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Introduction: The current pollination crisis underscores the urgent need for
enhanced research and monitoring efforts on pollinator diversity, as well as the
development of effective strategies to promote their conservation. In Uruguay,
soybean cultivation has expanded by approximately 1,000% in the last 20 years,
and monocultures and pesticide use threaten pollinator food and nesting
resources. However, data on native pollinators remain limited.

Methods: In this study, the abundance and composition of pollinating insects
were assessed in the San Salvador River basin, one of the country’s main
agricultural areas, using color pan traps installed at six paired sites (cultivated vs.
wild vegetation) over three seasons (summer 2022, spring 2022, and summer
2023). To assess the effects of land use and sampling season on insect diversity,
two approaches were employed: insect abundance was analyzed using
generalized linear mixed models (GLMMs), and community composition at the
order and morphospecies levels was evaluated using the Bray—Curtis index.
Results: A total of 10,690 insects, belonging to the main orders of Hymenoptera,
Diptera, Lepidoptera, and Coleoptera, which include pollinators, were identified.
Total insect abundance was significantly higher in cultivated sites than in wild sites.
This association was also observed in Coleoptera, although this group exhibited
an interaction with the sampling season, with the most abundant numbers
being observed in both summers. Beta diversity (Bray-Curtis) revealed significant
differences by land use and season at the order and morphospecies levels.
Discussion: Land use appears to be the variable associated with differences
in insect communities across the evaluated sites. Particularly noteworthy
is the species A. atromaculatus (Coleoptera) which presented much higher
abundances than all other taxa. These results provide new insights into the
structure of pollinator communities in agroecosystems and highlight the need
to incorporate them into sustainable production, monitoring, and conservation
efforts in the region.
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1 Introduction

Insects (Class: Hexapoda) are a key component of terrestrial
biodiversity, contributing to essential ecological processes such as soil
renewal, pest control, and pollination (Schowalter, 2006). Pollination
is of great importance for plant reproduction, as 87.5% of angiosperm
species depend on insects for pollination (Ollerton et al., 2011).
Therefore, this insect’s activity is not only responsible for maintaining
plant communities in natural ecosystems but also for producing 30%
of the food that comprises our diet (Klein et al., 2007). Entomophilous
pollination is attributed an economic value of $153 billion worldwide
(Gallai et al., 2009), and in Latin America, this value is $23.7 billion
(Basualdo et al., 2022).

The orders Coleoptera, Diptera, Lepidoptera, and Hymenoptera,
also known as “The Big Four,” are the most prominent pollinator
groups due to their feeding habits and behaviors, which enable
them to interact with a wide variety of plant species (Wardhaugh,
2015; Ollerton et al., 2011). Coleoptera comprise the most diverse
order within the animal kingdom, with over 350,000 species
(Zhang, 2013). Some beetles are frequent floral visitors and show
high specificity for certain plants; however, they are not always
valued for their role as pollinators (Wardhaugh, 2015). Among the
Diptera, several families are recognized as pollinators, highlighting
the hoverflies (Syrphidae), with nearly 6,000 reported species
(Rotheray and Gilbert, 2011; Stefanescu et al., 2018). Lepidoptera
encompasses more than 157,000 species (van Nieukerken et al.,
2011), with 90% of them feeding on the nectar of the flowers they
visit (Wardhaugh, 2015). Hymenoptera, with approximately 125,000
described species, includes the bees of the superfamily Apoidea
(20,000 species), which depend exclusively on pollen and nectar as
food resources, visiting a wide diversity of flowers (Michener, 2007),
and are considered the most important pollinators on Earth (Potts
et al., 2010).

Despite this remarkable diversity, many pollinator species are in
decline. We are experiencing what the FAO has termed a “pollinator
crisis,” characterized by a decrease in abundance and diversity of
various insect groups (FAO, 2019). This situation is the result of
multiple synergistic human activities (Kearns et al., 1998). Currently,
over 44% of the Earth’s land surface is used for agricultural production
(IPBES, 2017; Millard et al., 2021), and agricultural land use has
intensified in recent decades. Intensification is frequently associated
to landscape simplification, increased use of agrochemicals, and
mechanized tillage (Winfree et al., 2009; Beninde et al., 2015), all of
which contribute to habitat loss and fragmentation, increased
competition with exotic species, and increased vulnerability to
parasites and pathogens (Goulson, 2010; Goulson et al, 2015;
Cameron et al., 2011; Steffan-Dewenter and Westphal, 2008; IPBES,
2017; Soroye et al., 2020). Furthermore, the widespread application of
pesticides, including insecticides, herbicides and fungicides, can have
both direct and indirect effects on pollinators by compromising their
health and disrupting ecological interactions (Goulson et al., 2015;
Woodcock et al., 2017). Given their sensitivity to environmental
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pressures and close ecological links with flowering plants, pollinators
are widely recognized as key bioindicators of agroecosystem health
(Kevan, 1999).

Despite growing global evidence of pollinator decline, a notable
knowledge gap persists, with most studies focusing on Europe and
North America (Saunders et al, 2020). In South America, and
particularly in Uruguay, few studies assess the diversity and
composition of pollinating insect communities at the landscape scale,
especially in agricultural areas.

In Uruguay, agricultural intensification in recent decades has
focused on extensive crops, such as soybeans (Glycine max), corn (Zea
mays), and sorghum (Sorghum spp.), which has reduced the
proportion of natural habitats and increased the use of agrochemicals
(MVOTMA-FAO, 2019). In 2024, more than 1.5 million hectares were
allocated to summer crops, of which 83.2% correspond to soybeans
(MGAP-DIEA, 2024). Pesticide imports reached 12 million kilograms
in 2020, impacting not only terrestrial biodiversity but also water
bodies (MVOTMA-FAO, 2019). The San Salvador River basin, located
in Uruguay’s western littoral, is particularly one of the most intensively
cultivated areas in the country. This region accounts for 10% of the
country’s total agricultural area and has 70% of its land designated for
agricultural use (MGAP-DIEA, 2024; Ministerio de Ambiente, 2023).
Pesticide residues, including glyphosate, atrazine, and chlorpyrifos,
have been detected in water since 2014, potentially impacting aquatic
and terrestrial biodiversity (Fernandez Nion and Diaz, 2024). This
region constitutes a critical case of landscape transformation, where
patches of wild vegetation coexist with intensive agricultural areas,
with potential implications for the pollinator population. However, no
published studies are addressing the situation regarding insect
diversity and composition within this region. This gap hinders
understanding of how current agricultural practices impact insect
assemblages that support key ecosystem functions, such as pollination.

Studying the four insect groups together allows us to understand
not only the taxonomic richness of pollinators but also their functional
range, from specialist incidental
(Wardhaugh, 2015).

This study aims to assess the diversity and composition of

species  to pollinators

pollinating insect communities, with a focus on the orders Coleoptera,
Diptera, Lepidoptera, and Hymenoptera in both wild and cultivated
environments within the San Salvador River basin. Wild environments
are expected to have greater diversity of insect species, including those
that are floral visitors and potentially effective pollinators.

2 Materials and methods

2.1 Study area

The study was conducted in the San Salvador River basin, located
in the department of Soriano (—33.39811, —58.32177), on the western
littoral of Uruguay. The area is primarily used for rainfed crops,
predominantly soybean, wheat (Triticum aestivum), barley (Hordeum
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vulgare), corn and sorghum, and to a lesser extent, canola (Brassica
napus), flax (Linum usitatissimum), and sunflower (Helianthus
annuus) (Mondelli et al., 2015).

The study was carried out from the summer of 2022 to the
summer of 2023, covering three sampling campaigns (summer 2022,
spring 2022 and summer 2023). The region is climatically
characterized by an average annual temperature of 17.8 °C, with an
average annual precipitation of 1,214 mm (historical data: 1991-2020)
(INUMET, 2023a). However, during the period in which this study
was conducted (2022-2023), the region suffered a drought
characterized by below-average rainfall, as reported by the National
Meteorological Institute (INUMET, 2023b) in 2023. This drought
significantly affected agricultural production, particularly during the
2022/2023 summer season.

2.2 Sampling design

To conduct insect sampling, six locations were selected across the
upper, middle, and lower sections of the San Salvador River basin
(Figure 1; Supplementary Table S1). The distance between consecutive
locations ranged from 6.7 km to 29.7 km. Within each location, two
nearby sites were chosen: one situated in a predominant crop area and
the other in a non-crop area dominated by wild vegetation. This
strategy resulted in six paired cultivated-wild sites, totaling 12
sampling sites (Supplementary Table S1). The distance between each
paired site ranged from 1.7 to 5.9 km. To support the selection and
categorization of crop and wild sites, the proportion of natural/semi-
natural land surrounding each site was calculated. Using a database of
land covers and uses for the San Salvador river basin generated for the
study period (Fernandez Nion and Diaz, 2024, 2025), the areas of
different types of land covers and uses were determined for each site
within radii of 500, 1,000, and 3,000 meters. Then, the proportion of
natural/semi-natural land cover (natural forest, grassland and
wetland) was calculated for each radius/area. To analyze differences in
the proportion of natural/semi-natural land cover between sites, a

10.3389/fsufs.2025.1672127

generalized linear mixed model (GLMM) with beta distribution was
used. Land use type (cultivated or wild) was used as an explanatory
variable. Location identity was used as a random effect, to account for
correlation within each locality. The analyses showed that sites
categorized as wild had a significantly higher proportion of natural/
semi-natural land cover than sites classified as cultivated at 500 meters
(p <0.001) and 1,000 meters (p < 0.001) (Supplementary Table 52)
around them. This site selection suggests a clear distinction between
wild and cultivated sites at these scales, confirming the classification
used. However, there was no difference between wild and crop sites at
3000 meters (p > 0.1) (Supplementary Table S2), possibly due to the
overlapping of the areas surrounding each paired site at this scale.

2.3 Insects sampling

At each site, a set of pan traps consisting of plates (16 cm in
diameter, 5 cm high) in yellow, white, and blue was installed to attract
different pollinators. Each set was secured by a metal frame 1.20 m
high above ground level, thus remaining visible above the surrounding
vegetation. In cultivated sites, the traps were placed at the edge of the
crop to avoid potential inconveniences or losses due to tillage
activities. In wild sites, areas far from human activity were chosen.
Two-thirds of each container’s total volume was filled with a pre-made
mixture of 600 mL of 10% ethylene glycol, 50 mL of detergent, and
water, totaling 5 liters. To prevent overflows, small holes were made
1 cm below the rim of each container, allowing excess water from
rainfall to drain without losing the contents (collected insects). The
traps were active for 7-10 days. Sampling was conducted during
summer 2022 (trap contents were removed on March 4th), spring
2022 (November 11th), and summer 2023 (March 3rd). During the
sampling period, one set of traps was lost due to river overflow; this
occurred in summer 2022 at wild site 1. Despite this, the analysis was
based on 35 samples and a total of 12,216 individuals were captured.

The samples were collected from the field and stored in individual,
properly labeled jars and 70% alcohol was added to preserve the
contents. Once in the laboratory, the insects were identified to the
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FIGURE 1
Sentinel-2 satellite image, March 2022, natural colour (B:4,3,2).

Study area in the San Salvador River basin, Uruguay. (A) Location of sampling sites classified as cultivated (triangles) and semi-natural (circles)
environments. (B) Representative example of a sampling point showing the 500 m and 1,000 m buffers used for landscape characterization. Source:
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order level. Following the criteria established in this study, only insects
from the orders Coleoptera, Diptera, Hymenoptera, and Lepidoptera
were considered. The remaining specimens were grouped under the
“other” category and were excluded from the analysis. Similarly,
microhymenoptera and microdipterans (< 5mm) were not
considered, assuming their potential contribution to pollination is
not significant.

Species from the selected orders were classified into
morphospecies. Photographic records were taken for each
morphospecies, and between 1 and 3 specimens were stored in 95%
alcohol in the Entomology lab (Centro Universitario Regional del
Este) collection for subsequent identification. Using corresponding
taxonomic keys, morphospecies were identified to the lowest possible

taxonomic level (family, genus or species).

2.4 Statistical analyses

To assess the effects of land use and sampling season on insect
diversity, two complementary analytical approaches were used.

First, generalized linear mixed models (GLMMs) with negative
binomial distribution, suitable for modeling overdispersed count
data, were used to analyse insect abundance. The response variables
used were total insect abundance (Total_abundance) and total
abundance for each insect order analyzed (Coleoptera_abundance,
Hymenoptera_abundance, Diptera_abundance, Lepidoptera_
abundance). Land use (cultivated, wild) and sampling season
(summer 2022, spring 2022, summer 2023) were included as
explanatory variables, while location identity was incorporated as
a random effect to account for correlation within locations. For
each response variable, different models were fitted, which
included interactions between factors, additive effects and
individual effects. In each case, the most appropriate model was
selected using the Akaike information criteria (AIC)
(Akaike, 1974).

Second, to assess diversity, we calculated richness and the
Shannon index at the order and morphospecies levels and compare
these parameters in relation to land use and sampling season, using
non parametric Wilcoxon test. For community composition in
relation to land use and sampling season, we analyzed beta diversity
at the order and morphospecies level by using Bray—Curtis index
(“vegdist” function) (Anderson, 2006; Anderson et al, 2006).
Permutational multivariate analyses of variance (PERMANOVA) and
tests for multivariate dispersion (betadisper) were used to evaluate
variation in community composition (Anderson, 2006; Anderson
et al,, 2006). Only those comparisons that showed homogeneity of
dispersion were considered (p > 0.05). The “metaMDS” function was
used to plot ordinations. To identify taxa differentially associated with
those variables, a differential abundance analysis was performed using
DESeq2 (Love et al., 2014). Taxa with adjusted p < 0.05 (Benjamini-
Hochberg
differentially abundant.

correction)  were  considered  significantly

All analyses were performed using RStudio version 4.4.2 (Posit
Team, 2024) using glmmTMB package (Brook et al., 2017) for mixed
06; Anderson et al., 2006)

for beta diversity analyses. Visual residual analysis was conducted to

models and vegan package (Anderson, 20

test model assumptions and model fit using “DHARMa” package
(Hartig, 2024).
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3 Results

A total of 10,690 individuals of 349 different morphospecies
belonging to the orders Coleoptera (4,238), Diptera (5,065),
Hymenoptera (1,286) and Lepidoptera (101) were analyzed. Within
each group, 26 families were identified for the order Coleoptera, 21 for
Diptera, 10 for Hymenoptera and 5 for Lepidoptera, leaving 17, 63, 58
and 15 morphospecies unclassified at the family level, respectively
(Supplementary Table S3).

3.1 Insect abundance analyses

Total insect abundance was analyzed using negative binomial linear
models, to assess the effects of land use, sampling season, and their
interaction. This analysis was conducted for both total insect abundance
and each insect order separately. Results showed that total insect
abundance was significantly higher in cultivated sites than in wild sites
(p =0.038) (Figure 2A). The best-fitting model, based on the lowest AIC
value (Table 1), includes land use as the sole predictor (Table 2).

3.2 Coleoptera

For Coleoptera abundance, the best-fitting model included the
interaction between land use and sampling season (Land use x Sampling
season), with the lowest AIC value (AIC =366.7, Table 1). The
interactions were significant in Summer 2022 (p = 0.0025) and Summer
2023 (p = 0.0054), indicating lower abundance in wild sites compared to
cultivated sites during those seasons (Figure 2B; Table 2). These results
suggest that the effect of land use on Coleoptera abundance varies
seasonally, with cultivated sites being more favorable during summer.

3.3 Diptera

The model that included season as the sole predictor provided the
best fit for the Diptera abundance (lowest AIC, Table 1). This analysis
showed a significantly higher abundance of Diptera in Spring 2022
compared to Summer 2022 (p < 0.001) and Summer 2023 (p = 0.0015).
Including land use as a predictor did not improve model performance
in any of the evaluated cases. These results suggest that Diptera
abundance varied primarily in response to seasonal factors, rather
than land use (Figure 2C).

3.4 Hymenoptera

For Hymenoptera, when land use and sample season were
included as additive effects, a significant difference was observed: in
summer 2023, Hymenoptera abundance was significantly higher
(p =0.041) (Figure 2D; Table 2). Nevertheless, the model that provided
the best fit based on AIC values was the one that considered season as
the sole predictor (Table 1), although the higher abundance in
Summer 2023 was only marginally significant (p = 0.051). In addition,
considering the interaction model (Land use x Sampling season), a
marginally higher abundance was observed in wild sites (p = 0.07).
These results suggest that, during the season with the highest overall
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TABLE 1 Akaike information criteria (AIC) values were used to select the best fitted generalized linear mixed model for each response variable.

Models Total insect Coleoptera Diptera Hymenoptera Lepidoptera
abundance abundance abundance abundance abundance
Land use x Sampling season 4754 366.74 415.52 320.27 156.26
Land use + Sampling season 475.5 381.75 413.90 319.51 158.76
Land use 473.1 375.56 426.43 321.00 159.28
Sampling season 478.7 397.43 411.92 318.29 157.27

The lowest AIC are indicated in bold.

abundance, Hymenoptera were more closely associated with
wild environments.

3.5 Lepidoptera

In Lepidoptera, the model that showed the best fit according to
the AIC values (Figure 2E; Table 1) includes the interaction between
land use and sampling season. This model revealed a higher
abundance in cultivated sites during the summer of 2022 (Table 2).

3.6 Richness and Shannon index

At both the order and morphospecies levels, there were no
significant differences in richness or the Shannon index between the
different land uses (Supplementary Figure S1). The results were similar
for each season, with no significant differences in these indices
between cultivated and wild sites.

3.7 Community composition

To analyze community composition, a Bray—Curtis dissimilarity
(NMDS) was
differentiation based on land use, sampling season, and their

ordination performed, showing community

interaction (Figure 3).
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At the land use level, insect communities clustered differently
according to land use, both at the order level (PERMANOVA,
p =0.006; BetaDisp p = 0.885) (Figure 3A) and at the morphospecies
level (PERMANOVA, p = 0.003; BetaDisp p = 0.887). In both cases,
Beta-disper values indicated no differences in within-group
dispersion, supporting the observed differences in community
composition. Seasonal analysis also revealed significant differences in
composition at the order level (PERMANOVA, p = 0.002); however,
these were accompanied by significant changes in dispersion
(BetaDisp., p = 0.025), suggesting variability within seasons that may
limit the interpretation of PERMANOVA results (Figure 3B). At the
morphospecies level, seasonal differences in community were also
observed (PERMANOVA p=0.001; BetaDisp =0.09). Pairwise
PERMANOVA comparisons showed that Spring 2022 differed
significantly from Summer 2022 (p = 0.039), while no significant
differences were found between Spring 2022 and Summer 2023
(p =0.114), or between Summer 2022 and Summer 2023 (p = 0.396).

Finally, when land use and season were considered simultaneously,
the PERMANOVA analysis revealed a significant difference in
community composition (p = 0.001). However, the BetaDisp value
(p = 0.056) was marginally non-significant, suggesting some internal
variability within each season depending on land use. The most clearly
differentiated communities were observed in the summer of 2022,
between cultivated and wild sites, showing the greatest dissimilarity
in multivariate space (Figure 3C). This was supported by
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TABLE 2 Summary of the generalized linear mixed models (GLMMs) for each response variable.

Response variable  Selected model Fixed effect Estimate (+ SE) z-value p-value
Total insect abundance Land use Intercept (Cultivated) 5.9627 (+ 0.1953) 30.528 <2e-16 **%*
Land use Wild —0.5815 (+ 0.2805) —2.073 0.0382 *
Coleoptera abundance Land use x Sample Intercept (Cultivated, Spring 2022) 3.8961 (+ 0.4587) 8.494 < 2e-16 #H*
scason Land use Wild —0.6507 (+0.5402) —1.205 0.22834
Sample season Summer 2022 1.6871 (+£0.5247) 3.215 0.00130 **
Sample season Summer 2023 1.3263 (+0.5388) 2.461 0.01384 *
Land use Wild: Sample season Summer 2022 —2.3291 (+0.7704) —3.023 0.00250 **
Land use Wild: Sample season Summer 2023 —2.1594 (+0.7765) —2.781 0.00542 **
Diptera abundance Sample season Intercept (Spring 2022) 5.5855 (+0.2559) 21.828 < 2e-16 *H*
Sample season Summer 2022 —1.5183 (+0.3411) —4.452 8.53e-06 ***
Sample season Summer 2023 —1.0509 (+0.3317) —3.168 0.00153 **
Hymenoptera abundance Land use + Sample Intercept (Cultivated, Spring 2022) 3.2306 (+0.3492) 9.253 <2e-16 ***
season Land use Wild —0.2645 (+0.2959) —0.894 0.3713
Sample season Summer 2022 0.0094 (+£0.3329) 0.028 0.9776
Sample season Summer 2023 0.6934 (+£0.3408) 2.034 0.0419 *
Lepidoptera abundance Land use x Sample Intercept (Cultivated, Spring 2022) 0.8369 (0.3414) 2.451 0.0142 *
season Land use Wild 0.5368 (0.4399) 1.220 0.2223
Sample season Summer 2022 0.1329 (0.4628) 0.287 0.7741
Sample season Summer 2023 0.5949 (0.4446) 1.338 0.1809
Land use Wild: Sample season Summer 2022 —2.0314 (0.8231) —2.468 0.0136 *
Land use Wild: Sample season Summer 2023 —0.8170 (0.6058) —1.349 0.1774

Significant codes: ***0.001; **0.01; *0.05.

PERMANOVA results, which indicated a significant effect of land use
during that season (F = 3.34, p = 0.014). In contrast, communities in
the spring of 2022 showed the highest overlap and heterogeneity
between land uses, with no significant differences detected (p = 0.613).
Similarly, no significant differences were found in summer 2023
(p = 0.105), although a trend toward differentiation was observed.

Given the differences observed in abundance and species
composition across seasons, a DEseq2 analysis was performed for
each season (Figure 4). The results indicate that the predominant
species in spring were the dipteran morphospecies Fannidae_sp. and
the hymenopteran, Polybia scutellaris (Figure 4A), both associated
with cultivated sites. In the summers of 2022 and 2023, the dominant
species was the beetle, Astylus atromaculatus, which was also more
abundant in cultivated sites (Figures 4A-C).

As shown by the DESeq2 analysis, Astylus atromaculatus showed
significantly higher abundance in cultivated sites during summer
2022, with approximately 1,024 times greater abundance compared
to wild sites (log, fold change = 10) (Figure 4B). In summer 2023, its
abundance remained higher in cultivated sites, with about 64 times
greater abundance (log, fold change = 6), indicating a lower but still
substantial seasonal difference in its response to land use (Figure 4C).

4 Discussion

Our results indicate that both land use and seasonality have a
significant influence on the abundance and composition of
pollinating insect communities in the San Salvador River basin. This
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result was not detected when comparing the richness and Shannon
index. In general, the total abundance of insects was significantly
higher in cultivated sites, especially during the summer. This
suggests that agricultural environments may act as attraction zones
for certain groups, possibly due to a greater availability of floral
resources (Holzschuh et al., 2013) or they function as refuges for
generalist species or those adapted to extensive systems (Westphal
etal., 2003; da Silva et al., 2008; Aguilera et al., 2020). These patterns
are not uniform across all pollinator taxa; instead, the response of
insects to different land uses and climatic conditions appears to
be largely taxon-dependent, as reported in previous studies (Cusser
et al., 2018; Bottero et al., 2023). This may be the reason why
we found no differences in richness and the Shannon index when
we analysed all the orders together; an analysis of these indices for
each order separately could reveal different responses. The
composition analyses were consistent with these observations. The
order Coleoptera showed a clear response to land use, with
significantly higher abundances in cultivated sites during both
summers. The presence of a dominant species, Astylus atromaculatus
(Melyridae), significantly influenced this pattern, with its population
reaching exceptionally high values in the summer of 2022, far
exceeding the abundance recorded in 2023 (Figure 3B). This native
species, whose adults feed on the pollen of various plant species, has
been observed in association with several crops, exhibiting an
opportunistic habit in agricultural landscapes (Cibils et al., 2023). It
has also been highlighted as a pollinator in some crops (Pierre and
Hofs, 2010). Among the crops it visits are sorghum, alfalfa, and
soybean, the latter being especially abundant in this area (Cibils
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et al., 2023), reinforcing its role as a dominant species in cultivated
environments (Figure 4).

DESeq2 analyses confirmed that a small set of dominant species
determined the differences in abundance and composition. The
population outbreak of Astylus atromaculatus during the summer of
2022 may be related to extreme climatic conditions, particularly the
high temperatures and drought recorded that year, according to
reports from official meteorological agencies (INUMET, 2022).
Although this study did not include climatic variables in its analyses,
it is important to acknowledge that such environmental conditions
likely influenced the observed community dynamics, thereby shaping
the responses of pollinating insects. Likewise, the massive presence of
A. atromaculatus in the landscape during that period constitutes an
example of ecological imbalance, with documented impacts at both
productive and environmental levels. Its abundance caused public
concern in the region (MGAP-DIEA, 2024), especially due to
reported cases of livestock intoxication resulting from the accidental
ingestion of these insects (Giannitti et al., 2024), reinforcing the
importance of monitoring such events from an integrated
ecological perspective.

Dipterans showed a marked seasonal response, with higher
abundance during spring 2022, regardless of land use type. The
absence of a significant land use effect suggests that this group
responds primarily to life cycle requirements, which are closely linked
to climatic conditions and the temporal availability of resources (Davis
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et al., 2023). Within this group, a morphospecies of the Fanniidae
family stood out, associated with cultivated environments in spring,
possibly using the vegetation as a refuge and/or nectar source. This
family, common in Neotropical regions, includes members with
diverse feeding habits, although many species in their adult stage feed
on nectar and visit various flowers (Grisales and de Carvalho, 2019).

Hymenopterans generally showed an intermediate response, with
a slight preference for wild environments during the summer of 2023.
This could be due to the high functional diversity of the group, which
includes bees and wasps with different degrees of sociability,
specialization, and feeding strategies, allowing them to adapt to both
wild and cultivated environments. Nevertheless, seasonal DESeq2
analyses revealed a high abundance of the native social wasp Polybia
scutellaris in cultivated environments during spring. This species, as
other wasps, exhibit both phytophagous and predatory habits,
highlighting their dual role as pollinators and biological control
agents. Their low dispersal capacity may explain their association with
crops, where they find accessible food sources (Fernandez Corujo
etal., 2010).

On the other hand, national-level studies have shown a
relationship between bee diversity and landscape characteristics,
finding a positive association with environments of lower agricultural
intensity (Santos et al., 2020a). However, bees such as Apis mellifera
have been found in extensive crops, including soybeans, an important
source of nectar and pollen, which can even have a positive impact on
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honey production (Santos et al., 2021). Similarly, native bees of the
Megachilidae family use these crops as a resource for nesting (Santos
et al.,, 2020b), thus demonstrating the adaptability of the group. The
diversity of life histories and ecological strategies within this order
may explain the differentiated responses observed to land use
and seasons.

Lepidopterans were more abundant in summer and showed a
slight preference for cultivated environments, possibly linked to the
presence of soybean, the dominant crop in that season. This group
was the least abundant of the four orders analyzed, with only 101
individuals recorded. This low detection may be due to limitations in
the sampling methodology, as color pan traps may not be efficient for
capturing this group, especially for larger butterfly species, as
reported in other studies (Campbell and Hanula, 2007; Vrdoljak and
Samways, 2012). Despite this limitation, which may occur for several
other taxa, the same bias is expected across all comparative samples.
Taking this into account, it is worth noting that color pan traps are a
relatively low-cost, simple, and effective method for sampling relative
abundances and species richness of several flower-visiting insect
groups, especially suitable for comparative and monitoring purposes
(Campbell and Hanula, 2007; Vrdoljak and Samways, 2012).

The higher abundance observed in cultivated sites does not
necessarily imply greater habitat quality, functional diversity, or
improved ecosystem service provision (Isbell et al., 2011; Tscharntke
et al., 2012). The composition analyses revealed that agricultural
environments were dominated by a few species (e.g., Astylus
atromaculatus), in contrast to wild sites, which, although showing
lower insect abundance, tended to harbor more even, and potentially
more diverse communities. These findings highlight that a higher
number of individuals does not equate to ecological balance or
resilience. Pollinator diversity plays a crucial role in maintaining
stable and resilient pollination services (Garibaldi et al., 2011; 2013,
Cariveau et al., 2013), as diverse assemblage can pollinate a broader
range of plants, buffer against species losses, and enhance the
ecosysten’s ability to support disturbances (Kennedy et al., 2013;
Maggi et al., 2023). Thus, although specific agricultural environments
may attract large numbers of pollinators, as illustrated by the
dominance of A. atromaculatus discussed above, such patterns may
reflect reduced ecological integrity and reduced functional
redundancy rather than enhanced pollination potential. In this
context, although wild sites did not show the highest abundances,
they may harbor key species with ecologically relevant functions that
are not detected by simple abundance metrics. The specific
composition and evenness observed in these environments reinforce
the need for more complex studies that integrate functional aspects
and interaction networks, along with landscape composition and
configuration (Fijen et al., 2025).

It is worth noting that the study region is fully embedded within
an intensively farmed matrix, so the contrast between “cultivated”
and “wild” sites manifests at relatively small spatial scales (Kennedy
et al., 2013; Landis, 2017). This is evidenced by the significant
differences in wild cover observed between paired points at distances
of 500 and 1,000 meters, but not at 3000 meters, suggesting that at
larger scales, wild environments may function as isolated patches
lacking functional connectivity. In this context, our study area has
undergone substantial landscape changes over the past few decades,
which may have shaped the local pollinator communities, reducing
differences between cultivated and wild zones or diminishing the
influence of the latter. To assess the effects of biodiversity, long-term
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monitoring efforts in these regions must be strengthened, as the
impacts of land use are more significant when sustained over time
(Cusser et al., 2018, 2021).

In this study, we assessed landscape composition based on the
relative proportion of wild cover in the surroundings; however,
we did not address structural heterogeneity or the spatial
configuration of patches, key aspects for understanding ecological
connectivity. This methodological limitation should be addressed in
future work to account for the sensitivity of pollinator communities
to subtle changes in landscape structure and organization. Likewise,
it is necessary to acknowledge the limitations inherent to passive
sampling, which does not discriminate between floral visitors and
effective pollinators. The incorporation of complementary methods,
such as direct observations on flowers and the analysis of plant-
pollinator interaction networks, would enable a more comprehensive
and accurate characterization of the ecological roles of
these communities.

Finally, this study differs from other approaches focused
exclusively on bees (Potts et al., 2010; Winfree et al., 2009; Garibaldi
et al, 2011; Kennedy et al., 2013; Cariveau et al., 2013) by
incorporating a community-level perspective on insects. The
inclusion of orders relevant to pollination (Coleoptera, Diptera,
Hymenoptera, and Lepidoptera) enabled the detection of broader
responses to environmental and landscape factors, thus providing
valuable evidence for understanding ecological functioning in
agricultural landscapes of southern South America. In a context of
high intensification, where the expansion of soybean monoculture
and intensive grazing have significantly reduced ecosystem services
in our landscapes (Modernell et al., 2016), understanding
pollinator dynamics can contribute to the design of conservation
and biodiversity-use strategies, fostering more
resilient environments.

Future research should aim to increase the resolution of land use
categories, incorporating detailed information on pesticide
applications, crop types, and management practices, which can
significantly influence pollinator communities. In addition, the
integration of tools such as remote sensing and geographic
information systems (GIS) could improve our ability to detect
landscape features that act as barriers or corridors for pesticide
dispersal, and that may limit or facilitate pollinator movement and
survival. These advances would enhance the development of more

effective and targeted conservation strategies in agroecosystems.
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