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Abstract
Pollination is a vitally important function in nature and becomes an ecosystem service because it influences the food and 
nutritional security for people. However, the contribution of different functional traits of insects for pollen transport of plants 
is still poorly known. We explore the relationship between pollinator insect functional traits and the transport of pollen of 
sweet granadilla (Passiflora ligularis Juss) in eight crops. We sampled flower-visiting insects of this crop and recorded 10 
functional traits (five by direct measurements and five from the literature) that were related to the amount of pollen carried 
by each insect. Bees (Apidae) were not only the most abundant insects but also the ones that loaded the highest amounts of 
pollen. Within these, the most abundant species was the exotic common honeybee (Apis mellifera (Linnaeus))  making up 
almost half of the specimens collected; however, this bee carried less pollen grains than other native bees. Bombus hortulanus 
(Smith) was one of the large-bodied native bees that carried more sweet granadilla pollen, despite not being an abundant 
species in the community. Body size was the most important trait determining the transport of sweet granadilla pollen, 
while the traits related to body hairs were not significant for the body’s pollen load. None of the functional traits evaluated 
was influenced by taxonomy at species-level. Our results suggest that large body sizes in bees are the most important traits 
in granadilla pollen transport, regardless of other changes in composition and structure of pollinating insect assemblages 
in the crop.
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Introduction

Pollination represents a critical ecosystem function in life 
support that is crucial for planetary ecological stability and 
the provision of services and resources for food production 

(Crenna et al. 2017). Likewise, it is of great importance in 
the maintenance of genetic diversity of wild plant commu-
nities in natural ecosystems and in agricultural production 
(Potts et al. 2010). Approximately 70% of 1330 tropical crop 
types benefit from animal pollination (Roubik and (Ed.) 
1995). Furthermore, pollinators can increase the produc-
tion of approximately 75% of the world’s 115 most impor-
tant crop types, measured by food production and economic 
value (Klein et al. 2007; Gallai et al. 2009; Garibaldi et al. 
2011).

There is a growing consensus that the diversity and vari-
ability of functional traits, called trait-based ecology, is one 
of the most relevant components of biodiversity for under-
standing the functioning of ecosystems (Shipley et al. 2016). 
Changes in the value of functional traits help us to under-
stand in a more consistent way crop yields (Woodcock et al. 
2019) or species responses to environmental changes, than 
does taxonomic diversity (Moretti et al. 2009; Shipley et al. 
2016). This approach tries to establish causal relationships 
between functional traits (physiological, morphological, or 
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behavioral) and ecosystem processes, functions, and services 
that are key roles in maintaining the planet’s life support 
ecosystems (Martín-López et al. 2007).

A wide variety of morphological and behavioral charac-
teristics that contribute to pollination functions have been 
identified, both in plants and in the animals that pollinate 
them (Mayfield et al. 2006; Munyuli 2014; Fornoff et al. 
2017); these are typically referred to as effect traits (Wood-
cock et al. 2019). Some of the proposed traits that medi-
ate pollination by insects are sociality, flight range, nesting, 
body size, dietary specialization, and hairiness (da Encarna-
cao Coutinho et al. 2018; Borges et al. 2020). The latter one 
has been often studied recently, thanks to new techniques 
developed for its measurement (Khan and Liu 2022; Goulnik 
et al. 2020).

However, despite the increase in effect traits research, 
little is known about which and how these functional traits 
contribute to pollination function, specifically in one of the 
processes of acquisition of pollen by pollinators that is one 
of the first steps of pollen transport and transfer (Woodcock 
et al. 2019; Cullen et al. 2021). For this reason, we aim to 
assess the functional traits of an insect community that bet-
ter predicts efficiency (amount) in the transport of the pollen 
of sweet granadilla (Passiflora ligularis Juss) in crops. The 
sweet granadilla belongs to the Passifloraceae family that 
is a fruit native to South America. It is a vine with a herba-
ceous stem, woody towards the base. The flowers are violet, 
showy and have a pleasant aroma that measure between 7 
and 10 cm in diameter. Its flowers are cross-pollinated her-
maphrodites (Ocampo Pérez 2007; Melgarejo 2015). World-
wide, Colombia is the main producer of sweet granadilla 
with 4500 cultivated ha and an approximate production of 
55,000 t/year. This crop is very important for the income of 
small farmers, who cultivate on average areas that do not 
exceed 1.5 hectares (Parra 2013).

Therefore, this work aims to determine which are the 
functional traits of insects visiting sweet granadilla crops 
that are involved in pollen transport by assessing the follow-
ing research questions: Which are the main flower-visiting 
insects that transport pollen of various plant species and 
specific pollen of sweet granadilla? How are the functional 
traits related to each other and how do they associate with 
the species? What functional traits are most important in the 
transport of granadilla pollen?

Materials and methods

Study area

We conducted this study in Algeciras municipality, depart-
ment of Huila, on the south-eastern slope of the Andean 
Cordillera in Colombia, between 800 and 3000 m above sea 

level with an average minimum temperature of 18 °C and 
a maximum of 26 °C and two rainy seasons (January–May 
and October–December) and one dry season (June–Septem-
ber). Most land in the municipality has steep slopes (50% or 
higher) and the life zones correspond to a transition between 
cloud-submontane forest and tropical dry forest; 22% of the 
total municipal land is dedicated to the cultivation of crops 
such as coffee, sugarcane, banana, sweet granadilla, and pas-
sion fruit (PDT-Algeciras 2016-2019). We selected eight 
farms that produced sweet granadilla crops with an average 
field size of 1 ha and that were in reproductive state. Farms 
were separated by a minimum of 3 km between them, and 
they had similar altitudes and were within the same life zone 
of cloud-submontane forest.

Sampling of species and pollen collection

Two persons randomly walked each crop per farm search-
ing for insects. Insect sampling lasted 30 min per site and 
was repeated each hour, between 6:00 and 16:30 h. Bio-
logical material was collected during 2 days per farm during 
March–April and July–August in 2018 to assess insect com-
munities during the rainy and the dry season. We captured 
insects that had contact with granadilla flower reproductive 
structures using a small glass jar containing a rapid killing 
agent (ethyl acetate). These captured insects were considered 
as potential pollinators. We identified these insects to spe-
cies. In case of misidentification, specimens were assigned 
to a morphospecies. Specimens were deposited in the bee 
scientific collection (Laboratorio de investigación en Abe-
jas Nativas — LABUN) of the Universidad Nacional de 
Colombia.

We dabbed the back (thorax) and abdomen of individuals 
with a 2-mm cube of glycerinated jelly (Howlett et al. 2011) 
to collect body pollen (free pollen grains carried by insects, 
Parker et al. 2015) samples. We avoided touching the corbic-
ula or scopa structures. These samples were stored in 1.5-ml 
sterile vials, transported, and preserved in the LABUN of the 
Universidad Nacional de Colombia. Only optimal samples 
(with readable labels or no dirt on the sample) were ana-
lyzed. The cube of jelly was placed on a clean microscope 
slide, melted, and then covered with a microscope cover 
slip. This slide was examined under an optical microscope 
coupled to the image capture system (Leica ICC50 HD, 
Wetzlar, Germany) mainly with the 40 × objective, occa-
sionally changing to 100 × to take photos. The photos were 
taken with Leica LAS EZ 3.4 photo processing software. 
We counted all the pollen grains per sample, regardless 
of being sweet granadilla pollen or not, (from here called, 
“total pollen”). We also identified and counted separately the 
sweet granadilla pollen (from here, “granadilla pollen,” see 
Fig. S1, Supplementary Materials).
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Only the pollen data belonging to species that had more 
than three individuals in the community were analyzed. 
However, even though the Diasiops sp. (Rondani, Diptera) 
has more than three individuals, it was excluded from the 
analysis, since it is a pest species for cultivation that dam-
ages flowers, and the body size of this insect is too small to 
take the pollen sample (< 1 mm; Hernández et al. 2011).

Functional traits of insects

For all insects collected, we measured ten continuous indi-
viduals (body size, length left wing, wingspan, length hair 
length, amount of body hair) and categorical (structures to 
carry pollen, social behavior, nest location, feeding habit) 
functional traits. The data of categorical traits were obtained 
from the literature (see Table S1). Six of these traits (body 
size, social behavior, nest location, structures to carry pollen, 
and feeding habit) have been widely used in the literature to 
evaluate pollination (Woodcock et al. 2019; see Table S1).

In order to measure body size, hair length, and wing-
span, we photographed the dorsal and lateral view of each 
one with a digital camera adapted to a Leica M165C stereo 
microscope (Dino‐Lite Edge; AnMo Electronics Corpora-
tion). Measurements were carried out using the software 
ImageJ (Version 1.52a, Schneider et al. 2012). For hair 
length, we measured three hairs in different sites on the dor-
sal part of the insect, and then we calculated a mean value 
for each individual. This is because some specimens showed 
different sizes of hair on the thorax, also to have a greater 
robustness in the data (see Fig. S2). 

Data analysis

We analyzed the relationship between functional traits and 
the species using a cluster analysis for mixed types to com-
bine categorical traits (e.g., nesting site) and continuous 
traits (e.g., body size). We calculated the Gower distance 
matrix for selected traits and then did a cluster analysis 
through the algorithm PAM (partitioning around medoids). 
We selected the number of clusters with the function “sil-
houette width”; this metric can range from − 1 to 1, where 
higher values are better to select (Kaufman and Rousseeuw 
2005). After selecting the number of clusters, we identified 
which species was assigned to which specific cluster.

To test which functional traits were associated with the 
highest amounts of granadilla and total pollen, we used gen-
eralized linear mixed-effects models with functional traits as 
fixed effects as variables and insect species and granadilla 
crops as a random effects. The model coefficients were esti-
mated using the package lme4 (Bates et al. 2015) in R free 
software (R Development Core Team 2020). We considered 
a negative binomial distribution of the pollen abundance vari-
able to avoid overdispersion issues and as a discrete variable. 

We created a full model using all the non-correlated func-
tional trait variables by previously excluding variables with a 
Spearman correlation higher than 0.7 using the corrplot func-
tion on the tydyverse package (Wickham et al. 2019). Moreo-
ver, we verified that there were no multicollinearity issues in 
the full model using the vif function from the car package 
(Fox and Weisberg 2019). We proceeded to select the best 
fixed structure and calculated the relative importance of the 
fixed variables using the dredge function and Akaike informa-
tion criterion (AICc) with the MuMIn package (Bartón 2020). 
To calculate the relative importance for each variable, we used 
the importance function from the MuMIn package (Bartón 
2020) that considers the Akaike weights of each model that 
contains the parameter of interest.

Results

Visitor species of sweet granadilla flowers

In total, 612 individuals visited the sweet granadilla flowers 
belonging to 19 insect families; most of the individuals (56.2%) 
were Apis mellifera (Linnaeus). Pollen analysis was performed 
on 214 individuals of 29 species that met the sample selection 
criteria. The individuals belonged to two orders: Diptera with 
four (4) families and five (5) species, and Hymenoptera with 
five (5) families and 24 species. The Apidae had the largest 
number of species (Table S2). A total of 33,512 pollen grains 
were counted of which 3912 were sweet granadilla pollen.

Since the insect species carrying the highest number of 
total pollen grains were species of the Apidae family, our 
analysis focused on this family (Table S2). Of the Apidae, 
the most representative species were Eulaema cingulate (Fab-
ricius), with 873 mean total pollen carried (for more detail, 
see Table S2), followed by Centris sp., and Xylocopa fronta-
lis (Olivier) carrying 786 and 752 mean total pollen grains 
(Fig. 1). The species with the highest number of granadilla 
pollen grains were Bombus hortulanus (Smith) (90.4), X. fron-
talis (43), Xylocopa lachnea (Moure) (41), Bombus atratus 
(Franklin) (27.7), and Thygater sp. (19.1) (Fig. 1, Table S2).

When analyzing the relationship between the abundance 
of bee species and the total pollen they can carry on their 
bodies, there is a negative strong relationship (r =  − 0.61), 
where the most abundant species such as A. mellifera carry 
less amounts of pollen.

Functional traits and pollen carried by bees

The bees found in the sweet granadilla flowers were character-
ized by three types of hairs: individuals with long and abun-
dant hairs, individuals with short and moderate abundance 
hairs, and individuals with short and scarce hairs (Fig. 2a).
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We found that the amount of body hair in bees favored 
the transport of a slightly greater quantity of total pollen 
(K-W = 13.5, p = 0.001; Fig.  2b). However, there were 
no statistical differences between the abundant, moder-
ate, and scarce amount, when analyzing granadilla pollen 
(K-W = 4.19, p = 0.12). There was also no clear relationship 
between body hair length and the amount of total or sweet 
granadilla pollen that bees can carry (Fig. 2c).

Solitary bees transport more pollen than eusocial bees 
(total pollen: K-W = 55.8, p = 0.0001; granadilla pollen: 
K-W = 7.66, p = 0.02; see Fig. S3A and S3B), Likewise, 
underground nests and the scope structures to carry pollen 
are the traits that are more common when a greater amount 
of pollen is found on individuals (Fig. S3A and S3B).

Body size did not show a pattern or have a marked rela-
tionship with pollen in general (Fig. 3a and 3b); however, 
there is a subtle tendency for large body sizes to transport 
more total pollen (Fig. 3a).

High collinearity was found between some traits. Length 
of the left wing and wingspan were eliminated from further 
analysis (Fig. S4). Regarding traits such as eating habits, 
we found that more than 90% of the individuals are nec-
tarivores-polynivores. Therefore, for the subsequent analy-
ses, the selected trait variables were as follows: body size, 
hair length, amount of body hair, structures to carry pollen, 
social behavior, and nest location.

Cluster of traits

The cluster analysis showed that the data of the traits was 
grouped into 8 clusters (Fig. 4) and identifying each one 
(according to species) showed that not all the individuals 
were grouped according to species taxonomy. Some indi-
viduals whose traits are very characteristic compared to the 

others (small, eusocial, see Table 1) were in groups well-
differentiated from the rest of the individuals, such as clus-
ter 1 (A. mellifera group) and cluster 3 (Partamona sp. and 
Parapartamona sp. group, both belonging to the Meliponini 
tribe). We saw groups whose traits were not taxonomically 
differentiated, as seen in the cluster 7, where we found indi-
viduals of the species Centris sp2 and X. lachnea (Fig. 4).

Relationship between traits and pollen

The minimum selected model only contained body size as a 
variable. This trait has a positive effect on total pollen and 
granadilla pollen. This positive trend exhibited less extent 
than in granadilla pollen (Table 2). The differences between 
the AIC values of the best-fitting model with the null model 
were greater than 2 in total pollen and in granadilla pollen. 
The selection of predictors by the best-fitting model for total 
and granadilla pollen agree with the results of the relative 
importance analysis (Table S3). When running the models 
with clusters as a variable, we found that none of these clus-
ters explained pollen transport better than the selected body 
size model (Table 2).

Discussion

Sweet granadilla flower visitor and pollen  
transport

This study found that bees belonging to the Apidae family 
were the most frequent floral visitors to this crop that carried 
granadilla body pollen. A. mellifera was the most abundant 
species with almost half of the specimens collected. This is 
a non-native species widely distributed in Colombia, mainly 

Fig. 1   Mean total pollen grains 
for potential pollinator bees of 
the granadilla crop. We show 
the abundance of bees with 
more than three individuals in 
the community (blue line). Total 
pollen is represented by the two 
colors in a bar; the black repre-
sents granadilla pollen, and gray 
is the pollen from other plant 
species. The total pollen is the 
sum of black and gray in a bar
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due to beekeeping activities for honey production (ANDI 
2017). Its use as a crop pollinator around the world is well-
known (Aizen and Harder 2009; Garibaldi et al. 2017).

However, A. mellifera was the species with the lowest 
number of pollen grains (total or granadilla pollen) on its 
body and due to its small size in relation to all the sweet 
granadilla visiting the bee community. This specie may 
not be a species that efficiently pollinates the flower of this 
plant. A. mellifera is more like a pollen robber species (Jun-
queira et al. 2013) that possibly does not contribute to the 

pollination and production of sweet granadilla fruits and 
negatively affects the supply of pollen available with which 
native species carry out effective pollination and obtain food 
resources. This agrees with other studies of granadilla crops 
(Franco et al. 2007; Arias-Suarez et al. 2016). Studies had 
shown that A. mellifera and their dominance alter trophic 
interactions due to competition for the use of resources 
(Roubik 2009; Giannini et al. 2015; Garibaldi et al. 2021). 
Like A. mellifera, Partamona sp. and Parapartamona sp. 
have a great abundance, are small, and do not carry a high 

Fig. 2   Amount and length of body hair of bees in granadilla crops. 
(a) Photographs of types of hairs found in the bees studied. (1) Long 
and abundant hairs, (2) Short and moderately abundant hairs, (3) 
Short and scarce hairs. (b) Comparison of the amount of body hair 

to the total of pollen samples compared only to samples with sweet 
granadilla pollen. (c) Relationship between analyzed body hair length 
and total pollen samples (left) and sweet granadilla pollen samples 
(right)
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number of total pollen grains and can be classified like rob-
ber species in the granadilla crop.

Within the native species that visit the crop, Xylocopa 
and Bombus are the most species abundant genera and 
have been reported in various regions of the country as fre-
quent flower-visitors of the sweet granadilla crop (Franco 
et al. 2007; Arias-Suarez et al. 2016; Gutiérrez-Chacón 
et al. 2018). We find that B. hortulanus is one of the spe-
cies that gathered a higher number of granadilla pollen 
with its body, and together with its higher relative abun-
dance suggested that it is one of the most frequent visitors 
and an effective pollinator of sweet granadilla in this part 
of the country.

On the other hand, we found species with lower abun-
dances like E. cigulata, Centris sp2, and X. frontalis trans-
ported a greater amount of total pollen but a smaller amount 
of granadilla pollen. Although these species are not frequent 
visitors to the crop, they are efficient pollen transporters 
from various floral resources, near the granadilla crops.

Functional traits of the community 
and relationships with the species

We found that the bee community in granadilla crops is 
mostly nectarivore-pollinivore and polylectic since they take 
pollen from different species of flowers (see Pollen mor-
photype, Table S2). This can bring them advantages such as 
improving the consumption of macronutrients (Vaudo et al. 
2016) and reducing the presence of pathogens (Fowler et al. 
2020).

When performing the cluster analysis by functional 
traits, we found that in general the groupings were formed 
following the traits. The first large group made up by A. 
mellifera and Partamonas and Parapartamonas group were 
mainly characterized as social species with small body 
sizes. A second group containing the rest of the bees are 
larger. Then we can see groupings that are very consist-
ent with the taxonomy of the species, genera, or tribes. 
However, some species of bees were grouped differently. 

Fig. 3   Body size and pollen (Log + 1) for individuals of each bee species. (a) Pollen total. (b) Sweet granadilla pollen

Fig. 4   Grouping of individuals 
according to the functional traits 
evaluated. There are eight (8) 
groups differentiated by colors, 
and within each one of these the 
species we identified: Cluster: 
1, Apis mellifera; 2, Xylocopa 
frontalis; 3, Partamona sp. and 
Parapartamona sp.; 4, Epicharis 
sp.; 5, Eulaema cingulata 
and Eulaema. polychroma; 6, 
Bombus atratus, Bombus hortu-
lanus and Bombus melaleucus; 
7, Centris sp2 and Xylocopa 
lachnea; 8, Thygater sp
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Species such as X. lachnea and Centris sp. can share traits 
with other species or tribes. These results show us that 
the traits can demonstrate the functional assembly of the 
potentially pollinating bee community in granadilla crops 
better than species compositions (Castro et al. 2020; Heino 
2009).

Interaction between functional traits and pollen 
transport

Analyzing the interaction between traits and body pollen 
loads, we found that there was no effect of hair length and 
the amount of body hair in transporting granadilla pollen 

Table 1   Functional trait values and standard deviations included in each cluster showed in Fig. 4. Nest location relative to the ground (above 
ground, underground)

Cluster Species Body size Hair length Social behav-
ior

Amount body 
hair

Nest location Structure 
carrying 
pollen

Granadilla 
pollen

Total pollen

Mean (sd) Mean (sd) Mean (sd) Mean (sd)

1 Apis mellifera 3.0 (0.10) 0.66 (0.052) Eusocial Moderate Above Corbícula 17.6 (29.9) 42.4 (55.7)
2 Xylocopa 

frontalis
8.0 (0.35) 0.96 (0.102) Solitary Scarse Above Corbícula 49.2 (74.8) 506.2 (560.9)

3 Partamona 
sp., Para-
partamona 
sp.

1.6 (0.13) 0.15 (0.039) Eusocial Scarse Above Scopa 4.4 (3.8) 26.4 (19.5)

4 Epicharis sp. 5.8 (0.24) 0.52 (0.067) Solitary Abundant Above Corbícula 27.3 (56.5) 230.9 (226.1)
5 Eulaema 

cingulata, 
Eulaema 
polychroma

5.8 (0.52) 0.71 (0.136) Solitary Abundant Above Corbícula 18.7 (27.0) 442.6 (411.4)

6 Bombus atra-
tus, Bombus 
hortulanus, 
Bombus 
melaleucus

4.9 (0.94) 1.4 (0.173) Parasocial Moderate Under Scopa 63.2 (154.9) 201.3 (277.8)

7 Centris sp., 
Xylocopa 
lachea

7.0 (0.45) 1.1 (0.256) Solitary Moderate Above Scopa 45.7 (71.4) 428.7 (348.0)

8 Thygater 3.7 (0.20) 0.75 (0.100) Solitary Abundant Above Scopa 28.7 (38.8) 102.2 (100.3)

Table 2   Influence of bee 
functional traits on total pollen 
and sweet granadilla pollen. The 
model estimates (and standard 
error) from the model with the 
lowest AICc are shown

Model with total pollen as a 
response variable

Model with sweet granadilla pollen as 
a response variable

Model estimate 
(sd error)

AIC Model estimate (sd error) AIC

Intercept 2.20 (0.26) 1.34 (0.55)
Body size 0.57 (0.05) 0.30 (0.09)
AIC minimum adequate model 1238.0 864.6
AIC null model 1274.5 869.7
ΔAIC (null–minimum) 36.5 5.1
AIC cluster model 1256.4 876.6
Cluster 1 3.46 (0.29) 2.53 (0.40)
Cluster 2 2.40 (0.52) 0.67 (0.64)
Cluster 3 0.06 (0.45)  − 0.96 (0.50)
Cluster 4 2.36 (0.57) 0.51 (0.62)
Cluster 5 2.63 (0.50) 0.87 (0.62)
Cluster 6 1.68 (0.31) 0.78 (0.43)
Cluster 7 2.42 (0.43) 0.83 (0.56)
Cluster 8 1.24 (0.53) 0.32 (0.62)
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or total pollen, although some studies have highlighted the 
importance of hairiness in pollen transport (Stavert et al. 
2016; Roquer-Beni et al. 2020; Khan and Liu 2022). Body 
size is the trait that most influences the amount of grana-
dilla and total pollen to be transported, suggesting that the 
larger bees can transport more pollen, in this case, the pol-
len is transported areas such as the thorax and abdomen. 
This is consistent with several studies that show a positive 
relationship between the body size of individuals and the 
number of pollen grains they can carry on their bodies 
(Garibaldi et al. 2015; Cullen et al. 2021; Földesi et al. 
2021). In studies of granadilla plants, whose pollinators are 
large bee species, the bees increase fruit formation (70%), 
fruit weight, and fruit seed, generally improving granadilla 
production (Arias-Suarez et al. 2016; Gutiérrez-Chacón 
et al. 2018).

Another important aspect evident in different studies is 
that Xylocopa bees are the main pollinating agent of grana-
dilla. However, we found that B. hortulanus was the main 
pollinator, and X. frontalis was less abundant than X. lach-
nea, showing that the body size traits are a better predictor 
of granadilla pollination than species composition. However, 
it would be interesting to understand the effects of environ-
mental variables and landscape configuration in determining 
the presence and abundance of these larger bees in this fruit 
crop, so as to increase the transporting of granadilla pollen 
and enhance granadilla pollination.

Likewise, it was clear that when trying to see if these 
traits were influenced by the species taxonomy or if they 
showed interactions, through the grouping of the traits 
in functional groups, none of the models was better in 
total pollen transport of granadilla compared to the model 
with only body size as a predictor variable. And although 
traits of sweet granadilla flowers were not measured in this 
study, we can say that they are large and their stigma and 
anthers protrude from the corolla, which makes it neces-
sary for large bees to visit them so that they can have 
contact with the flowers anthers and stigma of the flowers 
(Arias-Suarez et al. 2016), as studies of other passion-
flower species have shown (Koschnitzke and Sazima 1997; 
Ángel-Coca et al. 2011).

All of this clearly shows that body size is a trait with great 
importance when evaluating the function of pollination in 
granadilla crops and other plants. Likewise, it is an easy trait 
to measure and is not expensive, compared with the meas-
urement of hairiness, which is time-consuming and requires 
sophisticated equipment (Stavert et al. 2016; Roquer-Beni 
et al. 2020; Khan and Liu 2022). However, we suggest that 
the measurement traits from flowers, not evaluated in this 
study, like characteristic pollen morphology (diversity of 
shapes and structures of the exine, and the outer cuticular-
ized wall of a pollen grain) possibly contributes to adherence 

to a bee pollinator, regardless of the amount or size of the 
hairs. Further research on the morphological characteristics 
of the pollen and its relationship to adherence to insects is 
necessary. Likewise, it is of great importance to evaluate 
other types of traits that intervene in pollination, not only 
of the insect, but also of the flowers of the plants that are 
being pollinated.

The length of the hairs was not very important in the 
transport of pollen of sweet granadilla; however, large-bod-
ied bees are the ones that transport more granadilla pollen 
and are good pollinators of this fruit crop. When evaluating 
what traits are important for pollination, it is important to 
consider the morphological traits of the flowers that bees 
visit that can show us the compatibility between insects 
and flowers and can indicate which traits are really impor-
tant in pollination. For example, pollen morphology pos-
sibly helps the pollen to adhere to individual bees that have 
short or long hairs. However, more research is required 
from a trait-matching perspective (Garibaldi et al. 2015; 
Brousseau et al. 2018) in which other traits must be ana-
lyzed at the level of bees, as well as at the level of plants, 
like granadilla flowers and pollen and their morphological 
characteristics.

To favor and maintain crop pollination and obtain 
greater production, a knowledge of small farmers about 
the importance of pollinators and of carrying out conser-
vation actions in their territory must be reinforced, follow-
ing some guidelines that already exist (e.g., Colombian 
pollinator initiative, Nates-Parra 2016).
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