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Abstract – Crops that offer multiple types of value, for example, in terms of economy, culture, and health, 
frequently lack information on the basic ecological interactions that play a significant role in their persistence. 
Chayote (Sechium edule, Cucurbitaceae), a widespread squash valued for its nutritious fruit, is one example. 
We aimed at describing the assemblage of flower visitors to this crop at 2400 m where stingless bees, reported 
as the main pollinators, are naturally absent. We implemented flower exclusions, performed field observations, 
and inspection of pollen loads of captured visitors to be able to draw distinctions between primary and secondary 
pollinators. We recorded a total of 60 species or morphospecies of insects visiting the flowers. Bees, wasps, and 
flies, present in all sites and consistently carrying abundant pollen, are the main pollinators of S. edule at high 
altitudes. Our study adds to the building evidence of the fundamental role that native bees and wasps play as crop 
pollinators in subsistence farming. Basic ecological knowledge is essential to inform agricultural management 
policies and to foresee preventable food scarcity problems, especially in view of climate change scenarios that 
predict drastic alterations in plant geographical distributions.

Pollination / Agroecology / Bombus / Chayote / Sechium edule / High altitude

1.  INTRODUCTION

The crucial role pollinators play in maintain-
ing the equilibrium of natural and agricultural 
systems (IPBES 2019) is intrinsically related to 
the achievement of food sovereignty (Benítez 
et  al. 2014) by maximizing contributions of 
ecosystem services (Pimbert 2018). Addition-
ally, the economic value of pollination services 
in favor of agriculture, performed by biological 

agents, has been estimated to be over 400bn USD 
every year (IPBES 2016). Humans strongly rely 
on a small percentage of edible plants (Warren 
2015) grown all around the world, and in some 
instances, these same crops are crucial for medi-
cal advances (Panda et al. 2011; Yeo et al. 2021). 
However, a good understanding of the ecological 
interactions of a crop, which can enhance pro-
duction and be a driver for its success or even 
ensure its existence, is more often than expected 
missing from the published literature. This is 
the case for Sechium edule (Jacq.) Sw., a com-
mercial vegetable with a handful of publica-
tions mentioning some aspect of its pollination 
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biology in contrast to a vast body of literature 
pointing towards the importance of this plant in 
areas such as nutrition (Vieira et al. 2019), health 
(researched for its properties to fight cancer cells; 
Salazar-Aguilar et al. 2017), economy (Cadena 
Iñiguez and Arévalo Galarza 2010), and cultural 
value (Almaguer González et al. 2020 and refer-
ences therein).

Sechium edule is a Cucurbitaceae, called 
chayote or hüisquil in Mexico and Guatemala 
(respectively), vegetable pear or choko in Eng-
lish, that was presumably domesticated prior to 
the sixteenth century in pre-Columbian times, 
by the Mexica in central Mexico and Guate-
mala (Newstrom 1986). Presently, this crop 
is cultivated, for example, in North and South 
America, Southern Asia, Australia, and New 
Zealand (Rojas-Sandoval 2018), in addition to 
areas where it is naturally distributed in tropical 
and subtropical regions of Mesoamerica and the 
Caribbean. It is grown at altitudinal ranges from 
sea level to above 3000 m (González-Santos 
et al. 2017). Chayote is a crop of cultural, eco-
nomic, and nutritious value in Mexico (Cadena 
Iñiguez and Arévalo Galarza 2010 and references 
therein; Almaguer González et al. 2020). It is 
reported to be pollinated by Apis mellifera L. 
(Somá Álvarez and Núñez Grajales 2013) but 
especially by stingless bees such as Nannotrigna 
perilampoides Cresson (Roubik et al. 1991) and 
various species of Trigona as well as some wasps 
(though the later are regarded as unimportant) 
(Heard 1999). To the best of our knowledge, 
published studies in relation to S. edule polli-
nation biology report findings from elevations 
below 2000 m coinciding with the altitudinal dis-
tribution of stingless bees (Arnold et al. 2018). 
Nevertheless, since chayote is grown in high-
lands surpassing altitudes of 2000 m, it brings 

into question whether other bees or insects play 
a primary role in maintaining the production 
of this crop where stingless bees are naturally 
absent.

To fill in the gap of basic pollination ecology 
knowledge in relation to chayote cultivated at 
high elevations, in this paper, we report an obser-
vational and experimental study on the richness 
of flower visitors and pollinators. Our aim was 
to determine the identity and hierarchy of S. 
edule pollinators, within agroecological parcels 
located at altitudes between 2400 and 2500 m. 
We implemented flower exclusions, performed 
field observations, and inspection of pollen loads 
to be able to draw distinctions among primary 
and secondary pollinators and flower visitors. 
Since native stingless bees, specifically Trigona 
species, reported as primary pollinators for chay-
ote are absent from the studied area, we asked 
whether other native bees or wasps would take 
on the role of principal pollinators.

2. � MATERIALS AND METHODS

2.1. � Study species

Sechium edule varieties (> 15) are all monoic 
one-seeded edible squashes (Cucurbitaceae) 
with one or two axilary pistilate flowers at the 
base of staminate raceme inflorescences (Fig. 1). 
The plant is mainly cross-pollinated but self-
compatible and attracts a variety of flower visi-
tors, thus is classified as having a generalist pol-
lination syndrome (Newstrom 1986). The rich 
spectrum in terms of phenotypic plasticity and 
genotypic pool is reflected in fruit types vary-
ing in size, shape, color, surface, and taste (Lira 
et al. 1999). Sechium edule is a long-lived peren-
nial tuber that grows abundant climbing vines  
forming a dense foliage cover producing hun-
dreds of hanging fruits in a single season  
(Figure 1). It is cultivated by sowing the viviparous  
seeds, and some plants are said to be more than 
20 years old (pers. com. from local producers; 
Figure 1). Chayote, as it is commonly known, is 
grown at wide altitudinal ranges (0 to 3500 m) 
for self-consumption by small-scale farmers 

Figure 1.   Sechium edule flowers and plants. A Stami-
nate flower. B Polistes instabilis feeding on nectar from 
a pistilate flower. C Sechium edule plant more than 
20 years old (according to the producer) that can surpass 
100 m2 in cover area during a single flowering season. D 
Section of S. edule plant included in this study from site 
3, Santa Anita. E Apis mellifera and Agelaia sp1 feeding 
on nectar from staminate flowers and a developing fruit 
at the back (left). F Mature chayote fruit

◂
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in rural areas (Altieri et al. 1987; Boege 2008; 
Guevara Hernández et al. 2015), and when the 
plant produces an excess of fruits or shoots, 
they are sold in local markets. Notwithstand-
ing, chayote is also grown for the sole purpose 
of generating income through its sale, by both 
small and large-scale farmers.

2.2. � Study sites

We selected five territories (Alcanfores, 
Vista Hermosa, Santa Anita, El Pinar, and La 
Florecilla) within the Jovel Basin, also known 
as San Cristóbal de Las Casas, located in los 
Altos de Chiapas (Chiapas Highlands), south-
eastern Mexico, where small-scale agroecologi-
cal and traditional farming is practiced (milpa 

and home gardens). The Jovel Basin is charac-
terized by a temperate sub-humid climate with 
rainy season (May–Oct) during summer and 
occasional winter frost during the dry season 
(Nov–Apr). The mean annual temperature is 
14.4 °C and annual rainfall varies between 1000 
and 2500 mm (INEGI 2020). We were able to 
work with seven small-scale farmers at seven 
sites (Figure 2) located above 2400 m in altitude. 
Selected S. edule plants were approximately 
4 years old (on average), with minimum area 
coverage of 10 m2 (growing on trees or impro-
vised trellis) and abundant flower buds. Bigger 
chayote plants have more flowers, and thus, we 
used plant size (as a proxy to attractiveness) to 
explain potential differences in visitation rates 
(more or different flower visitors) among plants. 
At each site, from one chayote plant, we selected 

Figure  2.   Location of five territories with seven sites included in this study: Alcanfores (1), Vista Hermosa (2), 
Santa Anita (3 and 4), El Pinar (5 and 6), and La Florecilla (7)
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10 branches bearing only leaves and flower buds 
in which we followed the vegetative and repro-
ductive development (recording branch length, 
number of leaves, presence of flower buds, and 
presence of developing fruits). We recorded the 
same variables in subsequent visits to estimate 
growth and productivity. On the same marked 
branches, we selected a flower bud to be partially 
excluded from large pollinators such as Apis mel-
lifera and Bombus sp. to test the relative impor-
tance of these pollinators. To impede contact of 
large pollinators with stigmas, the exclusion was 
made by combining metal mesh of 3.5 × 3.5 mm 
aperture (smaller aperture than pollen traps; 
(Gurini et al. 2020)) and compact textile mesh 
(to attach to branches without damaging tissue) 
(Figure 3). Once excluded buds had opened and 
corollas were shed, we removed exclusions to 
allow potential fruit growth.

2.3. � Floral visitors

We aimed to record the diversity of chayote 
floral visitors through the collection of observa-
tional data and sampling of flower visitors, dur-
ing the months of October and November 2019 
(end of the rainy season). To avoid biases, we 
assumed that every flower visitor had the poten-
tial to be a true pollinator and thus recorded 
visitation frequency and inspected pollen loads 
present on the bodies of collected specimens 

regardless of their identity. On 2 × 2 m survey 
squares, we recorded the activity of flower visi-
tors during periods of 15 min from 9:00 to 14:00, 
moving plots after each period and interspacing 
flower visitor sampling efforts at the same plant. 
The number of observations and sampling efforts 
per day were determined by the start of rain of 
each sampling day (on average four observation 
and four sampling periods a day per site). Every 
plant (N = 7) was assessed for three days or until 
achieving a minimum of 195 min of observa-
tion without new records of flower visitor spe-
cies. We considered a floral visitor as any insect 
that directly contacted anthers or was feeding on 
nectar, assigning its taxonomic identity to one 
of five groups: beetles, flies, native bees, honey-
bees (A. mellifera), and wasps, and later identi-
fied them, when possible, to species level. To 
identify species and assess which flower visitors 
are efficacious pollinators, during the interspaced 
sampling efforts, we collected individuals who 
were seen visiting flowers, following methods 
described in Kearns and Inouye (1993). Nev-
ertheless, since chayote shoots are fragile and 
the flowers are mostly present under leaves, the 
capture of insects proved to be difficult and time 
consuming. Collected specimens were scruti-
nized under a dissecting microscope to determine 
the presence of pollen grains. Not all insects 
were collected directly after visiting a staminate 
flower, and groups of insects were simultane-
ously sacrificed in the same killing jar; therefore, 

Figure 3.   Sechium edule pistilate flower bud exclusion experiment
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the presence of more than 20 discernible pollen 
grains was used as a threshold to differentiate 
between jar contamination and true pollen load 
(Online Resource Figure 1). Collected specimens 
were identified by Philippe Sagot and Benigno 
Gómez Gómez at ECOSUR San Cristóbal.

2.4. � Flower visitor pollen load

We removed all pollen from specimens fol-
lowing the chemical washing and mounting 
methods described in Caccavari and Cilla (2010) 
and identified plant species present in pollen 
loads from beetles, flies, true bugs, native bees, 
honeybees, and wasps. We recorded the total 
abundance of each pollen grain species on a 
DAFOR scale (Dominant ≥ 50 grains, Abundant 
20 to 50, Frequent 10 to 20, Occasional 3 to 10 
and Rare 1 to 3 grains) as a proxy to determine 
pollen transport efficiency. In order to identify 
the plant species present in pollen loads, we col-
lected flower buds, herbarium samples, and took 
photographs from all flowering plants near or 
within the crop area (radius of 500 m from focal 
plants). The unopened (mature or about to open) 
sampled flower buds of every flowering plant at 
each site were used to create a local pollen refer-
ence library.

2.5. � Statistical analysis

We wished to identify possible differences 
in visitation rates among flower visitor assem-
blages and among sites, but we lack a compre-
hensive dataset on flower visitor diversity with 
corresponding visitation rates for each studied 
site. Therefore, we fitted a linear mixed effects 
model using the function glmer.nb (negative 
binomial distribution) from the package lme4 
v1.1–23 (Bates et al. 2012), using visitation rate 
(visits/h) as the response variable, insect identity, 
and plant size (as a proxy for number of flowers 
and individual plant attractiveness) as explana-
tory variables, and site as a random factor. The 
variable plant size was standardized using the 

function scale from the package standardize 
v0.2.1 to reduce multicollinearity. We fitted a 
full model with interactions.

To help differentiate true pollinators from 
flower visitors, on top of visitation rates, we 
replaced the qualitative DAFOR scale with 
median values based on pollen counts on each 
specimen slide (Online Resource 2) and calcu-
lated the median value of pollen abundance for 
those visitors with several individuals sampled 
(pooled among sites). In this way, we are able 
to differentiate between insects carrying large 
amounts of S. edule pollen (DA, above 20 pollen 
grains) and those with fewer grains (FOR, fewer 
than 20 pollen grains) and gain more evidence 
for their relative importance as pollinators.

Finally, to explain whether fruit set is influ-
enced by visitation rate and identity of pol-
linators, we fitted a generalized linear model 
using the function glm from the package lme4 
v1.1–23 (Bates et al. 2012). We calculated fruit 
set (fruit/m2) (response variable) and used visi-
tation rate (visit/hour/m2) and pollinator iden-
tity as the explanatory variables. We discarded 
plant size based on model selection, and only 
used data from those pollinators that carried 
generous amounts of S. edule pollen (based on 
our DAFOR analysis) and from which we have 
records of visitation rates (six pollinator species) 
for this analysis.

All graphics were done using the package 
ggplot2 (functions: ggplot) (Wickham 2009), and 
analyses were performed using R version 4.0.3 
(R Core Team 2013).

3. � RESULTS

3.1. � Flower visitors

The activity of flower visitors commenced 
when the daily average temperature reached a 
minimum of 12 °C (around 08:30). Tempera-
tures increased up to 22–24 °C (depending on the 
month) especially during midday and then after 
17:00 quickly dropped until reaching 8–5 °C dur-
ing the night (varying in relation to the proximity 
of the northern hemisphere winter). All visitors 
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showed a clear preference towards nectar and 
did not seem to prefer male over female flowers. 
Within the taxonomic diversity, across all sites, 
we registered a total of 60 species or morphos-
pecies from four insect orders, visiting chayote 
flowers, varying in composition or visitor assem-
blage among sites. We identified 18 species from 
eight families of Diptera, 31 species from five 
families of Hymenoptera, eight species of three 
families of Coleoptera and three morphospecies 
of Hemiptera (Table I).

Flower visitors present in all sites and con-
sistent S. edule pollen carriers were A. mellifera, 
Bombus ephippiatus, Polybia diguetana, Polistes 
instabilis, Polybia sp. 1, Vespula squamosa, and  
Diptera msp. 2 (Table I; Online Resource 1 Figure  
2). It is likely that other widely distributed  
species of Hymenoptera and Diptera carrying S. 
edule pollen might be present in all sites, but we 
are unable to confirm this, at present time, due to 
the difficulty in trapping insects without harming 
flowers or plants.

3.2. � Visitation rates

We analyzed visitation rates for 15 flower 
visitors among our sites and found significant 
differences in visitation rates (X2

(14, 268) = 132.15, 
p < 0.001) as well as in the interaction between 
the identity of the visitor and the size of the plant 
(X2

(11, 268) = 23.20, p = 0.016) (Online Resource 
1 Table I). The significance of the interaction 
indicates that visitation rates for Polybia diguet-
ana (z = − 3.585, p < 0.001), Vespula squa-
mosa (z = − 3.203, p < 0.001), and Agelaia sp1 
(z = − 2.511, p = 0.01) varied based on the size 
of the plant. When average visits by A. mellifera 
were the highest (41 h−1 and 38 h−1) on plant 
sizes 64 m2 and 20 m2 (respectively), average 
visits by wasps were at least four times lower 
(average fewer than 7 h−1 and 2 h−1). In con-
trast, plants with fewer visits by A. mellifera 
(3.7 h−1, 7.7 h−1, and 1.4 h−1; plant sizes 22 m2, 
30 m2

, and 50 m2, respectively) had more visits 
by V. squamosa, Agelaia sp. 1, and P. instabilis 
(Online Resource 1 Table II). Interestingly, in 
the case of the plant with a size of 30 m2, or 
medium-sized plant, visitation by B. ephippiatus 

was similar to A. mellifera and visits by the 
aforementioned wasps were also high (compared 
to other plant sizes), suggesting a more equita-
ble pollinator assemblage, and the presence of 
competition for floral resources and fewer domi-
nant species (Figures 4 and 5; Online Resource 
1 Table II). Nevertheless, the data lack a con-
sistent pattern to demonstrate evidence for either 
competition among visitors or to add evidence to 
the hypothesis of bigger and showier plants (thus 
more attractive) receiving more visits. In other 
words, this significant interaction effect might 
not be biologically relevant.

3.3. � Pollen load

Following a conservative criterion to avoid 
overestimation of plant species present in pol-
len loads, 50 morphotypes were not taken into 
account in our analysis. The criterion excludes 
rare morphotypes (one to three grains) present 
in a single specimen (mostly from A. mellifera 
slides). Therefore, we registered a total of 109 
pollen species or morphotypes; we were able to 
identify 17 families and 61 species or morphos-
pecies, and the rest (48 morphotypes) are unde-
termined plant species pollen grains (NA_ID). 
The most abundant family within the assessed 
pollen loads was Asteraceae (Compositae) with 
28 pollen morphotypes, followed by Solan-
aceae (four morphotypes) and Cucurbitaceae 
(three morphotypes, including S. edule) (Online 
Resource 1 Table III).

We identified 60 species of flower visitors, of 
which 53% of bees, 56% of wasps, 39% of flies, 
and 25% of beetles carried S. edule pollen (in at 
least one individual of each species), whereas 
from the three collected true bugs (Hemiptera), 
only one had fewer than 10 pollen grains present 
on their body (Table I). In terms of the maximum 
diversity of plant species visited by flower visi-
tors (diet breadth) in this study, the individuals of 
A. mellifera visited 48 flowering plants, followed 
by V. squamosa and B. ephippiatus (35 and 30, 
respectively) whereas the minimum amount 
was three plant species collected by individu-
als of Zethus sp. 1 and Diptera msp. 5 (Online 
Resource 2).
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The highest amount of pollen species present 
in flower visitor’s individual pollen loads was 15 
in A. mellifera and 14 in B. weisi and Crabronini 
sp. 1. On the other hand, the minimum count of 
pollen species observed on a single specimen 
was three for Lasioglossum costale, Zethus sp. 
1 and Diptera msp. 5 and two for Chillicola sp. 
and Protandrena sp. 2 (Online Resource 2). Care 
must be taken when interpreting these results 
since only one individual represented several 
inspected species (e.g., Chillicola sp., B. weisi, 
or Lasioglossum costale) (Table I).

From the pool of collected flower visitors and 
after inspection of the pollen loads, we discerned 

among those that carry dominant or abundant 
(DA) S. edule pollen grains from those that car-
ried frequently, occasionally or rarely (FOR, 
overall fewer than 20 grains), to better inform 
our analysis of visitation rates and hierarchy of 
pollinators. In this sense, the principal assembly 
of pollinators for S. edule at high altitudes (Jovel 
Basin) are A. mellifera (dominant and present in 
all sites), Agelaia sp 1 (dominant), B. ephippia-
tus (dominant and present in all sites), P. insta-
bilis (dominant and present in all sites), V. squa-
mosa (dominant and present in all sites), Polybia 
msp 1 (abundant and present in all sites), and P. 
diguetana (abundant) (Table I).

Figure 4.   Visitation rates of pollinators with a dominant (Apis mellifera, Bombus ephippiatus, Agelaia sp. 1, Polistes 
instabilis, Vespula squamosa) or abundant (Polybia sp. 1) Sechium edule pollen load by plant size. Big dots show 
means, upper and lower lines represent 95% confidence intervals, and smaller dots are the individual observa-
tion periods for each plant. Note that we excluded one data point from Apis mellifera (104 visits/h, plant 64 m2) to 
improve visualization and interpretation of this figure
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3.4. � Fruit set

Our partial exclusion experiment of female 
flower buds yielded interesting results. From 63 
partially excluded buds, 18 started developing 
fruits, but during maturation (after 3 weeks) the 
majority were aborted except for three fruits each 
from independent plants (at PI, AL, and VH). In 
other words, the exclusion of large pollinators, 
such as A. mellifera and B. ephippiatus, substan-
tially reduced the proportion of flowers setting 
fruit in S. edule, a predominantly cross-pollinated 
and self-compatible perennial vine grown by seed 
sowing. We observed other flower visitors entering 

the partial exclusions (wasps and beetles); there-
fore, further and refined exclusion experiments are 
needed to state confidently whether visits by A. 
mellifera and B. ephippiatus are absolutely imper-
ative for fruit production.

Fruit set is not significantly influenced solely 
by visitation rate of the selected hierarchically 
important pollinators (X2

(1, 247) = 0.52, p = 0.46) 
but rather our data show significant effects from 
visitor’s identity (X2

(5, 247) = 20.796, p < 0.001) as 
well as the interaction between visitation rate and 
visitor’s identity (X2

(5, 247) = 13.93, p < 0.01) for B. 
ephippiatus (z = 2.385, p < 0.01) and V. squamosa 
(z = 2.577, p < 0.01) (Online Resource 1 Table IV).

Figure 5.   Visitation rates (visits per hour) of Apoidea and Vespidae pollinators to Sechium edule flowers. Boxes 
show medians and upper and lower inter-quartile ranges
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Table I.
List of insects visiting flowers of chayote (Sechium edule). Number in brackets represents the amount of indi-
viduals collected. Sites: AL = Alcanfores, SA = Santa Anita, VH = Vista Hermosa, FL = Florecilla and PI = Los 
Angeles el Pinar. Sites in bold indicate where specimens were collected. D, A, F, O, and R columns indicate if 
at least one specimen carried pollen from S. edule represented by the DAFOR categorical scale using median 
values (D: Dominant ≥ 50, A: Abundant 20 to 50, F: Frequent 10 to 20, Occasional 3 to 10 and Rare 1 to 3). 
Symbol † denotes species that were collected in surrounding flowers, but were observed in chayote flowers. 
msp = morphospecies

Genus Species (collected individuals) Presence in sites D A F O R

HYMENOPTERA
Family: Apoidae
Andrena sp. (3) SA, AL X
Apis mellifera (22) SA, VH, PI, FL, AL X
Augochloropsis sp. 1, group “metallica” (2) SA X
Bombus ephippiatus (8) FL, PI, SA, AL, VH X
Bombus weisi (2) † PI, VH
Chilicola sp. 1 (1) † VH
Lasioglossum Subgenus Dialictus sp. 1 (1) FL X
Lasioglossum Subgenus Dialictus sp. 2 (1) SA
Lasioglossum Subgenus Dialictus sp. 3 (2) FL, VH X
Lasioglossum Subgenus Dialictus sp. 4 (3) † SA, VH X
Lasioglossum eickworti (1) FL X
Lasioglossum costale (1) VH
Protandrena sp. 1 (Heterosarus) (2) † PI, VH
Protandrena sp. 2 (Pterosarus) (1) VH
Family: Colletidae
Hylaeus sp. 1 (1) SA
Family: Vespidae
Agelaia sp. 1 (17) SA, VH, PI X
Agelaia sp. 2 (4) SA, VH, PI
Mischocyttarus sp. 1 (1) SA
Polybia diguetana (6) AL, VH, FL, PI, SA X

sp. 1 (8) SA, VH, FL, PI, AL X
sp. 3 (2) SA
sp. 4 (1) SA X

Polistes instabilis (7) SA, VH, PI, AL, FL X
Vespula Squamosa (20) SA, AL, VH, FL, PI X
Zethus sp. 1 (1) SA, AL X
Family: Pompilidae
Pompilidae msp. 1 (1) FL
Family: Crabronidae
Cerceris sp. 1 (1) VH X
Crabronini sp. 1 (2) SA, VH X
Undetermined parasitoid wasps

msp. 1 (1) AL
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Table I.
(continued)

Genus Species (collected individuals) Presence in sites D A F O R

msp. 2 (2) AL, SA
msp. 3 (4) AL, SA, FL, PI

COLEOPTERA
Family: Chrysomelidae
subfamily Bruchinae msp. 1 (2) SA
subfamily Bruchinae msp. 2 (2) SA
Diabrotica Virgifera (1) SA
Family: Tenebrionidae
Tenebrionidae msp. 1 (6) AL, FL, SA X
Family: Staphylinidae
Staphylinidae msp. 1 (2) VH, SA X
Family: unknown

msp. 1 (2) SA, AL
msp. 2 (1) † SA
msp. 3 (1) SA

DIPTERA
Family: Anthomyiidae
Anthomyiide msp. 1 (5) FL, SA, VH, PI X
Family: Biobionidae
Bibionidae msp. 1 (1) SA
Family: Conopidae
Conopidae msp. 1 (1) FL X
Family: Dolichopodidae
Dolichopodidae msp. 1 (1) FL, SA
Family: Drosophilidae
Drosophilidae msp. 2 (8) AL, PI, FL, SA
Family: Muscidae
Musca Domestica (1) SA
Family: Syrphidae
Metasyrphus sp. 1 (2) † PI, SA
Palpada sp. 1 (1) SA X
Syrphidae msp. 1 (1) SA X
Syrphidae msp. 2 (1) VH X
Family: Tachinidae
Tachinidae msp. 1 (1) SA, FL
Tachinidae msp. 2 (1) SA
Family: unknown

msp. 1 (3) PI
msp. 2 (7) SA, FL, VH, AL, PI X
msp. 3 (1) SA
msp. 4 (1) SA
msp. 5 (2) SA, AL X
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4. � DISCUSSION

Bees are a group of fundamental pollinating 
insects for wild plants (Potts et al. 2010) and 
crops alike (Klein et al. 2007). Our study adds 
to this body of knowledge, demonstrating that 
A. mellifera and B. ephippiatus are S. edule pol-
linators, but also wasps such as Polybia species, 
Polistes instabilis and V. squamosa. All of the 
aforementioned insects were found at all sites, 
carrying consistently large amounts of chayote 
pollen, and they showed high visitation rates 
(though varying among sites) and should there-
fore be considered as primary pollinators. Our 
results sharply contradict what Wille and Orozco 
(1983) state as Trigona species being the sole 
pollinators for chayote, emphasizing that Bombus 
species do not visit the flowers and honeybees 
rarely visit them (thus classifying them as sec-
ondary pollinators). A caveat we find for their 
study is that they do not specify how they deter-
mined both the efficacy and capacity for pollen 
transportation. Additionally, their assessments 
excluded altitudes above 2000 m, where stingless 
bees are rarely distributed (Arnold et al. 2018). 
On the other hand, the same authors report a 
comprehensive list of secondary pollinators, 
which include several species that we found 
to be visiting the plant, transporting copious 
amounts of S. edule pollen and present in three 
or more sites, such as Lasioglossum species and 
Polybia species (including Polybia diguetana). 
We thus encourage the revision of long-accepted 
premises in pollination studies, to vindicate the 
role of unpopular pollinating insects as part of 
agroecosystems.

A hierarchy of pollinators is informative, adds 
to the building evidence of the key role that bees 
play, but at least for chayote pollination, we 
demonstrate that wasps play a primary role and 
should not be thought of merely flower visitors 
(Brock et al. 2021). In addition, we must keep 
in mind that other visitors, such as flies, are not 
less important pollen carriers (Rader et al. 2015), 
and thus, we hereby categorize them as insur-
ance pollinators (Martínez-Bauer et al. 2015). 
The less-popular insurance pollinators, such as 
flies, beetles, wasps, and butterflies, have gained 
attention since they provide pollinating services 
for wild and cultivated plants (Rader et al. 2020). 
They can compete with bees and other pollina-
tors for floral resources and thus promote or 
shorten flower visits (Brittain Claire et al. 2013) 
which in turn might improve pollen transport. 
Predators might prey on insurance pollinators 
that can frequently outnumber bees (Kearns and 
Inouye 1994), and consequently have less impact 
on the plant’s reproduction and fitness. For both 
plants and flower visitors, being a generalist has 
evolutionary advantages (Draper et al. 2021), 
and they are part of the intricate, multilevel, 
hypercomplex relationships that occur in nature. 
With this in mind, we aimed at replicating our 
study during the flowering season of S. edule in 
2020 at a lower altitude (below 1000 m) in the 
warmer municipality of Ocosingo, Chiapas. It 
was not possible to gather the same amount of 
data as for higher elevation, but preliminary data 
showed an overwhelming majority of visitation 
to chayote flowers performed by Trigona corvina 
(Martínez-Bauer unpublished data). This con-
firms previous reports, based on abundance and 

Table I.
(continued)

Genus Species (collected individuals) Presence in sites D A F O R

msp. 6 (1) PI
HEMIPTERA
Family: unknown

msp. 1 (1) † SA
msp. 2 (1) SA
msp. 3 (1) FL X
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efficiency of pollinators at the same altitudes, 
for Chiapas (CONABIO 2013) and Costa Rica 
(Heard 1999). We show that other insect genera 
and orders, apart from stingless bees, are primary 
pollinators at higher altitudes. Chayote is suscep-
tible to drastic changes in its geographical distri-
bution due to climate change (González-Santos 
et al. 2017); therefore, a deeper understanding 
on the ecology of this species might increase the 
chances to ensure its agricultural, economic, cul-
tural, and pharmaceutical value.

A second highlight of our study is the evi-
dence for a rich and generalized web of interac-
tions between pollinators and plants — including 
those demeaned as weeds — expressed in the 
diet breadth of chayote’s pollinators and flower 
visitors, a trait that varies in relation to resource 
availability (Fontaine et al. 2008). We demon-
strate that A. mellifera can visit up to 48 flower-
ing plants and the native bee B. ephippiatus at 
least 30, including those with agricultural value 
and those lacking it, evidencing the need for a 
rich and varied diet for bees (Vides-Borrell et al. 
2019). The same need applies to wasps, such as 
Vespula squamosa and Agelaia sp. 1, as primary 
and insurance pollinators of S. edule that also 
visit a wide spectrum of flowering plants (35 
and 24, respectively). The complexity of this 
pollinator-weed interaction network underlines 
the importance of plant diversity to sustain the 
pollination services provided by wild insect 
populations (Garibaldi et al. 2011). In the case 
of chayote, grown at altitudes below 2000 m and 
dependent on Trigona species for fruit produc-
tion, the yield is frequently diminished because 
of the use of pesticides (Somá Álvarez and 
Núñez Grajales 2013). Bees experience sublethal 
or lethal effects after being exposed to herbicides 
containing glyphosate (Battisti et al. 2021) or 
insecticides with neonicotinoids (Lu et al. 2020) 
or other active ingredients. New and similar 
agrochemicals are hindering populations of other 
pollinators (such as wasps) and beneficial preda-
tory insects (Siviter and Muth 2020), affecting 
the free services insects provide for agroecosys-
tems. Integrated Weed Management systems, 
other than applying herbicides, are very effec-
tive in reducing the undesired effects of weeds 

(Chikowo et al. 2009), allowing their beneficial 
ecological services. For example, the association 
of crops with allelopathic properties controlling 
the abundance of fast-growing herbs (Bhadoria 
2011; Shahzad et al. 2021) or the analysis of the 
functional value of weed communities in agro-
ecosystems (Bàrberi et al. 2018) are promising 
techniques. In addition, the planting of non-
crop flowering plants that attract pest predators 
(Tschumi et al. 2015) or pollinators (Carvalheiro 
et al. 2012) is being increasingly incorporated 
into land management practices. The closely 
intertwined features between the natural and 
economic worlds suggest that above short-term 
monetary gain, there is a need to prioritize the 
value of floral resources towards pollination, pest 
control services, and ultimately food sovereignty.

In the prelude of significant modification in 
plant distributions due to climate change, the 
landscapes that provide advantageous conditions 
or are vegetation refugia (Keppel et al. 2012) will 
likely allow the persistence of organisms and 
their ecological services. We add evidence on 
the importance of various insect orders as pol-
linators of S. edule at high altitudes, in areas that 
could become vegetation refugia. In addition, the 
value of small-scale agroecosystems (Hass et al. 
2018) and mixed cropping (Lizarazo et al. 2020) 
in favor of sustainability (Bonke et al. 2021) is 
recognized by farmers and scientists alike. Our 
results contribute to building knowledge on 
valuing small-scale agroecological production 
of crops and strengthen the consideration that 
the control of weeds in crop fields requires a 
makeover, shifting towards efficient and environ-
mentally smart management proposals (Stokstad 
2013).
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