st ESVP

Eurasia Specialized Veterinary Publication

Eurasia Specialized Veterinary Publication
Entomological Research Letters
ISSN: 3108-639X

2025, Volume 5, Issue 2, Page No: 1-14
Copyright CC BY-NC-SA 4.0
Auvailable online at: www.esvpub.com/

Unveiling neglected pollinators: Worldwide perspectives on the floral associations
of velvet ants (Hymenoptera: Mutillidae and Myrmosidae)

Daniel R. Cooper?, Melissa Hart?*, Jonathan Milest, Rebecca Stone?

!Department of Entomology, College of Agricultural Sciences, University of California Davis, Davis,

United States.

2Department of Ecology and Evolutionary Biology, School of Biological Sciences, University of

Queensland, Brisbane, Australia.

*E-mail D<] melissa.hart@gmail.com

ABSTRACT

Interactions between plants and animals are a fundamental theme in ecological studies, with
pollination being among the most thoroughly investigated processes. Although certain insect
groups have historically dominated pollination research due to their abundance and
effectiveness, many lesser-known flower visitors also warrant attention. Velvet ants
(Hymenoptera: Mutillidae and Myrmosidae) provide a compelling case study, as their
ecological traits, including feeding behavior, remain poorly understood despite frequent reports
of their visits to flowers. To address this gap, we assembled a worldwide synthesis of floral
visitation by velvet ants, drawing on citizen science observations, published accounts, and
unpublished datasets. Using network-based approaches, we examined patterns of floral use
globally, across bioregions, and in relation to sex-specific visitation. Additionally, we
evaluated their possible contribution to pollen transport by assessing photographic evidence of
pollen adhered to their bodies. Our findings indicate that velvet ants act as broad generalists,
interacting with diverse flowering plant families, particularly Apiaceae, Asteraceae,
Euphorbiaceae, Rhamnaceae, and Fabaceae. While plant and velvet ant assemblages varied by
region, the generalistic pattern of flower use persisted worldwide. Male and female velvet ants
showed distinct floral associations, with males exhibiting broader preferences. Notably, pollen
was present on 42.7% of images depicting velvet ants at flowers—likely an underestimate—
paralleling observations in recognized pollinators and highlighting their potential role in
pollination. These results underscore the need for further research into velvet ants and other
overlooked arthropods to better understand their ecological significance as both flower visitors
and possible pollinators.
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Ecological systems are shaped by numerous interactions between plants and animals, which serve as fundamental
processes in terrestrial environments across the globe [1]. Among these, mechanisms such as seed dispersal and
pollination are especially influential in maintaining ecosystem stability. Investigating such relationships is
therefore critical not only for explaining how communities are organized but also for ensuring their long-term

conservation and management [2—4].

Pollination, in particular, has long stood at the center of ecological research. An organism qualifies as a pollinator
when it enables the transfer of pollen from stamens to stigmas, thereby facilitating plant reproduction [5]. Four
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insect groups have dominated pollination studies: beetles, flies, lepidopterans (butterflies and moths), and
hymenopterans (bees and wasps). While bees are widely celebrated for their pollinating efficiency, wasps—
though diverse—remain comparatively underexplored [6]. Pollination mediated by wasps, known as sphecophily,
is nonetheless well documented. The fig—fig wasp mutualism (Chalcidoidea and Ficus spp.) is a classic example
of extreme specialization [7]. Beyond this, families such as Pompilidae, Scoliidae, Sphecidae, Thynnidae, and
Vespidae have been identified as pollinators for numerous orchids and other plants [6, 8]. Generalist nectar-
foraging wasps also interact with a wide range of flowers, extending their potential importance in pollination
networks [9]. Estimates suggest that more than 600 wasp species interact with close to 800 flowering plants
worldwide [6, 10-14], although the true numbers are likely far greater. Recognizing the diversity of wasp—plant
associations is therefore essential, both for the protection of wasps and for the plants reliant on them.

Within Aculeata, the solitary wasps of the families Mutillidae and Myrmosidae—commonly known as velvet
ants—offer an intriguing case study. Their dense hair and ant-like form inspired their common name [15]. They
exhibit marked sexual dimorphism: males are winged, whereas females lack wings, resulting in distinct behavioral
roles [16-20]. Once treated as a single lineage, recent phylogenomic work has separated Myrmosidae from
Mutillidae, confirming them as independent families [21]. Collectively, they are remarkably diverse, with over
4,500 recognized species that peak in richness in tropical regions [22]. Yet, despite their conspicuousness, our
ecological understanding of velvet ants remains fragmentary [17, 23, 24].

The life history of velvet ants is defined by their role as ectoparasitoids, developing within the brood of other
insects including aculeate hymenopterans, coleopterans, dipterans, heteropterans, and even cockroaches [17, 23,
25]. Their degree of host specificity varies among taxa [23]. Adult feeding ecology, however, remains poorly
described. Males are mainly nectar feeders, frequently observed on flowers, extrafloral nectaries, or consuming
honeydew [15, 26-31]. Females exploit a broader set of resources, including nectar, extrafloral nectaries,
honeydew, as well as provisions inside host cells such as pollen masses and host fluids [26, 32—39]. Despite their
parasitic habits, both sexes are consistently recorded as flower visitors, though females appear less frequently in
this role [27, 30, 40]. For instance, Lelej (1985) reported 40 Eurasian velvet ant species visiting flowers of 14
plant families, with Apiaceae being especially frequent, a pattern echoed by subsequent studies [27, 41-43]. Yet,
despite documentation of host preferences, no systematic quantitative analysis has assessed their floral visitation.
Likewise, their potential contribution to pollination remains largely speculative.

This study was designed to bridge these knowledge gaps by: (i) applying network-based approaches to analyze
velvet ant floral visitation patterns globally; (ii) identifying the plant families most often visited and testing
whether associations differ across regions or between sexes; and (iii) considering their potential ecological role
as pollinators.

Materials and Methods

Data collection

To build the dataset, we compiled information from multiple sources. First, we retrieved all available photographic
records of wvelvet ants on flowers from two global citizen science platforms—iNaturalist
(https://www.inaturalist.org/) and Biodiversidad Virtual (https://www.biodiversidadvirtual.org/)—up

to September 30, 2023. Next, we conducted a thorough literature search for references to Mutillidae and
Myrmosidae observed or collected while feeding on flowers or extrafloral nectaries. Records where individuals
were noted only on non-reproductive plant structures (e.g., branches or leaves), feeding on honeydew, or with the
feeding structure unspecified, were excluded. Additional unpublished records contributed by the authors and
external collaborators were also incorporated.

For each flower-visitation event, we recorded: the velvet ant and host plant taxa (to the finest identifiable level),
sex of the velvet ant, month of observation, location, and whether pollen grains were visible on the insect’s body.
When pollen was present, we further documented its position on the body. Velvet ant identifications were based
on diagnostic morphological features and verified by specialists (notably Kevin A. Williams, Rafael Matias,
Marcello Romano, Denis J. Brothers, and the first author). Plant identifications were initially provided by
observers and subsequently cross-checked by the study authors.

Statistical analyses
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To ensure the focus remained strictly on flower-based interactions, records of velvet ants feeding at extrafloral
nectaries were excluded. Because our dataset combined heterogeneous sources with uneven sampling effort across
taxa and regions, we treated the analyses as exploratory. Nonetheless, the large number and wide coverage of
records make them a reasonable baseline for examining plant—velvet ant associations. Given that plant
identifications were not always resolved to species level, analyses were standardized at the family level.

We conducted two main sets of analyses: (i) evaluation of interaction differences among bioregions and
description of the overall structure of a global network pooling all records, and (ii) assessment of sex-related
variation in flower visitation patterns. Data from Mutillidae and Myrmosidae were analyzed jointly unless
explicitly distinguished; in most cases, Myrmosidae records were too scarce for separate analysis. All analyses
were performed in R 4.3.1 [44]. Plant—velvet ant interaction networks were generated using the ‘bipartite’ v2.18
package [45]. Species-level metric formulas are described in Dormann (2011), while full-network metrics follow
Dormann et al. (2009) [46, 47]. For reproducibility, we recommend using the ‘checkpoint’ package fixed to
January 2024, ensuring identical package versions to those used in this study [48]. All data and scripts are publicly
available at 10.5281/zenodo.10569918.

Global and bioregional interaction networks

A global interaction network was first constructed using all records regardless of geographic origin (thus including
some bioregions later excluded from regional analyses). To minimize sampling biases and account for uneven
data representation, interactions were treated as binary when computing most network metrics, except for the
network-level specialization index (H'2), which incorporated frequencies. The following network metrics were
calculated: average number of species, mean number of links, number of shared partners, partner diversity
(Shannon index), niche overlap (for plants and wasps), connectance, and H'2.

To test for bioregional variation, we applied a one-way PERMANOVA with 9,999 permutations in PAST v4.0.3
using Bray—Curtis distance matrices [49]. Bioregion was the predictor variable. Similar analyses were conducted
to examine whether velvet ant composition (at the genus level for both families) and plant family composition
varied among regions. When PERMANOVA identified significant differences, pairwise comparisons were carried
out with Bonferroni correction. Additionally, H'2 was computed separately for each bioregion that contained more
than five unique interactions. Records with doubtful Smicromyrme/Physetopoda identifications were excluded,
and abundance data were used to construct distance matrices.

To correct for distortions introduced by disproportionately abundant records, adjustments were made.
Specifically, data from Williams et al. (2019) and Hennessey & West (2018) contained unusually high counts of
mutillid visits to Euphorbia spp. and Helianthus annuus [40, 50]. Because these inflated values skewed network
structure, their abundances were standardized so that each interaction was represented only once (abundance = 1).

Flower preference of velvet ants by sex

To evaluate sex-based differences in floral resource use, we applied the Morisita—Horn dissimilarity index, which
compares the proportional representation of female and male velvet ants across different flowering plant families
(i.e., the contribution of each family to their respective diets). This metric, which ranges from 0 (identical
composition) to 1 (entirely distinct), is robust to unequal sampling intensity and imbalanced group sizes. It also
gives more weight to major contributors than to plant families with only a few records, thereby reducing the
influence of underrepresented taxa. Because our dataset was inherently heterogeneous, all available records from
every bioregion were pooled, and analyses were conducted at the family level for plants. Velvet ants were
classified by family, although Myrmosidae was excluded from the comparison due to having just a single female
observation.

Beyond the observed dissimilarity between male and female Mutillidae flower-visiting patterns, we constructed
a null model to determine whether differences deviated from random expectation. This model, following the
procedure outlined in Roswell et al. (2019), permuted wasp sex while preserving the total counts of male, female,
and combined visits for each plant family [51]. We ran 9,999 permutations to generate a distribution of expected
Morisita—Horn values and obtained a 95% confidence interval.

Additionally, two bipartite interaction networks were created to visualize associations between flowering plant
families and male or female Mutillidae. For these networks, geographical origin was not considered, and
interaction frequencies were disregarded to allow for broader generalizations across mutillid genera rather than
repeated visits to the same host. Plant importance within each network was quantified as the cumulative sum of
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dependency values across all velvet ant partners [52]. Finally, network-level specialization (H’2) was calculated
separately for males and females, this time incorporating interaction frequencies.

Results and Discussion

Data collection

Our survey encompassed 63,433 photographic records of velvet ants (Mutillidae and Myrmosidae) obtained
worldwide—61,357 from iNaturalist, 2,076 from Biodiversidad Virtual, plus all available literature. Only a small
fraction of these records (542; 0.9%) documented individuals visiting flowers (Figure 1), distributed as follows:
250 from iNaturalist, 184 from published literature, 65 from unpublished datasets contributed by the authors and
collaborators, and 43 from BV. Full details of these records are provided in Data S1.

The final dataset contained information on 124 taxa spanning 40 genera of Mutillidae and Myrmosidae. Of the
flower-visiting records, 466 individuals (86.0%) were males, 72 (13.3%) were females, and 4 (0.7%) were of
undetermined sex. Biogeographic distribution of these events was uneven: 0.85% in the Afrotropical region,
1.57% in Australasia, 0.36% in Indomalaya, 44.75% in the Nearctic, 2.17% in the Neotropics, and 50.30% in the
Palearctic.

Evidence of pollen transport was present in 132 cases (42.7% of flower-visiting observations, representing 0.2%
of all photographic records reviewed). Pollen grains were most often found adhering to body pilosity on the head,
antennae, thorax, abdomen, and legs. However, as most photographs captured dorsal views, potential pollen loads
on the ventral side could not be assessed. Verification of entomological collection specimens revealed that pollen
attachment to ventral body surfaces does indeed occur, supporting this likelihood.
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Figure 1. Examples of velvet ants recorded while visiting flowers and transporting pollen. (a) Male
Tropidotilla litoralis (Russia, Asia; photo by Alexander Fateryga). (b) Male Nemka viduata andalusiana
(Spain, Europe; photo by Francisco Rodriguez Luque “Faluke”). (¢) Male velvet ant from the tribe
Smicromyrmini (France, Europe; photo by André Miquet). (d) Male Tallium sp. (Argentina, South
America; photo by Quentin Vandemoortele). (e) Male Timulla vagans (United States, North America;
photo by Sydney Penner). (f) Female Sphaeropthalma unicolor (United States, North America; photo by
Glenn Perelson).

Global interaction networks

When combining all records into a single dataset, the network comprised 40 genera of velvet ants linked to 37
families of flowering plants. Among plant families, Apiaceae emerged as the most frequently visited, followed by
Asteraceae, Euphorbiaceae, Rhamnaceae, Fabaceae, and several others with lower representation (Figure 2).

On average, each network node was connected to 1.67 nodes from the opposite trophic level. Velvet ants shared
an average of 0.93 partners, compared with 0.52 for plant families. This indicates that velvet ants interacted with
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a broader array of plant partners than plants did with velvet ant genera. Partner diversity, measured by Shannon’s
index, was higher for velvet ants (0.81) than for plants (0.64), though this difference may partially reflect unequal
taxonomic resolution between the two groups.

The calculated niche overlap was 0.28 for velvet ants and 0.13 for plant families. Since the index spans from 0
(no overlap) to 1 (complete overlap), these values suggest that velvet ants exhibit greater redundancy in their
interactions, whereas plant families engage in more specialized relationships. Consequently, the extinction of a
single velvet ant genus would likely cause fewer cascading losses among plants than the disappearance of an
entire plant family would have on velvet ants.

Overall, network connectance was estimated at 0.09, while the specialization index (H'2) reached 0.49, reflecting
an intermediate level of specialization across the global velvet ant—plant interaction network.
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Figure 2. Bipartite diagram illustrating the complete set of recorded associations between velvet ant genera
(right side) and families of flowering plants (left side) across all biogeographic regions. Interaction frequency
(i.e., the number of times a given genus was observed on flowers from a particular plant family) was not
considered in this representation.
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Bioregional interaction networks

Out of the six bioregions surveyed, only the Nearctic (n = 39), Neotropical (n = 11), and Palearctic (n = 71)
contained more than five unique interaction events and were therefore suitable for analysis. Statistical testing
confirmed significant variation in plant-velvet ant interactions among these three regions (one-way
PERMANOVA, F = 31.49, p < 0.001), with all pairwise comparisons showing clear differences (all p < 0.001).
When examining velvet ant genera, composition also varied among regions (one-way PERMANOVA, F = 5.65,
p < 0.001). Specifically, the Palearctic fauna differed significantly from both the Nearctic and Neotropical groups
(p < 0.05), while the Nearctic and Neotropical assemblages were not significantly distinct (p = 0.62).

Plant family composition revealed a different pattern: significant differences were observed between Nearctic and
Neotropical (p < 0.001) as well as Neotropical and Palearctic regions (p < 0.001), but no significant divergence
emerged between the Palearctic and Nearctic (p = 0.35). Across all three regions, the calculated network
specialization index (H'2) remained consistently low, ranging between 0.20 and 0.21.

Flower preference of mutillids by sex

Analysis with the Morisita—Horn dissimilarity index indicated that male and female mutillids differed in their
floral associations by 43.48%, a deviation significantly greater than expected under random allocation (Figure
3a). This outcome highlights that males and females exploit distinct sets of plant families.

Bipartite networks depicting these sex-specific interactions (Figure 3b), together with measures of plant family
importance (Table 1), showed that Apiaceae was the primary plant family visited by both sexes. However, its
importance was particularly pronounced for males. Network specialization indices further supported this
distinction, with H'2 values of 0.40 for females and 0.82 for males, reflecting stronger generalism in male
visitation patterns.

Table 1. Relevance of each plant family across all its partners towards the visits of male and female mutillids
based on our data.

Plant Relevance to females Relevance to males Relative relevance to Relative refevance to
females males

Apiaceae 3.04 10.80 1 1
Fabaceae 2.53 2.00 2 5
Asteraceae 191 4.85 3 2
Euphorbiaceae 1.58 444 4 3
Caryophyllaceae 1.20 0.08 5 28
Tamaricaceae 1.20 0.47 6 11
Amaranthaceae 1.00 0.13 7 22
Myrtaceae 1.00 1.00 8 7
Apocynaceae 1 NA 9 -
Caprifoliaceae 1 NA 10 -
Brassicaceae 0.50 0.20 11 17
Srophulariaceae 0.50 NA 12 -
Zygophyllaceae 0.45 NA 13 -
Rosaceae 0.33 NA 14 -
Cactaceae 0.13 0.08 15 29
Polygonaceae 0.13 0.30 16 14
Cleomaceae 0.13 0.38 17 13
Rhamnaceae 0.13 2.75 18 4
Crassulaceae 0.13 NA 19 -
Passifloraceae 0.13 NA 20 -
Vitaceae NA 1.00 - 6
Avraliaceae NA 0.70 - 8
Celastraceae NA 0.50 - 9
Plumbaceae NA 0.50 - 10
Lamiaceae NA 0.43 - 12
Nitrariaceae NA 0.25 - 15

Boraginaceae NA 0.24 - 16
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Geraniaceae NA 0.13 - 18
Plumbaginaceae NA 0.13 - 19
Ranunculaceae NA 0.13 - 20
Resedaceae NA 0.13 - 21
Bromeliaceae NA 0.10 - 23
Aquifoliaceae NA 0.08 - 24
Bignoniaceae NA 0.08 - 25
Convolvulaceae NA 0.08 - 26
Verbenaceae NA 0.08 - 27

Note. The term relevance corresponds to what Bascompte et al. (2006) define as species strength [52]. The final two columns display the
ranked importance of each flowering plant family for male and female mutillids, arranged from lower to higher contribution.
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illustrating associations between flowering plants and female (left) versus male (right) mutillids. Interactions
are unweighted, so variations in line thickness across plots reflect network size rather than any quantitative
differences. Plant families shared by both sexes are positioned centrally, highlighted with a green background
connecting the two networks.

This study provides novel insights into the ecological role of velvet ants by delivering the first quantitative
evaluation of their flower visitation patterns. Our data confirm that these insects interact with numerous plant
families across the globe, highlighting a likely contribution of mutillids and myrmosids to the pollination of a
wide variety of plant species. Additionally, we observed that males and females differ in their floral associations,
a pattern that likely reflects differences in their physiological and reproductive needs.

Floral resources such as nectar and pollen are essential nutritional components for many hymenopterans, including
parasitoid species like velvet ants [53, 54]. Consequently, flower visitation is commonly reported for these insects
[27, 30, 40]. Velvet ants, akin to other hymenopterans, appear to favor certain plant species whose traits—such as
floral shape or reward accessibility—enhance their attractiveness [11, 55, 56]. Recognizing these preferences is
crucial for conservation, as these insects provide vital ecosystem services both as pollinators and as biological
control agents [6].

Our global analysis shows that velvet ants visit flowers from 37 different plant families. Apiaceae umbels emerged
as the most frequently visited and likely the main source of nourishment, followed by Asteraceae, Euphorbiaceae,
Rhamnaceae, Fabaceae, and several other families in smaller proportions. These results are consistent with prior
studies on velvet ants [27, 41-43] and mirror patterns reported for other hymenopterans, including parasitoids [53,
57] and vespids [11, 55, 58].

We suggest that the observed flower preferences are shaped by both the structural traits of flowers and the
morphology of velvet ant mouthparts [59]. Many of the commonly visited families, including Apiaceae, have
open floral designs that expose nectar and pollen, allowing access even for insects with short mouthparts that
cannot reach narrow tubular corollas [60, 61]. The inflorescence arrangement in Apiaceae further enhances
visibility and provides a landing platform for visitors [62]. In addition to visual appeal, flowers offer olfactory
signals and sugary rewards that attract pollinators. Apiaceae and Asteraceae, in particular, are highly aromatic,
producing volatile compounds that insects find attractive, and their bright yellow corollas are known to be
especially appealing to wasps [63-65].

To date, no research has specifically explored the potential role of velvet ants as pollinators. Even the most recent
review on Sphecophily does not include Mutillidae or Myrmosidae within its scope. Some studies have considered
these wasps merely as pollen thieves rather than legitimate flower visitors [6, 66]. Historically, pollination
research has largely focused on a narrow set of insects, primarily bees, hoverflies, beetles, and butterflies.
However, attention is gradually expanding to include less-studied flower visitors such as certain wasps,
cockroaches, non-syrphid flies, and other neglected taxa [6, 8, 9, 67, 68].

Although flower visits by velvet ants appear rare when considering all photographic records reviewed (less than
1% of total observations), nearly 43% of cases in which they were recorded on flowers revealed pollen grains
attached to their bodies. This suggests that their potential contribution to pollination should not be overlooked.
Pollen can adhere to multiple parts of their bodies, including ventral regions typically hidden in field photographs,
indicating that published observations likely underestimate their role. Supporting this, examination of
entomological collections revealed specimens with pollen adhering to ventral surfaces, demonstrating that pollen
can remain attached and well-preserved over long periods after collection. This raises the possibility of
systematically investigating museum specimens to further assess their pollination potential.

Many velvet ants possess dense body hairs, and in some taxa, such as certain Sphaeropthalminae, the mesosomal
hairs are plumose, resembling those of bees [15, 69]. Such adaptations may facilitate pollen transport. Given the
critical ecosystem services provided by pollinator communities and the negative effects of anthropogenic
pressures on them, it is important to expand our understanding of overlooked flower visitors [70, 71]. While velvet
ants may not rival traditional pollinators in overall contribution, they represent a previously neglected component
of pollination networks. This study represents an initial step toward addressing this knowledge gap, but further
research is needed to clarify their effectiveness and relative importance as pollinators.

Analysis of network metrics can provide insights into community organization and heterogeneity in trophic
interactions. At the global scale, interactions between plant families and velvet ant genera suggest that plant
species tend to exhibit more specialized relationships than velvet ants. In other words, plants share fewer flower
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visitors, while velvet ants visit flowers more broadly. Indeed, velvet ants showed a higher diversity of shared
partners compared to plants. Network connectance was relatively low (0.09), reflecting the small proportion of
realized interactions relative to all potential links, a pattern common in pollination networks [72]. This contrasts
with flower-visitation networks of some social wasps, where connectance ranges from 15.90% to 21.24% [10,
14]. One possible explanation is that social wasps have more generalized feeding behaviors, consuming not only
floral resources but also alternative foods such as animal carcasses, whereas adult velvet ants, particularly males,
rely almost exclusively on floral resources [13, 14, 73].

The global network specialization index for velvet ants was 0.49, consistent with values reported for pollination
networks [74]. At the bioregion level, this metric ranged consistently between 0.20 and 0.21, aligning more closely
with ant-nectar interaction networks [74]. The stability of these specialization values across diverse regions,
despite differences in local plant and velvet ant communities, indicates that velvet ants function as generalist
flower visitors on a global scale. Variations in plant-velvet ant interaction patterns among bioregions are likely
driven by regional differences in species richness, abundance, and diversity of both plants and velvet ants [1].
When network specialization was analyzed separately for males and females, we found values of 0.40 and 0.82,
respectively. This indicates that females tend to interact with a narrower set of plant species than males. However,
these differences may partly reflect disparities in sample sizes, since females are more challenging to observe on
flowers. Previous research on parasitoid wasps has reported mixed outcomes regarding interaction specialization,
with some studies highlighting generalized behavior and others noting apparent specialization [57]. To more
accurately assess the specificity of velvet ant-plant interactions, future investigations should employ standardized
and rigorous sampling protocols, ideally at finer, local scales, because visitation patterns are likely influenced by
local variation in the abundance and diversity of both plants and velvet ants. For instance, plant communities with
low species richness dominated by a few plants may favor highly specialized visitors [10, 75], whereas species-
rich, resource-abundant habitats could reduce specialization due to competitive constraints on resource use [76].
Therefore, detailed local-scale studies are essential to complement our global, generalized network analyses that
integrate geographically distant communities.

Sex was another key factor shaping floral visitation patterns and structuring plant-velvet ant networks. Extreme
sexual dimorphism in mutillids, both in morphology and behavior, likely drives the exploitation of different
ecological niches. Our data reveal distinct flower visitation patterns and degrees of specialization between males
and females, suggesting potential differences in their feeding strategies. Similar sex-related foraging differences
have been documented across a range of pollinating taxa, including insects (Coleoptera, Diptera, Hymenoptera,
Lepidoptera), bats, and hummingbirds [51, 77].

We propose several hypotheses for these sex-specific patterns. One is the difference in foraging ranges: female
mutillids are wingless (apterous), whereas males are winged and can travel longer distances. Consequently, males
may encounter a wider variety of flowers, while females, restricted to shorter distances, might consistently visit
fewer plant species. This limited mobility may also influence the efficiency of females as potential pollinators.
Analogous to ant pollination systems, flowers visited by females might possess traits that facilitate effective
pollination by small, ground-level, or apterous insects. Successful ant-pollination systems typically involve plants
with small, bright, clustered flowers, exposed nectar and pollen, synchronized flowering, and few open flowers
per individual [78]. Many plant families frequented by female mutillids—such as Apiaceae, Asteraceae,
Euphorbiaceae, and Caryophyllaceae—exhibit these traits, featuring small, clustered, generalist flowers with
accessible resources [60, 62].

Further research targeting individual plant species is needed to determine whether pollination by female mutillids
parallels ant-mediated pollination systems and to clarify the role of female velvet ants as effective pollinators.
Another factor that may explain the divergent floral preferences between male and female mutillids is the variation
in both the quantity and quality of floral resources across plant species, which likely reflects differences in their
nutritional demands. Male velvet ants primarily require energy to sustain continuous flight in search of mates, so
they may prioritize visiting a larger number of flowers that provide abundant rewards. In contrast, females need
resources not only for their own energy requirements but also for reproduction, making them more selective with
regard to the nutritional quality of the resources they exploit [77]. This distinction is particularly important for
pollen foraging, since pollen quality can significantly affect offspring development, whereas nectar mainly varies
in terms of volume and sugar concentration [77, 79, 80].

Similar patterns are observed in certain bee species, where females collect both nectar and pollen to provision
their offspring, while males forage primarily for nectar to sustain flight, leading to sex-specific flower preferences
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[51, 81]. In our study, Asteraceae ranked as the second most important plant family for males, likely because it
contains high concentrations and proportions of essential amino acids compared to Apiaceae, Fabaceae, or
Lamiaceae, supporting the notion that males prioritize energy acquisition for flight [82]. For females, Fabaceae
was the second most important family, as many species in this family produce pollen that is protein-rich and
highly nutritious, providing essential resources for offspring development [83, 84]. Observations and laboratory
studies indicate that female mutillids feed not only on nectar but also on pollen and occasionally on their hosts
[26, 36-39], suggesting that they seek nutrients unavailable in nectar alone.

A third explanation for sex-specific floral preferences may involve differences in sensory perception, such as the
type of sensilla or the relative reliance on visual versus olfactory cues for locating flowers [85, 86]. Finally, the
disparity in sample sizes between males and females in our dataset could also contribute to observed differences.
Females were recorded much less frequently than males, possibly due to behavioral differences, which may have
artificially inflated the H'2 index for females and may not fully capture the breadth of their interactions. It is also
important to note that these sex-based analyses were conducted at the family level, pooling all Mutillidae records;
individual genera or species may exhibit different patterns when examined separately.

Conclusion

Although velvet ants have largely been overlooked in pollination research, our study emphasizes their role as
flower visitors and highlights their potential importance for the pollination of a diverse array of plant species
worldwide. Our findings indicate that velvet ants show clear preferences for certain plant families, including
Apiaceae, Asteraceae, Euphorbiaceae, Rhamnaceae, and Fabaceae, though further research is required to clarify
the mechanisms underlying these preferences. Despite regional differences in plant and velvet ant community
composition, these insects display a generally generalist pattern of flower visitation on a global scale. Moreover,
males and females appear to exploit different plant communities, though the causes of these sex-specific patterns
remain largely unexplored.

While the effectiveness of velvet ants as pollinators is still uncertain, a substantial proportion of individuals were
observed carrying pollen, suggesting they may contribute to pollination. This study underscores the need for
additional research to better understand the ecological role of velvet ants. Key areas for future investigation
include: (1) quantifying their contribution to pollination, (2) assessing their efficiency as pollen vectors, (3)
elucidating the causes of sex-based differences in flower visitation, (4) examining how female foraging influences
offspring development, (5) exploring specific plant-velvet ant interactions, including the potential use of historical
insect collection data, and (6) collecting standardized data at local scales to refine knowledge of plant-velvet ant
networks.

Addressing these questions is not only critical for understanding the ecological significance of these neglected
pollinators, but also for the conservation of velvet ants themselves. This is particularly important given ongoing
concerns about the global decline of pollinators and their essential role in sustaining ecosystem function.
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