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ABSTRACT 

Objectives: to determine whether the quantity, and location of deposited pollen on the 

body of visiting bees differs according to the body size and behavior of bees. Methods: the 
morphological and behavioral attributes of species observed in the interaction were measured 
in 20 individuals of C. brasilianum, identifying the place of deposit and quantity of polinic 

charge in each bee. The relationship between the attributes of the interactants and of pollen 
deposited was determined using simple linear models. Results: Bee behavior and pollen 

deposition varied according to bee body size. Larger-sized bees with long tongues raised floral 
keels during visits and pollen deposition occurred on their heads and dorsal surfaces, showing 
greater deposition of pollen grains on the body surface. Smaller individuals with short tongues 

did not raise the keel. Conclusions: we assumed that larger bees may provide a more effective 
pollination service than smaller bees in C. brasilianum. Implications: a greater quantity of  
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morphological and behavioral attributes in a larger sample number, would provide a more 
nuanced understanding of pollination efficiency and the consequences of differential pollen 

deposition on the reproductive success of C. brasilianum. 
 
Key-words: Bees; Flower; Pollination; Pollen 

 

RESUMO 

 

Objetivo: determinar se a quantidade e lugar de deposição do pólen no corpo das abelhas 
visitantes difere de acordo com o tamanho corporal e comportamento das abelhas. Métodos: os 
atributos morfológicos e comportamentais das espécies observadas na interação, foram medidos 

em 20 indivíduos de C. brasilianum, identificando lugar de deposição e quantidade de carga 
polínica em cada abelha. A relação entre os atributos dos interatuantes e o pólen depositado foi 

determinado utilizando modelos lineares simples. Resultados: O comportamento das abelhas e 
deposição de pólen variaram de acordo com o tamanho corporal das abelhas. Abelhas maiores 
e com línguas longas levantaram as quilhas florais durante as visitas e a deposição de pólen 

ocorreu em suas cabeças e superfícies dorsais, mostrando maior deposição de grãos de pólen 
na superfície do corpo. Indivíduos menores e com língua curta não levantaram a quilha. 

Conclusões: Assumimos que abelhas maiores podem fornecer um serviço de polinização mais 
eficaz do que abelhas menores para C. brasilianum. Implicações: a medição de maior 
quantidade de atributos morfológicos e comportamentais em um número maior de amostras, 

forneceria uma compreensão mais matizada da eficiência da polinização e as consequências da 
deposição diferencial de pólen no sucesso reprodutivo de C. brasilianum. 

 
Palavras chave: Abelhas, Flores; Polinização; Pólen. 

 

INTRODUCTION 

 

Flowers can be visited by a wide variety of visitors, mainly bee species that can vary in 

size, energy, and resource requirements, which present differences in their behavior and visiting 

efficiency, resulting in different pollination effectiveness 1. Pollination effectiveness (PE) can 

be measured as the amount of pollen delivered during a single visit 2;3. Such variation in pollen 

load has been positively associated with various pollinator morphological and behavioral traits, 

including body size 4; 5, tongue length 6; 7, hairiness 8; 9, and visit duration 8; 10.  

Furthermore, flower handling behavior – how the pollinator lands on and moves on/into 

the flower – in general, may influence the contact between the pollinator body and the 

reproductive organs of the plant 11; 12. These features have implications for flower-visitor 

adjustment in providing pollen transfer from anthers to stigmas, and therefore, the effectiveness 
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of the animal as a pollinator 13; 14. Thus, morphological coupling between the flower and floral 

visitor is key to understanding the pollination mechanism15. Bees are the main pollinators of 

angiosperms, and their morphological and behavioral diversity makes it possible to exploit 

resources from a large variety of flowers 16. 

In most studies, floral traits such as size, color, architecture, arrangement of 

reproductive structures, and performance are considered important factors influencing the 

behavior of particular groups of visiting bees 17; 18; 19. Some studies even suggest that variation 

in these flower characteristics (phenotypes) can cause changes in the behavior of the bees 20; 21. 

On the other hand, considering that more striking floral traits can be attractive to more species 

of bees and induce a greater number and variety of visitors, especially generalist visitors 22, it 

may lead to think that, in addition to the increase in deposition of pollen, its loss can also be 

considerably increased due to: (i) pollen deposition at different sites in visitors’ bodies, (ii) 

densities from different plant species, and (iii) heteroespecific pollen 23; 24. 

A potential model system to understand the relationship between pollen deposition and 

visitor behavior is found in interactions between bees and Centrosema brasilianum (L.) Benth. 

(Leguminosae, Papilionoideae), species native to dry tropical areas. This is a herbaceous 

perennial vine bearing large, showy, and highly specialized nectar flowers, as seen in their 

resupinate form, which is adapted for pollination (nototribic or dorsal) by large insects, most 

commonly medium to large bees, such as tribe Xylocopini, Centridini, and Euglossini 25; 26; 27. 

However, it may also present a low percentage of self-compatibility (<20%) 28. 

Centrosema brasilianum specie have an ordinary pollination mechanism, in which the 

insects land on the banner, moving the keel downwards, allowing the stigma and anthers to be 

exposed at the top, contacting the back of the pollinator; thus, after the pollinator has left the 

flower, the keel returns to the initial position 25; 26. This behavior is typically performed in 

flowers with standard morphology, where some of their petals developed a function of 

protecting reproductive structures and resources against environmental conditions and robbery 

(i.e., nectar/pollen stealers, pollen eaters and occasional visitors) 29; 30, allowing the 

development of specialized behaviors in some species of bees, such as the mechanical opening 

of the keel to reach nectar, or also called raising behavior 31, term that will be used in this article.  

 The flowers of C. brasilianum, unlike other species of the genus Centrosema, have a 

keel of medium to extended size, which possibly allows only bees with medium and long 
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proboscis and high body weight to move the keel and reach the resource. 32; 33, indicating a 

pollination relationship that could involve, in addition to floral morphological attributes and 

pollinators, also behavioral traits necessary for the successful fitness of the species. 

In C. brasilianum, the weight of most bees seems to be insufficient to trigger a 

mechanism that allows access to nectar, requiring additional effort by bees on the keel to access 

the resource 34; 35. Here, according to our hypothesis that bee traits are associated with their 

specific visiting behavior, to answer the following question: Does the body morphology (body 

length and tongue length) of bee visitors to C. brasilianum can be related their intrafloral 

behavior, quantity and deposition site of pollen, and stigma contact during floral visits? 

 

MATERIALS AND METHODS 

 

Study area 

The study was conducted in a Centrosema brasilianum native population with 

individuals separated by up to 200 meters with 60–200 flowers per plant located on the campus 

of the Federal University of Mato Grosso do Sul (UFMS) in Campo Grande, Mato Grosso do 

Sul, Brazil (20°27'S e 54°37'W, 530 m). The sampled area consists of Cerrado and Mata de 

Galeria vegetation (Riparian Forest) that surrounds the UFMS campus. 

 

Interaction sampling  

To identify the interactions, focal observations were carried out during ten non-

consecutive days in April/2016 from 06:00 to 17:00 hours. Each session of focal observations 

lasted one hour, with an interval of five minutes per session, totaling 45 hours. For all visitors 

(bees), we recorded the frequency, intrafloral behavior (floral keel raise), location of pollen 

deposition and stigma contact with the bee body. Some of the bees were collected in vials and 

sacrified with ethyl acetate. The body and tongue length were measured using a digital caliper, 

while the presence and location of pollen deposition on the bee body were checked using a 

stereomicroscope. Afterwards, the insects were identified by specialists. The samples of the 

bees were deposited in the Zoological Collection of the Universidade Federal de Mato Grosso 

do Sul (ZUFMS). A voucher of C. brasilianum was collected and deposited in the CGMS 

Herbarium of the Universidade Federal de Mato Grosso do Sul, Campo Grande (CGMS: 4939). 
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After, to determine possible variation between plants, the width and length of the flower, 

and the height and length of the keel in 20 flower structures/plant, for five individual plants (n 

= 100 flowers) was measured. 

 

Statistical analysis  

To include the body size of the bees in the analysis, they were separated into two groups: 

Bee species were categorized as large (body length ≥ 10 mm) or small (< 10 mm), as modified 

from Frankie et al.36 and Danieli-Silva et al.37. These functional groups of bees delimited here 

have a systematic delimitation marked at the order level, but, phylogenetically, are not true 

groups (e.g., big bees, small bees) because they are not monophyletic. In the present study, we 

used this classification of functional groups because bees are morphologically similar and tend 

to forage in the same way 37;38, in addition to exerting similar selective pressure on the plants 

visited 39. In addition, the floral measurements (width and length of the flower, and the height 

and length of the keel) of the five individuals were compared using simple linear models 

(average measurement of the 20 flowers per individual – five individuals).  

The relationship between raising behavior probability (response variable) and body size 

of bees which visited C. brasilianum flowers was modeled using a binomial generalized linear 

model (binomial distribution: behaviour ~ body size). We also modeled the relationship among 

pollen quantity (response variable) on bee bodies and bees’ body size and behavior during floral 

visit using a linear model (pollen quantity ~ body size*behaviour). We checked the model’s 

residuals using DHARMa package and performed analysis of variance using car package 40; 41, 

in R Core Team 42. All models met the assumptions of normality and heteroscedasticity. 

 

RESULTS  

 

Among the sampled individuals of C. brasilianum there was no significant difference in 

the length (31.1 ± 1.8 mm; f = 2.15, t = 7.66, p > 0.05) and the width (34.6 ± 2.0 mm; f = 3.47, 

t = 8.57, p > 0.05) of the flower, or in the length (21.7 ±1.0 mm; f = 2.87, t = 7.46, p > 0.05) 

and the height (12.0 ± 0.7 mm; f = 3.47, t = 6.54, p > 0.05) of the keel of flowers. Flowers were 

visited by nine species, whose genus Xylocopa was the richest (n = 2 spp.) and most abundant 

(n = 6 individuals) (Table 1).  
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Bees species 
Body size 

(mm) 

Proboscis 

length 

(mm) 

Abundance Behavior 
Pollen 

deposition 

Quantity 

(pollen 

grains) 

Smaller bees       

Megachilinae       

Anthidiini 17.95 6.18 1 Not raise 
Dorse/on the 

wings 
~120 

Apinae       

Bombus sp. 14.56 1.29 1 Not raise 
Dorse/on the 

wings 
~145 

Eulaema 

(Apeulaema) 

nigrita (Lepeletier, 

1841) 

12.72±1.59 1.54±0.26 2 Not raise 
Dorse/on the 

wings 
~89±16 

Mesoplia sp. 14.57±0.32 1.55±0.15 3 Not raise 
Dorse/on the 

wings 
~114±28 

Andreninae       

Oxaea sp. 16.69±0.27 6.14±1.64 4 Not raise 
Dorse/on the 

wings 
~138±35 

Larger bees       

Apinae       

Eulaema sp. 20.02±1.37 7.68±1.88 2 Raise Head ~235±015 

Epicharis 

(Epicharis) flava 

(Friese, 1900) 

19.23±1.98 5.67±0.82 2 Raise Head ~285±28 

Xylocopa 

(Neoxylocopa) 

suspecta Moure & 

Camargo, 1988 

18.35±1.17 6.55±3.64 2 Raise 

Head and 

beginning of 

the dorse 

~290±36 

Xylocopa sp.1 20.75±1.68 9.26±0.64 4 Raise Head ~196±24 

Table 1. Body length and size of the tongue, abundance, intrafloral behavior (raises or does not 

raises keel), local of pollen deposition/contact with stigma and quantity of pollen grains 

deposited of bees in the flowers of Centrosema brasilianum on the campus of the Universidade 

Federal de Mato Grosso do Sul, Campo Grande/MS, Brazil. Bees classified within the Apidae 

family and their subfamilies according to Melo and Gonçalves 2005. 
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When visiting the flowers, all species triggered the keel to collect nectar, contacting 

anthers and stigma (Fig. 1) and thereby serving as pollinators.  

 

Figure 1. Large bee Eulaema sp. (A, B) collecting nectar in Centrosema brasilianum flower: 

Places the second pair of legs on the sides of vexillum (black arrow) and raises the keel when 

contacting stigma, receiving pollen on the occipital part of the head (white arrow in A and in B 

the * shows the tongue). The smaller bee Bombus sp. (C, D) does not raise the keel and in this 

case, the sexual organs of the flower contact the dorse and wings (white arrow in D). 
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However, the larger bees (19.86 ± 1.64 mm), with longer tongues (7.45 ± 2.19 mm) (n 

= 4 spp.), raising the keel, getting pollen and contacting stigmas mainly by the head, on the 

vertex and occiput, but also by the dorsal surface of the pro and mesothorax (Figure 1A-B, 2). 

For this, the bees supported the first and second pairs of legs on the sides of vexillum (flag or 

lower petal) and raised the keel (Fig. 1A-B, 2). Smaller bees (15.14 ± 2.03 mm), with short 

tongues (3.63 ± 2.57 mm), only pushed the keel, without raising it to receive the pollen, thus 

contacting the stigma with the dorsal surface of the pro and mesothorax and across the wings 

(Figure 1C-D, 2). Overall, larger bees were more likely to exhibit keel-raising behavior when 

visiting the flowers (F1, 18=89.93; R²=0.81; p<0.0001; Fig. 2). 

 

 

Figure 2. Positive relationship between raising behaviour probability and body size of bees 

which visited C. brasilianum flowers. 

 

Furthermore, we observe a relationship between pollen quantity on the body of bees and 

their behavior (F3, 16=46.57; R²=0.87; p<0.0001; Fig. 3). The bees which performed raising 

behavior showed had twice more pollen grains deposited on their bodies in average (260 ± 35 

SD) than those that did not perform behavior (126 ± 17 SD). 
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Figure 3. Difference in pollen quantity observed according to bees’ behaviour during floral 

visits in C. brasilianum. 

 

DISCUSSION 

 

Most papilionate flowers with similar characteristics to C. brasilianum are pollinated by 

bees 25, mainly medium and large sized (8 to 12mm length) 43. Accordingly, Xylocopa was the 

most common genus 32; 44. However, the behavior of the bees changes according to its species 

producing different responses on pollen removal and deposition. The higher bees (>17mm) 

were 50% higher probable to raise behavior at the same time they have collected twice the 

pollen quantity in their bodies. Papilionate flowers have evolved to economize a large pollen 

quantity 45 and have developed specialized mechanisms for its gradual liberation 46; 47. The 

pollination mechanism may vary depending on the species 48, but it usually requires a certain 

force exerted by the pollinator in order to move the keel petals and stamens, exposing the stigma 

20; 49. Therefore, variations in the size and morphological characteristics of pollinators affect 

their ability to collect resources, causing behavioral changes in order to obtain the rewards from 

flowers 18; 27.  

In the C. brasilianum case, the larger bees with longer tongues cannot reach the flower 

resource, without raising the keel. This behavior allows pollinators’ body adjustment during 
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floral visits, according to the space between the keel and the vexillum being smaller in relation 

to the body morphology of these bees. By raising the keel, these large bees increase the space 

and are able to extend the long tongue and gain access to the nectar. Whether bees raised or did 

not raise the keel to access nectar, apparently did not affect the contact to the reproductive 

structures of C. brasilianum, only affecting the site of contact between the sexual organs of 

flowers and the bee’s body, as well the amount of deposited pollen. 

Bees with both visiting behaviors, raise or push the keel, can be considered as potential 

pollinators of C. brasilianum. However, the deposition of pollen destined for pollination should 

be located in areas of the bees’ body which are not cleaned by them, called safe site 50; 51; 52. 

Despite all bees being considered potential pollinators due to their potential of pollen 

transferring previously observed 26; 32. Based on our results, is suggested that larger bees tend 

to provide a more effective pollination service than smaller bees for C. brasilianum, due to 

pollen deposition on the occipital part of the head, which certainly increases the chance of 

pollen transport to the next visited flower.  

 

CONCLUSIONS 

 

Our results demonstrate that smaller bees carry a reduced amount of pollen, and 

assuming that pollen deposition in smaller bees’ bodies may occur in more cleanable sites, such 

as the lateral surface of the thorax and over the wings, this could result in significant loss of 

pollen to feed instead of to reproduction. We conclude that the size of visiting bees can directly 

affect their behavior, as well as access to the floral resource, thereby impacting the pollen 

deposition site and the quantity of pollen grains over the bee’s body surface. In the future, other 

hypotheses – such as expecting that the morphology of C. brasilianum flowers may favor 

certain bee sizes, affecting pollination success due to location of pollen deposition – should be 

developed to test the implications of the differences in behavior between bees of different sizes, 

and the consequences of differential pollen deposition on the reproductive success of C. 

brasilianum, and finally, how it tends to affect fruit production in this species. 
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