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1.	  Introduction	  
  
1.1  Background       
  

Bees are, indisputably, one of the most important pollinators on the planet. Domesticated by humans for 

their honey since at least 9 000 years ago, in modern day they are kept to not only produce honey and other by-

products, but to pollinate commercial farms across North America and Europe in the form of a vast, mobile 

force of hives (Holland, 2013; Roffet-Salque, et al., 2016). Crossing nations in specialized trucks, over 100 

types of essential crops rely upon these mobile hives, including many varieties of apples, nuts, and berries; in 

2013, it was reported that bees contributed over $15 billion to US crop production (Holland, 2013). Ultimately, 

it is evident that the current scale of modern agriculture would not be possible without bees. 

In recent years, however, bees have received worldwide attention for less-than-fortunate reasons: habitat 

loss and fragmentation due to global urban development and climate change have decimated foraging grounds, 

and there is evidence that increased use of herbicides and pesticides have caused sharp declines in hive health 

(Holland, 2013; Roffet-Salque, et al., 2016; Roggia & Castro, 2017). Beekeepers, farmers, and environmental 

groups, particularly in North America, have spoken out about the crisis of “colony collapse disorder” (CCD), 

which involves the mass collapse of cultivated hives, with some areas experiencing declines as great as 90% 

(Holland, 2013). As such, bees have become an important topic in current conservation biology: their role in the 

continued health of many ecosystems is globally recognized, and their decline may beget disastrous 

consequences for the future of the environment as well as humanity (Holland, 2013; Roffet-Salque, et al., 

2016). 

In Latin America, while bees are not cultivated to the same industrial extent as in North America, the 

practice of beekeeping extends back hundreds if not thousands of years, and has been practiced by indigenous 

peoples in Nicaragua, Guatemala, Costa Rica, Colombia, and most notably, the Maya in Mexico (Nates-Parra, 

2001; Quezada-Euán, May-Itzá, & González-Acereto, 2001; Roggia & Castro, 2017; M. Castro, pers. comm., 

January 19, 2018). The specific taxon of cultivated native bees, called Meliponini, are distinct and separate from 

North American, Asian, and African bees; they are much smaller, stingless, and produce honey with unique 
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antibacterial properties (Quezada-Euán et al., 2001; Gamboa Abril & Figueroa Ramirez, 2009). Over 350 

identified species of Meliponini exist on the American continent (Roggia & Castro, 2017). 

1.2  Project  context  

Despite the extensive history of meliponiculture (the keeping of Meliponini) in much of Latin America, 

the historical and modern population of Panama have little experience with the practice (Roggia & Castro, 

2017). Given the diversity of native bees available, many of which are significant pollinators and producers of 

edible honey, the non-profit organization Centro de Estudios y Acción Social Panameño (CEASPA) has 

initiated a Native Bee Conservation Project, aimed at evaluating the diversity and ecology of native bees in the 

Costa Abajo region of Colón, Panama. Ultimately, the goals of the project include contributing to their 

conservation and that of the tropical humid rainforest ecosystem in which they live, as well as engaging, 

educating, and developing local communities through the economic resources generated by the cultivation of 

stingless bees (Roggia & Castro, 2017). 

We, through our internship with PFSS, conducted the first step of this initiative: that is, we conducted an 

evaluation of the diversity and ecology of native bees. Specifically, we created a species list of Meliponini in the 

Achiote community, and determined the floral preferences of each species to evaluate their trophic niche 

breadth and overlap. 

Extensive research has been conducted on the ecology and niche of various Meliponini species 

throughout Latin America, although there is relatively little published literature based in Panama. Roubik and 

Buchmann (1984) examined the foraging activity and nectar selection of four native Meliponini species and one 

domesticated European species in Panama, focusing on the efficiency of sugar uptake throughout the day, 

primarily based on the caloric content of collected nectar. Although they did examine floral preference, making 

inferences on choice based on diurnal patterns of nectar concentration, a niche assessment was not the ultimate 

goal of this particular study. Nevertheless, they found, significantly, that most bee foraging activity occurred 
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between 6:00 and 13:00, which informed us about significant sampling times for such species. We used this 

figure to help create our methods. 

Martínez-Hernández, et al. (1994) examined the foraging practices of four stingless bee species at two 

sites in Mexico, essentially determining niche through floral preference; they found that all bees were 

polylectic, although each species had still had distinct floral preferences. They used melissopalynological 

analysis of pollen, honey, and larval food to reach their conclusions, a method we found to be common in bee 

niche research. Obregon and Nates-Parra (2014) conducted a similar study in Colombia, determining the floral 

preferences of only a single species of stingless bee (Melipona eburnea (Friese)) through the same methodology 

in an effort to inform conservation strategies, as this particular species was reportedly vulnerable to decline due 

to habitat destruction. The study found key plant species in the diet of this particular species. Kleinert-

Giovannini and Imperatriz-Fonseca (1987) did the same, using melissopalynological analysis, on the species 

Melipona marginata marginata (Lepeletier) in Sao Paulo, Brazil. 

The advantage of this method is clear: sampling of pollen, honey, or larval food from hives of known 

species, rather than sampling bees directly from flora in areas of study, does not require collection and/or DNA 

analysis for accurate identification to the species level. However, due to the limited time and resources for our 

project, as well as the limited information we have on stingless bees and their hives in the Achiote community, 

this type of analysis was not possible for our internship. As mentioned by Roubik and Buchmann (1984), many 

flowering plants bloom during the dry season in Panama (January - March), and bee foraging activity is 

significant in this period. Therefore, direct collection of bee specimens was chosen as the most appropriate 

method of sampling for our purposes. 

Aguiar, et al. (2013) conducted perhaps the study closest to our intended goal and methodology: they 

examined the trophic niche breadth and overlap of bees in the region of Caantiza in Brazil. Rather than focusing 

on one species, they systematically collected all bees sighted, once a month for a year along a single trail, and 

noted the plants they were collected from. Niche overlap of the 10 most common species found were discovered 

to be much less than what would be predicted by chance, indicating specialization of flora on a per-species 
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basis. Antonini, et al. (2012) took a similar approach, examining bee diversity and niche in fragmented and 

altered urban habitats in southeastern Brazil. They collected bees from a number of forest remnants, noting size, 

plant diversity, and surrounding land use, among other variables, for each plot. It was found that there was no 

significant species-area relationship with the fragments; instead, smaller plots with diversely structured 

vegetation were found to have a higher diversity of generalist bee species. More recent fragments were also 

found to be more heterogeneous, causing them to be more accessible to bees than older fragments. 

Notably, most of the cited research was conducted over at least a multi-month period. Given that we 

only had four cumulative weeks to formulate and complete the project, our methods were necessarily less 

intensive than those cited above. However, we endeavored to create a methodology that answers the primary 

questions of interest by our host organization: 

(1) What stingless bee (Meliponini) species are present in Achiote? 

(2) What are their respective trophic niches (i.e. floral preferences)? Is there overlap 

 between species? 

Ø   Furthermore, are there differences in the composition of species between different habitats 

(e.g. in gardens, pastures, by the road)? 

Given the results from previous studies involving multiple bee species and trophic niche (e.g. Aguiar et 

al., 2013; Martínez-Hernández et al., 2014), we predicted that while there would be some generalist species 

with overlapping preferences, largely there would be very specific floral preferences for each species. We 

further hypothesized that there would be a distinction between species in areas like private gardens as compared 

to pastures or the roadside, given the likelihood of greater floral diversity in such spaces. There is the possibility 

that with greater diversity of flora that there is greater generalism, given the accessibility of multiple flowering 

plants in short proximity and potentially higher diversity in structure (Antonini et al., 2012). However, with 

increased choice there is also the possibility of increased specialization, resulting from niche partitioning in a 

small area. Either possibility would indicate a distinction in bee composition between high-diversity and low-

diversity locales. 
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The results gathered from this study were used to create an informative pamphlet for CEASPA’s use, to 

inform the direction that will be taken by their Bee Conservation Project as well as to educate those who will be 

involved in the meliponiculture effort (e.g. local community members).  

2.	  Methods	  
  
2.1  Data  Collection  

 We established the following methodology after consultation with entomologists Hector Barrios and 

Alfredo Lanuza, as well as reviewing literature outlining methods of bee collection and analysis. 

The entirety of our study took place in the vicinity of Achiote, a community of 700 located in the 

province of Colón. The ecosystem here is classified as moist lowland tropics, with a dry season between 

January and April and a rainy season between May and December (M. Castro, pers. comm., 2018). Just adjacent 

to the community is San Lorenzo National Park, which contains 12 different forest types, 430 bird species, and 

eight mammal species, including howler monkeys, jaguars, and tapirs (CEASPA, 2018). 

A pilot study was conducted from January 29th-30th, to document the different flowering plants present 

in the area. We walked a distance spanning approximately 5 km, photographing all the flowering plants we saw, 

and noting bee presence. From this knowledge, we divided our sampling area into three different categories, 

with three sites each, for a total of nine sites (Fig. 1). They were defined as follows: 

Category Definition 

(1) Garden Pieces of land adjacent to private residences, with cultivated flora--relatively high in diversity 
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(2) Pasture Pieces of relatively uniform cultivated land designed for livestock feeding or small-scale 

agriculture, with dispersed crops and flora-- relatively low in diversity 

(3) 

Roadside 

Pieces of land consisting of flowers, plants and debris up to 3 m from the roadside, 

uncultivated, unkempt and often fragmented--middling to high diversity 

  

 As mentioned in the introduction, having these three different sites allowed us to make comparisons of 

biodiversity and the trophic niche of species across the differing habitats. Each site was situated at least 250 m 

apart. Initially, we decided that sites would ideally be situated at least 500 m apart, since maximum foraging 

distance of stingless bees ranges from ~600-800 m (Nieuwstadt & Iraheta, 1996).  Establishing this distance 

would make each site largely a unique foraging territory, allowing us to take a more representative sample of 

the bee community. However, due to the limited number of suitable sites in the area, this original minimum 

distance was ultimately reduced. 

We also originally planned to have an additional measure of biodiversity by using revised McPhail traps. 

Intended for larger area collection, placing these traps at each site the night before sampling would have 

allowed us to sample bees that we could not capture during the day.  These traps were constructed using 2L pop 

bottles with small holes (~2mm in diameter) and a sugar water mixture (10% sugar to water). However, after 

several trial runs, we failed to capture any bees, and thus this addition was ultimately discarded. 

Our final method, after these revisions, is as follows.   
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Six days were fully dedicated to data collection between February and April of 2018. Flower-visiting 

bees were sampled across the nine different sites across three time slots per day. Three sites were visited 

between 6:00-9:00, three between 10:00-13:00 and the final three between 15:00-18:00. Accounting for travel 

time, this allocated approximately 45 minutes per site, and all were systematically rotated through each time slot 

on a new day of sampling. This accounted for the fact that some bees might be more active in the morning or 

evening, allowing a consistent distribution of sampling hours across all sites (site schedule is available in 

Appendix I: Supplementary Data).   

Bees observed visiting flowers at a height of two meters and below were captured using an 

entomological net (method revised from Aguiar et al., 2013), and the plant species visited were recorded for 

each bee.  Under CEASPA’s supervision we could sample without a permit, since the community was outside 

of a protected area (Alfredo Lanuza, pers. comm., 2018; see Appendix II: Permits), which allowed us to retain 

the species we collect for further identification in the lab. As a research team of two, we had a designated 

“catcher” of the specimens, as well as a designated “facilitator” who recorded the samples taken, which assured 

consistency in our sampling success and organization.  Specimens were euthanized using 70% ethanol in a 

specially demarcated “kill jar”, and separately placed into plastic sandwich bags, which were categorized and 

labelled with the site captured from, the time slot, and the flower species observed visiting. 

We decided that, with three hours to sample three sites, we would allocate 45 minutes to each site to 

allow for travel time between them. Once sites were confirmed, we took note of the number of flowering 

species within each site. With 45 minutes allocated to sampling at each location, we determined the site with the 

largest number of flowering plants (west garden, with seven plants), and allocated equal sampling time at each 

flowering plant, in which we sampled all bees encountered. This resulted in a consistent six minutes of 

sampling time for each flowering plant across all sites. This was a preferred method over a set number of swipes 

per plant, as it allowed the avoidance of “empty swipes”, or the necessity of staying at a plant for a long period 

of time waiting for a bee, while still providing an equal time spent across all flowers.  To increase efficiency, if 

following the first day of data collection we sampled certain flower species in which we encountered no bees in 
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the allocated six minutes, the in subsequent sampling efforts we would observe this plant for 2 minutes. If no 

bees were spotted in these two minutes, we would move on. 

Collected specimens of bees were sent to Dr. Alfredo Lanuza, entomologist at the University of Panama 

in Colón, who helped us complete the identification of the bees as well as the flowering plant species. 

Since some sites were located on private property, permission was obtained from homeowners a week 

before sampling started. We provided them with a form containing the general background of our project as 

well as a schedule to notify them of our expected sampling times (Appendix II). Our research was conducted 

according to the standards of McGill University, abiding by the Code of Ethics and the Tri-Council Policy 

Statement: Ethical Conduct for Research Involving Humans (TCPS 2). We completed The Course on Research 

Ethics (CORE) certification prior to the beginning of our project (Appendix III). 

2.2  Data  Analysis  and  Products  

From our sampling, we compiled a list of all the bee species encountered in Achiote, each identified at 

least to genus, if not to species. Using this data, we qualitatively determined which flowers are preferred by 

specific species, and quantified the frequency of bee sightings on a per flora basis. We also established the 

frequency of bee capture as a function of time. 

We then analyzed the biodiversity of the bees across the 9 different sites, and across the entire 

community of Achiote using diversity indices. First, we used species richness and Simpson’s Diversity index to 

account for both the number of species present and their relative abundance.  We then conducted further 

analysis on the degree of resource specialization for each species (niche breadth), as well as resource 

similarities between differing species (niche overlap). Niche breadth was calculated using standardized Levin’s 

Measure (1968), while niche overlap between species pairs via the Schoener overlap index (Krebs, 2013). 

Next, we constructed a one-way ANOVA to test if the mean relative abundance of bee specimens 

differed significantly across the three sampling categories. In the event that the ANOVA revealed rejection of 

our null hypothesis (i.e. that there was no significant difference between our three site types), various t-tests via 
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Fisher’s least significant denominator (LSD) would reveal which of the relative abundances differed. This 

would provide further information on any potential interactions between floral species presence and bees 

species abundance. 

Finally, following the compilation and analysis of data, we created an informative pamphlet for 

CEASPA and the community of Achiote. This contained images of all the species we encountered, along with a 

brief description of each, which outlined floral preferences, defensive strategies, and biological and ecological 

aspects (e.g. the distinctive shape of the nest entrance).  Information for the pamphlet was generated from 

observations and conclusions from our study, as well as further research into peer-reviewed and grey literature. 

3.	  	  Results	  
  
3.1  Populations  and  Abundances  

In our study, a total of 273 specimens were collected in the community of Achiote. Of this population, 

14 species of stingless bees were recorded visiting the flowers of 21 plant species. Trigona silvestriana (Vachal 

1908) was the most abundant species, with 76 specimens collected, while Lestrimelitta danuncia (Oliveira and 

Marchi, 2005), Scaura argyria (Cockerell, 1912), and Trigona nigerrima (Cresson, 1978), were the least, with 

one specimen collected for each (Fig. 2).  Approximately 64% of all specimens were caught in garden sites, 

with only approximately 16% collected in pastures, and 20% collected at roadsides. (Fig. 3).  The ANOVA 

comparing bee abundance between the habitat types failed to reject the null hypothesis with an F value of 2.70, 

below the F critical value of 5.14. Thus, it did not yield significant results, indicating that the null hypothesis--

that there was no significant difference between habitat types--could not be rejected (Table 1).   

3.2 Biodiversity 

Species richness was found to be largely consistent across all sampling sites. Our west garden site 

contained the highest species richness, with nine different species collected. All other sites contained between 

five and six species, representing a fairly even distribution of species diversity across sites (Fig. 4). Simpson’s 

Diversity results are outlined in Table 2, with results ranging between 0.393 (West Roadside) and 0.855(Center 
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Roadside). This indicates that there is an approximate 39% chance of randomly selecting two bees of different 

species in west roadside, while there is an 86% chance at center roadside. The entire community of Achiote had 

a diversity index of 0.84. 

 Twenty-one different flower species were sampled in the course of this study, with Ixora coccinea 

(Red) being the most generally preferred. Forty-eight visiting specimens were collected on this flower, 

representing nine different species. 

Table 3 – Plants visited by bee species to obtain floral resources in the Achiote area. 
Plant	  Species	   Bee	  Species	  

Ld	   Om	   Ps	   Po	   Ss	   Sa	   Tp	   Ta	   Tfr	   Tfv	   Tfs	   Tn	   Tp2	   Tsi	  

Allamandra	  cathartica	   	   	   	   	   	   	   	   1	   	   1	   	   	   7	   5	  

Blechum	  pyramidatum	  	   	   2	   	   	   	   	   	   	   	   	   	   	   2	   	  

Boungainvillea	  
Sp.	  	  

	   	   	   2	   	   	   	   	   	   2	   	   	   	   	  

Brunfelsia	  pauciflora	   	   	   	   	   2	   	   	   	   	   	   2	   	   2	   34	  

Cajunus	  cajan	   	   	   	   	   	   	   	   1	   	   1	   	   	   	   21	  

Celosia	  sp.	   	   1	   	   	   	   	   	   	   	   1	   	   	   1	   	  

Cissus	  verticillata	   	   	   	   	   	   1	   	   	   	   1	   	   	   2	   	  

Cuphea	  sp.	   	   	   	   	   	   	   	   	   2	   	   	   	   	   	  

Hamelia	  patens	   	   	   	   	   	   	   	   	   1	   1	   	   	   1	   	  

Impatiens	  chinensis	   	   	   3	   	   	   	   	   	   	   8	   	   	   	   	  

Ixora	  coccinea(R)	   	   	   	   	   	   	   2	   6	   	   30	   	   	   10	   1	  

Ixora	  coccinea(Y)	   	   5	   	   	   	   	   	   	   14	   3	   	   	   	   1	  

Justicia	  pectoralis	   	   	   	   	   	   	   	   	   	   2	   	   	   3	   	  

Lutwigia	  erecta	   	   	   	   	   	   	   	   	   	   1	   	   	   	   	  

Malvaceae	  sp.	   	   1	   	   	   	   	   1	   4	   	   	   	   	   	   1	  

Melanthera	  aspera	   	   2	   	   	   	   	   4	   1	   	   	   	   1	   	   1	  

Piper	  peltatum	   	   	   	   	   	   1	   	   1	   	   1	   1	   	   1	   9	  

Tagetes	  sp.	   	   	   	   	   	   	   2	   	   	   	   	   	   1	   	  

Tridax	  procumbens	   	   	   	   	   	   	   5	   6	   	   	   	   	   	   	  

Verbana	  officinalis	   	   	   	   	   	   	   9	   	   	   	   	   	   14	   	  
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Zantedeschia	  aethiopica	   1	   	   	   	   10	   	   2	   	   	   	   	   	   	   3	  

 

3.3  Time  

The highest number of bees were sampled between 10:00 and 13:00, and the lowest between 15:00 and 

18:00 (Fig.5). All species sampled at more than one time slot were more likely to be sampled in the morning 

(6:00-9:00) or midday (10:00-13:00) time slots than in the afternoon (15:00-18:00). Tetragona perangulata 

(Cockerell,1917), Trigona fulviventris (Guérin-Méneville, 1845), Trigona fuscipennis (Friese, 1900), 

Scaptotrigona subobscuripennis (Schwarz, 1951), and Oxytrigona mellicolor (Packard, 1869) all demonstrated 

a slightly higher distribution during the morning slot, while Tetragonisca angustula (Latreille, 1825), Trigona 

pallens (Fabricius, 1978), and T. silvestriana were sampled more frequently at midday. Due to the high volumes 

of these latter three species, the activity level trends toward midday, although more species were found to have 

higher collection rates in the morning. 

3.4  Trophic  Niche  Breadth  and  Overlap  

One of the species we collected, Lestrimelitta danuncia, was excluded from the following analyses due 

to its status as a parasite: it does not collect pollen or nectar from flowers. 

Table 4 – Niche breadth (Bl), richness of visited plants (Rn), number of individuals in each bee species (Ni), and niche overlap 
(NO) between pairs of bee species in Achiote, Colón.  
                                             Niche	  overlap	  

Bee	  Species	   Bl	   Rn	   Ni	   Om	   Pt	   Po	   Ss	   Sa	   Tp	   Ta	   Tfr	   Tfv	   Tfs	   Tn	   Tp2	   Tsi	  

Lestrimelitta	  danuncia	   0	   1	   1	   0	   0	   0	   0.8333	   0	   0.0769	   0	   0	   0	   0	   0	   0	   0.0395	  

Oxytrigona	  mellicolor	   0.102	   5	   11	   -‐	   0	   0	   0	   0	   0.1923	   0.1142	   0.4545	   0.0189	   0	   0.1818	   0.0698	   0.0395	  

Paratetrapedia	  sp.	   0	   1	   3	   	   -‐	   0	   0	   0	   0	   0	   0	   0.1509	   0	   0	   0	   0	  

Partamona	  orizabaensis	   0	   1	   2	   	   	   -‐	   0	   0	   0	   0	   0	   0.0377	   0	   0	   0	   0	  
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Scaptotrigona	  
subobscuripennis	  

0.016	   2	   12	   	   	   	   -‐	   0	   0.0769	   0	   0	   0	   0.1667	   0	   0.0233	   0.2061	  

Scaura	  argyrea	   0	   1	   1	   	   	   	   	   -‐	   0	   0.05	   0	   0.0189	   0.1429	   0	   0.0233	   0.05	  

Tetragona	  perangulata	   0.165	   8	   26	   	   	   	   	   	   -‐	   0.3309	   0	   0.0958	   0	   0.1538	   0.4642	   0.0789	  

Tetragosnisca	  angustula	   0.139	   7	   20	   	   	   	   	   	   	   -‐	   0	   0.3755	   0	   0	   0.3058	   0.1895	  

Trigona	  ferricauda	   0.018	   3	   17	   	   	   	   	   	   	   	   -‐	   0.0755	   0	   0	   0.0233	   0.0132	  

Trigona	  fulviventris	   0.076	   12	   53	   	   	   	   	   	   	   	   	   -‐	   0	   0	   0.3269	   0.1018	  

Trigona	  fuscipennis	   0.013	   2	   7	   	   	   	   	   	   	   	   	   	   -‐	   0	   0.0465	   0.5658	  

Trigona	  nigerrima	   0	   1	   1	   	   	   	   	   	   	   	   	   	   	   -‐	   0	   0	  

Trigona	  pallens	   0.168	   11	   43	   	   	   	   	   	   	   	   	   	   	   	   -‐	   0	  

Trigona	  silvestriana	   0.098	   9	   76	   	   	   	   	   	   	   	   	   	   	   	   	   -‐	  

 

 In our study, 14 species of bee were found, visiting 21 different plant species. The number of different 

plants visited by each bee species ranged from 1 to 12. Niche breadth ranged from 1 to 5.038, and from 0 to 

0.168 when standardized to a scale from 0 to 1.0 as recommended by Hurlburt (1978) (Table 4). The species 

Paratetrapedia sp., Partamona orizabaensis (Strand, 1919), S. argyria, and T. nigerrima were found to have the 

highest degrees of niche specialization, with each only sampled on one flower type, while T. pallens, T. 

perangulata, and T. angustula were found to be the species with the widest trophic niches, with each found on 

between 7 and 11 flower types. 

         Niche overlap (NO) was found to range from 1.3% to 56% between pairs, with 27 of the 36 pairs 

analyzed demonstrating an overlap of less than 20%. In general, highly specialized species tended to have less 

overlap than generalist species, as evidenced by the calculated values of the total overlaps shared by each 

species. In terms of cumulative overlaps with other species, T. pallens had the highest, sharing a NO of 46% 
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with T. perangulata and 32% with T. fulviventris. P. orizabaensis had the lowest amount of overlap with other 

species, sharing only a 3.7% overlap with T. fulviventris. 

         In terms of bees with more than 10 specimens collected, however--eliminating the effect of low sample 

size--Trigona ferricauda (Cockerell, 1917) represented the lowest niche overlap, sharing between 1.3% and 

7.5% with other species, with the exception of O. mellicolor, with which it shared 45% of its niche. Overall, 

average niche overlap of the thirteen species was low, at 15.2%. 

4.	  Discussion	  
  
4.1  Population  across  habitat  types  

The ANOVA analysis comparing the mean populations of bees collected across the three site categories 

failed to yield any significant results, thereby disproving our hypothesis that there would be significant 

differences across habitat types. However, this is likely due to the small size of our sample and high variance in 

the data.  While two of our garden sites, west garden and center garden, yielded noticeably higher number of 

collected specimens, with 104 and 54 specimens collected respectively, our south garden yielded only 17 

collected specimens (Fig. 6).  Notably, this number of collected samples was still higher than all but one of the 

roadside and pasture sites, but compared to the other two gardens, its flowers were in the poorest condition (e.g. 

dying; going out of season).  Compared to our west and center gardens, the garden at our southern spot was 

revealed to be rarely maintained and mostly abandoned, with the owners only coming occasionally on the 

weekends, likely affecting the health of the flowers. South garden aside, we qualitatively noticed a distinction 

between the abundance of species in private gardens as compared to roadsides and pastures. Compared to the 

latter two categories, these gardens had more stable environments, with bees consistently visiting them week by 

week. In contrast, our pasture sites and roadside sites were inconsistent, with flowers going out of season as 

well as being cut or trimmed down by humans, which resulted in fluctuating levels of capture success at these 

sites. The implication that can be taken from this is that, in maintaining environments with healthy flowers ideal 

for pollination, as well as minimizing our disturbance by allowing natural growth of roadside flowers, humans 
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may contribute to prosperous populations of pollinating bees. Again, further investigation would have to be 

done with higher sample size and more sites to make any definitive conclusions. 

4.2  Species  richness  and  composition  across  sites  

Species richness was generally consistent across all sites, which allows us to infer that it is likely that 

species distribution is fairly uniform across the community of Achiote: there was no site that was dominated 

entirely by only one or two species. Significantly, the site with the highest species richness (west garden), was 

also the site with the highest number of flowering species.  Of the nine sites sampled, six different species were 

observed to be the most or tied for the most abundant species at each individual site, revealing that there does 

not seem to be a consistent species dominating the community. (Fig. 7a-i). We infer that this is likely due to 

different flower compositions at sites attracting different bee species.  

The Simpson’s Diversity index identifies the probability of observing a different species each time an 

area is sampled. This indicates that every time an individual is captured, the likelihood of it being different from 

the previous sample is the output number of this index.  Simpson’s Diversity was found to be highest at center 

roadside, at 0.855, while it was lowest at west roadside, with 0.393. Apart from this site, all other sites fell 

within a range of 0.699-0.833. It is worth noting that this index accounts for both evenness as well as 

abundance. While center roadside was our site with the lowest population, with only 11 specimens caught, 

extremely high evenness across five species allowed for a high index value. In retrospect, comparing 

populations of the same individual species, or taking into account factors like density of individuals at each site, 

would have allowed for a better understanding of the true diversity in the area. 

Despite this, our results show that there is an 84% chance of randomly selecting two bees of different 

species in the entire community of Achiote, highlighting a diverse and even population of bee species. 
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4.3  Breadth  of  trophic  niches  

Trophic niches calculated from standardized Levin’s measure ranged from 0 to 0.163, with four species 

presenting a value of 0 and three above a value of 0.1. The rest of the species had niche breadths that ranged 

from 0.016 to 0.099, with two falling under 0.05 and two falling above. This data appears to indicate that there 

is a greater number of specialists than generalists in our sample, supporting our initial hypothesis. There are 

several limitations to this result, however, which will be addressed in the following discussion. 

In our sample, the widest trophic niches were exhibited by T. pallens, T. perangulata and T. angustula, 

which were sampled on 7, 8, and 11 flower species, respectively.  Between T. pallens, T. perangulata, and T. 

angustula, no more than 35% of collected specimens for each species were found on a single plant species, 

although each were found to concentrate on two to three plant species in particular. For T. angustula, 80% of 

sampled specimens were found on three plant species: Ixora coccinea (R), Melanthera aspera, and Tridax 

procumbens; for T. perangulata, 70% of the total were found on Melanthera aspera, Tridax procumbens, and 

Verbena officinalis; and for T. pallens, 72% of all collected specimens were found on Allamandra cathartica, 

Ixora coccinea (R), and Verbena officinalis. Four plants species stand out in this case: Ixora coccinea (R), 

Melanthera aspera, Tridax procumbens, and Verbena officinalis. Each of these plants are common for two or 

more of these bee species.  

Although it exhibits the highest calculated niche breadth, T. angustula was found on only the second-

highest number of plant species--the bee that was sampled on the most plants was T. fulviventris, which was 

collected on 12 different plant species. While it has the highest distribution across different flower types, over 

56% of T. fulviventris specimens were found on a single plant species (Ixora coccinea (R)), reducing its overall 

niche breadth. 

The species with the narrowest trophic niches were found to be Paratetrapedia sp., P. orizabaensis, S. 

argyria, and T. nigerrima, all of which were only sampled on one plant species. None of these species, 

however, had more than three specimens collected during our sampling period, with the majority being 
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represented by only one specimen in our sample. Thus, it is necessary to examine this result critically. It may be 

the case that the “niche specialization” of these species was a result of the small sample size, rather than a true 

degree of specialization.  

Given the limited literature on foraging activity of stingless bees, particularly in Panama, we were only 

able to verify some of these findings with peer-reviewed publications. Roubik and Moreno (2018) conducted an 

intensive examination of Panamanian bees through pollen analysis of their honey, and found that T. angustula 

foraged from over 43 genera and 30 families of plants, demonstrating significant generalism. T. nigerrima and 

O. mellicolor were found to be somewhat generalist, with focus on two or three species in particular, while S. 

argyrea, owing to its unique physiology (i.e. its “enlarged hind tibial basitarsus, which it uses to collect fallen 

pollen on petals and leaves[…]as though using a rake”), had fairly consistent sampling patterns and was shown 

to specialize on the local level, although this was not the case when considered in the context of a global 

analysis (Roubik and Moreno, 2018). 

In the same study, Roubik and Moreno also found that the bee genera they focused on all collected 

“unimportant” pollen types; that is, almost one-sixth of all pollen types collected by these bees occurred only in 

a single colony, and was not consistent across species. They speculate that the plants from which the pollen 

came may be rare, or flower only briefly, but the lack of consistency across colonies and species indicates that 

there must be further, more intensive study in floral selection and preferences for native bees. 

A major missing piece in our sampling was the forest. As detailed by Roubik and Moreno (2018), 

although shrubs and herbs—the major subject of our sampling efforts—are important to Meliponini diets, also 

important are lianas, epiphytes, and most of all, trees, the pollen of which most bee diets consist of. Very few of 

these plant types were sampled in this study. Furthermore, in that study, the largest number of pollen types were 

found at areas near forest edges, what Roubik and Moreno called the “advancing front” of human settlement. 

All sampling in our study was done in highly transformed environments: gardens, roadsides, pastures. It is 

evident that, to do a complete and representative niche analysis, a more diverse assessment is necessary than 

what we could complete with the time and resources available for our study. 
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4.4  Trophic  niche  overlap  between  pairs  of  species  

Overall, the vast majority (>77%) of calculated niche overlap was relatively low—under 20%--which is 

consistent with trophic niche studies in elsewhere in Central and South America (Aguiar et al., 2013; Roubik et 

al., 2018). As noted by Aguiar et al., niche overlap is “expected to be low when at least one of the pair has a 

more specialized diet”: for example, the aforementioned S. argyria. None of the “specialist” bees we analyzed 

have trophic overlap greater than 20% with any other bee, although it bears repeating that low sample size, as 

well as incomplete sampling, may have caused the mischaracterization of the trophic niches of a number of 

species which may not truly be “specialists”.   

T. angustula, the particular species of interest for meliponiculture in Achiote, has relatively high niche 

overlap, ranging from 5 to 37%. This is primarily due to high degrees of overlap with other generalist species 

like T. perangulata (NO=33.1%) and T. fulviventris (NO=37.6%), although T. angustula does have lower 

overlaps with other species (2-11%). This stark difference in overlap value may be a result of T. angustula’s 

high degree of resource generalism, causing it to be highly present on a large number of different plant species 

within the community. 

4.5  Limitations  and  further  questions  

There are a number of limitations to our study that are worth noting. First and foremost is the dynamic 

change in conditions we observed between our sites. Not only weekly, but daily, plants were observed to be 

withering, or reappearing after rain. At roadside sites we would often return to discover entire plants cut down 

that were in full bloom during the previous visit. This resulted in inconsistent sampling across our sites, which 

makes any conclusions we generate regarding floral preference problematic--flowers that were found to be 

“preferred” may simply be those that were available at the time. There were a number of occurrences when 

withered flowers were sampled in an effort to maintain uniformity between sampling periods, though it is 

acknowledged that this may not provide an accurate representation of their role as pollen providers. For 

example, the floral species Cajanus cajan, although sampled throughout the entirety of our study, was sparse 
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and largely uninhabited until the last week, when the flowers finally reached full bloom.  It was at this point that 

we finally received an influx of specimens caught.  Furthermore, another temporal shift we observed was an 

overall change in species composition at certain sites depending on the week of sampling.  For example, during 

our first two sessions of sampling in February, our west garden site was largely dominated by T. silvestriana. 

However, during our final session in March, the site was dominated by T. pallens. 

Thus, as a suggestion for further study, seasonal change would be an important factor of interest. In this 

study, if time of year had been included as a factor, and we tracked the change of species composition of flora, 

the data we collected could be of substantially greater value. It would allow for a greater understanding in how 

changes in the environment affect bee pollination dynamics, and if bees’ preferred foraging strategies and 

overall activity change depending on the time of year.   

 Ideally, this study would also have been conducted continuously, rather than limited to several blocks of 

sampling time split up over three months. This would help minimize the drastic changes in environment 

observed, as well as allow us to better pinpoint the day such changes started to occur, while simultaneously 

eliminating the effect of seasonal changes to the activity of different species. 

Our study was further constrained by poor weather conditions. We had originally planned for nine 

sampling days, but heavy rain prevented us from sampling on one of our scheduled days. With a systematic 

rotation based on multiples of three, we were forced to further reduce our sampling to six days, since there was 

no additional time available to make up for missed days during the internship period. Additionally, many 

sampling days occured right after or between sporadic periods of heavy rainfall, which noticeably reduced 

number of bees caught. 

On a technical level, different flora presented different degrees of sampling difficulty, due to varying 

structural protrusions and differing levels of branch and stem strength. This resulted in some flowers offering 

better protection from nets than others, likely resulting in a lower representation of species presence than reality. 

Additionally, it likely heightened the differentiation between flora that were considered “easier” to sample 
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on.  A best attempt was made to compensate for this limitation by tracking number of species missed (Table 5). 

Additionally, during the final week of sampling, sampling nets were changed to a smaller and lighter design, 

which allowed for better access to flora with hard or prohibitive structures; this substantially increased our 

sampling success. It would have been ideal to have had these nets from the beginning.  

As of now, with a greater understanding of the species composition of stingless bees in Achiote, we can 

navigate towards studies that will allow us to further understand aspects of their ecological 

behaviour.  Throughout our study, we encountered several nests of a variety of different species. If we 

specifically took note of where these nests were located, and further surveyed the area to document additional 

nests, we could test if their presence affected species composition in the nearby area. Potential questions 

include:  

(1) Does having these specific nests nearby decrease the likelihood of finding different bee species in the 

area?  

(2) How does presence of certain species affect the presence of others?  

4.6  Meliponiculture  and  Bee  Conservation  in  Achiote  

As noted previously, the primary species of interest for meliponiculture in Achiote is Tetragonisca 

angustula, known colloquially as mariolas. It is, after Apis mellifera, perhaps the most cultivated bee by 

humans in the Americas (Roubik & Moreno, 2018). T. angustula is known to be a generalist forager and a 

highly efficient pollinator of native flora, a fact supported by our study; it has also been found to be highly 

ecologically flexible and to adapt easily in disturbed environments. As a candidate for meliponiculture, it is a 

strong choice for a small, fairly developed community like Achiote, with many human-modified environments 

like gardens and pastures. 

Other species noted in this study have been cultivated for meliponiculture elsewhere. T. pallens, T. 

fuscipennis, and T. fulviventris have all been documented in “folk apiculture” in Brazil, with both T. pallens and 

T. fuscipennis shown to be year-round producers, presenting a new avenue to take the meliponiculture effort 
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(Posey, 1983). All of these species collected in our study presents the possibility of them also being utilized 

towards the practice of meliponiculture in Achiote.  Furthermore, Scaptotrigona sp. has been found to be 

resilient and easy to cultivate in highly human-affected areas in Ecuador, with up to 10 000 bees per hive, high 

honey production, as well as resistance to pests like ants and phorid flies (Martínez Fortun et al., 2018). If there 

is interest to expand beyond Achiote to more developed areas like Colón, it may be possible with bees of this 

genus.  

The uniform distribution of bee species found throughout the community indicates that there are 

multiple viable habitats for them throughout the area, and that meliponiculture could potentially be practiced in 

many different locations around Achiote. The suitability of Achiote for bee habitation is supported by our 

observations that many Meliponini nests were situated in the cinder block houses built and occupied by most of 

the community. Potential future investigation into the species that are able to build nests in such substrates may 

be invaluable knowledge for bee conservation in general.   

It is worth mentioning, however, that the presence of parasites such as Lestrimelitta danuncia could be a 

potential problem for implementing this project. Ecologically, L. danuncia does not pollinate itself. Instead, it 

invades the nests of other bee species to parasitize honey and pollen stores, thereby contributing to decreased 

honey yields for cultivated species. However, since only one specimen was encountered during the entirety of 

our project, we infer that its population is not significant in the community of Achiote. 

4.7  Niche  analysis  of  the  Meliponini  assemblage  in  Panama  

Niche analysis remains a subject of significant interest for entomologists studying Meliponini: specific 

foraging behaviours and floral preferences are still largely unknown for most of the 550 known species of 

stingless bees. There have been some major efforts in recent years to assess niche at a larger scale in Panama, 

most recently by Roubik and Moreno (2018), where the attempt was made to quantify ecological interactions 

with plants in the foraging range of multiple Meliponini species in the Chagres, Portobelo, and Soberania 

National Parks, using melissopalynological (honey pollen) and melittopalynological (whole-nest pollen) 



   25  

analysis. In this paper, they compare ways of quantifying pollen analysis using statistical and computational 

means, and make inferences on the "temporal specialization" of bees, where species seem to focus on only a 

few plant types over time, regardless of the total breadth of plants they pollinate. This phenomenon, as well as 

the aforementioned inexplicable pollen collection from "unimportant" plant species by individual nests, require 

further investigation to establish drivers and potential effects on the local and landscape level. 

In Panama, it may be of particular interest to establish niche breadth and overlap of local Meliponini 

species, given recent efforts to facilitate environmental conservation as well as the sustainable development of 

tropical agriculture in the country, particularly for low-income rural livelihoods (DeClerck et al., 2010). Absy et 

al. (2018), in their investigation of the potential of using palynological analysis to evaluate diversity in the 

Amazon, suggest that focal observations of flower visitation, supplemented by pollen analysis, can provide a 

more complete view on plant-bee interactions, thereby allowing for a better understanding of bee behaviour and 

trophic niche. The contribution of this information to wildlife conservation as well as meliponiculture efforts 

was noted, providing support for the idea that Meliponini niche analysis will be valuable in Panama, where 

meliponiculture may be a new frontier in providing economic resources for subsistence farmers and low-income 

families. 
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Appendix	  I:	  Figures	  and	  Tables	  
 

 
 
West	   Roadside	   9.220669	   -‐80.020861	  

	   Garden	   9.222477	   -‐80.020963	  
	   Pasture	   9.223457	   -‐80.015175	  

Central	   Roadside	   9.222984	   -‐80.007163	  
	   Garden	   9.220696	   -‐80.006276	  
	   Pasture	   9.223478	   -‐80.011611	  

South	   Roadside	   9.210433	   -‐80.000262	  
	   Garden	   9.208635	   -‐80.000587	  
	   Pasture	   9.205953	   -‐79.999175	  

 
Figure 1 – The 9 sites in Achiote, Colón. Divided into west (blue), center (yellow), and south (red) sections, with GPS 
coordinates.  
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Figure 2 – Abundances of stingless bee species sampled from 9 different sites, six different times across Achiote, Colón 
	  

	   	  
Figure 3 – Population levels of all stingless bee species across the three different site categories; Garden, Pasture, and 
Roadside 
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Figure 4 – Species richness across the 9 sample sites. 
 

 
Figure 5 – Number of bees captured at each time slot (Time 1: 6:00-9:00; Time 2:  10:00-13:00; Time 3: 15:00-18:00) 
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Figure 6 – Populations of stingless bees across the 9 sample sites. 
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7d.	  
	  

7e.	  
	  

7f.	  
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7g.	  
	  

7h.	  
	  

	  7i.	  
Figures 7a-i – The abundances of species found at each site and habitat type.	  
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8a.

8b.

8c.	  

Tetragosnisca	  angustula

Allamandra	  cathartica Cajanus	  cajan Ixora	  coccinea	  (R)

Malvaceae	  sp. Melanthera	  aspera Piper	  peltatum

Tridax	  procumbens

Trigona	  ferricauda

Cuphea	  sp. Hamelia	  patens Ixora	  coccinea	  (Y)

Tetragona	  perangulata

Cissus	  verticillata Ixora	  coccinea	  (R) Malvaceae	  sp.

Melanthera	  aspera Tagetes	  sp. Tridax	  procumbens

Verbena	  officinalis Zantedeschia	  aethiopica
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8d.	  

8e.	  

8f.	  

Trigona	  pallens

Allamandra	  cathartica Blechum	  pyramidatum Brunfelsia	  pauciflora Celosia	  sp.

Cissus	  verticillata Hamelia	  patens Ixora	  coccinea	  (R) Justicia	  pectoralis

Piper	  peltatum Tagetes	  sp. Verbena	  officinalis

Trigona	  silvestriana

Allamandra	  cathartica Brunfelsia	  pauciflora Cajanus	  cajan

Ixora	  coccinea	  (R) Ixora	  coccinea	  (Y) Malvaceae	  sp.

Melanthera	  aspera Piper	  peltatum Zantedeschia	  aethiopica

Trigona	  fuscipennis

Brunfelsia	  pauciflora Piper	  peltatum
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8g.	  

8h.

8i.	  

Figures 8a-i – The proportion of each flower in the diet of every bee species captured at more than one flower. 

Trigona	  fulviventris

Allamandra	  cathartica Boungainvillea	  sp. Cajanus	  cajan Celosia	  sp.

Cissus	  verticillata Hamelia	  patens Impatiens	  chinensis Ixora	  coccinea	  (R)

Ixora	  coccinea	  (Y) Justicia	  pectoralis Lutwigia	  erecta Piper	  peltatum

Scaptotrigona	  subobscuripennis

Brunfelsia	  pauciflora Zantedeschia	  aethiopica

Oxitrigona	  mellicolor

Blechum	  pyramidatum Celosia	  sp. Ixora	  coccinea	  (Y)

Malvaceae	  sp. Melanthera	  aspera
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Table 1 – Summary of the single factor ANOVA of mean relative abundances of stingless bees across the three site 
categories. Alpha level of 0.05. Null hypothesis H0 as µ1=µ2=µ3 and alternative hypothesis H1 as at least one of the 
population means differing. Reject the null hypothesis when the value of F is greater than the value of F crit.  
  
  

ANOVA	   Column1	   Column2	   Column3	   Column4	   Column5	   Column6	  
Source	  of	  Variation	   SS	   df	   MS	   F	   P-‐value	   F	  crit	  
Between	  Groups	   3552	   2	   1776	   2.70	   0.15	   5.14	  
Within	  Groups	   3948	   6	   658	   	     
       
Total	   7500	   8	   	      
  
  
Table 2 – Summary of results from Simpson’s Diversity Index 
  

Site	   D	  

Center	  Garden	   0.732	  
South	  Garden	   0.699	  
West	  Garden	   0.786	  
Center	  Pasture	   0.725	  
South	  Pasture	   0.808	  
West	  Pasture	   0.833	  

Center	  
Roadside	   0.855	  

South	  Roadside	   0.706	  
West	  Roadside	   0.393	  

Achiote	   0.840	  
  
  
Table 5 – Loss of bees during sampling. Note the high loss rate on the Allamandra cathartica in West Garden. 

Plant  species/Site   CP   CG   CR   WP   WG   WR   SP   SG   SR  

Brunfelsia  pauciflora      0         8              

Boungainvillea  sp.               5              

Ixora  coccinea                 1              

Ixora  coccinea      8         11         0     

Cajanus  cajan                    6           

Verbena  officinalis        5                       

Zantedeschia  aethiopica     5         6                 

Cuphea  sp.        5                  1     

Piper  peltatum           8            1      5  

Allamandra  cathartica               15              

Celosia  sp.                        0     

Tridax  procumbens   4                        2  

Hamelia  patens                    4           

Blechum  pyramidatum           2                    

Tagetes  sp.                        2     
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Impatiens  chinensis                        3     

Melanthera  aspera                           3  

Justicia  pectoralis   3                          

Cissus  verticillata         3            4        

Malvaceae  sp.            3                 

Lutwigia  erecta                       1        

  
Table 6 – Plant presence through sampling weeks. Note the intermittence of certain species, including Ludwigia erecta. 

Flower/Week	  
12-‐03-‐
2018	  

23-‐03-‐
2018	  

09-‐04-‐
2018	  

Brunfelsia	  pauciflora	   	  	   	  	   	  
Boungainvillea	  sp.	  	   	  	   	  	   	  	  
Ixora	  coccinea	   	  	   	  	   	  	  
Cajanus	  cajan	  	   	  	   	  	   	  	  
Verbena	  officinalis	  	   	  	   	  	   	  	  
Zantedeschia	  aethiopica	  	   	  	   	  	   	  	  
Cuphea	  sp.	  	   	  	   	  	   	  
Piper	  peltatum	   	  	   	  	   	  	  
Allamandra	  cathartica	  	   	  	   	  	   	  	  
Celosia	  sp.	  	   	  	   	  	   	  
Tridax	  procumbens	  	   	  	   	  	   	  
Hamelia	  patens	   	  	   	  	   	  	  
Hibiscus	  rosa-‐sinensis	   	  	   	   	  	  
Hibiscus	  sabdariffa	  	   	  	   	  	   	  
Blechum	  pyramidatum	   	  	   	  	   	  
Tagetes	  sp.	  	   	  	   	  	   	  	  
Impatiens	  chinensis	  	   	  	   	  	   	  	  
Melanthera	  aspera	   	  	   	  	   	  	  
Lantana	  canara	  	   	  	   	  	   	  	  
Lutwigia	  erecta	  	   	  	   	   	  	  
Justicia	  pectoralis	  	   	  	   	  	   	  	  
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Table 7 – Sampling schedule, involving the rotation of sites and locations through the three sampling slots. The originally 
planned nine sampling days were reduced to six due to weather and time constraints, resulting in an incomplete cycle.	  	  

2018-‐03-‐12	   1	   W	   RGP	  
	   2	   C	   PRG	  
	   3	   S	   GPR	  

2018-‐03-‐13	   1	   C	   RGP	  
	   2	   S	   PRG	  
	   3	   W	   GPR	  

2018-‐03-‐14	   1	   S	   RGP	  
	   2	   W	   PRG	  
	   3	   C	   GPR	  

2018-‐03-‐24	   1	   W	   GPR	  
	   2	   C	   RGP	  
	   3	   S	   PRG	  

2018-‐04-‐10	   1	   C	   GPR	  
	   2	   S	   RGP	  
	   3	   W	   PRG	  

2018-‐04-‐11	   1	   S	   GPR	  
	   2	   W	   RGP	  
	   3	   C	   PRG	  
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Appendix	  II:	  Permits	  
 

Notice sent out to members of the community for permission of collection on their land: 

Señor/Señora	  

Vecino	  de	  la	  comunidad	  de	  Achiote	  
Presente	  
	  

El	  CEASPA,	  a	  través	  del	  Centro	  El	  Tucán,	  continuando	  con	  su	  labor	  de	  investigación	  y	  levantamiento	  de	  información	  
relevante	  sobre	   la	  biodiversidad	  del	  área	  y	  en	  el	  marco	  de	  un	  proyecto	  de	  conservación	  de	  abejas	  nativas	  sin	  aguijón	  
(Meliponinos)	  está	  realizando	  un	  diagnóstico	  sobre	  la	  diversidad	  de	  estos	  animales	  en	  Achiote.	  

Para	  ello,	  dos	  estudiantes	  de	   la	  universidad	  de	  McGill,	  Canadá,	  van	  a	  estar	  en	   los	  próximos	  días	  visitando	  sus	  
jardines	  para	  hacer	  observaciones	  y	  colectar	  algunas	  abejitas	  para	  poder	  identificarlas.	  
Agradecemos	  cualquier	  apoyo	  que	  les	  puedan	  brindar	  a	  las	  muchachas	  sobre	  los	  conocimientos	  o	  información	  que	  usted	  
conozca	  de	  estas	  abejas,	  llamadas	  también	  Mismí,	  Zagaños.	  
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Appendix	  III:	  CORE

	  

 

 

PANEL ON  
RESEARCH ETHICS  
Navigating the ethics of human research 

TCPS 2: CORE 

Certificate of Completion 
 
 

This document certifies that 
 
 
 

 
has completed the Tri-Council Policy Statement:   
Ethical Conduct for Research Involving Humans  

Course on Research Ethics (TCPS 2: CORE) 
 

Date of Issue:  

Caitlin Belz

24 January, 2018

 

 

PANEL ON  
RESEARCH ETHICS  
Navigating the ethics of human research 

TCPS 2: CORE 

Certificate of Completion 
 
 

This document certifies that 
 
 
 

 
has completed the Tri-Council Policy Statement:   
Ethical Conduct for Research Involving Humans  

Course on Research Ethics (TCPS 2: CORE) 
 

Date of Issue:  

Aimy Wang

24 January, 2018
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INDEX	  OF	  TERMS:	  
  
Bee	  species	   Abbreviation	  
Lestrimelitta	  danuncia	  (Oliveira,	  2005)	   Ld	  
Oxytrigona	  mellicolor	  (Roubik,	  1992)	   Om	  
Partamona	  orizabaensis	  (Strand,	  1919)	   Po	  
Scaptotrigona	  subobscuripennis	  (Schwarz,	  1951)	   Ss	  
Scaura	  argyrea	  (Cockerell,	  1912)	   Sa	  
Tetragona	  perangulata	  (Cockerell,	  1917)	   Tp	  
Tetragonisca	  angustula	  (Latreille,	  1811)	   Ta	  
Trigona	  fulviventris	  (Guerin-‐Meneville,	  1845)	   Tfv	  
Trigona	  fuscipennis	  (Friese,	  1900)	   Tfs	  
Trigona	  pallens	  (Fabricius,	  1798)	   Tp2	  
Trigona	  silvestriana	  (Vachal,	  1908)	   Tsi	  
Trigona	  nigerrima	  (Cresson,	  1978)	   Tn	  
Paratetrapedia	  sp.	   Ps	  
Trigona	  ferricauda	  (Cockerell	  1917)	   Tfr	  
  
  
  
	  

  


