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ABSTRACT 

Stingless bees are pollinating insects that are important for plants and useful for producing honey. The role of 

stingless bees as pollinators related to the activity of foraging on flowers. The aim of this study was to 

measure pollen load and flower constancy of two species stingless bees, Tetragonula laeviceps and 

Heterotrigona itama in the campus area of IPB University, Bogor. As many as 30 individuals of T. laeviceps 

and H. itama from different nest colonies were used. Each individual of bee was collected in a 1.5 mL 

microtube containing 0.5 mL 70% ethanol: glycerol (4: 1). The results showed that the highest pollen load 

occurred in T. laeviceps (122,594 pollen grains) followed by H. itama (56,575 pollen grains). Tetragonula 

laeviceps showed 78.32% flower constancy in Polygonaceae, 74.05% in Amaranthaceae, and 70.76% in 

Solanaceae plants. Meanwhile, Heterotrigona itama showed 73.16% flower constancy in Polygonaceae. The 

pollen load and flower constancy of T. laeviceps and H. itama varied according to the location of the nest. 
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1. INTRODUCTION

Stingless bees (Apidae: Meliponinae) are eusocial and

generalist insects [1]. The nectar and pollen are used as main 

sources of nutrition, while resin and latex are used to build and 

protect their nests [2]. Their foraging activities in flowers help 

pollination of plants [3]. Stingless bee is an effective 

pollinator, they have a special structure of pollen collectors 

(corbicula) to help pollen transfer to other flowers [4, 5].  

Pollen has two layers consisting of exine (outer) and intine 

(inner) [6]. Size is one of the character that can be used for 

pollen identification. Based on the size, pollen can be grouped 

into a very small pollen (<10μm), small (10-25μm), medium 

(25–50μm), large (50-100μm), very large (100-200μm), and 

giant (>200μm) [4]. Identification of pollens also based on the 

observation of polarity, symmetry, aperture, shapes and sizes 

[4]. Various families of plants are visited by stingless bees, 

such as Acanthaceae, Begoniaceae, Cucurbitaceae, 

Ciperaceae, Poaceae, Malvaceae, Myrtaceae, Rutaceae, 

Euphorbiaceae, and Leguminosae [7-10] 

The foraging activity of T. laeviceps can be shown by the 

value of flower constancy. Flower constancy is the interest of 

the forager to visit one species of flower in one flight trip [11]. 

The aim of this study was to calculate flower constancy during 

foraging activities of T. laeviceps and H. itama and the ability 

to carry pollen (pollen load) in different nest locations. 

1.1. Materials and Methods 

1.1.1. Sample collection and morphological 

observation of Tetragonula laeviceps and 

Heterotrigona itama 

Sample collection was conducted on March-April 2019 of 

T. laeviceps and H. itama nests in three different locations in

IPB University campus Dramaga: Department of Biology area

(location 1), Faculty of Fisheries and Marine Sciences area

(location 2), and guess house area (location 3). Stingless bees

carried the pollens were collected individually during the

return to the nest. Morphological and body size observations

of stingless bees were carried out on 10 individuals of T.

laeviceps and H. itama, respectively.

Tetragonula 1.1.2. Pollen extraction from 

laeviceps and Heterotrigona itama 

Each individual of T. laeviceps and H. itama were 

collected then put into a 1.5 mL microtube containing a 

solution of 0.5 mL of 70% ethanol: glycerol (4: 1). Each tube 

was filled by one individual of stingless bee. The pollen 

separation used acetolysis method with modification. Sample 

was centrifuged in 3500 rpm for 5 min then stingless bee was 

removed. Solution was centrifuged in 2000 rpm for 3 minutes, 

then supernatant was removed, leaving pollen deposits [12]. 

Pollen deposits were then added by 1 mL acetolysis solution 
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(9 acetic anhydrides: 1 acetic acid). The tube was heated in 80 
oC in the water bath for 5 minutes then supernatant was 

removed. The remaining deposits were rinsed with distilled 

water and then was centrifuged in 2000 rpm for 3 minutes, then 

supernatant was removed by leaving 0.1 mL of pollen deposit. 

1.1.3. Pollen identification 

 Identification of pollen was carried out based on Pollen 

Flora of Taiwan [13], Atlas of the Tropical West African 

Pollen Flora 14] and The Australasian Pollen and Spore Atlas 

(website: https//apsa.anu.edu.au) [19]. 

1.1.4. Measurement of pollen load and flower 

constancy  

 As much as 0.1 mL of pollen deposits were calculated to 

determine pollen load and flower constancy of stingless bees. 

Pollen was counted by using haemocytometer for four 

replications. Flower constancy was calculated based on the 

percentage of dominant pollen type during a single trip of 

stingless bee [11]. 

1.1.5. Data analysis  

 Flower constancy and pollen load of T. laeviceps and H. 

itama were shown in scatter plots. The relationship of body 

size and pollen load were analysed by General Linear Model 

(GLM) analysis using the PAST Statistic 3.20 program. 

1.2. Our Contribution 

 This paper presents several additions based on research 

conducted by Pengestika et al. [10]. First, the additional bee 

sampling from different colony locations. Second, the analysis 

of relationship between pollen load and stingless bee body 

size.  Pollen load and flower constancy of stingless bee varied 

based on locations. Stingless bees body size affected the total 

pollen loads. The larger body size does not always carry more 

pollens because it depends on the pollen size. The smaller 

pollen size, more pollens can be carried by stingless bee.  

1.3. Paper Structure 

 This paper was organized as follows. Section 1 introduces 

the biology of stingless bees, pollen morphology, pollen 

identification, and measurement of pollen load and flower 

constancy. Section 2 presents the results and discussion of 

pollen size, pollen load, and flower constancy. Section 3 is the 

conclusion of the research that has been done.  

2.  RESULTS AND DISCUSSION 

2.1. Identification of Pollen Plants  

 Based on the observations, several types of pollen attached 

to T. laeviceps and H. itama. The pollen types were poliplicate 

pollen types (Figure 1B), pantoporate types (Figure 1C), 

monocolpate (Figure 1E;G), inaperturate (Figure 1D), 

tricolporate (Figure 1A), pantocolporate (Figure 1I), tetrad 

(Figure 1F), tricolporate (Figure 1J), dicolporate (Figure 1K) 

and labeled (Figure 1L). 

 Pollens have various types such as monoporate, 

monocolpate, diporate, dicolporate, triporate, tricolpate, 

tricolporate, inaperturate, syncolpate, tetrad, and polyads [14]. 

The diversity of pollen types that were found showed that T. 

laeviceps and H. itama were generalist insects that visit 

various kinds of plants for food sources [1]. These 

characteristics make foraging activities are greatly influenced 

by the types of plants around the nest. 

 

2.2. Pollen Load and Body Size of Tetragonula 

laeviceps and Heterotrigona itama 

 The average body size of T. laeviceps was 3.85 ± 0.17 mm 

and H. itama was 5.78 ± 0.09 mm (Figure 2). The average of 

pollen load on stingless bees collected in three locations 

varied. The highest pollen load occurred on T. laeviceps (in 

guest house) (122,594 pollen grains) followed by H. itama 

(56,575 pollen grains), T. laeviceps (in location of Faculty of 

Fisheries) (34,369 pollen grains) and T. laeviceps (in area 

Dept. of Biology) (18,275 pollen grains) (Figure 3). 

 

 

 

 

Figure 1 Type of pollen plant: (A) Polygonaceae, (B) 

Rutaceae, (C) Amaranthaceae, (D) Unidentified (sp. 1), (E) 

Arecaceae 1, (F) Rubiaceae, (G) Leguminoceae, (H) sp. 2, 

(I) Verbenaceae, (J) Vitaceae, (K) Solanaceae, (L) 

Acanthaceae 
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Relationship between pollen load and body size showed 

that there was no positive effect on the number of pollen 

carried (y = -30983x + 240415 R² = 0.0215) (Figure 4). The 

size of T. laeviceps was smaller than H. itama, but has a higher 

number of pollen loads (in location 3). Pollen attached on T. 

laeviceps and H. itama varied in size. At location 1, pollen 

found was categoryzed as medium-size (Polygonaceae, 

Amaranthaceae, Arecaceae), small-size (Rutaceae), and very-

small size (unidentified sp1). In the location 2, pollen found 

was categoryzed in medium (Amaranthaceae), small 

(Rubiaceae, Leguminoceae, unidentified sp 2), and very small 

(Solanaceae). In the location 3, pollen found was in the 

medium category (Arecaceae, Acanthaceae). 

Pollens were deposited on corbicula structure located in 

the hind-legs tibia of worker bees. Pollen load is used to 

determine the ability of bees to carry pollen which plays in 

pollinating flowers [12]. On stingless bees, pollens were 

commonly found on the thorax, tarsus, and curbicula [15]. 

Pollen load of T. laeviceps that has a smaller body size, was 

higher than H. itama. The number of pollen load is associated 

with the size of carried pollen which mostly has a very small 

size than the pollen category (<10 µm) [4]. 

The results of this study showed that the body size did not 

affect the amount of pollen carried. These results were 

different compared to other research conducted by Pangestika 

et al. 2017 [10] and Veiga et al. 2013 [16] that showed the 

larger body size, the more pollen can be carried. The results 

of General Linear Model analysis showed that the larger body 

size did not always carry more pollens because it depend on 

the size of the pollen. The smaller pollen size, more pollen 

could be carried. 

2.3. Flower Constancy in T. laeviceps and H. 

itama 

 Pollen attached to T. laeviceps varied in three nests-

locations. It showed differences in the dominance of plants 

visited. The dominant type of pollen attached on the body of 

T. laeviceps in location 1, 2, and 3 were pollens of 

Polygonaceae (78.32%), Amaranthaceae (74.05%), and 

Solanaceae (70.76%), respectively. The pollens load on the H. 

itama was dominated by Polygonaceae (73.16%) (Figure 5). 

 The percentage of flowers visited depend on the plants in 

around the nest and the availability of foods. Pollinator prefers 

to choose flowers that are easily accessible with simple 

morphological feature [18]. Location 2 had diverse species of 

plants. Six plants families were identified based on pollens 

attached on stingless bees. Location 2 was an open area and 

surrounded by many flowering plants as a source of food. 

Stingless bee feed the pollens as a source of protein and nectar 

as a source of carbohydrate. 

3. CONCLUSION 

 The pollen load and flower constancy of T. laeviceps and 

H. itama varied based on location of the nest. The highest 

pollen load was found on T. laeviceps (122,594 pollen grains) 

followed by H. itama (56,575 pollen grains). The dominant 

type of pollens attached on the body of T. laeviceps in location 

1, 2, and 3 were pollens of Polygonaceae (78.32%), 

Amaranthaceae (74.05%), and Solanaceae (70.76%), 

respectively. The pollen load on H. itama was dominated by 

Polygonaceae (73.16%). 

 

 

 

Figure 2 Morphological characteristics of: (a) Tetragonula 

laeviceps, (b) Heterotrigona itama  
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Figure 4 Relationship between pollen load and body size 

of stingless bees 
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Figure 3 Pollen load of Tetragonula laeviceps in 

location 1, location 2, location 3 (A-C), and 

Heterotrigona itama in location 1(D). Standard errors 

are shown in the graphic 
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