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INTRODUCTION 

Neotropical forests, when compared to other kinds of biomes, are characterized by a complex 

vertical stratification of plant biomass which includes wood, leaves, fruits, and flowers (Parker & 

Brown, 2000). This stratification can be broadly defined as a procession of intergrading 

vegetation layers (Schulze, 2001) with distinct floral compositions (Richards, 1952). Different 

studies have divided the forest flora in different ways, for example in 3 strata: the understory (0-

3m), the middle canopy (3-15m), and the upper canopy (15-27m, including the canopies of 

emergent trees) (Chmel, 2016). Despite the complexity of vegetation, it is clear that structures 

and densities vary greatly depending on height. Broadly, the understory is composed of tree 

trunks, dead leaves, and seedlings; the middle canopy contains older seedlings, bushes, ferns and 

palms, and the upper canopy contains full-grown trees, palms, and most of the flowers and fruits 

(Walther, 2002). 

This phenomenon of vertical stratification leads to a corresponding stratification of the 

fauna that is dependent on floral resources in a variety of ways. Changes in forest height have 

been associated with both biotic and abiotic changes, such as floral species composition, 

temperature, wind, foliage density, and resource abundance (Walther, 2002). All of these 

changing variables allow for variation in resources and microhabitats, creating a vertical gradient 

of niche space. Thus, different heights may host different communities of organisms adapted to 

the conditions and resources of a particular strata. As well, species with the same resource 

requirements experience reduced competitive interference due to this higher availability of 

niches (Schulze, 2001). These factors are partially responsible for the greater biodiversity 

observed in tropical environments, particularly with respect to avian species (Huang, 2014). A 

variety of studies have demonstrated that the vertical stratification of species corresponds to 
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resource requirements, across a variety of taxa: neotropical birds (Chmel, 2016), butterflies 

(Devries, 2001; Schulze, 2001), beetles (Stork, 2016), and others. A study by Chmel et al. (2016) 

measured avian species richness and distribution in the primary rainforests of Papua New 

Guinea, and found that overall bird diversity and abundance increased towards the canopy. A 

positive correlation was determined between bird diversity and foliage density, which was used 

as a proxy for food resource availability (i.e. insects). Schulze et al.’s study (2001) on nectar-

feeding butterflies found the same result; as flower prevalence increased towards the upper 

canopy, there was corresponding increase in butterfly abundance. Results across studies also 

demonstrate that certain species are restricted to a stratum while others can move between them, 

due to varying mobility. For example, birds are extremely mobile and thus are very sensitive to 

vertical stratification (Pearson, 1971).  

In the neotropical ecosystem, floral and faunal communities are also deeply linked by the 

processes of pollination and seed dispersion, which are of great importance for plant 

reproduction. Wind pollination and dispersal are limited in the tropical forest due to the density 

of the flora (Kricher, 2006). Thus, fauna play a crucial role in performing this mutualistic 

ecosystem service. In the neotropics, pollination is carried out by both invertebrates, such as 

insects like bees and butterflies, and vertebrates, such as bats and hummingbirds (Kricher, 2006). 

Seed dispersal is carried out primarily by vertebrates who consume fruits and/or seeds and then 

excrete them, including mammals such as primates and rodents, as well as many avian species 

(Kricher, 2006). These pollinators and seed dispersers are dependent on the plants on which they 

feed as a source of nutrition, consequently displaying vertical stratification within the forest in 

response to the positioning of these nutrients (Schulze, 2001). An article by Feinsinger and 
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Colwells (1978) discusses the stratification of pollinating hummingbirds into distinct vertical 

communities based on the availability of their preferred flower resources.  

 Neotropical environments, in part due to the complexity of their vertical structure and 

resources, are a very important habitat for many species. These environments need to be 

conserved intact, with special attention paid to their vertical structure, in order to properly protect 

the species that inhabit them. Panama, as the land bridge and biological corridor between North 

and South America, is a biodiversity hotspot (DeClerck, 2010) and presents a vital area for 

conservation.  

 

Host Institution 

Since 2000, the Avifauna Eugene Eisenmann Foundation has aimed to protect and conserve 

Panamanian bird species and their habitats, with a focus on the canal watershed area.  The non-

profit Foundation owns and runs the Panama Rainforest Discovery Center (PRDC), a 20-hectare 

area of Soberanía National Park situated on Pipeline Road, Gamboa.  This is a vital area for 

many bird species and one of the best-known birding sites in the world (Angehr, 2003). The site 

has great potential for ecotourism as it is located only 30 minutes away from the city center. The 

Foundation aims to continue acquiring such vital sites to be administered as private reserves, in 

order to blend ecotourism and conservation. They also aim to instill the environmental awareness 

in Panamanians through environmental education programs for local schools and a variety of on-

site research projects which are hosted by the foundation. 
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Research Objectives 

When developing conservation strategies and initiatives, the species abundance and distribution 

patterns of species, such as the vertical stratification of communities, are of vital importance. In 

cooperation with the Avifauna Foundation, our research aims to contribute to knowledge of these 

patterns by producing a study of the vertical stratification of species in the neotropical forest of 

Soberanía National Park, Panama. We perform a biodiversity assessment of three different strata 

of the forest in order to determine which strata has the highest species abundance and 

diversity.  Our study focuses specifically on species that fulfill the ecosystem services of 

pollination and seed dispersal. Our study also evaluates the types of plant species present at each 

stratum which are flowering, fruiting or seeding, in order to determine if there is a correlation 

between the availability of resources and the presence of pollinators and seed dispersers. 

Furthermore, we compare the species composition of the strata to evaluate whether vertical 

stratification is strict or if there is a significant overlap of species between the strata. 

Our study uses visual observation in four randomized quadrats to evaluate both floral and 

faunal species diversity at three separate strata of the forest surrounding the Canopy Tower: the 

understory, the middle canopy, and the upper canopy. Our hypothesis is that the upper canopy 

will have the highest abundance and diversity of pollinators and seed dispersers, corresponding 

with a higher availability of flowers, fruits, and seeds at this stratum. We hypothesize some 

amount of overlap between adjacent strata due to the high vertical mobility of the studied 

organisms. However, overlap between the understory and upper canopy will be lowest due to 

changes in the availability of the species’ desired resources. Since the vertical stratification of 

niche space is a gradient, then we expect corresponding faunal composition to be a gradient as 
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well, with adjacent strata being more similar and separate strata being more different in terms of 

species composition.  

This research contributes to the body of knowledge on the abundance and diversity of 

pollinators and seed dispersers in Soberanía National Park, which are important for the 

reproduction and well-being of the floral community. Most previous research on vertical 

stratification has focused on a particular taxon (e.g. butterflies), instead of on groups of species 

which fulfill a particular ecosystem function. Our study aims to contribute to this research gap by 

linking ecosystem function to forest community stratification. Additionally, our results provide 

the Avifauna Eugene Eisenmann Foundation with an evaluation of the current biodiversity of 

their PRDC site, as well as information on the stratification of faunal communities and their 

response to resource availability. Our research will also identify the floral and faunal species, 

which play a crucial role in the mutualistic relationships of pollination and seed dispersal on their 

conservation site. All of this information is valuable for the effective design of conservation 

strategies. 

 

METHODS 

Study Site  

Soberanía National Park covers 200km2 within the Panama Canal zone, and was created in 1980 

in order to conserve the forested zones delineated during the U.S. army’s occupation. It is located 

in the Northern and Eastern sections of the central Canal Zone, and to the South of Gatun Lake 

(Angehr, 2003). Located on the Pacific slope of the country, the park’s vegetation is composed 

of lowland forest, which is evergreen in the North and semi-deciduous in the South. Most of the 

forest is second growth and less than 100 years old, however some sections in the North are 

thought to be older than 500 years (Angher, 2003). There are 10 guards in the park, and while 
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illegal deforestation is under control, poaching remains a severe problem for animal populations 

(Angher, 2003). The location of the National Park is crucial for conservation and biodiversity: 

the canal watershed area contains two-thirds of all bird species known to Panama (Condit, 2001). 

Our observations were conducted within the PRDC [see Figure 1], which does not benefit 

from the surveillance of the National Park guards. The forest on the site is unaltered apart from 

2km of walking trails, two small visitor centers, and a canopy tower [see Figure 2]. The tower is 

32m tall, and can be climbed on foot to allow visitors to observe the stratification of life in the 

tropical forest. All observations for this research project were made from within this tower or at 

its base. 

  

Figure 1. Location of the Panama Rainforest Discovery Center in Soberanía National Park (outlined in red), 

to the Northeast of the Central Canal Zone, Panama. (Condit et al., 2001). 
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Figure 2. Layout within the Panama Rainforest Discovery Center, Soberania National Park, Gamboa, 
Panama.  

 

 

Study Period 

The 9-day observation period of our data collection spanned from February 20nd to March 22nd, 

2018. All observations were made during the dry season in Panama, which begins mid-

December to late April, and is characterized by extremely low rainfall (less than 10 cm monthly) 

and high leaf loss by deciduous trees (Greenberg, 1981). Different plant species follow different 

seasonal cycles in the tropics, and thus flower and fruit availability in the dry season vary 

according to the species composition of the particular site studied (Greenberg, 1981). As 

discussed in the introduction, the abundance and diversity of pollinators and seed dispersers is 

influenced by the availability of these resources, and thus is also a seasonal phenomenon. For 

these reasons, our observations and results are highly specific to the time period and location in 

which our observations were conducted. 
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Vertical Stratification of the Forest and Quadrat Formation 

Based on visual observation of the forest composition surrounding the canopy tower, we decided 

to base our strata distribution on the three strata used by Chmel et al. (2006): understory, middle 

canopy, and upper canopy.  To determine the specific heights of these strata, we visually 

observed the approximate strata divisions from within the tower based on the average heights of 

the surrounding tree canopies. The heights of the strata were then measured by dropping a 50m 

measuring tape to the ground from within the tower. The established strata are the understory 

from 0-6m, the middle canopy from 6-17m, and the upper canopy from 17-40m (including the 

crowns of emergent trees). For each height of a new strata, we marked the tower in all compass 

directions. Four quadrats were established on the ground level in the compass directions to avoid 

habitat bias, with dimensions of 25m length by 3m width, starting from the center base of the 

tower. The total ground area of the quadrats is 300m2. Note that the length of the quadrats was 

established based on limited visibility in the middle canopy; binoculars were used to determine 

the maximum distance visible from this level, which was then measured at ground level.  On the 

ground, the quadrats were measured from the base of the tower, and both the halfway point 

(12.5m) and the complete length (25m) were flagged with a width of 3m. At the levels of the 

middle and upper canopy, a measuring tape was used to establish the maximum 3m width for our 

observations in the compass directions, and a predetermined tree marker seen from the ground 

level was used to constrain the maximum 25m length of our observations. The total volume for 

visual observation, considering the area of the quadrats overs each vertical stratum’s height, is 

12,000m3.  
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Floral Species Identification 

In order to evaluate the links between resource availability and the presence of pollinators and 

seed dispersers, floral resources were quantified. Within each quadrat, all plants presenting 

flowers, seeds, or fruits were identified. Visual observation of these plants was done on the 

ground level within the quadrats, and at each vertical level of the tower. For each identified plant 

we noted the species, height, location, and appearance [see Appendix 5]. Species identification 

was performed using plant guides (Perez et al. 2015; Ibanez, 2011; Perez, 2008) and the help of 

botanical specialists (Carmen Galdames, Clarivel Sanchez). Based on visual observation of these 

flowering, fruiting, seeding plants and the size of the quadrats, we approximated the percentage 

of study area, which is taken up by these resources. 

 

Visual Observation Methods 

Faunal species richness and abundance at each stratum was collected purely through visual 

observation. Observations were taken 3 times a day in blocks of 1.5 hours per stratum, for a total 

of 4.5 hours of observation a day, for 9 days. Two compass directions (N/S or W/E) were 

simultaneously observed each day. Note that the entire upper canopy stratum was further divided 

into 3 points of observation (17m, 25m, 32m) in order to account for the greater height of this 

stratum. However, the observation time allocated to the entire upper canopy stratum was the 

same as for the other two strata: observations were performed at each of the three upper canopy 

observation points for half an hour each day. The time blocks were divided throughout the day in 

order to assure the inclusion of all activity periods of diurnal species. Morning observations ran 

from 7:30-9:00 a.m.; midday observation ran from 11:00-12:30 p.m.; afternoon observation ran 

from 3:00-4:30 p.m. Throughout the 9-day observation period, we alternated the observation 
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time blocks amongst all the strata. Our observation schedules assured that each stratum and each 

compass direction received equivalent allocation of sampling efforts over this 9-day period [see 

Tables 1 & 2]. 

Note that avian and insect diversity evaluation is often carried out using mist-netting, 

which facilitates precise identification (Chmel et al., 2016). We did not use mist-netting for 

several reasons. First, this method has been shown to neglect those species that forage on the 

ground level or the upper levels of the canopy, such as in the crown of emergent trees (Chmel et 

al., 2016). Furthermore, mist nets can act as an impediment to the livelihood and existence of the 

individuals caught. Additionally, our supervisor was not comfortable with the use of this method 

due to the tourist-focused nature of our study site. Thus, we elected to perform our data 

collection using visual observation. 

Table 1. Five day Faunal Observation Schedule for Week 1 from Canopy Tower in the Rainforest Discovery 

Center, Gamboa, Panama 

Strata Day 1 (N/S) 

20/02/2018 

Day 2 (W/E) 

21/02/2018 

Day 3 (N/S) 

22/02/2018 

Day 4(W/E) 

23/02/2018 

Day 5 (N/S) 

24/02/2018 

Understory Morning Mid-day Afternoon Morning Mid-day 

Middle story Mid-day Afternoon Morning Mid-day Afternoon 

 

Upper 

Canopy 

 

 

1 

Afternoon 

2:30-3 

Morning 

7:30-8 

Mid-day 

11-11:30 

Afternoon 

2:30-3 

Morning 

7:30-8 

2 3-3:30 8-8:30 11:30-12 3-3:30 8-8:30 

3 3:30-4 8:30-9 12-12:30 3:30-4 8:30-9 
 

 

Table 2. Four day Faunal Observation Schedule for Week 2 from Canopy Tower in the Rainforest Discovery 

Center, Gamboa, Panama 

Strata Day 6 (W/E) 

13/03/2018 

Day 7 (N/S) 

14/03/2018 

Day 8 (W/E) 

15/03/2018 

Day 9 (N/S) 

22/03/2018 

Understory Afternoon Morning Mid-day Afternoon 

Middle story Morning Mid-day Afternoon Morning 

 

Upper 

Canopy 

 

1 

Mid-day 

11-11:30 

Afternoon 

2:30-3 

Morning 

7:30-8 

Mid-day 

11-11:30 

2 11:30-12 3-3:30 8-8:30 11:30-12 

3 12-12:30 3:30-4 8:30-9 12-12:30 
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 Once the visual observations began, we maintained within our quadrats, sitting or 

standing at/within the tower and using binoculars. The biotic information included in the 

observations was the species name (or major morphological characteristics if unable to identify), 

organismal size, behavior (resting, feeding, flying, etc.), and height of the organism relative to 

the observer. Following observation periods, we restricted our data input to those species known 

to fully or partially consume floral resources. Abiotic conditions were measured at the beginning 

of each observation period using a Brunton Sherpa Atmospheric Data Collector. The following 

data was collected:  temperature, humidity, solar radiation, wind speed. Both humidity and solar 

radiation were qualitatively measured on a scale from 1-3 (1 = low, 2 = medium, 3 = high). 

 

Analytical Methods 

Biodiversity measures were calculated for all three strata, using Margalef’s Index of Diversity 

and Simpson’s Index of Structure. These indices provide us with a quantitative measure of the 

biodiversity of the three strata, describing species diversity and structure of the community. 

Margalef’s Index of Diversity is a species richness index, which attempts to control for the effect 

of sampling size and effort (Moreno, 2001) [see Equation 1].  

 

Eqn 1. Margalef’s Index of Structure, where DMg = Margalef’s index, S=total number of species, and N = 

total number of individuals. 

 
 

Simpson’s Index of Structure is a measure of the probability that two individuals randomly 

sampled will be of the same species (Moreno, 2001).  This index was chosen since it is sensitive 

to ecological dominance [see Equation 2]. 
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Eqn 2. Simpson’s Index of Structure, where λ = Simpson’s index, pi =proportional abundance of species i 
(species abundance divided by total abundance).   

 

In order to compare the similarity of species composition between the strata we calculated the 

Jaccard Index of beta diversity for the three possible combinations (understory-middle canopy, 

understory-upper canopy, middle canopy-upper canopy). The Jaccard index of Similarity was 

chosen to determine the relative species overlap between two sites (Moreno, 2001) [see Equation 

3].  

Eqn 3. Jaccard’s Index of Beta Diversity, where Ij = Jaccard’s index, c = number of common species between 
both areas, a = number of species in area 1, and b=number of species in area 2.  

 

For abiotic data, we used a Kruskall-Wallis test to determine whether any of the abiotic 

conditions differed significantly between strata. For those conditions that did differ significantly 

between the three strata, we used the Mann-Whitney U-test to test for differences between 

particular strata. In order to account for multiple testing, the p-values for the Mann-Whitney U-

test were adjusted according to the Bonferroni-Holm correction method. Non-parametric tests 

were used since the distribution of the data was not normal for the abiotic conditions. 

Ethical Certification 

All methods carried out for the duration of this research project were done in accordance with the 

Code of Ethics of McGill University [see Appendix 7].  
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RESULTS 

Species Abundance and Diversity 

 

Throughout the duration of the 9-day observation period, a total of 26 species and 81 individuals 

were observed in the understory [see Appendix 1]. The calculated Margalef’s Index of Diversity 

for the understory is 7.05 and the Simpson’s Index of Structure is 0.0812 [see Table 3]. Insects 

compose the greatest species diversity and abundance observed in the understory, followed by 

birds, and then mammals [see Figure 3]. The most dominant species in the understory is the 

Stained Glasswing Butterfly (Ithomia heraldica) with a total abundance of 19 individuals, while 

the remainder of the species have an abundance of no greater than 6 individuals [see Graph 1]. 

The middle canopy had a total of 32 species and 80 individuals [see Appendix 2]. The 

corresponding Margalef’s Index of Diversity is 5.71 and the Simpson’s Index of Structure is 

0.0922 [see Table 3]. Insects compose the greatest species diversity in the middle canopy as well, 

followed by birds, and then mammals; for abundance insects are still most abundant, followed by 

mammals, and then birds [see Figure 4]. The most dominant species in the middle canopy is the 

Mantled Howler Monkey (Alouatta palliata) with a total abundance of 13 individuals, and the 

remainder of species descending in abundance relatively equivalently [see Graph 2]. Finally, the 

upper canopy had a total of 70 species and 290 individuals observed [see Appendix 3]. The 

resulting Margalef’s Index of Diversity is 12.2 and the Simpson’s Index of Structure is 0.0409 

[see Table 3]. Birds compose the greatest species diversity and abundance observed in the upper 

canopy, very closely followed by insects, and then a small distribution of mammals [see Figure 

5]. The most dominant species in the upper canopy is the White-shouldered Tanager 

(Tachyphonus luctuosus) with a total abundance of 34 individuals, while the remainder of the 
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species exhibit a decreasing abundance [see Graph 3].  Overall, the highest species diversity is 

exhibited in the upper canopy, ranging from 17-40m. 

 

Table 3. Measure of Alpha Diversity of pollinators and seed dispersers in the vertical strata of the Canopy 

Tower at the Rainforest Discovery Center, Gamboa, Panamá 

 

Vertical Strata 
  

Margalef’s Index of Diversity  

Dmg 
Simpson’s Index of Structure 

 λ 

Understory 
  

7.05 0.0812 

Middle Canopy 

  

5.71 0.0922 

Upper Canopy 12.2 
  

0.0409 

 

 

 

 
Graph 1. Rank Abundance Distribution of species observed in the understory (0-6m) from the Canopy Tower 
at the PRDC in Gamboa, Panamá 
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Graph 2. Rank Abundance Distributions of species observed in the middle canopy (6-17m) from the Canopy 

Tower at the PRDC in Gamboa, Panamá 
 

 
Graph 3. Rank Abundance Distributions of species observed in the upper canopy (17-40m) from the Canopy 

Tower at the PRDC in Gamboa, Panamá 
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Figure 3. Percent composition of Species Diversity (left) and Abundance (right) of Insect, Mammals, and 

Birds in the understory (0-6m) of the Canopy Tower at the PRDC in Gamboa, Panamá 

 

Figure 4. Percent composition of Species Diversity (left) and Abundance (right) of Insect, Mammals, and 

Birds in the middle canopy (6-17m) of the Canopy Tower at PRDC in Gamboa, Panamá 

 

Figure 5. Percent composition of Species Diversity (left) and Abundance (right) of Insect, Mammals, and 

Birds in the upper canopy (17-40m) of the Canopy Tower at the PRDC in Gamboa, Panamá 

 

  

The quantification of the plant resources available at each level was done by estimating 

the percentage of the observation area that contained fruits, flowers, and/or seeds for the duration 
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of our observations days. In the understory, the only species observed flowering within the 

vertical range of 0-6m was Gonzalagunia panamensis, with two individuals [see Appendix 4]. 

We estimate that the plant resources available at this stratum covered 3-5% of the total quadrat 

area [see Table 4]. In the middle canopy, there were 3 species flowering within the vertical range 

of 6-17m. These include 1 individual of Oncidium isthmi, 1 individual of Cupania seemannii, 

and 1 individual of Macrocnemum roseum [see Appendix 4]. In total, we estimate that the plant 

resources available at this stratum covered 10-15% of the total quadrat area [see Table 4]. In the 

upper canopy, there were 9 plant species flowering, fruiting, and/or seeding within the vertical 

range of 17-40m, including 3 individuals of Anacardium excelsum (flowering and seeding), 1 

individual of Tetrathylacium johansenii, 1 individual of Zuelania guidonia, 1 individual of Ficus 

insipida, 1 individual of Bursera simaruba (fruiting), 1 individual of Oncidium isthmi, 1 

individual of Epidendrum imatophyllum, 2 individuals of unidentified lianas in the 

Malpighiaceae family, and 2 individuals of an unidentified liana in the Bignoniaceae family [see 

Appendix 4]. It should be noted that the 3 Anacardium excelsum trees strongly dominated the 

quadrats in the upper canopy. We estimate that the plant resources available at this stratum 

covered 90-100% of the total quadrat area [see Table 4]. 

Table 4. Quantification of plant resource availability surrounding the Canopy Tower at the PRDC, Gamboa, 

Panamá 

 

Vertical Strata Number of 

Species 
Abundance of 

Individuals 
Percent presence of flowers, fruits, and seeds 

(%) 

  

 Understory 1 

  

2 

  

3-5 

  

Middle Canopy 3 

  

3 

  

10-15 

  

Upper Canopy   9 13 90-100 
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We used the Jaccard Index of Similarity to compare species composition between each 

stratum. The Jaccard Index βj  quantifies the amount of species overlap between two sites (the 

number of shared species divided by the total species richness of the two sites) [see Table 5]. 

Between the understory and the middle canopy, there was a 20.8% similarity in species 

composition. Between the middle canopy and the upper canopy, there was a 21.5% similarity in 

species composition. Finally, between the understory and the middle canopy there was a 16.7% 

similarity in species composition. This percentage is the lowest, meaning the species make-up of 

the understory and the upper canopy were the least similar.  

 

Table 5. Measure of Beta Diversity of pollinators and seed dispersers between the vertical strata of the 

Canopy Tower at the PRDC, Gamboa, Panamá 

  

Compared Vertical Strata Jaccard Index βj 

 

Understory-Middle Canopy 
 

0.208 

Middle Canopy- Upper Canopy 0.215 
 

Understory-Upper Canopy 0.167 

 

Our abiotic data was analyzed in order to determine whether any conditions varied 

significantly between strata, which could potentially affect species abundance and diversity.  We 

used a Kruskall-Wallis test to determine whether our results were significantly different between 

the three strata. We found that for temperature (p-value = 0.682), solar radiation (p-value = 

0.193), and humidity (p-value = 0.208), there was no significant difference [see Appendix 5]. For 

wind speed, we found a significant difference between the three strata (p-value = 0.00974). We 
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then used to Mann-Whitney U-test to test for differences between particular strata, with the p-

values corrected according to the Bonferroni-Holm method. We found that that there was no 

significant difference in wind speed between the understory and the middle canopy (p-value = 

0.317), nor between the middle canopy and upper canopy (p-value = 0.035).  The difference was 

significant between the understory and upper canopy (p-value=0.012) [see Appendix 6].  

  
Table 6.  Mean values of abiotic conditions over 9-day observation period at the PRDC, Gamboa, Panamá 

  

Abiotic Condition Understory Middle Canopy Upper Canopy 

Temperature (°C) 28.6 29.4 29.9 

Wind Speed (m/s) 0 0.556 0.822 

Solar Radiation 1.33 1.44 1.44 

Humidity 2.11 2.17 2.11 

  

 

 

 

DISCUSSION 
 

In all, our results confirm our hypothesis that the upper canopy is the most biodiverse strata in 

terms of species diversity and abundance of pollinators and seed dispersers. This biodiversity 

coincides with a higher availability of resources used by these species, such as flowers, fruits, 

and seeds at this stratum. The Margalef’s Indices of Alpha Diversity for the understory, middle 

canopy, and upper canopy are 7.05, 5.71, and 12.2 respectively [see Table 3]. The upper canopy 

had the highest Margalef’s Index, signifying that the species diversity composition was the 

highest, while controlling for any possible discrepancies in the sampling size. The values of 

Margalef’s Diversity Index at each level correspond with the quantity of species, where a 
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Margalef’s value of 12.2 corresponds with the highest species diversity collected in the upper 

canopy of 70 species.  

The Simpson’s Indices of Alpha Diversity for the understory, middle canopy, and upper 

canopy are 0.0812, 0.0922, and 0.0409 respectively [see Table 3]. The lowest Simpson’s Index 

of Diversity is 0.0409, demonstrating that the upper canopy has a relatively equitable distribution 

of species structure for the number of species present. A low Simpson’s value means that there is 

a low likelihood that 2 individuals randomly chosen from the sample will be of the same species, 

and thus that is there is low ecological dominance in the upper canopy. These values of the 

Simpson’s index are not supported by the trend expressed in Rank Abundance Distributions of 

the upper canopy [see Graph 3], which shows a strong dominance of the White-shouldered 

Tanager (Tachyphonus luctuosus). This can be explained by the fact that the upper canopy has 

more species present, so the likelihood of sampling 2 individuals of the same species is quite 

low, even if there may be ecological dominance of Tachyphonus luctuosus. The dominance of 

this species corresponds with the fact that bird species make up 50% of the total diversity and 

abundance seen [see figure 5]. The relatively higher values of the Simpson’s Index for both the 

understory and the middle canopy demonstrate that there is a greater likelihood of sampling two 

individuals of same species, which is related to the fact that there is nearly half the number of 

species present in the middle canopy and understory as compared to the upper canopy. Both 

lower strata of the forest also demonstrate ecological dominance: the understory is dominated by 

the Stained Glasswing butterfly (Ithomia heraldica) [see Graph 1] and the middle canopy is 

dominated by the Mantled Howler Monkey (Alouatta palliata) [see Graph 2]. The dominance of 

Ithomia heraldica corresponds with the fact that insects take up a little more than 70% of the 

species diversity and abundance at this stratum [see Figure 3]. However, the dominance of 
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Alouatta palliata in the middle canopy does not correspond with the species diversity and 

abundance distributions of the middle canopy. The 13 individuals of Alouatta palliata were all 

observed in a single sighting, which strongly influence while the true dominance at the middle 

canopy strata was of a variety of insects that compose a species diversity and abundance 

distribution of 81% and 63% respectively [see Figure 5]. For all strata, the trends exhibited in the 

Rank Abundance Distributions confirm the concept that there are few species represented by 

many individuals and many species represented by a single individual (Loreau, 2010). 

Our analysis of floral resources shows us that the upper canopy provides the highest 

availability of resources such as flowers, fruits, and seeds. These resources are used by 

pollinators and seed dispersers, and thus these species should be more abundant where these 

resources are most available. The 90-100% coverage in the upper canopy is mostly attributed to 

the individuals of Anacardium excelsum, whose flowering and seeding canopy dominated the 

surroundings [see Table 4]. Individuals of 8 other species also contributed to resource 

availability at this stratum [see Appendix 4]. Throughout the duration of our study, there were 

various occasions in which faunal organisms were directly observed feeding upon these 

resources. For example, the spotting of 13 individuals of Alouatta palliata in the middle canopy 

was due to their feeding upon the fruits, seeds, and foliage of Anacardium excelsum and Ficus 

insipida. Additionally, the extensive coverage of Anacardium excelsum, and the supported 

blossoming lianas and epiphytes (in the Orchidaceae, Malpighiaceae, Bignoniaceae families) 

allowed for the spotting of a variety of mixed species flocks which included species such as 

Tachyphonus luctuosus, Florisuga mellivora, Dacnis cayana, Cyanerpes cyaneus, Thalurania 

colombica, Vireolanius pulchellus, Heliothryx barroti, Juliamyia julie, Cotinga nattererii, 

Cyanerpes lucidus, Chlorophanes spiza, who were observed directly feeding upon the floral 
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resources [see Appendix 3]. In all, our results are in agreement with previous studies which show 

higher species abundance and diversity in the upper canopy where resources are most available 

(Feinsinger and Colwells, 1978; Schulze, 2001; Chmel et al., 2016).  

        The beta diversity results concerning the overlap in species distribution between the three 

strata confirm our initial hypothesis. Our results demonstrate a gradient in species composition 

over the vertical length of the forest, with adjacent strata being more similar and separate strata 

being more different in terms of species present.  Indeed, the Jaccard Index of Similarity was 

highest between the adjacent middle canopy and upper canopy (0.215), and lowest between the 

separated understory and upper canopy (0.167) [see Table 5]. These results indicate that species 

are more likely to move between adjacent strata than to strata which are further away, supporting 

the theory that vertical stratification is an important factor in the distribution of pollinators and 

seed dispersers. As well, the low indices calculated even for adjacent strata indicate that the 

vertical stratification of pollinator and seed disperser species is quite strict. Between the adjacent 

strata of the middle canopy and the upper canopy, there was only a species overlap of 21.5%. 

This supports the notion that species have specific resource requirements provided by a single 

vertical stratum, and that they mostly remain within this stratum. However, we did not observe 

total isolation in species composition between strata, probably due to overlap in resource 

availability and the high mobility of most species studied.  

 Our results concerning abiotic conditions demonstrate that conditions did not vary 

significantly between strata, except for wind speed between the understory and the upper canopy 

[Appendix, 4, 5]. The lack of variation could be due to the fact that we rotated our observation 

times for the three strata between three times of day: morning, midday, and evening. This would 

have functioned to equalize the abiotic conditions of the three strata, as temperature, humidity, 
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and solar radiation vary not only between strata but with time of day as well (Walther, 2002). 

However, we found that wind speed was significantly higher in the upper canopy than in the 

understory (p-value = 0.012) [see Appendix 6]. This could have negatively affected the 

abundance of butterfly species, as they have been shown to seek environments sheltered from 

wind or to have reduced abundances on windy days (Dover, 1996). This could partially explain 

why insect species were dominant in terms of species composition in the understory and middle 

canopy, but birds were dominant in the upper canopy since they would be less bothered by wind. 

However, we still found the most insect species (34) in the upper canopy as compared to other 

strata, where resource availability was highest. Thus, we do not believe that the significant 

difference in wind speed had a significant effect on our results.  

 

Improvements to the Study 

 

The future improvements of the study include expanding beyond seasonality. All observations of 

the flowering, fruiting, and seeding trees, along with their corresponding faunal pollinators and 

seed dispersers, are strongly determined by the abiotic conditions of the dry-season in Soberania 

National Park, Gamboa, Panama. Had the length of the study been increased to the period of a 

full year, the results could accurately represent the distribution of pollinators and seed dispersers 

beyond seasonal variation. Additionally, our observations and identification of the organisms 

present at the Soberania National Park were restricted by visual limitation and our immobile 

confinement to the canopy tower. While visual observation was our only possibility at the 

PRDC, the certainty of species identification could be strengthened in the future by catch and 

release methods. Furthermore, the addition of another study site either within Parque Nacional 

Soberania or another forest of similar composition would further validate of the trends observed 

within the PRDC, since resource availability is dependent on floral composition. The inclusion 
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of more sample sites leaves the potential for the expansion of future research on the vertical 

stratification of pollinators and seed dispersers.  

 

CONCLUSION 
 

The vertical stratification of plant biomass in the forest surrounding the canopy tower of the 

Rainforest Discovery Center leads to a vertical gradient of niche space. This supports the 

corresponding stratification of bird, insect, and mammal groups that support mutualistic roles of 

seed dispersal and pollination. Through an employed methodology of visual observation in the 4 

randomized quadrats around the canopy tower, we were permitted to observe the 3 levels of 

stratification and ensured equivalent allocation of sampling effort between strata and compass 

directions. The results accumulated confirm our hypothesis: pollinator and seed disperser 

biodiversity is the highest in the upper canopy strata which corresponds with the availability of 

flowers, seeds, and fruits in this layer. The understory had total of 26 species and 81 individuals 

observed, where insects compose greatest species abundance and diversity, with the most 

dominant species being the Stained Glasswing (Ithomia heraldica). The middle canopy had a 

total of 32 species and 80 individuals observed, where insects also composed the greatest species 

abundance and diversity, however the most abundant species viewed was the Mantled Howler 

Monkey (Alouatta palliate). The upper canopy had a total of 70 species and 290 individuals 

observed, where birds make up the greatest species abundance and diversity with the most 

dominant species being the White-shouldered Tanager (Tachyphonus luctuosus). The upper 

canopy presented the greatest quantity of flowers, seeds, and fruits, with 90-100% canopy 

coverage. This concentration of floral resource composition in the upper canopy supports the 

greater biodiversity of faunal pollinators and seed dispersers observed. The implications of this 

research are far-reaching. The quantification of biodiversity allows for a deeper understanding of 
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community structure and of the species that need to be protected, especially if they perform a 

crucial ecosystem service that maintains the integrity of the whole ecosystem. This research 

informs conservation strategies of both the Avifauna Eugene Eisenmann Foundation and the 

global scientific community in general for the maintenance of biodiverse habitats. Our results 

emphasize that special attention needs to be paid to the vertical stratification of habitats that 

supports various floral and faunal species. Panama is an incredibly unique location for 

biodiversity as the country retains an extraordinarily high number of bird and plant species, and 

is the corridor between the continental North and South Americas. As such, conservation 

strategies concerning Panamanian environments should constantly be informed and ameliorated 

through scientific research.  
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APPENDIX 

 
Appendix 1. Composition of pollinator and seed dispersers species observed in the understory (0-6m) of the 
Canopy Tower in the PRDC in Gamboa, Panamá 

 

Classification Family Name Scientific Name Common Name 

 

 

 

 

 

Birds 

 

 

 

Trochilidae Phaethornic Longirostris Long-billed Hermit 

Trogonidae Trogon Massena Slaty-tailed Trogon 

Pipridae Ceratopipra Mentalis Red-capped Manakin 

Cardinalidae Habia Fuscicauda Red-throated Ant-Tanager 

Trochilidae Lepidopyga Coeruleogularis Sapphire-throated  

Hummingbird 

Trochilidae Florisuga Mellivora White-necked Jacobin 

Trochilidae Juliamyia Julie Violet-bellied Hummingbird 

 

 

 

 

 

 

 

 

 

 

 

 

Insects 

Nymphalidae Heliconius Erato Small Postman 

Riodinidae Mesosemia Hesperina Hesperina Eyemark 

Pieridae Anteos Clorinde White-angled Sulphur 

Nymphalidae Ithomia Heraldica Stained Glasswing 

Nymphalidae Anartia Fatima Banded Peacock 

Nymphalidae Limenitius Archippus Viceroy 

Riodinidae Napaea Eucharila White-stitched Metalmark 

Pieridae Ascia Monuste Great Southern White 

Papilionidae Parides Childrenae Green-celled Cattleheart 

Nymphalidae Dione Juno Juno Longwing 

Nymphalidae Marpesia Coresia Sinister Daggerwing 

Pieridae Phoebis Philea Orange-barred Sulphur 

Nymphalidae Dryas Iulia Julia Buuterfly 

Pieridae Phoebis Trite Trite Sulphur 

Pieridae Leptophobia Arepa Mountain White 

Nymphalidae Adelpha Fessonia Band-celled Sister 

Nymphalidae Philaethria Dido Dido Longwing 

Apidae Apidae Apis Mellifera  

Apidae Unidentified Genera Orchid Bee  

  Unknown Insect 01 

  Unknown Insect 22 

  Unknown Insect 73 

  Unknown Insect 84 

Mammals Procyonidae Nasua Narica White-nosed Coati 

Dasyproctidae Dasyprotya Punctata Central American Agouti 

1: Black wasp with iridescent green wings 

2: Tiny pale-orange bees 

3: Large black wasp with orange legs 

4: Very large yellow and black bee 
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Appendix 2. Composition of pollinator and seed dispersers species observed in the middle canopy (6-17m) of 

the Canopy Tower in the PRDC in Gamboa, Panamá 

 

Classification Family Name Scientific Name Common Name 

 

Birds 

Momotidae Baryphtengus Martii Rufous Motmot 

Thraupidae Tachyphonus Luctuosus White-shouldered Tanager 

Cardinalidae Cyanoloxia Cyanoides Blue-black Grosbeak 

 

 

 

 

 

 

 

 

 

 

 

Insects 

Pieridae Eurema Daira Barred Yellow 

Nymphalidae Eresia Actinote Yellow-barred Crescent 

Pieridae Eurema nise Mimosa Yellow 

Pieridae Ascia Monuste Great Southern White 

Pieridae Phoebis Argante Apricot Sulphur 

Nymphalidae Dryas Iulia Julia Butterfly 

Pieridae Catasticta Sisamnus Yellow-banded Dartwhite 

Nymphalidae Anartia Fatima Banded Peacock 

Nymphalidae Tegosa Anieta Black-bordered Crescent 

Nymphalidae Castilia eranites Mimic Crescent 

Pieridae Phoebis Philea Orange-barred Sulphur 

Riodinidae Napaea Eucharila White-stitched Metalmark 

Nymphalidae Ithomia Heraldica Stained Galsswing 

Pieridae Phoebis Trite Trite Sulphur 

Papilionidae Parides Childrenae Green-celled Cattleheart 

Nymphalidae Adelpha Cocala Orange-banded Sister 

Nymphalidae Heliconius Doris Doris Longwing 

Papilionidae Genus Papilio  

Apidae Apis Mellifera Africanized Bee 

Apidae Apidae Unidentified Genera 

  Unknown Insect 11  

Mammals Atelidae Alouatta Palliata Mantled Howler Monkeys 

  Unknown Mammal 12  
1: Blue-black wasp with metallic green wings  

2: Small bat with brown body and black wings 
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Appendix 3. Composition of pollinator and seed dispersers species observed in the upper canopy (17-40m) of 

the Canopy Tower in the Rainforest Discovery Center in Gamboa, Panamá 
 
Classification Family Name Scientific Name Common Name 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Birds 

Trochilidae Florisuga Mellivora White-necked Jacobin 

Thraupidae Tachyphonus Luctuosus White-shouldered Tanager 

Thraupidae Dacnis Cayana Blue Dacnis 

Columbidae Patagioenas Speciosa Scaled Pigeon 

Trochilidae Phaeochroa Cuvierii Scaly-breasted Hummingbird 

Psittacidae Amazona Autumnalis Red-lored Parrot 

Psittacidae Pionus Menstruus Blue-headed Parrot 

Psittacidae Amazona Farinosa Mealy Parrot 

Falconidae Milvago Chimachima Yellow-headed Carcara 

Sapayoidae Sapayoa Aenigma Sapayoa 

Thraupidae Cyanerpes Cyaneus Red-legged Honeycreeper 

Trochilidae Thalurania Colombica Violet-crowned Woodnymph 

Tityridae Tityra Semifasciata Masked Tityra 

Trogonidae Trogon Massena Slaty-tailed Trogon 

Icteridae Amblycercus Holosericeus Yellow-billed Cacique 

Icteridae Cacicus Uropygialis Scarlet-rumped Cacique 

Columbidae Patagioenas Nigrirostris Short-billed Pigeon 

Ramphastidae Ramphastos Sulfuratus Keel-billed Toucan 

Psittacidae Pyrilia Haematotis Brown-hooded Parrot 

Vireonidae Vireolanius Pulchellus Green-shrike Vireo 

Trochilidae Heliothryx Barroti Purple-crowned Fairy 

Ramphastidae Pteroglossus Torquatus Collared Aracari 

Trochilidae Juliamyia Julie Violet-bellied Hummingbird 

Cotingidae Cotinga Nattererii Blue Cotinga 

Thraupidae Tangara Larvata Golden-hooded Tanager 

Columbidae Patagioenas Cayennensis Pale-vented Pigeon 

Picidae Campephilus Haematogaster Crimson-bellied Woodpecker 

Tyrannidae Camptostoma Obsoletum Southern Beardless-

tyrannulet 

Thraupidae Cyanerpes Lucidus Shining Honeycreeper 

Thraupidae Chlorophanes Spiza Green Honeycreeper 

Picidae Campephilus Melanoleucos Crimson-crested Woodpecker 

Psittacidae Brotogeris Jugularis Orange-chinned Parakeets 

Icteridae Cacicus Cela Yellow-rumped Cacique 

Picidae Dryocopus Lineatus Lineated Woodpecker 

Cathartidae Cathartes Aura Turkey Vulture 

 

 

 

Nymphalidae Tegosa Anieta Black-bordered Crescent 

Nymphalidae Cithaerias Pireta Pink-tipped Satyr 

Papilionidae Papilio Cresphontes Giant Swallowtail 
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Insects 

Nymphalidae Anartia Fatima Banded Peacock 

Nymphalidae Dryas Iulia Julia Butterfly 

Pieridae Eurema nise Mimosa Yellow 

Pieridae Ascia Monuste Great Southern White 

Pieridae Phoebis Argante Apricot Sulphur 

Pieridae Catasticta Sisamnus Yellow-banded Dartwhite 

Nymphalidae Marpesia Coresia Sinister Daggerwing 

Pieridae Phoebis Trite Trite Sulphur 

Pieridae Catasticta Teutila Golden-banded Dartwhite 

Nymphalidae Marpesia Verania Orange-barred Dagger 

Nymphalidae Eresia Actinote Yellow-barred Crescent 

Nymphalidae Anartia Jatrophae White Peacock 

Nymphalidae Eueides Aliphara Brush-footed Butterfly 

Nymphalidae Marpesia Marcella Clown Daggerwing 

Nymphalidae Ithomia Heraldica Stained Glasswing 

Nymphalidae Heliconius Doris Doris Longwing 

Nymphalidae Heliconius Erato Small Postman 

Nymphalidae Siproeta Epaphus Rusty-tipped Page 

Riodinidae Cecilia Chrysomela Cecilia Metalmark 

Pieridae Phoebis Philea Orange-barred Sulphur 

Nymphalidae Adelpha Cocala Orange-banded Sister 

Riodinidae Mesosemia mevaniaˆ Asa Eyemark 

Nymphalidae Actinote Leucomelas Actinote 

Nymphalidae Adelpha Fessonia Band-celled Sister 

Nymphalidae Philaethria Dido Dido Longwing 

Riodinidae Eurybia Unxia Unxia Sheenmark 

Apidae Unidentified Genera Orchid Bee  

Apidae Apis Mellifera Africanized Bee 

  Unknown Insect 21  

  Unknown Insect 52 

  Unknown Insect 63 

Mammals Atelidae Alouatta Palliata Mantled Howler Monkeys 

 
1: Tiny pale-orange bees 

2: Red Wasp with black-white head, yellow antenna, and yellow legs 

3: Black wasp with yellow dot in middle segment of body 
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Appendix 4. Classification and diversity of plant reproductive activity (flowering, fruiting, or seeding) in the 

four quadrats surrounding the Canopy Tower at the Rainforest Discovery Center in Gamboa, Panamá 

 
Classification Family Scientific 

Name 

Abundance Location Height 

(m) 

Characteristics 

Trees Rubiacea Marconemum 

roseum 

 

1 Eastern 

quadrat 

17 Small pink 

flowers 

Flacourtiaceae Tetrathylacium 

johansenii 

 

1 Eastern 

quadrat 

28 Pale green and 

white flowers 

Anacardiaceae Anacardium 

excelsum 

3 Northern 

quadrat 

 

30 

 

 

30 

 

 

30 

 

Flowering at 

the beginning 

of February, 

producing 

seeds by mid-

March 

Southern 

quadrat 

 

Eastern 

quadrat 

 

Flacourtiaceae Zuelania 

guidonia 

1 Northern 

quadrat 

32 Pale green, 

spherical 

flowers 

 

Moracea Ficus insipida 1 Northern 

quadrat 

 

251 Small, round, 

green fruits 

Burseaceae Bursera 

simaruba 

 

1 Western 

quadrat 

30 Small, black 

berries 

Sapindaceae Cupania 

seemannii 

1 Eastern 

quadrat 

12 Small, pale, 

green flowers 

Bushes Rubiaceae Gonzalagunia 

panamensis 

2 Southern 

quadrat 

 

2 

 

 

  2 

Small, bell-

shaped 

flowers 

Western 

quadrat 

Orchids 

 

 

Orchidaceae 

 

Oncidium 

isthmi 

2 Eastern 

quadrat 

 

17 Numerous 

small, yellow 

flowers 

Western 

quadrat 

 

25 

Epidendrum 

imatophyllum 

2 Northern 

quadrat 

25 Numerous 

small, purple 

flowers 

Lianas 

 

Malpighiaceae (unidentified) 2 Southern 

quadrat2 

30 

 

30 

 

Yellow 

blossom on 

vine Eastern 

quadrat2 

https://en.wikipedia.org/wiki/Orchidaceae
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Bignoniaceae (unidentified) 2 Northern 

quadrat2 

 

30 

 

 

30 

Purple 

blossom on 

vine 

Southern 

quadrat2 

 
1: Epiphytal tree – growing at the top of an Anacardium excelsum 

2: Lianas growing parasitically on top of Anacardium excelsum 

 

 

Appendix 5. Kruskal-Wallis test for the determination of the statistical significance (d.f.=2) of the variation in 

abiotic conditions amongst the strata of the Canopy Tower at the PRDC, Gamboa, Panamá 

 

Abitoic Condition H-value p-value1 

Temperature 0.795 0.672 

Humidity 3.14 0.208 

Solar Radiation 3.29 0.193 

Wind Speed 9.26 0.00974 

1: A p-value less than 0.05 indicates statistical significance.  

 

 

Appendix 6. Mann-Whitney U test for the determination of the statistical significance (d.f.=1) of the variation 

of Wind Speed between the strata of the Canopy Tower at the Rainforest Discoversy Center, Gamboa, Panamá 

 

Compared Strata Adjusted H-value p-value 

Understory – Middle Canopy 1 0.317 

Middle Canopy – Upper Canopy 4.46 0.03501 

Understory – Upper Canopy 6.36 0.01201 

1: A p-value less than 0.05 indicates statistical significance.  
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