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ABSTRACT

Wasps, members of over 90 hymenopteran families, exhibit diverse behaviours, including pollination, predation and parasitism.
While wasps are known pollinators in specialised systems, such as the intricate mutualism of fig trees and the deceptive polli-
nation of certain orchids, they have historically been considered ineffective pollinators, with their role often overlooked. Despite
frequent visits to flowers, especially in neotropical savannas like the Cerrado, the wasp and floral traits associated with wasp vis-
itation and their influence on plant-pollinator networks are still poorly understood. This study consolidates data on flower-wasp
interactions in the Cerrado, Brazilian biodiversity hotspot to explore how floral and wasp traits shape interaction networks. We
constructed a mutualistic interaction network comprising 185 wasp species and 144 plant species, performing 728 interactions,
and calculated centrality indices. We assessed whether wasp traits (e.g., sociality, life form) and floral traits (e.g., symmetry, an-
thesis time, inflorescence type) predict network centrality. Social Vespidae wasps, particularly Brachygastra and Polybia species,
were frequent floral visitors. Most plants had small, actinomorphic, nectar-rewarding flowers, with crepuscular anthesis and
inflorescence architecture increasing plant centrality. Sociality increased wasp centrality, indicating that behavioural traits en-
hance their role in network cohesion. This study underscores that wasps may play a significant yet underappreciated role in polli-
nation, particularly in generalist flowers. By identifying the floral traits most associated with wasp visitation, this study advances
our understanding of wasps as potential pollinators in diverse plant communities. These findings suggest the need for further
research on wasp pollination behaviour, especially to evaluate their effectiveness as pollinators. Understanding the contributions
of wasps could provide critical insights for the pollination of endemic and endangered species, supporting conservation efforts in
the Cerrado's biodiverse and threatened ecosystems.
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1 | Introduction

Wasps are a diverse group of Hymenoptera within the sub-
order Apocrita, excluding Antophila (bees) and Formicidae
(ants), comprising over 90 families (Peters et al. 2017). While
larvae of most wasp species are carnivorous (O'Neill 2019;
Sumner 2022), the Mansarinae wasps exclusively provision
their larvae with pollen (Gess and Gess 2010). But regardless
of their wide variety of morphological traits, such as variation
in size, and behavioural traits such as sociality, which can
present as solitary or social, and lifeform, which comprises
species that are predators, herbivores, parasites or parasitoids;
adults primarily consume carbohydrate-rich resources such
as nectar (Richter 2000; O'Neill 2019; Sumner 2022). This di-
etary need associated with their ability to transfer pollen and
ensure the reproduction of certain angiosperms (Shuttleworth
and Johnson 2009; Mello et al. 2011; Borchardt et al. 2024),
configures wasps as a functional group of pollinators (sensu
Fenster et al. 2004).

Despite their frequent floral visits, wasps are primarily rec-
ognised as pollinators in specialised systems, which are rare in
nature (Armbruster 2017). For example, Agoninae wasps polli-
nate fig trees (Ficus, Moraceae), where females access the fig's
syconium to oviposit. The eggs hatch inside and develop in a
specific environment to develop a gall (Weiblen 2002). When
fully developed, the wasps exit the syconium structure carrying
pollen to other syconia, enabling fig cross-fertilisation (Herre
et al. 2008). In another specialised system, Thynnidae wasps
and the genus Campsomeris (Scoliidae) are attracted to the flow-
ers of some species in the genera Caladenia, Chiloglottis, and
the species Geoblasta pennicillata (Orchidaceae) through visual
cues and volatile compounds, leading males to perform pseudo-
copulas with the flowers, thereby enabling pollination by deceit
(Bower 1996; Ciotek et al. 2006; Coombs et al. 2009).

The main literature in pollination was built over the pollination
syndromes, which correlate floral traits with specific pollinator
groups (e.g., Faegri and Van Der Pijl 1979), but this approach re-
mains debated (Ollerton et al. 2009; Rosas-Guerrero et al. 2014).
Wasp pollination is broadly categorised as a type of entomophi-
lous or melittophilous pollination, with no floral characteristics
exclusively associated with wasps (Faegri and Van Der Pijl 1979;
Endress 1994; Fenster et al. 2004). Recent studies suggest that
wasps are frequent visitors of flowers with freely exposed re-
wards, such as actinomorphic species typical of generalist pol-
lination systems (Mello et al. 2011; Carstensen et al. 2014, 2016;
Borchardt et al. 2024). Primarily, foraging for nectar to sustain
themselves or their colonies, wasps are mostly diurnal, though
there are some reports of floral visitation in some crepuscular
plant species (Souza et al. 2016; Soares and Morellato 2018;
Souza et al. 2022). They often visit less conspicuous flowers—
like those with greenish or white corollas—and are common
on larger flowers and dense inflorescences, which offer abun-
dant, accessible resources and facilitate rapid foraging by both
pollinating and antagonistic species (Fenster et al. 2004; Mello
et al. 2011; Souza et al. 2016; Gélvez-Zuiiga et al. 2018, 2024;
Pereira 2024).

While wasp pollination efficiency has been recently re-
examined (Borchardt et al. 2024), studies have identified them as

effective pollinators in some cases, including in crops (Campbell
et al. 2019; Shaik et al. 2017). Moreover, there are records of con-
sistent floral visitation by wasps (Bernhardt and Goldblatt 2006;
Goldblatt and Manning 2006; Ollerton et al. 2003), as well as pol-
len adhesion to their bodies, suggesting that, in fact, wasps may
be as effective as bees (Borchardt et al. 2024), which are con-
sidered the primary pollinators worldwide (Ollerton et al. 2011).
Nevertheless, the negative public perception of wasps (Sumner
et al. 2018; Oi et al. 2024), combined with historical exclusion
from pollination studies, limits conservation efforts for these
insects (Oi et al. 2024). Expanding our understanding of their
ecological roles is essential in the face of increasing biodiversity
loss (Cowie et al. 2022).

Approaches involving the nature of flower-wasp interactions
from a mutualistic network perspective are limited, and de-
tailed records of these insects' behaviour while accessing flo-
ral resources are even scarcer (but see Carstensen et al. 2014,
2016; Gélvez-Zuiiiga et al. 2018). Regarding the interactions
between plants and flower-visiting wasps, the network's topo-
logical and centrality properties are relatively well studied (e.g.,
Santos et al. 2010; Mello et al. 2011; Santos et al. 2022; Borchardt
et al. 2024). For instance, networks involving flowers and social
wasps exhibit greater complexity but lower specialisation and
nestedness in riparian forest vegetation compared with rocky
outcrops (Clemente et al. 2012). Moreover, social wasps show
high degrees of connectivity and are generalists in terms of the
plants they visit (Santos et al. 2010). Additionally, comparisons
between plant interactions involving wasps and bees reveal that
the network structures of both groups are equivalent in terms of
modularity, asymmetry, and nestedness (Borchardt et al. 2024).
However, each group interacts more frequently within distinct
modules of the plant community (Borchardt et al. 2024). These
examples suggest that wasps play a crucial role in the pollination
ecology of many plant species by ensuring reproductive success,
supporting species persistence and maintaining plant-pollinator
stability within communities. Therefore, deepening our under-
standing of the role played by wasps in the pollination processes
of specific plant species across different ecological scenarios is
highly relevant for better comprehension of community struc-
ture, functioning (Pilosof et al. 2017) and pollination services.

Biodiverse ecosystems can serve as exceptional models to un-
derstand species interactions and the importance of plant spe-
cies pollinated by a wide array of pollinator functional groups
(Martin Gonzalez et al. 2010). The Cerrado, a Brazilian neo-
tropical savanna, represents a highly diverse ecosystem with
remarkable endemism but is experiencing significant habi-
tat loss and, as a result, it is classified as a global biodiversity
hotspot (Myers et al. 2000; Fernandes et al. 2020). Although
wasps are frequently reported as floral visitors of Cerrado plant
species in studies on the reproductive biology of generalist flow-
ers (e.g., Gama et al. 2011; Maruyama et al. 2018; Oliveira and
Gibbs 2000; Monteiro et al. 2021), and flower-visitor interaction
networks (e.g., Carstensen et al. 2014, 2016; da Silva et al. 2022;
Souza et al. 2018; Gélvez-Zuiiiga et al. 2024), their function as
pollinators has historically been overlooked. In fact, some stud-
ies examining the frequency of plant-pollinator interactions in
the Cerrado and other Brazilian grasslands demonstrate that
wasps visit 3%-20% of flower species (Freitas and Sazima 2006;
Monteiro et al. 2021). These records suggest that the true
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potential of wasps as pollinators in the Cerrado, as well as the
floral traits associated with wasp visitation, remain unexplored
and undoubtedly underestimated.

As wasps are frequent floral visitors in the Cerrado and pre-
vious studies have documented flower-wasp interactions in
this neotropical savanna, our study aimed to consolidate the
available information on flower-visitor interactions, with an
emphasis on wasp species interacting with floral resources,
and elucidate their potential role as pollinators in these plant
communities. Using an interaction network approach, we
visually explored the plant and wasp species with recorded
interactions and assessed whether wasp and plant centrality
and species importance are determined by wasp and floral
traits, respectively. We tested whether these wasp and plant
traits influenced centrality indices in the interaction network,
such as normalised degree (ND), betweenness, closeness cen-
trality and species strength (SS). Specifically, we expected
that wasp centrality would be primarily influenced by traits,
such as wasp sociality, life form and body size (Richter 2000;
Santos et al. 2010; Sumner 2022). From the other perspec-
tive, we expected that plant centrality is mainly determined
by traits related to floral attraction in generalist flowers
(Fenster et al. 2004; Mello et al. 2011; Souza et al. 2016;
Borchardt et al. 2024; Gélvez-Zuiiiga et al. 2024), such as
large, nectar-rewarded, diurnal flowers with actinomorphic
(radial) corollas arranged in inflorescences. Finally, we high-
light promising systems for testing the efficiency of wasps as
pollinators in neotropical savannas, a diverse and threatened
biodiversity hotspot.

2 | Materials and Methods
2.1 | Literature Review

To access available information on flower-wasp interactions
in the cerrado, we performed a literature review using the ISI
Web of Science platform (https://clarivate.com/webofscien
cegroup/solutions/web-of-science/), selecting the “all data-
bases” option. The search terms used included: “pollinat*”,
“floral biology”, “reproductive biology”, also in Portuguese
(polin*, “biologia floral”, biologia reprodutiva”) combined

with terms relevant to the region of interest: “cerrado”, “campo

rupestre”, “rupestrian”, “montane grassland*”, “altitudinal”,

”

“espinha*o”, “rupic*”.

The search results were filtered to include studies on flower-
wasp interactions conducted in Brazil, within the cerrado do-
main or other Brazilian grassland vegetation. We included
interactions based on: (i) systematic direct field observations of
pollen transfer among flowers by wasps, thereby promoting fruit
set, and (ii) systematic direct field observations of wasps contact-
ing the flower's reproductive structures (stamen and/or stigma),
thus indicating potential for pollination (adapted from Monteiro
et al. 2021). Both categories may include data on visitation fre-
quency, visitation length, floral biology and floral visitor collec-
tion. The literature review encompassed all studies available up
to May 2024. Additionally, records of floral visitation by wasps
to campo rupestre plant species were included (Gélvez-Zuniga
et al. 2025).

2.2 | Wasp and Floral Traits

We checked wasp species’ names looking for synonyms and the
most recently accepted name according to the Brazilian Fauna
Taxonomic Catalogue (BFTC, http://fauna.jbrj.gov.br/). For
plant species, we used Plantminer (Carvalho et al. 2010) and
Flora do Brasil 2020 (BFG 2020). To assess whether the wasp
and floral traits influenced plant centrality in the flower-wasp
interaction network, we extracted information from the litera-
ture and checked the BFTC. The traits considered for the wasp
species were: (i) sociality, understood as solitary or social; (ii)
life form, classifying species into herbivore, parasite, or pred-
ator; and (iii) wasp size (mm), designated as small (<10), me-
dium (10-20), large (20-30) or very large (> 30). In the parasite
category, we included both parasites and parasitoids. To catego-
rise species size, we performed a cross-search in the same liter-
ature review databases using the genera or species name (e.g.,
Brachygastra or Brachygastra lecheguana).

Plant species with records of wasp visitation were grouped ac-
cording to their attraction to floral visitors in terms of acces-
sibility, resource or visibility (Faegri and Van Der Pijl 1979;
Fenster et al. 2004; Table 1). The accessibility group encom-
passed: (i) the symmetry of the corolla, which was classified
as actinomorphic (radial), asymmetric or zygomorphic (bilat-
eral); and (ii) the time of anthesis, understood as the time of
the day in which floral rewards are first available to visitors,
and categorised as diurnal, crepuscular or nocturnal. The
resource includes the primarily floral reward targeted by flo-
ral visitors and was classified as nectar, pollen, oil or tissue.
Finally, the visibility group included the overall flower colour
and size, and the type of inflorescence. The flower colour cat-
egory refers to human vision, with violet also including blue
tones (Machado and Lopes 2004). The flower size (mm) was
designated as small (<10), medium (10-20), large (20-30) or
very large (>30) (adapted from Machado and Lopes 2004).
The inflorescences were categorised according to their archi-
tecture as corymb, cymes, glomerule, head, panicle, racemes,
spike or thyrse following Simpson (2006). Details of the cate-
gories and functionality are given in Table 1.

2.3 | Flower-Wasp Network Structure and Species’
Centrality and Importance

To visually explore the role of wasps as floral visitors with polli-
nation potential, we built an unweighted qualitative interaction
network, linking plant species and wasp floral visitors based
on literature records of interactions. In an unweighted network
the plant-wasp interactions are represented by 0 when absent,
and 1 when present. The network was created using Pajek 5.19
(Batagelj and Mrvar 1998). We assessed the contribution of
each plant species to the structure, dynamics and stability of
the flower-wasp interaction network using centrality metrics
within a bipartite network approach, with plants as rows (i)
and wasps as columns (j). Each species was treated as a node
within the network (Martin Gonzélez et al. 2010; Gélvez-Zuniga
et al. 2024).

Species centrality reflects the relative importance of a spe-
cies within the network, determined by its connectivity (the
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number of links it has) and how these links are distributed
throughout the network (Nooy et al. 2011). We calculated four
centrality metrics commonly used to assess species impor-
tance to network cohesion and structure (Sazima et al. 2010;
Vidal et al. 2014; Maruyama et al. 2019): Normalised degree
(ND) that measures species generalisation as the proportion
of interactions out of the total possible interactions in the net-
work (Martin Gonzdlez et al. 2010); Closeness centrality (CC)
that estimates the proximity of a species to all others in the
network, based on the shortest path between species pairs;
Betweenness centrality (BC) describes a species’ importance
as a connector linking distinct parts of the network, acting
as a bridge (Mello et al. 2015; Gélvez-Zuiiiga et al. 2024); and
SS that is the sum of the proportions of interactions between
a species from different trophic levels, quantifying their mu-
tual dependence (Bascompte et al. 2006). All centrality met-
rics were calculated using the bipartite package (Dormann
et al. 2014) in R 4.4.0 (R Core Team 2024).

2.4 | Statistical Analysis

To test whether the observed proportions of each wasp and floral
traits’ categories differ from a uniform (or expected) distribution,
we performed a Chi-square goodness-of-fit test. Furthermore, to
test whether these wasp and floral traits influenced plant cen-
trality in the network, we performed generalised linear models
(GLMs) using wasp sociality, wasp life form, wasp size, the time
of anthesis, flower symmetry, floral reward, flower colour and
flower size as explanatory variables. The ND, CC, BC and SS
were used as response variables for both wasps and plants mod-
els, respectively. We assumed a quasi-Poisson error distribution

Legend

e Sampling records

- Campo rupestre
. Cerrado
D Brazil

CRS: SIRGAS 2000
EPSG:4674.
Source: Silveira et al.
(2016), Natural Earth (2019)
and IBGE (2022).

(link: log) for all the response variables due to data overdisper-
sion. To evaluate the relationship between wasp and floral traits
and the species’ centrality as response variables, we calculated
pseudocoefficients of determination as R*=1-(D,;./D,.)
where D, and D represent the residual deviances of the re-
gression model and the corresponding null model, respectively.
For all the significant models, we used the “LSMeans” package
with Tukey-adjusted to make comparisons and detect statisti-
cal differences between the traits categories. All the GLMs were
performed using the glm function in R 4.4.0.

3 | Results

We reviewed 23 papers that contained information on flower—
wasp interactions as potential pollination events (Table S1).
These studies were primarily conducted in central Brazil
(Figure 1), mostly within the Cerrado domain, with one excep-
tion located in a significant Brazilian mountainous grassland
(campo de altitude) (Freitas and Sazima 2006; Table S1). The
flower-wasp interaction network comprised 185 wasp species
and 144 plant species, performing 728 interactions (Figure 2,
Tables S2 and S3). Of these interactions, 97% (708 out of 728)
were considered potential pollination events, as the wasps made
contact with the reproductive parts of the flowers. The other
3% of interactions reported by the revision were indicated as
florivory.

Flower visits were made by wasps from 14 families, primarily
Vespidae (mainly the Polistinae and Eumeninae subfamilies),
which accounted for 77% (558 out of 728) of the interactions, fol-
lowed by Sphecidae and Pompilidae, with 6% and 5%, respectively

FIGURE 1 | Location of the studies assessing flower-wasp interactions in the Cerrado, a neotropical savanna of Brazil. [Colour figure can be

viewed at wileyonlinelibrary.com]
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FIGURE 2 | Bipartite network of interactions between wasp spe-
cies (top semicircle) and plant species (bottom semicircle) in the
Cerrado, a neotropical savanna of Brazil. Each line represents a
unique floral visitation event gathered by the systematic literature re-
view. Asterisks (*) highlight the most frequently interacting species:
The plants Stryphnodendron adstringens (Fabaceae; 65 interactions),
Baccharis retusa (Asteraceae; 25), Echinolaena inflexa (Poaceae; 18),
and Erythroxylum suberosum; and the wasps Brachygastra lecheguana
(23 interactions), Polybia ignobilis (22), P. fastidiosuscula, and P. sericea.
[Colour figure can be viewed at wileyonlinelibrary.com]

(Table S2). The most frequent wasp species in the interaction
network were Brachygastra lecheguana, which performed 23
out of 728 interactions, followed by three species of Polybia: P.
ignobilis, with 22 interactions, P. fastidiosuscula, and P. seri-
cea, both with 21 interactions each. Regarding the wasp traits,
sociality increased all wasp centrality indices, while life form
boosted the SS in the network (Table 2). Despite solitary wasps
representing the highest number of species in the network
(Figure S1A), social wasps boosted the centrality and SS in the
network (Figure 3A-C). For instance, social wasp species en-
hance network cohesion by visiting a greater number of plant
species, since sociality affected wasp ND (Figure 3A, Table 2). In
addition, social wasps act as important network connectors due
to greater BC (Figure 3B, Table 2). We also observed that social
wasps increased wasp CC, that is, their proximity to all other
wasps in the network (Figure 3C, Table 2). Social wasps also
showed greater SS, resulting in a greater diversity of plants vis-
ited by this wasp category (Table 2). Finally, the wasp life form
boosted the SS by prompting a greater diversity of plants visited
by predator wasps when compared with herbivore or parasite
ones (Figure 3D, Table 2).

The plant species in the interaction network were distributed
across 40 different botanical families, with the Asteraceae
family accounting for 36% (265 out of 728) of the interactions,
followed by species from the Fabaceae and Erythroxylaceae
families, with 11% and 9% of the interactions, respectively
(Table S3). The plant genera most frequently visited by wasps
were Stryphnodendron (Fabaceae), with 65 interactions,
Erythroxylum (Erythroxylaceae), with 63, and Baccharis
(Asteraceae), with 61. The plant species most frequently visited
by wasps were Stryphnodendron adstringens (Fabaceae) with 65
interactions, Baccharis retusa (Asteraceae) with 25, Echinolaena
inflexa (Poaceae) with 18, and Erythroxylum suberosum
(Erythroxylaceae), with 17. Regarding the plant's floral traits
we found significant deviations from a uniform distribution

TABLE 2 | Results of the generalised linear models (GLMs) testing the effects of wasp traits on wasp centrality metrics in a flower-wasp

interaction network.

Wasp trait Response variable Deviance df F P Pseudo-R?
Sociability Normalised degree 1.23 140 58.21 0.01 0.32
Life form 0.04 84 1.52 0.22 0.05
Size 0.13 113 1.14 0.34 0.04
Sociability Betweenness centrality 0.54 140 15.99 0.01 0.19
Life form 0.01 84 0.13 0.88 0.01
Size 0.01 113 0.05 0.98 0
Sociability Closeness centrality 0 140 6.31 0.01 0.03
Life form 0 84 0.33 0.72 0.01
Size 0 113 0.53 0.66 0.01
Sociability Species strength 50.19 140 45.32 0.01 0.28
Life form 4.5 84 3.28 0.04 0.11
Size 6.87 113 1.47 0.23 0.05
Note: Pseudocoefficients of determination (R?) were calculated as 1-(D, /D, ) Where D_ . and D, are the residual deviances of the regression model and of the

corresponding null model, respectively. Significant p-values are marked in bold (p <0.05).
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across all traits (Figure S2). We highlight some traits such as
array (Figure S2C), size (Figure S2D), and reward (Figure S2E)
showing extreme skewness towards particular categories, such
as inflorescences, small flowers which offer nectar, respectively.
Regarding the floral traits with the highest number of interac-
tions were those with actinomorphic symmetry, accounting for
41% of the interactions (300 out of 728), followed by 27% with
crepuscular anthesis and 26% with diurnal anthesis (200 and

195 interactions, respectively). Additionally, 75% of the flowers
interacting in the network offered nectar as a reward (543 in-
teractions), 20% were white or greenish flowers (143 and 154,
respectively), and 41% were small-sized (302).

Among the floral traits, the time of anthesis and type of in-
florescence were the only that influenced plant centrality.
The time of anthesis boosted plant centrality, since the ND
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TABLE 3 | Results of the generalised linear models (GLMs) testing the effects of flower traits on plant centrality metrics in a flower-wasp

interaction network.

Plant trait Response variable Deviance df F P Pseudo-R?
Time of anthesis Normalised degree 0.38 2 3.77 0.03 0.11
Flower symmetry 0.20 2 1.64 0.20 0.06
Floral reward 0.08 2 0.52 0.59 0.02
Colour 0.49 6 1.60 0.16 0.15
Size 0.05 3 0.26 0.86 0.01
Inflorescence type 0.40 7 1.12 0.36 0.12
Time of anthesis Betweenness centrality 0.14 2 2.22 0.11 0.07
Flower symmetry 0.00 2 0.88 0.42 0.01
Floral reward 0.04 2 0.57 0.57 0.02
Colour 0.32 6 2.00 0.07 0.16
Size 0.05 3 0.50 0.68 0.02
Inflorescence type 0.43 7 2.84 0.01 0.21
Time of anthesis Closeness centrality 0.00 2 0.20 0.82 0.02
Flower symmetry 0.10 2 1.40 0.25 0.05
Floral reward 0.00 2 0.22 0.80 0.01
Colour 0.02 6 1.35 0.24 0.05
Size 0.04 3 0.98 0.40 0.02
Inflorescence type 0.01 7 0.99 0.44 0.04
Time of anthesis Species strength 18.30 2 1.35 0.04 0.09
Flower symmetry 6.06 2 0.90 0.41 0.03
Floral reward 3.50 2 0.37 0.69 0.01
Colour 29.92 6 1.74 0.11 0.16
Size 2991 3 2.06 0.07 0.21
Inflorescence type 21.35 7 1.15 0.34 0.11

Note: Pseudocoefficients of determination (R?) were calculated as 1 - (D poget/ Ppur)» Wwhere D, and D, are the residual deviances of the regression model and of the
corresponding null model, respectively. Significant p-values are marked in bold (p <0.05).

was positively related to crepuscular anthesis (Figure 3E,
Table 3). In other words, plant species with crepuscular flow-
ers enhance network cohesion by supporting a higher number
of wasp visits. In addition, crepuscular anthesis also showed
greater SS (Figure 3F, Table 3), resulting in a greater diversity
of wasps attracted to floral rewards at this time of the day.
Furthermore, the architecture of the inflorescences are rele-
vant as network connectors among plants since the inflores-
cence type determined the BC (p=0.0097, Table 3). However,
despite the greater betweenness values being found in spe-
cies with thyrse inflorescences, no differences were detected
across the inflorescence types.

4 | Discussion

In this study, we elucidated flower-wasp interactions, focus-
ing on the often-overlooked behaviour of wasps as potential

pollinators in mutualistic flower-wasp networks. By analys-
ing data from a literature review and our own data on flower-
wasp interactions in a highly diverse tropical ecosystem, we
demonstrated that wasps are common visitors to the flowers
of Asteraceae, Fabaceae and Erythroxylaceae species, par-
ticularly those with crepuscular, actinomorphic and nectar-
rewarding blooms. Additionally, the social wasp species
Brachygastra lecheguana, Polybia ignobilis, P. fastidiosuscu-
laand P. sericea played key roles in the network as the most
frequent potential pollinators, exhibiting high centrality indi-
ces. Wasps from the Vespidae family, specifically the Polybia
and Polistes genera, also warrant further study regarding their
behaviour while interacting with floral resources, as they
show high network centrality and are commonly reported as
physically contacting the reproductive floral parts (e.g., by vis-
iting a greater number of plant species, acting as important
network connectors, and in a greater diversity of plants visited
by this wasp category; Carstensen et al. 2014, 2016). Moreover,
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social wasp species boosted network centrality by visiting a
greater diversity of plants and acting as network connectors
in this interaction network. Furthermore, plant species with
crepuscular flowers increased plant cohesion in the network
and supported a higher diversity of interactions with wasps.
Our results provide new insights into wasps, especially so-
cial species, which are often overlooked as pollinators, high-
lighting their potential role in pollination within tropical
communities through numerous interactions and significant
network centrality. Additionally, we highlight the potential
of flower-wasp interactions as a research opportunity to as-
sess wasp efficiency as pollinators, a behaviour that remains
understudied.

The majority of wasp species reported here interacting with
flowers were Vespids from the social Polistinae and solitary
Eumeninae subfamilies. Social wasps tend to visit a wide va-
riety of flowers from similar plants while foraging for nectar,
and accordingly, wasp-flower networks have shown to be less
specialised when compared with pollination networks includ-
ing several animal taxa, thus exhibiting a low level of mutual
dependence in this wasp—plant interactions (Santos et al. 2010;
Mello et al. 2011). This limited dependence between wasps
and the plants they pollinate may be linked to the fact that, al-
though nectar is an important resource for adult wasps to sup-
port the colony, their nestmates when social and to feed the
larvae, many wasp groups also feed their larvae with captured
preys (Mello et al. 2011; Rafael et al. 2024). In parallel, we
found that floral traits associated with potential pollination
by wasps align with the characteristics of generalist flowers,
arranged in inflorescences, usually of the thryse type, with
greenish and white, actinomorphic (radial) corollas, the last
one is usually associated to freely exposed rewards and gener-
alist pollination systems. In this regard, some studies indicate
that wasps play an important role in generalist plant pollina-
tion systems worldwide, including in the Brazilian Cerrado
and Caatinga (Santos et al. 2010; Mello et al. 2011), preserved
areas in France (Descamps et al. 2015), and in species from
the Asclepiadoideae (Apocynaceae) subfamily from Japan
(Yamashiro et al. 2008), as well as for melon and watermelon
crops (Shaik et al. 2017; Campbell et al. 2019) and agroforestry
systems (Dag 2009; Taki et al. 2009; Latif et al. 2019; Kilian
et al. 2023). These examples provide potential study systems to
test pollination by wasps, underscoring the key role of both so-
cial and solitary wasps in sustainable crop production, as they
may serve both as pollinators and as providers of biological
pest control (Fabian et al. 2013).

Our results showed that wasps play a significant role in the
pollination network while interacting with Stryphnodendron
(Fabaceae), Erythroxylum (Erythroxylaceae), and Baccharis
(Asteraceae) genera. Social wasps have already been reported
as the main and most effective pollinators in three species of
Erythroxylum (Erythroxylaceae) in the Cerrado and Atlantic
Rainforest domains (Barros 1998; Siihs et al. 2021). Similarly,
studies on species pollinated by several functional groups,
such as Croton sarcopetalus and C. suberosus (Euphorbiaceae),
have indicated both social and solitary wasp species as one
of the most frequent and significant pollinators (Freitas
et al. 2001; Narbona and Dirzo 2010). These results suggest
that although wasps are best known as pollinators in a few

highly specialised pollination systems (e.g., figs and a few or-
chid genera), they are consistent floral visitors, capable of car-
rying pollen grains and being as effective as other functional
groups of floral visitors (Borchardt et al. 2024). This reinforces
the need for a deeper understanding of the role of wasps in
generalist pollination systems, their effectiveness as pollina-
tors in these systems, and the potential dependence of plant
species on wasp pollination.

The time of anthesis and inflorescence type were the floral traits
that affected plant centrality in the network, where crepuscu-
lar flowers enhanced wasp visitation and supported a greater
diversity of wasp species (Table 3). Since the production and
maintenance of floral resources demands high water regula-
tion, especially in seasonal environments such as the Cerrado
(Fernandes et al. 2020), some species might produce greater
nectar amounts during crepuscular periods to avoid water loss
through evapotranspiration, thus resulting in flowers which may
support greater pollinator visits during dawn and dusk periods
(Borges et al. 2016). This may suggest that wasp species may be
foraging for nectar in crepuscular species despite having diurnal
activity peaks, which could be associated with other floral traits
associated with these plant species. Additionally, studies in the
campo rupestre indicate that crepuscular insects are the main
pollinators of two Melastomataceae species, Cambessedesia
wurdackii and Microlicia laniflora, although exhibiting traits
associated with diurnal pollination (Franco and Gimenes 2011;
Soares and Morellato 2018). These records support the poten-
tial for wasp-pollinated systems in these diverse environments,
suggesting that wasps may play a much more significant role
in pollination than previously recognised. Nevertheless, we
did not find any relationship between the large flowers, nectar-
rewarded, with actinomorphic (radial) corollas, as expected.
This could be due to a limitation of the secondary data accessed
in this review. Furthermore, it reinforces the need to address
floral traits associated with wasp visitation in the field, such as
the type and amount of resource used and the pollen adhered to
the wasp body (Borchardt et al. 2024).

Although the aim of this study was to synthesise records of mutu-
alistic interactions, we acknowledge that wasps may frequently
behave as floral antagonists by damaging floral structures when
collecting rewards (McCall and Irwin 2006). However, identify-
ing such behaviours on flowers was only possible in 3% of the in-
teractions, due to a lack of detailed information reported by the
authors regarding wasp behaviour during flower interactions
(but see Gélvez-Zuiiga et al. 2018; Gélvez-Zuiiiga et al. 2025).
Records of both mutualistic and antagonistic interactions be-
tween flowers and their visitors allow a deeper understanding
of the complexity of insect-flower interactions in natural com-
munities (Gélvez-Zuniga et al. 2024). Although wasps have his-
torically been considered floral antagonists (Faegri and Van Der
Pijl 1979; Endress 1994) and despite the general lack of detailed
behavioural observation of floral visitors in interaction network
studies (Burkle and Knight 2012), our results reinforce the high
frequency of wasps as floral visitors and highlight their potential
as pollinators in generalist flowers. We encourage researchers
to report the nature of wasp behaviour on flowers to deepen
our understanding of wasps as floral visitors, their effective-
ness as pollinators, and their potential consequences for plant
reproduction.

1528

Journal of Applied Entomology, 2025

85U8017 SUOWILLIOD @A 181D 3|qeol[dde 8Ly Aq peusenob e sapoie YO ‘8sh JO Sa|n 10y AIqiT8UlUO AB]IM UO (SUORIPUOD-PUR-SWBIAL0D" A3 | 1M Ae.ql1|Bul JUO//:SdNL) SUORIPUOD PUe SWia | 8u 89S *[9202/80/0T] Uo AriqiTauliuo A8|IM exsiined npeis3 apepsieAlun Aq 0LyET Ue/TTTT 0T/I0p/wo A8 im Areiq1jeuljuo//sdiy wolj pepeojumod ‘0T ‘S202 ‘STHO6EYT



5 | Conclusion

In conclusion, our study highlights the significant yet often-
overlooked role of wasps as potential pollinators in the cerrado,
a highly diverse tropical ecosystem. By analysing interactions
between wasps and plants, it becomes clear that wasps are fre-
quent flower visitors and their role as effective pollinators is
promising and deserves further study. Our results underscore
the importance of wasp sociality and floral traits, such as cre-
puscular anthesis, which increase plant centrality and seem to
attract a higher diversity of wasps. This insight sets the stage for
future research on wasp pollination efficiency and emphasises
the need to reconsider the ecological roles of wasps, especially in
biodiversity hotspots and tropical ecosystems. Our findings have
important implications for the conservation and management of
pollinators in rapidly changing and threatened environments.
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