'When'comparing'species'from'forest'interior'to'forest'edge,'species'
overlap'was'not'statistically'significant'(Sorensen’s'Index=0.71,'t?test't=0.12,'
df=263,'p=0.902).'Comparing'forest'interior'to'windbreak,'and'windbreak'to'forest'
edge,'there'was'a'statistically'significant'overlap'in'species'abundance'and'
composition'(Sorensen’s'Index=0.46,'t?test't=1.6,'df=249,'p=0.111,'and'Sorensen’s'
Index=0.72,'t?test't=1.42,'df=210,'p=0.156'respectively).''
'
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'
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FIGURE'5.'These'graphs'depict'the'species'richness'and'abundance'in'all'three'land'use'
study'sites.'The'figure'labeled'A'is'the'chart'for'the'forest'interior'species'(n=162).'There'
was'a'total'of'eight'species'found'in'the'forest'interior.'The'chart'labeled'B'is'a'chart'of'the'
individuals'of'the'forest'edge'(n=115).'A'total'of'six'species'were'found'in'this'habitat.'The'
chart'labeled'C'is'a'chart'of'the'windbreak'areas'(n=95).'There'were'a'total'of'six'species'
found'in'these'sites,'the'same'six'species'found'in'the'forest'edge,'but'with'different'
abundances.''
'
Forest'interior''
The'forest'habitat'had'a'total'of'162'individuals'belonging'to'eight'different'species,'
with'a'Shannon?Weiner'Diversity'Index'(H’)'value'of'1.01.'Three'species'were'
limited'to'forest'interior'sites,'Oxeoschistus'puerta'submaculatus,'Caligo'eurilochus'
sulanus,'and!Archaeoprepona'meander'amphimachus,'and'one'species'was'absent'
from'only'forest'interior,!Opoptera'staudingeri.'For'a'complete'list'of'species'found'
in'the'forest'interior'see'Table'1.''
'
Edge'
There'were'115'individuals'of'six'species'found'in'the'forest'edge,'giving'an'H’'value'
of'1.03.'For'a'complete'list'of'species'found'in'the'forest'edge'see'Table'1.'
' '
Windbreak'
Windbreak'habitats'had'a'total'of'95'individuals'of'six'species,'with'an'H’'value'of'
1.21.'For'a'complete'list'of'species'found'in'windbreak'habitats'see'Table'1.'
'
TABLE'1.'Butterfly'species'found'in'three'land'use'types.'Habitat'section'states'the'
elevation,'slope,'and'habitat'the'species'is'commonly'found'in'(DeVries'1987).'Study'site'
indicates'the'areas'each'species'was'found'in'my'study,'windbreak,'edge,'and'forest.'The'
numbers'in'this'section'are'the'number'of'individuals'of'each'species'found'in'each'study'
site.'
Species' Habitat' Study'Site'

Morpho'peleides'limpida' Sea'level?1,800m'both'slopes''
in'all'forest'habitats.''

Forest:'30'
Edge:'8'
Windbreak:'4'

Manitaria'maculata' Sea'level?2,500m'Pacific'slope'
in'all'habitats.'

Forest:'113'
Edge:'78'
Windbreak:'45'

Hypanartia'godmani' 900?1,800m'both'slopes,''
associated'with'cloud'forest'
'habitats.''

Forest:'5'
Edge:'20'
Windbreak:'34'

Cissia'renata' 100?1,800m'on'Pacific'slope.''
Abundant'in'forest'edge'and''
second'growth.''

Forest:'3'
Edge:'4'
Windbreak:'9'

Opoptera'staudingeri' 700?1,800m'both'slopes.'Found''
in'cloud'forest'habitats.'

Forest:'0'
Edge:'1'
Windbreak:'1'
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Cissia'satyrina' 800?1,800m'both'slopes,''
common'in'all'forest'habitats.''

Forest:'5'
Edge:'4'
Windbreak:'2''

Archaeoprepona'meander'
amphimachus'

Sea'level?1,800m'on'both'slopes'
in'wet'forest'habitats.''

Forest:'1'
Edge:'0'
Windbreak:'0'

Caligo'eurilochus'sulanus' Sea'level?1,600m'both'slopes,''
associated'with'wet'forest'
habitats.'

Forest:'2'
Edge:'0'
Windbreak:'0'

Oxeoschistus'puerta''
submaculatus'

800?2,400m'both'slopes'in'
cloud'forest'habitats.''

Forest:'3'
Edge:'0'
Windbreak:'0'

'
The'table'shows'the'amount'of'individuals'of'each'species,'captured'in'each'

land'use.'Eight'species'were'found'in'the'forest'interior,'and'six'species'in'the'forest'
edge'and'windbreak.'The'six'species'found'in'the'forest'edge'and'windbreak'are'the'
same'six'species,'but'they'were'found'in'different'abundance'in'each'habitat.'Three'
species'were'found'only'in'forest'interior,'while'only'one'species'was'absent'from'
the'forest'interior.''
'
Additional'Observations''
' The'species'Manitaria'maculata'was'found'in'abundance'in'all'three'land'use'
habitats.'Out'of'372'total'butterflies'collected,'236'individuals'were'the'species'
Manitaria'maculata.''
'
DISCUSSION'
Species'richness'was'highest'in'the'forest'interior.'There'were'three'species'that'
were'found'only'in'forest'interior'habitats,'and'one'that'was'found'in'forest'edges'
and'windbreaks'but'not'in'forest'interior'habitats.'The'significant'difference'in'
species'abundance'between'the'three'communities'showed'a'trend'of'a'greater'
number'of'individuals'in'the'forest'interior,'fewer'in'forest'edge'communities,'and'
the'fewest'in'windbreak'habitats.'I'predict'that'this'is'because,'like'stated'earlier,'
pastureland'has'the'lowest'insect'diversity'(DeVries'1992),'and'most'tropical'tree'
species'fruit'during'the'dry'season'which'is'when'this'study'was'conducted'
(Horner?Devine).'

There'was'no'significant'species'overlap'between'forest'interior'habitats'and'
forest'edge'habitats,'but'there'was'a'significant'difference'when'looking'at'forest'
interior'and'windbreak,'and'forest'edge'and'windbreak.'This'is'probably'due'to'the'
fact'that'windbreaks'are'surrounded'by'pasture'or'grass'land'on'either'side'of'them.'
Forest'edge'and'interior'were'not'statistically'different'in'their'species'overlap,'
which'goes'along'with'the'findings'of'Majumder'et'al.''(2012),'that'species'richness'
and'diversity'in'forest'areas'is'high,'due'to'the'food'and'shelter'that'is'available'for'
adult'butterflies,'and'their'larval'stage.''

Manitaria'maculata'was'the'most'abundant'species'in'all'three'land'use'
areas.'This'could'be'due'to'the'fact'that'this'species'is'a'migratory'species,'which'
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migrates'through'the'montane'region'during'the'dry'season,'which'is'when'my'
research'was'conducted'(DeVries'1987).''If'this'experiment'were'to'be'done'during'
the'wet'season,'there'would'most'likely'be'a'much'lower'number'of'M.'maculate'
individuals.'

The'number'of'species'I'caught'is'quite'low,'nine'species'in'total,'eight'in'the'
forest'interior,'six'in'forest'edge'and'windbreaks.'When'comparing'my'study'to'a'
study'done'by'Miller'(1999),'he'found'97'different'butterfly'species'in'total'during'
the'spring'season,'but'only'six'of'those'were'caught'using'traps'with'fruit'bate,'the'
other'91'species'were'caught'using'butterfly'nets.'The'significantly'large'amount'of'
species'he'caught'is'probably'due'to'the'fact'that'whenever'he'saw'a'butterfly,'he'
caught'it'using'his'net,'where'as'I'relied'solely'on'the'species'getting'trapped'in'my'
net.'Another'study'by'Scardina'(2011)'found'19'different'species'at'EBM'during'the'
spring.'One'reason'they'may'have'caught'more'species'could'be'due'to'the'fact'that'
they'added'alcohol'to'their'bate.'This'could'have'attracted'more'butterflies'that'are'
attracted'to'the'alcohol'the'fruit'creates'while'fermenting.'Another'reason'for'my'
small'number'of'species'could'just'be'due'to'abiotic'factors,'it'may'have'been'an'
extremely'dry'season.''
' Changes'to'Earths’'land'composition'due'to'deforestation'leaving'large'
pasture'areas'where'Tropic'Forest'used'to'be,'will'change'butterfly'species'
composition'of'that'area'drastically.'If'we'got'rid'of'the'Tropical'Moist'Forest'zone'in'
Costa'Rica,'both'species'of'butterflies'that'were'found'only'in'the'forest'habitat'
would'most'likely'no'longer'exist.'This'is'due'to'the'fact'that'they'both'are'mostly'
found'in'wet'forest'habitats'(DeVries'1987).'Overall,'this'study'may'be'able'to'be'
applied'to'many'species'that'rely'on'forest'habitats'to'live.'As'Harvey'et'al.'(2005)'
said,'retaining'tree'cover'in'agricultural'landscapes'could'help'conserve'animal'
diversity'due'to'the'fact'that'fruit'feeding'butterflies'rely'on'the'fruit'of'trees'for'
their'source'of'food.'If'old'growth'and'secondary'forests'are'kept'intact,'hopefully'
we'could'prevent'the'extinction'of'many'animal'species'such'as'the'butterfly'species'
I'found'that'were'only'found'in'forest'interior.''
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ABSTRACT 

In tropical ecosystems in particular, there is high species diversity and richness of dung beetles (Order Coleoptera, 
Family Scarabaeidae), a family of beetles with a large role in nutrient cycling and secondary seed dispersal. Of the 
species of dung beetles found in Costa Rica and Tropical America, there are beetles belonging to different foraging 
guilds of either tunnelers or rollers, with a known difference between the two guilds being that rollers are typically 
larger individuals than tunnelers. One objective of this study was to determine differences in guild presence in 
primary forest and in adjacent pasture in Monteverde, Costa Rica in addition to species diversity and richness inside 
and outside the forest. In addition, this study posed the question of whether or not some species of beetles are better 
able to detect dung when it is blocked from the wind and if these individuals had larger antennae allowing them to 
find such dung. Beetles were captured in both sites using baited pitfall traps. No beetles were better able to detect 
wind-blocked dung and there were no differences in antenna size as a proportion of body length between tunnelers 
and rollers or between pasture and primary forest. Antenna length increased as a function of increases in body 
length. The forest had a significantly higher Shannon-Weiner Diversity Index (H’ = 2.12) than the pasture (H’ = 
1.21) and dung beetles classified as rollers were present only in primary forest. The severe decrease in diversity 
from primary forest to pasture as well as the absence of the roller guild in the pasture suggest how sensitive dung 
beetles are to degraded and fragmented habitats even when they border primary forest. 
 
RESUMEN 
 
En los bosques tropicales en particular, existe una gran diversidad y riqueza de escarabajos estercoleros (Orden 
Coleoptera, Familia Scarabaeidae), una familia de escarabajos con una función muy importante en el ciclo de 
nutrientes y dispersión secundaria de semillas,  De las especies de escarabajos estercoleros encontradas en Costa 
Rica América tropical, hay escarabajos pertenecientes a diferentes gremios alimenticios que pueden ser excavadores 
de túneles o rodadores, siendo los rodadores usualmente más grandes individuos que los excavadores.  Uno de los 
objetivos de este estudio fue determinar las diferencias en la presencia de los gremios en el bosque primario y un 
pastizal adyacente en Monteverde, Costa Rica añadiendo la diversidad y riqueza de especies dentro y fuera del 
bosque.  Además, este estudio plantea la pregunta de si algunas especies de escarabajos son mejores detectando el 
estiércol cuando es bloqueado del viento y si estos individuos tienen antenas más largas permitiéndoles realizar 
dicho descubrimiento.  Los escarabajos fueron atrapados en ambos sitios usando trampas de caída.  Ningún 
escarabajo resulto ser mejor detectando el estiércol en las trampas cubiertas y no hay diferencias en el tamaño de la 
antena en proporción al tamaño corporal entre excavadores y rodadores o entre pastizal y bosque primario.  El 
tamaño de la antena aumenta en función del tamaño corporal.  El bosque tiene un mayor Índice de Diversidad 
Shannon-Weiner  (H’ = 2.12) que el pastizal (H’ = 1.21) y los escarabajos clasificados como rodadores estuvieron 
presentes únicamente en el bosque primario.  La severa disminución en la diversidad del bosque primario al pastizal, 
así como la ausencia del gremio de los rodadores en el pastizal sugiere que tan sensitivos son los escarabajos 
estercoleros a la degradación y fragmentación de hábitat aún cuando bordea el bosque primario. 
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INTRODUCTION 
 
Dung beetles (Order Coleoptera, Family Scarabaeidae) are a fundamental aspect of ecosystems 
around the world because they are specialized to feed on dung, which is vital for the cycling of 
nutrients in forests and beyond in pastures and farms (Hanski and Cambefort 1991; Simmons and 
Ridsdill-Smith 2011). In tropical ecosystems, the species diversity and richness of dung beetles 
is high, and their modes of foraging and mate selection as well as species compositions and 
abundance are well studied (Hanski and Cambefort 1991). Secondary and open forests in the 
Neotropics lack many primary forest species and typically host smaller species than primary 
forests (Gardner et al. 2008). Of the species of dung beetles found in Costa Rica and Tropical 
America, there are both rollers and tunnelers. In order to escape competition at the dung source, 
upon reaching the source, rollers will roll some of the dung away before eating or burying the 
ball for nesting whereas tunnelers will bury a piece of the dung source upon discovering it 
(Matthews 1963; Hanski and Cambefort 1991). The absence of beetles of either guild can have 
detrimental ecological cascading impacts on an ecosystem because of the slightly different roles 
they play in nutrient cycling (Nichols et al. 2008, in Escobar et al. 2008). 

Dung beetles locate dung sources by flying somewhat randomly and zigzagging through the 
air until picking up on odor cues through olfaction (Dethier 1947; Matthews 1963). Olfactory 
receptors in most insects are located in antennae, as is the case in beetles of the family 
Scarabaeidae (Cambefort 1991). The antennae are absolutely vital for long-range perception of 
odors and detection of fresh animal carcasses in carrion beetles, a group closely related to dung 
beetles (Dethier 1947). Antenna size as a proportion of body size is not necessarily consistent 
from beetle to beetle, instead tradeoffs exist between antenna growth and growth of structures 
linked with sexual selection, such as horns (Emlen et al. 2005). 

Dung beetles approach dung from downwind directions and captured dung beetles, when 
released upwind of dung, are less likely to return to the source of dung once again (Matthews 
1963; Forsyth and Larsen 2005). This might suggest that when there is wind, the odor of dung is 
not obstructed, but rather carried to farther distances and available to more beetles than in the 
instance of no wind. Multiple papers regarding sampling dung beetles refer to wind as a factor 
impacting the collection of beetles in regards to species abundance and diversity but none 
conclude exactly what effect the wind has on odor perception and whether or not some beetles 
are more adept at discovering dung (Forsyth and Larsen 2005; Dethier 1947).  

To test the effect of wind on the ability of dung beetles to locate dung sources, I will compare 
the composition of species that locate exposed to wind dung in pasture to the species that locate 
dung blocked from the wind in pasture. I will examine the proportion of antenna length to body 
length in beetles in pasture and beetles in forest to determine if there is any underlying selection 
hindering antenna growth that differs between species at each site. Finally, in addition to doing a 
comparison of species diversity and richness between pasture and primary forest, I will look for 
differences in guild presence, and abundance of tunnelers and rollers, at each site in order to 
determine if one guild is more specialized to a particular land use in Monteverde, Costa Rica. 
 
 
METHODS 
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Study Sites 
This study was done in primary, old growth forest and adjacent pasture surrounding the 
Monteverde Biological Station in Puntarenas, Costa Rica. All study sites are located at an 
elevation of approximately 1600 masl and are classified as lower montane wet forest under 
Holdrige Life Zone classification (Haber 2000). The four sampled pasture sites were open grassy 
fields bordering forest around the Monteverde Biological Station. All of these sites are exposed 
to very similar amounts of wind. Forest traps were placed alongside trails in the Monteverde 
Biological Station forest (Fig. 1). 
 
Trap Design 
Dung beetles were collected towards the end of the dry season from April to May 2013. The 
beetles were captured using pitfall traps baited with fresh pig dung from a Monteverde pig farm. 
Ten pitfall traps were set five meters apart in a straight line at each site. Each trap was a 16-
ounce cup placed in a hole in the ground. I poured a small amount of water and odorless liquid 
detergent in each cup that reduced surface tension and killed any captured beetles. Above each 
cup I placed a dung trap made of a plastic plate with a small piece of dung hanging from a string 
such that the hanging dung was flush with the top of the cup (Forsyth and Larsen 2005). Plates 
were secured in the ground using three small wooden skewers (Fig. 2). Beetles attracted to the 
dung would fall into the traps and remain in the water until I collected them. 
 
Wind 
In order to manipulate the exposure of dung traps to the wind, I set paired traps in separate open 
locations near the Biological Station for two consecutive nights at a time. At one of the two 
locations I covered each of the ten traps with a cardboard box with an 18 x 18 cm hole in the 
downwind facing side of the box (Fig. 2). At the other location, the traps were no different, but 
lacked cardboard covering them. Compared covered and uncovered traps were set on the same 
nights in order to control for slight nightly variation in wind and weather patterns but they were 
set in different locations so that dung beetles were not attracted to uncovered traps and then more 
easily attracted to covered traps that were located nearby. 
 
Antenna Size 
In order to compare beetle diversity and antenna length between forest and pasture, traps were 
set for two nights at a time. After two nights, I collected the beetles and replaced the dung. I 
measured the body length of each individual and removed one of its antennae in order to measure 
its length. I calculated the proportion of antenna length to body length for each beetle.  
 
Diversity 
I used the Scarabaeidae beetle collection in the insect room in the Monteverde Biological Station 
to identify all beetles. I also classified the guild of each beetle, either tunneler or roller (Hanski 
and Cambefort 1991).  
 
RESULTS 
 
Wind 
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During the sampling period, I collected a total of 60 beetles of the family Scarabaeidae; 35 
beetles in the forest and 25 beetles in pasture. Zero beetles were collected from the covered, 
wind-blocked traps in pasture while on corresponding nights 11 beetles were collected in 
uncovered pasture traps. 
 
Antenna Size 
On average, antennae of forest beetles were a proportion of 0.275 of total beetle body length 
while in pasture the average proportion was 0.256 (Fig. 3). The proportion of antenna size to 
body size did not differ significantly between pasture beetles and forest beetles (two sample t 
test, df = 42.98, t = 1.21, p = 0.232). There was also no difference in antenna to body proportion 
between beetles classified by guild, as either tunnelers or rollers (two sample t test, df = 43.34, t 
= -1.23, p = 0.224) (Fig. 4). Antennae of all species were visibly morphologically similar in 
terms of shape and structure. According to a linear regression of body size versus antenna size, 
antenna length increases as body length increases (R2 = 0.7694, p < 0.05, n = 60) (Fig. 5). 
 
Diversity 
Beetles of ten species were collected in primary forest and four species were collected in pasture. 
A significant difference was found in Shannon-Weiner Diversity index between pasture (H’ = 
1.21) and primary forest (H’ = 2.12) habitats (two sample t test, p-value < 0.001). Of all species 
collected, all but one species in genus Onthophagus occurred in both pasture and forest (Fig. 6). 
According to Sorenson’s Quantitative Index, the two habitats are only 17% similar, implying that 
very little species overlap exists between adjacent pasture and primary forest habitats. With 
respect to guild membership, all pasture beetles were classified as tunnelers while 6 (60%) of the 
forest species were tunnelers and 4 (40%) of the forest species were rollers (Table 1). 

On average, pasture beetles were 1.06 mm long while primary forest beetles were 1.38 
mm long (Fig. 7). In the forest, 57% of the beetles captured were greater than 1.4 mm long while 
only 4% of the pasture beetles were greater than 1.4 mm long. Beetles captured in pasture were 
significantly smaller, in terms of body length than beetles captured in the forest (two sample t 
test, df = 57.88, t = 2.90, p = 0.005). 
 
DISCUSSION 
In open areas bordering primary forest, dung must be exposed to the wind for beetles to be able 
to locate it. Because there were no beetle species in open areas that were better able to detect 
dung, as displayed by the absence of beetles in uncovered traps, exposure of dung to the wind is 
likely equally important for all beetle species. This finding is of value because it suggests that 
while excessive wind is unfavorable for dung detection, as observed by extremely windy nights 
when no beetles were captured, exposure of dung to wind is vital for dung discovery because 
beetles in pasture areas are, in fact, flying from far enough away from dung sources such that the 
odor of dung can not be detected from their location if it is covered (Larsen and Forsyth 2005; 
Matthews 1963; Dethier 1947). 
 Antenna size is directly related to strength of olfactory cues, or the ability of beetles to 
find dung and for male beetles to find females. Energy allocation for antenna growth has 
traditionally been demonstrated as having tradeoffs when beetles develop other structures such as 
horns (Emlen et al. 2005, Emlen 2000). No relationship was found between antenna size, as a 
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proportion of body size, and site; either pasture or forest. There was also no relationship between 
antenna proportion and beetle guild. Instead, increases in antenna length significantly 
corresponded with and can be explained simply by increases in body length.  This is the same for 
both open and primary forest beetles. This finding does not allow for any conclusions about 
biological tradeoffs that either increase or decrease antenna proportion that differ for species 
from site to site (Emlen et al. 2005). The lack of a significant difference in antenna proportion 
from guild to guild provides morphological insight into the differences between beetles classified 
as rollers and beetles classified as tunnelers. Rollers are typically quantified as large beetles that 
are more susceptible to extinction from fragmentation but, according to these results, rollers do 
not have an advantage or disadvantage over tunnelers in terms of antenna length and its role in 
dung detection (Escobar et al. 2008; Hanski and Cambefort 1991). Instead, it is more likely that 
antennae differences, such as specialized hairs or morphology, exist between groups of 
Coleopterans rather than within dung beetles of the family Scarabaeidae (Matthews 1963). 

 In addition to this, there is a significant difference in diversity between pasture and 
primary forest surrounding the Monteverde Biological Station. Beetle diversity and body size are 
known to decline with clear cutting and fragmentation (Scheffler 2005).  The findings of this 
study confirm that this is occurring and has occurred surrounding the Monterverde Biological 
station forest. The environmental and ecological changes brought upon by fragmentation that 
negatively impact dung beetles include decreases in abundance and size of resident mammals, 
therefore impacting dung availability and degradation of vegetation cover (Scheffler 2005; 
Halffter and Arellano 2002; Cambefort 1991). The pasture and primary forest habitats used in 
this study were only 17% similar based on overlap of species for each site, meaning it is likely 
that the aforementioned impacts of fragmentation are truly acting negatively upon the sampled 
pasture. 

Another aspect of diversity not recently studied in Monteverde is the relationship 
between guild and habitat and the way in which guild is related to beetle size and population 
decline. Findings from this study suggest that beetles in the pasture are smaller than beetles in 
primary forest, suggesting that large dung beetles are more susceptible to decline than smaller 
bodied species following habitat conversion or destruction (Gardner et al. 2008). This is 
supported by evidence of many other large-bodied animal species going extinct at higher rates 
than smaller bodied species over time (Larsen et al. 2005; Isaac and Cowlishaw 2004). The fact 
that beetles classified as rollers were not present in the pasture is likely related to the finding that 
smaller species are much more abundant in pasture because rollers are typically larger beetles 
(Escobar et al. 2008). In general, larger beetle species need higher soil humidity content, which 
allows them to dig larger and deeper burrows in the soil, as well as a greater availability of dung 
(Gardner et al. 2008). The absence of an entire guild in the pasture while it is present in 
neighboring primary forest furthers evidence of the sensitivity of dung beetles to habitat 
destruction. Rollers made up a 40% fraction of dung beetle species collected in primary forest 
and their absence in adjacent pasture as a result of fragmentation can be greatly detrimental to 
nutrient cycling and secondary seed dispersal, especially due the larger size of rollers and the fact 
that they are ecologically responsible for a disproportionate amount of dung (Escobar et al. 
2008). The absence of such species might not greatly impact nutrient cycling and seed dispersal 
in pasture, though, since disturbed areas have smaller mammals and less mammalian dung. The 
absence of an entire guild of beetle species in pasture is still detrimental, though, because it has 
been suggested that re-forested habitats have little value in terms of dung beetle conservation 
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(Nichols et al. 2008). Over 35 years in La Selva, dung beetle community composition has been 
characterized by the loss of dung beetle species, rather than by the addition of recovery of other 
species (Escobar et al. 2008). In conclusion, the role of dung beetles as bioindicators of habitat 
degradation and fragmentation not only has conservation implications for the ecosystem as a 
whole, but also the sensitivity of the beetles to degradation and dramatic species composition 
differences inside and outside the forest sheds light on a need for conservation attention for dung 
beetles in particular (Nichols et al. 2008; Scheffler 2005).  
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TABLES 
 
TABLE 1. Individuals from 14 species total were collected; 10 species of tunnelers and 4 species 
of rollers. Individuals belonging to tunneling guilds were found in both primary forest and 
pasture habitats but those belonging to rolling guilds were found only in primary forest in 
Monteverde, Costa Rica. Rollers are typically larger than beetles belonging to tunneling guilds. 

 
 
 
 
 
 

FIGURES 
 

 
 
FIGURE 1. Disturbed pasture (left) and primary forest (right) habitats at the Monteverde 
Biological Station in Puntarenas, Costa Rica. Sampling effort between pasture and forest was 
consistent with 10 traps set at each site 5 m apart from one another. Traps placed in pasture sites 
were exposed to wind. Traps in primary forest were placed along the trail. A total of 25 beetles 
were collected in pasture and 35 beetles were collected in primary forest.  
 
 

Tunneler Roller  
# of Species Abundance # of Species Abundance 

Forest 6 20 4 15 
Open 4 25 0 0 
Total 10 45 4 15 
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FIGURE 2. An example of a pitfall trap used in all sites (left). An example of covered pitfall 
traps (right). All traps consisted of two stacked 16 oz plastic cups in a hole. The top cup was 
filled part way with water and a very small amount of odorless liquid detergent. Beetles were 
attracted to the hanging dung, which was flush with the lip of the top cup and then fell in the cup. 
The water and detergent killed and contained beetles until they were collected. Traps were left 
out for two days at a time in both sites. 
 
 

 
FIGURE 3. Mean antenna length as a proportion of dung beetle body length (+/- 1 SE) for 
beetles collected in baited pitfall traps in forest and pasture sites. Beetles were collected near the 
Monteverde Biological Station in Puntarenas, Costa Rica. Antenna length and body length were 
measured for 60 dung beetles total; 35 forest beetles and 25 pasture beetles. There was no 
significant difference in antenna size between the two sites. 
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FIGURE 4. Mean antenna length as a proportion of dung beetle body length (+/- 1 SE) for 
beetles collected in baited pitfall traps and belonging to either roller or tunneler guilds. Beetles 
were collected near the Monteverde Biological Station in Puntarenas, Costa Rica. Antenna length 
and body length were measured for 60 dung beetles total; 15 individuals were classified as 
rollers and 45 individuals were classified as tunnelers. There was no significant difference in 
antenna size as a proportion of body length between the two guilds. Rollers and tunnelers were 
collected in primary forest while only tunnelers were collected in pasture. 
 
 
 

 
FIGURE 5. Increases in antenna length between individual beetles correspond significantly to 
increases in body length. Seventy-seven percent of the increase in antenna length can be 
explained by corresponding increases in body length, supporting the finding that there are not 
other factors strongly impacting antenna length as a proportion of body size in individual beetles 
in pasture or forest or between rolling or tunneling guilds. Antenna length and body length were 
measured for 60 total beetle individuals of 14 different species. 
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FIGURE 6. Fourteen dung beetle species were collected in pasture and primary forest habitats 
using baited pitfall traps near the Monteverde Biological Station in Puntarenas, Costa Rica. Ten 
species were collected in primary forest and four species were collected in pasture. Of the four 
pasture species, only one species was found only in the pasture and not in primary forest. The 
forest had a significantly higher Shannon-Weiner Diversity Index (H’ = 2.12) than the pasture 
(H’ = 1.21) (t test, p-value = 8.99e-11). Primary forest had an evenness of 0.92 and pasture had 
an evenness of 0.87. According to Sorenson’s Quantitative Index pasture and forest habitats were 
17% similar. These findings support strong conservation implications for dung beetle species, 
which are highly susceptible to habitat destruction and fragmentation.  
 
 

 
FIGURE 7.  Beetles in primary forest are significantly larger than those in pasture (two sample t 
test, df = 57.88, t = 2.90, p = 0.005). Thirty-five beetles were collected in primary forest and 25 
individuals were collected in pasture. A decline in beetle size as quantified by body length is 
consistent with previous findings that larger individuals are more likely to be absent from 
disturbed or fragmented habitats than smaller individuals. 
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Diminished flash frequency of male 
fireflies (Photuris: Lampyridae) when 
subjected to artificial l ight 
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ABSTRACT 
The effects of light pollution have been proven in some species but research on 
bioluminescent organisms is very limited. It has been shown that ecological light 
pollution decreases flashing frequency among female fireflies of the genus Photuris, but 
the effect on males is unknown. I therefore tested male flash frequency of male Photuris 
fireflies under the subjection of no light, low light, and high light intensities in a 
controlled setting. I found that the mean number of male flashes that occurred in the no 
light level was significantly higher than the mean total of flashes that occurred in the low 
light and high light levels (Friedman = 7.781, p < 0.0001, n = 50). This finding suggests 
that anthropogenic light sources do in fact affect male flash frequencies. Photuris spp. 
may be adapted to flash in darker environments to maximize the effectiveness of these 
flashes, assuming it is used for communication and mating signaling between sexes. 
Flash behavior was also affected by longer duration of captivity, as expressed by the 
number of zero flash response trials. My findings further indicate that ecological light 
pollution has significant behavioral implications for both female and male Photuris 
individuals. Additionally, the spread of artificial light will continue to have adverse 
effects on wildlife, especially bioluminescent organisms such as fireflies. Future studies 
should also aim to minimize the duration of captivity and stress on the study organisms, 
so that the insects are less affected and results are not compromised.   
 
RESUMEN 
Los efectos de la contaminación lumínica han sido probados en varias especies pero la 
investigación en organismos bioluminiscentes es muy limitada. Ha sido mostrado que la 
contaminación lumínica disminuye las frecuencias de intermitencia de luz entre 
luciérnagas hembras del género Photuris, pero el efecto en machos es desconocido. Por 
lo tanto estudié la frecuencia de intermitencia de luz de machos de Photuris sujetos a 
diferentes intensidades de luz en un ambiente controlado: oscuridad, luz baja, y luz alta. 
Encontré que el número promedio de intermitencias de luz de machos en oscuridad fue 
significativamente mayor que el promedio total de intermitencias en luz baja y luz alta 
(Friedman = 7.781, p < 0.0001, n = 50). Estos resultados sugieren que las fuentes 
antropogénicas de luz afectan de hecho las frecuencias de intermitencias de luz. Photuris 
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spp. podrían estar adaptadas a iluminar en ambientes más oscuros para maximizar la 
efectividad de dichas intermitencias, asumiendo que se utilizan para comunicación y 
señales de apareamiento entre sexos. Este comportamiento también fue afectado por una 
mayor duración del tiempo en cautiverio, como se muestra por las cero respuestas de 
intermitencia en las pruebas. Mis resultados además indican que la contaminación 
lumínica tiene implicaciones significativas en el comportamiento de machos y hembras 
de Photuris. Adicionalmente, la propagación de luz artificial continuará teniendo efectos 
adversos en la vida silvestre, especialmente organismos bioluminiscentes como las 
luciérnagas. Futuros estudios deberían tratar de minimizar la duración del cautiverio y 
enfocarse en los organismos, de manera que sean menos afectados y los resultados no se 
vean comprometidos. 
 
 
INTRODUCTION 
 Human impact represents a significant threat to biodiversity, which encompasses 
several million susceptible species throughout the world. Several traditional examples of 
anthropogenic impact include, the burning of fossil fuels, aerosol usage, and improper 
waste disposal. The emission of green house gases through the burning of fossil fuels, 
which is further accelerated by deforestation, generates a radiative and warming force on 
the atmosphere (Kaufman et al. 1991). High aerosol pollution causes wide-ranging 
consequences for human health cultivated and natural ecosystems, visibility, weather 
patterns, radiative forcing, and tropospheric oxidation (Charlson et al. 1987). Improper 
waste disposal occurs due to the inadequacy of uncontrolled waste management strategies 
and waste plants, which leads people discharge to waste in both open surface and within 
water bodies, which deteriorates the quality of water sources. (Alemayehu 2004). There 
are also other, less frequently considered forms of anthropogenic pollution, such as noise 
and light pollution. It has been confirmed that noise pollution, through transport, industry, 
and residential influences are directly correlated to the deterioration of ambient air quality 
as well (Kim et al. 2012). Another widely overlooked form of anthropogenic pollution is 
the spreading of artificial light sources, which has complex and negative ecological 
implications. 
 Artificial illumination causes light pollution of various kinds, including sky glow, 
light trespass, glare, and light clutter (Longcore and Rich 2004). Longcore and Rich 
(2006) define ecological light pollution as the alteration of natural patterns of light and 
dark in ecosystems. It has many physiological and behavioral implications, including 
disorientation, attraction or repulsion, enhancement or distortion of communication, 
disruption of resting periods, changes in patterns of intra- and inter- species competition, 
reproductive failures in animals and disruption of photoperiodism in plants (Rich and 
Longcore 2006). Light pollution has been primarily studied as a stress factor to natural 
species.  For instance, the direct individual-level consequences of bird collisions with 
lighted obstacles on both land and sea (Longcore et al. 2008) or the disorientation of sea 
turtle hatchlings when they see artificial light, which causes them to turn towards land 
(Fritsches 2012). Not all species directly suffer from light pollution. Diurnal species 
capable of using artificial light may extend their foraging into nocturnal hours and 
predators may more easily detect prey (Santos et al. 2010). However, the improved short-
term success of species may lead to long-term effects that cascade through food webs and 
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eventually decrease the resilience of the ecosystem (Santos et al. 2010). Light pollution 
also potentially poses a serious threat to bioluminescent organisms, most of which 
depend on the natural patterns of light and dark in natural ecosystems (Longcore and 
Rich 2004). 
 Bioluminescence refers to the light that is produced in a chemical reaction by an 
organism within the organs or tissues of the emitter’s body (Lloyd and Gentry 2003). 
These organisms use bioluminescence as a means of foraging, communication, and 
mating signaling (Lloyd and Gentry, 2003). The most often seen and best understood 
bioluminescent emissions are the mating flashes of fireflies (Photuris spp., Lampyridae) 
(Longcore and Rich 2004). Most flying emissions are the mating signals of males, 
repeatedly signaling and thereby advertising themselves with their species’, sexual-
recognition flash patterns (Lloyd and Gentry 2003). Various individual-level effects of 
light pollution have been demonstrated, but studies focusing on the population or 
ecosystem level are largely absent (Lyytimäki 2013). It has been previously supported 
that the increasing of artificial light is responsible for the decline in flash frequency 
among female Photuris fireflies (Menuz 2002), which could potentially affect the 
response patterns of females to the sexual signals of males (Lloyd and Gentry 2003). The 
effect of artificial light on the flashing pattern of Photuris males remains unknown.  Here 
I test the effects of light pollution on the flash behavior of male Photuris spp.    
 
MATERIALS AND METHODS 
Study Site 
 I conducted this study in a controlled setting, which was in a dark room of the 
Estación Biológica Monteverde, in Monteverde, Costa Rica. The Estación Biológica 
resides in a lower montane wet forest life zone at about 1550 m elevation, and is 
surrounded by a large area of protected old-growth forest (Haber 2000). I collected male 
Photuris spp. on the road leading to the Estación, and occasionally in the small area of 
woods adjacent to the building. Both are particularly dark areas of forest edge. Data 
collection began April 14 2013 and concluded on 6 May 2013.  
 
Study Organisms 
 Each individual organism collected was a male of the genus Photuris. Males were 
distinguishable from the presence of rounded sternites, which house the male copulatory 
glands. This distinguishable feature is absent in females. (Museum of Science, 2013). 
Males were more frequently observed and caught flying and flashing, than they were 
found flashing among vegetation. Throughout the several weeks of data collection, three 
different morphospecies of male Photuris were found (Figure 1).   
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Experiment 
 Each evening between 6:00 p.m. and 7:00 p.m., I collected between 2-6 male 
Photuris spp. using a butterfly net. Each collected individual was placed in a plastic 
container, and then stored in a small cooler to maintain a dark environment until testing. 
The tops of each container were punctured for air circulation, and dampened blades of 
grass were placed in each container as well. Fireflies were subjected to treatment on the 
same night as collection. The fireflies were tested as soon as I concluded collection, 
walked back to station, and gathered my materials, approximately ten minutes later. 
Although all individuals were collected together, each one was tested individually. All 
fireflies remained in captivity for the same amount of time because they would later be 
released together, after I had concluded testing and measuring each individual. I caught 
and tested a total of 50 individuals over the course of experimentation. Each individual 
was exposed to three different levels of light treatment: none, low and high. The high 
light level was produced by shining a Mini Maglight LED flashlight, while the low light 
level was produced by the flashlight, but with a paper covering the light source. These 
varying light levels simulated the light intensities of street lamps of the Monteverde 
region (Menuz, 2002). The light source remained in the same location for each treatment, 
every night, which was approximately four feet from the firefly. The order in which I 
exposed each individual to each light treatment was completely randomized: the order 
was determined by drawing out of a hat. I chose to have a randomized order of light 
treatment to avoid having a constant and predictable order that could confound the 
interpretation of the results due to increasing cumulative stress in the individuals after 
each treatment. Every individual was exposed to each level of light treatment for five 
minutes. They received an adjustment period of one minute in between treatment so that 
they could acclimate to the level of light treatment to follow. The number of flashes 
during the five-minute period was recorded. Fireflies were then measured for length, 
marked with a permanent marker, and released to ensure I did not re-test the same 
individual.  
 
Additional observations 
 I observed a high number of absent flash responses in some individuals across 
treatments, including the no-light control (9). I also observed that there were two 
different colors of flashing during experimentation; pale yellow and orange. Generally, 
morphospecies1 flashed orange while morphospecies’ 2 and 3 freqently flsashed yellow.  
 
RESULTS 
 The male flash frequency ranged from 0 to 194 flashes per five-minute treatment 
period. In 9 cases of trials, males did not flash at any of the light levels. The no-light 
treatment had the greatest range of flashes (0-194), followed by the low light treatment 
(0-99), and then the high light treatment (0-46). A comparison of the means between the 

Figure 1. From left to right: Photuris morphospecies 1 (n = 38), morphospecies 2 (n = 9), and 
morphospecies 3 (n = 3). Lower montane wet forest, Monteverde, Costa Rica, 1600 m 
elevation.  

 56 



 

three light levels of all tested male Photuris showed significant variation among values 
(Friedman = 7.781, p < 0.0001; Figure 2) and that the average number of flashes during 
treatment decreased as the light level increased However, there were no significant 
differences between the low light level and the high light level (post hoc, p = 0.250).  
 

  
 Variation among flash behavior also existed between the three different 
morphospecies. Morphospecies 1(Friedman = 6.026, p < 0.0001) responded with similar 
number of flashes in low and high light levels (posthoc, p = 0.55). The number of flashes 
was lower in low and high light levels in relation to the no-light control (posthoc, 
p<0.0001 in both cases) (Figure 3).  
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Figure 3. Mean number of flashes among all male Photuris spp. of morphospecies 1 when 
exposed to treatments of none, low, and high levels of light exposure for five-minute 
treatments. Means are based on 38 individuals. Error bars are one standard error. Lower 
montane wet forest, Monteverde, Costa Rica,1600 m elevation. 
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Figure 2. Mean number of flashes among all tested male Photuris sp. when exposed to 
treatments of none, low, and high levels of light exposure for five-minute treatments. Means 
are based on 50 individuals. Error bars are one standard error. Lower montane wet forest, 
Monteverde, Costa Rica,1600 m elevation. 
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 There were also significant differences among varying levels of light treatment 
between individuals of morphospecies 2 (Friedman = 3.3, p = 0.002). Again, there were 
no significant differences in flash behavior when comparing low versus high light levels 
(posthoc, p = 0.68). However, there were significant differences between no versus high 
light levels (posthoc, p = 0.003) as well as no versus low light levels (posthoc, p = 0.03) 
(Figure 4.).  

 
 When considering the third morphospecies, again, significant differences existed 
between light levels (Friedman = 2.450, p = 0.038). However among this morphospecies, 
there were no significant differences between the low and high light levels (posthoc, p = 
0.44) or the no light and low light levels (posthoc, p = 0.44) Differences between none 
and high light levels were significant (posthoc, p = 0.034 (Figure 5.).  
  

  

Figure 4. Mean number of flashes among all male Photuris sp. of the second 
morphospecies when exposed to treatments of none, low, and high levels of light exposure 
for five-minute periods. Means are based on 9 individuals. Error bars are one standard 
error. Lower montane wet forest, Monteverde, Costa Rica, 1600 m elevation 
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 When considering insect length as a factor of flash behavior, it appeared that a 
negative correlation occurred between the mean length of the individual organism and 
number of flashes emitted. It was shown that as insect size increased, the number of 
flashes emitted decreased (Regression: R2 = 0.181, p = 0.002, n = 49). The sample size is 
49 in this case, because one individual flew out of the container while I was attempting to 
measure and record length (Figure 6.).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 
DISCUSSION 
 Results of this study show that there is in fact a difference in the mean number of 
emitted flashes of male Photuris spp. under varying intensities of artificial light exposure. 
When comparing the mean values of male flash numbers among all morphospecies, they 
seem to be most affected by high light levels, with a mean flashing response of 5.84 
flashes per five-minute period of treatment. Mean flash response to low light levels was 
11.88 flashes per five-minute period of treatment, while the mean response of none light 
levels was 52.42. However, there were no significant differences between the low and 
high light levels of treatment.  

Figure 5. Mean number of flashes among all male Photuris sp. of the third morphospecies when 
exposed to treatments of none, low, and high levels of light exposure for five-minute periods. 
Means are based on 3 individuals. Error bars are one standard error. Lower montane wet forest, 
Monteverde, Costa Rica, 1600 m elevation.  
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Figure 6. Regression comparison of insect length (mm) and average number of 
emitted flashes per individual male Photuris sp. as a result of treatments to none, low, 
and high level of light exposure for five-minute periods (R2 = 0.181, p=0.02, n = 49). 
Lower montane wet forest, Monteverde, Costa Rica, 1600 m elevation.   
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 The similarly reduced number of flashes detected at both light levels indicates that 
the level of light exposure did not actually matter in terms of flash behavior. Rather, the 
mere presence of the artificial light decreased flashing frequency in comparison to 
periods of none light treatment. This may have serious implications for the success of 
bioluminescent insects such as fireflies. Continuing artificial illumination will decreased 
the ability of sexual recognition, assuming that just slight light levels affect flash 
behavior, as is with consistent with my findings. I observed two colors of flashing during 
experimentation; orange and pale yellow. It has been proposed that yellow flashing by 
fireflies may be an adaption to twilight, when it would be easier for a green flashing 
firefly to mistake the green reflection of foliage for a conspecific signal (Lall et al. 1980). 
The tropics experience less twilight than the temperate zone and, for instance, most 
fireflies in Brazil correspondingly emit green light (Viviani 2000). Artificial light may 
have a similar effect on fireflies, creating signal interference in areas close to the light 
source. It is therefore most efficient for fireflies to save flashing for darker environments, 
assuming flashing is intended for intra-specific communication. This example would 
support the finding that male Photuris sp. flashed with greater frequencies in none light 
treatments.  
 A surprising trend found during this study was the negative correlation in insect 
size and average number of flashes. As previously mentioned, the bioluminescence 
produced by fireflies is the product of a chemical reaction within the tissues or organs of 
the insect’s body (Lloyd and gentry 2003). Fireflies have a rich tracheal supply, and the 
insect is able to completely control the emission of light by controlling the air supply to 
the organs. When air is admitted, the luciferan (in the presence of an enzyme called 
luciferinase) is nearly instantly oxidized, releasing the energy as light (Lloyd and Gentry 
2003). Based on the negative correlation between insect size and number of emitted 
flashes, one possible reasoning for this would be that smaller organisms are more 
efficient at controlling the rapid emitting of flashes, via the admittance of air.  
 One result of this study that I did not anticipate finding was the absence of flashes 
in some individuals across treatments, including the no-light control. This may have been 
the result of the interferences of diminished health and length of time in captivity. This 
implicates that stress from captivity compromised the flashing behavior and the accuracy 
of the study. Generally, fireflies were kept in captivity for about three hours every night.  
It would have most likely been more beneficial to catch each firefly one at a time, or just 
keep them in captivity for a lesser amount of time in general. Future studies should 
therefore design an experiment that interferes with insect health as little as possible, so 
flash behavior is as not disrupted. Future studies regarding light pollution and 
bioluminescent organisms would help by adding to what little information is currently 
known regarding the effects of light pollution on these individual populations (Lyytimäki 
2013). Results and implications from this study imply that ecological light pollution does 
in fact impact both female and male Photuris, and that this spread of artificial light will 
continue to have adverse effects on wildlife, particularly bioluminescent organisms.  
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ABSTRACT  
Heliconius butterflies are well-known for their gregarious roosting behavior, but little research has been conducted 
into the important abiotic and biotic factors that initiate and maintain roosts. In the Monteverde Butterfly Garden 
(Puntarenas, Costa Rica), Heliconius charithonia butterflies (n = 94) were marked and monitored in five common 
nightly roosts and the effects of various microhabitat changes were observed: light level, change in substrate, and the 
seeding of a roost with sister species H. melpomene models; H. charithonia models were also placed in the garden to 
initiate new roosts. Light had no effect on roosting behavior. Significantly fewer butterflies roosted in a monitored 
site after a change of roosting string (mean 0.73 +/- 0.9 SE) than before the change (mean 6.60 +/- 4.34; p = 0.03), 
but a change of roosting branch had no effect on roost formation. In the presence of H. melpomene models, 
significantly fewer H. charithonia roosted (mean 9.67 +/- 5.77 SE) as compared to before the change (mean 20.4 +/- 
3.91 SE), while the presence of H. charithonia models in non-roost sites did not initiate new individuals to roost. . 
No individuals consistently initiated roosts, and new butterflies were often the first arrivals to pre-existing roosts.  
Roosts were less stable than expected.  Over one third of the butterflies (36%) visited roosts  ≤1 time, indicating 
much more variability in the roosting behavior of H. charithonia and suggesting an important missing piece in 
studies of communal roosts.  
 
RESUMEN 
Las mariposas Heliconius son bien conocidas por su comportamiento de percha gregario, pero hay poca 
investigación sobre los factores abióticos y bióticos importantes que inician y mantienen las perchas. En el Jardín de 
Mariposas de Monteverde (Puntarenas, Costa Rica), mariposas Heliconius charithonia (n = 94) fueron marcadas y 
monitoreadas en cinco perchas nocturnas y se observaron los efectos de varios cambios en el microhábitat: nivel de 
luz, cambio de sustrato, e introducción de modelos de la especie hermana H. melpomene en las perchas; también se 
colocaron modelos de H. charithonia en el jardín para iniciar nuevas perchas. La luz no tuvo ningún efecto en el 
comportamiento de percha. Significativamente menos mariposas se percharon en un sitio monitoreado luego de 
cambiar la cuerda de percha (0.73 ± 0.9) que antes del cambio (6.60 ± 4.34; p = 0.03), pero un cambio en la rama de 
percha no tuvo efecto alguno en la formación de la percha. En presencia de modelos de H. melpomene, 
significativamente menos H. charithonia se percharon (9.67 ± 5.77) comparado a antes del cambio (20.4 ± 3.91), 
mientras que la presencia de modelos de H. charithonia en sitios de no percha no inició nuevas perchas. Ningún 
individuo inició consistentemente nuevas perchas, y nuevas mariposas frecuentemente fueron las primeras en llegar 
a sitios pre-existentes de percha. Las perchas fueron menos estables de lo esperado. Más de un tercio de la mariposas 
(36%) visitaron las perchas ≤1 veces, indicando mucha más variabilidad en el comportamiento de percha de H. 
charithonia y sugiriendo una pieza faltante importante en estudios de perchas comunales. 
 
INTRODUCTION 
While most butterflies roost solitarily, certain species of unpalatable Heliconius butterfly gather 
in the evening to form unique communal roosts (Salcedo 2011). Preferred gregarious roost sites 
are often used night after night and often by the same individuals (Cook et al. 1976). The 
formation of gregarious Heliconius roosts is long-studied (Cook et al. 1976; Young & Carolan 
1976; Young & Thomason 1975) and the ultimate function of communal roosting is likely a two-
fold anti-predator defense: the warning coloration of unpalatable Heliconius species is made 
more obvious (DeVries 1987) and the probability of a single individual being taken is lowered 
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when roosting with more individuals (Finkbeiner et al. 2012). While much research has 
investigated the ultimate purpose of roost formation, the proximate drivers of roost initiation and 
maintenance—how a site is chosen and returned to each night—have not been determined.  

Roost site selection may be driven by predation pressure, as previously investigated, but 
established and maintained by a complex combination of biotic and abiotic factors. Among many 
apparently similar branches or vines, butterflies repeatedly aggregate on a limited group of pre-
selected roost sites (Young & Thomason 1975). Many microhabitat elements, such as light level, 
rainfall, temperature, and humidity, can influence roosting behavior (Young & Carolan 1976). 
For example, Heliconius butterflies form roosts earlier on rainy days (Young & Thomason 1975) 
and roost sites have consistently lower light and humidity levels than surrounding area (Salcedo 
2010; Young & Carolan 1976). The preferred microhabitat offered by a roost may be important 
in its repeated use. Additionally, in roost formation by aggregating ladybird beetles, the use of 
both visual and chemical cues plays an important role (Grither & Switzer 2000), suggesting 
Heliconius roost selection could be due to factors in the social environment like visual, 
behavioral, and chemical cues. Dorsal wing pattern is an important signal for butterflies joining 
roosts, as roosts fail to form when the wing surface is disguised with black ink (Salcedo 2010). A 
specific sequence of wing and antennae movements proceeds roost formation, and non-contact 
pheromones are exchanged (Mallet 1986; Salcedo 2011). The residue of chemical exchanges 
could therefore be important in selecting and maintaining roost sites over time. 
The question of how a roost is chosen for the first time and why it is maintained still remains. If 
microhabitat were most important for roost sites, the substrate of a roost could be replaced and 
butterflies would continue roosting. Conversely, if biotic factors like chemical residues were 
present, roost behavior would be interrupted by a change in roost substrate. Because there are 
many potential roost sites of similar microhabitat in a given environment yet only some are 
selected and maintained, there is likely an important biotic element deciding roost sites.I 
investigate the significance of microhabitat, roost substrate, visual cues, and roost site selection 
in H. charithonia to offer a more comprehensive explanation for how traditional roost sites are 
initiated and maintained over time in these unique butterflies.  
 
METHODS 
Study site 
Data were collected between 13 April 2013 and 7 May 2013 in Garden 2 at the Monteverde 
Butterfly Garden, Puntarenas, Costa Rica. The garden is an enclosed habitat simulating a canopy 
environment at mid-elevation (500 – 1000 m) Tropical Lowland Wet Forest with full sun for 
most of the day and high heat. Passifloraceae plants were dominant in the garden and the nectar 
source for butterflies was Pentas lanceolata (Rubiaceae) hand-injected with sugar water. Four 
species of Lepidoptera were found in the garden, all from the Nymphalidae:Heliconiinae: Dryas 
julia, Heliconius charithonia, H. melpomene, and H. sapho. Both H. charithonia and H. 
melpomene form communal roosts (Mallet 1986).   
Study organisms 
H. charithonia as elongated black wings (FW length 39 - 47 mm) with a yellow zebra-striped 
pattern (DeVries 1987; Figure 1A). H. charithonia is chemically protected with cyanide and is 
one of several species of Heliconiines that roost communally (DeVries 1987). The species ranges 
from the southern United States through Central and South America and the West Indies 
(DeVries 1987), and is the most common species in Garden 2 of the Monteverde Butterfly 
Garden.   
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Capture-mark-release 
Using a butterfly net, I captured H. charithonia individuals in the garden and marked them on the 
right ventral hindwing for identification (Figure 1B) using a red Sharpie marker. The first 21 
individuals were marked consecutively as 00-20. Another 73 pupae from Guácimo de Pococí 
(Alajuela) were placed into the garden after emerging; these were marked with consecutive 
numbers 21-41 and letters A-Z and AA-ZZ with the same methods. In total, 94 H. charithonia 
individuals were marked.  

A)   B)  
Figure 1. A) Heliconius charithonia, sampled for communal roosting behavior in the 
Monteverde Butterfly Garden, Puntarenas, Costa Rica. B) H. charithonia with identification 
mark on right dorsal hindwing using a Sharpie paint pen. 
 
Roost site identification and observation 
Common roost sites were identified from preliminary observations and discussion with garden 
staff. Three sites were monitored for seventeen days between 13 April and 7 May: synthetic 
garden twine hung horizontally across the garden ceiling in full sun (“Ceiling”) and in partial 
shade on the garden wall (“Wall”), and a vertically hanging dry Passiflora sp. vine on the 
same wall (“Vine”). A roost site on the branches of a low-growing tree (“Tree 1”) was 
monitored for thirteen days starting 20 April and another site on a similar tree (“Tree 2”) was 
monitored for five days starting 30 April, once roosts were initiated at these sites. 
 Roost observations were made between 3pm and 6pm, when H. charithonia choose their 
evening roost sites (Wang 2006, pers. obs). The individuals at each site were noted at 4pm and at 
6pm, to identify both early roosters (4pm) and the total number of individuals per site per night 
(6pm). 
Change of Substrate 
After six days of observation, I replaced the horizontal strings on the wall roost site with fresh 
garden twine of the same type, taking care to replicate the previous string orientations as 
closelyas possible. All strings were completed by 3pm to ensure the act of re-stringing would not 
disturb preliminary roosting behavior. 
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 After 15 days of observation, a small branch was removed from the Tree 1 roost and 
replaced with a dimensionally similar branch from local forest (Figure 2C). The original branch 
was broken off of the tree and removed from the garden, and the new branch was attached with 
tape and garden string. The modification was completed by 3pm to ensure the act of changing 
branches wouldn’t disturb preliminary roosting behavior.  
Addition of light 
After eight days of observation, I added a small, battery-powered light to the Tree 1 site to 
illuminate roosting branches. The light was added to an inconspicuous branch 15 cm from the 
roost site at 3pm to minimize additional disturbance to the roost. 
Model butterflies  
Digital images of the dorsal resting wings of H. charithonia and H. melpomene were printed and 
cut to form decoy butterflies. For five days, approximately five groups of two to four H. 
charithonia individuals were placed around the garden on leaves, vines, and strings to simulate 
new roost sites (Figure 2A). For three days, three H. melpomene individuals were added to small 
branches in the Tree 1 roost (Figure 2B). Models were left in place between 3pm and 6pm.  

A)   B)  
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C)  
Figure 2. A) H. charithonia models hung in a false roost to initiate roosting behavior. B) Three 
H. melpomene models hung in the Tree 1 roost to affect roosting behavior. C) Tree 1 roost site 
with new branch attached. 
 
RESULTS  
Roost site identification and observation 
 H. charithonia individuals were observed to form non-random communal roosts in several 
common sites (Poisson test for dispersion, X2 = 1770.68, df = 3, p < 0.0001). The expected 
frequency distribution predicted butterflies to form roosts of 5 individuals most commonly, while 
observed frequencies butterflies formed roosts with either very few individuals or greater than 9 
(Figure 3). However, nearly one quarter (24.4%) of the H. charithonia in the garden were never 
observed in any roost site over the duration of the experiment, and 15.5% of those roosting were 
seen only once. Smaller roosts of two to five individuals formed randomly around the garden on 
some evenings; these roosts were not recorded and rarely lasted more than one evening, but still 
represent a proportion of the population roosting somewhat communally.  
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Figure 3. The distribution of expected and observed frequencies of H. charithonia individuals (n 
= 64) across all five sampled roost sites in the Monteverde Butterfly Garden (Puntarenas, Costa 
Rica) based on calculated frequencies in a Poisson test for dispersion. Expected mean was 5.61 
+/- 7.26 SE individuals per roost site. The distribution of observed number of H. charithonia 
individuals was non-random (Poisson test for dispersion, X2 = 1770.68, df = 3, p < 0.0001); 
butterflies most frequently roosted solitarily or in groups ≥ 9 individuals.  

The total number of H. charithonia individuals in each monitored roost site (Ceiling, 
Wall, Vine, Tree 1, and Tree 2) for the duration of the study time (13 Apr – 7 May) is plotted in 
Figure 4. The number of individuals in a monitored site differed from evening to evening for all 
sites, ranging from 0-27 butterflies. Both the Tree 1 and Tree 2 roosts did not form until one and 
two weeks into the observations, respectively, and the Ceiling roost decreased dramatically in 
popularity, never hosting more than two butterflies after 27 April. 
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Figure 4. Total number of H. charithonia individuals (n = 94) for five monitored roost sites 
(Ceiling: dark blue; Wall: green; Vine: red; Tree 1: purple; Tree 2: light blue) in the Monteverde 
Butterfly Garden (Puntarenas, Costa Rica). The number of butterflies at each roost site varied 
considerably during the study (13 April – 7 May 2013); the Tree 2 roost (light blue) was not 
established until two weeks into the observations. 
 H. charithonia individuals most commonly roosted in a site only one time (n = 61), 
though were seen to roost twice (n = 34), three times (n = 19), and even ten times (n = 1) at the 
same site (Figure 5). There were no individuals who were perpetually “early roosters” or who 
consistently started the roost in any given site. Individuals who had never before used a roost 
sites were observed arriving first to that roost site at 4pm. 
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Figure 5. Number of times an H. charithonia individual roosted in a given site across all five 
sampled sites in the Monteverde Butterfly Garden (Puntarenas, Costa Rica). Individuals were 
most frequently observed visiting a site once (n = 61), twice (n =34), or three times (n = 19), but 
one individual visited a site as many as 10 times. 
Change of substrate 
Replacing the string on the Wall roost significantly decreased the number of H. charithonia 
roosting there (chi-square goodness-of-fit, X2 = 4.71, df = 1, p = 0.03). Mean number of 
butterflies in the roost with new string (0.72 +/- 0.90 SE, n = 11 days) was almost 90% lower 
than the number of butterflies on the unmodified roost (6.60 +/- 4.34 SE, n = 5 days; Figure 6). 
While the Wall roost was formerly observed to host as many as 11 individuals in a night, 
following modification H. charithonia was only observed at the roost site on four nights (24 and 
27 April and 2, 6, and 7 May), and never more than two individuals were present per night. 

 
Figure 6. At the Wall roost site in the Monteverde Butterfly Garden (Puntarenas, Costa Rica), 
presence of H. charithonia was observed before and after a change in roost site string. Mean 
number of butterflies in the original roost site (6.60 +/- 4.34 SE, n = 5 days) was significantly 
higher than the mean number of butterflies after the modification (0.72 +/- 0.90 SE, n = 11 days), 
indicating the treatment had a direct effect on the roosting behavior of the butterflies. 
 Substituting a new branch in the Tree 1 roost site did not have a significant impact on H. 
charithonia roosting behavior (chi-square goodness-of-fit, X2 = 1.12, df = 1, p = 0.275). Only 
slightly fewer butterflies were found in the site with the new branch (14.00 +/- 0 SE, n = 2 days) 
than in the unmodified control roost (20.40 +/- 3.91 SE, n = 5 days; Figure 7). Although the 
mean number of butterflies was lower in the roost with a new branch, there was one evening (7 
May) when all butterflies in the roost were settled on the new branch. 
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Figure 7. At the Tree 1 roost site in the Monteverde Butterfly Garden (Puntarenas, Costa Rica), 
presence of H. charithonia was observed before and after a series of changes in the roost site 
string. Mean number of butterflies in the roost site after the addition of direct light (18.67 +/- 
7.23 SE) did not differ significantly from the mean number in the control roost site before 
modification (20.40 +/- 3.91 SE, n = 5 days; chi-square goodness-of-fit, X2 = 0.077, df = 1, p = 
0.781), nor did the mean number after replacing a roosting branch with a new branch (14.00 +/- 0 
SE, n = 2 days; chi-square goodness-of-fit, X2 = 1.12, df = 1, p = 0.275). Seeding the roost with 
H. melpomene models showed a trend toward significantly decreasing the mean number of 
butterflies roosting (9.67 +/- 5.77 SE, n = 3 days); chi-square goodness-of-fit, X2 = 3.80, df = 1, 
p = 0.051). 
Addition of Light 
Roosting behavior in the Tree 1 site was not significantly impacted by the presence of light in the 
roost (chi-square goodness-of-fit, X2 = 0.077, df = 1, p = 0.781). Mean number of butterflies in 
the roost with direct lighting (18.67 +/- 7.23 SE, n = 3 days) was only slightly lower than the 
mean number in the roost before adding light (20.40 +/- 3.91 SE, n = 5 days; Figure 7). In 
general, however, roosting individuals seemed sensitive to the light used during sampling at 6pm 
(fluttering wings and moving around in roost site; personal observation).  
Models 
The presence of H. melpomene models in the Tree 1 roost site suggested a significant decrease in 
H. charithonia roosting (chi-square goodness-of-fit, X2 = 3.80, df = 1, p = 0.051). There were 
over half as many (52%) H. charithonia present when the roost was seeded with H. melpomene 
(9.67 +/- 5.77 SE, n = 3 days) than in the control roost with no modifications (20.40 +/- 3.91 SE, 
n = 5 days; Figure 7). However, the number of H. charithonia individuals per day in the roost 
site with H. melpomene models varied from only three (4 May) to as many as 15 (2 May).  
 H. charithonia models placed around the garden did not initiate any individuals to roost.  
 
DISCUSSION 
H. charitonia are less sensitive to light in roosts than previous data have suggested (Salcedo 
2010; Young & Carolan 1976), lowering the significance of abiotic factors in roost formation. 
While butterflies were thought to prefer roosts offering lower light conditions than the 
surrounding area (Salcedo 2010; Young & Carolan 1976), direct light on the Tree 1 roost did not 
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dissuade butterflies from roosting there. Salcedo (2010) theorized that butterflies may use 
negative phototaxis to find roost sites, a behavior not exhibited by H. charithonia here. The light 
used to modify the roost may not have adequately illuminated the entire area and been 
insignificant in daylight when roosts began to form (4pm); once ambient light level had fallen 
enough for the light to be noticeable (6pm), the roosting butterflies may have already been 
settled in and undisturbed by the light. Anecdotally, many individuals in roosts throughout the 
garden were disturbed (fluttering wings and shifting position) on regular sampling days by the 
direct light used to identify butterflies. This suggests sensitivity to light in some form, even 
though light was insignificant as an abiotic factor influencing roost formation.  

Roost formation and maintenance could have a chemical component. When the string 
that had been used consistently as a roost was replaced with new string, no roosting took place at 
that site, even though it previously had attracted six to seven butterflies per night. This could 
mean that roosting butterflies had left chemical traces on the string itself that would initiate roost 
formation the following evening. The non-contact pheromones exchanged by butterflies forming 
a roost (Mallet 1986; Salcedo 2011) could leave traces on the roost substrate that, over time, 
become a strong marker of roost location. Restoring the old roosting strings in a new area of the 
garden would be a useful future test for verifying the presence of attractive chemical traces on 
the roost substrate. 
 The chemical component of roost maintenance is also suggested by the arrival of 
butterflies to sites they had never roosted in before. On several evenings, butterflies that had 
never before used the Tree 1 roost were the first to arrive and initiate the night’s roost at 4pm. 
The new individuals were therefore not following the visual cues of already roosting butterflies, 
nor were they returning to a roost site they remembered from days previously. The ability of new 
butterflies to initiate roosts in old sites must rely on something substrate specific, like chemical 
markers. 
 In contrast, the importance of chemical markers is diminished by the low significance of 
a branch modification in the Tree 1 roost. If chemical residues were maintaining roost sites, then 
removing the substrate with chemicals present would remove the cue to roost, but H. charithonia 
continued roosting in the site (on the new branch at the same location). Because the roosting 
population was mostly newly introduced individuals, there may have been little time for 
chemical interactions to leave a trace on roost substrate, as the Tree 1 individuals were only 
roosting for five days before site modification (20 Apr-24 Apr). However, chemical cues also 
cannot explain the formation of small, random groups around the garden because it is unlikely 
that any previous chemical interactions occurred in these ephemeral sites, nor did they lead to 
permanence. 
 Roost formation is also significantly impacted by wing pattern, because the presence of 
the sister species H. melpomene prevented H. charithonia roosting. As H. charithonia use the 
visual cue of wing patterns to form roosts (Salcedo 2010), individuals seeking roosts would be 
deterred from sites seeded with H. melpomene. Furthermore, if unpalatable Heliconius butterflies 
use group roosts as a predator deterrent, the presence of the visually quite different H. 
melpomene would indicate decreased effectiveness of group roosts.  

However, wing pattern alone may be insufficient to draw individuals to a roost, as H. 
charitonia models around the garden did not incite any roosting behavior. If specific movements 
and pheromones are necessary to help individuals join a roost (Mallet 1986; Salcedo 2011), the 
paper models were insufficient guides for attracting new individuals. These results contrast with 
those of Grither and Switzer (2000), who were able to both establish and maintain roost sites 
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with model damselflies. A re-introduction of the paper models with constant observation of 
living butterfly behaviors would help determine if H. charithonia is attracted to false roosts and 
attempts to exchange pre-roosting behavior, leaving only when cues are not reciprocated. 
 The high degree of variation in roost site observed in the garden as compared to studies 
conducted in nature suggests an important outcome: H. charithonia may not be as consistent in 
roost site maintenance as many studies have implied. Roost sitestudies have previously been 
conducted over a period of months, collecting continuous site data for many consistent natural 
roosts (Finkbeiner et al. 2012; Salcedo 2010), but even in a few weeks of observation in the 
study garden, roosts were breaking up and new ones were forming. This result conforms more 
with those of Young and Carolan (1976), who observed that maintenance of roost sites over time 
was actually quite low. The variability in roost site maintenance in my study could be partly due 
to the presence of new individuals in the garden. Newly emerged butterflies often disperse more 
widely and do not repeatedly return to the same roosting sites like older individuals do (Mallet 
1986), although older individuals in the garden were not observed to have higher nightly fidelity 
to roost sites. There was no subset of “leader” butterflies who continuously initiated roosts, and 
new individuals might not yet have chosen their preferred roost sites during the sample period. 
Studying roost maintenance in an established population that is reproducing naturally might help 
compare the difference between mature and immature individuals.  
 It is possible that roost site inconsistency was due to environmental variability rather than 
the butterflies themselves. Young and Carolan (1976) posit that roosts in highly sheltered areas 
last longer than those in exposed areas with daily instability. The garden experiences high human 
traffic from tourism and garden maintenance, which creates a more disturbed habitat and roost 
sites that are potentially less predictable and less permanent. Daily watering occurs unpredictably 
in the evening or morning, so the humidity-sensitive sensillae of H. charithonia (Salcedo 2010) 
are subjected to an inconsistent abiotic environment preventing the establishment of permanent 
roosts. Conversely, a consistent supply of nectar from human-filled garden flowers means that 
resources are not limited and reduces the need for consistent roost sites; in seasons where energy 
supply is high, communal bird roosts near foraging sites are used for a much shorter time 
(Grither & Switzer 2000). These abiotic factors would all result in less-consistent butterfly 
roosts. 
 Regardless of abiotic and biotic influences on roost formation, a large portion of the H. 
charithonia butterflies did not engage in communal roosts at all. Nearly one third of the 
population was never seen roosting or roosted only one night during the study period, adding 
complexity to H. charithonia’s reputation as a communal rooster. If gregarious roosts are formed 
as an anti-predator defense, many questions into the fitness of individuals roosting solitarily are 
raised. Research into sex ratios, size comparisons, and mating behavior of roosting versus non-
roosting individuals could illustrate new elements of the purpose of communal roosts.  
 The formation of H. charithonia roosts includes visual cues and may have an important 
chemical component. Notably, there are no roost leaders in H. charithonia who consistently 
initiate roosts, and nightly roosts in traditional sites can be initiated by individuals who have 
never roosted there before. The results suggest much more variability in roost maintenance than 
previously thought. The significant non-roosting population opens an important door for research 
into the dynamics of roosting and non-roosting individuals.  
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ABSTRACT 
 
Due to anthropogenic interference, tropical forests have been disappearing at an alarming 
rate. Tropical species have suffered from edge effects from this changing environment. 
Additionally, the global increase in temperature caused by human activity has produced 
an upward migration in elevation of many species distributions. Endemic montane 
species, such as the Bare-shanked screech owl (Megascops clarkii), are vulnerable to 
complete elimination of suitable habitats due to this upward migration and forest 
fragmentation. Using playbacks of the call of M. clarkii, I determined the distribution 
across life zones and elevations for the first time anywhere in the range of this owl in 
Monteverde, Costa Rica. Additionally, habitat preference between forest edges and 
interior were documented for the first time to further characterize the habitat preferences 
of M. clarkii. I found that owl responses and individuals were more abundant than could 
be expected by chance in lower montane rain forest. There was no difference in number 
of responses between forest edge and forest interior, however more individuals were 
found on forest edge, suggesting this species may not be negatively impacted by edge 
effects. Owls were found between 1450 and 1755 meters, with density peaking at 1650 
meters. No difference was seen in the number of responses in forest edge compared to 
forest interior. However a higher number of individuals was found on forest edge, 
suggesting owls on forest edges have smaller territories. Because M. clarkii is an endemic 
species and little is known about it, information on their habitat preferences is crucial for 
evaluating its conservation needs. 
 
RESUMEN 
 
Debido a la interferencia antropogénica, los bosques tropicales han ido desapareciendo a 
una tasa alarmante.  Las especies tropicales han sufrido el efecto de borde debido al 
cambio en el ambiente.  Adicionalmente, el aumento global en la temperatura causado 
por la actividad humana ha producido una migración hacia elevaciones mayores en la 
distribución de varias especies.  Especies endémicas de montaña, como la Lechucita 
Serranera (Megascops clarkii), son vulnerables a la eliminación completa de hábitats 
disponibles debido a esta migraciones y la fragmentación del bosque.  Usando playbacks 
de los llamdos de M. clarkii, determiné la distribución entre zonas de vida y elevaciones 
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por primera vez para el rango de está especie en Monteverde, Costa Rica.  
Adicionalmente, la preferencia de hábitat entre el bosque de bosque y el interior donde 
documente por primera vez la caracterización de hábitat para M. clarkii.  Encontré que la 
respuestas y los individuos fueron más abundantes de lo que se puede esperar por chance 
en el bosque lluvioso montano bajo.  No hay diferencia en el número de respuestas entre 
el borde y el interior del bosque, sin embargo más individuos fueron encontrados en el 
borde, sugiriendo que esta especie puede no ser afectada negativamente por el efecto de 
borde.  Las lechuzas fueron encontradas entre 1450 y 1755 metros, con un pico en la 
densidad a 1650 metros.  No hay diferencia entre el número de respuestas en el borde 
comparado con el interior.  Sin embargo, un mayor número de individuos fue encontrado 
en el borde del bosque , sugiriendo que las lechuzas en el borde tienen territorios más 
pequeños.  Porque M. clarkiii es una especie endémica y poco es conocido a cerca de ella, 
información de las preferencias de hábitat es crucial para evaluar las necesidades de 
conservación. 
 
 
INTRODUCTION  
 
Global ecosystems have been profoundly affected by anthropogenic factors. As a result 
of human activity an estimated 350 million hectares have been deforested, and another 
500 million hectares of secondary and primary tropical forests have been degraded over 
the past century (Lamb et al. 2005). Fragmentation is one source of habitat degradation. 
Not only does fragmentation reduce habitat size and quality, it also increases isolation 
and creates ecological boundaries that differ significantly from original habitat 
(Filgueiras et al. 2011). These edges, can change the abiotic environment, species 
interactions, and species abundance and distribution (Murcia 1995). In addition to 
directly affecting species distributions and abundance, the carbon sequestered in forests is 
released when they are cut down.  Compounded with greenhouse gas emissions released 
from humans burning fossil fuels, global temperatures have risen 0.6 °C in the last 140 
years (Vegas-Vilarrúbia et al. 2012). The tropics lack a latitudinal temperature gradient, 
so elevational range shifts are necessary for some species to compensate for increasing 
temperatures (Vegas-Vilarrúbia et al. 2012). As a result of the altitudinal displacement of 
suitable environmental conditions, global warming is projected to cause an upward biotic 
migration of 500–700 meters in mountain biomes (Vegas-Vilarrúbia et al. 2012).  
 Endemic species may be particularly vulnerable to forced habitat shifts. The 
limited ranges of these species, and thus the limited resources available, make them more 
vulnerable to extinctions and make the habitats they reside in more susceptible to 
biodiversity loss (Janowski & Rabenold 2007). The increasing temperatures and 
diminishing resource base that causes species to migrate may be especially concerning 
for endemic montane species, because if a species resides at the highest elevation in their 
range they will not be able to shift upward in elevation so the change may be drastic 
enough to eliminate all suitable habitats (Sekercioglu et al. 2008). One such species 
endemic to the highlands of Costa Rica, Panama, and Northwestern Colombia is the 
Bare-shanked screech owl (Megascops clarkii) (Stiles and Skutch 1989, Garrigues and 
Dean 2007). Although it has been described as fairly common (Fogden 2000) and is in 
the IUCN’s Red List category “Least Concern” (BirdLife International 2012), there are 
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no studies to support this and experts claim the population is decreasing due to habitat 
destruction (BirdLife International 2013). A study in 2012 was the first to report density 
anywhere in the range of the species and characterize the habitat selection of M.clarkii in 
Monteverde, Costa Rica (Becich 2012).  
 Monteverde is home to seven life zones as classified by Holdridge: tropical moist 
forest (600-800 m), premontane moist forest (700-1000 m), premontane wet forest (800-
1450), lower montane wet forest (1450-1600), lower montane rain (1550-1850), 
premontane rain forest (700-1400 m), and tropical wet forest (0 – 700 m) (Fogden 2000). 
Becich (2012) found a high density of owls on trails that spanned lower montane wet 
forest, but none have been found in premontane wet forest (Fogden 2000, Oikawa 2002). 
It is also unclear if this species prefers habitats on forest edge or, like other species of 
owls, forest interior (Phillips et al. 2010, Borges et al. 2004). Due to uneven sampling 
effort Becich (2012) could not conclude owls prefer forest edge or forest interior. 
However they have been found to hunt primarily along forest edges (Stiles and Skutch 
1989, Oikawa 2002). This may mean that prey is more available on the edge, so it would 
be beneficial to have a territory along forest edge (Stiles and Skutch 1989, Oikawa 2002). 

The habitat preference of these owls has important implications for conservation. 
In terms of forest fragmentation, if owls reside close to forest edges it may mean that they 
are less vulnerable to the edge effects created by logging (Phillips et al. 2004). However, 
other species in the communities of these owls may not be as resilient, causing cascading 
effects of biodiversity loss. Additionally the global temperature rise caused by releasing 
carbon into the atmosphere through deforestation and use of fossil fuels could force M. 
clarkii to shift its distribution higher in elevation. So understanding the habitat preference 
of M. clarkii is crucial to evaluating its conservation status. I set out to determine the 
habitat preference of M. clarkii in tropical montane forest. Specifically I determined 
abundance of owls along forest edges compared to forest interior and in different life 
zones at varying elevations. 
 
METHODS 
 
 Between the nights of April 14th and May 5th, 2013, several trails were walked in 
the Monteverde area. Trails spanned across three lifezones on the Pacific slope: lower 
montane rain forest, lower montane wet forest, and premontane wet forest. Trails also 
varied in vegetation and included primary forest, secondary forest, and edge. Trails were 
located in the forest around the Monteverde Biological station, the Clay Road to Cerro de 
Los Amigos,  Curi Cancha, Bajo del Tigre, and the Monteverde Institute.Trails were 
either considered forest edge or forest interior (Table 1). Because previous studies have 
suggested 100 meters to be the territory size of tropical owls including M. clarkii (Borges 
et al. 2004, Becich 2012), I considered forest interior as 200 meters away from forest 
edge as to eliminate eliciting responses from owls with edge territories. I played a 
recording of an M. clarkii vocalization every 100 meters along the trail because M. clarkii 
has been found to exhibit territorial behavior and respond to playbacks (Becich 2012). 
The vocalization lasted one minute and four seconds, and was played five times at each 
location using portable speakers. The playback included the owl’s characteristic low 
repetitions of “hu, hu, hu, hu” with stress on each second or third syllable (Stiles and 
Skutch, 1989), a faster, louder repetition of the call, and a high-pitched whine. The sex of 
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the owl in the recording is unknown. The elevation of each playback location was found 
using an altimeter and each location where an owl vocalized in response to a playback 
was recorded. The number of individuals was estimated based on observations in the field 
of the proximity of the response and if the response occurred at consecutive locations. 
Trails were walked from 6:00-10:00 PM, which has been determined as the peak activity 
time for M. clarkii (Oikawa 2002). Sampling was performed on clear nights as well as 
nights with mist or light rain. 
 
Table 1. Trails monitored in Monteverde, Costa Rica for M. clarkii abundance. 
Trails monitored had edge point, interior points, or both. Playback locations were every 
100 m along the trails. More locations were surveyed in forest interior (62) than forest 
edge (75). 

Trail Name Meters of Edge Meters of Forest Interior 
Biological Station Forest 1200 4500 
Clay Road to Cerro de Los Amigos 2500 0 
Monteverde Institute 700 0 
Bajo Del Tigre 0 1600 
Curi Cancha 1900 1400 

 
RESULTS 
 
Throughout the study, playbacks were played at 137 locations. 30 individuals responded 
a total of 66 times (Table 2).  
 
Table 2. Owl responses by location. Number of individuals was estimated based on 
proximity and repetition of the response. Density was calculated for each forest type in 
each life zone by dividing the number of individuals by the length of meters of trail 
walked in that forest type and life zone. 

Life Zone Forest Type Responses Owls 
Meters 
of Trail 

Density 
(owls/km) 

Edge 11 7 1500 4.67 
Lower montane rain Forest Interior 12 4 1600 2.50 

Edge 9 4 2100 1.90 
Lower montane wet Forest Interior 11 5 2900 1.72 

Edge 12 7 2600 2.69 
Premontane wet Forest Interior 11 3 3000 1.00 

 
Life Zone 
A chi-square test was performed to determine if owls responded more in a particular life 
zone. With uneven number of meters of trail across life zones into account when 
expected values were calculated, owls responded significantly more in lower montane 
rain forest than would have been expected by chance (X2  = 5.64, df=2, p =0.03, N=66) 
(Fig. 1). 
 

 77 



! 5!

 
Figure 1. Expected and observed responses of M. clarkii. Owls responded more 
frequently in lower montane rain forest (LMR) than would be expected by chance with 
unequal sampling effort taken into account. For lower montane wet forest (LMW) and 
premontane wet forest (PMW) less responses were heard than would be expected by 
chance.  
 
A second chi-square test was performed to determine if individual owls were more 
abundant in a particular life zone. A trend existed that more owls were found in lower 
montane rain forest than would be expected by chance with unequal sampling effort 
taken into account, although the trend was not statistically significant (X2 = 3.38, df=2, p 
=0.09, N = 30) (Fig. 2). 

 
Figure 2. Number of M. clarkii individuals observed by life zone. More individuals 
were found in lower montane rain forest (LMR) than either lower montane wet forest 
(LMW) or premontane wet forest (PMW). 
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Forest Type 
 
A chi-square test was performed to determine if owls responded more frequently on 
forest edges or forest interior. With uneven sampling effort taken into account, there was 
no difference in number of responses between forest edge and forest interior, X2 = 0.28, 
df = 1, p = 0.66, N = 66 (Fig. 3). 

 
Figure 3. Number of M. clarkii responses by habitat type. Although owls in forest 
interior were expected to respond more, no difference was found in number of responses 
along forest edge and interior. 
 
Another chi-square test was performed to determine if individual owls were more 
abundant on forest edges or forest interior. With uneven sampling effort taken into 
account, a trend was found that more owls were present in edge than would be expected 
by chance and less owls were present in forest interior than would be expected by 
chance, , although the trend was not statistically significant X2 (1, N = 30) = 2.63, p = 
0.07 (Fig. 4). 
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Figure 4. Number of individuals observed by habitat type. Although more individuals 
were expected to be heard in forest interior, more individuals were found on forest edge 
than interior. 
 
Elevation 
 
A quadratic regression was performed to determine at which elevation owls were more 
abundant. With increasing elevation, the density of owls increased, reaching a peak at 
about1650 meters, then decreasing (quadratic regression, F =  11, df = 2, 8, p = 0.005; R2 
= 0.73; Fig. 5). 
!

!
Figure 5. Elevational distribution of M. clarkii.  Elevation is categorized by groups of 
50 meters. Owls responded from 1450 m to 1755 m, with a peak in density at 1650 m. 
!
DISCUSSION 
 
Owls responded more frequently in lower montane rain forest than would be expected by 
chance. This is supported by the trend that more individuals were found than would be 
expected by chance in this life zone. The density of owls peaked at 1650 m, which is 
located in lower montane rain forest. So the higher number of responses is probably due 
to the high number of individuals and high density in this life zone. The differs from 
Becich (2012) where a high density was found in lower montane wet forest. 
 No difference was found in the number of responses heard between forest edge 
and forest interior. However there was a trend for more individuals to be heard on forest 
edge than interior. This may indicate that owls on forest edges need smaller territories 
than those in forest interior. This follows Garrigues and Dean’s (2007) finding that M. 
clarkii hunts primarily along edges. This may mean that prey resources are more easily 
accessible along edges as has been found in other bird species (Kilgo 2006) and other owl 
species (Phillips 2010), meaning owls can occupy smaller territories to catch enough prey 
to survive (Kilgo 2006). 
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 In addition to prey abundance, habitat selection may be dependent on several 
factors including temperature range, presence of suitable nest trees, and predation risk 
(Phillips et al. 2004). A peak in the density of M. clarkii per kilometer was found at 1650 
meters in elevation. No owls were found below 1450 meters or above 1755 meters. This 
suggests that temperature, moisture, vegetation and other habitat necessities for M. clarkii 
are only found between 1450 and 1755 meters. The nonlinear relationship between 
species shifts and extinction rates in montane ecosystems means that a few degrees of 
difference in surface warming could result in disproportionate increases in extinctions for 
species with distributions in high elevations (Sekercioglu et al. 2008). Studies have 
predicted extinctions for montane species that are currently not considered threatened or 
near threatened (Sekercioglu et al. 2008). 
 Considering more individuals were found on forest edge, it may be that M. clarkii 
is tolerant to forest fragmentation or can at least can currently resist the edge effects. 
However, it appears large trees are preferred by these owls for nesting (Becich 2012). 
Because nesting sites may factor into habitat preference, this may be a conservation 
concern because large trees are often selectively logged (Becich 2012). Additionally the 
narrow elevational range of M. clarkii could make it vulnerable to the effects of climate 
change. If global warming does cause the upward biotic migration of 500-700 meters 
predicted for mountain biomes (Vegas-Vilarrúbia 2012), the remaining suitable habitats 
for M. clarkii could disappear because they will not be able to shift upward in elevation 
(Sekercioglu et al. 2008). Further studies of their distribution and vulnerability to 
selective logging should be done to further evaluate the conservation needs of this species, 
and tropical owls in general. Finally, because a higher density of owls was found at 1650 
m which is not the highest elevation in their range, owls may be able to shift slightly 
higher in elevation. From this study, we can conclude that M. clarkii may be tolerant to 
the effects of anthropogenic climate change for the time being, but more studies of this 
type need to be done throughout the range of this owl to ensure that the habitat 
preferences can be tracked as the effects of climate change accumulate in the coming 
years. 
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ABSTRACT 
 
The study of the behavioral temperament of a population can provide valuable 
information regarding the role of a species within its community and gives the 
opportunity for insight into whether or not individual niche partitioning might function 
within that population. This study shows that personality ratios in a population of grass 
spiders (Agelenopsis sp., Agelenidae) is strongly skewed in favor of aggressive 
syndromes, with only five out of seventy-seven individuals exhibiting shy behaviors. 
This is demonstrated through comparisons of emergence times from a retreat (aggression 
test) with exploratory behaviors in a novel environment (boldness test). The behavioral 
pattern observed here can either indicate that an aggressive behavioral temperament has 
been selected for in this population due to low numbers of predators and high numbers of 
prey in the environment, or that prey numbers are so low that aggressive individuals are 
favored, regardless of the number of predators. High connectivity of individuals in this 
population with the surrounding community is also likely since their bold and aggressive 
behavior will increase the number of interactions in which they are involved. Evidence is 
also provided which suggests that aggression could be sex-linked and boldness could be 
autosomal in this species as has been found to be the case in another species of this 
genus, Agelenopsis aperta. 
 
RESUMEN 
 
El estudio del comportamiento temperamental de una población puede proveer valiosa 
información en cuanto al papel de una especie dentro de su comunidad y da la 
oportunidad de demostrar si existe o no partición de nicho dentro de esa población.  Este 
estudio muestra que las relaciones de personalidad en una población de arañas del cesped 
(Agelenopsis sp., Agelenidae) está sesgada a favor de síndromes agresivos con solo cinco 
de setenta y siete individuos mostrando comportamientos tímidos.  Esto es demostrado a 
través de comparaciones de  tiempos de salida de un refugio (prueba de agresión) con 
comportamientos exploratorios  en un ambiento nuevo (prueba de audacia).  El patrón de 
comportamiento observado acá puede indicar tanto que un comportamiento agresivo ha 
sido seleccionado en esta población debido al bajo número de depredadores y gran 
número de presas en el ambiente, o que el número de presas es tan bajo que los 
individous agresivos son favorecidos, sin importar el número de depredadores.  Alta 
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conectividad de esta población con las comunidades vecinas es también probable ya que 
la audacia y el comportamiento agresivo aumentaría el número de interacciones en los 
que ellos están envueltos. Se provee evidencia también que sugiere que la agresión puede 
ser relacionda al sexo y que la audacia puede ser autosómica en estas especies como ha 
sido encontrado en otra especie de este género, Agelenopsis aperta. 
 
INTRODUCTION 
 
Animal personalities are well-documented across many taxa and have the potential to be 
an integral aspect of community dynamics (Pruitt & Riechert 2012). Variability in 
temperament suggests the capacity for individual-level niche partitioning (Bolnick et al. 
2003). This could theoretically influence levels of intraspecific competition within a 
population and impact rates of speciation and diversification as well (Bolnick et al. 2003, 
Reale et al. 2007, Pruitt & Riechert 2012). It is also possible that the observed ratio of 
behavioral tendencies of individuals in a population can be a response to the numbers of 
predator and prey within the community, thereby acting as an indicator of higher 
ecosystem structure (Pruitt & Riechert 2012;!Sih!et#al.!2004). Another likely impact of 
personality on higher levels of organization is through greater connectivity of aggressive, 
active, and bold individuals within a community (Pruitt & Riechert 2012,! Sih! et# al.!
2004). This is thought to be the case since they are likely to have a greater number of and 
more intense interspecific interactions than shy and passive individuals that avoid novelty 
(Pruitt & Riechert 2012;!Riechert!1991,!Sih!et#al.!2004). 

Variation in behavioral tendencies has been proposed to be maintained in a 
population through several mechanisms. One such mechanism is negative frequency-
dependent selection, or rare type advantage, where behaviors that do well at low numbers 
in a population are selected against as they increase in frequency, allowing multiple 
behavioral types to coexist (Pruitt & Riechert 2012). A second possible mechanism for 
maintenance of variation is through trade-offs associated with personality, such as speed 
of growth versus survivorship, foraging versus mating success, and performance in high 
and low predation environments (Pruitt & Riechert 2012, Pruitt & Riechert 2009). 
Optimal behavior types should be subject to the greatest selective pressures in higher 
quality habitats, in environments in which behavior has the greatest influence on fitness, 
and under conditions that individuals most frequently experience (Sih! et# al.! 2004). 
However, it is widely accepted that context-general behavioral patterns limit the 
optimization of behavior on an individual basis (Pruitt & Riechert 2012;!Sih!et#al.!2004). 
The persistence of multiple behavioral types within a population, therefore, probably 
serves to balance out these trade-offs as individuals of a species specialize in different 
niches of the same environment (Bolnick et al. 2003, Pruitt & Riechert 2012,!Sih!et#al.!
2004).!

Correlations in behavioral tendencies across contexts have been observed in many 
cases, such as with aggressiveness in prey and mate interactions (Pruitt & Riechert 2012). 
These correlations are most likely the result of pleiotropy resulting from genetic linkage 
or hormones (Pruitt & Riechert 2012). Traits can also be sex-linked if genes coding for 
them are located on sex chromosomes or decoupled from gender if they are located on 
autosomal chromosomes (Pruitt & Riechert 2012). Aggression in particular has been 
shown to be sex-linked in Agelenopsis aperta, a funnel-web building desert spider, while 

 84 



fear is most likely autosomal (Riechert & Maynard Smith 1989). Spiders are ideal 
organisms for the study of aggressive behavior due to their inherently aggressive nature 
as predators (Pruitt & Riechert 2012). Past studies with A. aperta have shown that trade-
offs are produced by consistent tendencies toward aggressive and bold behavior (Pruitt & 
Riechert 2012). Aggressive individuals of this species also have broader diets and exhibit 
faster growth rates as a result, in addition to an increased likelihood of injury from 
attacking dangerous prey (Riechert 1991). Another study with A. aperta has 
demonstrated that aggressive individuals begin foraging soon after simulated predator 
threats (Riechert and Hedrick 1990; Riechert and Hedrick 1993). 

In this study, a population of another species of the genus Agelenopsis is 
examined for aggressive behavioral syndromes. This is done through tests for 
aggressiveness by measuring emergence times from a retreat and correlating these data to 
the number of exploratory behaviors they exhibit in a novel environment in a test for 
boldness. The information gained from this experiment regarding the ratios of the 
different personality types present in this spider population will not only provide clues as 
to the structure of the community in which it lives, but it will also allow the effect of sex 
and maturity on temperament for this species to be determined and give insight as to how 
behavioral responses among species of the same genus relate.  
 
METHODS 
 
The spiders used in this study (Agelenopsis sp.) are unable to climb smooth vertical 
surfaces, but they are able to run and stand on water. Their main mode of locomotion is 
running although they are capable of jumping short distances as well. They were 
collected from a small grassy area at the Estación Biológica in Monteverde, Puntarenas 
Costa Rica. After collection, each spider was kept overnight in its own terrarium . The 
next day it was placed in a tube with an opening at one end, which served as the retreat 
for the testing of emergence times. This was left standing vertically with the opening 
facing up for about ten seconds before being laid horizontally with the open end facing 
perpendicular to the observer. The amount of time that elapsed until the spider emerged 
from the tube was then recorded. If the spider had not emerged from the retreat after 
fifteen minutes, the tube was gently tilted until the spider came out. The emergence times 
for these individuals was recorded as being fifteen minutes. Immediately following this 
test, the spider was placed back into the retreat, which was again left vertical for about 
ten seconds. 

A second test for emergence time was then performed in a novel environment, 
after which the exploratory behavior of the spider was observed for the ten minutes after 
it emerged. The novel environment used for the second retreat test and observance of 
exploratory behavior was a glass box (34 x 34 x 34 cm3) in which a low glass platform 
(30.7 x 30.7x 0.5 cm3) had been placed on the bottom and surrounded by shallow water. 
Ten different objects (retreat included) were arranged with approximately equal spacing 
on this platform (Fig. 1). Exploratory behaviors were quantified by the number of objects 
touched and the number of times the water was crossed, with crossing of the water 
considered to be edge exploration. Data collected from spiders that escaped the novel 
environment by climbing up the silicone seal in the corners of the box (n = 5) were not 
included in the final analysis. This is because the time for which the behavior of these 
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individuals was able to be observed in the novel environment was shorter than for the rest 
of the spiders. The difference in the times to emerge from the retreat the first time and the 
second time was then calculated for each spider. The value obtained from this calculation 
is positive for the individuals that took longer the second time and negative for those that 
took less time in the retreat the second time. 

The length, sex, and age of each spider were determined after it was tested. The 
number of missing appendages (legs and palps) per individual was also recorded (Fig. 2). 
Length was measured as the distance from the tip of the first leg to the tip of the fourth 
leg on the same side when the spider was in a relaxed position (neither crouched nor 
stretched out). Adult females of Agelenopsis sp. are larger than adult males (Fig. 3). 
Males can also be differentiated from females by clubbed palps covered in black hair and 
white hair covering their first legs (Figs. 2 & 3). Sub-adult males which were only one 
molt away from being adults could be distinguished by clubbed palps lacking black hair 
and by the absence of white hair covering their first legs. Individuals were identified as 
juveniles if they were less than or equal to 11 mm in length, while those greater than 11 
mm and not exhibiting sub-adult male characteristics were classified as female. This is 
because the sub-adult males were 12 mm long on average. As a result of this method of 
age classification, sub-adult females were grouped in the same category as adult females. 
Until collection was completed, spiders were released in a similar site to where they were 
collected. 
 
Study Site 
 
Collection of the spiders used in this study took place in the dry season from April to 
May in a small grassy area at the Estación Biológica in Monteverde, Puntarenas, Costa 
Rica (Fig. 5). This site is located at 1550 m in a Lower Montane Wet Forest life zone. 
 
RESULTS 
 
Personality 
 
Analysis of the data for all the spiders tested (n = 77) shows the mean difference in 
emergence times to be significantly higher for individuals that didn’t have any edge 
explorations (n = 7) than for individuals with one (n = 49) and two (n = 19) edge 
explorations (Oneway ANOVA, df = 3 & 76, F = 7.7002, p = 0.0002, Tukey-Kramer; 
Fig. 6). The mean difference in emergence times for individuals that had three edge 
explorations (n = 2) was not significantly different from the mean differences of 
emergence times for spiders with zero, one, or two edge explorations (Fig. 6). For spiders 
with zero, one, two, and three edge exploration, the average difference in emergence 
times are, respectively: 336 s, -42 s, -45 s, and -25 s (Fig. 6). The respective ranges of 
differences in emergence times exhibited by spiders with these numbers of edge 
explorations are: -20 to 893 s, -899 to 388 s, -467 to 56, and  -34 to -16 (Fig. 6). Longer 
time before second emergence is not strictly correlated to aversion to edge exploration. 
Similar differences in emergence times are seen in some of the individuals that have no 
edge exploration as is observed for individuals with three edge explorations. 
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The difference in emergence times for all of the spiders tested was also significantly 
correlated to whether or not any exploratory behavior was observed (T-test, t = -3.2606, 
df = 1, p = 0.0296; Fig. 7). The mean difference in emergence times for individuals that 
did not exhibit exploratory behavior (n = 5) was 475 s and had a range of 20 to 893 s 
(Fig. 7). The mean difference in emergence times for individuals that did exhibit 
exploratory behavior (n = 72) was -40 s and had a range of -899 to 388 s (Fig. 7). Only 
five out of seventy-seven individuals exhibited no exploratory behavior and all five of 
these took longer to emerge the second time (Fig. 6). 
 
Sex and Age Effects 
 
Juveniles (n = 31) took a significantly longer time to emerge from the retreat the first 
time than full males (n = 19) (Kruskal-Wallis Test, x2 = 10.4358, df = 3, p = 0.0152, 
Tukey-Kramer; Fig. 8). Neither full males nor juveniles were significantly different in 
their first emergence times from females (n = 18) or sub-adult males (n = 9) (Fig. 8). On 
average, juveniles took about 160 s and full males took about 24 s to emerge from in the 
first retreat test (Fig.8). Females emerged after an average of about 66 s while juvenile 
males emerged after an average of about 30 s (Fig. 8). First emergence times ranged from 
1 to 900 s for juveniles, 1 to 350 s for females, 1 to 160 s for juvenile males, and 1 to 130 
s for full males (Fig. 8). Full males spent the least amount of time in the retreat on 
average, closely followed by juvenile males (Fig. 9). Females took over twice as long to 
emerge from the retreat as either full or juvenile males on average (Fig. 9). Juveniles took 
almost three times as long to emerge as females on average, and almost eight times as 
long as full males (Fig. 9).  
 
No significant difference was observed in the number of exploratory behaviors between 
spiders of different sexes and ages (Oneway ANOVA, df = 3 & 76, F = 0.0626, p = 
0.9794, Tukey-Kramer, Fig. 9). The average number of exploratory behaviors for all ages 
and sexes fell between 2.33 and 2.11. 
 
Missing Appendages Effects 
 
Females (n = 18) exhibited significantly different emergence times in both retreat tests 
between individuals with varying numbers of missing appendages (Kruskal-Wallis Test, 
x2 = 9.8098, df = 3, p = 0.0238; Fig. 10)(Kruskal-Wallis Test, x2 = 8.4088, df = 3, p = 
0.0383; Fig. 11). Individuals missing two appendages (n = 2) exhibited significantly 
higher emergence times than those missing no appendages (n = 13) in both tests (Figs. 10 
& 11). Those missing one (n = 2) and three (n = 1) appendages did not have emergence 
times significantly different than each other or individuals missing different numbers of 
appendages in either test (Figs. 10 & 11). The average first and second emergence times 
for females with varying numbers of missing appendages are as follows, respectively: 
females missing no appendages emerged at about 50 and 70 s; those missing one 
appendage emerged after 194 and 62 s; individuals missing two appendages emerged 
after about 410 s for both tests; and the female missing three appendages emerged after 
39 s and 1 s (Figs. 10 & 11). Differences in emergence times ranged from -34 to 83 s for 
individuals missing no appendages, -298 to -7 s for individuals with one appendage 
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missing, 79 to 730 s for females with two appendages missing, and the difference 
between emergence times for the only female missing three appendages was -38 s (Figs. 
10 & 11). High variability is observed in the results from individuals missing appendages 
and very low sample sizes. 
 
Out of all of the spiders tested, individuals missing two appendages (n =3) exhibited a 
significantly higher second emergence time than those not missing appendages (n = 60) 
or only missing one (n = 12), and the individual missing four appendages (n = 1) had a 
significantly higher second emergence time than spiders missing zero, one, two, or three 
appendages (Kruskal-Wallis Test, x2 =  11.2581, df = 4, p = 0.0238, Tukey-Kramer; Fig. 
12). The individual missing three appendages (n = 1) did not have a second emergence 
time significantly different than spiders missing zero, one, or two appendages (Fig. 12). 
Times for second emergence did not differ significantly between individuals missing one 
appendage and no appendages (Fig. 12). The average second emergence time for spiders 
with varying numbers of missing appendages are as follows: spiders missing no 
appendages emerged at about 60 s; those missing one appendage emerged after 38 s; 
individuals missing two appendages emerged after about 410 s; the spider missing three 
appendages emerged after 1 s; and the spider missing four appendages emerged after 900 
s (Fig. 12). High variability is observed in the results from individuals missing 
appendages and very low sample sizes (Fig. 12). The largest sample size in these data 
sets is with the individuals out of all the spiders test missing one appendage, and their 
times were not found to be significantly different from those not missing any (Fig. 12). 
 
DISCUSSION 
 
The correlation observed between exploration and difference in emergence times 
indicates the existence of personality in this species. However, only five out of seventy-
seven individuals demonstrated shy responses, exhibiting no exploratory behavior and 
taking longer to emerge from the retreat the second time. The results of this study 
therefore show that variation exists in the behavior of Agelenopsis sp. but aggressive, 
bold individuals are much more common. This pattern can either indicate that an 
aggressive behavioral temperament has been selected for in this population due to low 
numbers of predators and high numbers of prey in the environment, or it can indicate that 
prey numbers are so low that aggressive individuals are favored, regardless of the number 
of predators (Pruitt & Riechert 2012;!Riechert 1991; Sih!et#al.! 2004). The mechanism 
responsible for the maintenance of the variation in behavioral types observed in this 
population would require further research in order to be determined, though the low 
numbers of shy individuals likely indicates that they are not very strongly selected for. 
The lack of strict correlation between the number of edge explorations and difference in 
emergence times could be a result of rare instances of decoupling between autosomal 
genes governing fear (boldness) and sex-linked genes dictating aggressiveness (Riechert 
& Maynard Smith 1989). Sex-linked genes for aggressiveness in this species are further 
suggested by a comparison of the means of the female and full male first emergence 
times. While not significantly different, it is still apparent that there are differences in 
aggression between males and females, with full males exhibiting the shortest emergence 
time on average. Sex-linkage in aggressiveness is further suggested by the fact that 
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juvenile males have the next shortest average time spent in the retreat in the first 
emergence test. An autosomal locus for the gene controlling fear is possible from a 
comparison of sex and age with number of exploratory behaviors. The fact that there is 
very little difference in the mean number of exploratory behaviors exhibited by females, 
males, and juveniles indicates that fear of the unknown is not related to either sex or age. 
 
 The results obtained from individuals with missing appendages show that there 
are highly variable responses in the few individuals which were found missing 
appendages. It would seem that either there is not one behavioral type more prone to 
getting itself into situations where the spider might sustain injury, or that there are 
variable responses to loss of limb among different personalities. It is also likely that 
reduced mobility might have caused results which do not actually reflect personality. 
Though it is hard to say with such a small sample size, it is possible that the effect of 
traumatic experiences could have a larger effect on the behavioral temperament of 
younger spiders, especially if such an event were to coincide a life stage in which the 
development of personality occurs. From the first emergence times of the different sexes 
and ages obtained in this study, it seems likely that behavioral temperament begins to 
become more distinct as the spider approaches adulthood, possibly as a result of 
increased hormone production (Pruitt & Riechert 2012). Thus, while life stage and gender 
of spiders in this population of Agelenopsis sp. may produce some variability in behavior, 
the population as a whole exhibits an aggressive syndrome. This highly skewed 
population ratio in favor of aggressive individuals likely indicates that they have high 
connectivity within the community due an increased number of interspecific interactions 
resulting from their bold and aggressive behavioral tendencies (Pruitt & Riechert 2012;!
Sih!et#al.!2004).  
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FIGURES 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Novel environment set up used to test exploratory behavior. This is a glass box (34 x 
34 x 34 cm3) in which a low glass platform (30.7 x 30.7 x 0.5 cm3) had been placed on the 
bottom and surrounded by shallow water. Ten different objects (retreat included—circled in 
red) are arranged with approximately equal spacing. 
!
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Figure 2. Adult male Agelenopsis sp. identified by clubbed black palps covered in black 
hair and first legs covered in white hair. This individual is missing leg and would be 
recorded as missing one appendage. 
!

 92 



 
 
 
 

 
 
 
 
 

Figure 3. Female Agelenopsis sp. identified by length (greater than or equal to 11 
mm), unclubbed palps, and the absence of white hair covering the first legs or black 
hair covering the palps. 
!

 93 



 
 
 
 

 

Figure 4. Juvenile male Agelenopsis sp. identified by clubbed palps lacking black hair and by 
the absence of white hair on the first legs. 
!
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Figure 5. Collection site of all Agelenopsis sp. used in this study. This is a small grassy area at 
the Estación Biológica in Monteverde, Costa Rica at 1550 masl in a Lower Montane Wet 
Forest life zone. 
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Figure 6. The effect of difference in emergence times from a retreat on number of edge 
explorations in a novel environment by the spider Agelenopsis sp. (Oneway ANOVA, df = 3 
& 76, F = 7.7002, p = 0.0002, Tukey-Kramer)(n = 77). Error bars represent one standard error. 
For spiders with zero (n = 7), one (n = 49), two (n = 19), and three (n = 2) edge explorations, 
the average difference in emergence times are, respectively: 336 s, -42 s, -45 s, and -25 s.  
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Figure 7. The effect of difference in emergence times from a retreat on exploration in a novel 
environment by the spider Agelenopsis sp. (T-test, t = -3.2606, df = 1, p = 0.0296)(n = 77). 
Error bars represent one standard error. The mean difference in emergence times for 
individuals that did not exhibit exploratory behavior (n) (n = 5) was 475 s and had a range of 
20 to 893 s. The mean difference in emergence times for individuals that did exhibit 
exploratory behavior (y) (n = 72) was -40 s and had a range of -899 to 388 s. 
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Figure 8. The effect of sex and age on the first time to emerge from a retreat by the spider 
Agelenopsis sp. (Kruskal-Wallis Test, x2 = 10.4358, df = 3, p = 0.0152, Tukey-Kramer)(n = 
77). Error bars represent one standard error. On average, juveniles took about 160 s and full 
males took about 24 s to emerge from in the first retreat test. Females emerged after an 
average of about 66 s while juvenile males emerged after an average of about 30 s. 
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Figure 9. The effect of sex and age on the number of exploratory behaviors in a novel 
environment by the spider Agelenopsis sp. (Oneway ANOVA, df = 3 & 76, F = 0.0626, p = 
0.9794, Tukey-Kramer)(n = 77). Error bars represent one standard error. No significant 
difference was observed in the number of exploratory behaviors between spiders of different 
sexes and ages. The average was about 2.25 numbers of exploratory behaviors for all ages and 
sex. 
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Figure 10. The effect of number of missing appendages of female Agelenopsis sp. spiders on 
the first time to emerge from a retreat. (Kruskal-Wallis Test, x2 = 9.8098, df = 3, p = 0.0238)(n 
= 77). Error bars represent one standard error. The average second emergence times for 
females with varying numbers of missing appendages are as follows: females missing no 
appendages emerged at about 70 s, those missing one appendage emerged after 62 s; 
individuals missing two appendages emerged after about 410 s; and the female missing three 
appendages emerged after 1 s. 
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Figure 11. The effect of number of missing appendages on the second time to emerge from 
a retreat in female spiders of Agelenopsis sp. (Kruskal-Wallis Test, x2 = 8.4088, df = 3, p 
= 0.0383)(n = 77). Error bars represent one standard error. The average first emergence 
times for females with varying numbers of missing appendages are as follows: females 
missing no appendages emerged at about 50 s, those missing one appendage emerged after 
194 s; individuals missing two appendages emerged after about 410 s; the female missing 
three appendages emerged after 39 s.!
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Figure!12.!The!effect!of!number of missing appendages on second time to emerge from the 
retreat in the spider Agelenopsis sp. (Kruskal-Wallis Test, x2 =  11.2581, df = 4, p = 0.0238, 
Tukey-Kramer)(n = 77). Error bars represent one standard error. Means for each bar are as 
follows: spiders missing no appendages emerged at about 60 s; those missing one appendage 
emerged after 38 s; individuals missing two appendages emerged after about 410 s; the spider 
missing three appendages emerged after 1 s; and the spider missing four appendages emerged 
after 900 s. 
!
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ABSTRACT 

 Freshwater crabs are an essential component to riparian food webs and ecosystems worldwide.  They are 
important as detritivores in Neotropical food chains and also provide food for birds and mammals.  The study of 
these organisms is essential but currently there is a lack of research on their behaviors and biology.  The use of 
agonistic behaviors in these organisms can affect their fitness and their energy costs.  Potamocarcinus magnus is an 
understudied freshwater river crab in the Pseudothelphusidae family that is widely distributed throughout the 
Neotropics.  The few studies that have investigated the agonistic behaviors in this species have not investigated 
intraspecific interactions.  This study investigated the agonistic behaviors of P. magnus individuals as residents and 
intruders in a laboratory environment.  Different crabs were chosen to be intruders and were then put into tanks with 
different residents.  The responses of these individuals to each other were then recorded and categorized into four 
different behavior types: aggressive, submissive, defensive, and stressed.  Crabs were also measured for their claw 
width and their carapace length and width.  Results indicate a relationship between claw size and crab size with 
larger crabs having larger claws.  Intruders and residents varied significantly in their responses.  Resident and 
intruder crabs displayed mostly submissive behaviors and rarely displayed aggressive behaviors.  The higher 
incidence of submissive behaviors in P. magnus suggests a lack of territoriality in this species and adds to the 
current knowledge of P. magnus behavior.   

RESUMEN 

Los cangrejos de agua dulce son componentes esenciales de las cadenas alimenticias riparias y de los 
ecosistemas mundiales.  Estos son detritivoros importantes en las cadenas alimenticias Neotropicales y además son 
una fuente de alimento para aves y mamíferos. El estudio de estos organismos es esencial pero actualmente hay una 
falta de estudios en cuanto a su comportamiento y biología.  El uso de comportamientos agonísticos en estos 
organismos puede afectar su exito reproductivo y los costos energéticos.   Potamocarcinus magnus es un cangrejo 
de agua dulce poco estudiado de la familia Pseudothelphusidae que es distribuida ampliamente en los Neotropicos.  
Los pocos estudios que han investigado los comportamientos agonísticos en esta especie no han tomado en cuenta 
las relaciones interespecíficas.   Este estudio investiga los comportamientos agonísticos de los individuos de P. 
magnus como residentes e intrusos en el laboratorio.  Diferentes cangrejos se escogieron para ser intrusos y se 
colocaron en peceras con diferentes residentes.  Las respuestas de estos individuos a cada uno se categorizaron en 
cuatro diferentes tipos de comportamiento: agresivo, sumisivo, defensivo, y estrés.  Los cangrejos se les midió el 
largo de la tenaza y ancho del caparazón.  Los resultados indican una relación entre el tamaño de la tenaza y el 
tamaño del cangrejo, siendo los más grandes los que tienen tenazas más largas.  Residentes e intrusos mostraron 
principalmente comportamientos sumisivos y raramente mostraron comportamientos agresivos.  La alta incidencia 
del comportamiento sumisivo en P. magnus sugiere una falta de territorialidad en esta especie y se añade al 
conocimiento actual del comportamiento de P. magnus. 
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INTRODUCTION 

Agonistic behaviors establish social dominance and stability in animal populations 
(Wang et. al 2011).  These intraspecific interactions are exhibited during conflict and include a 
wide variety of aggressive, defensive, and submissive behaviors (Ayres-Peres et. al 2011).  
Agonistic interactions are essential for the defense of territories and resources by conspecifics 
and can even affect population densities (Wang et. al 2011).  While these interactions are an 
important behavior in populations they can be costly in terms of energy (Thorpe et. al 1995).  
When used for territorial defense these behaviors can affect the fitness of an individual by 
increasing the risk of predation and energy demands (Cleveland 1999).  In addition an 
organism’s size and past experience can affect social status and therefore their success during 
aggressive agonistic interactions (Ayres-Peres et. al 2011).  

Agonistic behaviors are an important part of the ecology and natural history of 
crustaceans (Ayres-Peres et. al 2011).  Crustaceans are ecologically and economically important 
(Weis 2010).  Decapod crustaceans have been noted as ideal study organisms for examination of 
behaviors due to their size and ability to withstand manipulation (Huntingford et. al 1995).  
Marine crabs in particular have been extensively studied in terms of their agonistic and 
aggressive behaviors.  Studies have indicated an increase in aggressive behaviors in marine 
hermit crabs in stressful situations (Caven et. al 2012).  Crayfish have been studied mostly in 
laboratory environments but also in the field (Daws et. al 2001, Davis and Huber 2007).  Social 
experience in crayfish effects their success during aggressive agonistic interaction that lead to 
fighting (Daws et. al 2001).  Agonistic encounters can be frequent and are often over defense or 
acquisition of shelters (Davis and Huber 2007). 

Despite behavioral research on other crustaceans and marine crabs, there is less 
information available on freshwater crabs.  Freshwater crabs are a key component to freshwater 
and riparian systems (Rigler 2012).  The Neotropics are particularly rich in freshwater crabs 
(Yeo et. al 2008) with 313 species and 56 genera of freshwater crabs in the region.  
Pseudothelphusidae with over 250 species is the most diverse true freshwater crab family in the 
Neotropics but it has been poorly studied in terms of its biology and ecology (Wehrtmann et. al 
2010).  Potamocarcinus magnus is a particularly understudied pseudothelphusid river crab that is 
distributed widely throughout the Neotropics (Wehrtmann et. al 2010).  Based on the sources 
that were accessible there have been few studies investigating the characteristics and behaviors 
of P. magnus but the studies that are available have documented the use of agonistic behaviors 
by P. magnus (Corajod 2012, Yau 2003).  However they have only investigated these behaviors 
in terms of predation and have not examined intraspecific interactions (Rigler 2012). 

Therefore this study aimed to investigate the use of agonistic behaviors by the freshwater 
river crab Potamocarcinus magnus during interactions between individuals.  The responses and 
behaviors were based on resident and intruder interactions in the laboratory.  Since size has also 
been indicated as affecting the success of individuals during aggressive agonistic interactions 
(Ayres-Peres et. al 2011) the relationship between crab size and claw size was also investigated. 
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METHODS AND MATERIALS 

Sampling Site, Collection, and Crab Measurement 

Crabs were sampled from an approximately 200 m long stretch of the Quebrada Máquina 
stream (Fig. 1) in Monteverde, Puntarenas, Costa Rica.  The site is located within a tropical 
lower montane wet forest (Hayes et. al 1991) at approximately 1550 m in elevation.  Crabs were 
sampled between April and May 2013 and were caught either by hand or using an aquarium net.  
Habitat disruption was minimized by replacement of moved rocks and branches.  Crabs were 
transferred to plastic buckets and transported back to the laboratory. 

All crabs were measured for carapace width and carapace length (Fig. 2), the width of the 
entire right and left claw (Fig. 3), and the width of the uppermost part of the claw (Fig. 4). Crabs 
were sexed by using visual observation of their lower abdomen flap (Fig. 5).  Crabs were also 
given identification numbers (1-30) and tagged using a waterproof paint marker   (Fig. 2).  They 
then were kept in individual Tupperware containers with holes cut into the tops for breathing.  
Fish food flakes were were used to feed them while they were kept in the laboratory.  Due to a 
small sample size females were not incorporated in the laboratory experiments.  Only males were 
observed during the laboratory section. 

Laboratory Experiments 

Glass aquarium tanks were set up in the laboratory for experiments (Fig. 6).  Experiments 
were performed between May 5 and May 8, 2013.  A crab was chosen as a resident and was 
placed into an aquarium.  Fifteen minutes were given before so that the resident could assimilate 
to the aquarium environment.  Different intruder crabs were then added individually and the 
reactions of both resident and intruder were recorded for two minute intervals.  Fifteen minutes 
were given in between each trial so the resident could have time in between the reactions.  The 
behaviors exhibited during these reactions were categorized into four behavior types aggressive, 
submissive, defensive, and stressed.  Aggressive behaviors included a resident or intruder 
moving closer or toward the other individual or resident and intruders engaging in physical 
combat.  Stressed behaviors included rapid movement of the mouthparts by individuals and 
foaming from the walking legs or the mouth.  Submissive behaviors included retreating after a 
conflict, facing away from the other individual, trying to escape up the side of the aquarium, 
remaining still, and remaining on the opposite side of the aquarium.  Defensive behaviors 
included one or both claws being held out and/or pincers being open. 

RESULTS 

Crab Measurement  

 Crab carapace width ranged from 2.96 mm to 5.44 mm.  Carapace length ranged from 
1.81 mm to 3.43 mm.  Width of entire left and right claw values ranged from 2.54 mm to 8.89 
mm and width of the uppermost part of the claw ranged from 1.88 mm to 5.84 mm.  The width 

 105 



of the entire claws of male crabs for both left (F= 57.33,  d.f.= 1 and 21, p < 0.001) and right 
claws (F= 74.9, d.f.= 1 and 21, p < 0.001) were significantly influenced by the size (carapace 
width) of the crabs (Figs. 7 and 8).  Those individuals missing one or both both claws were not 
used in this analysis (n=23). 

Laboratory Experiments 

Intruders and residents differed in their response behaviors during reactions (Figs. 9 and 
10).  Submissive behavior was the most widely displayed behavior category in crabs for both 
residents (46, n=26) (χ²= 41.463, d.f= 3, p < 0.001) and intruders (50, n=26) (χ²= 42.811, d.f.= 3, 
p < 0.001). This behavior was displayed in almost half of the reactions performed (95) (Figures 
11 and 12).  Residents exhibited less aggressive behavior than stressed behavior with only eight 
residents exhibiting mostly aggressive behavior during reactions (Figs. 9 and 10).  Intruders on 
the other hand exhibited more aggressive behavior (15, n=26) and stressed behavior was the least 
displayed behavior category for intruders (8, n=26) (Figs. 9 and 10).  
 
DISCUSSION 
 

The relationship between crab size and entire claw width suggests that the larger the male 
the bigger the claw.  Past experiences play a role in this relationship as well if the claws of an 
individual were recently lost and therefore smaller. This means that claw size and crab size have 
implications for individual agonistic behavior as well as implications for mating and 
reproductive success and survival and fighting success.  However based on the results of this 
study there is a higher incidence of submissive behaviors exhibited by individuals in the species 
P. magnus.  This is surprising based on previous studies of other decapods. Based on previous 
studies on marine crabs it would seem more likely that the aggression category would have had a 
higher number of crabs (Daws et. al 2001, Davis and Huber 2007, Caven et. al 2012).   

These results indicate that P. magnus may be a less territorial and aggressive species.  
This might be due to resource availability in the stream which effects agonistic interactions and 
territoriality (Baeza et. al 2002, Parra et. al 2011).  Previous studies on crayfish indicated that 
agonistic interactions were frequent but often occurred due to conflicts over resources (shelter) 
(Davis and Huber 2007).  Perhaps the Quebrada Máquina has a larger amount of resources 
(detritus, rocks and logs for hiding etc.) when compared with other streams which lessens the 
need for P. magnus individuals to defend these resources.   A previous study of the three color 
morphs of P. magnus also indicated that they are not preferential in their substrate preferences 
but do prefer small and large rocks which is an abundant resource in the Quebrada Máquina 
(Rigler 2012).   

More males were caught than females during this study which is similar to samples from 
previous research performed in close proximity to the sampling site used for this research (Yau 
2003, Corajod 2012, Rigler 2012).  The extremely low number of females caught in this study 
overall (4) however was not similar to any of these studies.  This might be due to more 
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reproductive activity later during the rainy season (Yau 2003).  Females in other freshwater crab 
species are also smaller and have high risk of mortality due to vagility and carrying eggs 
(Micheli et. al 1990).    

These findings are key pieces of knowledge that will help increase the understanding of 
P. magnus and their behaviors and therefore contribute to our understanding of the freshwater 
crab family Pseudothelphusidae.    
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Figure 4- Crab measurement methodology.  The 
arrow indicates the portion of the claw measured for 
the width of the uppermost part of the claw.  This 
section varied in size between crabs and also between 
two claws on the same crab. 

UPPER CLAW WIDTH 

CARAPACE WIDTH 

CARAPACE  LENGTH 

Figure 2- Crab measurement methodology.  Left: Measurement of 
carapace width with a caliper, Right: picture of a crab used in the 
study.  The crab was tagged with a number (7) for identification 
purposes.  The arrows indicate what carapace width and carapace 
length are measuring. 

Figure 1- Study site tropical lower 
montane wet forest in Monteverde, Costa 
Rica.  Sampling was performed in a 
200m stretch of the Quebrada Máquina.  
There were no breaks in the flow of the 
stream.  Rocks and fallen vegetation and 
trees provided excellent habitat for the 
crabs being studied. 

 

Figure 3- Crab measurement methodology.  The 
arrow indicates what was measured as the entire claw 
width in this study.  The very tip of the pincer to the 
start of the whole limb was included in the entire 
claw measurement. 

ENTIRE WIDTH OF CLAW 
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Figure  5- Crab sexing methodology.  Left: Male crab used in the study.  The abdomen flap shape in 
males creates a V shape.  It is circled above. (n=26)   Right: Female crab used in study.  The 
abdomen flap creates a U shape in females.  It is circled above. (n=4) 

 

Figure  6- Crab laboratory methodology.  Crabs were put into clear aquarium tanks for 
laboratory experiemnts.  There were only ever two crabs in an aquarium at one time.  
Aquariums were glued and taped to ensure that no water leaked.   
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Figure  8- Relationship right claw size and crab size (n=26) in P. magnus 
crabs in the Quebrada Máquina stream Monteverde, Costa Rica.  Crab 
size was measured as carapace width and claw size was measured as the 
width of the entire claw.  There was a significant relationship between 
right claw size and crab size  (F= 74.9, d.f.= 21 and 1, p < 0.001). 

 

Figure  7- Relationship left claw size and crab size (n=26) in P. magnus 
crabs in the Quebrada Máquina stream Monteverde, Costa Rica.  Crab 
size was measured as carapace width and claw size was measured as the 
width of the entire claw.  There was a significant relationship between 
left claw size and crab size  (F= 57.33,  d.f.= 21 and 1, p < 0.001)   
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Figure  9- Agonistic behaviors displayed by intruder (n=26)  P. magnus crabs 
Behaviors were categorized into aggressive, submissive, defensive, and stressed.  
Intruders varied significantly in their responses during experiments (χ²= 42.811, 
d.f.= 3, p < 0.001).  The most displayed behavior type was submissive. 

 

Figure  10- Agonistic behaviors displayed by resident (n=26)  in P. magnus. 
Behaviors were categorized into aggressive, submissive, defensive, and stressed.  
Intruders varied significantly in their responses during experiments (χ²= 41.463, 
d.f= 3, p < 0.001).  The most displayed behavior type was submissive. 
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ABSTRACT 
 
Intrasexual competition and intersexual selection can have major roles on the functioning of species. Cane toads 

(Chaunus marinus) have not been extensively studied regarding these mechanisms. I examined the role of 

intrasexual competition by studying territoriality for mating sites of 18 males during the breeding season at two 

artificial ponds in Monteverde, Puntarenas, Costa Rica. I compared territoriality for mating sites to body size, 

observed where males moved after being displaced around ponds, compared the characteristics of males between 

ponds, and recorded behaviors related to breeding previously unstudied. C. marinus males are not territorial for 

mating sites, and body size does not affect territoriality for mating sites. Four males were observed at one pond 

while 14 males were present at the other. Males had similar characteristics between ponds. Calling was rarely 

observed, and mating events were rarer. Males were often found in close proximity to one another. It is suggested 

that intrasexual competition is not a major factor in the reproductive behavior of C. marinus males, but it may be a 

larger factor in populations with higher densities. Finally, intersexual selection may have a larger role in sexual 

selection.  

 
Resumen 
 
La competencia intrasexual y selección intersexual pueden tener funciones importantes en la funcionalidad de las 

especies. Los sapos comunes (Chaunus marinus) no han sido estudiados ampliamente en cuanto a estos 

mecanismos. Examiné el papel de la competencia intrasexual estudiando la territorialidad por sitios reproductivos de 

18 machos durante la época reproductiva en dos lagos artificiales en Monteverde, Puntarenas, Costa Rica. Comparé 

la territorialidad por sitios reproductivos con el tamaño corporal, observe cuando los machos se movieron alrededor 

de los lagos, comparé las características de los machos entre lagos, y noté los comportamientos relacionados con el 

apareamiento previamente estudiados. Los machos de C. marinus no son territoriales por los sitios de reproducción, 

y el tamaño corporal no afecta la territorialidad por estos sitios. Cuatro machos fueron observados en un lago 

mientras que 14 estaban en el otro. Los machos tienen características similares entre lagos.  Llamados fueron 
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raramente observados, y eventos reproductivos fueron raros también.  Los machos fueron encontrados cercanos a 

otros. Esto sugiere que la competencia intrasexual no es un factor importante en el comportamiento reproductivo de 

los machos de C. marinus, pero puede ser un factor importante en poblaciones con mayores densidades. Finalmente, 

las selección intrasexual puede tener un papel mayor en la selección sexual. 

 
 
INTRODUCTION 
 
Sexual selection occurs in animals by two main processes: intrasexual competition and 

intersexual selection. Intrasexual competition is the mechanism by which members of the same 

sex are competing directly with each other for mates, while intersexual selection occurs when 

one sex (typically the one with higher energetic investment in the offspring) is the selective agent 

for the other sex (Howard 1978). Both mechanisms are exhibited in anurans (Jones et al. 2011). 

Intersexual selection is expressed when female frogs and toads actively choose to mate with 

larger males (Wilbur et al. 1978). Larger body size can indicate that a male is older, and thus has 

proven a higher fitness (Wilbur et al. 1978). Larger size can alternately indicate that the male has 

grown faster, either because of advantageous genes or efficient feeding (Wilbur et al. 1978). 

Regarding intrasexual competition, males of many species of frogs and toads displace other 

males from their territories using combat and/or vocalizations (Savage 2002). Territories can be 

very important for obtaining resources, including food and mates.  

The cane toad Chaunus marinus has not been extensively studied in terms of territoriality 

for mating sites of males during the breeding season. Most studies on cane toads are focused on 

their invasiveness (Greenlees et al. 2007, Urban et al. 2007, Newell 2011, Ujvari et al. 2011, 

Winkel and Lane 2012, Greenlees and Shine 2011). However, it has been shown that in areas of 

high densities of cane toads, there is strong intrasexual competition, and males even attempt to 

dislodge amplectant males (Savage 2002). It has also been shown that cane toads can use 

landmarks to identify specific foraging areas (Zug 1983). This suggests that males could 

potentially recognize landmarks around a body of water to use the same calling location for 

multiple nights. Being able to recognize specific locations is advantageous when certain sites are 

better for attracting females.    

Here, I examine patterns of territoriality for mating sites and movement in male cane 

toads compared to body size at two Costa Rican ponds in the cloud forest. I test for territoriality 

for mating sites by determining if males go to the same location night after night and how much 
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they move around. I determine how much males move after being displaced from their preferred 

sites. I test differences in movements and sizes of males between ponds. Territoriality and 

breeding patterns are also tested by comparing body size to how often males appear. In addition, 

I assess how calling relates to territoriality and how calling relates to body size. Finally, I 

describe my observations on females, mating events, and spacing of males. 

 
MATERIALS AND METHODS 
 
Study Sites 
 
This study was conducted at two artificial ponds in Monteverde, Puntarenas, Costa Rica between 

1450 m and 1500 masl. Ponds are in the lower montane wet forest Holdridge life zone (Haber 

2000). Both ponds were located in cleared, grassy areas surrounded by forest. The Monteverde 

Biological Station’s (Station) pond is 8 yr old, but there was naturally a smaller pond there 

before (M. Pizarro pers. comm., Fig. 1). The Station pond has a perimeter of 97 m and is 

approximately 1500 masl. The second pond is at Hotel Belmar (Belmar pond) and is 

approximately 550 m from the Station pond. The Belmar pond is approximately 120 m in 

perimeter and is approximately 1450 masl (Fig. 1). It is approximately 12 yr old (P. Belmar, 

pers. comm.). Its edge is cement, and it has a vertical drop-off, making it less natural than the 

Station pond (Fig. 1). One end of the Belmar pond has a wooden dock, while the other end has 

several boulders with sparse vegetation. Both ponds have cane toads and leopard frogs 

(Lithobates forreri) (Ranidae). The Station pond also has some fish, and the Belmar pond has 

two domestic ducks. I marked the Station pond with flags at every meter around the perimeter to 

mark the locations of the toads, while landmarks were used at the Belmar pond for identifying 

locations. 

 
Study Species 
 
C. marinus is naturally found from southern Texas to central Brazil (Zug 1983), and was 

introduced to the West Indies, Florida, Hawaii, Australia, the Philippines, Taiwan, New Guinea, 

and many other islands in the Pacific, where they are highly invasive (Savage 2002, Zug 1983). 

In Costa Rica, they breed between the dry and wet seasons at bodies of water (Zug 1983). C. 

marinus adults are nocturnal and become active around dusk (Zug 1983). During the day, C. 

marinus individuals live sleep under rocks and vegetation (Savage 2002). The daily activity of C. 
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marinus is highly dependent on the weather; they are highly susceptible to desiccation, and are 

most abundant when there are light rains (Zug 1983, Savage 2002). 

Males call from the edges of bodies of water to attract females and mate by amplexus 

(Fig. 2). While a male is at the body of water, he generally stays in the same place during the 

night. C. marinus is sexually dimorphic: males are smaller, more even in color, have spine-

capped warts, and have dark thumbs (Zug 1983). There are no few of adults, as they can excrete 

potent toxic from their parotoid glands (Savage 2002, Zug 1983). I measured the snout-vent 

length (SVL) of each male, and I marked them by tying combinations of colored string around 

their upper arms (Fig. 2). Four males were at the Belmar pond, and 14 males were tagged at the 

Station pond. 

 
Male Location 
 
During the C. marinus breeding season, I recorded the locations of all males present for both 

ponds for nine consecutive nights. I found the distance moved from night-to-night for each male 

by measuring the linear distance between the two locations, rather than the distance around the 

perimeter. This allowed me to determine if body size affects if males come to the same site every 

night and if some males moved around more. 

 
Male Displacement 
 
During the same breeding season, I moved male toads that were present to different locations 

around the pond and noted where each one moved after 30 minutes. I moved each toad to a 

location that was on the same side of the pond (close) or across the pond to the other side (far). I 

only moved each toad once per night. For toads that I moved more than one night, I alternated 

moving them between close and far. I measured the linear distance moved from where I placed 

them to where they ended up after the 30 minutes. From these data, I could determine if body 

size affects the distance that males will move after being relocated. 

 
Additional Observations 
 
 
I recorded which males called to determine: (1) if body size affects which males calls; and (2) if 

calling males differed in their night-to-night locations than non-calling males. Additionally, I 

noted observations on emergences, mating, abundance of females, and male spacing. 
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RESULTS 
 
Male Location 
 
Overall, males did not differ in their night-to-night movements (two-way ANOVA, F = 1.564, df 

= 14, 55; P = 0.12, Fig. 3). Movements ranged from 0 m to 32 m from night-to-night, and 

averages per male ranged from 1 m to 17.75 m. Seven males went back to the same site 

consecutive nights, and two went back to the same site five consecutive nights. SVL did not 

significantly affect night-to-night movements (regression, R2 = 0.21316, F = 3.522, P = 

0.08319), but there was a trend towards larger males moving more (Fig. 4). 

 
Male Displacement 
 
Males that were moved far moved the same distance as toads that were moved close (two-way 

ANOVA, F = 1.878, df = 1, 29; P = 0.181, Fig. 5). The mean for close (8.7857 m +/- 7.9631 SE) 

was smaller than the mean for far (13.5882 m +/- 10.9262 SE). Larger males moved slightly 

farther than smaller males after I moved them (regression, R2 = 0.43689, F = 4.114, P = 0.05181, 

Fig. 6). For six of 31 times, males moved in the opposite direction from their original site. None 

of the males went back to their original site, but three males got as close as 1 m away. 

Additionally, seven movements were not used in analysis because males could not be located 

after the 30 min. 

 
 
Additional Observations  
 
Most nights, there were no males calling. The four males that called did not differ significantly in 

their night-to-night movements from males that did not call (two-way ANOVA, F = 0.122, df = 

1, 68; P = 0.728). The mean for males that called (8.2 m +/- 10.8934 SE) was slightly larger than 

the mean for males that did not call (7.4 m +/- 8.0802 SE). Males at the Belmar pond did not 

differ significantly from the Station pond in their night-to-night movements (two-way ANOVA, 

F = 0.168, df = 1, 68; P = 0.683). The mean for the Belmar pond (7.0434 m +/- 10.6321 SE) was 

slightly larger than the mean for the Station pond (8.0000 m +/- 8.3795 SE). SVL did not differ 

between ponds (t test, t = 2.0692, P = 0.1027, Fig. 7), however, the SVL at the Belmar pond was 

slightly larger (13.8750 cm +/- 1.181 SE) than the Station pond (12.5357 cm +/- 0.9896 SE). 
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SVL ranged from 10.5 cm to 15.5 cm. SVL also did not affect how often males appeared at the 

ponds (regression, R2 = 0.0732, F = 1.265, P = 0.2774, Fig. 8). Males appeared between one and 

nine days.  

Four mating events were observed. For one, I was using a playback of a male call in front 

of a silent male (13.5 cm) when a female swam presumably towards the playback, and the male 

jumped onto the female for amplexus. For another, I saw the female swimming to the same male, 

but calling, and he stopped calling to begin amplexus (Fig. 9). The other two mating events were 

by the same male (14 cm) in two consecutive nights, but the beginning of amplexus was not 

observed. In another case, a calling male attempted to form amplexus with a different male that 

swam past, but quickly dislodged. Only one female (16 cm) was found while not mating, but she 

mated later that night. Males were often found in very close proximity to one another, and a few 

times, males at the Belmar pond were found floating in the water against each other. Lastly, 

males at the Belmar pond were primarily located at the part of the pond with the boulders and 

sparse vegetation.  

I also had other observations on emergences at the Station pond. Males tended to start 

arriving at the pond between 6:15 PM and 6:30 PM, which was around dusk. I did not observe 

males leaving the pond, and since I was there until 9:30 PM some nights, they likely leave later 

than 9:30 PM. I was unable to locate where exactly the toads were emerging from, but I saw 

toads moving towards the pond on the open, grassy area that surrounds the Station pond. I would 

guess that males were coming from the surrounding forest. However, I also found many males at 

the edge of the pond near a miniature, approximately 15 cm tall, with unknown depth, cave. I 

hypothesis that approximately five males live inside.  

 
 
DISCUSSION 
 

None of the C. marinus males went back to the same site every night, and most moved 

frequently. This indicates that males do not have site preference, and that their likelihood to 

attract a female is not site-dependent. It is possible that males that go back to the same spot for 

multiple nights simply go to the site that is closest to where they sleep during the day. Larger 

males tended to move farther from night-to-night sites and during the experimental movements. 
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This can be explained by larger males either having more energy or being less likely to be 

predated on.   

Whether I moved males close or far, they did not go back to their original sites, nor did 

they differ significantly in how far they moved. The fact that five males moved in the opposite 

direction from their original site indicates that they could have been moving towards their 

sleeping site, and that they do not exhibit site preference. One of these toads was found five 

meters from where it had moved the next day that it appeared at the pond; one was found one 

meter from where it had moved to; and one was at the same spot where it had moved to. 

Additionally, it is likely that the males that could not be found after 30 min. went back to their 

sleeping sites for protection. Males that called, and presumably would be more territorial for 

mating sites, moved the same amount as non-calling males in their night-to-night movements. 

Body size did not affect how often the males appeared at the pond. Again, this shows evidence 

against territoriality for mating sites. Males between ponds were comparable in size and their 

night-to-night movements. 

From my observations on mating, it can be concluded that calling attracts females. It is 

interesting that only four toads called and most nights there were no males calling. This could be 

explained by the weather. Females may only appear when there is adequate humidity in the air, 

and subsequently, males may only call during humid nights. Further research must be conducted 

to definitively conclude this. It is possible that males only call when a female is near the pond, 

and that females were a limiting resource. In the case of limited females, it would be expected 

that intrasexual competition would be higher between males. However, territoriality for mating 

sites, a form of intrasexual competition, was not expressed. Additionally, C. marinus been shown 

to express intrasexual competition at high densities (Savage 2002), so with higher densities at the 

two study sites, it’s likely that intrasexual competition would be expressed.   

Possibly, intersexual selection is the stronger mechanism, and females chose males based 

on body size through calls. In this case, experiments need to be conducted on female preference 

of calls and body size to confirm. The two males that I saw mating were 13.5 cm and 14 cm, 

which was on the larger end of the range of SVL. Intersexual selection could also explain why 

many males were not calling. There’s a chance that females use cues other than calling for mate 

selection, since new eggs have been observed after nights without calling males (B. Hilje pers. 

comm.). There has to be some reason why males go to the pond without calling, since the only 
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purpose of going to the pond is reproduction. Maybe the non-calling males are satellite males, 

and form amplexus with females that swim towards calling males. This was supported when the 

non-calling male mated with the female that, presumably, was swimming toward the playback 

near him.  

In conclusion, C. marinus males at the Monteverde Biological Station and Hotel Belmar 

ponds were not territorial for mating sites, and they did not show any form of intrasexual 

competition. It’s likely that low densities decrease the affects of sexual selection, and that 

intersexual competition is a stronger force in this type of natural selection.  
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FIGURE 1. Study sites for 
study on territoriality for 
mating sites of  cane toad 
(Chaunus marinus) males in 
Monteverde, Costa Rica in 
lower montane wet forest life 
zone. (Top) The Biological 
Station pond is 97 m in 
perimeter and at 1500 m asl. 
Fourteen males were present. 
(Middle and Bottom) 
Artificial pond at Hotel 
Belmar at 1450 m asl. 
Perimeter is 120 m. Four 
male C. marinus were 
present, and were mostly 
found on the edge of the 
pond near the rocks and 
vegetation. 
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FIGURE 2. Study on territoriality 
for mating sites of Chaunus marinus 
males during the breeding season. 
Individuals have colored string 
around their upper arms for 
identification (Top left) C. marinus 
male at the edge of the Hotel Belmar 
pond with throat extended. (Top 
right) C. marinus male in edge of 
Biology Station Pond. (Bottom) 
Measuring snout-vent length of C. 
marinus male. 
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!!!!!!! Station 
       Belmar 

FIGURE 3. Cane toad (Chaunus marinus) males were not territorial for mating sites 
at two ponds in Monteverde, Costa Rica, Biological Station pond and Hotel Belmar 
pond. There was no difference in mean night-to-night movements between toads. 
Night-to-night movements were found by measuring the linear distance between 
sites of consecutive days for each male. Bars equal one standard error.  

FIGURE 4. Territoriality for mating sites by cane toad (Chaunus marinus) 
males at two ponds, Biological Station and Hotel Belmar, in Monteverde, Costa 
Rica. SVL did not affect mean night-to-night movements (P = 0.08319), 
although the trend is that larger males move more between days than small 
males. 

!!!!!!! Station 
       Belmar 
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FIGURE 5. Cane toad (Chaunus marinus) males movements across the 
pond (far) or on the same side of the pond (close). The distance moved was 
measured after 30 min., and there was no difference between close and far. 
This suggests that C. marinus males are not territorial for mating sites 
during the breeding season in Monteverde, Costa Rica. 

FIGURE 6. Cane toad (Chaunus marinus) males distance moved in two ponds, 
Biological Station and Hotel Belmar, in Monteverde, Costa Rica. SVL affected 
mean distance moved (P = 0.05181). Larger males moved farther after 30 min. 
from the time of being displaced around the ponds than smaller males. This could 
indicate increased energy or increased protection from predators of larger males. 

!!!!!!! Station 
       Belmar 
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FIGURE 7. Cane toad (Chaunus marinus) males were studied for territoriality 
at two ponds, Hotel Belmar and Biological Station. There was not a 
significant difference between mean SVL of males between ponds (t = 
2.0692, P = 0.1027).  

FIGURE 8. Cane toad (Chaunus marinus) males’ sizes and number of days that 
males appeared at the ponds at two sites, Biological Station pond and Hotel Belmar 
pond. SVL of males did not affect the number of days present (P = 0.2774), 
suggesting that C. marinus males are not territorial for mating sites.  
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FIGURE 9. Cane toad 
(Chaunus marinus) male 
amplexing a female at the 
Biological Station in 
Monteverde, Costa Rica. 
Mating occurs after a male 
calls to attract a female 
towards him. 
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The strength of behavioral consistency in 
different habitats of Gray-Breasted Wood-
Wren (Henicorhina leucophrys)  
 
Cara Mullineaux 
 
Department of Biology, University of Puget Sound 
 
ABSTRACT 
 
Personality traits in animals play an important role in understanding how an individual 
responds to social and environmental challenges. A frequently observed personality is the 
bold to shy axis of personality, where different individuals of the same species show 
different strength responses to the same stimuli. The gray-breasted wood-wren, 
Henicorhina leucophrys, is a territorial bird that responds aggressively to a conspecific 
call by calling and approaching. In this study, I observe the behavioral response of these 
wrens by measuring their approach distance from an owl and non-owl predator 
simulation. I also test the hypothesis proposed by Niemela et al. 2012, that behavior 
differs between environments. I do this by observing wrens in one highly variable 
environment; Estación Biologica trails, and one moderately variable environment, Curi-
Cancha trails. I observed behavior for 17 birds in each location and ran a regression 
analysis in order to observe behavioral trends. In the Estación trails, I found that 
increasing distance from the owl simulation was positively correlated with increasing 
distance from the non-owl simulation. In the Curi-Cancha trails, I found a trend but no 
significant correlation between increasing distance from the owl and non-owl simulation. 
I conclude that the wrens in Estación Biologica trails may have a pronounced personality, 
while wrens in Curi-Cancha responded very variably and may not have pronounced 
personality. I discuss the implications for behavioral consistency in terms of wren fitness 
and adaptability. 
 
RESUMEN 
 
Rasgos de personalidad en los animales juegan un papel importante en como los 
individuos responden a desafíos ambientales y sociales.  Una personalidad observada 
frecuentemente la audaz a tímida ejes de personalidad, cuando diferentes individuos de la 
misma especie muestran diferente fuerza de respuesta al mismo estímulo.  El Soterrey de 
selva pechiblanco Henicorhina leucophrys, es un ave territorial que responde 
agresivamente a llamadas de conespecíficos cantando ellos también y acercandose al 
intruso.  En este estudio, observe las respuestas conductuales de estos soterrés midiendo 
la distancia de aproximación a los estímulos de una lechuza y un estímulo diferente. 
También prove la hipótesis propuesta por Niemela et al. 2012, de que el comportamiento 
difiere entre ambientes. Realizé esto observando soterrés en un ambiente altamente 
variable, los senderos de la Estación Biológica, y uno moderadamente variable, los 
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senderos de Curi Cancha.  Observé el comportamiento de 17 aves en cada lugar y corrí 
un análisis de regresión para observar las tendencias del comportamiento.  En los 
senderos de la Estación, encontré que al aumentar la distancia desde el estímulo de la 
lechuza está correlacionado positivamente con aumentar el estímulos diferente a la 
lechuza.  En Curi Cancha, encontré una tendencia pero no correlación significativa entre 
el aumento en la distancia entre los estímulos de la lechuza y el diferente a esta,  
Concluyó que los soterrés en la Estación Biológica pueden tener una personalidad más 
pronunciada, mientras que los soterrés en Curi Cancha responden más variablemente y 
pueden no tener una personalidad tan pronunicada.  Discutó estas implicaciones de 
consistencia en el comportamiento en terminos del éxito reproductivo y adaptabilidad de 
los soterrés. 
 
INTRODUCTION 
  
When individuals of the same species within the same population behave differently, it is 
often called personality (Bell 2006). Personality traits in animals play an important role in 
understanding how an individual responds to social and environmental challenges 
(Garamszegi et al. 2008). A personality trait is called a behavioral syndrome, or a 
consistent response of an individual over time or to different stimuli (Sih et al. 2004). 
Behavioral syndromes were first studied in primates and have just recently been observed 
in other mammals, birds, fish, crustaceans, and arachnids (Dingemanse et al. 2009). A 
behavioral syndrome frequently observed is the bold to shy axis of personality, where 
different individuals of the same species show different strength responses to the same 
stimuli (Sih et al. 2004). For example one individual may be bolder than another 
individual in the same habitat, or may be similar to others in the habitat based on the 
environmental conditions (Sih et al. 2004; Bell, 2006). These differences in behavior help 
to understand how an environment’s variability may affect how a species must 
behaviorally adapt to a situation (Niemela et al. 2012). 
 Birds often show behavioral syndromes, which are usually observed through bird 
songs. Bird songs are used for individuals to attract mates, communicate with other birds, 
as well as to ward off or warn others of predators (Bradbury & Vahrencamp 1998; as 
found in Garamszegi et al. 2008). For instance, collared flycatchers that perch and sing 
closer to the ground have a bolder personality, in which they mate more frequently and 
take higher risks when there is a predator present, whereas the opposite is true for 
collared flycatchers that perch higher from the ground (Garamszegi et al. 2008). These 
consistent differences in behavior in the presence of a predator affect individual fitness 
and are mostly unstudied (Quinn and Cresswell 2005). 
 A bold-shy axis of personality often helps to understand why a bird may act the 
way it does. For instance, bold personalities have often been correlated with aggression 
(Sih et al. 2004). Many birds are territorial and respond vocally and aggressively to the 
call of the same species (Dingle et al. 2010). Aggressive personalities are possibly linked 
to environmental factors, in that personality should be more pronounced in moderately 
variable environments and less pronounced in high and low variable environments 
(Niemela et al. 2012). In other words, birds in moderately variable environments can 
afford to have different, bold to shy, behaviors without being threatened by abiotic 
factors. This environmental variability may impact cognative abilities of the individuals 
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that live there (Niemela et al. 2012). For example individuals in highly variable 
environments will need to process information faster, than individuals in moderately 
variable environments (Niemela et al. 2012). This ability to process information faster 
may make individuals more environmentally fit (Niemela et al. 2012). Although behavior 
research has looked at different behavioral syndromes, little research has been done to 
compare bird behavior in multiple environments.  
 I studied behavioral responses of the grey-breasted wood-wren (Henicorhina 
leucophrys), found in multiple life zones, making observing them in different 
environments possible. To test for a bold-shy axis of personality, and to test the 
prediction proposed by Niemela et al. 2012 that behavior varies between environments, I 
measured closeness of approach of wrens with and without a predator stimulus in one 
moderately variable and one highly variable environment. 
 
METHODS 
 
Study Sites. Responses of H.leucophrys were recorded in the Estación Biologica trails, 
located in the lower montane wet forest, from 1530-1800 meters, as well as in the trails of 
Curi-Cancha wildlife preserve, from 1450-1525 meters, a seasonal forest located in the 
transition zone from premontane wet forest to lower montane wet forest (Figure 1; 
Holdridge 1967). Both of these sites are located on the Pacific slope, in Monteverde, 
Costa Rica.  

Estación Biologica trails are characterized by cloud forest species, lush understory 
plants, and many epiphytes (Haber 2000). During the dry season, when this study was 
performed, there is frequent cloud cover, mist, and some precipitation (Haber 2000). This 
forest type is characterized by a more broken canopy than the canopy of the seasonal 
forest located below, which is a product of the trade winds action (Clark aand Nadkarni 
2000, Haber 2000).  For this reason I categorized the environment as highly variable.  

The Curi-Cancha forest is characterized by evergreen forest, a few deciduous 
species, and moderate epyphyte cover (Haber 2000). There is less cloud cover, and some 
precipitation and mist during the dry season (Haber 2000). The canopy is less broken 
because this forest is more protected from the trade winds (Clark and Nadkarni 2000, 
Haber 2000).  For this reason I categorized the environment as moderately variable. 
 
Study species. The gray-breasted wood-wren, H.leucophrys, was studied because they 
sing and approach in response to the sound of a conspecific call and are territorial (Dingle 
et al. 2010). H.leucophrys also lives in the low bush of the understory, and is commonly 
found from 1450-1850 meters on the pacific slope (Haber 2000). 
 
Experiment. For both Estación Biologica trails, and Curi-Cancha trails, I performed the 
same experiment and recorded response data for 17 birds in each site, with a total of 34 
individuals. The experiment was performed during the dry season in Monteverde and all 
playbacks were done during the morning, between 6:00am and 10:00am.  

Every 100 meters I conducted a playback with and without a stuffed owl that 
simulated a Mottled Owl, a potential predator of wrens (Stiles and Skutch 1989). Since 
these wrens are territorial, moving 100 meters should have ensured that different 
individuals were sampled (Dingle et al. 2010). I alternated whether I started the 
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experiment with or without the owl every 100 meters. The owl was placed on branches 
0.8 to 1m above the ground/speaker.  The playback experiment was conducted using a 
speaker located on the ground.  I played a track of a gray-breasted wood-wren that 
consisted of 30 seconds of call followed by 15 seconds of silence. The track was 
continuously played for 5 minutes. From a distance of 8 meters from the speaker I 
recorded the time of the bird’s first approach, and the time of the first callback. The 
wrens took a while to approach and call, giving me time to walk to the 8-meter spot down 
the trail.  

I also observed how close the bird perched to the speaker. After the 5-minute 
period, I measured the distance from the speaker to the spot on the ground below the 
branch or twig that the bird had perched on. I then repeated the experiment with or 
without the owl, five minutes after the previous experiment ended.  If a gray-breasted 
wood wren did not respond after five minutes I moved 100 meters along the trail and 
conducted another experiment. 
 
RESULTS 
 
Species level analysis. The birds from both sites, including 34 individuals, were first 
combined to test for the presence of personality at the species level.  Gray-breasted 
wood-wrens stayed farther away from the owl and came closer when no owl was present, 
although the trend was not statistically significant (Paired t-test, t=1.7944, df=25, 
p=0.08485) (Figure 3). On average, wrens came about 0.6 meters closer to the non-owl 
stimulus compared to the owl stimulus (Figure 3). This trend was not significant because 
birds did not always consistently stay far away from the owl. In fact, six of the 34 
individuals sampled actually came closer when the owl was not present. 

There was a significant positive correlation between the distance an individual 
came to the owl stimulus and the non-owl stimulus (Pearson’s product-moment 
correlation, t= 4.5028, df=24, p<0.001, Figure 4).  
 

Estacion Biólogica Trails. Increasing distance from the owl was positively 
correlated with increasing distance from the no-owl simulation (Spearman’s rank 
correlation test, S=20.72, R2=0.656, n=17, p<0.001). In other words, individuals that 
came very close to the owl also came very close to the speaker when no owl was present, 
the opposite for individuals that stayed far away (Figure 5).  

 
Curi-Cancha Trails. In the Curi-Cancha trails, increasing distance from the owl 

was not positively correlated with the increasing distance from the speaker when the owl 
was not present (Pearson’s product-moment correlation, t=0.5031, df=13, p=0.6233). 
Individuals that came close to the owl did not always also come close to the no-owl 
simulation (Figure 5). There was a lot of variability of wren response to the owl and non-
owl simulation, even with a slightly positive trend (R2=0.0191, Figure 6).  
 
Comparison between environments. The relationship between responses was different 
between environments, specifically; the correlation in Estación trails was much stronger 
than the minor upward trend of Curi-Cancha (Figure 7). In other words, the slopes of the 
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two correlations were statistically different (ANCOVA, F=7.9125, df=1, p=0.010). 
  
DISCUSSION 
 
There was a difference in behavior between environments. Wrens living in the Estación 
Biologica forest, or highly variable environment, had, a more pronounced personality 
than those wrens living in Curi-Cancha. Since wrens consistently came closer or farther 
away to the two simulations, their behavior is categorized as more pronounced. The 
opposite behavior was observed for wrens living in Curi-Cancha, a moderately variable 
environment, where individuals did not consistently come closer or farther to the two 
simulations and there was high variability from the correlation. 
 These results do not support the idea that moderately variable environments 
should have more pronounced personalities than those wrens in highly variable 
environments. It is possible that I found a more pronounced personality in Estación 
Biologica trails because wrens needed to be constantly aware or relatively unaware 
depending on the variability of their territory. I observed higher wind and light variability 
in these trails, meaning wrens in this habitat may be able to hear and respond to a 
conspecific call more efficiently than others. This ability to respond could be linked to 
cognition and fitness of an individual, where wrens in the highly variable environments 
are more capable of responding to the environmental cues (Niemela et al. 2012). 
 While wrens in the highly variable environment were consistently more or less 
responsive, wrens in Curi-Cancha responded very variably and did not have pronounced 
bold-shy axes of personality. This environment was moderately stable, with lower wind 
and low light variability. In this case, it is possible that a moderate environment gave 
wrens no need to have a high cognition or fitness when responding to environmental 
cues. These wrens are simply responding territorially to any stimuli without any cost to 
their fitness (Niemela et al. 2012). It is possible that there is some type of cost versus 
benefit tradeoff occurring here, where wrens in higher variable environments need use 
costly resources to have high cognition, while wrens in the moderately variable 
environment do not (Niemela et al. 2012). 
 It is also possible that predation is more prevalent in the Estación Biologica 
environment than in the Curi-Cancha environment. For the threespined stickleback, 
aggressive bahevior was present in environments with high predation, while sticklebacks 
in environments with low predations had no aggressive behavior (Bell and Sih 2007). If 
predation is higher in Estación Biologica trails, wrens may need to be more consistent so 
as to avoid predation, whether it be to be more bold or to be less bold, and with lower 
predation in Curi-Cancha wrens are free to have variable behavior due to this lack of 
threat. 
 Although personality was different in both environments, when all wrens are 
looked at together, they exhibit a bold to shy axis of personality. Bold and shy individuals 
tend to develop behavioral responses over time due to the context of their environment 
(Sinn et al. 2008). Some of the squids, Euprymna tasmanica, in a laboratory test, changed 
their behavior to bold during developmental stages due to predator stimuli, while others 
continued to be shy (Sinn et al. 2008). Bold-Shy behavioral syndromes imply that the 
gray-breasted wood-wren has a reason to act differently based on either social pressures, 
including mating and communicating, or predator abundance (Sinn et al. 2008). 
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 In general gray-breasted wood wrens show varying behavioral syndromes across 
environments, but are ultimately characterized by a bold-shy personality. These results 
imply that environmental factors including wind, light, rain, and possibly predator 
abundance, may affect wren personality. These behavioral changes may in turn affect the 
fitness of a wren and its cognitive ability to make bold or shy choices.  
 In a highly variable environment, I show that gray-breasted wood wrens respond 
consistently have a bold-shy axis of personality, which may make them more susceptible 
to the variable abiotic factors. In a moderately flexible environment, I show that gray-
breasted wood-wrens respond sporadically and variably, which may indicate they are 
inherently less susceptible to abiotic factors. Although I am unsure about the underlying 
causes of these results, this finding that behavior of wrens differs between environments 
gives researchers the ability to try to understand these underlying causes and to further 
study this phenomenon. 
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Figures 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. From left to right, forest of Estación Biologica and forest of Curi Cancha 
wildlife refuge. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. From left to right, stuffed owl perched in understory plants, speaker and ipod 
used to play conspecific calls. 
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Figure 3. Mean approach distance for all 34 individuals in both Estación Biologica and 
Curi Cancha, with and without the owl stimulus. Error bars represent one standard error. 
Mean approach distance with the owl is somewhat farther (2.91m) than without the owl 
(2.32m), but not significantly different (Paired t-test, p=0.08485). 
 

 
Figure 4. Correlation of H.leucophrys response distance with and without predator 
stimulus for the all individuals in both Estaciób Biologica and Curi Cancha trails (n= 34). 
A statistically significant positive correlation is observed (R2=0.4599, p<0.001). 
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Figure 5. Correlation of H.leucophrys response distance with and without a predator 
stimulus in Estación Biologica trails (n=17). Response distance is positively correlated 
and statistically significant (R2=0.6567, p<0.002). 
 

 
Figure 6. Correlation of H.leucophrys response distance with and without a predator 
stimulus in Curi Cancha trails (n=17). There is no statistically significant correlation, 
although a slight positive trend is present (R2=0.0191, p=0.6233). 
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Figure 7. Correlation differences between Estación Biologica trails and Curi Cancha trails 
for all 34 individuals. Dark grey points represent wrens from the Estación trails, and light 
grey squares represent wrens from Curi Cancha trails. Slopes were significantly different 
between sites based on distances an individual came to the owl and non-owl stimuli ( 
p=0.010). 
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Mimicry and camouflage are important methods of predator defense in neotropical katydids in the Phaneropterinae 

subfamily. This study aims to determine how selection of substrate color and katydid body color impact predation 

rates by diurnal predators such as birds and rodents. Substrate color preference by green katydids was tested using 

three colors of paper: dark green, light green, and brown. Predation rates on green versus brown katydids were tested 

using clay katydid models placed on green leaves in a lower montane old growth wet forest in Monteverde, Costa 

Rica. Preference by 30 katydids for color substrate over 2.5 weeks is as follows: 22.5% of roosts occurred on dark 

green substrate (27 roosts), 31.7% on light green (38 roosts), and 45.8% on brown (55 roosts) out of a total 120 roost 

observations. Of 104 clay models, 25 showed evidence of predation, either through bite, beak, or scratch marks, or 

from complete removal of katydid from leaf. 13 of these predations occurred on brown models, with the other 12 

inflicted on green models. Preference for brown substrate color was significant, which suggests that brown 

substrates are in some way favorable to green, or that katydids are not necessarily selecting based on color, but 

rather passively using their leaf-mimicry to be cryptic on most color surfaces. In addition, as predation varied little 

between model colors, it is possible that both model colors were well enough camouflaged by shape and form alone, 

for color not to be a large factor in predation. Overall, the leaf-like color and shape of Phaneropterinae katydids and 

their mid-canopy habitat may offer sufficient means of defense from diurnal predators, without active selection of 

substrate roost color. 
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El mimetismo y camuflaje son métodos importantes en la defensa contra depredadores en las esperanzas 

neotropicales de la subfamilia Phaneropterinae.  Este estudio busca determinar como la selección de substrato por 

color y el color de las esperanzas puede impactar la tasa de deprecación por depredadores diurnos como aves y 

roedores.  La preferencia por el color del sustrato por esperanzas verdes fue probado usando papel de tres colores: 

verde oscuro, verde claro y café.  La tasa de depredación de esperanzas verdes versus cafés fue probada usando 

modelos de plasticina colocados en hojas verdes colocadas en un bosque maduro montano bajo en Monteverde, 

Costa Rica.  La preferencia de 30 esperanzas por el color del sustrato a lo largo de 2.5 semanas es el siguiente: 

45.8% en café (55 perchas) de un total de 120 perchas observadas.  De los 104 modelos de plasticina, 25 mostraron 

señales de depredación, tanto de mordiscos, picotazos, rasguños, o la remoción completa de la esperanza de la hoja.  

13 de estos actos de depredación ocurrieron en los módelos cafés, y los otros 12 en los verdes.  La  preferencia por el 

substrato café fue significativa, lo que sugiere que el substrato café es favorable para el color verde, o que las 

esperanzas no están seleccionando basadas en el color, si no más bien usando pasivamente su mimetismo con las 

hojas para ser crípticos con la mayoría de los colores.  Además, al variar tan poco la depredación entre los colores, 

es posible que los módelos de ambos colores fueran lo suficientemente camuflados por la forma sola, y el color no 

es un gran factor en la depredación.  Sobre todo, la forma y color semejante a las hojas de las esperanzas  

Phaneropterinae y el hábitat de medio sotobosque utilizado por ellas pueden ser suficientes medios de defensa de 

depredadores diurnos, sin una selección activa por el color del substrato. 

 

!

!
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Mimicry and camouflage are important methods of predator avoidance employed by many types 

of insects, and range from imitation of toxic species to crypsis with the natural environment. 

Several tribes of neotropical katydids (Tettigoniidae) exhibit leaf-mimicry, which allows them to 

remain largely unseen by daytime predators (Castner and Nickle 1995a). This mimicry can be 

very realistic, exhibited in body forms with leaf-like venation, precise coloration, a dead-like or 

herbivore-damaged appearance, or spots that resemble fungus or lichen (Hogue 1993). 

Phaneropterinae katydids, a sub-family found in the cloud forests of Monteverde, Costa Rica, are 

leaf-shaped and green, with leaf-like veination patterns (Fig.1). Most katydids, including this 

sub-family, are nocturnal, feeding and calling for mate attraction at night, and roosting during the 

day (Castner and Nickle 1995c). Most of their long distance movements occur at night, although 

some short distance movements do occur during the day (Nickle and Castner 1995; personal 

observation). Phaneropterinae katydids are herbivorous, feeding mainly on leaves (Hogue 1993). 

Due to katydids' lack of toxins, diurnal camouflage is an 

important method of avoidance of monkeys, rodents, birds, 

frogs, snakes, and other insect predators (Nickle and Castner 

1995). 

 Katydids have been shown to choose a roosting spot on 

which to spend the day, in the early morning hours before 

diurnal birds and other daytime predators become active 

(Gwynne 2001). Organisms are more likely to be predated on 

when they contrast with the substrate on which they choose to 

roost (Evans and Schmidt 1990). Some grasshoppers and 

mantids have been seen to show significant preference for 

backgrounds that match their own coloration (Evans and 

Schmidt 1990), while another study has shown that katydid 

roosting posture is a significant factor of predator avoidance 

(Castner and Nickle 1995b).  

 In this study I determine if Phaneropterinae katydids 

show a preference for roosting substrate based on color. I also 

determine the difference in predation rates on katydids that 

contrast with their substrate versus those that are better 

camouflaged, using clay models placed on green leaves in a 

lower montane wet forest in Monteverde, Costa Rica. 

Based on studies that have shown preference for 

substrate that matches body color, I predict that when 

presented with three different substrate colors, katydids will 

tend to roost on the substrate that they most resemble, to provide 

the most effective crypsis and thus predator avoidance.  

In addition, I predict that green models will be less predated than 

brown models, based on the increased level of contrast between 

the brown models and the leaf substrate. 

 

 

!

!

    A. McCobb 

Figure 1. A Phaneropterinae katydid 

exhibiting leaf mimicry as predator 

avoidance in a lower montane old 

growth wet forest in Monteverde, 

Costa Rica.            
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Observations of roost substrate selection and predation on models were carried out in 

Monteverde, Costa Rica, in a lower montane old growth wet forest at 1600 masl. 

!
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To test substrate color preference for katydids, I constructed a 70 cm by 70 cm terrarium with a 

wire mesh cover on top (Fig. 2). Because katydids spent the majority of their time clinging 

upside down on the wire mesh, I attached the colored paper with which I tested substrate 

preference to the outside of the mesh, with the color side facing inward. I painted sheets of paper 

light green, dark green, and brown, using the same brand of paint to keep any potential paint 

odors constant. I taped these down to the wire mesh and to two of the sides of the terrarium, 

covering one third of the mesh and one third of each covered side with each color. The paper was 

taped to the outside of the glass and two sides of the terrarium were left un-obscured to allow 

daylight to enter the terrarium. Lettuce was constantly available on the bare floor of the 

terrarium, as previous studies have demonstrated that katydids will eat lettuce when in captivity. 

Thirty katydids were caught using a black light and sheet, as well as at other light sources, 

particularly lit windows, in the evenings between 1900h to 2200h, at the Biological Station. All 

katydids caught were placed in the papered terrarium as soon as possible to become acclimated 

to the conditions, and were not observed until the next morning. 

 Katydid positions (“roosts”) were observed several times a day, with a mid-morning and 

late afternoon observation, to determine if position changed based on time of day or available 

daylight. Katydids on the floor or uncovered sides were not counted, as these sides were not 

papered. I observed by looking through the uncovered sides of the terrarium to avoid disturbing 

the katydids by lifting the mesh screen. Katydids were released after several days spent in the 

terrarium.!

 

 

Figure 2. Terrarium set-up for katydids featuring two sides and mesh cover papered with 

light green, dark green, and brown paper. Two sides and floor of terrarium were left un-

papered. 
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For the second experiment, I made 52 green and 52 brown 2” long clay katydids, totaling 104. I 

made these using an oil-based clay that does not harden completely, allowing for them to 

withstand wet weather as well as show predation marks on the model. Legs were made using 

bent wire. Katydids were put in the forest in pairs with one brown and one green katydid, on 

green oval-shaped leaves at approximately 1m in height as measured from the forest trail. Pairs 

were on plants 3m from each other. All katydids were placed in plants adjacent to the trail, in the 

interior of the lower montane old growth wet forest. For a pair, each katydid was put on an 

individual leaf of the same plant. These were attached use a metal sewing pin with the pinhead 

removed, which was bent in half and stabbed through the leaf and the bottom of the katydid (Fig. 

3). After placement in the field, the katydids were observed every two days for signs of 

predation. Models that were removed from their leaves or showed signs of predation were 

removed from the field and replaced with new models. 

 

Figure 3. Pairs of clay model katydids (one green and one brown) were attached 

to the dorsal surface of green leaves of 52 plants in a lower montane old growth 

wet forest at the Monteverde Biological Station, Costa Rica. Models were used to 

determine predation rates on katydids based on body color and contrast to 

substrate. 
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Katydids were observed on the dark green substrate 22.5% of the time (27 out of 120 

observations), on the light green substrate 31.7% of the time (38 out of 120 observations), and on 

brown 45.8% of the time (55 out of 120 observations) (n=30 katydids) (Fig. 4). The difference 

between number of roosts for dark green, light green, and brown substrate is significant (X
2 
= 

9.95, df = 2, p = 0.007),  

 When comparing only green versus brown substrate (combining the number of roosts for 

dark green and light green), the number of roosts is 65 out of 120 (or 54.2%). This value is lower 

than expected for a random distribution, considering that 2/3 of the substrate is green (expected 

value would be 80 out of 120 roosts—or 66%). This suggests that katydid distribution is non-

random, and that they are actively selecting brown substrate over green. 

 

 

 

   

 

 

  

 

Figure 4. Green Phaneropterinae katydids' roost selection when given a choice of three 

substrate colors: dark green, light green, and brown. Difference in selection of substrate color 

was significant, with 27 roosts on dark green, 38 on light green, and 55 on brown over the 

course of 2.5 weeks (n=120). Katydids were collected at night from a lower montane old 

growth wet forest in Monteverde, Costa Rica. 
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 Differences in number of roosts per color in the morning versus the late afternoon were 

also recorded, due to some movement of katydids within terrarium throughout the day. For all 

mornings, katydids were found roosting on dark green 27.7% of the time, on light green 32.0% 

of the time, and on brown 40.4% percent of the time (out of 47 total morning observations). In 

late afternoon these percentages are 22.2%, 35.6%, 42.2% respectively (out of 45 afternoon 

observations) (Fig. 5). Differences in distribution between morning and afternoon observations 

were not significant (X
2 
= 0.38, df = 2, p = 0.827). 
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Overall predation on clay models was low, with a total of 25 models showing predation out of 

104 total models. Approximately half of these (12) were brown, while the other 13 were green. 

Of these, 10 of the brown katydids showed predation marks such as beak, tooth, and claw 

scratches, while the other 3 had been completely snatched off of their leaves (Fig. 6). Of the 

green katydids, 6 showed predation marks, while the other 6 had been removed completely from 

the leaf (Fig. 7). The difference in predation based on color was not significant (X
2 
= 1.963, df = 

1, p = 0.161). 

Figure 5. Green Phaneropterinae katydids' roost selection when given a choice of three 

substrate colors: dark green, light green, and brown as recorded in the morning and afternoon. 

Difference in selection of substrate color between morning and afternoon was not significant, 

with 13 roosts on dark green, 15 on light green, and 19 on brown for the morning (n=47) and 

10, 16, and 19 roosts, respectively, for the afternoon (n=45). Katydids were collected at night 

from a lower montane old growth wet forest in Monteverde, Costa Rica. 
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Figure 6. Examples of clay model katydids showing bite/beak/scratch predation marks. Fifty 

two brown and 52 green katydids were placed in brown/green pairs on leaves of 52 plants at 

1m height along trails in a lower montane old growth forest at the Monteverde Biological 

Station in Monteverde, Costa Rica. 

Figure 7. Number of clay model katydids showing predation rate by color in a lower montane 

wet old growth forest (n=104). Lighter bar indicates models that had evidence of 

bite/beak/scratch marks (n=16); darker bar indicate number of models that had been removed 

from leaf completely, for both colors (n=9). Models were placed in green/brown pairs on 

green leaves of 52 plants in old growth wet forest in Monteverde, Costa Rica. 
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The position of the light green and brown colored papers on the terrarium was closer to the two 

uncovered sides, receiving more daylight. This could have had an effect on katydid substrate 

selection. It is possible that katydids seek roosting positions high in the brightly-lit canopy to 

avoid understory predators. While both of these sides received more light than the dark green 

substrate in the middle of the terrarium, the difference between the mean number of roosts for 

more lit substrates (brown + light green = 46.5) versus less well lit (brown = 27) was not 

significantly different (X
2 
= 0.91, df = 1, p = 0.340) However, total number of roosts in the 

“better lit” areas (brown + light green) is 98, which is more than expected under random 

distribution. If the katydids were randomly roosting on the substrate, we would expect 80 roosts 

on the brown+ light green area, because these areas cover 2/3 of the terrarium. 
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My results show that green Phaneropterinae katydids spent more time roosting on brown 

substrate than on light green or dark green substrate. Because of the green coloration of the 

katydids caught, it would seem that resting on a brown substrate provides the least amount of 

crypsis. There are several reasons why this may have been the case despite the apparent contrast 

with the environment. 

 It is possible that dark brown is a preferable substrate choice because its natural 

counterparts, soil or leaf litter, are preferable roosting sites. A study of Peruvian katydids shows 

that Pseudophyllinae katydids, which can be green or brown, are often found in or on dead 

curled-up leaves (Nickle and Castner 1995), and a study of antwren predation upon katydids 

suggests that much of the birds’ orthopteran prey is found within the leaf litter (Rosenberg 1993). 

This could be based on camouflage or protection that the curled leaves provide, or the similarity 

in shape of katydid to leaf. It is possible that katydids thus selectively choose brown surfaces on 

which to roost in the wild. However, observation has shown that Phaneropterinae katydids tend 

to roost mostly on the dorsal surface of green leaves (Nickle and Castner 1995), suggesting that 

the selection of a brown substrate due to its likeness to leaf litter is unlikely, as a preference for 

brown roosting surfaces is unlikely in nature. 

 However, other factors may have influenced the number of roosts on the brown substrate. 

It is possible that the color itself did not greatly affect the katydids' decision, but that light 

availability played a role. Katydids tend to choose a roosting site at around 6 a.m., when the 

forest is beginning to become lit (Gwynne 2001). The light green and brown substrates were 

adjacent to the well-lit sides of the terrarium, and the number of light green and brown roosts 

combined is higher than expected for random katydid distribution. This suggests that the 

katydids may be drawn to the better-lit area, as katydids have been shown to be sensitive to 

bright natural light (Allard 1929) In addition, they have been seen to move in order to adjust their 

body temperature—seeking more shaded areas when their body temperature becomes 

excessively high (Heath and Josephson 1970). Better-lit areas of the terrarium could reflect light 

levels in low to mid-level canopy, which is the most popular roosting spot for Phaneropterinae 

katydids (Nickle and Heymann 1996). 

  

 147 



 While color does seem to play an important role in substrate selection for some insects, as 

can be shown in pest insects of cruciferous crop species, it is possible that this is not so much the 

case for Phaneropterinae katydids. A study on crucifer pests shows that insects reacted differently 

to the presence of green and brown area surrounding crop plants (Finch and Collier 2000). 

However, because the katydids tended to roost mostly on the light green and brown substrates, it 

seems as though selecting a substrate based on color is not crucial. Perhaps the Phaneropterinae 

katydids’ preference for low to mid-canopy forest allows them to land on green leaves with 

which they camouflage, without selectively choosing substrate color. 

 In addition, it is possible that odors, textures, shapes, and other factors associated with 

leaves that affect selection of substrate were missing in my terrarium. It would be interesting to 

perform an experiment offering katydids leaves of different colors, ages, shapes, or textures. 
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Overall, predation rates were very low for the clay katydid models, as only a quarter of the 

models were predated upon. This could be due to the small number of models, short study 

length, or the nature of using clay models to measure predation. As the models are made to 

mimic a cryptic species, it is possible that their color and low-profile shape made them difficult 

to find. Other reasons for a lack of predation could have been the odor of the clay or the apparent 

differences between my models and actual katydids. 

 While the green katydids were created with the intention of being more camouflaged 

against the leaf surface than the brown katydids, most of the leaves were actually quite a bit 

darker than the models, and the somewhat neon-quality of the clay made them fairly obvious. 

The brown ones, however, while standing out against the leaf, matched the color of the leaf-litter 

and soil quite well, which suggests that the brown models might have actually been better 

camouflaged than the green katydids. A study of insectivorous antwrens has shown that 21% of 

all orthopterans found on live leaves in the Amazon were brown while 67% were green, 

indicating that some brown orthopterans do indeed roost on green leaves, where they would 

seem to be less cryptic (Rosenberg 1993). As the predation rates on the two colors were almost 

the same, it would seem that the color contrast did not infer a large effect on predation. 

 While not significantly different, observation revealed some variation in type of predation 

between the two color morphs of clay katydids, which could suggest that different colored prey 

items are obvious to different types of predators. For the green katydids, the type of predation 

was even, (half snatched off the leaf and half marked), but for the brown katydids, many more of 

them were marked than snatched off of the leaf. It is possible that the green models were more 

obvious to diurnal birds, which would be more likely to snatch the katydids from the leaf surface. 

The brown models may have been more obvious to ground predators such as small rodents, 

which may just scratch and bite at the katydids on the leaf. 

 While crypsis seems to be a crucial method of predator avoidance in Phaneropterinae 

katydids, it would seem that their camouflage is somewhat of a passive defense mechanism. 

When given a choice of three substrate colors, most katydids chose the brown substrate, but all 

three substrate colors showed to have a fair number of roosts. It is possible that Phaneropterinae 

katydids fly and jump around in the low to mid-canopy, and land randomly on the vibrant green 

foliage characteristic of this canopy level, which results in effective camouflage. In addition, the 

simple shape and low-profile body of the katydids seems a successful means of camouflage in 

itself, which is evident based on the low predation rates on clay katydid models, regardless of 

color. Testing substrate color preference using real leaves would be a good way to further this 
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study, to determine the amount to which substrate selection is involved in the cryptic predator 

defense mechanisms of Phaneropterinae katydids in Costa Rican cloud forests. 
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ABSTRACT 
Pupal mating is an extreme male reproductive strategy found in a single clade of Heliconius butterflies. 

These butterflies locate female pupae, guard them and attempt to mate before or after eclosing. Possible 

inter-specific pupal mating has been proposed as a force in host plant specialization through inter-specific 

pupal mating has never been studied. Here, I examine the likelihood of inter-specific mating in pupal 

mating and non-pupal mating Heliconius. Six H charithonia males guarded H. hecale pupae with a 

maximum of 3 H charithonia males on one pupae.  Both H charithonia and H. erato tried to mate with H. 

hecale females as they emerged. Four of twelve H. hecale females were hurt from male harassment upon 

eclosing, and died within twenty fours hours. Inter-specific pupal mating can damage the eclosing female 

and provides powerful natural selection to avoid it, including possible host plant specialization. 

 

RESUMEN 
El apareamiento pupal es uan estrategia reproductiva extrema encontrado en un único clado de mariposas 

del género Heliconius.  Estas mariposas localizan la pupa de la hembra, la cuidan y se aparean con ellas 

antes o después de eclosionar.  El apareamiento interespecífico pupal ha sido propuesto como una fuerza en 

la especialización de la planta huesped, aunque el apareamiento pupal nunca ha sido estudiado.  Aquí, yo 

estudio la probabilidad de apareamiento pupal interespecífico especies que exhiben este comportamiento y 

otras que no. Seis machos de  H. charithonia cuidaron pupas de hembras de H. hecale con un máximo de 

tres machos H. charithonia en una pupa.  Tanto H. charithonia y H. erato trataron de aparearse cuando 

ellas salían.  Cuatro de doce hembras de H. hecale fueron heridas por el acoso de los machos al eclosionar, 

y murieron en las primeras 24 horas.  El apareamiento pupal interespecífico puede dañar la hembra al 
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eclosionar y proveer un mecanismo de selección natural poderoso para evitarlo, incluyendo una posible 

especialización en la planta hospedera. 

 

 
INTRODUCTION 

Various male reproductive strategies are found in insects in response to 
competition and sexual selection pressure (Mendoza-Cuenca and Macías-Ordóñez 2009, 
Estrada and Gilbert 2010). An extraordinary example is pupal mating, found in 42% of 
Heliconius butterfly species (Deinert et al. 1994). Males will repeatedly visit pupae to 
monitor development (Estrada and Gilbert 2010, Deinert 2003), sense a female and 
physically guard her until emergence, where males will then attempt to mate with her. 
Extreme forms of pupal-mating can also be found where some males will penetrate the 
chrysalis prior to eclosion and mate with the female as she drops, such as in Heliconius 
charithonia (Gilbert 1984).  

Rutowski (1991) found that host plants influence mate searching in butterfly 
species. Males will guard larval food plants, waiting for females to meet, court, and mate 
(Estrada and Gilbert 2010). Plant volatiles released by larval feeding attract males and 
trigger searching of immatures (Estrada and Gilbert 2010). H. charithonia males will 
recognize linlool and linool oxide compounds, found respectively in male and female 
pupae, to single out females prior to eclosion (Estrada et al. 2009). Guarding increases 
the chance of mating when receptive females are hard to find (Parker 1974, Ridley 1983, 
Gilbert 1991). However, Heliconius males will also sit on male pupae when there are no 
free female pupae (Gilbert 1984). It is thus hypothesized that excess males would guard 
female pupae of other species were they present. Past studies have linked butterfly 
partitioning to larvae feeding and plant chemical defenses but it is possible that extreme 
male reproductive strategies, such as interspecific pupal-mating, would also influence 
butterfly evolution by causing species that share a common larval food plant to diverge 
(Estrada and Gilbert 2010, Beltran et al. 2007).  

I studied interspecific pupal mating with H. charithonia and H. erato, both pupal-
mating species, on the chrysalis of H. charithonia and H. hecale, a non-pupal mating 
species. H. charithonia is a neotropical butterfly found from sea level to 2500 meters 
elevation. Larva eat Passiflora lobata, Passiflora biflora, Passiflora menispermifolia, 
Passiflora adenopoda and Passiflora pulchella (Corrales 1996). H. hecale is found from 
Mexico to Bolivia, from sea level to 1700 meters of elevation. Larvae feed on Passiflora 
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vitifolia, Passiflora platyloba, Passiflora oerstedii, and Passiflora auriculata (Corrales 
1996). H. erato range from Mexico to the Amazon Basin from sea level to 1600 meter. 
Their larval food plant is Passiflora talamancensis, Passiflora coreacea, and Passiflora 
biflora (DeVries, 1987). H. charithonia, H. erato and H. hecale have overlapping ranges 
but use different species of Passiflora as larval food plants, with the exception of 
Passiflora biflora for both pupal-mating species, H. charitonia and H. erato. Thus, these 
organisms could provide insight as to whether pupal-mating species evolutionarily 
displaced non-pupal mating butterfly species to use different Passiflora host plants. 
 
METHODS 
 
Study Site 

I studied a captive population of five Heliconius species in a 4x8 meter 
greenhouse in the Monteverde Butterfly Garden. The population consisted of 100 H. 
charithonia, 20 H. erato, 10 H. Julius, 10 H. sapho, 10 H. cydno and 3 H. cydno-erato 
hybrids. Among these, only H. charithonia, H. erato, H. sapho are pupal-mating (Beltran 
et. al 2007, Walters et. al 2012). Passiflora host plants, Pentas lanceolat (Rubiaceae) 
flowers and a high heat - high humidity- high light environment helped the butterflies 
experience relatively natural 500-1000 elevation canopy conditions (Figure 1).  I 
collected data from April 23rd, 2013 to May 7th, 2013 except for April 26th and May 3rd.   
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Figure 1. Greenhouse where study was conducted. Passiflora vines lines the back wall 
and were also on wall on the right (not pictured). Pentas lanceolat are all throughout the 
greenhouse, with a majority on the left of the trail.  
 
 I recorded pupal visitation, pupal guarding, and other behaviors on or close to 
near-hatching and hatching pupae between 8 am – 2pm, for at least 4 hours per day. I 
defined visitation as a hover of about 5 seconds on pupae (Estrada and Gilbert 2010). I 
recorded pupal guarding when a male sat on top of a pupae with its abdomen pressed 
against it (Figure 5 a.).  I recorded when a male opened his wings to hide the female 
pupae in the presence of other males. I recorded a male trying to mate when he would 
land on a female drying her wings and position his body on hers to mate. I caught H. 
charithonia individuals that exhibited any of these behaviors and identified them using 
unique markings on their wings (Thelen L. 2013). I also caught H. erato that exhibited 
one of these characteristics and differentiated them by sex. I hung H. hecale and H. 
charithonia pupae throughout the garden on strings, vines, flowering plants, and 
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Passiflora. In my data collection, I included only pupae that I was able to sex as they 
hatched. When an individual hatched, I hung a pupae of the same species in the same spot.  
 
H. hecale  

I hung 20 pupae of H. hecale in the greenhouse on April 23rd, 2013. I chose the 
locations to hang chrysalis.  H. hecale’s chrysalises (Figure 2.a) are larger than those of H. 
charithonia and H. erato and lack the long horns, but have similar coloring up to 24 
hours before eclosion. During this late pupal stage, the chrysalis is very black and the 
wing coloration shows through the chrysalis. H. hecale adults are also larger than H. 
charithonia and have bright orange wing coloration with white-spotted black tips (Figure 
2.b.).  
 

a) b)  
Figure 2. a) Immature H. hecale pupae. Note the short horns and relatively large body 
size. b) Hecale adult hatched and drying its wings. The bright orange coloration on the 
wings and white-spotted black tips set it apart. The body coloration is white and black 
like that of H. charithonia. 
H. charithonia 

I hung 9 H. charithonia pupae throughout the greenhouse on May 4th, 2013.  The 
H. charithonia chrysalis has apparent horns, a small body size but the same cryptic 
coloration as H. hecale (Figure 3 a). Only nine H. charithonia pupae were available. The 
adult has striped yellow and black wings and a yellow and black body (Figure 3 b). Its 
body size is smaller than H. hecale. 
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a) b)  
Figure 3. a) intermediate-age H. charitonia pupae. The long horns and thin body are 
pictures. b) H. charithonia adult. The yellow and black stripes are characteristic of this 
butterfly. 
 
H. erato 
 I did not hang any chrysalis of H. erato. The adults have black fore and hindwings 
with single red and yellow stripes (Figure 4) 
 

 
Figure 4. H. erato adult found in greenhouse 
 
RESULTS 
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I witnessed 12 female and 9 male H. hecale hatch. No H. charitonia hatched during the 
sampling period. 
 
H. charitonia 

H. charithonia guarded and tried to mate with H. hecale (Figure 5). Out of 100 H. 
charithonia, only six guarded pupae.  If half were male, that would be 12% of males, so 
the majority showed no interest.  Most of caught H. charithonia males were seen just 
once (Figure 6&7). 13 male individuals visited H. hecale females which equates to 26% 
of the male population. Prior to eclosion, 7 of 12 hatched females were visited, but 9 
were visited after hatching. 3 out of 9 males were visited before hatching and 4 were 
visited after hatching (Table 1 and 2). There is not significant relationship between 
visitations and gender prior to hatching (Chi-squared-test, p =  0.142, df =  1, x2 = 2.15) 
nor during and after hatching (Chi-squared-test, p =  0.105, df =  1, x2 = 2.62). There was 
no significant difference between the mean number of H. charithonia visits on H. hecale 
and H. charithonia species (t-test, t = 1.5371, df = 27, p = 0.1273, Figure 8). However, 
21.13% of H. hecale were visited by H. charithonia in the course of 13 sampling days, 
and 55.56% of H. charithonia were visited in the course of 4 sampling days (Figure 9). 
 

a)  b)  
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Figure 5.a) Male H. charithonia (number 03) guarding female H. hecale on April 30th b) 
2 hours later, 3 H. charithonia males harass and try to mate with same H. hecale female 
as she dries on her chrysalis.   

 

Figure 6. Frequency at which H. charithonia males (n = 13) visited H. hecale chrysalises 
(n = 15) prior to enclosure. Seven individuals were seen once, four had two recorded 
visitations, one individual was observed four times, and one was seen five times. 
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Figure 7. H. charithonia males (n = 16) visited H. charithonia chrysalises (n = 5).  Nine 
individuals were seen once, four had two recorded visitations, one individual was 
observed three times, and two was seen five times.  
 
 
 

 

Figure 8. Mean number of H. charithonia visits on one H. hecale pupae (n = 18) and one 
H. charithonia pupae (n = 16) prior to eclosion during sampling period. A mean of 2.06 
+/- 0.41 H. charithonia visited one H. hecale pupae and a mean of 3.09+/- 0.51 H. 
charithonia visited one H. charithonia pupae prior to eclosion. No significant 
relationship between mean H. charithonia visitations and type of species (t-test, t = 
1.5371, df = 27, p = 0.1273) 
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Figure 9. Percent of H. hecale (n = 71) and H. charithonia (n = 9) pupae visited by H. 
charithonia prior to eclosion. 21.13% of H. hecale were visited in the course of 13 
sampling days. 55.56% of H. charithonia were visited in the course of 4 sampling days. 
 
Table 1. Number of H. hecale females (n = 12) and males (n = 9) visited and not visited 
by H. charithonia before eclosion. There is no significant relationship between the sex of 
H. hecale and the number of H. charithonia visitations (Chi-squared-test, p =  0.142, df =  
1, x2  = 2.15)  
H. char Female Male 
Visit 7 3 
No visit 5 6 
 
 
 
 
 
 
Table 2. Number of H. hecale females (n = 12) and males (n = 9) visited and not visited 
by H. when hatching and hanging on chrysalis. I included only pupae that I was able to 
sex as they hatched. There is no significant relationship between the sex of H. hecale and 
the number of H. charithonia visitations (Chi-squared-test, p =  0.105, df =  1, x2 = 2.62).  

0"

10"

20"

30"

40"

50"

60"

H."hecale" H."charitonius"

%
'v
is
it
ed
'

 159 



H char Female Male 
Visit 9 4 
No visit 3 5 
 
H. erato 

H. erato visits prior to hatching were not significant (Chi-squared-test, p =  0.154, 
df =  1, x2 = 2.04). Only 1 of 12 females was visited before hatching, and no males were 
visited (Table 3).  All males and 9 females were visited after hatching (Table 4). The H. 
erato visits on H. hecale were not significant (Chi-squared-test, p =  0.375, df =  1, x2 = 
0.788). No H. erato visited H. charithonia pupae. 
 
Table 3. Number of H. hecale females (n = 12) and males (n = 9) visited and not visited 
by H. erato  before eclosion. There is no significant relationship between the sex of H. 
hecale and the number of H. erato visitations (Chi-squared-test, p =  0.154, df =  1, x2 = 
2.04)  
H. melp Female Male 
 Visit 1 0 
No visit 11 9 
 
Table 4. Number of H. hecale females (n = 12) and males (n = 9) visited and not visited 
by H. erato  upon hatching. . There is no significant relationship between the sex of H. 
hecale and the number of H. erato visitations (Chi-squared-test, p =  0.375, df =  1, x2 = 
0.788).  
H. melp Female Male 
Visit 9 9 
No visit 3 0 
 
Additional Observations 

Female H. hecale were sometimes impaired from male harassment upon hatching. 
Four of twelve females suffered from bent wings or were knocked down by H. 
charithonia and H. malpomene trying to mate. In these cases, the females were unable to 
fly correctly once completely dry and died within 24 hours.   

Two H. charithonia males simultaneously guarded a H. hecale pupae with their 
bodies inserted into the chrysalis. I observed a maximum of three H. charithonia 
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guarding the same H. hecale chrysalis at the same time and space. One individual H. 
charithonia guarded six different H. hecale pupae on different occasions. 

 H. erato and H. charithonia are smaller than H. hecale. The body size was so 
different that males could not properly position their genitalia on the H. hecale females.  

Location did not seem to play a role in visitations or guarding. Only three of the 
29 pupal locations were close to a Passiflora host plant. None of these pupae received 
more attention from H. charithonia and H. erato than other pupae. 
 
DISCUSSION 

H. charithonia did not visit their own pupae significantly more often than H. 
hecale pupae. There were large differences in proportion, but the small sample size of 
nine H. charithonia pupae may have skewed this data. Equal amount of both pupae 
should be studied to assess whether H. charithonia prefers its own pupae. However, H. 
charithonia did visit, pupal-guard, and even tried to mate with H. hecale females, even 
when a small population of H. charithonia pupae was present and plenty of adult H. 
charithonia females were available.  Furthermore, the H. charithonia males in this study 
were aggressive reproducers because they even showed interest in male H. hecale. This 
thus reinforces the notion that H. charithonia males would guard and try to mate with 
other species if they are present (Gilbert 1984, Mendoza-Cuenca and Macías-Ordóñez 
2009). 

The mechanism of how H. charithonia find female pupae is not completely 
understood (Jormalainen 1998, Parker 2006, Estrada et al. 2009). Estrada et al. (2009) 
found that H. charithonia locate female pupae from short-range chemicals emitted by the 
pupae and use visual cues once within the range of the pupae. However, in this study 
visual cues did not play an important role. The emergent adult female was still harassed 
by H. charithonia and H. erato males even though H. hecale adults have substantially 
different wing coloration. If visuals did play a significant role in mate location, these 
butterflies would be deterred from the bright orange coloration of H. hecale. Studies 
should further investigate the mechanism of pupal mating. 

H. charithonia and H. erato males trying to mate with H. hecale females was 
surprising because there are no known hybrids within each pair, indicating that mating 
between these species is not common.  The lack of hybrids in nature suggests that 
Heliconius butterflies successfully avoid mating despite having overlapping ranges. This 
could be due to specializing on different Passiflora plants or the body size difference 
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between H. charithonia and H.hecale making it physically impossible for the two to mate. 
I did not find any interactions between H. erato and H. charithonia pupae. The two have 
only one host plant in common (DeVries 1987) yet have other unique Passiflora host 
plants, which could mean that always specializing on different plants in these species is 
preferred but not necessarily needed. Further studies should focus on the interactions of 
the aggressive H. charatonia on H. erato pupae to assess the level of threat this imposes 
on H. erato pupae. 

There may be a gradient in the aggressiveness of pupal mating. H. charithonia 
were much more aggressive than H. erato because they guarded H. hecale pupaes while 
H. erato did not. Although only 12% H. charithonia males guarded H. hecale pupaes, 
which would translate to the chance of 12% of 10 H. erato, or 1 male, H. erato also did 
not visit males and female H. hecale before hatching. Comparatively, H. charithonia 
repeatedly checked on the development of H. hecale pupae, a pre-mating mechanism of 
pupal-mating. If there were a gradient, the more aggressive species would drive out a 
greater amount of butterflies out of host plants. This should be an area of study to assess 
which species had a greater chance of driving host plant specialization. 

Based on observations, H hecale should avoid H charithonia and H. erato to 
avoid inter-mating and possible damage to emerging females. Pupal-mating species did 
visit, guard, and try to mate with non-pupal mating species. The aggressiveness of this 
behavior would occur around a Passiflora host plant in nature, and could have thus 
resulted in non-pupal mating butterfly species specializing on different Passiflora plants 
to increase chances of survival. This study supports the contemporary theory that pupal-
mating has lead to species avoiding each other and evolve to specialize on different host 
plants.  
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ABSTRACT!

Predation strength has multiple effects on trophic systems such as community stress and 
the presence of keystone species. Variation in microhabitat predation frequency is a topic 
with tropical biology that has undergone limited investigation. Further, habitats that have 
been studied have usually been in lowland forests, leading to homogenization of study 
sites without accounting for possible differences between Holdridge Life Zones whether 
biotic (e.g. predator specialization) or abiotic. I examined predator strength differences 
using clay model anoles of Norops sericeus (Polychrotidae) placed in their natural 
premontane wet forest habitat. I compared mean daily predation rate between sub-canopy 
and shrub layer, as well as overall frequency. I also compared DBHs of trees with 
models, and overall there was no difference in predation between the two heights or 
between different tree sizes. These results give support that predation is not necessarily 
higher in the canopy across all ecosystems. Some areas, maybe even most, may exhibit 
this trait, but it can vary between habitats, leading to the idea that specialization may be 
higher in lowland forests. 
 
RESUMÉN 
 
La fuerza de la depredación tiene efectos múltiples en los sistemas tróficos tales como el 
estrés de las comunidades y la presencia de especies claves.  La variación en la frecuencia  
de depredaión en microhabitat es un tópico de la biología tropical que ha sido poco 
estudiado.  Además, los estudios realizados han sido en bosques de bajura, llevando a la 
homogenización de los sitios de estudio, y no tomando en cuenta las diferencias entre las 
zonas de vida de Holdridge donde factores bióticos (como la especialización de los 
depredadores) o abióticos.  Examiné las diferencias en depredación utilizando modelos de 
plasticina de lagartijas Norops sericeus (Polychrotidae) colocadas en su ambiente natural 
premontano.  Comparé el promedio de depredación diaria entre el sub-dosel y la capa 
arbustiva, así como la frecuencia total.  También compare el DAP de los árboles con los 
modelos, y en general no hubo diferencias en la depredación entre los dos sustratos o el 
tamaño de los árboles.  Estos resultados dan soporte de que la depredación no es 
necesariamente alta en el dosel a lo largo de todos los ecosistemas.  Algunas áreas, tal vez 
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más, pueden exhibir esta tendencia, pero puede variar entre hábitats, llevando a la idea 
que la especialización puede ser mayor en los bosques de bajura. 
 
 
Keywords: Predation, Sub-canopy, Shrub Layer, DBH 
 

INTRODUCTION 

Trophic interaction between species is a long-debated topic in ecology. Predator-prey 
interactions act as selective forces on both organisms, leading to evolutionary adaptations 
(Vervust et al. 2011). For example, the hard shells of gastropods in Lake Tanganiyika 
have led to the evolution of strong chelae in their crab predator Platytelphusa armata 
(West and Cohen 1991). These adaptations can be behavioral as well as morphological. 
Because velvet geckos (Oedura lesueurii) can detect chemicals trails left behind by snake 
predators, broad headed snakes (Hoplocephalus bungaroides) has evolved an intricate sit-
and-wait foraging strategy, which also selects for habitat preference (Downes and Shine 
1998). Physiological adaptations can also result from trophic interactions. Garter snakes 
in North America have become resistant to the toxins produced by the newts (Taricha) 
upon which they feed. These adaptations lead to changes in predation frequency in 
differing geological ranges and microhabitats. For example, positive frequency-
dependent predation has been observed in birds at forest edges and interior areas 
(Fernandez-Juricic et al. 2001). 

Perch height in anoles has gained some interest in the tropical biological 
community. Steffen (2009) observed predation rates in the canopy versus the understory 
on lowland forest anoles using clay models. In this study, canopy models experienced a 
higher frequency of predation, showing that visual signaling may be limited in some 
habitats and more permitted in others. Similarly, Loiselle and Farji-Brener (2002) placed 
caterpillars on different levels in the Amazon lowland forest, monitoring predation 
frequency. They also found higher attack rates, 25% more, in the canopy. However, these 
two studies were both conducted in lowland forest, alluding to the possibility of different 
results at higher altitudes. 

The tropics have been shown to exhibit the more specialization than any other biome. 
This is largely due to the abundance of resources in the tropics that allow for 
opportunities of niche partitioning. Lowland forests in particular may be exhibiting this 
phenomenon. Vegetation is more abundant in lowland forests than on mountains 
(Bruijnzeel and Hamilton 2000). This means that there are more areas offered as niches 
for partitioning, and this could result in an increase in specialized fauna in the lowlands. 
Both aforementioned lowland predation studies had results that may have been attributed 
to predator-prey specialization (i.e. there were more arboreal, lizard/caterpillar predators 
in the canopy) as opposed to general predation. Therefore, montane/premontane forests 
may have different trends because they contain a variety of abiotic (e.g. extreme windy 
conditions) and biotic (e.g. less vegetation) factors that may contribute to different rates 
of predation. The limited amount of evidence for predation frequency variation across 
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altitudinal ranges and within microhabitats (e.g. across vertical strata) needs more 
research. 

Here, I evaluate predation upon Norops sericeus, a native  lizard clay models in a 
premontane wet forest in Monteverde, Costa Rica. These anoles are native to the area and 
have been frequently spotted (Fogden 1993). I compare predation between subcanopy 
and shrub layer of the forest. I determine if predation upon lizards in the premontane wet 
forest, a windy and misty area, has the same pattern as tropical lowlands. Additionally, I 
evaluate the difference in predation between trees of different diameter at breast height 
(DBH).   

 

METHODS 

Study site: 

The study site was carried out in the Bajo del Tigre forest located in the 
Children’s Eternal Rainforest, Monteverde, Puntarenas, Costa Rica. Bajo del Tigre is a 
secondary forest that was originally cut down to make room for plantations and urban 
areas. The altitudinal range is from 1,020 to 1,380 masl, and the forest receives over 
2,400 mm of rain per year (CER 2013) classifying as a premontane wet forest (Fig. 1). 
This forest is regenerating at a steady rate, containing old-growth patches within the 
secondary growth. This variance in microhabitats confers a variety of activity (including 
predation) due to an increased amount of niches offered. Among the fauna, I observed 
coatis, agoutis, wrens, antibirds, and other. 

Clay Models Experiment 

Due to the difficulty of direct observation on lizard predation, clay models were 
used to examine attack frequency from marks left in the clay. These methods have been 
recommended with caution, but overall previous reptilian studies on predation have 
shown utility (Shepard 2007). I produced 100 models to be placed on 50 trees, 50 models 
in the shrub layer and 50 models in the sub-canopy. Models were based off of Norops 
sericeus (Polychrotidae), an anole species often seen in Bajo del Tigre (Fogden 1993). 
We used male morphology due to the visual cue from the dewlap, which also has a large 
blue spot that may attract predators. Models were tied to the trees with string and placed 
in a configuration similar to courtship display of the anoles with the dewlap pronounced 
and head pulled back. They were placed at 1 m (shrub layer of the forest) and 10 m 
height (sub canopy) using a ladder and harnesses tied to the tree (Fig. 2). Feasibility 
limited the amount of trees that could be set up each day, so trees were placed on a cycle 
of 8-9 per day. After five days, trees were examined for predation. Any marks on the 
models were counted as predation (Fig. 3), and each individual mark was counted as an 
individual attack. Missing models were marked as predated as well. After examination, 
models were smoothed out and replaced for a second future examination. I set the models 
in tall trees with a variety of DBH from 17-120 cm to observe diameter correlation with 
predation frequency. Circumference was measured in the field and then later converted 
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into diameter. All trees were in old secondary growth patches of the forest, homogenizing 
the microhabitats. 

 

FIGURE 1. Bajo del Tigre is a secondary forest located at 1,020-1,380 masl and receives 
over 2,400 mm of rain each year. The site is classified as a premontane wet forest using 
Holdridge Life Zone classification. This picture was provided by the Bajo del Tigre 
website, and white dots simply indicate lookout points. 

 

 

FIGURE 2. Clay models of Norops sericeus (Polychrotidae) were placed in the 
subcanopy and shrub layer. A harness was connected to the tree at the top of the ladder to 
assist in tying models around the tree. 
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FIGURE 3. Example of predation mark on clay model Norops sericeus (Polychrotidae) in 
the shrub layer. Pattern mark is from string used to tie model to tree. 

RESULTS 

Of the 68 total predation marks made, 32 were in the sub-canopy, and 38 were in 
the shrub layer, showing no difference in predation for both forest sections (X2 = 0.235, 
df = 1, p = 0.628)(Fig. 4). Spearman’s rank correlation show no relationship between 
sub-canopy and shrub layer predation , as well as predation in general, based on different 
tree DBH (S = 20877.11, p = 0.986)(Fig. 5). Additionally, there was no relationship 
between predation marks and tree DBH for sub-canopy, and shrub layer (S = 23094.11, p 
= 0.4513, S = 19360.32, p = 0.6274, respectively) (Figs. 5 and 6). The daily predation 
rate between the two tree layers was similar for both (t = -0.3288, df = 15.11, p = 0.7468) 
(Fig. 7). Ultimately, the size of the trees and the location of the models did not affect the 
predation rate or overall frequency. 
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FIGURE 4. Predation marks on clay lizard models placed in the sub-canopy (10 m) and 
shrub layer (1 m) on 50 trees in Bajo del Tigre, Monteverde, Puntarenas, Costa Rica. 
Clay lizard models had similar predation marks (X2 = 0.235, df =1, p = 0.628, n = 100.)  

 

FIGURE 5. Number of predation marks and tree DBH across 50 trees in Bajo del Tigre, 
Puntarenas, Costa Rica. Attacks resulted in 26 trees for the shrub layer and 20 trees in the 
sub-canopy. Number of marks was similar for large and small trees. (S = 23094.11, p = 
0.4513 for subcanopy layer; S = 19360.32, p = 0.6274 for shrub layer). 
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FIGURE 6. Overall predation marks (combined sub-canopy and shrub layer) related to 
tree DBH in 50 trees in Bajo del Tigre, Monteverde, Puntarenas, Costa Rica. A total of 34 
trees showed evidence of predation. (S = 20877.11, p = 0.9862) 

 

 

 

FIGURE 7. Mean predation marks rate in sub-canopy and shrub layer in Bajo del Tigre, 
Monteverde, Puntarenas, Costa Rica. Number of predation marks were similar at both 
strata levels. (t = -0.3288, df = 15.106, p = 0.7468). 
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When looking at individual areas of the study site (concentrated plots of trees), all were 
predated upon relatively evenly. It should also be noted that there were two large storms 
during the length of the study, but this did not appear to affect the anoles. 

Discussion 

Anoles have been shown to choose their perch height based on a balance between 
exposing their dewlap for mating displays and avoidance of predation in the exposed 
canopy (Steffen 2009). However, my results show that predation in the subcanopy is 
similar to predation in the shrub layer in the premontane secondary forest of Bajo del 
Tigre. In fact, the shrub layer exhibited slightly more attacks of predation (though of no 
statistical significance). Mean daily predation ranged from 3.6 anoles in the canopy and 
4.0 anoles in the shrub layer, suggesting large differences between altitudinal ranges in 
predation rates and frequencies in the canopy. Anoles may be less hesitant to court in the 
canopy in premontane/montane forests than in lowlands. Predation levels need further 
exploration because of the implications trophic interactions have on ecosystems.  

These results support the idea that predators are more generalized in sparser 
habitats. Specialization may be what is attributing to the high rates of predation in the 
canopy at these lowland sites. If fauna live in sites with lower niche abundance, it is more 
stable to be a generalist predator because less energy is exerted searching for a specific 
type of food or compete for a specific niche. Monteverde is by no means as resource-
limited as extreme alpine forests, but when compared to lowland tropical forests like La 
Selva and the Amazon, there is a clear difference in niche availability.  

In studies where predation is found to be more frequent in the canopy, 
conservationists may have an argument in preserving the local ecosystem due to the 
stronger necessity for old-growth trees to harbor canopy-dwelling species and provide 
food in a recognizable system. Additionally, canopy research in general is lacking in the 
biological community. There are still trophic reactions we have yet to fully understand, 
and predators in food webs add important complexity to habitats, stabilizing community 
function. Biologists are constantly searching for hot spots of diversity in the tropics to 
advocate for forest protection, and this topic may act as part of the template. 
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ABSTRACT 
Multiple theories have been proposed to explain the narrow spatial distribution of many species in tropical 
montane ecosystems. One theory suggests a replacement zone in which two congener species maintain their 
range boundaries through interspecific competition in a zone of overlap. Here I test this theory in two 
congeneric wood-wren species (Troglodytidae): the Gray-breasted Wood-Wren (Henicorhina leucophrys) 
and the White-breasted Wood-Wren (Henicorhina leucosticta) found in the Monteverde region of the 
Tilarán Mountains, Costa Rica. To do this, a playback experiment was conducted along an elevational 
gradient that covered both species ranges (1250 – 1800 m). The two species of wood-wren responded to 
conspecific calls in isolation and replacement zones. Responses to congener stimuli occurred primarily in 
the replacement zone, and in White-breasted Wood-Wrens increased by a factor of seven. These results 
support the role of biotic interactions in maintaining species’ ranges in tropical montane ecosystems. With 
changing ecosystems in response to global climate change, understanding the processes that allow species 
range shifts to occur could be an important tool for conservationists.  
 
RESUMEN 
Múltiples teorías han sido propuestas para explicar la distribución espacial estrecha de muchas especies de 
en los ecosistemas montañosos tropicales. Una teoría sugiere una zona de remplazo en la cual dos especies 
congenéricas mantienen los límites de su rango a través de competencia interespecífica. Acá pruebo esta 
teoría en dos especies congenéricas de soterreyes (Troglodytidae): el soterrey pechigris (Henicorhina 
leucophrys) y el soterrey pechiblanco (Henicorhina leucosticta) encontradas en la región de Monteverde de 
la Cordillera de Tilarán, Costa Rica. Para hacer esto, se condujo un experimento de playbacks a lo largo de 
un gradiente altitudinal que cubrió los rangos de ambas especies (1250 – 1800 m). Ambas especies de 
soterreyes respondieron a llamadas de conespecíficos en forma aislada y en las zonas de reemplazo. 
Respuestas a estímulos de congéneres ocurrieron principalmente en la zona de reemplazo. Estos resultados 
respaldan el papel de las interacciones abióticas en el mantenimiento de los rangos de especies en los 
ecosistemas montañosos tropicales. Con ecosistemas cambiantes en respuesta al cambio climático global, 
entender los procesos que permiten que los cambios en los rangos de las especies ocurran puede ser una 
herramienta importante en la conservación. 
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INTRODUCTION 
Tropical montane ecosystems contain high levels of species biodiversity and endemism 
(Myers et al. 2009), and the ranges of many tropical montane species have been described 
(Jankowski et al. 2009; Romdal and Rahbek 2009). The species richness found within 
tropical montane forest ecosystems is often attributed to the narrow elevational ranges 
those species inhabit (Janzen 1967; Stotz et al. 1996; Jankowski et al. 2010). These 
narrow ranges allow for high levels of beta-diversity across elevational gradients in 
tropics (Jankowski et al. 2009; Malhi et al. 2010). However, the ecological drivers that 
maintain tropical distributions are not well understood (Jankowski et al. 2010). With 
climate change currently resulting in large rates of extinctions and range shifts in the 
tropics (Pounds et al. 1999), understanding the factors that control species distribution 
may be a key factor in being able to identify which species are at the highest risk.   
 Abiotic drivers have commonly been used to describe diversity maintenance 
along elevational gradients. A leading theory focuses on abiotic factors driving 
physiological responses that lead to species boundaries in tropical montane ecosystems 
(Janzen 1967; Ghalambor et al. 2006).  Variations in climate, levels of irradiation, and 
humidity can in part determine an organism’s ability to survive, grow and reproduce 
(Ghalambor et al. 2006, Holt 2003). However, biotic factors may play an important role 
in maintaining species boundaries as well (Martin and Martin 2001; Phillips 2012; 
Jankowski et al. 2010). Biotic interactions can restrict species ranges through 
interspecific competition in the overlapping ranges of congener species, called 
“replacement zones” (Fig. 1; Jankowski et al. 2010). Past studies have shown that 
replacement zone interactions reinforce elevational range boundaries in tropical 
ecosystems (Jankowksi et al. 2010, Phillips 2012).  

 
Figure 1. Diagram of species overlap in a replacement zone along an elevational gradient. 
Species A and Species B are completely isolated except where their ranges overlap.  
  
 Replacement zones have been suggested for a wide range of taxon in tropical 
montane ecosystems (Bull 1991). This trend was found to be especially high in avian 
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species that inhabit tropical montane ecosystems (Terborgh 1971). Studies have shown 
that species ranges are more compressed in tropical montane ecosystems when there is a 
competitor present than in the absence of a predator (Terborgh and Weske 1975; Remsen 
and Graves 1995). A few studies have supported the replacement zone theory in birds by 
looking at the competitive interactions that occur in replacement zones, but the numbers 
of studies are low (Lout 2009, Jankowksi et al. 2010, Phillips 2012). More tests with new 
species are needed to help determine how applicable this theory is across a multiple taxa. 
 Here I investigate the role competitive interactions in maintaining ranges 
boundaries between two congeneric avian species that show a distinct elevational 
replacement (Fogden 1993). To do this, a playback experiment was conducted in a 
tropical montane ecosystem to measure changes in aggressive responses along an 
elevational gradient. I plan to find greater response to congeneric calls within the 
replacement zone than in isolation and equal response to conspecifics throughout the 
entire range of a species. 
 

 
Figure 2. Two congeneric species of wood-wren found in the Monteverde region of the 
Tilarán Mountains, Costa Rica. The White-breasted Wood-wren (left; H. leucosticta) is 
found at lower elevations, and the Gray-breasted Wood-Wren (right; H. leucophrys) is 
found at higher elevations. Photo source: www.antpitta.com 
 
METHODS 
 
Study Organisms 
The two study organisms were congener species of wood-wren (Troglodytidae), the 
White-breasted Wood-Wren (Henicorhina leucosticta) and the Gray-breasted Wood-
Wren (Henicorhina leucophrys; Fig. 2). Both wood-wren species are found in the forest 
understory of the Tilarán Mountains and share similar morphological characteristics, 
body sizes, and diets (Stiles and Skutch 1989). In the Monteverde region, the White-
breasted Wood-Wren has been previously described from 800 – 1450 m, and the Gray-
breasted Wood Wren from 1450 – 1800 m (Fogden 1993). These two wood-wrens were 
chosen because of their highly aggressive behavior and high territoriality they exhibit 
(Dingle et al. 2010).  
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Study Sites 
The study sites were found in primary-and secondary-growth forests of the Monteverde-
Santa Elena region of Tilarán Mountains in northwest Costa Rica (1300 – 1800 m). The 
different sites sampled ranged from tropical premontane wet forests to lower montane 
rainforest, averaging 2000 – 8000 mm of rainfall per year (Bolaños & Watson 1993). 
Three different areas were sampled that encompass the ranges of both species of wood-
wrens studied: (1) the trails surrounding the Monteverde Biological Station (1470 – 1800 
m), (2) the Curi-Cancha Wildlife Refuge (1400 – 1540 m), and (3) the Bajo del Tigre 
sector of the Monteverde Conservation League reserves (1260 – 1400 m). The sites were 
sampled over the course of 20 days in April and May of 2013. Sampling took place from 
6:00 – 11:00 am. 
 
Playback Experiment 
Playbacks of conspecific and congener calls were conducted every 100 m along the 
different trails using portable speakers. Each playback consisted of five 30 – second 
recordings of a species’ song and call, each separated by 15 seconds. The playback was 
similar to the natural volume produced by the study species. Following the playback of a 
single species, the playback of the other species was conducted after a five – minute 
silent period. The species playback order was switched at each new sampling site to avoid 
obtaining responses that resulted from accumulated stimulus.  
 To be considered a response to the playback stimulus, the wood-wren would have 
to vocalize or approach within 10 m of the speakers during the playback experiment. For 
the species approach to be considered without vocalization, the individual had to 
approach within 10 m of the speakers after the playback began. The response of each 
individual per territory was documented once. If an individual was calling at a particular 
elevation before the playback, its response was only documented if the bird came within 
10 m of the speaker. 
 
RESULTS 
 
Replacement Zone 
White-breasted Wood-Wren began responding at the lowest elevation sampled (1250 m) 
and stopped responding at 1486 m. Further, the strongest response frequency to congener 
stimuli by the White-breasted Wood-Wren occurred from 1400 – 1530 m. Gray-breasted 
Wood-Wren began responding to playback stimuli at 1400 m in elevation. Gray-breasted 
Wood-Wren responded to congener stimuli from 1400 – 1530 m. This range of overlap in 
response to congener calls allows for a conservative replacement zone classification of 
1400 -1490 m. However, the high frequency of congener responses by the Gray-breasted 
Wood-Wren above 1490 m suggests that this zone may be higher. Therefore, I suggest a 
replacement zone of 1400 – 1530 m. 
 
Response to Stimuli 
Both species were found to respond to conspecific playback stimuli in isolation and 
replacement zones. Combined data from isolated zones showed that proportion of 
conspecific responses to non-responses was about 2:1, with only one response to 
congener playback in isolation (Table 1; Fisher’s Exact test; p < 0.001). The proportion 
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of White-breasted Wood-Wrens response to congeners in the replacement zone rose by a 
factor of seven from the number of responses in isolation. In the replacement zone, the 
number of White-breasted Wood-Wren responses to congeners was more than double the 
amount of responses to conspecifics (Table 2; Chi-square test; χ2=0.978; df=1; p = 
0.3226). In the replacement zone, the frequencies of responses by Gray-breasted Wood-
Wrens to conspecific and congener calls were similar (Table 3; Chi-square test; χ2=0.328; 
df=1; p = 0.5671). The Gray-breasted Wood-Wren had an equal number of responses to 
congeneric stimuli as the White-breasted Wood-Wren. 
 Responses varied throughout the different species and elevational ranges (Fig. 3). 
For the White-breasted Wood-Wren, there were significant differences between 
frequency of responses to congener and conspecific stimuli across an elevational gradient 
(Kolmogorov-Smirnov test, p-value determined through resampling the dataset 1000 
times and calculation the proportion of times the observed D value exceeded the random 
D values; D = 0.273 p < 0.001). As elevation increased, response to congener stimuli by 
White-breasted Wood-Wren increased and stopped at 1486 m in elevation. For the Gray-
breasted Wood-wren, responses frequency between conspecific and congeneric playback 
stimuli differed across elevational ranges (Kolmogorov-Smirnov test, p-value determined 
through resampling as above; D = 0.4545455; p < 0.001). Gray-breasted Wood-wren 
began responding to conspecific and congeneric stimuli around 1400 m in elevation and 
responded up to the highest elevation of 1800 m.  
 
Table 1. Combined responses (+) and non-responses (0) of White-breasted Wood-Wrens 
and Gray-breasted Wood-Wrens in isolated zones to conspecific and congener playback 
stimuli in the Monteverde region of the Tilarán Mountains (n = 94).  
 
 
 
 
 
 
 
 
 
Table 2. Responses (+) and non-responses (0) of the White-breasted Wood-Wren to 
conspecific and congeneric playback stimuli in the replacement zone (1400 – 1530 m) of 
the Monteverde region of the Tilarán Mountains, Costa Rica (n = 68).  
 
 
 
 
 
 
 
 
 

Combined responses in isolated zones 
  Conspecific Congeneric 

+ 31 1 
0 16 46 

White-breasted Wood-Wren Response in Replacement 
Zone 

  Conspecific Congeneric 
+ 3 7 
0 31 27 
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Table 3. Responses (+) and non-responses (0) of the Gray-breasted Wood-Wren to 
conspecific and congeneric playback stimuli in the replacement zone (1400 – 1530 m) of 
the Monteverde region of the Tilarán Mountains, Costa Rica (n = 68).  
 
 
 
 
 
 
 
 
 
 

 
Figure 3. Response frequencies of the two wood-wren species to playback stimuli along 
elevational gradients of 50 m (n = 162) in Monteverde. Blue bars depict the White-
breasted Wood-Wren responses to congener playback stimuli and red bars to conspecific 
stimuli. Green bars depict Gray-breasted Wood-Wren response frequency to congener 
stimuli, and purple to conspecific stimuli. The lack of certain bars at different elevations 
means no responses to playback stimuli were observed or recorded for that specific 
classification.  
 
 
 
 
 
 
 

Gray-breasted Wood-Wren Response in Replacement 
Zone 

  Conspecific Congeneric 
+ 9 7 
0 25 27 

 179 



!

DISCUSSION 
 
Response to Playback Stimuli 
My results found higher response frequencies to congener calls in replacement zones than 
in isolation. These findings support previous studies on competition in replacement zones 
(Jankowski et al. 2010, Phillips 2012). They also support the theory that biotic 
interactions, such as interspecific competition, between similar species acts to maintain 
range boundaries (Terborgh and Weske 1975; Martin and Martin 2001). My results do 
not support previous studies that have suggested species responses to congener calls are 
cases of mistaken intraspecific competition (Murray 1971). The case of the single White-
breasted Wood-Wren responding to congener stimuli outside of the replacement zone 
could be a case of an individual that migrated outside of the replacement zone into a 
lower isolated zone.  
 The two study species showed similar aggression levels towards congener species. 
However, this is not always the case. Previous studies have found asymmetric levels of 
aggression between species in replacement zones (Lout 2009; Jankowski et al. 2010). The 
more highly aggressive species may also be the better competitor, making the less 
aggressive species more vulnerable to the effects of global climate change and elevational 
range shifts. The similar levels of aggression observed between the White-breasted 
Wood-Wren and the Gray-breasted Wood-Wren suggest that both species currently live 
their optimal competitive habitats. Future warming in the upper elevations may limit the 
competitive ability of the Gray-breasted Wood-Wren, making the habitat more optimal 
for White-breasted Wood-Wren to compete in. The Gray-breasted Wood-Wren may only 
be a better competitor when the high elevation ecosystems are cold and harsh. Changes in 
these abiotic factors may result in its habitat being compressed by the White-breasted 
Wood-Wren and eventual extinction in the Tilarán Mountains through interspecific 
competition. 
 Evidence to support future range compression of the Gray-breasted Wood-Wren 
can be shown through our replacement zone boundaries. Twenty years ago, Fodgen 
(1993) described a replacement zone up to 1450 m for the White-breasted Wood-Wren in 
the Monteverde region of the Tilarán Mountains. This study found this replacement zone 
end at 1530 m in elevation. While I did not find habitat range compression for the Gray-
breasted Wood-Wren, the upslope range shift by the White-breasted Wood-Wren 
suggests that these habitats elevational shifts that could result in range compression are 
occurring. 
 This study highlights the importance of biological interactions, such as 
interspecific competition, in maintaining species distribution along elevational gradients. 
It also supports competitive interactions as a determining factor for habitat partitioning in 
terrestrial ecosystems (Martin and Martin 2001). Further, it helps demonstrates the 
importance of mitigating global climate change. As abiotic factors in ecosystems 
continually change due to global climate change, the ability of specialized species to 
migrate to optimal habitats may be limited by interspecific competition with congener 
species (Jankowski et al. 2010).  
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ABSTRACT
The effectiveness of two different anti-fungal agents was tested on a fungal skin infection found on 

Artibeus toltecus bats in The Bat Jungle, a live bat exhibition in Monteverde, Costa Rica.  The trends 

seen in the sex, weight, forearm length, reproductive status, and age of individual bats and whether they 

had a fungal skin infection or not was studied.  Treatments that tested the effectiveness of the antifungal 

agents on the percent cover of the infected skin were: Canesten Clotrimazole cream, Lamisil 

Terbinafine cream, and a treatment where no anti-fungal cream was applied.  These two antifungal 

creams were applied to the infected area of each bat and percent infected skin cover was measured by 

placing a grid on a picture of an individual bats infected area.  There was no difference in infection 

decrease across the treatments due to the high variability of percent coverage of infected skin across 

individual bats.  There was no treatment that was most effective at decreasing the infection.  Looking at 

the sex, weight, forearm length, age, and reproductive status of all 36 Artibeus toltecus bats in The Bat 

Jungle, a trend in the infected bats was seen.  Juvenile non-reproductive males and pregnant females 

were infected with the skin fungus more often than other Toltec bats.  This study is significant because 

these findings can be used by other captive bat exhibitions to manage the well-being of these animals. 

These findings can also directly help infected Toltec bats in The Bat Jungle by informing the care-

takers of what treatment works or does not work.  In this case with the captive bats in the Bat Jungle, 

results show that no treatment worked because there was no significant difference in percent coverage 

of infected skin between treatments (F-value = 0.26, df = 2, p-value = 0.77).

INTRODUCTION
Managing the well-being of captive animals is very difficult due to the animals' specific needs 

including shelter, food, space, and many other factors.  These factors include capture and transport 

conditions, cage design, group size, social grouping, psychological enhancement, and the nutritional 

and physiological well-being of the animal (Widmaier & Kunz 1993).  The effects of stress (physical 

restraint, high population density, hypothermia, osmotic and metabolic stress) on many species 

contributes to the animal's overall defense mechanisms (a), making the management of these factors 

important because an affected defense mechanism could increase the likeliness of an animal to get sick 

with a disease or infection. For instance, in the Philadelphia Zoological Garden mammals and birds 

developed a fatal toxoplasmosis parasite infection and lost 13 mammals and 14 birds during the past 10 

years.  Although the cause of this parasite is not known, it can be postulated that the parasites only 

initiates the fatal disease when their host is weakened by malnutrition or concurrent infection and an 

interfered immune mechanism (Ratcliffe & Worth 1951).  Thus, the well-being of animals in captivity 

is very important.  

Although there are many animals in captivity, there has not been many studies done on the skin 

infections seen in captive bats.  Although the type of infection is unknown, there is a skin infection 

present in one species of bats in Dr. Richard Laval's live bat exhibition called The Bat Jungle in 

Monteverde, Costa Rica.  Although an unknown fungus, this infection has been observed to cause 
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reddening of the skin and hair loss in the stomach region.  Surprisingly, this skin infection only occurs 

on one species of bat, Artibeus toltecus (also called Toltec fruit bats) out of the four Artibeus species in 

The Bat Jungle.  According to Dr. Richard Laval, anti-fungal cream containing clorimazole, an triazole 

anti-fungal agent, has worked temporarily but the infection returns if contact with another infected bat 

occurs.  They have treated the infected area of bats with this cream and have also tried a natural anti-

fungal cream, which did not work.  The natural anti-fungal cream did not show any reduction in 

infection but the Canesten Clotrimazole Anti-fungal Cream rid the infection when applied for a week 

(F. Araya Rojas, personal communication.  Roughly 15 days after the week of applying canesten cream, 

new hair grew in to the bald pink patch.  While the whole body of the Toltec is brown, the new hair that 

grows in over the treated area is grey (F. Araya Rojas, personal communication).  Unfortunately, the 

infection easily spreads to other Artibeus toltecus bats when they come in contact even after the 

infection is fully treated and improved.  Observed by the bat care-takers, pregnant females are often 

infected but has not been seen to affect the offspring's chance of survival, although no study has been 

conducted to evaluate this observation.  It has also been observed that the offspring of the infected 

mothers tend to show the infection later on (F. Araya Rojas, personal communication).

There could be treatment options more effective than clotrimazole, including terbinafine 

hydrochloride, an allylamine antifungal agent because certain agents are more effective for particular 

fungal strains.  The four major anti-fungal agents for mammals, polyenes, allylamines, azoles, and 

echinocandins (Sheehan et al. 1999), could affect fungal infections differently.  Clotrimazole is a 

triazole antifungal agent (a derivative of azole) and terbinafine is an allylamine antifungal agent.  The 

advantage of triazole is their greater affinity for the fungi rather than the mammalian cytochrome P-450 

enzyme, which contributes to less of a harsh impact on the mammal's health (Sheehan et al. 1999). 

Because terbinafine hydrochloride is easier to obtain and clotrimazole needs to be compared to due to 

previous use, I aim to test the effectiveness of the anti-fungal agents clotrimazole and terbinafine 

hydrochloride on the fungal skin infections of Artibeus toltecus bats to find a more effective way for 

the Bat Jungle to have healthy bats.  Not only can this study aid the Bat Jungle to stop the re-

occurrence of the infection, other live bat exhibitions can better manage the well-being of the captive 

bats.

METHODS
Study species – In the wild, their diet consists of fruits of at least 17 species of plants in Monteverde. 

The genus Artibeus bats has low roosting associations and roosting partners frequently change.  This 

suggests that there are nonexclusive mating bonds between males and females (Chaverri et al. 2008).

Study site – I conducted my study at The Bat Jungle, which contains 90 live bats of eight species in an 

enclosed area 17m (57ft) in length with four species of Artibeus bats.  I kept the study bats in three 

separate small cloth mesh tents (Fig. 1), each tent containing the different treatment bats.  

Collecting from individuals – I collected information on the sex, weight (g), forearm length (mm), age 

(adult or juvenile), reproductive status (reproductive, non-reproductive, or pregnant), and infection 

status (infected or not infected) of each Toltec bat individual caught from the exhibition in the Bat 

Jungle.  A total of 36 Toltec bats were caught, including 17 infected.  Weight was determined using a 50 

g spring scale (Fig. 4).  Forearm length was measured from the elbow to the thumb of the bat using a 

ruler.  Individuals were classified to either juvenile or adult stage by shining a light through one of the 

joints on the bats wing: the light goes trough the joint of juvenile bats only (J. Calderon, personal 

communication).  Reproductive bats were determined by seeing if male bats had testes developed and 

for females they were determined as reproductive if they were adult.  Once I collected all the 

information, I released the bats back in to the exhibition and added the infected bats to the control.
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Applying treatments –Over a period of three weeks, I treated infected bats captured from the live 

exhibit in the Bat Jungle.  I tested three treatments, Lamisil terbinafine anti-fungal cream, Canesten 

Clotrimazole Antifungal cream, and a control treatment where I did not apply anything to the infected 

bats.  Using a new Q-tip per bat, I applied an anti-fungal cream to the bats (excluding control) everyday 

for two weeks. Using a by-weekly picture of the abdomen of each bat and a transparent grid on a 

computer program, I calculated the percent coverage of infected skin over time (Fig. 2).  After two 

weeks I stopped applying cream but kept the bats in quarantine, a back room where I kept the infected 

bats in separate cloth mesh cages to keep treatments separate.  I kept the bats an extra week with out 

treating to observe the progression of infection coverage after being treated for two weeks.  

By testing the cream normally used by care-takers at the Bat Jungle, the results would show 

whether the Jungle should keep using the same cream, the Lamisil cream, or a new treatment method 

depending on the effectiveness of the treatments.  The Canesten Clotrimazole Antifungal cream 

contains 1% clotrimazole, which is an azole (more specifically called triazole) antifungal 

agent,commonly used for vaginal infections.  The Lamisil terbinafine Antifungal cream contains 1% 

terbinafine hydrochloride, which is an allylamine antifungal cream,commonly used for fungal 

infections of the feet.

It should be noted that I started with five infected bats for each treatment but had to release four 

pregnant infected bats (two from the Lamisil treatment, one from the Canesten treatment, and one from 

the control) due to their pregnancy and the risks of giving birth in a closed cage with high population 

density (Widmaier & Kunz 1993.   All four were released before data was collected on Week 2. 

To calculate the percent coverage of infected skin I placed a digital transparent 32 x 32 grid 

with 0.5 x 0.5 mm squares on the picture of each bat and counted the number of boxes that had 50% or 

more of no hair (Fig. 3).  The percent coverage was calculated from the total number of boxes that 

cover the bat's abdomen, from the chin to the tip of the genital area.   

RESULTS
Analysis of the trends in Infected versus non-infected bats – There was no significant difference 

between infected and non-infected bats according to forearm length (t = 0.0226, df = 31.331, p-value = 

0.9821) or weight (t = 0.1164, df = 25.421, p-value = 0.9083).  

Infection by sex – The proportion of infected and healthy bats was similar between males and females 

(chi-square =  0.11, df = 1, p-value = 0.74) (Fig. 8).  

Infection by age – Juveniles tended to be more infected than adults although the trend was not 

statistically significant (chi-square = 2.68, df = 1, p-value = 0.10) (Fig. 9).  

Infection by reproductive status for both males and females – After detecting a trend by age, I analyzed 

infection by more specific reproductive status: non-reproductive, reproductive, or pregnant.  Male and 

female bats were tested separately.  In general there was a significant difference in the proportion of 

infected bat by reproductive status in both male and female bats (males: multinomial p-value = 0.0028, 

females: multinomial p-value = 0.00054).  All non-reproductive bats, except for one female adult bat, 

were juveniles. Specifically, the majority of reproductive male bats had no infection (only three out of 

11 were infected) while the majority of non-reproductive (juvenile) bats were infected (five out of 

seven were infected) (Fig. 10).  For females, non-reproductive bats showed an equal number of infected 

and non-infected individuals whereas there were less infected reproductive females than infected ones 

(only one out of four or 25% of reproductive female bats were infected) (Fig. 11).  Notoriously the 

majority of  pregnant females were infected (Fig 11). 
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Analysis of infected skin coverage – There was no significant difference between the percent 

coverage of infected skin of an individual bat and the treatments, Canesten (initial n = 5, final n = 4), 

Lamisil (initial n = 5, final n = 3), or the control (initial and final both n = 5) where no anti-fungal 

cream was applied (Generalized linear mixed model (repeated measures ANOVA): F-value = 0.26, df = 

2, p-value = 0.77).  There was also no significant difference between percent cover and the weeks of 

treatment, where Week 0 data was collected before starting the treatments, Week 1 was collected after 

one week of treatment, Week 2 was after two weeks, and Week 3 was after two weeks of treatment then 

one week of no treatment (Generalized linear mixed model (repeated measures ANOVA): F-value = 

1.19, df = 1,  p-value = 0.28).  Both variables, treatments and weeks, did not show any general trend. I 

proceed to explain the results in detail below.

Control – Surprisingly, the control treatment (no anti-fungal cream applied) had some bats that showed 

a decrease in the percent of skin infection cover (Fig 5).  Some control bats showed temporal patterns 

of infection comparable to the patterns shown by bats in the Lamisil and Canesten treatments (Fig. 6 

and Fig. 7). Specifically, two out of six bats (green and orange line in Fig. 5) in the Control showed an 

initial decrease in skin infection coverage but then increased while the other four bats (dark blue, red, 

yellow, and light blue lines in Fig. 5) showed an initial increase then decreased.

Canesten treatment – The Canesten treatment, similar to the control, showed no trends and the skin 

infection cover varied greatly among individual bats (Fig. 6).  One bat shows an increase in skin 

infection cover from Week 0 to Week 1, decreases from Week 1 to 2, then increased again from Week 2 

to 3 (Fig. 6 Orange line).  Differing greatly from that individual, another bat decreased in infection 

cover from Week 0 to Week 2 then leveled out (blue line, Fig. 6).  

Lamisil treatment – The Lamisil treatment was similar to the Canesten and control in that there is no 

pattern of skin infection progression across the individuals bats (Fig. 7).  A Lamisil bat showed a peak 

increase in infection cover at Week 2 (yellow line, Fig. 7) while another Lamisil bat showed a steep 

decrease from Week 1 to Week 2 (blue line, Fig. 7).

 

DISCUSSION
The data tell us that there is no significant difference in the effectiveness of the Canesten Clotrimazole 

Antifungal cream and the Lamisil Terbinafine antifungal cream, which means neither treatment was as 

effective as assumed.  A cream with a different antifungal agent should be used by the Bat Jungle.

The percent of infection on the individual bats in the control treatment does not differ from the 

bats that were treated with anti-fungal cream. Thus, the treatments that I tested and also the Canesten 

Clotrimazole Antifungal cream that the Bat Jungle was previously using may not be as effective as 

previously assumed.  This could possibly mean that the Toltec bats infected with this unknown fungus 

in the Bat Jungle may have the ability to rid the fungal infection on its own, with out any anti-fungal 

cream needed.

Although more studies are necessary to further understand what treatment will be most effective 

or if any treatment is needed at all, the results of the trends seen in infected and non-infected bats can 

provide information on how the disease is transmitted in the Bat Jungle.   A comparison of Fig. 10 and 

Fig. 9 shows that there was a greater proportion of infected non-reproductive juvenile male bats (Fig. 

10).  This trend could be due to a weaker immune system in younger bats because of their developing 

defense mechanism.  Another possibility is that the  A. toltecus in the Bat Jungle roosts in an unusual 

pattern than Toltec bats in the wild, causing social stress on the bats that could lead to an infection or a 
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different roosting pattern making the bats more susceptible to a fungal infection (Widmaier & Kunz 

1993).

The greater proportion of infection seen in the pregnant bats could explain how the skin 

infection is spread amongst the Toltecs, and only the Toltecs, in the Jungle.  Because pregnant females 

and juveniles are commonly infected, it is possible that offspring get the infection from infected 

mothers.  With this new finding, The Bat Jungle can anticipate which bats are more prone to infection.
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Figure 1: Study site; shown here two of the three tents used to keep infected Artibeus toltecus bats in 

quarantine of the live bat exhibit called The Bat Jungle.  Treatments, Canesten antifungal cream, 

Lamisil antifungal cream, and a no-antifungal control treatment, applied everyday for two weeks and 

then kept in these tents for one week after treating finished.  The treatments were kept separately in 

cloth mesh tents.  
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Figure 2: Application of cream to an infected bat using a Q-tip.  A new Q-tip was used every 

application to inhibit transferring infection.

Figure 3:  A Canesten treatment female bat.  Picture taken on Week  3.  Method of counting the number 

of boxes that have infection.  Boxes with greater than or equal to 50% of infected counted as one box. 

32 x 32 grid with 0.5 x 0.5 mm squares.  

Figure 4: Process of measuring weight (g) of an individual bat.  One bat is placed in a cloth bag and 

measured by clipping bag on to a 50 g scale.  Weight of bag not included in final weight
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 Figure 5: Control treatment. No trends were seen between the time and percent coverage in the 

individual bats in the Control treatment.  The time from when treatment started (Week 0 = before 

treatment, Week 1 = one week of treatment, Week 2 = total two weeks of treatment, Week 3 = after two 

weeks of treatment and one week of no treatment, kept in separate tents) versus the percent of infected 

skin coverage.  

Figure 6: Canesten treatment. No trend were seen in the individual bats. Each color represents a 

different individual in the Control treatment. The time from when treatment started (Week 0 = before 

treatment, Week 1 = one week of treatment, Week 2 = total two weeks of treatment, Week 3 = after two 

weeks of treatment and one week of no treatment, kept in separate tents) versus the percent of infected 

skin coverage.  
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Figure 7: Lamisil treatment.  No trends were seen between the time and percent coverage in the 

individual bats in the Lamisil treatment.  The time from when treatment started (Week 0 = before 

treatment, Week 1 = one week of treatment, Week 2 = total two weeks of treatment, Week 3 = after two 

weeks of treatment and one week of no treatment, kept in separate tents) versus the percent of infected 

skin coverage.  

Figure 8: No significant difference between the sex of the bat and the proportion of infected skin 

coverage (chi-square =  0.11, df = 1, p-value = 0.74).  Females (n = 18) have a higher number of 

infected bats than the males (n = 18). 
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Figure 9: Adult n = 22. Juvenile n = 14. There was no significant difference between the age of the bats 

and the proportion of infected bats (chi-square = 2.68, df = 1, p-value = 0.10).  Although, a trend shows 

the juveniles have a higher proportion of infected bats than adults.

Figure 10: Significant difference between the proportion of infected bats and reproductive and non-

reproductive males (multinomial p-value = 0.0028). Reproductive males (n = 11).  Non-reproductive 

males (n = 7).  
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Figure 11: Significant difference between the proportion of infected bats and reproductive, non-

reproductive, and pregnant females (multinomial p-value = 0.00054). Reproductive females (n = 4). 

Non-reproductive females (n = 8). Pregnant females (n = 6). 
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Abstract 
The interaction of Eriophyidae mite galls and their host plant is poorly understood. This study looks at the impact of 
galling on nitrate and chlorophyll levels in the leaves of Montanoa guatemalensis. Galled and nongalled leaves from 
infested trees and leaves from uninfested trees were sampled. Nitrate and chlorophyll were chosen for study as 
nitrate, the precursor to protein, and chlorophyll, the precursor to sugars, are important for both mite and plant 
growth. Nitrate ppm was measured using a Colorimeter and chlorophyll mg/L was measured with a 
spectrophotometer. Gall tissue had lower chlorophyll content than nongalled leaves. Nongalled leaves of infested 
individuals had similar chlorophyll content as uninfested individuals. The presence of galls on a leaf led to reduced 
chlorophyll, and could have long lasting impacts on plant health. Nitrate ppm in gall tissue was similar to uninfested 
individuals and higher than nongalled leaves of infested individuals. There was a positive correlation between extent 
of galling and nitrate levels. Galls reduced the overall nitrate levels throughout the plant, potentially reducing host 
plant fitness. Mites thrive on individuals which can provide them more nitrate but are indifferent to chlorophyll.  
 
Resumen 
La interacción de los ácaros eriófidos de las agallas y sus plantas hospederas es poco conocida. Este estudio observa 
el impacto de las agallas en los niveles de nitrato y clorofila en las hojas de Montanoa guatemalensis. Hojas con 
agallas y sin agallas de árboles infectados y hojas de árboles no infectados fueron muestreadas. Nitrato y clorofila 
fueron escogidos para el estudio ya que el nitrato, el precursor de proteínas, y clorofila, el precursor de azúcares, son 
importantes tanto para los ácaros como para el crecimiento de la planta. Utilizando un Colorímetro se midió las ppm 
de nitrato y con un espectrofotómetro los mg/L de clorofila. El tejido de las agallas tenía menor contenido de 
clorofila que hojas sin agallas. Hojas sin agallas de individuos infectados tenían un contenido similar de clorofila 
que individuos no infectados. La presencia de agallas en una hoja llevó a una reducción en la clorofila, y podría 
tener efectos duraderos en la salud de la planta. Las ppm de nitrato en el tejido de las agallas era similar al de 
individuos infectados y mayor que en hojas sin agallas de individuos no infestados. Hubo una correlación positiva 
entre la extensión de las agallas y los niveles de nitrato. En general, las agallas redujeron los niveles de nitrógeno en 
la planta, reduciendo potencialmente el éxito de la planta huésped. Los ácaros prosperan en individuos que pueden 
proveerles más nitrato, pero son indiferentes a la clorofila. 
 
Introduction  
 
Seventy percent of leaf herbivory in tropical forests is caused by chewing arthropods, making 
plant-arthropod interactions an incredibly important force in the ecosystem (Coley and Barone 
1996). The formation of galls is a highly specialized form of herbivory wherein an organism 
inhabits and acquires food from specially formed host plant tissues (Westphal 1992). Galls can 
be induced by insect larvae, mites, fungi, or bacteria (Price 1984).  

Gall morphology is highly specific to a particular paring of organism and plant species, 
allowing for easy and reliable identification of a particular insect-induced gall in the field 
(Raman 2010). There are hundreds of mites in the family Eriophyidae that induce a wide variety 
of galls in all herbaceous parts of plants other than the roots (Westphal 1992). Galls are induced 
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by ovipositing females that first punctures the cell wall and begins feeding; this mechanical 
stimuli and accompanying salivary secretions causes the cell to produce growth hormones  
(Brewer et al 1984, Westphal 1992, Wawrzynski et al 2005). The leaf then typically grows 
fleshy, hair like projections that the mites eat (Westphal 1992). Gall mites disperse primarily 
using wind to carry them to new individuals though they also crawl short distances (Patankar et 
al. 2010).  

The effects of gall mites upon host plants and host plant upon mite colony growth are 
poorly understood. In some host plants, galls reduced photosynthesis while other host plants 
increase photosynthesis to compensate for gall presence,  (Patankar et al 2010). Heavy galling of 
young host plants can stunt growth, to the extent that commercial crops become unsellable, and 
can increase the effects of aging on mature trees (Patankar et al 2010, Soika and Kozak 2012). 
Though mites are sensitive to climatic changes and desiccation, the protection of galls buffer 
them from these effects (Soika and Kozak 2012), and environmental factors such as elevation 
have not been found to effect gall growth (Ishihara 2007). Gall-inducing insects commonly select 
for higher quality leaves (Myers 1985, Castellanos, et al. 2006); however, it is not clear if gall 
mites thrive on more nutritious hosts.  

Here I examine the interaction of Eriophyidae mite galls and leaf quality to understand 
the host-mite relationship. Nitrate and chlorophyll are good indicators of both leaf health and 
quality of mite habitat (Patankar et al 2010). The plant vigor hypothesis observes that herbivory 
is more severe on more vigorous plant parts, particularly for galling organisms that develop in 
actively growing tissues (Price 1997). Moreover, nitrate is the chemical precursor to amino acids, 
and chlorophyll is necessary for the production of glucose. Both amino acids and glucose are 
vital to larval development, and so higher nitrate and chlorophyll content may are an indicators 
of high quality mite habitat (Price 1997). Therefore, plants with higher nitrate and chlorophyll 
levels in their leaves should foster more gall mites. 
 
Materials and Methods  
 
This study was carried out in Monteverde, Puntarenes, Costa Rica, in an area of regenerating 
pasture flanked by lower montane wet tropical forest (Haber 2000). The study site was a series of 
windbreaks between 10-15 years old near the Monteverde Biological Station, from 1450 and 
1550 m in elevation. These windbreaks were predominantly composed of the tree Montanoa 
guatemalensis (Asteraceae) (Fig 1). This is a small to medium tree native to the pacific slope of 
the Monteverde area. It has common but erratic infestation with an unidentified Eriophyidae mite 
(Fig 2, 3). M. guatemalensis occurs naturally between 700-1200 m but does well when planted 
up to 1500 m (Burlingame 2000). It grows between 3-15 m tall with a high leaf volume that 
makes it ideal for use in windbreaks (Burlingame 2000, Piper 2006). As windbreak trees, the 
surveyed individuals had high exposure to wind and grew in full sun.  

I observed trees with heavy infestation in direct contact with completely uninfested trees. 
I collected leaves between one and two meters above ground, and were from the second pair of 
open leaves to keep age consistent between all samples. Twenty trees with galls and twenty trees 
without galls were sampled. From all trees, four non-galled leaves were collected and from trees 
with galls, four galled leaves were collected. Tissue from all four leaves were used in nitrate and 
chlorophyll analysis, giving an average content for each tree. 
 
Gall Cover 
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Percent gall cover of infested leaves was measured by placing a grid of 1x1 cm squares subdivide 
into fourths over leaf and counting number of squares filled as well as total leaf size (Fig 4).   
 
Nitrate Analysis  

Nitrate content was tested using a Model Sth Series LaMotte soil kit. Tissue was prepared 
following procedure described by Dushkin 2011 and tested according to the manufacturer’s 
manual. As per this procedure, 8 cm2 of leaf tissue will be cut into pieces 1/8 cm2. These were 
shaken for five minutes in 10 ml Universal Extracting Solution, and then strained out. Five ml of 
two percent acetic acid was mixed with five ml of Mixed Acid Reagent and sat for two minutes. 
Then 0.2 g of Nitrate Reducing Reagent was added and mixed by inversion for four minutes. The 
sample then sat for ten minutes to allow maximum color development. It was then tested using 
the 64 Nitrate-N LR test in a SMART2 colorimeter, yielding the concentration of Nitrate (NO3) 
which was converted to parts per million by multiplying by 4.4. 
 
Chlorophyll Analysis 

Analysis followed Dushkin’s 2011 modified version of the standard methods (Hendry 
and Grime 1993). Two-squared cm of leaf tissue was ground with 4 ml of 80% acetone in a 
mortar and pestle. The 1 ml of leaf extract will then be transferred to an eppendorf tube and 
centrifuge for 3 minutes at 4,000 rpm. The supernatant is then transferred into a cuvette and 3 ml 
of 80% acetone are added. The same is mixed by inversion, then evaluated using a 
spectrophotometer at 645 nm to measure chlorophyll a and 663 to measure chlorophyll b. These 
values are then converted into chlorophyll a and b ppm/ cm2 of leaf area with calculation shown 
in Appendix A. 
 
Results  
 
Chlorophyll Content 
Trees without any galls did not have different chlorophyll content than the nongalled leaves of 
infested trees, with the mean for infested trees being 8.01 mg/L ± 0.74 (SE) compared to 
uninfested trees at 8.88 mg/L ± 0.74 (One-Way ANOVA F(1,38) = 0.69, p = 0.41; Fig. 5). 

Within an infested individual, leaves without galls had higher chlorophyll content, (mean 
of 8.01 mg/L ± 0.54) than leaves with galls (mean of 5.46 mg/L ± 0. 54; F(1,38) = 11.30, p = 
0.002; Fig. 6). There was no correlation between extent of gall cover on leaf and chlorophyll 
content (F=1.59, p= 0.229, n = 20; Fig. 7). 
 
Nitrate Content  
Though the difference in nitrate ppm between uninfested individuals (x̄ = 1.22 ± 0.99) and the 
nongalled leaves of infested individuals (x̄ = 0.91± 0.99) was not significant, there was a trend 
towards higher levels in uninfested individuals (One-Way ANOVA, F(1,38) = 3.66, p = 0.06; Fig. 
8). The nitrate content of galled leaves (x̄ = 1.33 ± 0.12) was not significantly different from that 
of uninfested individuals (x̄ = 1.22 ± 0.12; One-Way ANOVA, F(1,38) = 0.46, p=0.50; Fig. 9). 
 Within infested individuals, galled leaves had significantly higher nitrate levels (x̄ = 1.33 
ppm ± 0.10) than nongalled leaves (x̄ = 0.91 ± 0.10); One-Way ANOVA, F(1,38) = 8.63, p =.006); 
Fig. 10). There was a significant positive correlation between percent of leaf covered by gall and 
nitrate ppm (Linear Regression, F=4.812, p=0.042, n=20; Fig 11).  
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Discussion  
  
In this host-mite relationship, leaves with galls had reduced chlorophyll levels and so reduced 
photosynthetic capacity. This effect was not correlated with the extent of galling of leaves, 
meaning that relatively minor and major galling impacted chlorophyll levels with equal strength. 
This suggests that some facet of the gall creation process fundamentally interferes with 
chlorophyll production and so unilaterally disrupts photosynthesis in the infested leaf (Patankar 
et al 2011). The reduced function did not extend to the uninfested parts of a tree, which had 
similar chlorophyll content as uninfested individuals. 

Furthermore, the lower chlorophyll of galled tissue suggests that chlorophyll, and the 
sugars it produces, are of little importance to mite development. Given that mite gall cover was 
not higher in leaves at the upper range of chlorophyll levels, its presence or absence seems to 
have little impact on mite growth. The lowered levels could be a result of the plant withdrawing 
or not replacing chlorophyll from the damaged leaves in an effort to conserve energy and 
resources, or a fundamental characteristic of the gall tissue induced by this mite. As uninfested 
leaves are not affected, the overall impact of galls on photosynthesis will depend on the number 
of leaves with galls and if lowered chlorophyll levels persist throughout a leaf’s lifetime. 

There was a significant positive correlation between nitrate levels and extent of galling, 
suggesting that nitrate is an important factor in mite growth. Given that nitrate is being consumed 
by both the mites and plant in gall tissue, the similar level in galled leaves and uninfested 
individuals implies that the host plant is producing and loosing nitrate at an abnormally high rate. 
This could explain the lower levels found in nongalled leaves of infested individuals; the plant’s 
total nitrogen budget is being spent to support galls at the loss of nutrients to uninfected leaves. 
Though this study did not evaluate the long-term effects of this lower nutrient state, I suspect that 
this will have a negative impact on plant growth and fitness. This may be especially pronounced 
in M. guatemalensis planted in abandoned pasture, as the study individuals were, because the 
land already had lower nutrient levels from being cleared and put into grass (Hamer et al 2013). 

These findings illuminate some factors of the mite-host relationship between the 
Eriophyidae mites and their host, M. guatemalensis. Mite presence may decrease host plant 
health through declining local chlorophyll in galled leaves and lowered nitrate levels within an 
entire infested individual. Mites thrive with higher nitrate levels and are indifferent to 
chlorophyll content. Given the potential impact on plant fitness by gall mite presence, it is 
important to understand the basic effects of gall presence upon the function of the host plant. 
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Chlorophyll Analysis 
(Adapted from Hendry and Grime 1993) 

1. Cut one cm2 pieces from each leaf 
2. Use mortar and pestle to homogenize with 4ml of 80% acetone 
3. Transfer samples and centrifuge for three minutes at 4000rpm 
4. Remove supernatant and place samples in photospectrometer. 
5. Measure % Transmittance at 645nm and 663 nm, using 80% acetone blank 
6. Calculate absorbance from %Transmittance: 2-log(%T) 
7. Calculate total chlorophyll in mg/L = 8.02 x A663 + 20.2 x A645 

 
Figures 

 
 
 
 
  

Figure 1. Planted windbreak in Monteverde, Costa Rica. Plant in center and left-
hand corner is Montanoa guatemalensis, dominant tree species in these 10-15 year 
old windbreaks. M. guatemalensis is commonly infested by gall forming mites of 
the family Eriophyidae. This study looked at the host plant-mite relationship with 
regards to nitrate and chlorophyll levels in leaf tissue. 
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Figure 2. Eriophyidae 
mite galls on the leaves 
of Montanoa 
guatemalensis. Young 
galls are a light, bright 
green which darkens to 
red as they age. These 
mites are common in 
planted windbreaks of 
M. guatemalensis in 
Monteverde, Costa Rica.  

Figure 3. Magnified view of a Eriophyidae mite gall on the leaf of a Montanoa 
guatemalensis. Mites induce and feed upon swollen hairs on the leaf underside. 
Yellow mite seen here, in the center of the photo and magnified further in inset. 
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Figure 4. One by one cm grid used to measure percent cover of 
Eriophyidae mite galls on the leaves of Montanoa guatemalensis. Each cm2 
was divided into fourths and number of subaquares filled with gall tissue 
was recorded. Study conducted in Monteverde, Costa Rica.  

Figure 5. Center line of boxes marks median chlorophyll content of M. guatemalensis 
leaves in Monteverde, Costa Rica. Comparing leaves of individuals without Eriophyidae 
mite galls and the nongalled leaves of infested individuals. Four leaves were taken from 
each tree and used in the chemical analysis, yielding the average chlorophyll per 
individual. There was no significant difference between infested and uninfested 
individuals. One-Way ANOVA, p = 0.41, n=20/category.   
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Figure 6. Center line of boxes mark median chlorophyll content in Montanoa 
guatemalensis leaves from trees infested with Eriophyidae gall mites in Monteverde, 
Costa Rica. Within individual trees infested with mites, nongalled leaves had 
significantly higher chlorophyll levels than galled leaves. Chlorophyll content of 
leaves was analyzed to research the effect of galls on the host plant. One-Way 
ANOVA F(1,38) = 11.30, p = 0.002, n=20/category 
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Figure"7."No"relationship"between"gall"cover"by Eriophyidae mites and"chlorophyll"content"
in"Montanoa guatemalensis trees in Monteverde, Costa Rica. There was no correlation between 
extent of galling on leaves and chlorophyll content. p=.229,"n"="20/category  
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Figure 8. Center line of boxes marks median nitrate content Montanoa 
guatemalensis leaves from trees infested with Eriophyidae gall mites in Monteverde, 
Costa Rica. Uninfested individuals had a trend of lower nitrate levels than nongalled 
leaves of infested individuals, but this was not statistically significant. Nitrate 
content was analyzed to research the effect of galls on the hose plant. One-Way 
ANOVA F(1,38) = 11.30, p = 0.002, n=20/category  
 

Figure 9. Center line of boxes marks median nitrate content. Montanoa guatemalensis 
leaves from trees infested with Eriophyidae gall mites in Monteverde, Costa Rica. Leaves 
with galls had similar nitrate content than those of uninfested individuals. Nitrate content 
was analyzed to research the effect of galls on the host plant. Montanoa guatemalensis.  
One-Way ANOVA, F(1,38) = 0.46, p=0.50, n=20/category  
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Figure 10. Center line of boxes marks median nitrate content Montanoa guatemalensis 
leaves from trees infested with Eriophyidae gall mites in Monteverde, Costa Rica. Leaves 
with galls had higher nitrate content than nongalled leaves of infested individuals. Nitrate 
content was analyzed to research the effect of galls on the host plant.  
F(1,38) = 8.63, p=.006, n=20/category  
 

Figure 11. There was a positive correlation between percent of leaf covered by 
Eriophyidae mite galls and nitrate ppm in the leaves of Montanoa guatemalensis in 
Monteverde, Costa Rica. 
r2=0.21,"p="0.042,"n"="20  
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ABSTRACT 
 
Young leaves are most attractive for herbivores because they are tender and have higher 
nutritional content. Herbivory on young leaves can be reduced with extra floral nectaries 
(EFNs), which attract ants and wasps. As leaves mature, leaf thickness increases and the 
need for EFNs decreases because tough leaves are less palatable. Studies have shown that 
abundance of insect species decreases as elevation increases, making EFN production 
less efficient with few insects to protect young leaves. Highland Inga sierra has EFNs to 
protect young leaves from herbivores until they toughen, even though ants likely to visit 
EFNs and defend leaves are scarce.  I examine the timing of EFN nectar production, leaf 
toughening and herbivory. I found the leaves at this elevation do not show a difference in 
percent herbivory as age increases. Therefore, although insect activity is lower at 
elevation, juvenile leaves are still being effectively protected.  In addition, observed 
leaves that were never removed from hosts showed a rapid increase in leaf thickness and 
length. A rapid decrease in number of EFNs was also observed. This may conclude that 
leaves are thickening quickly at elevation to account for the low number of insect 
protection from herbivory.  
 
RESUMEN'
 
Las hojas jóvenes son más atractivas para los herbívoros porque son más suaves y tienen 
un mayor contenido nutricional. La herbivoría sobre hojas jóvenes puede reducirse con 
nectarios extraflorales (NEFs), los cuales atraen hormigas y avispas. A medida que las 
hojas maduran, el grosor de las hojas aumenta y la necesidad de tener NEFs disminuye 
porque estas son menos apetecibles. Estudios han mostrado que la abundancia de 
especies de insectos disminuye a medida que la elevación aumenta, haciendo la 
producción de NEFs menos eficiente con menos insectos protegiendo las hojas jóvenes. 
La Inga sierra de altura tiene NEFs para proteger las hojas jóvenes de herbívoros hasta 
que se endurecen, aún cuando las hormigas que visitan los NEFs y defender las hojas son 
escasas. Examié el tiempo de producción de néctar por los NEFs, el endurecimiento de 
las hojas y herbivoría. Encontré que las hojas a esta elevación no muestran una diferencia 
en el porcentaje de herbivoría a medida que envejecen. Por lo tanto, aunque la actividad 
de los insectos es menor a mayor altura, las hojas jóvenes siguen siendo efectivamente 
protegidas. Adicionalmente, las hojas observadas que no fueron removidas de la planta 
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ostraron un rápido incremento en su grosor y longitud. También se observó una rápida 
disminución en el número de NEFs. Con esto se puede concluir que las hojas están 
engrosando rápidamente en la altura pata compensar el bajo número de insectos que las 
protegen de herbivoría. 
 
 
INTRODUCTION 
 
Younger leaves on plants have higher nutritional content and are more tender, which 
results in 70% of plant species having higher rates of herbivory on their juvenile leaves 
(Coley 2006). Plants avoid this by placing more toxins in their younger leavesand with 
extra floral nectaries (EFNs; Koptur 1985).  Insects attracted to EFNs, like ants and 
wasps, inhibit herbivores (Nascimento and Del-Claro 2009). Production of EFNs requires 
high amount energy from the host plant. As leaves mature they become tougher and less 
palatable for herbivores. Eventually EFNs scar over and no longer produce nectar 
(Ballhorn et al. 2011.).  

 
EFNs attract fewer protective insects as elevation increases (Janzen 1973, Bentley 

1977a). As a result, leaves at higher elevations are expected to not rely heavily on EFN 
production but rather other methods of protection from herbivores such as rapid leaf 
toughening (Koptur 1985). Inga sierra, a highland mimisoid with EFNs and long leaf 
toughening times, seems an exception. Yet,  EFNs protect very young I. sierrae leaves at 
elevations between 1500 and 1550 meters (Ho 2012).  
 

Here, I study EFN production, leaf toughness and herbivory for leaves from the 
time they begin to expand until they are completely toughened.  Even though extremely 
young leaves may benefit from EFNs, as EFN production declines and toughening 
increases, there may be periods in leaf development when neither is functioning 
effectively and herbivory is high.  Further, certain I. sierra leaves in the population have 
extra EFNs that may have little functional significance beyond the youngest leaves.   

 
 
METHODS  
 
STUDY SITE- I. sierrae leaves were collected during the dry season between 1500-1550 
meters in the lower montane wet forest of Monteverde, Costa Rica (Holdridge Life Zone). 
Leaves were collected from secondary growth sites as shown in figure 1. The I. sierrae 
plants that leaves were collected from were producing juvenile leaves and were in good 
condition. The height of the plants varied from 2 meters to about 10 meters.   
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FIGURE 1. Regenerating pasture with young I. sierrae in the lower montane wet forest  
zone of Monteverde, Costa Rica. Height of this plant  
 
COLLECTION- I removed ten leaves from 30 plants located near the Monteverde 
Biological Station.  Leaves were selected from I. sierrae plants based on observations of 
leaf size and thickness.  I collected leaves ranging from youngest to the oldest available 
leaves on each plant. Leaf age was determined based on size, color, and approximate leaf 
thickness (Figure 2). Mature I. sierrae leaves are darker green and thicker than the 
juvinille leaves. I also studied 14 leaves that were left on an I. sierrae plant. During two 
weeks I watched the changing leaf length, thickness and number of active EFNs. Netting 
was put on each leaf to inhibit herbivory and consumption of nectar (figure 3). Leaves 
were observed every several days to allow for growth. 
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FIGURE 2. Left to right: An interesting example of a juvenile I. sierrae leaf because it has 
9 EFNs rather one EFN per each pair of opposite leaves, which is common of this 
species.. An example of a mature I. sierrae leaf showing greater leaf thickness, length 
found in the lower montane wet forest of Monteverde, Costa Rica 
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FIGURE 3. Bagged I. sierrae leaves that were observed over a two-week period in the 
lower montane wet forest of Monteverde, Costa Rica.  
 
 
MEASURMENT- In order to standardize measuring of leaflets, the middle leaflet always 
measured for leaf length, leaf thickness, and number of active EFNs.  A penetrometer 
was used to measure leaf thickness (figure 4). In addition, percent herbivory of each leaf 
was calculated using a 12 x 12 grid of 1cm squares. [During a two-week period 14 I. 
sierrae were observed for change in length, leaf thickness and the number of active EFNs. 
A penetrometer was used to measure leaf thickness (figure 4). Active EFNs had clear 
presence of nectar and non active EFNs showed no nectar, as shown in figure 6. 

 
FIGURE 4. Leaf thickness measurement by penetrometer of I. sierrae leaves in the lower 
montane wet forest of Monteverde, Costa Rica.  
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FIGURE 5. From left to right: Young I. sierrae leaf with nectar producing EFNs found in 
the lower montane wet forest of Monteverde, Costa Rica. Mature I. sierrae leaf with 
scarred over EFN, also found in lower montane wet forest of Monteverde, Costa Rica.  
 
RESULTS  
 
I collected 260 leaves for measurement along with observing 14 leaves for two weeks.  
 
EXPERIMENT 1. LEAF LENGTH-Leaf length, thickness and percentage of active EFNs are 
related variables in this study (Pairwise Correlations p= < 0.001) as shown in figure 6. As 
leaf thickness increased, leaf thickness also showed a significant increase. As leaf 
thickness increased the number of EFNs significantly decreased. As leaf length increased 
the number of active EFNs significantly decreased. As the leaves age thickness increases 
and the percent EFNs decreases.  
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FIGURE 8.  Percentage of active EFNs significantly decreased as leaves increase in age 
Percentage of active EFNs on I. sierrae leaves observed in the lower montane wet forest 
of Monteverde, Costa Rica significantly decreased as age increased (n=83). 
 
 
No significant difference was found between percent herbivory on I. sierrae leaves and 
leaf leangth (Linear Regression p = 0.5143 n = 260 R2 =. 0153). As shown in Figure 7, 
percent herbivory did not change significantly as the length of I. sierrae leaves increased. 
Average herbivory rate of 4.8 %was found.   
EXPERIMENT 2. LEAF THICKNESS Leaf length and leaf thickness are correlated, as a result, 
the same results are found when comparing leaf thickness and leaf herbivory as when 
comparing leaf length and leaf herbivory. As shown in figure 7, leaf herbivory did not 
increase as leaf thickness increased. (p=. 5143, n=260, R2=.00165). Average herbivory 
rate of 4.8 %was found.  
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FIGURE 7. Leaf herbivory does not increase as leaf length increases on I. sierrae leaves 
found in lower montane wet forest of Monteverde, Costa Rica (n=260).   
  
 
EXPERIMENT 3. ACTIVE EFNS- No significant difference was found between the number 
of active EFNs and percentage of leaf herbivory (Linear regression p=.5143, n=260, 
R2=.00108)  As seen in Figure 7, there was not a change in herbivory based on the 
number of active EFNs. Average herbivory rate of 4.8 %was found. 
 
EXPERIMENT 4. SURVEY OF ACTIVE EFNS- The number of active EFNs significantly 
decreased after two weeks of observation (Linear Regression p= <.0001, n=83, 
R2 .63987).  As shown in Figure 8, percentage of EFNs decreased as leaves aged.  
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FIGURE 8.  Percentage of active EFNs significantly decreased as leaves increase in age 
Percentage of active EFNs on I. sierrae leaves observed in the lower montane wet forest 
of Monteverde, Costa Rica significantly decreased as age increased (n=83). 
 
 
EXPERIMENT 5. SURVEY OF LEAF LENGTH- Leaf length significantly increased as number 
of observation days increased (Linear Regression p=.008 n=83 R2=.07792). Leaf length 
significantly increased as leaf age increased (figure 9). 

 
 
FIGURE 9.  Leaf length of I. sierrae in the lower montane wet forest of Monteverde, Costa 
Rica significantly increased as number of observations increased (n=83). 
 
 
EXPERIMENT 6. SURVEY OF LEAF THICKNESS-Leaf thickness also significantly increased 
as number of observation days increased (Linear regression p= < 0.0001, n=83, 
R2= .30242). Leaf thickness increased significantly as age increased (figure 10).  
ADDITIONAL OBSERVATIONS- Several black ants were observed visiting the extrafloral 
nectaries during collection of 14 I. sierrae leaves. In addition a small number of ants and 
wasps were observed visiting leaves during leaf collection from 30 plants around the 
Monteverde Biological Station.   
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FIGURE 10. Leaf thickness of I. sierrae leaves found in the lower montane wet forest of 
Monteverde, Costa Rica increased as number of observation days increased (n=83). 
 
 
DISCUSSION 
 
My results found that leaf herbivory was not affected by leaf length, number of EFNs and 
leaf thickness. These results demonstrate that leaves of I. sierrae in lower montane wet 
forest have a similar amount of herbivory even though the method of deterrence changes 
with age. This may indicate that leaves are efficiently compensating tenderness, EFNs 
and toughness.  Results from this study complement those of Ho (2012), who found that 
EFNs protected youngest leaves from herbivory, even though leaves were being collected 
from a montane habitat. 
 

This study shows older leaves toughen and lose their active EFNs. This result is 
supported Bentley (1997b) and Ho (2012), who found that most nectar is produced when 
leaves are in the youngest stages of life. It is important to not that the observed leaves 
increased in toughness and lost EFNs quickly. This may be explained by an effect of low 
insect abundance at elevation high elevations (Janzen 1973, Bentley 1977a) Therefore, 
plants at this elevation may be more efficient toughening rather than producing nectar for 
small populations.  
 

Koptur (1985) found that herbivory at high elevations is generally greater. 
However my results found an average herbivory  4.7%, which is low compared to 
average herbivory in the tropics, 11.1 % (Coley and Aide (1991). This suggests that I. 
sierrae leaves are efficiently protecting themselves against herbivory due to the fact that 
the number of herbivore abundance does not decrease with elevation (Koptur 1985).  
Additional protection from herbivores may be provided by he increased levels of phenols 
in leaves as elevation increases (Koptur 1985). Leaves were collected during the dry 
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season, which has an effect on insect abundance in the tropics and may explain the low 
herbivory rates (Silva et al. 2011).  

 
 My observation results show that I. sierrae leaves were growing significantly in 
toughness and loosing EFNs rapidly over a two-week period. Leaves at this elevation 
may not fully rely on EFN production and may be in the process of evolving away from 
the costly production of nectar, eventually only relying on rapid development of 
toughness.  

 
In conclusion, I. sierrae leaves are effectively protecting themselves during the 

dry season against herbivory at high elevations. In addition, rapid increase in leaf 
thickness and loss of EFNs may suggest that these leaves are becoming less reliant on 
nectar production as protection but rather leaf thickness.   
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Modification of Anthurium sp (Araceae) leaves may protect 
roosting bats from environmental humidity in a Tropical 
Montane Forest 
Kate Abderholden 
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Abstract 
The unknown tent-making habits of A.toltecus provides an opportunity to gain knowledge of this taxa and provide 
valuable details to the conservation of the species. Because A.toltecus is found in the highlands, leaf preference is 
hard to study directly, and therefore the tent-making habits have remained unknown. By studying the factors that 
would influence a bat's choice in leaf for tent-making, using the leaves at high elevations, one can predict leaf 
preference. Three leaf species were used in the Monteverde Biological Station forests, ranging from life zones of a 
lower montane wet forest, where Piper sp. was found on forest edge, to a lower montane rain forest where Heliconia 
sp., and Anthurium sp. were found in the understory. fifteen tents were made in each species, each leaf having a tent 
and a control. The factors in this study include rain protection, humidity and mist protection, amount of weight a leaf 
can hold and observations of decomposition rates. Rain protection was measured using cotton balls of the same 
surface area as an A.toltecus bat, they were placed in the leaf and were weighed before and after rain simulation was 
applied. Humidity protection was measured using cotton balls as well, by weighing before and after they "roosted" 
in a leaf overnight. The amount weight a leaf can hold was measured using a protractor, to see how much weight it 
took to move the base of the petiole where the leaf connects, 20 degrees. The decomposition was observed by taking 
pictures of the tent-leaves and controls every day, for two weeks. There was no statistical significance between leaf 
species for rain protection in tented-leaves; Heliconia sp. (0.074± 0.023), Anthurium sp. (0.067 ± 0.016), and Piper 
sp. (0.04 ± 0.03). Out of the three leaf species, Piper sp. was found to absorb the least amount of water from 
humidity and mist (0.05± 0.01), compared to Heliconia sp. (0.30± 0.08) and Anthurium sp. (0.23 ± 0.04). This is 
because it was found on the forest edge, that has more wind and light, therefore less humidity and mist to be 
absorbed. Piper sp.  was also the species that could withstand the least amount of weight (17.24± 0.65), compared to  
Heliconia sp.  (19.86 ± 0.95) and  Anthurium sp. (20.09 ± 0.75). A trend was found between Anthurium sp. tent and 
control leaves, the control leaves absorbed more water from humidity(0.36 ± 0.04) than tent leaves (0.23 ± 0.08). 
This means that it is beneficial for a bat to make a tent in Anthurium sp. because it is better at protecting from 
humidity and mist that a non-tented leaf. These results imply that humidity and mist protection may be more 
important in the decision of leaf choice for tent-making, than rain protection.  

Resumen 
Los hábitos desconocidos del murciélago constructor de tiendas A. toltecus provee una oportunidad para ganar 
conocimiento de este taxón y proveer detalles valiosos para la conservación de esta especie.  Debido a que A. 
toltecus se encuentra en zonas altas, la preferencia por hojas es difícil de estudiar directamente, y así los hábitos de 
cosntrucción de tiendas de esta especie permanecen desconocidos.  Al estudiar los factores que podrían influenciar 
la selección de hojas por parte de los murciélagos a estas elevacioens, uno puede predecir la preferencia por tipos de 
hojas.  Tres tipos diferentes de hojas se usaron en el bosque de la Estación Biológica de Monteverde, que van de las 
zonas de vida de bosque humedo montano bajo, donde Piper se encontró en el borde del bosque, a bosque lluvioso 
montano bajo donde Heliconia sp. y Anthurium sp. se encontrarón en el sotobosque.  Quince tiendas fueron 
construidas para cada especie, cada hoja teniendo una tienda y un control.  Los factores en este estudio fueron la 
protección contra la lluvia, humedad y protección contra la neblina, peso que puede soportar una hoja y 
observaciones en la tasa de descomposición.  La protección contra la lluvia se midió usando bolas de algodón de a 
misma área superficial que un A. toltecus, se colocaron en las hojas y fueron pesadas antes y después de la 
simulación de la lluvia fuera aplicada.  La protección contra la humedad se midió usando fue medida usando 
también bolas de algodón, midiendo el peso antes y después de pasar la noche en las hojas.  El peso que las hojas 
pueden soportar se midió usando un transportador para ver cuanto peso es necesario para mover la base del peciolo 
20 grados.  La descomposición fue observado tomando fotos de las tiendas y los controles cada día, por dos 
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semanas.  No hay diferencia significativa entre las especies de hojas para la protección contra la lluvia Heliconia sp. 
(0.074± 0.023), Anthurium sp. (0.067 ± 0.016), y Piper sp. (0.04 ± 0.03).  De las tres especies de hojas Piper sp. fue 
la que mostró menor absorción de agua  de húmedad y neblina, esta especie además es la que aguanta la menor 
cantidad de peso (17.24± 0.65), comparado con Heliconia sp.  (19.86 ± 0.95) y  Anthurium sp. (20.09 ± 0.75).  Una 
tendencia fue encontrada entre las hojas control de Anthurium sp. que absorben más humedad (0.36 ± 0.04) que las 
tiendas (0.23 ± 0.08).  Esto significa que es beneficioso para los murciélagos hacer tiendas en hojas de Anthurium 
sp. debido a que ofrecen mejor protección contra la humedad y neblina que las hojas sin tiendas.  Estos resultados 
implican que la humedad y la protección contra la neblina pueden ser más importantes a la hora de seleccionar las 
hojas por los murciélagos que hacen tiendas que la protección contra la lluvia. 

Introduction 

Almost all mammals occupy shelters on a daily or seasonal basis, including preexisting 
structures, for example tree cavities, caves, and rock crevices. These shelters protect from sun, 
rain, and/or predators (Chaverri and Kunz 2010). Some organisms, however, modify their 
environment to make dens, nests or burrows which provide protection from aspects of weather, 
predators and can be used for mating, caring for young, and feeding. Bats are notorious among 
mammals that modify their environment to roost. About 30 out of 1116 documented bat species 
are known to modify existing structures, or roosts, (Chaverri and Kunz 2010). Of those, there are 
17 species of Neotropical bats (all in family Phyllostomatidae) that alter the appearance of 
leaves, roots, and stems to make structures called "tents" (Rodriguez-Herrera & Medellin & 
Timm 2007). Each species of tent-making bat has one or more distinctive styles of tent 
construction and therefore may utilize one or more different species of plant (Timm 1987, Kunz 
et al. 1994). If it is known that different bats make tents in specific leaves more than others, 
conservationists should take this into account when they are protecting certain habits, and to 
make sure people do not destroy the plants bats prefer to make tents in. 

 Members of the New World genus Artibeus make up almost half of the species of bats  
known to occupy tents (Chaverri and Kunz 2006). Studies have suggested that tents provide bats 
with shelter to hide from terrestrial and arboreal predators, rain, wind, and high light intensities 
(Barbour 1932, Foster & Timm 1976, Timm & Mortimer 1976). Also, some studies suggest that 
because tents are relatively open,  it allows clear views of predators and the possibility to escape 
(Brooke 1990, Kunz & McCraken 1996). For these reasons it would seem that bats would 
selectively chose a species of leaf for tent-making with the intent to have that leaf fulfill all of 
those requirements. By relying on the leaf for safety, it poses the question as to what leaf is best 
in the bats eyes. One species belonging to these tent-making bats is Artibeus toltecus, a 
frugivorous leaf-nosed bat inhabiting middle and high elevations in primary and secondary 
forests (Rodriguez-Herrera & Medellin & Timm 2007). The tent-making behavior of this species 
is poorly known, which reflects the general lack of studies on highland bat species (Graham 
1983). It is that A. toltecus has made pyramid tents in Anthurium caperatum (Rodriguez-Herrera 
& Medellin & Timm 2007). It is important to study these unknown habits of A.toltecus because 
this information is not only important for collecting research on the species but also it can give 
more detail to conservation of the species.  

 Considering it is not well known what leaves A.toltecus uses to make tents, hypotheses 
can be made by looking at its other relatives in Artibeus. A. watsoni (10 g)(Chaverri and Kunz 
2006)  is a lowland bat about the same weight as A.toltecus (14 g) (Jones 1964) and would 
occupy around the same area of leaf as A.toltecus would when roosting in a tent. In a previous 
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study, A.watsoni made tents 36 percent of the time in the aroid family Araceae, 12 percent in the 
palm family Arecaceae, and 12 percent in Heliconiaceae (Chaverri and Kunz 2006). 

   Because A.watsoni made tents more in Araceae, and because A.toltecus has already been 
documented using Anthurium caperatum (family Araceae), Anthurium sp. is one of the leaves I  
compare in my study. The other two leaf species of study are Heliconia sp. and Piper sp. because  
A.watsoni has been documented to have made tents in each of those species in the past (Chaverri 
and Kunz 2006). In an Anthurium sp. and Piper sp. leaf a pyramid tent shape is made, in 
Heliconia sp. a boat tent is made. These three leaf species are found at higher elevations, and are 
only being studied at higher elevation so that the findings are subject to that of A.toltecus. In 
each of these leaves I test how much rain and humidity protection they provide, how much 
weight they can hold and make general observations of leaf decomposition. I chose these factors 
because previous studies have hypothesized that weather conditions (Barbour 1932, Foster & 
Timm 1976, Timm & Mortimer 1976) may be the cause of tent-making, and weight may be a 
factor in leaf choice (Stoner 2000). Therefore two factors of weather conditions and weight will 
be explored to determine potential influences on leaf choice for A.toltecus.  

Materials and Methods 

STUDY SITE- The study site was in elevations ranging from 1550-1800 m, constituting Holdridge 
life zones of a lower montane rain forest and lower montane wet forests (Haber 2000). A.toltecus 
is found on both slopes of Costa Rica, and can be found in these life zone. The two leaf species 
Heliconia sp., Anthurium sp, were found in the understory of the lower montane rain forest, 
while Piper sp. was found in the forest edge of the Monteverde Biological Station's forests, 
lower montane wet forest, Figure 1.  
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Figure 1: The understory of the lower montane rain forest of Monteverde Biological Station 
(left) used for Heliconia sp. and Anthurium sp. while testing factors of rain, humidity/mist 
protection, and weight a leaf can withstand, to determine leaf choice for tent-making in 
A.toltecus bats . Piper sp. also used in this study, was found in the forest edge of the Monteverde 
Biological Station, a lower montane wet forest (right). Exhibiting the process modifying a 
Heliconia sp. leaf for testing (left).  

STUDY ORGANISMS - Tents were made in 15 leaves of each species (Heliconia sp., Anthurium 
sp. and Piper sp.) and each leaf had a control, for a total of 45 leaves with tents and 45 leaves 
without tents. Each control and tent leaf were part of the same plant in order to homogenize 
factors pertaining to leaf size, light availability, elevation, etc. Pyramid tents were constructed in 
Anthurium sp. and Piper sp. by making small holes, similar to the bats nails and teeth, using a 
thumbtack. I simulated the way bats constructed pyramid tents, by cutting the lateral nerves on 
either side of the main vein, and then puncturing small holes in the main vein so that it would 
collapse, but not break (Figure 2).This allows for the distal half of the leaf to droop down, the 
position the bats would place themselves can be seen in Figure 3.  
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Figure 2: Method used to make a pyramid tent shape made by bats, using their teeth and nails. 
The lateral veins are cut, and the main vein is altered so that it folds downward creating a 
pyramid shape (from Timm 1987). his method was used in order to create tents used for testing 
in factors that would influence leaf choice for tent making in A.toltecus bats.  

 

 

Figure 3: Rain and Humidity tests using cotton balls placed where bats would be roosting. This 
is an pyramid tent shape in Anthurium sp (left) and Piper sp. (right) and the bats would roost 
under and close to the distal half of the leaf that is folded downwards.  

In Heliconia sp.  boat-shape tents were made by making small holes parallel to the main vein, 
thus causing both sides of the leaf to collapse and look like an upside down boat, Figure 4. This 
allows the bats to roost underneath the leaf, with the sides of the leaf surrounding it (Figure 5).  
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Figure 4: Method used to make a boat tent in Heliconia sp. leaves, by bats with their nails and 
teeth. The lateral veins are cut parallel to the main vein, causing the sides of the leaf to collapse 
(from Timm 1987). This method was used in order to create tents used for testing in factors that 
would influence leaf choice for tent making in A.toltecus bats. 

 

Figure 5: Top view (left) of the Heliconia sp. leaf shows the cuts made parallel to the main vein, 
and the boat shape that creates. In the right picture, the cotton balls are placed underneath the 
leaf where bats would roost, in order to test rain and humidity protection.  
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EXPERIMENT ONE - After tents were created, rain protection was tested using cotton balls taped 
to the leaves that simulated the bats roosting. I approximated the size of the cotton to be similar 
to the average size of an A.toltecus bat, which is around 14g (Jones 1964). This weight of cotton 
ball was about 2 grams, each cotton ball weight was held constant so that they would take up the 
same amount of surface area as the bats would. A.watsoni has been found in groups of one to 
eight individuals with an average of 2.39 ± 1.49 bats per tent (Chaverri et al 2008). Based on 
these patterns 3 cotton balls were placed in the tents. To measure how much the tent protected 
the bats from rain the cotton balls plus the tape were weighed, then place in the tents and control 
leaves, the rain was simulated of about 10 ml of water using a spray bottle, and then the cotton 
was weighed after. The amount of water to apply was enough to completely cover the leaf in 
water, so that it was dripping, similar to the typical amount of rain these forests would receive. 
The difference in cotton weight is the amount of water absorbed during the rain.  

EXPERIMENT TWO - To measure how much tents protect bats from humidity, I weighed the 
cotton and tape, placed them in the leaves (with and without tents) and left them overnight, after 
which, I weighed them again to see the amount of water absorbed.  

EXPERIMENT THREE - The amount of weight a leaf can hold was measured using and protractor 
and weight attached to the leaf. The amount of weight it took for the leaf to bend 20 degrees was 
recorded. The protractor was placed at the base of the leaf where it connects to the petiole 
(Figure 6). 

  

Figure 6: Example of using the protractor to measure how much weight a leaf can hold. The 
protractor was held at 50°, after the weight was added the leaf moved to 70°. This weight was 
recorded, if the weight was above or below a 20° difference then more of less weight would be 
added.  
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ADDITIONAL OBSERVATIONS - Observations of decomposition rates were done by taking a 
photo of the top of the leaf and a side view of every tent and control leaf (for 10 leaves of each 
species, totaling 60 leaves), everyday, for two weeks. 

Results 
EXPERIMENT 1-  On average, the three species absorbed similar amount of water (One Way 
ANOVA, F = 0.473, df = 2, p=0.627), Figure 7. All three species had around the same mean for 
amount of water absorbed, Figure 7. According to a post hoc test, the Heliconia sp. leaves are 
slightly higher than the rest (0.074± 0.023), Anthurium sp. is in between (0.067 ± 0.016), and 
Piper sp. the lowest (0.04 ± 0.03), but the standard error is high so the difference between the 
leaves is not significant. 

 

Figure 7: Amount of water absorbed through rain between three species of tent leaves. 
Between the three leaf species, Heliconia sp, Anthurium sp. and Piper sp., the amount of water 
absorbed by cotton balls after 10 ml of water was applied, as rain, to the tent-leaves was not 
significant (n= 45).  

The amount of water absorbed during simulated rain was not significantly different in tent versus 
control for Heliconia sp.(Paired T-Test, t= -0.68, df= 14, p-value= 0.508). The tent leaves 
absorbed slightly more water (0.07 ± 0.01) than control leaves (0.06 ± 0.02), but the standard 
error was high in control leaves so the difference was not significant (Figure 8).  
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Figure 8: The amount of water absorbed through rain in Heliconia sp. leaves. The amount 
of water absorbed by cotton balls in Heliconia sp. leaves after the simulation of rain, was not 
significant between the tent and control leaves (n=15). What contributes to the cause of non 
significance is although the tent leaves have a higher mean, the control has a high standard error.   

The amount of water absorbed during simulated rain was not significantly different in tent versus 
control leaves for Anthurium sp.(Paired T-Test, t= -0.37, df= 14, p-value= 0.717). The tent leaves 
absorbed slightly more water (0.07± 0.02) than control leaves (0.06 ± 0.01), but the standard 
error was high in tent leaves so the difference was not significant (Figure 9)  

 

Figure 9: The amount of water absorbed through rain in Anthurium sp. leaves. The amount 
of water absorbed by cotton balls in Anthurium sp. leaves after the simulation of rain, was not 
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significant between the tent and control leaves (n=15). What contributes to the cause of non 
significance is, although the tent leaves have a higher mean, it also has a high standard error. 

The amount of water absorbed during simulated rain was not significantly different in tent versus 
control leaves for Piper sp.(Paired T-Test, t= -0.77, df= 14, p-value= 0.455). The tent leaves 
absorbed slightly more water (0.04 ± 0.03) than control leaves (0.02 ± 0.01), but the standard 
error was high in tent leaves so the difference was not significant (Figure 10)  

 

Figure 10: The amount of water absorbed through rain in Piper sp. leaves. The amount of 
water absorbed by cotton balls in Piper sp. leaves after the simulation of rain, was not significant 
between the tent and control leaves (n=15). What contributes to the cause of non significance is, 
although the tent leaves have a higher mean, it also has a high standard error. 

EXPERIMENT 2- 

Between the three species of leaves the difference in amount of water absorbed from humidity on 
tent-leaves was significant (One Way ANOVA, F = 6.218, df = 2, p= 0.00431). All three species 
had different means for amount of water absorbed, Figure 11. According to a post hoc test, the 
Heliconia sp. leaves are higher than the rest (0.30± 0.08), Anthurium sp. is in between (0.23 ± 
0.04), and Piper sp. the lowest (0.05 ± 0.01). 
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Figure 11: Amount of humidity absorbed in three species of tent leaves. Between the three 
leaf species, Heliconia sp, Anthurium sp. and Piper sp., the amount of water absorbed by cotton 
balls from humidity after one night in tent-leaves was significant (n= 45). Heliconia sp. absorbed 
the most and Piper sp. the least, with Anthurium sp. in between.  

When looking at the tent and control leaves for Heliconia sp., the amount of water absorbed 
through humidity overnight was not significantly different in tent versus control leaves (Paired 
T-Test, t= 0.63, df= 14, p-value= 0.542). The control leaves absorbed slightly more water  (0.35 
± 0.07) than tent leaves (0.30 ± 0.08), but the standard error was high for both leaves so the 
difference was not significant (Figure 12). 

 

Figure 12: Amount of water absorbed through humidity in Heliconia sp. leaves. The amount 
of water absorbed by cotton balls from humidity overnight in Heliconia sp. leaves was not 
significant between the tent and control leaves (n=15). What contributes to the cause of non 
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significance is, although the control leaves have a higher mean, they both have a high standard 
error.   

When looking at the tent and control leaves for Anthurium sp., the amount of water absorbed 
through humidity overnight was not significantly different in tent versus control leaves, but did 
display a trend (Paired T-Test, t= 1.76, df= 14, p-value= 0.0996). The control leaves absorbed 
slightly more water (0.36 ± 0.04) than tent leaves (0.23 ± 0.08), leading to an observable trend, 
but because the errors are high there is no significant difference (Figure 13).  

 

 

Figure 13: Amount of water absorbed through humidity in Anthurium sp. leaves. The 
amount of water from humidity absorbed by cotton balls overnight in Anthurium sp. leaves was 
not significant between the tent and control leaves (n=15). However a visible trend can be seen, 
that control leaves absorb more water than tent leaves. What contributes to the cause of non 
significance is, although the control leaves have a higher mean, the tent has a high standard error. 

When looking at the tent and control leaves for Piper sp., the amount of water absorbed through 
humidity overnight was not significantly different in tent versus control leaves (Paired T-Test, t= 
-1.39, df= 14, p-value= 0.187). The tent leaves absorbed more water (0.05 ± 0.01) than control 
leaves (0.03 ± 0.01), but the standard error was high for tent leaves so the difference was not 
significant (Figure 14). 
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Figure 14: Amount of water absorbed through humidity in Piper sp. leaves. The amount of 
water absorbed by cotton balls from humidity overnight in Piper sp. leaves was not significant 
between the tent and control leaves (n=15). What contributes to the cause of non significance is, 
although the tent leaves have a higher mean, they also have a high standard error. 

EXPERIMENT 3 -  

Between the three species of leaves the difference in amount of weight a tent-leaf can hold was 
significant (One Way ANOVA, F = 6.218, df = 2, p= 0.00431). All three species had different 
means for amount of weight it took to move the stem of the leaf 20 degrees, Figure 15. The 
means for Heliconia sp. weight (19.86 ± 0.95) and  Anthurium sp. weight (20.09 ± 0.75) are 
about the same, but Piper sp. has a lower mean (17.24 ± 0.65). 
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Figure 15: Amount of weight leaf species can hold within a 20 degree angle difference 
Between the three leaf species, Heliconia sp, Anthurium sp. and Piper sp., the differences in 
amount of weight a leaf can hold (to create a 20° angle of stem) was significant (n= 45). 
Heliconia sp. and Anthurium sp. have about the same mean (±SE), but Piper sp. leaves hold the 
least amount of weight. 

ADDITIONAL OBSERVATIONS -  

Based on pictures taken every day for two weeks, Heliconia sp. showed browning where the 
holes were made, sooner than Anthurium sp.. However, the decomposition of Anthurium sp. had 
a more dramatic result at the end of the two weeks, compared to Heliconia sp.. Anthurium sp. 
showed the edges of the leaf curling and browning towards the end of two weeks. Piper sp. 
showed browning where holes were made at about the same time as Heliconia sp. but Piper sp. 
showed signs of tearing were the holes were made, because of the wind. In one sample, the distal 
part of the leaf that normally hangs, was completely torn off by the wind. Pictures of all of these 
observations can be seen in the Appendix. 

Discussion 
 Between all three leaf species, Heliconia sp., Anthurium sp. and Piper sp., neither of the 
tent-leaves are better at protecting from a typical amount of rain bats would experience. Based on 
these results, the bat A.toltecus would not be choosing a leaf species solely because of rain 
protection. Also, this can mean that all three leaves are equally good at protecting from the rain. 
The areas where Anthurium sp and Heliconia sp are , the lower montane rain forest, receive a lot 
of rain, about 3600-8000mm per year (Haber 2000). So, it may be that no matter which species a 
bat chooses, it is going to get wet no matter what, because of this high rainfall. If rain protection 
is the same for these three species, than it wouldn't influence the decision of which leaf to make a 
tent in. 

 As well, in Heliconia sp., Anthurium sp. and Piper sp. leaves, between the tent and 
control, there was no significant difference in rain protection. Also, both Heliconia sp. and Piper 
sp. did not show significant differences between amount of humidity and mist absorbed 
overnight in the tent versus control leaves. Therefore the protection against humidity and mist 
may be equal in tent and non tented leaves. Of the plant-roosting bats, only a few species modify 
the plant (Chaverri and Kunz 2006). Although modification is supposed to improve roosting 
conditions, the bats that choose to modify leaves may not seek solely rain or humidity protection. 
And therefore, they may not take into account the different amounts of rain water or humidity 
they will encounter when choosing to make a tent. 

  Of the three tented leaf species, Piper sp. tents have been found to absorb significantly 
less amounts of water from humidity and mist. However, there was no difference between the 
tent and control leaves against humidity and mist protection. Meaning that Piper sp. provides the 
best protection from humidity and mist, (compared to that of Heliconia sp. and Anthurium sp.) 
but, a bat would not choose to make a tent in Piper sp because there is no benefit from a tent 
versus a regular leaf. Less water may be absorbed in Piper sp.  because the Piper sp. used in this 
study was found in forest edge which has more wind and light availability. There is more wind in 
gaps due to turbulence created by air flow across the broken canopy and convectional currents in 
heated gaps (Schupp et al 1989). This wind can decrease the amount of humidity and mist the 
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cotton balls absorbed and the amount that gets evaporated. Piper sp. was also found to hold the 
least amount of weight, therefore signifying it being the weakest leaf structure out of the three 
leaf species. Based on A.toltecus' relative A.watsoni being polygynous and having complex 
roosting systems, they might choose leaves that can support more weight because they have been 
shown to have up to eight individuals in the tent at one time (Chaverri et al 2008). Also, this 
would support the evidence that more often  A.watsoni made tents in the families Araceae, 
Arecaceae, and Heliconiaceae, but not in Piperaceae (Chaverri and Kunz 2006). Additionally, 
based on observations of decomposition made during the course of two weeks, Piper sp. 
decomposed relatively fast and was easily ruined by wind. This may, again, contribute to the 
evidence of A.watsoni (and therefore A.toltecus) does not choose the Piperaceae family as often 
as others.  

 Anthurium sp. showed a trend that the control leaf absorbed more humidity than the tent 
leaf. This supports the idea that bats modify plants in order to provide more protection from 
abiotic factors (Chaverri and Kunz 2006). It is interesting that a trend was found for Anthurium 
sp. but not for Heliconia sp. and Piper sp. because it has been documented that A.toltecus has 
made tents in an Anthurium sp..Therefore it seems plausible that A.toltecus considers the 
difference in humidity between the tent and non-tent leaf of Anthurium sp. to be important. This 
may mean that humidity matters more than rain in the selection of a tent. Possibly, because the 
amount of rainfall that occurs where the A.toltecus is found, in highlands and in this study lower 
montane rainforest, is so substantial that no matter what leaf species you roost in, you are going 
to get wet. While in the other hand Anthurium sp shows that manipulating the leaves into a tent 
can benefit the bat, and protect from humidity and mist. This may be because during additional 
observations, Anthurium sp. decomposed slower than the other species, and therefore their leaf 
composition may be better, therefore making it better at protecting the bats.  

  Leaf choice is important because by knowing the factors that go into the choice of 
leaf one can further the knowledge of taxa, and determine leaf preference which pertains to 
conservation. For example, in this study it was found that Piper sp. held the least amount of 
weight, but had the least amount of humidity and mist absorbed, most likely due to the fact that it 
is found in on the forest edge or gaps. However Piper sp did not differ in protection from 
humidity in the tent versus control leaves. So, bats may choose to perch in the Piper sp given that 
it is drier, but they would not want to make a tent because it is weak and there is no benefit for 
protection from humidity. For Anthurium sp. however, a trend has displayed that it is more 
beneficial for a bat to make a tent than to not, in order to protect against humidity. Overall, this 
may contribute to the A. toltecus' leaf choice to making a tent.  
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ABSTRACT 
 
Atta cephalotes leaf-cutter ant trails are often composed of fallen branches and logs. 
These are essential in increasing foraging optimacy and aid in resource discovery. These 
are especially important in the forest as leaf litter is difficult to navigate through for such 
small insects. A previous study at a lower elevation showed ants used branches to travel 
faster and discover new resources. My findings at a higher elevation yielded similar 
results. Ants deviate their trails by an average of 35 degrees to accommodate branches in 
their trails. In addition, laden ants travel faster on branches than on the ground by an 
average of 6.52 seconds. Ants discover a food source faster by using branches compared 
to going through the leaf litter. Thus, A. cephalotes use of energy in building ant trails is 
similar at low and high elevations. 
 
RESUMEN 
 
Los senderos de las hormigas zompopas están compuestos de ramas caídas y troncos.  
Estos son esenciales para mejorar el forrajeo y ayudar en el descubrimiento de recursos.  
Estos son importantes especialmente en el bosque ya que la hojarasca hace que sea díficil 
moverse por parte de insectos pequeños.  Un estudio previo a una elevación más baja 
muestra que las hormigas usan ramas para moverse más rápido y descubrir nuevos 
recursos.  Mis descubrimientos a elevaciones mayores muestran resultados similares.  Las 
hormigas se desvian de sus senderos en un promedio de 35 grados para usar las ramas 
como senderos.  Además, las hormigas con carga se mueven más rápido en ramas que en 
el suelo en un promedio de 6.52 segundos.  Las hormigas descubren recursos más 
rápidamente usando ramas comparado con ir a través de la hojarasca.  Así, Atta 
cephalotes usa la energía para construir los senderos de la misma manera en elevaciones 
bajas y altas. 
 
INTRODUCTION 
 
Surviving in a competitive environment like the rainforest can be difficult as each species 
strives for optimum foraging. Social insects in particular seem to be effective foragers. 
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They optimize their foraging by partitioning the work, making it easier for the colony to 
reach its full foraging potential (Cherrett, 1968). Atta cephalotes are major consumers of 
young leaves and are responsible for up to 20 percent of herbivory of young leaves in 
tropical forests. They have a wide range, extending from the Southern United States into 
Northern South America (Hanson and Gauld, 1995). They are a eusocial species, which 
means members of a colony are broken down into different castes with different roles 
(Holldobler and Wilson, 1990). What makes leaf cutter ants such as A. cephalotes so 
peculiar is that they practice agriculture in order to feed themselves. They do not feed on 
the leaves but instead use these leaves to grow basidiomycotic fungi to eat (Stevens, 
1983).  
 In order to keep up with the high nutritional requirements of this fungus, A. 
cephalotes use large and far reaching pathways which can be up to 30 centimeters wide 
and 250 meters long (Lewis et al., 1974). This reduces energy cost and time consumption 
during foraging (Fewell, 1988). Among these pathways are fallen branches which the 
ants normally use to boost their speed and direct their foraging operations (Farji-Brener et 
al., 2007). Farji-Brener et al. (2007) was restricted to a particular location in the lowlands 
of Costa Rica and has not been replicated anywhere else to evaluate the generality of 
their conclusions.  
 I recreated the Farji-Brener et al (2007) study, which was done at La Selva, at a 
higher elevation in Monteverde in order to see whether the ants’ use and allocation of 
energy that goes into building trails is different. La Selva is composed of lowland 
evergreen forest and is at 29 to 100 meters of elevation while Monteverde is a 
premontane tropical wet forest at around 1400 meters of elevation (Janzen 1983). A main 
difference between the two sites could be that more branches fall in the Monteverde 
forest since it is a short distance to the continental divide where the trade winds come 
from (Janzen 1983).  

I 1) measured how often fallen branches are used to build trails and how far these 
branches deviate from the trail’s normal path to include presumably desirable branches, 
2) measured laden ants’ traveling time along a normal dirt trail built in the leaf litter 
compared to a trail on a fallen branch to see if they differ, 3) evaluated whether fallen 
branches affect resource discovery by seeing if ants would rather go on a fallen branch or 
through the leaf litter to find corn flakes placed near their trails. Laden ants are defined as 
ants bringing some sort of material back to the nest. Farji-Brener et al. (2007) found that 
fallen branches made up 30 percent of ant trails and that branches deviated from the 
ground trail at an average angle of 38 degrees. Laden ants on branches were faster than 
ants on ground trails by a mean of 3.82 seconds and ants found corn flakes led to by a 
branch first more than the corn flakes placed in the leaf litter without a branch. 
 
METHODS 
 
Study site 
 
The experiment was conducted at the Finca Ecologica in Monteverde, Costa Rica, which 
is located in a pre-montane wet forest Holdridge Life Zone. This study was done in from 
mid-April to early May 2013 at the end of the dry season. The data were taken on days 
without rain as rainfall stops the ants from going out and foraging if it too heavy (pers. 
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observ.). 
 
Experiment 1 
 
First, I found 10 different nests of Atta cephalotes leaf cutting ants. I either chose the 
largest trail (the "main" trail) or multiple large trails coming from the nest, depending on 
how large the nest was and how many ants were on the trails in order to sample 
efficiently. I measured the length of the trail and the length of all branches used along this 
trail in order to determine what percentage of the trail was composed of branches. The 
angle between the branch and the part where it meets the rest of the trail was also 
measured. This was analyzed with circular statistical tests in order to measure whether 
the angle deviates from 0 degrees, which would suggest the ants actively deviate from 
their main direction to incorporate nearby branches.  
 
Experiment 2 
 
I measured the traveling time of laden ants on both regular ground and branch parts of the 
trail to evaluate whether ants travel faster on branches. I timed 30 ants per trail across a 
distance of 30 cm and choosing a new ant consecutively after one ant finishes crossing 
the distance. The same ant was timed for both parts of the trail. This data was analyzed 
with a paired T-test to compare the ground trails vs. the branch trails. 
 
Experiment 3 
 
I placed a small pile (15-20 flakes) of corn flakes 20 centimeters on either side of the trail 
20 meters down the trail from the entrance of the ant nest. One side was in the leaf litter 
and the other side was at the end of a branch perpendicular to the trail and horizontal to 
the ground. A different branch was used for each trial in order to make sure pheromones 
from previous ants did not influence the results. I then registered which pile the ants 
found first. I placed the corn flakes next to the trail at 9 am and waited until 5 pm to 
record observations. If neither pile was touched, I recorded the trail as unfound.  
 
RESULTS 
 
Experiment 1 
 
The angles between the fallen branch and the trail were not randomly distributed 
(Rayleigh test for circular uniformity z=73.98, p<0.0001). On average the branches that 
composed the trail deviated 35 degrees, which is significantly different from 0 degrees (V 
test: u=9.938, p<0.0005). Both statistical tests followed Zar (1984). Every trail was found 
to have fallen branches in its composition, and branches made up 15.25 percent of the 
trails overall.  
 
Experiment 2 
 
The ants traveled faster on the branch trails than the ground trails (Fig. 1; paired t-
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test=12.6073, df=299, p-value<2.2e-16). The ants crossed 30cm on the ground in an 
average time of 18.71 seconds while they did the same on a branch in 12.19 seconds, a 
difference of 6.52 seconds.  

 
Figure 1: Laden Atta cephalotes ant speed in seconds over a 30-centimeter stretch of 
trail on the ground compared to a fallen branch of the same length. Study site was 
located in a Costa Rican pre-montane wet forest.  
 
Experiment 3 
 
There was a significant difference found in which side of the trail the ants found the corn 
flakes. The observed values were that the ants found the branch side first five times, three 
times the ground side first, and did not find either two times. The expected probabilities if 
there is no difference would be: 0.3333, 0.3333, 0.3333. The observed values 
significantly deviated from these probabilities (multinomial test: p=0.04225). This means 
that the ants found the corn flakes using branches more often than normally expected by 
chance.  
 
DISCUSSION 
 
The overall results of my experiment were fairly similar to the ones obtained by Farji-
Brener et al (2007). Fallen branches were fairly common on the trail systems of A. 
cephalotes and were in the range defined by Howard (2001) of 9.3 percent and Farji-
Brener et al (2007) of 30 percent. Ants at La Selva, however, used fallen branches twice 
as much as ants in Monteverde. The ants deviated their trail accordingly when they 
encountered a fallen branch that could help them navigate through the understory and leaf 
litter in order to increase the rate of food retrieval to the nest. Laden ants on branch trails 
were also faster than when they were on ground trails, as expected. Finally, the ants chose 
to take the corn flakes at the end of the branch more than the ones in the leaf litter. This 
shows how fallen branches play an important part in food discovery. This can maybe be 
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explained by how ants expect leaves to be at the end of branches and it may therefore be 
more likely that they seek food whenever they encounter a branch. It could also be 
because the ants travel faster on branches and are therefore willing to use them to scout 
every time they encounter one near their trail since it is so much more efficient than 
going through the leaf litter.  
These results confirm that leaf cutter ants really do prefer having branches as part of their 
trail in order to help their foraging efforts since it makes them travel faster. Speed is very 
important to an individual ant since the distance in the trail is so long and traveling more 
on branches may mean the ant is able to bring back an additional piece of a leaf per day. 
Since the branches vary from zero degrees, it can be said that branches direct ant 
movement rather than being a simple continuation of a trail. Specifically, my results 
suggest that these ants behave the same at a higher elevation and in a pre-montane wet 
forest environment such as Monteverde’s than at  La Selva, which is a lowland wet 
forest. This could mean that A. cephalotes is not affected by a change in elevation and 
adapts well to different conditions.  
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ABSTRACT 

Plant-pollinator relationships are extremely diverse; in the tropics, many plants may rely on a single species 

for pollination, and so these relationships can be highly specialized. Bat pollinated plants have an 

advantage because their pollen is carried for longer distances and more pollen is carried, but the plant in 

turn is generally specialized for this relationship. Mucuna urens, a liana found in the tropics, is pollinated 

by the nectivorous bat Glossophaga soricina, which uses acoustic guides on the flower of M. urens to 

locate it. This study aimed to explore this plant-pollinator relationship as much is still unknown about the 

association and the life history of M. urens. Peduncle length in nonpollinated inflorescences were found to 

grow significantly more than in pollinated inflorescences, and inflorescences with fewer flowers were 

found to have faster growth rates in the pods if pollinated. These findings may indicate that once pollinated, 

M. urens ceases peduncle growth to concentrate energy towards pod growth, and those with less energy 

invested in flowers and nectar production will have faster production and growth of seed pods. 

 

RESUMEN 

Las relaciones entre las plantas y sus polinizadores son muy diversas; en los trópicos, muchas plantas 

dependen de sólo una especie para su polinización, de manera que esta relaciones pueden ser muy 

especializadas. Las plantas que son polinizadas por los murciélagos tienen una ventaja porque mucho más 

de su polen es llevado largas distancias, pero a cabio la planta necesita especializarse para esa relación. 

Mucuna urens, una enredadera que está en los trópicas, es polinizada por un murciélago nectarívoro 

llamado Glossophaga soricina, que utiliza guías acústicas en la flor de M. urens para localizarla. Este 

estudio trató de explorar esta relación planta-polinizador ya que mucho se desconoce sobre la asociación y 

la historia de vida de M. urens. La longitud del pedúnculo en inflorescencias no polinizadas crecieron más 

que la inflorescencias polinizadas, e inflorescencias con menos flores tuvieron índices de crecimiento 

mucho más rápido de las vainas si están polinizadas. Estos resultados sugieren que si es polinizada, M. 

urens detiene el crecimiento del pedúnculo para concentrar más energía en el crecimiento de las vainas, y 

las plantas con menos energía inevrtida en las flores y en la producción de néctar tendrán una producción y 

crecimiento más rápido de las vainas. 
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INTRODUCTION 

The degree of specialization in plant-pollinator relationships is a rapidly growing field, 

especially in the tropics where plants may depend on a single species for pollination 

(Johnson and Steiner 2000). Many plant-pollinator relationships in the tropics involve 

insects as major pollinators, especially hawkmoths and euglossine and honey bees; 

however, about 528 species of angiosperms are pollinated by nectivorous bats and are 

mostly found in the tropics (Fleming et al. 2009, LaVal and Rodriguez 2002). In the 

neotropics, these flower-visiting bats belong to the Phyllostomidae family of leaf-nosed 

bats (von Helversen et al. 2003). Nectivorous bats provide numerous benefits for the 

plant, including their ability to cover large distances compared to many other pollinators 

and their larger size, allowing them to transfer more pollen. These features are beneficial 

as bats can promote outcrossing in the plant and thereby increase genetic diversity.  

Flowers that are bat pollinated often open at dusk, are white or pale yellow, have 

a musty smell, and may be small but densely clustered (Bawa 1990, Fleming et al. 2009). 

Beyond apparent physical characteristics, it has been found that some flowers have 

evolved acoustic guides; these acoustic guides serve to direct bats towards the flowers by 

taking advantage of their sophisticated echolocation calls (von Helversen and von 

Helversen 1999, Jones and Teeling 2006). The subfamily of Glossophaginae bats (Family 

Phyllostomidae) in particular has been found to contain many species of highly 

specialized bats, including those that pollinate flowers with acoustic guides (von 

Helversen et al. 2003). 

 One such species is the small nectivorous bat Glossophaga soricina that 

pollinates the liana Mucuna urens (Sazima et al. 1999). M. urens (Family Fabaceae: 

Papilionoideae) contains zygomorphic, pealike flowers that are either greenish or cream-

colored and arranged in a spiral in groups of three on the stem (Smith et al. 2004, 

Zuchowsky and Forsyth 2005; Fig. 1). The inflorescence is at the end of the peduncle, 

which can be of varying lengths up to 10 m (Agostini et al. 2006). G. soricina finds the 

flowers using an acoustic nectar guide that reflects echolocation signals back to the bat so 

it can more easily find the flower, a technique seen in several Mucuna species (von 

Helversen and von Helversen 1999). Agostini et al. (2006) found that as the bats probe 

for nectar, the flowers explosively project pollen onto the bats after they apply pressure to 

the flower; this indicates further specialization in the plant-pollinator relationship, as the 

flowers require force to be pollinated. Once pollinated, the flower ceases nectar 

production to begin fruit development (Agostini et al. 2011).  
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FIGURE 1. Inflorescence of Mucuna urens showing 0pen and closed flowers. K. Papoulias. 

 

 Previous studies indicate that higher inflorescences are more likely to be 

pollinated, and longer peduncles have more flowers (Vincent 2003, pers obs). Because 

not much is known about the life history of M. urens, nor about the plant-pollination 

relationship, I focus here on expanding research on plant response to pollination rather 

than the more researched field of pollinator preference. To examine this response in 

further detail, I monitored the growth of pollinated and nonpollinated inflorescences by 

measuring peduncle length and number of flowers and pods in Monteverde, Costa Rica to 

determine if M. urens ceases growth in the peduncle after pollination and the relationship 

between flowers and pod production.  

 

METHODS 

Study Sites  

Data collection was carried out in the Monteverde region, Puntarenas, Costa Rica, 

including the Estación Biológica Monteverde (a tropical lower montane wet forest), 

where M. urens was monitored at the station garden, Sendero Gongolona, and the 

Sendero Jilguero and Sendero Cariblancos Loop (henceforth referred to as Loop Trail); 

Curi Cancha (a tropical premontane wet forest); and Escuela Creativa (a tropical 

premontane wet forest; Nadkarni and Wheelwright 2000; Fig. 2). The study was 

performed from April to May 2013. 
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FIGURE 2. Sites where M. urens was monitored in Monteverde, Costa Rica. Estación 

Biológica Monteverde includes the Station Garden, Sendero Gongolona, and the Sendero 

Jilguero and Sendero Cariblancos Loop. 

 

Monitoring M. urens Growth 

M. urens inflorescences were measured every three to five days at each location. 
Inflorescences were tagged with marking tape and pollinated flowers were marked 
with a marker to tell them apart (Fig. 3). For each inflorescence, I monitored if 
nonpollinated inflorescences had been pollinated, and measured the peduncle 
length, distance from the start of the peduncle to the ground, and number of total 
flowers (Fig. 4). Within measurements of flowers, I noted the number of flowers that 
were pollinated, number of open flowers, flower scars, number of dead flowers, and 
number of closed flowers. If the inflorescence had been pollinated, I also measured 
the length of each pod. 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FIGURE 3. Tagged Mucuna urens inflorescences at Estación Biológica Monteverde; 

inflorescences in the station garden on the left and an inflorescence from the Loop Trail 

on the right. K. Papoulias. 

 

 

FIGURE 4. Diagram showing the difference between peduncle measurements of Mucuna 

urens. The length of the peduncle was measured by stretching the peduncle out straight, 

while the distance from the start of the peduncle to the ground was measured by 

following the peduncle length measurement past the inflorescence to the ground. 
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RESULTS 

Determining Inflorescences to Analyze Statistically 

Though a total of 22 inflorescences were nonpollinated at the start of the study (with 16 

pollinated inflorescences also being monitored), by the end seven of those had become 

pollinated (wherein at least one flower had been pollinated), ending with a total of 15 

nonpollinated inflorescences and 23 pollinated inflorescences. Only those inflorescences 

that had been pollinated for three or more monitoring days (in other words, for at least 

nine days) were included in analyses of pollinated inflorescences, and the inflorescence 

had to have living flowers or pods for at least three monitoring days. Thus, data analyses 

concerning pollinated v. nonpollinated inflorescences include 16 nonpollinated 

inflorescences and 14 pollinated inflorescences. 

Comparisons of Nonpollinated and Pollinated Inflorescences 

Mean change in peduncle length for nonpollinated inflorescences (n = 16 inflorescences; 

1.59 ± 0.33 (SE) cm) was 11.3 times greater than mean growth in pollinated 

inflorescences (n = 14 inflorescences; 0.14 ± 0.14 cm; 2-sample t-test, t = 4.07, df = 20.4, 

p < 0.001; Fig. 5). Only one pollinated inflorescence was grew during the study, and so 

the standard error and mean total growth are equal for the peduncle length of the 

pollinated inflorescences. 

 

FIGURE 5. Mean total peduncle growth (± SE) in nonpollinated and pollinated 

inflorescences of Mucuna urens in Monteverde, Costa Rica. The peduncle for 

nonpollinated inflorescences (n = 16) grew significantly more than the peduncle of 

pollinated inflorescences (n = 14; p < 0.001). Inflorescences were measured every three 

to five days, and only those inflorescences that were either nonpollinated or pollinated for 

at least nine days were included in analysis. 

 

The ratio of how close the peduncle was to the ground (peduncle length divided 

by the distance from the start of the peduncle to the ground) was not significantly 
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different between nonpollinated and pollinated inflorescences (2-sample t-test, t = -1.09, 

df = 27.6, p = 0.282; Fig. 6). Pollinated inflorescences were found slightly closer to the 

ground (0.51 ± 0.04 (SE)) than nonpollinated inflorescences (0.44 ± 0.04), though this 

was not statistically significant. 

 

FIGURE 6. Ratio of how close the peduncle was to the ground (± SE) in nonpollinated 

and pollinated inflorescences of Mucuna urens in Monteverde, Costa Rica (n = 16 and 14 

inflorescences, respectively). Neither nonpollinated nor pollinated inflorescences were 

found significantly closer to the ground than the other, though pollinated inflorescences 

showed a slight trend to be closer to the ground (p = 0.282). 

 

 

Analysis of Pod Growth 

Among M. urens pods, variation in total number of flowers explained 10% of the 

variation in pod growth rate. As the number of flowers per inflorescence increased, 

growth rate of the pods decreased slightly (regression, F = 7.48, df = 1, 55, p = 0.008; R
2
 

= 0.12; Fig. 7). Pollinated inflorescences with fewer total flowers had significantly higher 

growth rates in pods, though this relationship was not very pronounced. 
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FIGURE 7. Relationship between growth rate of pods (cm/day) and total number of 

flowers on pollinated inflorescences of Mucuna urens. Inflorescences with fewer total 

flowers were found to have higher growth rates in pods (n = 57 pods; p = 0.008).  

 

Peduncle Growth throughout Monteverde 

There was no significant difference in mean peduncle growth in the different 

areas of Monteverde where M. urens was measured (1-way ANOVA, F = 1.06, df = 4, 

25, p = 0.396; Fig. 8). M. urens inflorescences on Sendero Gongolona seemed to have 

shown the most growth, but only one inflorescence from S. Gongolona had a change in 

peduncle length and so the standard error is as large as the mean (n = 3, 1.67 ± 1.67 (SE) 

cm). The other two locations around the Estación Biológica Monteverde, the station 

garden and the loop trail, had the next largest growth (n = 10, 1.05 ± 0.37 cm, and n = 4, 

1.25 ± 0.63 cm, respectively). Peduncle length in Curi Cancha changed on average about 

as much as in the station garden (n = 6, 1 ± 0.37 cm) and peduncle length in Escuela 

Creativa barely changed at all throughout the study, with only one inflorescence showing 

growth in the peduncle (n = 7, 0.14 ± 0.14 cm).  
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FIGURE 8. Mean peduncle growth (cm ± SE) of Mucuna urens at each location in 

Monteverde, Costa Rica. There was no significant difference in peduncle growth among 

each location (n = 10, 3, 4, 7, and 6 inflorescences, respectively; p = 0.396). 

 

Additional Observations 

Throughout the study, I noticed that once pollinated the inflorescence tended to drop all 

flowers, and some pollinated inflorescences even dropped their pods. Further, when an 

inflorescence became pollinated it often seemed that the flowers were all pollinated at 

once. Many M. urens inflorescences that were nonpollinated also seemed to start dying 

once many of the inflorescences of that plant had become pollinated. 

 

DISCUSSION 

Based on my findings, inflorescences that are not pollinated will grow in peduncle length 

until pollination, wherein they will cease growth of the peduncle. This may be due to the 

plant continuing to grow so as to be in more exposed areas to aid bats in locating the 

inflorescence, as suggested in previous studies (Vincent 2003, pers obs). Then, once 

pollinated, the plant may instead invest more energy into creating and supporting fruits 

rather than becoming easier to find. This is supported by the finding that pollinated 

inflorescences tended to be found lower to the ground, as perhaps they had been growing 

more as nonpollinated inflorescences until becoming pollinated as my primary finding 

suggests, and a larger sample size might further support this result. Additionally, I found 

that inflorescences with fewer total flowers had faster growth rates in their pods. This 

may indicate that the plant was able to invest more energy into pod production and 

growth because it did not have as many flowers to support, and may also explain why I 

found anecdotally that inflorescences seemed to drop all nonpollinated flowers after one 

or more had become pollinated. More often than not, it seemed as though several flowers 

became pollinated at the same time per inflorescence, so it might save energy for the 
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plant to drop all nonpollinated flowers on that inflorescence seeing as several had already 

been pollinated, and instead invest more energy into producing pods.   

 Agostini et al. (2011) found that Mucuna species cease nectar production in 

inflorescences once pollination has occurred, which may be extended to also ceasing 

peduncle growth based on these findings. Other plants have been found to cease peduncle 

growth after flowering has ended, but further research is needed throughout the entire M. 

urens lifecycle to see if this is also the case at each stage of flowering or if it is unique to 

nonpollinated versus pollinated inflorescences as found in this study (Pedersen et al. 

2004). Peduncle growth was similar among each site where M. urens was monitored, 

suggesting that these trends can be applied to the species in general and are not dependent 

on altitude or forest type where they occur. 

 These are among the first findings dealing directly with plant response and change 

in growth to pollination, and support previous research indicating that plants sometimes 

allocate resources in order to more effectively promote reproduction and dispersal 

(Lovett-Doust and Lovett-Doust 1988). Though energy allocation has not yet been 

observed in M. urens, it is clear that the plant has a reaction in vegetative growth to 

pollination. Further research might examine bat choice and preference in peduncle length 

of inflorescences and monitor the growth of inflorescences throughout the growing 

season, to see if the peduncles are in fact growing so as to be more exposed and easier for 

the bats to find and pollinate. Bat pollinated species generally have highly specialized 

relationships, and learning more about the life history of M. urens is necessary to 

discover how it grows and in what conditions it thrives, especially in respect to the life 

history of its pollinators (Fleming et al. 2009). Another possibility as to why I observed 

many flowers dropping and many inflorescences were dying could be due to the weather; 

during this study, Monteverde was suffering through a particularly dry season. Some of 

the M. urens deaths could be due to this lack of rainfall and might simply have been 

water-parched. As weather patterns change due to global warming processes, this 

observation should be studied in more detail and future research might consider studying 

the relationship between M. urens growth and reproduction in different weather and 

water conditions. With such a specialized pollination system between M. urens and G. 

soricina, it is necessary to further study their life history relationship and how various 

factors might affect it. With the ever-present threat of global climate change and the 

increasing vulnerability of tropical species, studying the life history of these specialized 

and susceptible species is important to learn how to preserve the relationships.   
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ABSTRACT 
 
Predators like crab spiders (Thomisidae) sit on flowers and prey on floral visitors. This 
may negatively affect fitness of a plant if visitors can detect predators but it is unclear 
what taxa better sense such predators. I look at butterflies, stingless bees, and 
hummingbirds to determine if palatable or unpalatable pollinators perceive crab spider 
danger better. I used crab spider models to find fewer unpalatable Heliconius butterfly 
visits to Pentas lanceolata flowers with models than those with circular models or no 
models. Models of different colors were used to see that, while there were generally more 
visits to Stachytarpheta jamaicensis by Trigona bees than by butterflies and 
hummingbirds. Only butterflies visited flowers with spider models less frequently. 
Butterflies could sense danger in artificial crab spider presence more than bees and 
hummingbirds. This could mean that crab spiders could have a larger impact on butterfly-
pollinated flowers.  
 
RESUMEN 
 
Depredadores como las arañas cangrejo (Thomisidae) esperan en las flores y depredan a 
los visitantes de las mismas. Esto podría afectar negativamente el éxito reproductivo de la 
planta si los visitantes no pueden detectarlas, pero no está claro que especies pueden 
detectar mejor dichos depredadores. Observé mariposas, trigonas, y colibríes para 
determinar si los polinizadores comestibles y no comestibles perciben el peligro de arañas 
cangrejo mejor. Utilicé modelos de arañas cangrejo para encontrar menos visitas de 
mariposas no comestibles Heliconius a flores de Pentas lanceolata con modelos que 
aquellas con modelos circulares o sin modelos. Se utilizaron modelos de diferentes 
colores para las observaciones. Mientras que generalmente hubo más visitas a 
Stachytarpheta jamaicensis por trigonas que mariposas y colibríes. Sólo las mariposas 
visitaron con menos frecuencia flores con modelos. Las mariposas pudieron detectar el 
peligro en la presencia de las arañas cangrejo artificiales más que las abejas y los 
colibríes. Estos significa que estas arañas podrían tener mayor impacto en flores 
polinizadas por mariposas. 
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INTRODUCTION 
 
Predators of pollinating insects often sit on flowers in ambush (Goncalves-Souza et al. 
2008). This may negatively affect the fitness of the plant if visitation declines as visitors 
are eaten or avoid flowers (Wilkinson et al. 1991). Having a predator on flowers can 
affect the foraging behavior of pollinators but little is know for how prey detects a 
predator (Lima and Dill 1990). Further, it is unclear if some taxa are better at detecting 
such predators. Some of this may reflect risk as much as ability to detect the predator, as 
some taxa may be more prone.  
 Predators like crab spiders (Thomisidae) sit and wait and can even match floral 
characters, like color, to avoid detection (Dukas and Morse, 2003; Morse 2007). Instead 
of spinning webs, these spiders squat on flowers that attract many insects and can capture 
prey that is their size or larger that land on flowers (Morse 2007). Crab spiders are some 
of the most conspicuous predators on flowers and their prey may have evolved to have 
antipredator defenses to avoid them (Goncalves-Souza et al. 2008).  
 Different palatability of taxa may effect how they perceive predators. Some 
butterflies, like Heliconius, are unpalatable to predators because of built in chemical 
defenses and warning colors from eating the toxic leaves of Passiflora as caterpillars 
(Turner 1981). These butterflies are thought to have a low probability of being preyed 
upon because they are not tasteful to crab spiders (Goncalves-Souza et. al 2008). Because 
of their unpalatability, these butterflies could have no preference on visiting a flower with 
a crab spider since they know spiders should visualize their warning colors and know 
they are not good to eat. Further, very few things actually prey on hummingbirds (Lima 
1991) so hummingbirds could be considered unpalatable because they do not land on 
flowers when visiting and they are also most likely too large for the crab spider to attack 
but studies have not been done with this relationship.  
 Palatable insects like other butterflies and bees have a bigger disadvantage when 
up against a crap spider. Insects, like stingless bees, do not have any defenses against 
predators so they should be more aware of a predator on a flower (Goncalves-Souza et al. 
2008). Studies in the temperate zone have found that honeybees visited flowers less 
frequently when there was a presence of a crab spider (Dukas and Morse 2003). Another 
study, in the subtropics, used replicas of crab spiders on flowers found that both 
butterflies and stingless bees avoided the spiders though bees avoiding them more 
(Goncalves-Souza et. al, 2008). Palatable butterflies are strong fliers and used that as a 
defense against predators (Chai and Srygley 1990) but this may not be an advantage to 
them if they are landed on a flower These insects should have a preference on a predator 
like a crab spider presence because their only defense to avoid being eaten is to avoid it.  
 Here, I determine if neotropical stingless bees, butterflies, and hummingbirds 
detect and avoid artificial crab spiders. I looked at palatable and unpalatable pollinators 
determine if one perceives danger more. To do this I made artificial crab spiders placed 
them on heavily visited flowers to determine which taxa avoided spiders most.  
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METHODS 
 
Study Sites 
For my first experiment, I used the Monteverde Butterfly Garden located in Monteverde, 
Puntarenas, Costa Rica at an elevation of 1400m (Jacobs 2012). I experimented in their 
second garden that represented a mid elevation forest edge and had the most active and 
most abundance of butterflies. There were 100 Heliconius charitonius, 20 Heliconius 
melpomene, 20 Heliconius sapho, 10 Dryas iulia, and 3 Heliconius cydno-melpomene 
hybrids (Brusson 2013) present in the garden at the time of my study feeding on Pentas 
lanceolata flowers. I used this site for six days and collected data from 8:30am to 12pm.
 For the second experiment, I worked in the Biological Station garden located at 
1600 m in a lower montane wet forest (Haber 2000). I used a hedge of Stachytharpheta 
jamaicensis close to forest edge in the garden near the lower lab. It is located in an open 
area with full sunlight during observation periods and is completely exposed to the rain 
and wind. I observed at this site for nine days and collected data from 8:30am to 
11:30am.  
 
Study Subjects 
For my first experiment my study subjects were Heliconius sapho, Heliconius 
melpomene, Heliconius charithonia, and Dryas iulia all in the family Nymphalidae:  
Heliconiinae. These butterflies were the most abundant in the garden at the time of my 
study.  

For my second experiment, my study subjects were stingless bees, mostly 
Trigona, various species of butterflies for example Anteos clorinde and Urbanus proteus, 
and several Cloud Forest hummingbird species that visited flowers of the S. jamaicensis.  
 
Reaction of Unpalatable Heliconius to Spider Models 
I tested the effect of crab spiders on unpalatable Heliconius butterflies of four species. To 
do this, I made paper cut outs of spiders and circles to put on Pentas lanceolata flowers at 
the garden. These flowers had 20% sucrose “nectar” placed in them throughout the 
observation period.  I had three locations in the garden where I put three spider cutouts on 
different inflorescences.  Similarly, there were three plants with a circle on one of their 
inflorescences, and three plants with no cut outs as controls (Figure 1) for a total of 27 
inflorescences observed. Each day I would place the spiders and circles on the same 
flowers or flowers that were close if the ones I used if previous ones had died overnight. I 
would watch each location for 15 minutes to observe how many of each species of 
butterflies visited each inflorescence. I would avoid counting the butterflies that visited 
the flowers at the times I was not observing them. I would observe from 8:30 to 12 
because that was the time when they were most actively eating.  
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Figure 1: An example of the fake crab spider, circle control, and normal flower control. 
There was three of each in one location with three locations in the garden. I would count 
the number of visits to each flower from each of the different species to see which 
inflorescence the unpalatable Heliconius butterflies would visit more.  
 
Visits by Hummingbirds, Palatable Butterflies and Stingless Bees to Models 
For this experiment I was testing the effect of two crab spider models on the visitation of 
Trigona bees, butterflies, and hummingbirds. I made clay spiders that were purple and 
white so that one would be cryptic on the purple flowers and the other would stand out. I 
pinned these onto the top flowers of the inflorescence because those are the newest 
flowers with the greatest amount of nectar. I would try to pin the spiders on the same 
flowers everyday but sometimes the flowers had died overnight. I had five locations on 
the bush were I would put three purple spiders, three white spider, and I also had three 
flowers with nothing on them (Figure 2) for a total of 45 inflorescences being observed. I 
observed these inflorescences for 15 minutes and counted how many bees, butterflies, 
and hummingbirds visited between the hours of 8:30am and 11:30am.  
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Figure 2: An example of a purple spider and a white spider on an inflorescense along 
with a control inflorescense. There were three of each of these in a location with five 
locations on the bush and the spiders were always placed on the upper most flowers for 
the best nectar supply. I would count the number of visits to each flower from each bee, 
butterfly, and hummingbird that visited to see which flower was visited the most.  
 
RESULTS 
 
Reaction of Unpalatable Heliconius to Spider Models 
H. charithonia (ANOVA F=7.96831, df=10, p=0.01248) visited circles the most (mean 
standard error 6.67± 1.45 to control flowers, 7.75±1.49 to circles, 1.75±0.25 to spiders). 
The Tukey-Kramer post hoc test showed there was a statistical difference between spider 
and circle and trend between flower and spider meaning the butterflies still avoided the 
spiders biologically more than the control flowers (Figure 3).  

H. melpomene (ANOVA F=7.5676, df=10, p=0.0143) visited control flowers 
most (mean standard error 14±3.6 to control flowers, 4.25±2.02 to circles, 2.25±0.95 to 
spiders). The Tukey-Kramer post hoc test showed that there was a statistical difference 
between flower and spider (Figure 4).  

H. sapho (ANOVA F=6.53506, df=10, p=0.02078) visited control flowers most 
(mean standard error 4.33± 0.33 to control flowers, 2.5±0.65 to circles, 1±0.71 to 
spiders). The Tukey-Kramer post hoc test showed that there was a statistical difference 
between flower and spider (Figure 5).  

D. iulia (ANOVA F=0.12648, df=10, p=0.88292) visited the three different 
flowers the same number of times (Figure 6; mean standard error 2.67± 0.88 to flowers, 
2±0.41 to circles, 2±1.41 to spiders).  
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Figure 3: Mean number of visits by H. charithonia to flower and circle controls, and 
spider models. This information was collected over 6 days and the number of visits was 
collected in three locations in one garden at the Monteverde Butterfly Garden. There is a 
significant difference in this data and the post hoc test further showed that there was a 
significant difference between circles and spiders. Error bars show the mean standard 
error.  
 

 
Figure 4: Mean number of visits by H. melpomene to flower and circle controls, and 
spider models. This information was collected over 6 days and the number of visits was 
collected in three locations in one garden at the Monteverde Butterfly Garden. There is a 
significant difference in this data and the post hoc test further showed that there was a 
significant difference between flowers and spiders. Error bars show the mean standard 
error. 
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Figure 5: Mean number of visits by H. sapho to flower and circle controls, and spider 
models. This information was collected over 6 days and the number of visits was 
collected in three locations in one garden at the Monteverde Butterfly Garden. There is a 
significant difference in this data and the post hoc test further showed that there was a 
significant difference between flowers and spiders. Error bars show the mean standard 
error. 
 

 
Figure 6: The mean number of visits by D. iulia to flower and circle controls, and spider 
models. This information was collected over 6 days and the number of visits was 
collected in three locations in one garden at the Monteverde Butterfly Garden. There is 
no significant difference in this data. Error bars show the mean standard error. 
 
Visits by Hummingbirds, Palatable Butterflies and Stingless Bees to Models 
The visits to the flowers from bees, butterflies, and hummingbirds to purple spiders, 
white spiders, and control flowers are statistically significantly different (two way 
ANOVA F=38.69, df=71, p<0.0001). There is significance between different species, as 
well (two way ANOVA F=147.63, df=2, p<0.0001) and a significant difference between 
treatments (two way ANOVA F=3.53, df=2, p=0.036) but no significance between the 
interactions (two way ANOVA F=1.8, df=4, p=0.14). The LSMeans Differences post hoc 
test showed there is a difference between all of the species tested (Figure 7). This is 
because there were more bees that visited the bush than butterflies and hummingbirds 
(mean standard error 23.13±4.62 for bees, 9.67±1.32 for butterflies, and 1.38±0.35 for 
hummingbirds). The post hoc test for the treatment showed there were more visits to 
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control flowers than to flowers with either model (Figure 8; mean standard error 
13.33±2.05 for control, 10.2±2.08 for purple spider, 10.63±2.1 for white spider). The post 
hoc test for treatment and species showed that the bees did not have a preference on 
which flowers they visited (Figure 9; mean standard error 23.5±1.1 for control, 
22.88±2.01 for purple spider, 23±1.86 for white spider). Butterflies visited the two 
models significantly less than the control flowers (mean standard error 14.38±2.58 for 
control, 6.75±1.38 for purple spiders, 7.88±1.9 for white spiders). Hummingbirds showed 
no statistical preference on which flowers they visited even though they visit the control 
flowers twice as much as other flowers (mean standard error 2.13±0.86 for control, 
1±0.33 for purple spiders, 1±0.46 for white spiders).  
 

 
Figure 7: Mean number of visits to flowers by bees, butterflies, and hummingbirds. This 
was tested by, observing visits to flowers of S. jamaicensis from each of these species 
over eight days. The data was statistically significantly different and the post hoc test 
further determined there is a statistical difference between the mean numbers of visits 
from each species. Error bars represent the mean standard error.  
 

 
Figure 8: Mean number of visits to control flowers, purple spiders, and white spiders. 
This was observed by counting the number of visits by bees, butterflies, and 
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hummingbirds to each flower over eight days. There was a statistically significant 
difference between the data and the post hoc test further found that there was a significant 
difference between the purple spider and control. Error bars represent the mean standard 
error. 
 
 

 
Figure 9: Mean number of visits to control flowers, purple spiders, and white spiders in 
response to visits by bees, butterflies, and hummingbirds. This data was collected 
throughout an eight-day period by observing the number of visits to each of the flowers 
by each of the different species. There is no statistical interaction between species and 
treatment. Butterflies had a statistical difference between the visits to the flowers with 
spider models and the control flowers according to the post hoc test. The other species 
did not have a preference as to which flower they visit. Error bars represent the mean 
standard error.  
 
 
DISCUSSION 
 
Unpalatable butterfly visitation to flowers showed that there were fewer butterflies that 
visited the flowers with artificial crab spiders than flowers without spiders. Because 
butterflies visited the circle control almost as much as flowers with nothing on them, 
butterflies noticed spiders as more of a threat than the circle foreign object. This could be 
because Heliconius butterflies are more visual and can potentially sense harm from the 
artificial spiders through visual cues (Turner 1981). Also these butterflies have evolved to 
know the shape of flowers they feed on so they could potentially see there was a different 
object on the flower but they may not have been able to see the circle because it was 
smaller and blended into the flower better (Turner 1981). D. iulias did not avoid the 
spider at all but this could be because there are fewer of this species in the garden than 
other species causing an insufficient sample size. H. sapho, H. charithonia, and H. 
melpomene avoided the spider more than controls. This is not expected because; they are 
unpalatable to predators and have built in predator defenses so they should not feel 
threatened by the spiders (Trigo 2000). Because of this crab spider presence would affect 
the pollination of plants by these butterflies.  
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 For my second experiment, I found there were more bees that visited the flowers 
than butterflies and hummingbirds but there were just more bees period. Also purple 
spiders were visited least out of all the flowers but this was not a good biological finding 
because generally the visitors did not care which spider they visited or avoided besides 
the butterflies. Butterflies visited the spider models less than the control flower. Palatable 
butterflies may have evolved to avoid predators because they have no other defense 
against predators besides strong flight and this would not help them if they landed on a 
flower (Chai and Srygley 1990). Previous studies showed that stingless bees and 
honeybees have avoided crab spiders, even artificial ones (Goncalves-Souza et. al 2008; 
Morse 2007). My data found the opposite of this and this could have been because the 
bees did not visualize my spiders as a threat possibly because of the color or texture. The 
hummingbird most likely did not care about the spiders because they are large enough 
that the crab spiders would not affect them. Overall, only butterflies had an affect on 
flower pollination. 
 In conclusion, butterfly pollinated flowers would be affected by the presence of 
crab spiders no matter how palatable they are. Stingless bees did not have a preference on 
which flower they visited, not affecting the fitness of a plant. This could be because my 
spiders did not represent a realistic spider or because Trigona bees are not specialized to 
avoid predators. Hummingbirds do not avoid crab spiders because they are too large for 
the spider harm not affecting plant fitness. Overall, if a crab spider is present on a flower, 
there will be a larger decrease in pollination by butterflies than from stingless bees or 
hummingbirds.  
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ABSTRACT 
Plants can have multiple pollinators that differ in quality. Visitation frequency is a key component of pollinator 
quality. I examined the effect of weather, time of day, and altitude (1290 -1535 m.) on visitation frequency by 
hummingbirds and butterflies to Stachytarpheta jamaicensis (Verbenaceae). I also assessed rewards by measuring 
how volume and concentration of the nectar changed throughout the day.  Butterflies were significantly negatively 
affected by cloud cover and rainfall and positively by temperature. Hummingbirds were not significantly affected by 
cloud cover or rainfall. They were also significantly positively affected by temperature although to a smaller degree 
than butterflies. There were significantly more butterflies later in the day while number of hummingbirds was more 
constant. Visitation was significantly highest at the lowest altitude but not significantly different for the remaining 
four altitudes and the proportion of hummingbirds to butterflies was not significantly different. The nectar volume 
decreased significantly as the day went on at every altitude but the sugar concentration did not differ with time. 
Overall, butterflies visited more often but hummingbirds were more constant visitors. Hummingbirds received most 
reward as they foraged earlier, when nectar was secreted.  The plant could benefit from having both pollinators since 
it will still be pollinated even if something happens to one of the groups. 

RESUMEN 
Las plantas pueden tener múltiples polinizadores que difieren en calidad.  La frecuencia de visitación es un 
componente principal de la calidad del polinizador.  Examiné el efecto del clima, tiempo del día y altitud (1290 -
1535 m.) en la frecuencia de visitación por colibríes y mariposas a Stachytarpheta jamaicensis (Verbenaceae).  
Además estimé la recompensa midiendo como el cambio en el  volumen y la concentración del néctar cambia a lo 
largo del día.  Las mariposas se ven afectadas significativamente por la cobertura nubosa y la lluvia y positivamente 
por la temperatura.  Los colibríes no se vieron afectados significativamente por la cobertura boscosa o la lluvia.  
Estas también se vieron afectadas positivamente por la temperatura aunque en un grado menor que las mariposas.  
Hay significativamente más mariposas tarde en el día mientras que el número de colibríes es más constante.  La 
visitación fue significativamente más alta a altitudes bajas pero no diferente significativamente para las cuatro 
altitudes restantes y la proporción de colibríes y mariposas no es diferente.  El volumen del néctar disminuye 
significativamente conforme avanza el día en cada elevación pero la concentración de azúcar no difiere con el 
tiempo.  En conjunto, las mariposas visitan más frecuentemente pero los colibríes fueron visitantes más constantes.  
Los colibríes reciben mayor recompensa al forrajear más temprano, cuando el néctar es producido.  La planta se 
puede beneficiar al tener ambos polinizadores ya que puede ser polinizada aún si sucede algo a alguno de los grupos. 

 

INTRODUCTION 
Animal-mediated pollination provides increased plant reproductive success while providing 
pollinators with food (Waser and Ollerton 2006). In this relationship, both partners are trying to 
maximize their net benefit. Although there are some highly specialized pollination mutualisms, 
most plants have several pollinators (Waser and Ollerton 2006). These pollinators are often 
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competing for the same resource (e.g. nectar) and may differ in their pollination effectiveness 
(Waser and Ollerton 2006). 
 In systems with multiple pollinators, interspecific competition may occur. This can result 
in interference competition, like territoriality, fighting, or chasing, or as exploitative competition 
where individuals scramble to get the reward first (Primack and Howe 1975). Abiotic factors can 
influence competition. For example, ectothermic organisms need warm ambient temperatures 
before they can begin foraging (Stone et al. 1988). This presumably gives endothermic 
organisms an advantage since they can begin foraging earlier. Further, precipitation and wind 
can restrict visits by some species (Schappert 2000).  The pollinator whose activity peaks at the 
same time as the reward is delivered will also have the obvious advantage, and this, too, may be 
subject to abiotic constraints.  On the other hand, endotherms, especially ones with small body 
sizes, have high metabolic rates due to the need to regulate their body temperature, leading to the 
need for higher caloric intake (Hainsworth 1981). 
 Additionally, the abundance of possible pollinators changes with altitude. Hummingbird 
pollination is more common in montane habitats than in lowlands (Cruden 1972). Low 
temperatures and unpredictable weather at higher altitudes also limits the activity of certain 
pollinators such as bees and shifts the composition of insect pollinators towards more generalist 
species (Cruden 1972, Bawa 1990). 
 The relative contribution of a pollinator can be determined simply by visitation frequency 
despite differences in per-interaction effectiveness (Vazquez et al. 2005, Sahli and Conner 2006, 
Sahli and Conner 2007).  Here, I observed number of visits by hummingbirds and butterflies at 
Stachytarpheta jamaicensis (Verbenaceae) in transformed Cloud Forest habitats of varying 
altitude and, hence, abiotic conditions.  I wanted to see if microclimatic differences would have 
an effect on the number or proportion of visits. I also measured the volume and concentration of 
nectar over time to determine which pollinator was receiving the majority of the reward. 
 
MATERIALS AND METHODS  

Study Site 
 
I conducted my observations at patches of Stachytarpheta jamaicensis, a verbenaceous bush 
native to Costa Rica that is known to attract hummingbirds, butterflies, and moths as pollinators 
(Zuchowski 2007). Since S. jamaicensis grows in open habitats, all observed patches were in 
open areas (Fig. 1). Patches were found at varying altitudes from 1290 to 1535 meters and 
included Tropical Moist Forest, Tropical Premontane Wet Forest, and Tropical Lower Montane 
Wet Forest (Hayes et al. 1991).The two taxa I observed, hummingbirds and butterflies, differ in 
their thermoregulatory systems. Hummingbirds are endothermic and do not rely on an outside 
source for heat whereas ectothermic butterflies do (Tamez 2005).  
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FIGURE 1.  Typical hedge of Stachytarpheta jamaicensis, a plant visited by both hummingbirds 
and butterflies in transformed Cloud Forest habitats, like gardens.  Number of hummingbirds and 
butterflies were counted visiting flowers at similar hedges from 1290 m to 1535 m.   
 
 
Visitation 
 
At each patch, I recorded an index of cloud cover (0 = clear sky, 1 = partially cloudy, 2 = full 
cloud cover), an index of rainfall (0 = no rain, 1 = mist, 2 = drizzle, 3 = heavy rain), and 
temperature every twenty minutes from 0820-1220 h. I focused on a section about 1 meter long 
to reduce the effects of flower number on visitation rate. I recorded the number of hummingbird 
visitors and the number of butterfly visitors for each 20 minute period. In order to count, a visitor 
needed to be observed feeding; simply landing on the stalk was not counted (Fig. 2). This was to 
exclude visits that were not potential pollination events. An attempt was made to identify species 
but not all species could be identified. 
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FIGURE 2. Butterfly and hummingbird visitation were recorded from 0700-1000 h and  
0820-1220 h at S. jamaicensis patches in transformed Cloud Forest habitat in Monteverde, Costa 
Rica from 1290-1535 m. In order to be counted, an individual must have been observed feeding. 
The butterfly (A) and hummingbird (B) seen feeding were recorded while the butterfly (C) and 
hummingbird (D) that simply landed on the stalk of the plant were not counted (unless they were 
later seen feeding). 
 
I tried to prevent re-counting the same individual by ignoring a visitor if it had the same 
appearance and was in the same general area as an individual I had counted in the past several 
minutes. After four days of observations in sunny weather from 0820 to 1220 h, I determined 
based on the data I had collected thus far that if there was a difference in the foraging times of 
hummingbirds and butterflies that it would be more apparent earlier in the morning. I then 
changed my observation period to 0700-1000 h but followed the same procedure as before. On 
two occasions, I was unable to get to the study site by 0700 and instead conducted my 
observations from 0720-1020 h. 

 
Nectar 
 
I recorded the altitude at five patches (1290 m., 1350 m., 1425 m., 1440 m., and 1535 m.) and 
sampled nectar from each. At each patch, beginning at 0700 h, I used 2 µl capillary tubes to 
remove nectar from one flower in each of the inflorescences bagged the night before (to prevent 
nectar removal by animals), completing as many flowers as possible in half an hour (Fig. 3). I 
marked each flower I used to ensure that I was always sampling the same flower. When choosing 
flowers to sample, I selected bright purple flowers towards the top of the inflorescence since 
those appeared to be more active.  

A B C D 
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FIGURE 3. At least ten inflorescences were bagged at each patch of S. jamaicensis with mesh bags 
(A) so that nectar could be collected the next day using two µl capillary tubes (B). The volume of 
the nectar was recorded (using the length times a proportion) and the sugar concentration was 
determined using a refractometer. All patches were found in transformed Cloud Forest habitat in 
Monteverde, Costa Rica (1290 m., 1340 m., 1425 m., 1440 m., and 1535 m.) Photo B courtesy of 
Rita Ferri. 

After removing the nectar, I measured nectar quantity and observed the percent sucrose 
equivalents by weight using a refractometer. I repeated this process every half hour until 1000 h, 
sampling the same flowers each time. When I was re-sampling, if I came upon a flower that was 
shriveled to the point that I could not insert the capillary tube (and would therefore be 
inaccessible to pollinators) I noted that it was shriveled and did not re-sample that flower for the 
remaining time periods. This also applied if the flower became weak to the point that when I 
inserted the capillary tube, it broke through the flower. 
 When analyzing my results, I used all data (both from the original later time period and 
the earlier time period) when analyzing the effect of weather and time. When analyzing the effect 
of altitude, I only used the data from five plants at well-spaced intervals. These observations 
were all made at the earlier time period of 0700-1000 h. 

RESULTS 

Weather 

Butterfly visitation significantly decreased with increasing cloud cover but hummingbirds were 
relatively unaffected, causing there to be a higher proportion of hummingbirds in time periods 
with complete cloud cover but not in partial cloudiness or clear weather (1-way ANOVA, F = 
3.23, df = 101, p = 0.044; 1-way ANOVA, F = 0.25, df = 101, p = 0.782; Fig. 4). The majority of 
time periods experienced partial cloudiness (index of 1, n = 80) compared to the much rarer 
periods of clear sky and complete cloud cover (index of 0, n = 12, index of 2, n = 10). This 
caused the standard error to be high in both cases and the mean butterfly visitation to be highest 
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on partially cloudy days (10.21 ± 1.35 (SE) compared to 5.42 ± 3.49 for no clouds and 1.30 ± 
0.84 for complete cover). The mean hummingbird visitation was not affected (4.83 ± 2.15 for 
index of 0, 3.66 ± 0.74 for index of 1, 4.90 ± 3.26 for index of 2). 

 
FIGURE 4. Index of cloudiness (0 = no clouds, 1 = partially cloud, 2 = complete cloud cover) 
significantly affected butterfly visitation but not hummingbird visitation at S. jamaicensis          
(n = 102, p = 0.044, p = 0.782). The number of partially cloudy time periods (n = 80) was far 
higher than the number of clear sky time periods (n = 12) or periods with complete cloud cover 
(n = 10). Bars show mean number of visitations per 20 minute time period ± SE. 
 
 There were about four times more time periods with no rain than there were days with 
mist and there was only one time period with drizzle. There were no time periods with heavy 
rain. Rainfall had a significant effect on butterfly visitation with the mean visitation on rain-free 
time periods being about five times larger than the visitation during misty periods (10.57 ± 1.40 
(SE); 1.90 ± 0.53; 1-way ANOVA, F = 4.92, df = 101, p = 0.009; Fig. 5). There was a trend 
towards decreased hummingbird visitation with increased rainfall with rain-free periods having 
about twice as many hummingbirds as periods with mist (4.33 ± 0.87; 2.40 ± 0.43; 1-way 
ANOVA, F = 0.69, df = 101, p = 0.506; Fig. 5). If there had been more time periods with rain, 
this trend would likely be significant. During the one time period with drizzle, there was 1 
butterfly and 1 hummingbird. 
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FIGURE 5. At patches of S. jamaicensis in transformed Cloud Forest habitat in Monteverde, Costa 
Rica (1290-1535 m.), index of rainfall (0 = no rain, 1 = mist, 2 = drizzle, 3 = heavy rain) 
significantly affected butterfly visitation and there was a trend towards less hummingbird 
visitation with greater rainfall index although it was not significant (n = 102, p = 0.009,               
p = 0.506). Bars show mean visitation per 20 minute time period ± SE. There was only one time 
period with an index of 2. 
 
 Air temperature increased significantly with time (regression, F = 35.08, n = 93,          
R2 = 0.28, p < 0.001; Fig. 6). Temperature had a significant effect on both taxa with more 
visitations at higher temperatures but there was a stronger effect on butterflies than on 
hummingbirds (regression, F = 30.23, n = 93, R2 = 0.25, p < 0.001; regression, F = 6.41, n = 93, 
R2 = 0.07, p = 0.013; Fig. 7). 
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FIGURE 6. Air temperature increased with time during observations of S. jamaicensis patches at 
varying altitudes from 1290 to 1535 m. in open areas of Cloud Forest habitats in Monteverde, 
Costa Rica (n = 93, p < 0.001). Measurements were recorded every 20 minutes from            
0700-1000 h. or from 0820-1220 h. 

 
FIGURE 7. Measurements were recorded every 20 minutes from 0700-1000 h or from      
0820-1220 h at S. jamaicensis patches from 1290-1535 m. in transformed Cloud Forest habitat in 
Monteverde, Costa Rica. Temperature had a significant positive effect on both hummingbird 
visitation and butterfly visitation although the effect was more pronounced in the case of 
butterflies. Each data point represents the number of butterflies or hummingbirds seen in one 20 
minute period (n = 93; p < 0.001, R2 = 0.25; p = 0.013, R2 = 0.07).  
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Time 

Butterfly visitation experienced a strong increase as time progressed while hummingbird 
visitation was not affected (regression, F = 23.63, n = 102, R2 = 0.19, p < 0.001; regression,        
F = 1.56, n = 102, R2 = 0.02, p = 0.214; Fig. 8). In the 0700-1000 h observation periods, two 
thirds of the days had a greater total number of hummingbird visitors than butterfly visitors       
(n = 6). In the 0820-1220 h observation periods, however, all days had a greater number of 
butterflies than hummingbirds (n = 10). 

 

FIGURE 8. At S. jamaicensis in open patches of Cloud Forest habitat in Monteverde, Costa Rica 
from 1290-1535 m., time of day had a significant positive effect on butterfly visitation, with 
more visitations later in the day, but not on hummingbird visitation. (n = 102, p < 0.001,             
p = 0.214). Each data point shows the number of individuals counted within a twenty minute 
period.  

Altitude 

The number of total visitors was significantly higher at the lowest altitude (1290 m.) than at any 
of the other altitudes with a cumulative total of 417 visitors at the 1290 patch and an average of 
33.75 visitors at the other four sites (Chi-square goodness-of-fit, χ2 = 1076.44, df = 4, p < 0.001; 
Fig. 9). The proportion of pollinators on the other hand was not significantly different at any 
altitude with an average of 51.10 percent hummingbirds (Chi-square goodness-of-fit test, χ2 = 
3.88, df = 4, p = 0.423; Fig. 10). 
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FIGURE 9. At S. jamaicensis in open patches of Cloud Forest habitat in Monteverde, Costa Rica 
from 1290-1535 m., the total number of visitors (hummingbirds and butterflies) was significantly 
higher at the lowest elevation site but the proportion of visitors remained the same at every 
altitude (df = 4, p < 0.001, p = 0.423). 

 

FIGURE 10. The proportion of hummingbirds to butterflies visiting S. jamaicensis did not change 
significantly with altitude (df = 4, p = 0.423). All S. jamaicensis patches occurred in open areas 
of Cloud Forest habitat in Monteverde, Costa Rica between 1290 and 1535 m. 

Nectar 

The nectar volume decreased significantly as time progressed at every altitude and usually by the 
fourth time period (0830 h) there was no nectar remaining (regression, F = 26.14, n = 45, R2 = 
0.38, p < 0.001; regression, F = 25.06, n = 48, R2 = 0.35, p < 0.001; regression, F = 15.61, n = 
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47, R2 = 0.26, p < 0.001; regression, F = 51.00, n = 34, R2 = 0.61, p < 0.001; regression, F = 
33.55, n = 33, R2 = 0.52, p < 0.001; lowest altitude to highest; Fig. 11). 

 
FIGURE 11. At S. jamaicensis in open patches of Cloud Forest habitat in Monteverde, Costa Rica 
from 1290-1535 m., the volume of nectar decreased significantly with time (0700-1000 h) for 
every altitude, usually ending with no nectar by the fourth sampling at 0830 h (n = 45, p < 0.001; 
n = 48, p < 0.001; n = 47, p < 0.001; n = 34, p < 0.001; n = 33, p < 0.001; lowest to highest 
altitude). Each data point represents the mean volume of several flowers for that time period ± 
SE.  
 

The nectar concentration remained the same throughout the observational period for all 
altitudes with an average percent sucrose of 22.51 ± 4.09 (SD) suggesting that the nectar quality 
remained about the same (regression, F = 0.24, n = 20, R2 = 0.01, p = 0.633; regression, F = 2.33, 
n = 15, R2 = 0.15, p = 0.151; regression, F = 1.06, n = 11, R2 = 0.11, p = 0.329; regression, F = 
0.17, n = 14, R2 = 0.01, p = 0.688; regression, F = 0.22, n = 18, R2 = 0.01, p = 0.642; lowest 
altitude to highest; Fig. 12).  
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FIGURE 12. At S. jamaicensis in open patches of Cloud Forest habitat in Monteverde, Costa Rica 
from 1290-1535 m., the nectar concentration was not significantly different with time at any 
altitude (n = 20, p = 0.633; n = 15, p = 0.151; n = 11, p = 0.329; n = 14, p = 0.688; n = 18, p = 
0.642; lowest to highest altitude). Each data point shows the mean percent sugar of several 
flowers for each time period ± SE. 
 
Additional Observations 

In contrast to a previous study by Tamez (2005), I only observed one instance of inter-taxon 
interference competition where a hummingbird chased a butterfly (although the action did not 
appear aggressive and could have been considered a simple displacement). I did witness frequent 
intra-taxon interference competition events among hummingbirds. The hummingbirds that were 
identified were the Violet Ear, Purple Throated Mountain Gem, and Canivet’s Emerald although 
not all hummingbirds were identified. The butterfly species seen included Anartia fatima, Anteos 
clorinde, Urbanus proteus and Hamadryas februa as well as many that were unidentified. 

DISCUSSION 
Hummingbirds are much more constant foragers in terms of weather and time than 

butterflies. This is no doubt due to hummingbirds’ ability to thermoregulate, reducing the need 
for input from external heat sources (Hainsworth 1981). Butterflies are more sensitive to rain 
since it inhibits their ability to fly whereas hummingbirds can remain active in poor weather 
(Cruden 1972, Schappert 2000). Since temperature increased significantly with time and 
butterfly visitation increased with temperature, it makes sense that butterfly visitation also 
increased with time.  

The significant difference in visitation with altitude is interesting because it is only 
different for the lowest elevation. One possible reason for this is that the patch at that altitude had 
a very large, continuous patch of S. jamaicensis. The majority of patches had other flowers 
nearby but this patch was probably the largest continuous patch of the same type of flower that 
was also far enough from the road to avoid dust. This could have allowed the pollinators to 
specialize more, becoming more territorial and getting all of their energy from the same patch. I 
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witnessed a large number of intra-taxon chases at this patch compared to other patches. It is also 
possible that individuals were accidentally counted more than once since it was hard to be sure if 
an individual had been previously counted especially with the high level of activity. Even if 
individuals were counted multiple times, the activity level at this patch was definitely higher than 
at the higher altitude patches.  

The nectar appears to be produced early and is not readily replenished after removal. This 
means that it favors the hummingbirds who visit early in the day. More research is needed to 
determine if the flowers simply have a longer replacement time for nectar and if they replenish 
their supply later in the day. The quality of the nectar does not appear to change as time 
progresses, at least not in terms of percent sugar. It is possible that the small amount of nectar 
left over after the early hummingbird visits is enough to sustain the butterflies since they do not 
need to expend energy regulating their body temperature (Schappert 2000).  

 
Conclusions 

It appears that hummingbirds are winning out over butterflies in terms of amount of nectar 
consumed since the hummingbirds are more active than the butterflies when the majority of 
nectar is present. I did not witness interference competition as Tamez (2005) did but instead saw 
evidence of strong exploitative competition. Which taxon acts as a more important pollinator is 
more complex. Since pollinator importance is largely determined by visitation frequency and 
visitation frequency differed with time and weather, each taxon will be more important in certain 
circumstances (Vazquez et al. 2005, Sahli and Conner 2006, Sahli and Conner 2007). In poor 
weather, hummingbirds will be more important pollinators due to their constancy but in good 
weather, butterflies will likely visit more frequently than hummingbirds and will therefore be 
more important. Because of this, S. jamaicensis seems to benefit from having both taxa acting as 
pollinators because it receives the benefits of high butterfly visitation but with the stability that 
comes with hummingbird pollination. 
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Abstract 
Natural populations consist of phenotypically diverse individuals that exhibit variation in their demographic 
parameters and intra- and interspecific interactions. Recent experimental work suggests that such variation can have 
significant ecological effects. However, ecological models typically disregard this variation and focus instead on 
trait means and total population density.  Even within a sex category, there could be potential ecological differences.  
In this study, I focused on three species of nectarivorous microbats in neotropical cloud forest: Anoura geoffroyi, 
Glossophaga commissarisi, and Hyloncteris underwoodi.  I looked at average pollen richness and types of 
morphospecies of pollen between sexual categories (male, reproductive male, reproductive female and female) in 
these bats.  I found that there was a significant difference in A. geoffroyi average pollen richness per bat between 
male and female bats, no matter their reproductive status.  It was found that females had a higher average pollen 
richness compared to males, no matter the sex’s reproductive status (TWO WAY ANOVA F=10.43, df=3, 
p=<0.001).  I also found that there was a significant difference between the sex categories of G. commissarisi bats.  
Females and reproductive females had a higher average pollen richness compared to males (TWO WAY ANOVA 
F=12.55, df= 3, p= <0.001).  I compared all the species together and found that there was an overall significant 
difference (Welch Two Sample t-test t= 5.80, df= 140.19, p= <0.001).  Between the sex categories there was a 
difference of 14% to 38% between the types of pollen morphospecies found on an individual.  These results give 
evidence to the hypothesis of niche differentiation between the sexes. 

Resumen 
Las poblaciones naturales estan constituidas por individuos fenotípicamente diversos que exhiben variación en los 
parámetros demográficos y las interacciones intra- e inter-específicas.  Experimentos recientes sugieren que dicha 
variación puede tener efectos ecológicos significativos.  Sin embargo, modelos ecológicos típicamente ignoran esta 
variación y en lugar se enfocan en el promedio de los rasgos y la densidad total de la población.  Aún dentro de la 
misma categoría de sexo, pueden haber diferencias ecológicas potenciales.  En este estudio, me enfoqué en tres 
especies de murciélagos nectarívoros en un bosque nuboso neotropical: Anoura geoffroyi, Glossophaga 
commissarisi, y Hyloncteris underwoodi.  Observé la riqueza promedio y el tipo de morfoespecies de polen  entre 
las categorias diferentes categorías (macho, macho reproductivo, hembra reproductive y hembra) en estos 
murciélagos.  Encontré que hay una diferencia significativa en A. geoffroyi en la riqueza promedio de polen por 
murciélago entre machos y hembras, sin importar su estado reproductivo.  Encontré que las hembras tienen una 
mayor riqueza de polen comparado con los machos, sin importar el estado reproductivo (ANOVA de Dos Vías 
F=10.43, df=3, p=<0.001).  También encontré que hay una diferencia significativa entre las categorías de sexo para 
G. commissarisi.  Hembras y hembras reproductivas tienen una mayor riqueza de polen promedio comparado con 
los machos (ANOVA de dos vías F=12.55, df= 3, p= <0.001).   Comparé todas las especies juntas y encontré que 
hay una diferencia significativa (Welch t-test de dos vías) t= 5.80, df= 140.19, p= <0.001). Entre las categorías de 
sexo hay una diferencia de 14% a 38% entre las morfoespecies de polen encontradas en un individuo.  Estos 
resultados dan evidencia a la hipótesis de diferenciación de nicho entre sexos de la misma especie.  
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Introduction 

 One of Charles Darwin’s greatest insights was recognizing that conspecific individuals 
differ in many traits, including obvious features such as gender, age, or size, and also more subtle 
traits such as shape, behavior, or physiology. This variation provides the raw material for natural 
selection and thus is a key focus of evolutionary theory (Bolnick et al. 2011).  Ecologists have 
long recognized that sexes (Shine 1989) and age classes (Polis 1984) differ in ecologically 
significant ways.  Phenotypic variation among individuals can generate variation in ecological 
attributes.  Variation in these traits might be stochastic (Fox and Kendall 2002), environmentally 
induced (West-Eberhard 2003), or genetic (Doebeli and Koella 1994; Doebeli 1996). In other 
cases, males and females differ apparently because of differences in diets. Such divergence may 
often reflect specific nutritional requirements for reproduction in females, or extreme differences 
between males and females in habitats. Ecological competition between the sexes may be 
responsible for intersexual niche divergence in some cases, but the independent evolution of 
foraging specializations by each sex may be of more general importance (Shine 1989).   

 Although several examples of this intrasexual phenomenon are well known from studies 
on birds, the idea has often been dismissed as lacking general applicability (Shine 1989). This 
dismissal does not stem from contradictory data so much as from the difficulties inherent in 
testing the hypothesis.  Most empirical and theoretical studies of resource use and population 
dynamics treat conspecific individuals as ecologically equivalent.  Few studies have quantified 
the degree to which individuals are specialized relative to their population; between-individual 
variation can sometimes comprise the majority of the population's niche width. The degree of 
individual specialization varies widely among species and among populations, reflecting a 
diverse array of physiological, behavioral, and ecological mechanisms that can generate 
intrapopulation variation (Bolnick et al. 2003).   Less is known of intraspecific differences in 
mammals (Shine 1989), particularly in bats. 

 Chiroptera, the only mammals capable of true and sustained flight, have one of the 
highest metabolisms of all mammals (McNab 1976).  Tropical bat faunas are trophically diverse, 
including species that feed on insects, other mammals, fruit, nectar and pollen (Fenton, 1992). In 
the New World, the absence of competition from megabats allowed plant-eaters to evolve from 
insectivorous microbat ancestors, suggesting that they evolved independently several times.  All 
microbat plant-eaters are from the family Phyllostomidae.  It is assumed that in taking insects 
from flowers, they developed a taste for the nectar underneath (Altringham 1996).  Pollen and 
nectar provide a rich diet.  In addition to carbohydrate, nectar eaten by bats is often rich in lipids 
and pollen has high protein content (Altringham 1996).  A wealth of literature and studies has 
hypothesized that nectarivorous bats do not only utilize this rich resource, but may also 
complement their diet with insects (Nowak 1991; Findley 1993; Altringham 1996; Tschapka, 
2005).  Several studies hypothesize that females, especially pregnant females, may need more 
protein to supplement their diet (Nowak 1991; Altringham 1996; Tschapka, 2005) or that bats 
may eat pollen and nectar seasonally, relying on insects as a stable food source (Findley 1993; 
Altringham 1996).  To the best of my knowledge, there is little or no empirical support for sex 
differences in pollen/nectar consumption in micro bats.  Ryan et al (1983) found that female’s 
energy investment in reproduction is greater than the male’s, even in taxa with considerable male 
expenditure.  Hence, differences between sexes in resource consumption are likely to occur in 
plant-eating bats.   
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  I investigated the sexual differences in the pollen diet of nectarivorous bats in a 
Neotropical cloud forest.  I tested whether male and female nectarivorous microbats have 
different foraging niches according to pollen richness and types of pollen on each sex category 
(males, reproductive males, females and reproductive females).   

Materials and Methods 

Study Site 

 This study was conducted at Selvatura Adventure Park in Montverde, Costa Rica in their 
hummingbird garden using a 10 meter long mist net (Fig. 1).  This garden is composed of 6 
hummingbird feeder stands, that each holds multiple individual feeders.  These hummingbird 
stands are placed fairly close to the edge of the garden and the garden is lined with large pioneer 
species and abuts the secondary forest around the park.  The canopy height around the garden is 
about 10 meters.  The high traffic in nectarivorous bats at this location, which often visit the 
hummingbird feeders that have been there since the creation of the garden, makes this location 
ideal for studying nectarivorous bats.   

Study Organism 

 I looked specifically at three species of nectarivorous microbats that come to the 
hummingbird feeders at Selvatura: Anoura geoffroyi, Glossophaga commissarisi, and 
Hyloncteris underwoodi (Fig. 2).   These three species are members of the family Phyllostomidae 
and subfamily Glossophaginae.  The following natural history is according to LaVal et al. 
(2004).  A. geoffroyi, is a small to medium sized dark brown bat. It is a nectivore bat, which has 
also been recorded eating small insects. A. geoffroyi commonly visits banana flowers and is 
known for visiting hummingbird feeders in large numbers in Monteverde region of Costa Rica. 
G. comissarisi is a small brownish-gray bat with pointed snout, “whiskers” and a leaf nose. 
Although bats of genus Glassophaga spp. are less nectar specialized, G. comissarisi is a 
nectivore, recorded eating nectar, pollen, fruit, and insects (moths). H. underwoodi, a small 
brownish bat with long pointed snout, short ears and leaf nose, “whiskers” and tricolored dorsal 
fur. This bat is another nectarivorous bat has been recorded eating nectar, pollen, as well as 
occasional fruit and insects.  I examined differences in pollen types sampled from multiple parts 
of the bat’s body, compared a number of pollen types between species and more importantly, 
between the sex categories (male, reproductive male, female and reproductive female).  

Pollen Collection 

 I mist-netted for three hours a night, from 6:00 to 9:00 PM, during peak bat activity (J. 
Calderon and R. K. LaVal, personal communication).  I mist-netted a total of 6 nights and 
sampled a total of 185 bats.  When the bats got caught, I immediately collected them from the net 
and examine them or if I was catching more bats then I can examine, I would prioritize removing 
bats from the nets and would put them in the holding bags until I had time to examine them.  
Before examination of these bats, I would use hand sanitizer to clean my hands and would 
reapply between each bat.  If I used holding bags, to put bats in while I was untangling other bats 
in the net, I first made sure that they were clean and if I used them once I tried not to use them 
again in the same night.   
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 When I examined the bats I would identify the species and sex category (male, 
reproductive male, female or reproductive female).  I would then collect the pollen samples from 
the head, neck, back, wings and abdomen using Scotch tape to wipe the pollen off these areas 
(Fig. 3).  I collected samples from all these areas of the bat’s body because flowers with different 
morphologies and anther positions may deposit pollen on different body regions of the bats 
(Kunz 1988).  I then put those samples on a slide, for later laboratory analysis and released the 
bat.  I did not mark the bats in any way because if I caught the same bat on different nights it was 
a new night with new pollen and new floral visitations.   

 In the laboratory, I categorized the pollen observed alphabetically into morphospecies A-
RR under the microscope  based on what species of bat they were found on, sex category of the 
individual (male, reproductive male, female, and reproductive female), shape, size and color of 
the pollen (Fig. 4 and 5).  I observed a total of 45 pollen morphospecies (named A-RR) in 
laboratory analysis (Appendix 1). 

Results 

 To eliminate any small foraging differences that each individual species might have, I 
decided to test pollen richness between the sex categories of these species separately.  First, I 
found that there was a significant difference between the sex categories of A. geoffroyi bats 
(TWO WAY ANOVA, after confirming the assumption of normality,  F=10.43, df=3, 
p=<0.001). Further analysis confirmed that there was a significant difference in pollen richness 
between males and females of this species, no matter their reproductive status (Tukey’s Post-hoc, 
p=<0.001).  Females and reproductive females had the highest average pollen richness with 
means of 10.16 and 10.68 morphospecies per individual respectively.  Males and reproductive 
males had significantly lower average pollen richness with means of 7.63 and 8.19 
morphospecies per individual respectively (Fig. 6). 

 Then I found that there was a significant difference between the sex categories of G. 
commissarisi bats (TWO WAY ANOVA, after confirming the assumption of normality, 
F=12.55, df= 3, p= <0.001).  Further analysis confirmed that there was a significant difference in 
pollen richness between males and females of this species and also between reproductive females 
and males, (Tukey’s Post-hoc, p= 0.004 and p= <0.001respectively).  Females and reproductive 
females had the highest average pollen richness with means of 12 and 14.5 morphospecies per 
individual respectively.  In the same test, males and reproductive males had significantly lower 
average pollen richness with means of 7.85 and 10 morphospecies per individual respectively 
(Fig. 7). 

 I would have preferred to test this trend with all of the species I caught; however, I only 
caught three H. underwoodi individuals, so because of this insufficient sample size I decided to 
not compare this trend in this species.  But to include all three species in my study, I compared 
pollen richness and sex between all the individuals that were caught (n= 185) (Welch Two 
Sample t-test t= 5.80, df= 140.19, p= <0.001).  From this test it is clear that there is a difference 
between pollen richness and the sex categories in all the individuals, no matter their species. 

 To test all individuals having different types of morphospecies based on sex category, I 
used a Sorensen’s quantitative index to compare the composition of pollen morphospecies 
between individual sex categories, in pairs.  Pairwise comparisons, showed a similarity of 60% 
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or above (reproductive male versus male= 62%; reproductive male versus reproductive female= 
72%; reproductive male versus female= 78%; male versus reproductive female= 81%; male 
versus female= 78%; reproductive female versus female= 86%) (Fig. 8).  This shows that 
between the sex categories there was found to be a difference of 14% to 38% between the types 
of pollen morphospecies found on an individual (Appendix 1).   

Additional Observations  

 I observed that pollen morphospecies H was found in males and reproductive males but 
not females or reproductive females.  Also, pollen morphospecies Z and S were found on non- 
reproductive individuals but not on reproductive individuals. 

 Also another, interesting observation that I made was that in a previous study (Ward 
2012), at the same study site, using the same kind of mist net, and collecting at the same time, he 
caught a total of 78 G. comissarisi, 21 H. underwoodi, and 1 A. geoffroyi out of 100 bats total.  
This is interesting because I caught 144 A. geoffroyi, 3 H. underwoodi, and 37 G. comissarisi out 
of 185 bats total.  I caught so many A. geoffroyi, while he only caught one.  This previous study 
was done during the wet season (October 22, 2012 to November 18, 2012), while my study was 
done in the dry season (April 14, 2013 to May 2, 2013).   

Discussion 
 These results show that there is indeed a difference between average pollen richness per 
individual between the sex categories (Fig.6 and 7).  When looking at types of pollen 
morphospecies similarities between sex categories, there seemed to be a somewhat substantial 
difference between some of the comparisons, especially between male and reproductive male 
which were only 62% similar (Appendix 1 and Fig.8).   

 The first result implies that there could be potential niche differentiation or at least 
differential nutritional demands between the sexes.  Although, depending on species there could 
be a significant difference in pollen richness based on reproductive status.  In the A. geoffroyi 
bats there was a difference in males and females, it did not matter if they were reproductively 
active or not.  Whereas, in the G. comissarisi bats there was a significant difference found 
between males and females of this species and also between reproductive females and males, but 
there was no statistical difference between reproductive males and any other sex category.  This 
implies that reproductive males of this species (G. commissarisi) have an overlap of foraging 
niche between all the sex categories, while males, females and reproductive females may have 
their own distinct foraging niche.  Also within populations, individuals can differ in resource use 
(Bolnick 2011). Because males of these three species have not been found to be significantly 
bigger than females of the same species this result could be attributed to the fact that in the 
absence of any male reproductive “strategy” selecting for large body size (and hence a high 
feeding rate to maintain that size), males commonly eat less- often, much less -than do females 
(Bolnick 2011, Shine 1989).  Another factor could be seasonality; a study of the Big Brown bat 
(Eptusicus fuscus) in Colorado showed that in the summer males moved to higher elevations and 
females stayed at lower elevations to raise their young (Wilkinson and Barclay, 1997). There 
seems to be some sort of seasonal movements between the species populations at Selvatura going 
on.  This could implicate that these populations at Selvatura have seasonal migration patterns, 
which can have interesting ecological impacts and reveal more complex foraging habits than 
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originally thought.  These differing migration movements between the sexes may occur in my 
study species.  Clearly their diets would be different if this was the case (Wilkinson and Barclay, 
1997). 

 The comparison of types of pollen morphospecies between the sex categories showed that 
there is between a 14% to 38% difference in types of pollen morphospecies.  This is especially 
evident in the comparison between males and reproductive males which had a difference of 38% 
(62% similarity) and reproductive males and reproductive females which had a difference of 
28% (72% similarity) (Fig. 8).  Looking closer at the exact types of pollen morphospecies that 
were found on one sex category but not the others, etc. I observed that pollen morphospecies H 
was found in males and reproductive males but not females or reproductive females.  Also, 
pollen morphospecies Z and S were found on non-reproductive individuals but not on 
reproductive individuals.  This leads me to believe that non-reproductive individuals, especially 
males, may be the least selective in their foraging choices and therefore may have the largest 
niche breadth in foraging.  These results also suggest that reproductive females may be the most 
selective in their foraging choices.   

 Because the first result shows that there is a difference in pollen richness between the 
sexes in bats that very well implies that there could be other aspects of their niches that may be 
different.  What does this mean?  Several experiments have manipulated intraspecific genetic 
diversity and found corresponding changes in population productivity and stability (Agashe 
2009), coexistence (Imura et al. 2003; Lankau and Strauss 2007; Fridley and Grime 2010), and 
ecosystem processes (Crutzinger 2006). Intraspecific variation can thus have important 
ecological, evolutionary, and conservation implications (Imura et al. 2003; Crutzinger 2006; 
Johnson 2008; Hughes et al. 2008; Agashe 2009; Fridley and Grime 2010; Becks et al. 2010).  
Because there were pollen morphospecies (H, Z, and S) that were only found on certain sex 
categories, this suggests that only those sex categories pollinate those species of flowers.  Hence, 
reproductive fitness of that plant may be affected by population shifts in sex ratios and 
pollination rate may also be affected by the reproductive season of these bat species.  Theory 
suggests that niche variation facilitates frequency-dependent interactions that can profoundly 
affect the population's stability, the amount of intraspecific competition, fitness-function shapes, 
and the population's capacity to diversify and speciate rapidly (Bolnick 2003).  Despite a fast-
growing literature on the ecology of trait variation, we lack a general framework for 
understanding the mechanisms by which trait variation influences ecological dynamics. 
Developing such a framework is key to determining when, and to what extent, intraspecific trait 
variation will alter population densities, transient dynamics, and persistence (Shine 1989) and 
also how it can affect population dynamics of other species. 
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Pollen 
Morphospecies 

Reproductive 
Males Males 

Reproductive 
Females Females 

A 9 17 16 9 
B 6 39 16 21 
C 7 16 8 12 
D 0 1 1 1 
E 33 66 43 37 
F 4 8 3 6 
G 17 42 39 32 
H 1 8 0 0 
I 2 5 2 4 
J 5 12 5 10 
K 25 41 40 35 
L 7 18 19 15 
M 2 6 4 2 
N 3 12 5 6 
O 1 4 3 0 
P  1 2 5 5 
Q 1 7 4 4 
R 9 15 23 12 
S 0 3 0 1 
T 0 4 3 3 
U 13 7 13 12 
V 29 51 39 33 
W 10 17 15 11 
X 1 9 12 8 
Y 9 23 10 8 
Z 0 2 0 1 
AA 10 9 16 12 
BB 10 16 23 27 
CC 3 5 5 10 
DD 1 6 5 7 
EE 1 4 2 3 
FF 0 1 0 0 
GG 7 5 12 8 
HH 3 9 10 7 
II 4 7 2 5 
JJ 14 18 19 17 
KK 3 7 9 4 
LL 17 31 22 20 
MM 4 18 13 10 
NN 4 4 6 3 
OO 2 5 5 3 
PP 2 0 0 0 
QQ 0 1 0 0 
RR 1 0 4 2 
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Appendix 1.  Total number of morphospecies observed per sex category in all individuals.  The 
first column is the morphospecies that were observed in alphabetical order (A-RR).  The 
numbers in the following columns are the number of times that particular morphospecies was 
seen on an individual in the corresponding sex category. (n=185).  These numbers were used to 
calculate how similar the types of pollen morphospecies were between the sex categories 
(Sorensen’s Quantitative index- Fig.8) 

 

 

 

 

 

 

 

 

 

Figure 1.  A picture of the study site at Selvatura Adventure Park, Cost Rica at around 6p.m., 
perfect batting time.  Notice that the mist net is open, meaning that it is up and ready to catch 
bats.  I used this net to catch microbats of three different species to compare average pollen 
richness per bat based on gender and reproductive status (sex category). 

 

 

   

                               (A)                                            (B) 

Figure 2.  I studied pollen richness and types of pollen morphospecies in three nectarivorous 
microbat species based on gender and reproductive status (sex category).  (A) Glossophaga 
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commissarisi microbat with obvious pollen (yellow specks) on the dorsal side of its uropatagium.  
(B) Anoura geoffroyi microbat with obvious pollen (yellow dust) on its head and ears. 

 

 

 

(A) 

Figure 3.  Pollen sample extraction to analyze pollen richness per bat. (B) Extracting pollen 
from an individual using Scotch tape to wipe off the pollen on the bat’s back, wings, head, neck 
and abdomen. After extracting pollen from all these sites, I would release the bat and 
immediately put the sample on a slide for further laboratory analysis.   

 

 

 

                          (A)                            (B)                          (C)                                       (D) 

Figure 4. Examples of some morphospecies that were found after laboratory analysis of pollen 
samples (A) pollen Morphospecies A, which was characterized by its transparency and solid line 
down the middle.  (B) pollen Morphospecies HH, which was characterized by being completely 
dark brown and perfectly circular.  (C) and (D) pollen Morphospecies MM, which was 
characterized by its nut-looking shape, 3 dimensional look and transparent to grey color.  All 
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pictures were taken under 400x magnification, except for (D), which was taken under 100x 
magnification.   

 

 

 

           (A)                         (B)                          (C)                          (D)                            (E) 

Figure 5. Examples of some morphospecies that were found after laboratory analysis of pollen 
samples (A) pollen Morphospecies NN, which was characterized by its iridescent color and three 
bubbles that were spaced equally from each other.  (B) pollen Morphospecies D, which was 
characterized by its transparent- yellow color and was usually clumped together in fours.  (C) 
pollen Morphospecies O, which was characterized its yellow, glowing color and green tinted 
boundary.  (D) Morphospecies Q, which was characterized by its blood-red color and transparent 
boundary.  (E) Morphospecies P, which was characterized by being clumped to together and 
having an iridescent hue. All pictures were taken under 400x magnification. 

 

 
Figure 6. Average pollen richness per individual  A. geoffroyi bat across sex categories. (F= 
female, RF= reproductive female, RM= reproductive male, and M= male) (n=110)  Error bars 
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represent one standard error.  There was a significant difference found between the mean pollen 
richness of females and reproductive females versus males and reproductive males (p=<0.001). 

 

 

Figure 7.  Average pollen richness per individual G. commissarisi bat across sex categories. (F= 
female, RF= reproductive female, RM= reproductive male, and M= male) (n=31)  Error bars 
represent one standard error.  There was a significant difference found between the mean pollen 
richness of females and reproductive females versus males. (p=<0.001). 

 

 

 

Figure 8. Sorensen’s quantitative index comparison (F= female, RF= reproductive female, RM= 
reproductive male, and M= male).  This shows that the types of morphospecies of pollen 
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between sex categories were about 60% similar or higher, meaning that between all the sex 
categories the types of morphospecies were pretty much the same types.  
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ABSTRACT 

Over the last century, humans have drastically altered tropical landscapes through timber extraction and forest 
clearing for pasture and agriculture. This has resulted in tropical landscapes that are composed of a mosaic of 
primary forest fragments, agriculture lands, and regenerating secondary growth forests. Secondary forest succession 
occurs within the surrounding landscape and is largely dependent on relative location to primary forest. Studies have 
not been conducted that evaluate structural complexities and forest regeneration of secondary forest which borders 
primary forest in Neotropical premontane/lower montane wet forest. Therefore, I evaluated forest characteristics 
along a gradient of bordering primary and secondary forests located on the Pacific slope of the Tilarán Mountains in 
Costa Rica. Diameter at breast height (DBH), leaf litter depth, and understory shrub cover were significantly 
different between primary and secondary forest. Percent canopy was denser in primary forest but not significantly 
different from secondary. In addition, the differences along the observed secondary/primary gradient were not 
absolute. Secondary forest plots closer to primary forest are more resembling and secondary forests can rapidly 
converge structurally. Secondary forest age is also an important factor or structural convergence. These results have 
conservation importance as secondary forest can increase amount of available habitat to flora and fauna in bordering 
primary forest and act as buffer further protecting primary forest biodiversity. Secondary forest can also connect 
primary forest fragments creating corridors which can aid in the preservation of migratory species and those 
requiring large home ranges. 

RESUMEN 

A lo largo del siglo pasado, los humanos han alterado drasticamente los paisajes tropicales debido a la extracción de 
madera y la apertura de bosque debido a la agricultura y los pastizales.  Esto ha resultado en que los bosques 
tropicales estén compuestos de un mosaico de fragmentos de bosque primario, tierras agrícolas y bosque secundario 
en regeneración.  La sucesión de los bosques secundarios ocurre en los paisajes vecinos y es altamente dependiente 
de la ubicación relativa de la ubicación de los bosques primarios.  No se han realizado estudios que evaluen la 
complejidad structural y regeneración de los bosques secundarios adyacentes a bosque primario en el bosque 
montano bajo neotropical. Por lo tanto, evalué las características del bosque a lo largo de un gradiente de bosque 
primario y secundario localizado en la vertiente Pacífica de la Cordillera de Tilarán en Costa Rica.  El diámetro a la 
altura del pecho (DAP), la profundidad de la hojarasca, y la cobertura del sotobosque  fueron diferentes 
significativamente entre el bosque primario y secundario.  El porcentaje de cobertura del dosel fue más denso en el 
bosque primario pero no diferente significativamente del secundario.  Además, las diferencias observadas a lo largo 
del gradiente de bosque primario/secundario no fue absoluta.  La edad del bosque secundario es un factor importante 
en la convergencia structural.  Los resultados tienen importancia en términos de conservación ya que los bosques 
secundarios pueden aumentar la cantidad de hábitat disponible para la flora y la fauna en el bosque primario vecino 
y funcionar como amortiguador futuro protejiendo la biodiversidad del bosque primario.  El bosque secundario 
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puede además conectar fragmentos de bosque primario creando corredores que pueden ayudar con la conservación 
de especies migratorias, y estas requieren grandes áreas de distribución. 

INTRODUCTION  

Over the last century, humans have dramatically altered tropical landscapes through timber 
extraction and forest clearing for pasture and agriculture (Guarigata and Ostertag 2001, Gibson et 
al. 2011). This has resulted in many tropical landscapes being composed of a mosaic of primary 
forest fragments, degraded forest, regenerating forest and agriculture land (Dent et al. 2012). 
Secondary growth succession refers to the regeneration and growth of woody vegetation in areas 
previously affected by human disturbances (Guarigata and Ostertag 2001). In the neotropics, the 
most common secondary growth forests occur in areas that were once cleared for agriculture and 
farms and are now being abandoned (Chazdon et al. 2007). 

Secondary growth forests are important for conservation efforts because they can connect 
primary growth forest fragments creating continuous forest which can aid in the preservation of 
species (Dixo and Metzger 2009). In addition, secondary forest can create new ecosystmes which 
require no human maintenance yet provide many benefits like habitat and nutrients (Pethiyagoda 
Jr and Manamendra-Arachchi 2012). It is imperative to understand that forest succession occurs 
within the context of the landscape it is embedded in. Therefore, to better understand local forest 
succession, it is necessary to analyze nearby landscape deforestation and fragmentation effects 
(Chazdon 2008). In Costa Rica, studies of this nature have been conducted in lowland tropical 
moist and wet forest (Guarigata and Ostertag 2000). Studies in this forest type have examined 
concepts like species richness and composition between old and secondary growth (Guariguata et 
al. 1997), rates of change in tree communities in secondary forests (Chazdon et al. 2007) and 
biotic and abiotic factors that influence patterns of secondary forest succession (Guarigata and 
Ostertag 2001  

Few studies have investigated the differences in structural composition of bordering secondary 
and primary forests. A study by Oosterhoorn and Kappelle (2000) investigated floristic 
composition along a gradient from interior primary forest into adjacent pasture in Costa Rican 
upper montane cloud forest. Number of mature trees was shown to decline from forest interior to 
edge and the edge was composed of mainly secondary shrubs and trees (Oosterhoorn and 
Kappelle 2000).  Although species diversity and structural composition have been shown to 
recover more quickly in areas close or bordering existing forest patches in Puerto Rico 
(Tomlinson et al. 1996) more comparative studies are greatly needed (Chazdon 2008). Thus, 
based on current literature, structural characteristics like tree diameter at breast height (DBH), 
leaf litter depth, and canopy/understory density between bordering primary and secondary forest 
in premontane/low montane tropical wet forest are not well studied.  

As previously stated, secondary forests are being better understood and appreciated as 
conservation tools (Dixo and Metzger 2009, Chazdon et al. 2010, Pethiyagoda Jr and 
Manamendra-Arachchi 2012) and further research investigating structural differences between 
bordering primary and secondary forest would increase knowledge aiding in conservation efforts. 
In addition, research in premontane and lower montane tropical wet forest lifezones is important 
because they are unique components of tropical countries. In Costa Rica, where this study was 
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conducted, tropical premontane wet forest composes 13.6% of the country while 1.5% is tropical 
lower montane wet forest (Hartshorn 1983). In this study, I evaluate structural characteristics 
along a gradient of bordering secondary and primary forest in premontane/lower montane 
tropical wet forest in Costa Rica. Along this gradient, I examined structural differences like 
diameter at breast height (DBH), canopy cover, understory shrub cover, and leaf litter depth.  

METHODS 

STUDY SITE. — This study was conducted on the Pacific slope of the Tilarán mountain range in 
Monteverde, Puntarenas, Costa Rica at three protected reserves - Bajo del Tigre, Curi-Cancha, 
and Monteverde Cloud Forest Biological Preserve (Fig. 1).  These sites were chosen because 
they contain greater than 20 ha of connected primary and secondary forest, are geographically 
close and exposed to similar abiotic conditions like temperature, soil composition, and slope. 
Also, land where forest succession has occurred was previously pasture at all three sites. 
However, an important difference between sites is the age of secondary forest. Bajo del Tigre 
(10°18' N, 84°48' W) is nearly 30 ha in size with secondary forest about 20 years old. Curi-
Cancha (10°18' N, 84°48' W) is 96 ha with secondary forest about 50 years old. The Monteverde 
Cloud Forest Biological Preserve (here on known as MVCFBP) (10°18' N, 84°47' W) is 341.5 ha 
(the whole reserve is larger, but this was the area on the Pacific slope that was used for my 
research purposes) with secondary forest age about 50 years. Elevation and Holdridge lifezone 
classification vary slightly among sites (Bajo del Tigre: ~1350 m premontane tropical wet forest 
(Haber 2000), Curi-Cancha ~1430 m premontane/lower montane tropical wet forest (Haber 
2000), and MVCFBP ~1530 m lower montane tropical wet forest (Haber 2000)) but differences 
do not have a significant effect on primary and secondary forest structure differences. 

 

Figure 1. Map showing the three study sites-Bajo del Tigre (~1350m), Curi- Cancha (~1430), 
and Monteverde Cloud Forest Biological Preserve (~1530m). Sites located in Monteverde, 
Puntarenas, Costa Rica and are on the Pacific slope of the Tilarán mountain range. 
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PLOTS. —A gradient between bordering primary and secondary forest was established (Fig. 2). In 
order to establish the gradient, the border between primary and secondary forest was first 
established through personal communication with site employees and general structural 
differences like stand basal area, canopy structure, and presence of lianas/epiphytes as defined by 
Guariguata & Ostertag (2001). The gradient was composed of five plot types: Primary Center 
(50m or greater into primary forest from border), Primary Intermediate (20m into primary forest 
from border), Border, Secondary Intermediate (20m into secondary from border), and Secondary 
Center (50m or greater into secondary forest from border) (Fig. 2). Plots were 10 m x 10 m. Two 
plots 20 m apart were sampled in each plot type (Fig. 2) Plots that were very steep or had natural 
disturbances like a river or tree fall gap were avoided because they do not represent the general 
structure of the forests. 

 

Figure 2. Gradient extending from secondary forest into primary forest that was established at 
each site. “Secondary Center” and “Primary Center” was ≥50 m from secondary/primary border. 
“Secondary Intermediate” and “Primary Intermediate” were 20 m from border. Red squares 
represent 10 m x 10 m plots. Two plots 20 m apart were measured in each plot type. 

 

DIAMETER AT BREAST HEIGHT.—In each plot, all trees ≥5cm diameter at breast height (DBH) 
were measured and recorded. A girthing tape which measures diameter was used. Lianas were 
not measured as trees were the focus of this study. 
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LEAF LITTER.—In each plot leaf litter depth was measured using a ruler (cm). Measurements 
were taken one meter inward from two opposite corners (Fig. 3). Four measurements were taken 
per plot. 

CANOPY COVER.—In each plot canopy cover was measured using a spherical densiometer  and  
procedure as described by Forestry Supplies Inc. Two measurements were taken in each plot one 
meter inward from opposing plot corners (Fig. 3). 

UNDERSTORY SHRUB COVER.—To quantify a 150 cm pole with 15 10 cm bands was used. The 
pole was stuck in the ground and from 1 m away and the total number of bands which had visual 
obstruction (i.e. a branch running through it) were counted. If there was total obstacle obstruction 
(i.e. a branch running through every band) a measurement of 15 would be recorded while if there 
was no obstacle obstruction a measurement of zero would be recorded. Six measurements were 
taken in each plot - two in a corner, two in the center, and two in the opposite corner (Fig. 3). 

 

Figure 3. Location of forest structural characteristics that were measured in each plot. L = leaf 
litter depth (cm). C = canopy cover. U = understory shrub cover. Plots were 10 m x 10 m. 

RESULTS 

TREE DIAMETER.—There was significant diameter at breast height (DBH) differences between 
primary, border, and secondary forests (Two Way ANOVA, F = 4.65, df = 4, 729, p = 0.00103). 
Primary Intermediate (mean ± se = 21.07 ± 2.06) had significantly greater mean DBH values 
than the Border (15.18 ±1.06), Secondary Intermediate (14.59 ± 1.89), and Secondary Center 
(12.66 ± 1.05) (Tukey Test: t=2.901, p=0.03; t=-3.779, p=0.0016). Mean DBH from Primary 
Center (18.75 ± 1.58) was significantly greater than mean DBH from Secondary Center (12.66 ± 
1.05) (Tukey Test t=-2.737, p=0.04966). On average, trees in secondary forest had the smallest 
mean DBH, followed by the border trees, and primary forest trees had the largest mean DBH 
values (Fig. 4). 
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Figure 4. Differences in mean diameter at breast height (DBH) of secondary and primary forest 
trees on the Pacific slope of the Tilarán mountain range in Costa Rica. Trees ≥ 5cm DBH were 
measured (n = 734). Different letters represent significant differences in mean DBH (Two Way 
ANOVA, F =4.65, df = 4, 729 p =0.00103) (Tukey Test: PI-SI: t=2.901, p=0.03; PI-SC: t=-
3.779, p=0.0016; PC-SC: t=-2.737, p=0.04966). Error bars represent SE. 

DIAMETER FREQUENCIES.—With all sites combined, almost 70% of measured DBH values fell 
between five and 14.9 cm. This was by far the most abundant range and the frequency of 
measured trees decreased dramatically as DBH increased (Fig. 5). The second most abundant 
DBH range was 15-24.9 cm (12.4%), followed by the 25- 34.9 cm range (7.90%), and lastly the 
range with the least amount of measured trees was 35-44.9 cm at just over 4%. There was a 
slight increase in the amount of trees with a DBH ≥45 cm at 6.23% but it should be noted that 
this range is much more encompassing compared to the other ranges. Regardless, there is a clear 
trend that most of the measured trees have small DBH values and as DBH values increase the 
frequency of trees decrease (Fig. 5).   
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Figure 5. Diameter distributions for trees ≥5 cm DBH sampled on the Pacific slope of the Tilarán 
mountain range in Costa Rica. Values reported are from sampled sites (Bajo del Tigre, Curi-
Cancha, and Monteverde Cloud Forest Biological Preserve) which contained greater than 20 ha 
of connected primary and secondary forest. 

 

LEAF LITTER DEPTH.—Significant differences were found in amount of leaf litter between 
primary, border, and secondary forests (Two Way ANOVA, F =5.431, df = 4,115, p =0.001). 
Primary Center forest was found to have the greatest amount of leaf liter (3.62 ± 0.15) and 
contained significantly more leaf litter than Secondary Center forest (2.33 ± 0.14), Secondary 
Intermediate forest (1.80 ± 0.12), and Border forest (2.35 ± 0.11) (Tukey Test: PC-B: t=3.065, 
p=0.22; SI-PC: t=-4.384, p=0.00028; SC-PC: t=-3.106, p=0.198) (Table 1). Leaf litter depth 
increases with forest age (Table 1).  

CANOPY COVER.—Primary Center forest was found on average to have the greatest percent of 
canopy cover at 96.01 % ± 0.46 followed by Primary Intermediate forest at 93.63% ± 0.63. 
However, secondary forest and border forest exhibited dense canopy cover as well but the lowest 
percent cover was 89.60% ± 4.38 found in Secondary Intermediate followed by Secondary 
Center (91.66 ± 2.80) (Table 1). Although the differences in canopy cover were not significant, a 
similar trend with leaf litter exists in that denser forest canopy increases with forest age (Two 
Way ANOVA, F =0.895, df = 4, 25, p =0.481) (Table 1). 

UNDERSTORY COVER.—Understory cover was found to be significantly different between 
secondary and primary forest (Two Way ANOVA, F =4.221, df = 4,171, p =0.00277). In 
particular, Secondary Intermediate had the highest percent of understory cover with an average 
of 60.19% ± 2.22. This was significantly higher than Primary Intermediate (37.41% ± 2.50) and 
Primary Center (42.78% ± 2.36) (Tukey Test: SI-PI: t=3.917, p= 0.001; SI-PC: t=2.993, 
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p=0.0259) (Table 1).  Based on the data, secondary forests are more dense in the understory 
compared to primary forests. 

 

Table 1. Comparison of forest characteristics along secondary and primary forests gradients on 
the Pacific slope of the Tilarán mountain range in Costa Rica. Trees with ≥5 cm DBH were 
measured (n = 734). Canopy cover measured using a spherical densiometer. Understory shrub 
cover was measured using a 150 cm pole with 15 10 cm bands and from 1 m away number of 
bands having obstacle obstruction were measured (see methods). Significant differences 
determined by two way ANOVA and Tukey tests. Trends in results show that as forest age 
increases so does mean DBH, leaf litter accumulation, and percent canopy cover while percent 
understory cover decreases. Presented values are ± SE. 

 

Forest 

Characteristic 

 

Secondary 

Center 

 

Secondary 

Intermediate 

 

Border 

 

Primary 

Intermediate 

 

Primary  

Center 

 

Mean DBH 

(cm) 

 

12.66 ± 1.05 

 

14.59 ± 1.89 

 

15.18 ± 1.06 

 

21.07 ± 2.06 

 

18.75 ± 1.58 

 Mean Leaf 

Litter Depth 

(cm) 

 

2.33 ± 0.14 

 

1.80 ± 0.12 

 

2.35 ± 0.11 

 

2.84 ± 0.13 

 

3.62 ± 0.15 

Canopy 

Cover (%) 

 

91.66 ± 2.80 

 

89.60 ± 4.38 

 

92.68 ± 1.94 

 

93.63 ± 0.63 

 

96.01 ± 0.46 

Understory 

Shrub Cover 

(%) 

 

48.38 ± 2.48 

 

60.19 ± 2.22 

 

46.87 ± 2.17 

 

37.41 ± 2.50 

 

42.78 ± 2.36 

 

DIFFERENCES IN TREE DIAMETER BY SITE.—Secondary Center forest in both Curi-Cancha and 
MVCFBP had significantly greater mean DBH than Bajo del Tigre, but not significantly 
different from each other (Two Way ANOVA, F =5.307, df = 2,143, p =0.00598) (Tukey, 
t=2.999, p=0001; t=2.668, p=0.02). In addition, in Primary Intermediate forest, MVCFBP had a 
mean DBH significantly greater than Bajo del Tigre (Two Way ANOVA, F =3.978, df = 2,137, p 
=0.0209) (Tukey, t=2.541, p=0.03). The trend of mean DBH increasing along the gradient from 
secondary to primary was seen when the sites were all considered together (Fig. 4) and when all 
sites are considered by themselves (Fig. 6).  
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Figure 6. Differences in mean diameter at breast height (DBH) of secondary and primary forest 
trees between three sites in the Costa Rican Tilarán mountain range. The sites vary in the age of 
their secondary forest with Bajo del Tigre (~20yrs.) being the youngest followed by Curi-Cancha 
(~50yrs.) and lastly the MVCFBP (~50yrs.). Significant differences between sites were observed 
in Secondary Intermediate and in Primary Intermediate (Two Way ANOVA, F = 5.307, df = 2, 
143  p = 0.00598; Two Way ANOVA, F = 3.978, df = 2,137  p = 0.0209) (Tukey, t=2.999, 
p=0001; t=2.668, p=0.02; Tukey, t=2.541, p=0.03). Different letters represent these differences. 
Error bars represent SE. 

DISCUSSION 
FOREST CHARACTERISTIC DIFFERENCES.—Bordering primary and secondary forests were 
shown to have significant forest structural differences. Primary forest was found to have 
significantly higher mean DBH values, more leaf litter, denser canopy cover, and less dense 
understory compared to secondary forest and to the bordering forest (Fig. 4 and Table 1). These 
findings are consistent with previous research on the differences between primary and secondary 
forest (Chazdon 2008). However, it is important to note that although significant differences in 
forest characteristics do exist, the differences in the secondary to primary forest gradient are not 
absolute. For example, mean DBH (Fig. 2) of Primary Center trees were significantly different 
from Secondary Center tress but not from Secondary Intermediate nor Border trees. This shows 
that forest connectedness is important in terms of structural convergence. A relatively similar 
trend can be observed in leaf litter accumulation (Table 1). Primary forest farthest from the 
border (Primary Center) was found to be significantly different from both the border and 
secondary forest types but, primary forest closest to the border (Primary Intermediate) was not 
significantly different from border nor secondary forests. These trends are interesting because 
they demonstrate the importance of secondary and primary forest connectedness. Thus, as forest 
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succession progresses, areas that are closer to primary forest more quickly resemble primary 
forest structure. This could be a result of proximity to primary forest which is the seed bank for 
the regenerating forest. Lastly, it is important to note that although canopy cover density trended 
to increase in primary forest, differences between primary and secondary forest were not 
significant (Table 1). This may be important because structurally the forest begins to resemble 
more “natural” or primary forest and promote flora and fauna life to repopulate that area. For 
example, Fedigan and Jack (2000) found that white-faced capuchin monkey population sizes 
were found to increase following forest regeneration in Guanacaste, Costa Rica. During my 
research at Bajo del Tigre, I encountered capuchins 80% of the days in regenerating secondary 
forest trees. 

DIAMETER FREQUENCIES.—Trees with the smallest measured DBH’s, falling between 5 and 
14.9 cm, comprised nearly 70% of the 743 measured trees and frequency of trees further 
decreased as DBH values increased (Fig. 5). There was a slight increase however for the final 
measured range (trees with DBH ≥45 cm) (Fig. 5). This trend is due to the dominance of smaller 
DHB trees in young secondary forests that require fewer resources (i.e space, water, nutrients 
etc.) than large DBh trees. Also, large DBH trees physically take up more room in a plot and 
were measured less on a tree to area basis in my plots. For example, 6 trees with DBH of 9 cm 
could be counted to 1 tree with DBH of 70 cm. 

DIFFERENCES IN DBH BETWEEN SITES.—Bajo del Tigre contained the youngest regenerating 
forest at ~20 years old while both Curi-Cancha and MVCFBP were about ~50 years old. Mean 
DBH of trees in Secondary Center at both Curi-Cancha and MVCFBP were significantly larger 
than those at Bajo del Tigre (Fig. 6). In addition, MVCFBP mean DBH in Primary Intermediate 
forest was significantly larger than those found at Bajo del Tigre (Fig. 6). Although no 
significant difference was reported in mean DBH of Secondary Intermediate plots, Curi-
Cancha’s DBH was more than double that of Bajo del Tigre’s and MVCFBP was nearly double. 
Thus, it is interesting to note that at the sites which have had the longest time for secondary 
forest regeneration, structural components like DBH are more similar to bordering primary 
forest. 

CONSERVATION IMPORTANCE.—The results are similar to the findings in tropical wet 
and rain forest which showed regeneration and structural convergence is often rapid with 
primary forest (Guariguata et al. 2007, Chazdon 2008). These findings are important to 
conservation because these study sites have connected secondary and primary forest. Transition 
(Border forest) and secondary forest are important because they can increase amount of available 
habitat to flora and fauna in bordering primary forest and act as buffer further protecting primary 
forest biodiversity. Secondary forest can also connect primary forest fragments creating corridors 
which can aid in the preservation of migratory species and those requiring large home ranges.. 
Although the protection of primary should still be a conservation priority as they contain more 
biodiversity than secondary forest (Gibson et al. 2011), conservation efforts should also try to 
protect secondary forest that borders primary forest and  make efforts in purchasing and 
protecting land adjacent to primary forest.  
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ABSTRACT 
Soil organic carbon is a key player in the global carbon cycle, sequestering twice as much carbon as in the 
atmosphere and three times as much as plants. Rate of decomposition of organic matter can determine its status as a 
carbon sink or source. Factors such as soil moisture and climate have been known to influence decomposition rates. 
In tropical cloud forest forests, climate change is decreasing the frequency and duration of mist essential to 
maintenance of the cool, humid climate. I investigated the effect of decreasing mist levels on decomposition of 
carbon in 15 soils collected from tropical cloud forest in Monteverde, Costa Rica. Soils were divided to create 
matched samples in three experimental groups. Fifteen samples were misted on alternating days, simulating 
historical conditions (Current); fifteen were misted for five days followed by no mist for five days, simulating 
predictions for 100 years in the future (Future), and fifteen received no mist (No Mist). Decomposition rates of 
Oreopatax capitatus leaf litter were evaluated on alternating days, over a period of 22 days.  Leaf litter decomposed 
significantly faster under future conditions than with no mist or under current conditions (Posthoc: F=27.261, df=1, 
p= 5.472e-07). Current conditions experienced faster decomposition than with no mist (Posthoc: F=15.523, df=1, p= 
9.465e-05). As these highly organic soils dry out, limitations on microbial activity could lift, causing faster 
decomposition rates. Thus, highland soils could shift from carbon sinks to carbon sources.  

RESUMEN 
El carbono orgánico en el suelo juega un papel importante en el ciclo global del carbono, secuestrando el doble del 
carbono atmosférico y tres veces más que las plantas.  La tasa de descomposición de la material orgánica puede 
determinar si se absorbe o libera carbono.  Factores como la humedad del suelo y el clima se conocen influyen las 
tasas de descomposición.  En los bosques nubosos tropicales, el cambio climático está disminuyendo la frecuencia y 
duración de la neblina esencial para mantener la humedad y frescura del clima.  Investigué el efecto de la 
disminución de los niveles de neblina en la descomposición de carbono en 15 muestras de suelo recolectadas del 
bosque tropical nuboso en Monteverde, Costa Rica.  Los suelos si dividieron para crear muestras pareadas en tres 
grupos experimentales. Quince muestras con neblina en días alternos simulando condiciones históricas (actual), 
quince muestas con neblina por cinco días seguido por cinco días sin neblina, simulando las predicciones a 100 años 
en el futuro (futuro), y quince muestras sin neblina (Sin neblina).  La tasa de descomposición de hojarasca de 
Oreopanax capitatus fue evaluada en días alternos, por un período de 22 días.  La descomposición de la hojarasca es 
significativamente mayor bajo condiciones futures que sin neblina neblina o bajo condiciones actuales (Posthoc: 
F=27.261, df=1, p= 5.472e-07).  Las condiciones actuales sufren mayor descomposición que sin neblina (Posthoc: 
F=15.523, df=1, p= 9.465e-05). Al secarse estos suelos altamente orgánicos, las limitaciones de la actividad 
microbiana puede aumentar, causando mayores tasas de descomposición.  Así, los suelos de zonas altas puden pasar 
de absorber carbon a ser una fuente de este. 

INTRODUCTION 
Soil organic carbon plays a key role in the global carbon cycle, and can be a major source or sink 
of atmospheric carbon dioxide (Eaton et al. 2012). Soil sequesters twice as much carbon as is 
present in the atmosphere and three times as much as plants (Schlesinger 1997, Davidson and 
Janssen 2006). However, decomposition of organic matter in the soil releases more carbon per 
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year than combustion of fossil fuels (Gholz et al. 2001). Important to the soil’s status as a sink or 
source is how quickly the organic matter decomposes, or is mineralized;  the net result of carbon 
sequestration minus decomposition rates is what determines if a soil contributes to global 
warming or mitigates it. Therefore, it is crucial to understand how environmental factors impact 
the rate of decomposition. In the tropics, climate-change induced drying is believed to result in 
slower decomposition rates in tropical forest soils, increasing microbial water stress and 
impeding cycling of nutrients important for plants (Ladd et al. 2013). However, these models 
and experiments do not take into account water-logged Histosols and highly organic soils found 
in many tropical cloud forests at high elevations. These soils have a large accumulation of 
organic matter, which builds up due to wet, low oxygen conditions. Do these wet soils really dry 
out so much as to induce water stress? Answering how these soils are affected by climate change 
is crucial; the carbon they sequester represents a wealth of potential atmospheric carbon dioxide. 

  The forests in Monteverde, Costa Rica, are one area threatened by climate change where 
these unique soils are found. There, tradewinds from the Caribbean rise and cool as they hit the 
mountains, creating orographic clouds (Foster 2011). These clouds allow for frequent mists that 
sustain the cool, humid climate and maintain the plethora of unique organisms (Foster 2001). 
Because of the high humidity, many of the soils in upper elevations of the Monteverde cloud 
forest are water-logged, resulting in high accumulations of organic matter (Clark et al. 2000). 
However, both long-term observation and modeling suggest that the cloud bank is rising in the 
Monteverde Cloud Forest Reserve, thus decreasing the frequency of forest immersion and area 
immersed (Pound et al.. 1999, Still et al.. 1999, Lawton et al.. 200, Ray et al.. 2006). As these 
soils dry out, organic carbon decomposition could increase drastically, as oxygen limitations on 
microbial life are lifted (Killham 1994); this could result in a positive feedback loop as more 
carbon enters the atmosphere. Understanding how changes in horizontal precipitation affect 
carbon decomposition is thus crucial to predicting the impact of climate change. Very little is 
known about how decomposition is affected by altered mist patterns in tropical montane forests. 

 I studied how the changing mists in Monteverde affect the mineralization of carbon, 
using soil samples and organic matter collected from the highland forest and exposing them to 
simulated mist levels in the laboratory. To the best of my knowledge, no similar experimental 
study has been conducted on Monteverde soils. Monteverde is an ideal location for this 
experiment, both because it is well-studied and because of its biological importance (Clark et al. 
2000). Furthermore, an experiment examining carbon mineralization conducted in the lab is less 
likely to be confounded than one in the field (Kirschbaum 2006).  

MATERIALS AND METHODS 
Study Site 

I collected soil samples from the primary forest surrounding La Estacion Biológica in 
Monteverde, Puntarenas, Costa Rica. It is a Lower Montane Wet Forest at 1500 to 1800 m on the 
Pacific slope of the Cordillera de Tilarán (Haber 2000). It receives 2519 mm of rain per annum, 
with an additional 22 percent in horizontal precipitation (Haber 2000). Sites appeared uniformly 
shaded by canopy and were covered by a deep layer of organic matter. According to Clark et al. 
(2000), the majority of soils in Monteverde are udic Andisols, formed from moderately 
weathered volcanic parent material under wet moisture regimes. In addition, these authors report 
that Histosols, highly organic and saturated soils, are also found at upper elevations in forests 
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experiencing high precipitation and mist inputs. Weakly developed Inceptisols are also known to 
occur, especially on steeper slopes (Clark et al. 2000). 

Soil Sampling and Preparation 

I selected fifteen 1m2 plots in the highland forest, all approximately 1800 m in elevation. Every 
fifteen meters, I alternated going to the left or right side of the trail to select plots. No plots were 
closer than three meters to the nearest path. Areas closer than 15 meters to streams or other water 
sources and soils on steep slopes were excluded, in order to homogenize soil types and degree of 
weathering.  

The top 15 cm of each soil were removed with a trowel, as the topsoil is where most 
microbial activity, and thus decomposition, occurs. Samples were placed into gallon bags to 
preserve moisture. I then mixed the soils to account for any variations with depth. Soils were 
kept overnight in a fridge. Due to irregularly cold temperatures in the fridge, a portion of two 
samples, but most of the soil in these samples was unaffected and macroinvertebrate life was 
observed. 

Soils were dark brown to black and highly organic. All soils felt moist, with some 
appearing saturated past field capacity. Soils were friable when field moist. To the best of my 
knowledge, the topsoils I sampled appeared to be histic epipedons, possibly from Histosols or 
Andisols.  

 Soils were sieved while field moist (mm) to remove debris and rocks. I divided each 
sample into three matched experimental groups: Current, Future, and No Mist, which I will 
explain below. These three samples from the same source soil I referred to as matched “triplets.” 
Each group had 30 236 ml plastic cups, with 50 g of soil per container.  

Leaf Litter 

Fresh leaves were collected from an Oreopatax capitatus tree near the station. I took only the 
oldest leaves in order to best simulate natural conditions, avoiding the more nutrient-rich young 
leaves on top and the intermediately aged leaves in the middle. Leaves that appeared to be 
diseased or already decaying were excluded, as were leaves that appeared to have more than 10 
percent of area damaged by herbivores. All leaves were flexible, smooth, and relatively thin. 
Leaves were dried for three nights using a light bulb set up to control for differences in water 
content and synchronize decomposition states (Fig 1). I then removed the petiols and cut leaves 
into 2 cm2 pieces.   

 I assembled 45 decomposition bags, one for each cup. Bags were made of fine mesh, and 
each contained approximately 2 g of leaf litter.  
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Figure 1: Leaves collected from an 
Araliaceae tree were dried for three days. 

These were put into decomposition bags and 
put on fifteen different soils from Lower 

Montane Wet Forest in Monteverde, Costa 
Rica, at 1800 m to simulate a leaf litter layer. 

Leaves were allowed to decompose for 22 
days. Decomposition rates were analyzed for 

each soil under three levels of mist: 
alternating days (Current), five days of mist 

followed by five days of no mist (Future), and 
no mist (Control).  

 

Mist Simulation and Setup 

I put the soil sample cups into three 25 x 50 x 25 cm3 glass terrariums, one for each group. Thirty 
samples (Current) were misted on alternating days, simulating historical conditions (Gutierrez 
2012). Another 30 samples (Future) received mist for five days followed by no mist for five 
days, based on projected conditions for the next 100 years (Gutierrez 2012). Thirty received no 
mist (No Mist). Each misting period lasted 5 hours. The Current tank was misted with a 
Homedics humidifier, on medium intensity. The Future tank was misted with a Reptifrogger 
humidifier on maximum intensity. Humidifiers were calibrated visually to achieve the same 
amount of mist. During misting, tanks were covered with plastic wrap to prevent evaporative 
loss. Afterwards, tanks were uncovered to simulate natural drying of the soils. When certain soils 
were observed to be overly flooded, a baster was used to withdraw some of the water.  

After letting the soils acclimate for two days, I began weighing decomposition bags 
approximately every other day. Because of varying water levels between tanks, each bag was 
completely dehydrated and the dry weight of leaf litter measured. The experiment ran for 22 
days. Dry weight over time was analyzed to estimate rates of organic matter decomposition. 
Decomposition rates were compared between matched “triplets” in the three experimental 
groups. 
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Figure 2: Decomposition rates were analyzed for soils under three levels of mist: 
alternating days (Current), five days of mist followed by five days of no mist (Future), and 
no mist (No Mist). Leaves from an Araliaceae tree were put into mesh bags and 
decomposed for 22 days. Soils were collected from lower montane wet forest in Costa Rica 
at 1800 m. Clockwise from upper left: Future experimental group with leaf litter bags, 
Current experimental group with leaf litter bags, No Mist experimental group without leaf 
litter bags, tank set up for the three experimental group 
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Figure 3: Decomposition bags were dehydrated using 
a food dehydrator before measuring dry mass. Each 
set was dehydrated for approximately four hours or 
until completely dry (stopped decreasing in mass with 
time). Decomposition rates were analyzed for soils 
under three levels of mist: alternating days 
(Current), five days of mist followed by five days of 
no mist (Future), and no mist (No Mist). Soils were 
collected from Lower Montane Wet Forest at 1800 m. 

 

 

 

RESULTS 

Decomposition 

Litter bags’ masses decayed over time, indicating decomposition took place in all samples 
(ANCOVA, F=590.847, df=1, p < 2.2e-16). Masses also varied by treatment (ANCOVA, 
F=414.540, df=2, p < 2.2e-16), and decomposition rates were significantly different, i.e. the 
slopes for each treatment were different (ANCOVA, F=42.237, df=2, p < 2.2e-16). When 
decomposition rates were compared between each treatment, Current was significantly different 
from Future (Posthoc test: F=27.261, df=1, p= 5.472e-07), Future was significantly different 
from No Mist (Posthoc test, F=83.927, df=1, p < 2.2e-16), and No Mist was significantly 
different from Current (Posthoc test, F=15.523, df=1, p= 9.465e-05). As shown in Figure 4, the 
decomposition rates are markedly different, with Future decaying the fastest, No Mist decaying 
the slowest, and Current in between.  

Other Observations 

I also observed that some seeds passed through the sieve and ended up in the soil samples. Some 
of these germinated throughout the experiment. The soils exposed to future conditions had no 
seeds germinate, while soils under current conditions had a total of 11 seeds germinate. Soils 
with no mist originally had three seeds germinate, but they quickly became too dry for more to 
grow. 
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Figure 4: Decomposition of Araliaceae leaf litter over time under three mist conditions: 
alternating days (Current), five days of mist followed by five days of no mist (Future), and 
no mist (No Mist). Leaf litter was allowed to decompose for 22 days on soil samples. Each 
experimental group had 15 matched samples of soil. These were drawn from soils from 
Lower Montane Wet Forest at 1800 m. 

 

DISCUSSION 
The results supported the idea that decreasing mist frequency will result in higher 

decomposition of carbon in Monteverde soils; the 30 samples subjected to projected levels of 
mist had much less remaining leaf litter mass over time than those subjected to current levels of 
mist (Fig 4). Possibly, soils under future conditions are drying out, allowing for more oxygen in 
the soil atmosphere. Microbes important for decomposition are believed to function best at field 
capacity (Killman 1994) or when approximately 60 percent of soil pore space is filled by water 
(Linn and Doran 1984). Many other soils starting at 60 percent might dry out further, resulting in 
water stress and slow decomposition. However, percent pore space occupied by water in 
Monteverde highland soils might be closer to 80 or 90 percent, and might move towards 60 
percent; thus, drying would increase microbial activity. If these soils receive increasingly less 
mist, as predicted, and dry out, the carbon sequestered could be rapidly released and contribute to 
further climate change. Soils would turn from carbon sinks to carbon sources. 

Results conflicted with predictions of the tropical soils’ responses to climate change; 
drier conditions are hypothesized to result in moisture stress and limitation of microbial activity, 
thus slowing decomposition (Ladd et al. 2013). Soil type should be considered alongside life 
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zone or climate in determining a soil’s response to climate change. Soils that are highly organic 
and wet might not respond the same way as less organic and drier soils, as my results suggest. 
When modeling the soil response to climate change, it may be important to have a finer 
resolution, predicting responses also based on soil type or moisture levels rather than just 
generalizations of climate. 

I also found that plant germination was also affected by the changing patterns of mist. 
Current conditions facilitated the germination of more seeds over time than no mist or future 
conditions, which allowed for no germination at all. Statistical tests are needed to back these 
findings up. If decreases in mist decrease a seed’s ability to germinate, this could have 
implications for how climate change affects plant fitness. Since plant litter is the principal source 
of organic matter and many essential nutrients (Rahman et al. 2013 ) (Killham 1994), perhaps 
decomposition would eventually slow as source material runs out, effectively resulting in a mass 
dieback in microbial life and upturning of the nutrient cycling processes.  

However, declining mist levels are not the only facet of climate change; increases in 
temperature also play a role. Though my experiment effectively isolated one variable, an 
examination of how temperature and moisture affect highland tropical cloud forest soils would 
also be valuable.  

Soils deserve focus in considering repercussions of climate change. Because of the great 
carbon stores they hold, they represent one of the biggest threats to our attempts to stem climate 
change; if they release this wealth of carbon into the atmosphere, it will only exacerbate climate 
change, creating a vicious cycle. It is important to find ways to stop warming and drying of soils, 
before they cross the threshold from sink to source. 
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ABSTRACT  
Climate change lowers mist frequency in tropical cloud forests. Current and historic mist 
frequencies were compared to dry conditions for development and mortality of immature 
Morpho peleides, a large Neotropical butterfly whose upper range includes the cloud 
forest. Caterpillars in the dry condition grew significantly faster, reaching twice the size 
of caterpillars in both precipitation treatments by day 14, 0.2 g compared to 0.1 g for the 
other treatments with precipitation. M. peleides butterflies emerged from chrysalises one 
day later in dry conditions than in both precipitation conditions. The chrysalises from 
each chamber had 100% butterflies emergence.  Therefore, drier environments would 
favor M. peleides at the upper extreme of their range as mist declines. These results could 
widen the range of the butterfly population and cause a drastic effect in montane food 
webs.  
 
 
ABSTRACTO 
El calentamiento global disminuye la frecuencia de neblina en los bosques nubosos 
tropicales. Las frecuencias actuales e históricas de neblina fueron comparadas a 
condiciones secas para observar el desarrollo y mortalidad de las etapas inmaduras de 
Morpho peleides, una mariposa neotropical. La población de la mariposa se extiende 
hasta el límite del bosque nuboso. Las orugas en condiciones secas crecieron 
considerablemente mas rápido, llegando a doble del tamaño de las orugas en condiciones 
con humedad en 14 días (0.2 gramos en comparación a 0.1 gramos de los tratamientos 
con humedad). Las mariposas de M. peleides salieron de las crisálidas un día mas tarde 
en condiciones secas en comparación a las condiciones húmedas. 100% de las mariposas 
salieron de las crisálidas. Por lo tanto, los ambientes secos amplían la cobertura de la 
población de mariposas y causan efectos drásticos en la cadena alimenticia de las 
montañas tropicales. 
 
INTRODUCTION 
The existence of global warming has been widely recognized, yet the extent of its side 
effects remain unknown (Corlett 2012, Walther et al. 2002). Tropical montane cloud 
forest habitats are particularly susceptible to climate change (Pounds et al. 1999). Most 
organisms within this ecosystem live in narrow altitudinal bands and move up the 
mountain to track changing conditions (Kricher 2011; Pounds et al. 1999). As a result, 
other organisms from lower elevations move higher up the mountain to take places of 
previously native organisms.  

One species that is at the upper extreme of its altitudinal range in  cloud forests is 
the butterfly Morpho peleides (Nymphalidae: Mophinae; Fig. 1). The elevation range of 
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M. peleides is from sea level to 1,400 m in Costa Rica (DeVries 1983). The Monteverde 
Cloud Forest begins roughly 1500 meters and associated mist may be limiting upper 
movement (Haber 2000). However, as mist recedes from climate change this could allow 
M. peleides to move into higher elevations potentially displacing other species.  

In the study, I will observe and analyze the rate of emerging butterflies from the 
chrysalises and the growth rates of caterpillars in varying degrees of mist (historical, 
pulsed, dry). If mist decreases development time and/or mortality of immature stages, this 
could indicate that M. peleides populations will increase altitudinal ranges with climate 
change. 
 
 
MATERIALS AND METHODS 
 The study took place in the laboratory at the Biological Station in Monteverde, 
Costa Rica. The forest is classified as a primary lower montane wet forest at 
approximately 1500- 1800m elevation (Haber 2000). The conditions were an average of 
10.3° C high and 4.6° C low temperature and 64.5% mean humidity in April 2013 during 
the dry season. Three environmental chambers were established with differing mist 
frequencies; dry, pulsed, and historical. The dry chamber had no moisture (Fig. 2a); 
pulsed had moisture every fifth day (Fig. 2b); and historical had moisture every other day 
(Fig. 2c). Historical mist frequency is from weather data in Pounds et al. (1999). 
Chambers were aquaria measuring 48 x 32 x 33 and shielded from direct sunlight using a 
curtain. 171 chrysalises (N=56 for dry; N=58 for pulsed; N=57 for historical) and 97 
caterpillars (N=33 for dry; N=32 for pulsed; N=32 for historical) were purchased from a 
local grower and equal numbers placed in chambers. Caterpillars were distributed by 
weight evenly amongst the three chambers. Mist was delivered by ultrasonic humidifiers 
so that one half liter of water was delivered over a four hour period. Caterpillars were 
weighed and placed on young Mucuna spp. leaves that were attached to a sprig in water 
(DeVries 1983). Leaves were changed every other day (Fig. 3). Chrysalises were pinned 
on Styrofoam (Fig 1b.) that was vertically positioned inside the chambers.  
  

                     
1a.    1b.     1c.  
FIGURE 1.  Development stages of Morpho peleides.1a. depicts the larval phase (second 
stage ) as a caterpillar with unknown instar. 1b. depicts several chrysalises in the pupal 
stage (third phase). 1c. depicts two butterflies (last phase) in the Monteverde Butterfly 
Garden. 
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2a.        2b.              2c. 
FIGURE 2. Chambers depicted represent 2a. dry conditions, 2b. pulsed conditions, 3c. 
historical conditions.   
 

 
 
FIGURE 3. Morpho peleides caterpillars immediately after being placed on young 
Mucuna spp. leaves.  
 
RESULTS 
PRECIPITATION IMPACTS ON CATERPILLAR DEVELOPMENT/MORTALITY 

 Time and treatments impacted the growth rate of M. peleides caterpillars 
significantly (ANCOVA, F=7.71, df= 359, p<0.0001). When time and treatments were 
compared, time had the strongest influence on the growth of the caterpillars (ANCOVA, 
F=7.71, df=1, p<0.0001).  The treatments did not have an effect when considering all 
days collectively per condition (ANCOVA, F= 1.67, df=2, p=0.19). However, as time 
increased, caterpillars were larger for the dry treatment (ANCOVA, F=3.13, df=2, 
p=0.045).  Hence, dry conditions were found to provide a significantly better setting for 
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M. peleides caterpillars than pulsed or historical conditions (Fig. 4). Though mortality 
was high in all treatments (97% for dry; 84% for pulsed; 88% for historical) there was no 
significance between total mortalities (chi-square= 0.705, df=2, p=0.70; Fig. 5). By the 
end of the study, about the same number of caterpillars died in each condition. The rate of 
survival was also not significant among treatments (Fig. 6). This means that on a daily 
observed basis, caterpillars survived at about the same rate in the three chambers. Overall, 
dry conditions favored caterpillar growth.  

  
PRECIPITATION IMPACTS ON PUPAL DEVELOPMENT 

Regardless of treatment, 100% of butterflies emerged from all chrysalises during 
the 13 day study. However, the rate of emersion differed among the three treatments (Fig. 
7). Dry pupae lasted one day longer inside their chrysalises than pulsed or historical (One 
way ANOVA, F=16.31, df=171, p=0.014). The rate of emergence was statistically slower 
in the dry chamber, though biologically, it is not significant. In comparison, pulsed and 
historical were similar (Sheffe’s post hoc, p<0.05 between dry and historical; p<0.05 
between dry and pulsed; p> 0.05 between pulsed and historical).Overall, precipitation 
conditions did biologically affect pupae development.   

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
FIGURE 4. Weight  of Morpho peleides caterpillars over the 13 day study within three 
moisture conditions, dry, pulsed, and historical. Each weight was measured on an 
alternating day schedule. Sample size N= 33, 32, and 32 for dry, pulsed, and historical, 
respectively. Dry treatment was shown to have positive effects. Trend lines represent 
average growth per treatment.  
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FIGURE 5. Percentage of Morpho peleides caterpillar mortality within three moisture 
categories, dry, pulsed, and historical. The observations were taken over the 13 day study. 
Different factors caused mortality of caterpillars. Sample size N=33, 32, and 32 for dry, 
pulsed, and historical, respectively.  Percentage of mortality was not statistically 
significant among the three conditions (chi-square= 0.705, df=2, p=0.70).  

 
FIGURE 6. Mean survival rate on Morpho peleides caterpillars depending on three 
precipitation conditions, dry, pulsed, and historical with sample size N= 33,32, and 32, 
respectively. Survival was determined by any degree of movement of caterpillars when 
measured. Error bars represent one standard error of the mean. Survival rate was not 
statistically significant (One way ANOVA, F=1.08, df=263, p=0.4586).  
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FIGURE 7. Mean emergence of Morpho peleides butterflies from chrysalises depending 
on three precipition conditions, dry, pulsed, and historical with sample size N= 56, 58, 57, 
respectively. Days were recorded consecutively. Error bars represent one standard error 
of the mean. Emergence rate was statistically different (One way ANOVA, F=16.31, 
df=171, p=0.014). Dry conditions caused the pupae to emerge slower than pulsed and 
historical conditions. However, pulsed and historical conditions were not statistically 
significant (Sheffe’s post hoc, p<0.05 between dry and historical; p<0.05 between dry 
and pulsed; p> 0.05 between pulsed and historical).  
 
DISCUSSION 
 Dry conditions provided a significantly better environment for Morpho peleides 
caterpillars to develop. A less humid seemed to speed up the rate of development of the 
caterpillar instars (Visser et al. 2006). Several reasons could cause the growth rates to rise 
in caterpillars. One possibility is that a dry environment may allow larvae to bask on top 
of vegetation, which allows digestion rates and efficiency to increase (Sherman and Watt 
1973). Precipitation allows more moisture accumulation on leaves that provides a 
slippery surface for larva, preventing basking from occurring.  Another explanation is the 
possibility that moisture hinders the growth rate capacity of caterpillars. Caterpillars 
might need to invest more energy reaching the leaf underside and thus not have as many 
resources left to invest into growth. Since moisture is not a limiting factor, they need to 
devote their time to finding food while staying protected from precipitation (Ruf & 
Fiedler 2005).  
 Overall, survival rates of M. peleides caterpillars were similar in the three 
treatments. Similar number of caterpillars survived on the alternating day observational 
period. The high rate of mortality and total percentage of death among the three chambers   
was similar. The high mortality and low rate of survival could be due to physical stress 
from their habitat constantly being changed and the caterpillars frequently being handled, 
among other abiotic and biotic variables (Zago-Braga & Zucoloto 2004). 
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DRY CONDITIONS SLOW EMERGENCE RATE OF BUTTERFLIES 
 All M. peleides butterflies emerged from the chrysalises, regardless of chamber 
conditions. However, emergence of butterflies was statistically slower in the dry 
treatment. In comparison, pulsed and historical treatments were considered similar. 
Biologically, the delay of emergence in the dry chamber was not significant. In nature, a 
24 hour delay of butterfly emergence would be trivial.  The precipitation was possible 
factor causing stress on the organisms. Moisture could’ve played a role in hindering 
oxygen absorption through the spiracles of pupae (Scott 1986). The frequent obstruction 
of gas exchange by water accumulation could have led pupae to emerge faster to avoid 
suffocation (Holmes et al. 2013). 
 Though high precipitation conditions favor Lepidoptera growth for grassland 
species  favor the development of M. peleides caterpillars and pupae. The butterfly 
population could widen its niche elevation range as a result of climate change. The 
consequences of these benefits could have a detrimental affect on tropical montane cloud 
forest food webs. Since tropic species are highly niche specialized, any alterations to their 
interspecific interactions may endanger other species (Kricher 2011). Climate change is 
prone to affect Tropical food webs due to the introduction of new species into foreign 
ecosystems.  
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ABSTRACT 
 
Climate change trends are causing the cloud forest life zones of the Cordillera de Tilarán (Costa Rica) to move 
upslope, possibly causing montane species to also move upslope and generating concerns over endemic highland 
species that are running out of habitat.  To test whether this was the case for cloud forest hummingbirds, I set up 
feeders along an altitudinal gradient to document the distributions of species, which was compared to data from 12 
years ago.  I also recorded competitive interactions to see if aggression changed with elevation, given that upward 
movement could cause unprecedented interactions between species at higher elevations.  Feeders were set up at 
1490, 1500, 1550, 1600, 1650, 1700, 1750, and 1800 m and observed over the course of three weeks.  Violet 
Sabrewings, Purple-throated Mountain Gems, Green-crowned Brilliants, Stripe-tailed Hummingbirds, Green 
Hermits, and Green Violet-ears were present at feeders.  The Purple-throated Mountain Gem has moved its peak 
abundance 100 m upslope from its peak abundance in 2001, and also had a significantly higher average elevation 
(1670 ± 9 m SE) than the other species.  The Green-crowned Brilliant has its peak abundance 150 m downslope 
from 2001.  Sufficient data are present to quantify the distribution of the Stripe-tailed Hummingbird.  For all other 
species, distributions were not significantly different from 2001.  Aggression levels also did not change with 
elevation, with the exception of the Violet Sabrewing, who became less aggressive at higher elevations, but power 
analyses suggest larger sampling efforts could reveal that aggression does, in fact, increase with elevation.  The 
absence of the Fiery-throated Hummingbird, an endemic of Costa Rica and Panama once common at the highest 
elevations of the Tilaráns, was notable.  Because the Purple-throated Mountain Gem, a very aggressive species, is 
moving upslope, it is possible that competition is a factor driving range restriction of the Fiery-Throated 
Hummingbird.  In conclusion, climate change is resulting in altered distributions of montane hummingbirds, to the 
likely detriment of endemic and range-restricted species.  
 
RESUMEN 
 
Las tendencias del cambio climático están causando que las zonas de vida de la Cordillera de Tilarán (Costa Rica) 
suban en elevación, posiblemente causando que las especies de montaña también sufran estos movimientos y 
generen preocupación sobre las especies endémicas que se están quedando sin hábitat.  Para probar si este es el caso 
para colibríes de bosque nuboso, coloqué comederos a lo largo de un gradiente altitudinal para documentar la 
distribución de las especies, lo que fue comparado con datos de hace 12 años.  Además documenté las interacciones 
competitivas para ver si hay cambios en la agresividad de acuerdo a la elevación, debido a que el movimiento a 
elevaciones más altas puede causar interacciones sin precedents entre las especies a elevaciones altas.  Los 
comederos fueron ubicados a 1490, 1500, 1550, 1600, 1650, 1700, 1750, y 1800 m y observados a lo largo de tres 
semanas.  El ala de sable violaceo, el colibrí orejivioláceo verde, el ermitaño verde, el amazilia rabirrufa, el colibrí 
colirayado y el colibrí montañes gorgimorado se encontrarón en los comederos.  El colibrí montañes gorgimorado ha 
movido su pico de abundancia 100 m en elevación de su pico en 2001, y también tiene un promedio mayor en 
elevación (1670 ± 9 m SE) que otras especies.  El brillante frentiverde bajo su pico de abundancia 150 con respecto 
al 2001.  Datos suficientes son presentados para cuantificar la distribución del colibrí colirayado.  Para todas las 
otras especies, las distribuciones no difieren significativamente del 2001.  Los niveles de agresión tampoco difieren 
con la elevación, con la excepción del ala de sable violaceo que se vuelve menos agresivo a elevaciones mayores, 
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pero análisis de poder sugieren un esfuerzo de muestreo mayor para demostrar lo contrario,.  La ausencia del colibrí 
garganta de fuego, endémico de Costa Rica y Pánama y común alguna vez a altas elevaciones de Tilarán es notable.  
Debido a que el colibrí montañes gorgimorado, una especie muy agresiva, se esta moviendo a elevaciones mayores, 
es posible que la competencia sea un factor conduciendo a la restricción en el rango del colibrí garganta de fuego.  
En conclusion, el cambio climático está resultando el la alteración en la distribución de colibríes de montaña, para el 
detrimento de especies endémicas y con rango restringido. 
          
INTRODUCTION 
 
The earth is currently undergoing a 0.74°C increase in global temperature each year (IPCC 
2007).  Because the tropics are home to the most biodiverse ecosystems in the world, there is 
much concern over the conservation of tropical species in light of these potentially detrimental 
climate trends. Highland habitats, which host many endemic species, are particularly threatened 
by climate change because the species of these communities occupy very narrow altitudinal 
ranges as a result of physiological limitations, competitive interactions, or both (Wheelwright 
2000, Karmalkar et al. 2008, Jankowski et al. 2010). Data from the Neotropical highlands reveal 
that the life zones created by these elevational –  and therefore thermal – gradients are shifting 
upward in response to climate change (Pounds et al. 1999, Gasner et al. 2010).  Specifically, 
rising sea temperatures are decreasing the frequency of misting, an abiotic factor essential for 
healthy ecosystem function in montane habitats (Pounds et al. 1999).  As a result, the cloud 
forest environment has moved upslope and Neotropical montane bird populations are predicted 
to move up as well (Gasner et al. 2010, Buermann et al. 2011).  For instance, for the Cordillera 
de Tilarán in Costa Rica, it is projected that over half of 77 forest bird species, many of which 
are endemics, will decline significantly in the next century because of upward movement of their 
habitat (Gasner et al. 2010).  Upslope movement of birds has already been observed at 1,550 
meters in this area (Pounds et al. 1999).  Thus, understanding the altitudinal distributions and 
possible mechanisms of range alteration in highland species is therefore essential to their 
conservation. 

In the highlands, hummingbirds are particularly important plant pollinators because the 
cool temperature there limits the bat and insect activity relative to that of the lowlands (Stiles and 
Skutch 1989).  Climate-induced changes in hummingbird distribution therefore have the 
potential to impact their plant symbionts, as well as the multitude of organisms that depend on 
those plants.  Some species of hummingbirds, including the Fiery-throated and Scintillant 
Hummingbirds, are both endemic to Costa Rica/Panama and found only in the highest-elevation 
life zones of Monteverde  (Wheelwright 2000, Garrigues and Dean 2007), and those life-zones 
would be the first to disappear under the projected trends.  Furthermore, many hummingbirds are 
territorial (Stiles and Skutch 1989), so it is possible that unprecedented range overlap between 
species could result in competitive exclusion to the disadvantage of already threatened species. If 
climate change resulted in upward movement of aggressive species, natural highland species 
would face a new competitor with whom they are not adapted to compete, and could suffer 
reduced access to resources and population declines.    
 However, previous work predicting bird distributions in light of climate change did not 
include hummingbirds (Pounds et al. 1999, Gasner et al. 2010).  I contributed towards filling this 
gap in knowledge by addressing the following questions:  1) What are the current distributions of 
montane hummingbirds along an altitudinal gradient of the Cordillera de Tilarán, 2) how do 
these distributions compare to data collected 12 years ago in the same area (Lynn 2001), 3) 
which species are aggressive and 4) does this aggression, or lack thereof, change along an 
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altitudinal gradient? Past work examining hummingbird distributions found little or no evidence 
of range alterations in Monteverde’s hummingbirds between 1993 (Fogden 1993) and 2001 
(Lynn 2001), as well as between 2001 (Lynn 2001) and 2012 (Barry 2012). However, Barry’s 
(2012) data were collected in a different season from her historical data (Lynn 2001) and her 
sample size was not large enough to detect significant trends.  By accounting for both of those 
issues in my experimental design, I obtained results that allow an accurate comparison of data 
between the years, which is essential for understanding the long-term effects of climate change. 
 I also provide, to the best of my knowledge, the first quantitative data on how hummingbird 
aggression changes along an altitudinal gradient.  Because such interactions are known to cause 
range compression in other montane bird species (Jankowski et al. 2010), it is possible that 
aggression exacerbates climate-induced range alterations. 
 
MATERIALS AND METHODS 
 
General Approach 
 
To investigate hummingbird distributions in the Cordillera de Tilarán, I set up feeders along an 
altitudinal gradient during the dry season along the trails in the forests of the Monteverde 
Biological Station (Monteverde, Costa Rica).  Feeders are ideal because they attract many 
species of hummingbirds and are a good way to observe aggressive interactions.  My altitudinal 
gradient was comprised of the following elevations, in accordance with the historical data (Lynn 
2001):  1490, 1500, 1550, 1600, 1650, 1700, 1750, and 1800 m.  As of 2000, the areas between 
1490 and 1600 m fell into the Holdridge life-zone of lower-montane wet forest, and 1600 to 
1800 was lower-montane rain forest (Haber 2000).  

For each elevation, four feeders were filled with a solution of 20% sugar-water and hung 
approximately 20 cm apart from each other, no more than 10 m off the edge of the Principal 
Trail, and 1-2 m above the ground.  Feeders were re-filled approximately once a week so that 
sugar-water was continuously available throughout the data collection period, and hummingbirds 
were consistently present even if the feeders were low or empty for a short period of time. 
 
Data Collection. 
 
Feeders were set up two days prior to the start of observations to allow the hummingbirds to 
locate them.  Data collection took place between April 17 and May 6, 2013.  Observations of the 
feeders began between 0630 and 0700 and ended between 0900 and 1000, depending on the 
location.  I collected data from two adjacent elevations per day, with two 30-minute observation 
periods per elevation.  There was a possibility of interactions and visitation frequencies being 
different earlier vs. later in the morning (Johel Chaves-Campos, personal communication), so I 
alternated elevations (30 minutes at elevation 1, 30 minutes at elevation 2, repeat) to avoid 
biased results.  Between April 17 and May 6, each elevation received a total of 5 observation 
periods. 

During an observation period, I sat 10-15 m away from the feeders and identified the 
species and sex of every bird that came to the feeder.  If an individual disappeared from sight and 
another bird of the same species and sex later arrived at the feeder, it was counted again - thus, 
my numbers are a reflection of feeder visitation rates rather than a tally of discrete individuals.   
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Aggression was used as a proxy for competitive interactions.  When any bird was chased, 
physically contacted by, or displaced by another individual, I counted an interaction for both 
species involved, noting who was the initiator and receiver of aggression.  I therefore defined 
“aggression” for a species as the following proportion: 
 

(# of interactions in which a species was initiator)/(# of total interactions in which that species 
was involved) = aggression index 

 
I calculated aggression indices for individual elevations and also pooled interactions across all 
elevations. 
 
Additional Observations.   
 
The Fiery-throated Hummingbird is listed as common from 1550 m up (Fogden 1993), but it was 
never observed or heard anywhere at any time.  Also, a Canivet’s Emerald was observed around 
1500 m, but never at any feeders (Kirsten McGovern, personal communication).    
 
RESULTS 
 
Altitudinal Distributions.   
 
The following species were observed during the data collection period:  Violet Sabrewing 
(VSW), Purple-throated Mountain Gem (PTMG), Green-crowned Brilliant (GCB), Green Hermit 
(GH), Stripe-tailed Hummingbird (STH), and Green Violet-Ear (GVE).  The summary of their 
distributions is in Table 1.   
 
Table 1.  Summary of elevational distributions of 6 species of montane hummingbirds in 2013. 
 “Minimum” and “Maximum” represent the minimum elevation and maximum elevation (m), 
respectively, at which the species was observed.  “Peak” indicates the elevation with the highest 
frequency of feeder visitations.  Species codes are as follows:  VSW = Violet Sabrewing, PTMG 
= Purple-throated Mountain Gem, GCB = Green-crowned Brilliant, GH = Green Hermit, STH = 
Stripe-tailed Hummingbird, and GVE = Green Violet-Ear.  

Hummingbird Species 

 VSW PTMG GCB GH STH GVE 

Minimum 1490 1490 1490 1490 1490 1550 

Peak 1500 1750 1550 1600 1500 1550 

Maximum 1800 1800 1750 1750 1800 1550 

Total Observations 
across all elevations 

51 132 58 20 112 17 
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The feeders at 1650 and 1700 m both saw very low visitation rates for all species, likely skewing 
the average elevations for a species.  As such, average elevations were not compared to historical 
data.  However, average elevations for 2013 were still compared between species to determine if 
species were found at distinct elevations relative to each other, and this was indeed the case 
(Kruskal-Wallis rank sum test; X2 = 84.95, df = 4, p < 0.001; Figure 1).  The Purple-throated 
Mountain Gem had a significantly higher average elevation (1670 ± 9 m SE) than all other 
species, and the Green-crowned Brilliant had a significantly higher average elevation (1598 ± 11 
m SE) than the Violet Sabrewing (1549 ± 15 m SE; Figure 1). 
 

 
Figure 1.  Average (± SE) elevations for 6 species of montane hummingbirds in the Cordillera 
de Tilarán.  Overall, species occupied significantly different elevations (p < 0.001), and a post-
hoc comparison revealed that the average elevation of the Purple-throated Mountain Gem 
(PTMG) was significantly higher than all other species.  The Green-crowned Brilliant (GCB) 
occupied a significantly higher elevation than the Violet Sabrewing (VSW), and the average 
elevations of the Green Hermit (GH) and Stripe-tailed Hummingbird (STH) were not 
significantly different from both the Green-crowned Brilliant and the Violet Sabrewing.  Green 
Violet-ears were not included in analyses because of insufficient data.    
 
 The Violet Sabrewing and Stripe-tailed Hummingbird were both found at 1800 m, 50 m more 
upslope than they were in 2001, but the Violet Sabrewing also has a peak of abundance at 1500 
m, 50 m lower than in 2001  (Figure 2a). 
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Figure 2.  Distributions of 6 species of montane hummingbirds along an elevational gradient of 
the Cordillera de Tilarán in both 2001 and 2013.  Abundance is the number of visitations across 
all sampling periods for a given elevation. The distributions were not significantly different 
between years for both the Violet Sabrewing (p = 0.637, A) and Green Hermit (p = 0.501, F), but 
the Purple-throated Mountain Gems showed a significant upward shift in the elevation of peak 
abundance (p = 0.027, B). Distributions for Green-crowned Brilliants were significantly different 
between years, with a lower elevation of peak abundance (p < 0.001, C) and Stripe-tailed 
Hummingbirds had significantly different distributions between the two years (p < 0.001, D). 
Data from 2001 and 2013 were not statistically compared for Green Violet-ears (E) because they 
were only found at a single elevation in 2013. 
 
To compare overall distributions between 2001 and 2013, a Kolmogorov-Smirnov test was 
conducted for each species, and p-values were determined by permutating that datasets 1000 
times.  Present and historical elevational distributions were not significantly different for either 
the Violet Sabrewing or the Green Hermit (Kolmogorov-Smirnov test; VSW, D = 0.25, p = 
0.964; GH, D = 0.25 , p = 0.964; Figure 2a & 2f).  For the Stripe-tailed Hummingbird, 
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distributions were significantly different between 2001 and 2013 (Kolmogorov-Smirnov test; 
STH, D = 1, p < 0.001; Figure 2d). Lynn (2001) only had four observations recorded for this 
species, making comparisons across the years difficult, but their present peak abundance is 
currently at 1500 m.  Likewise, Green-crowned Brilliants had a significantly different 
distribution between years, being most abundant at 1550 m (Kolmogorov-Smirnov test, GCB, D 
= 0.5, p < 0.001; Figure 2c).  This elevation is 150 m below that of their peak abundance in 2001, 
indicating this species has moved down.  Additionally, the highest elevation at which it was 
observed was 1750 m, as compared to 1800 m historically, but it is also more common at 1750 m 
now than it was in the past (Figure 2).  Purple-throated Mountain Gems also had significantly 
different distributions compared to 2001 (Kolmogorov-Smirnov test, D = 0.625, p = 0.027), but 
they were most abundant 100 m higher than they were in 2001 (Figure 2d).  However, they were 
also very common at 1600 m, and the low visitation frequencies at 1650 and 1700 m were seen 
across all species, making it possible that peak abundances could truly lie in these elevations. 
 Because it was only found at a single elevation in 2013, distributions for the Green Violet-ear 
were not compared.  

 
    

Aggression across elevational gradients.   
 
To assess overall aggression levels an aggression index was calculated for each species from the 
observations pooled across all elevations (Table 2).    
 
Table 2.  Indices of aggression for the competitive interactions of 6 species of montane 
hummingbirds, pooled from observations between 1490 and 1800 m of the Cordillera de Tilarán. 
 “Aggression” is defined as the proportion of aggressive interactions initiated by that species to 
the total number of interactions in which that species was involved, so the higher the index, the 
more aggressive the species.  Species codes are as follows: VSW = Violet Sabrewing, PTMG = 
Purple-throated Mountain Gem, GCB = Green-crowned Brilliant, GH = Green Hermit, STH = 
Stripe-tailed Hummingbird, and GVE = Green Violet-Ear. 
   

Hummingbird Species 

 VSW PTMG GCB GH STH GVE 

Aggression Index 0.76 0.83 0.63 0 0.21 0.91 

 
 
Green-violet ears were the most aggressive species observed, initiating 91% of the interactions in 
which they were involved, but they were also only seen at 1550 m (Table 1).  Green Hermits, in 
contrast, never initiated interactions, only received them.  Purple-throated Mountain Gems were 
the next most aggressive, followed by Violet Sabrewings, Green-crowned Brilliants, and finally 
Stripe-tailed Hummingbirds, who only initiated 21% of the interactions they were involved in. 
 Because the Green Hermit never initiated interactions, its aggression levels were not 
analyzed in relation to elevation; likewise, Green Violet-ears were also excluded because they 
were only found at one elevation.  The Violet Sabrewing was the only species whose aggression 
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levels changed significantly across elevations, with its index of aggression decreasing by 0.17 for 
every 50 m increase in elevation (regression, F1,3 = 33.22, p = 0.010; R2 = 0.92; Figure 3a).  
 

!
Figure 3.  Changes in aggression levels between 1490 and 1800 m on the Cordillera de Tilarán 
for 4 species of montane hummingbirds.  A) The aggressiveness of Violet Sabrewings 
significantly decreased with elevation (p = 0.010). B) Purple-throated Mountain Gems became 
more aggressive with elevation, but this change was not significant (p = 0.206).  C) Green-
crowned Brilliants were less aggressive as elevation increased, but not significantly (p = 0.246). 
D) The aggressiveness of Stripe-tail Hummingbirds barely changed with elevation, exhibiting a 
non-significant increase in aggression as altitude increased (p = 0.376).   
 
 Aggression in the Green-crowned Brilliant also decreased, by 0.12 per every 50 m increase, but 
this change was not significant (regression, F1,3 = 2.07, p = 0.246; R2 = 0.41; Figure 3c).  Purple-
throated Mountain Gems showed a non-significant aggression increase of 0.05 for every 50 m 
increase in elevation (regression, F1,4 = 2.28, p = 0.206; R2 = 0.36; Figure 3b) and Stripe-tailed 
Hummingbirds showed the least change, a non-significant aggression increase of 0.03 per 50 m 
elevational increase (regression, F1,5 = 0.95, p = 0.376; R2 = 0.16; Figure 3d).  However, power 
analyses revealed that with larger sampling sizes, my observed results would become significant 
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for the Green-crowned Brilliant and the Purple-throated Mountain Gem, but not for the Stripe-
tailed Hummingbird.   
 
DISCUSSION 
 
Species distributions and Aggression along an altitudinal gradient.   
 
In summary, the distributions of the Violet Sabrewing and Green Hermit did not change between 
2001 and 2013, whereas the Green-crowned Brilliant shifted its distribution downslope and the 
Purple-throated Mountain Gem shifted its distribution upslope (Figure 2).  In the case of the 
Stripe-tailed Hummingbird, there is finally sufficient data for a conclusive distribution, which 
was missing in the historical data (Lynn 2001).  Barry (2012) found no significant differences in 
distributions between her 2012 and Lynn’s (2001) data with the exception of the Stripe-tailed 
Hummingbird, but low sample sizes made her observed distributions inconclusive.  Nonetheless, 
there were some subtle trends in her data indicating that Purple-throated Mountain Gems might 
be moving up and Green-crowned Brilliants moving down, trends that my data confirmed.  The 
low frequencies of visitations to feeders at 1650 and 1700 m for all species is problematic for 
drawing clear conclusions on the distributions of these hummingbirds, and also didn’t allow 
comparisons of the average elevations to historical data.  Given the consistency in methods 
across all elevations, it is likely that those feeders were simply in locations not frequented by 
hummingbirds, possibly due to an absence of hummingbird-pollinated plants nearby. 
 Nonetheless, Barry’s (2012) results showed similar trends, instilling further confidence in the 
validity of the distributions I found.  She also found Coppery-headed Emeralds in her study, 
whereas I did not see any.  Though several of her trends are very similar to my results, the 
remaining differences in abundances, species observed, and overall distribution patterns could be 
a result of our studies being conducted in different seasons.  

My work was the first to investigate competitive interactions in cloud forest 
hummingbirds along an altitudinal gradient, and contrary to my initial predictions, elevation 
seems to have no significant effect on aggression for any species, with the exception of the 
Violet Sabrewing (Figure 3a).  Taken alone, these results on aggression suggest that conditions at 
higher elevations are not prompting any more competition (as approximated by aggression) than 
are conditions at lower elevations, thus making it reasonable to conclude that there aren’t any 
factors inherent to higher elevation locations (such as a different climate) that are driving 
competition between species.  The results of the power analyses weaken the strength of this 
conclusion, though, because larger sampling sizes would have likely shown that Purple-throated 
Mountain Gems are in fact getting more aggressive with elevation, and Green-crowned Brilliants 
less aggressive with elevation.  If that were the case, the greater aggression of the Purple-
throated Mountain Gem could be explaining the decreasing aggression of both the Violet 
Sabrewing and the Green-crowned Brilliant, in that the former species is dominating the latter 
species at higher elevations.   

  However, it is also essential to consider species distributions in light of aggression, 
seeing as altered distributions, as caused by climate change, would be the driver of competition. 
 For example, even if the Purple-throated Mountain Gem doesn’t truly become more aggressive 
at higher elevations, it is still aggressive everywhere (Table 2; Figure 3b).  Furthermore, it has a 
significantly higher average elevation than other species (Figure 1), suggesting it could be 
displacing those species at the top.  If this is the case, biotic factors (competition) are driving 

 367 



!

some species downslope while abiotic factors (climate change) are driving others upslope.  Thus, 
competitive interactions between montane hummingbirds are likely being altered at all 
elevations, not just the top, and could possibly result in competitive exclusion of some non-
aggressive species, like the Green Hermit and Stripe-tailed hummingbird even if they are not 
moving upslope.   

Nonetheless, altered abiotic and biotic conditions at the highest elevations still represent 
the largest concerns.  There was a notable absence of the endemic Fiery-throated Hummingbird, 
a species that is listed as “common” in 1993 in the lower-montane rain forest, 1550 to 1850 m 
(Fogden 1993).  As a very loud and aggressive species, Fiery-throated Hummingbirds would be 
expected to find and dominate the feeders at elevations where they reside (Stiles and Skutch 
1989); or, at the very least, be heard nearby with their distinctive call.  This never happened, nor 
was it sighted in 2001 (Lynn 2001) or 2012 (Barry 2012), providing strong evidence that this 
species is no longer present at its once-common elevations.  Further investigation revealed that it 
is still present in the Cordillera de Tilarán, but only rarely seen at the ridge of the continental 
divide (L. Moreno, personal communication), a location at which I did not set up feeders. 
 Furthermore, a lone Canivet’s Emerald (previously called the Fork-tailed Emerald) was seen at 
1500 m (Kirsten McGovern, personal communication), a species considered as common in 
premontane-moist (700-1000 m) and pre-montane wet (800-1450 m) forests in 2000 (Fogden 
2000).  This species was not observed at the feeders, but it is still possible that it is moving up 
and was not captured within the sample.   
 
Climate change and conservation implications. 
 
Climate change is causing the life-zones of the Cordillera de Tilarán to move upslope (Pounds et 
al. 1999), resulting in the hypothesis that distributions and thus interactions among species are 
changing over time.  Furthermore, studies on hummingbirds in the Andes concluded that 
competition, as a result of climate change-induced range shifts, was more likely to threaten 
species than physiological limitations (Buermann 2011).   My results indicate that at least some 
species are moving up, and though climate change cannot be definitively concluded as the driver, 
it is the most probable scenario.  It was predicted that if climate change drove some 
hummingbirds higher up the mountain, increased contact between resident species and “new” 
species would result in more instances of aggressive interactions, but this did not occur.  The 
Violet Sabrewing was the only example of altered aggression at higher elevations, but its 
aggression decreased and its overall distribution is not different from 12 years ago (Figure 2a; 
Figure 1a).  Thus, this species presents little threat.   

The changed distribution of the Purple-throated Mountain Gem, however, is concerning 
from a conservation standpoint.  This species is now being found at higher elevations than it was 
12 years ago (Figure 1b) and is aggressive at all elevations (Figure 2b).  The complete absence of 
the Fiery-throated Hummingbird at my study sites and its very restricted location at the top of the 
continental divide suggest it has been displaced from most of its original distribution in the area. 
 Because it was also absent in 2001 (Lynn 2001), it is possible that it had already been displaced 
12 years ago, but there are no data to conclude whether its abundance has further decreased since 
then.  Seeing as the Purple-throated Mountain Gem a) has a peak abundance 100 m above its 
2001 elevation and b) is extremely aggressive, it is a possible culprit in the absence of the Fiery-
throated Hummingbird.  This scenario cannot be concluded, though, because physiological 
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constraints and exploitative competition from other hummingbird species could also be driving it 
further and further up the mountain.   
Regardless, the Fiery-throated Hummingbird is an endemic of Costa Rica and western Panama 
(Garrigues and Dean 2007) that might be on the brink of a local extinction in the Cordillera de 
Tilarán.  Though it may have been pushed upslope out of physiological necessity, the upslope 
movement of the Purple-throated Mountain Gem, an aggressive species, makes inter-specific 
competition a likely contributing factor. To help conserve the endemic Fiery-throated 
Hummingbird, a better understanding of its physiology, natural history, and distribution is 
essential.  This could be achieved by a greater sampling effort across multiple locations of the 
Cordillera de Tilarán.   
 In either case, it can be concluded with relatively high confidence that climate change is 
in fact changing the distributions of some montane hummingbirds from 20 years ago (Fogden 
1993) and 12 years ago (Lynn 2001).  Furthermore, competition is a likely driver and could 
possibly result in the local extinction of an endemic species, making it clear that climate change 
is negatively impacting biodiversity. 
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