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A B S T R A C T

Assessments of environmental drivers that regulate the functional composition of various organisms have be-
come more frequent in the ecological literature, as this approach establishes a more direct connection between
community structure and ecosystem functions. Bee response traits, such as sociality, body size, nest location, nest
behaviour, and dietary specialization, have been reported in empirical studies that examine the role of land use
intensity in functional diversity. However, empirical studies include different descriptors measured at different
spatial scales, producing poor generalizations. Processes operating at different scales may have different effects
depending on the response traits considered in the analysis. In this meta-analysis, we provide a quantitative
assessment of the role that the structural complexity of habitats at local and landscape scales plays in the
richness and abundance patterns of bees, considering different response traits. As indicated through this meta-
analysis, the descriptors of structural complexity at the local scale explained more of the richness and abundance
of bees with distinct response traits than the descriptors at the landscape scale. In addition, high management
intensity has a negative effect on the different response traits. Below-ground nesting bees and social bees showed
different abundance trends, which suggest a mechanism denominated ‘response diversity’. This result suggests
that the adoption of hybrid management strategies at the local scale could support the richness and abundance of
different bees with distinct response traits in agroecosystems. These distinct response traits can be an important
ecological pattern that contributes to the development of management strategies that maintain, in space and
time, bees with distinct response traits. However, we should analyse the communities in terms of clusters of
response traits, considering the possible synergies and trade-offs between these traits.

1. Introduction

Assessing the diversity of functional traits found in a particular
biological community has been reported as a more direct way to es-
tablish a connection between biodiversity and ecosystem functioning
than an approach focusing only on taxonomic diversity (Díaz and
Cabido, 2001; Hooper et al., 2005; Díaz et al., 2007; Gagic et al., 2015).
There are two dimensions related to functional traits: response and
effect traits. The effect traits mediate the species contribution to eco-
system functioning and affect the species provision of ecosystem ser-
vices (Wood et al., 2015). The presence or occurrence of a given species

that possesses an important functional trait in a space-time snapshot
may depend on environmental filters that can act in selecting that
species (Díaz et al., 2007). However, the relative importance of each
environmental driver depends on the response trait that is being eval-
uated, and the identification of relevant traits within a given context is
a major challenge (Laliberte et al., 2010).

Functional response traits are traits that mediate the response of
species abundance or occurrence in relation to environmental filters
(Violle et al., 2007; Laliberte and Legendre, 2010), such as micro-
climate changes, vegetation complexity, landscape structure (Forrest
et al., 2015; Le Feon et al., 2016; De Palma et al., 2015). Functional
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response traits are related to morphological, physiological or beha-
vioural characteristics that define the distribution of organisms in space
and time (Kremen and M’Gonigle, 2015; Gagic et al., 2015; Wood et al.,
2015). Thus, functional composition in a community is determined by
response traits (Ricotta and Moretti, 2011). For bees, the most im-
portant pollinator group (Klein et al., 2007), sociality, body size, nest
location, nest behaviour and dietary specialization are the primary re-
sponse traits used to explain community structure in agroecosystems
(Rader et al., 2014; Ahrenfeldt et al., 2015; Warzecha et al., 2016), and
some empirical studies have focused on mechanistic explanations to
determine the influence of distinct environmental predictors on the
diversity of these bees according to their response traits (Klein et al.,
2003a; Le Feon et al., 2016). The evaluation of which response traits
are more likely to explain the loss of species in scenarios, such as in-
tensive farming regimes, can be an important step in promoting miti-
gation actions (Bartomeus et al., 2017). However, we lack general
quantitative information on bee richness and abundance with different
response traits in agroecosystems (but see Williams et al., 2010).

The studies that evaluated the diversity of bees according to their
response traits in agroecosystems vary in terms of the spatial scale and
the predictors used (Bommarco et al., 2010; Rader et al., 2014; Baños-
Picón et al., 2013). Ecological processes operating at different spatial
scales complement each other in explaining the structure of a particular
community, but the relative importance of these processes may vary
according to the response trait considered in the analysis (Klein et al.,
2008; Forrest et al., 2015; Martins et al., 2015; Ekroos et al., 2013).
Ground nesting bees, for example, are strongly affected by management
intensity of field crops, largely benefitting from open areas with low
humidity content (Ngo et al., 2013). On the other hand, large social
bees, which move small distances to forage and form small colonies, are
more influenced by landscape heterogeneity (Ekroos et al., 2013), in-
dicating that this group is more influenced by ecological processes at
large spatial scales than local spatial scales (Aguirre-Gutiérrez et al.,
2016). Light intensity best explains the abundance and richness of so-
litary bee species that nest on the ground in agroforestry systems in the
tropical zone (Klein et al., 2003a; Klein et al., 2008). Other studies show
that the richness of plant and flower abundance at a local scale are the
predictors that best explain variation in richness and abundance of
these bees (Albrecht et al., 2007), as well as the grassland coverage
percentage in the landscape (Woodcock et al., 2013). These papers
taken together show that the identity of these traits and the spatial scale
approach are key aspects to understanding the influence of land use on
the pattern of functional diversity in agroecosystems (Brittain et al.,
2013; Aguirre-Gutiérrez et al., 2016). Quantitatively contrasting these
different parameters and spatial scales of observation has not been well
reported. In addition, explanations for the variation in the response of
bees with different response traits have not been well defined.

In a meta-analysis, Bommarco et al. (2010) reviewed the trends of
three functional groups in response to a reduction in habitat area.
However, the study was based on a set of data collected for five dif-
ferent types of habitats in Central Europe, decreasing our ability to
make broader generalizations, in addition to limiting the findings to the
specificities of a restricted set of habitat types.

Through this study, we aim to provide general quantitative in-
formation about the different responses of bees, according to distinct
response traits in relation to descriptors of habitat and landscape in
agroecosystems, discussing the implications of the use of these traits to
explain and predict the presence of bees in these systems. In this
manner, we asked the following questions: i) At the local scale, to what
degree does the intensity of management and structural aspects of the
habitat consistently affect the richness and abundance of bees with
different response traits? ii) At the landscape scale, to what degree does
the landscape structure consistently affect the richness and abundance
of bees with different response traits?

2. Materials and methods

2.1. Literature search

To conduct this meta-analysis, we followed the PRISMA protocol
(Moher et al., 2009). To identify studies in the literature that address
the influence of land use for agricultural and/or the context the sur-
rounding landscape on the functional diversity of bees in agroecosys-
tems, we conducted a search in the database Scopus and Web of Science
using the following keyword combinations: [functional diversity AND
bees AND agroecosystem] OR [trait* AND bees AND agroecosystem]
OR [functional diversity AND bees AND landscape] OR [functional
diversity AND bees AND landscape composition] OR [functional di-
versity AND bees AND landscape configuration] OR [pollinator* OR
functional diversity OR bee OR bees OR apoidea OR pollinator*] AND
[fragmentation OR landscape composition OR landscape configuration
OR land use type OR landscape OR soil use].

2.2. Protocol design

Studies included in this meta-analysis had to meet the following
criteria: presented a variable response to functional diversity of bees in
agroecosystems or some functional trait measure not synthesized by an
index; included replication; reported the sample size; presented the
mean and standard deviation for the type of habitat used for data col-
lection (for studies using categorical predictor variables), or presented
some statistics such as correlation and regression coefficients (for
continuous predictor variables), as the effect size was calculated from
this information (see below).

The studies assessing the functional diversity of bees considered
different approaches ranging from the measurement of a single trait
(e.g., body size or dietary specialization) to studies that consider the
synthesis of information on different functional traits through func-
tional diversity indexes (Ricotta and Moretti, 2011). Only studies that
considered individual response traits were used in this meta-analysis.
Some authors reported no statistical values with non-significant results.
These authors were contacted to avoid bias in the meta-analysis from
studies that did not report non-significant results (Winfree et al., 2009).

2.3. Grouping the data for meta-analysis: landscape and habitat descriptors

Because of the different approaches considered in the studies, we
divided the data into different groups for the quantitative evaluation of
the effect size of each subgroup. The studies were separated according
to the type of approach used in the predictor variables: landscape or
habitat scale. We used two categories to encompass studies conducted
at the landscape scale: the proportion of crop area and the proportion of
non-crop area. Studies that evaluated the influence of natural or semi-
natural habitats (e.g., meadow in any proportion of radii from the point
of sampling, proportion of home garden at a large scale, proportion of
forest) at spatial scales wider than the habitat were included in the
category “proportion of non-crop area”. Studies that evaluated the in-
fluence of agriculture on the response variable were included in the
“proportion of crop area”. Accordingly, for many studies, the landscape
structure was reported more than once, for example, measuring influ-
ence of crop and non-crop area. Therefore, “study” was included as a
random variable in all mixed models (Shackelford et al., 2013) (see
below). For studies that used more than one spatial scale to categorize
the surrounding landscape, we chose the correlation coefficient with
the greater value.

For the local scale, we used a similar approach such as described for
the landscape scale. We reclassified the different measures used to de-
scribe structural complexity and the differences between agricultural
intensities into three categories: structural complexity, resource avail-
ability and agricultural intensity. These categories reflect the different
measures used in the original studies (empirical studies used in this
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meta-analysis) and indicate the general trends in management intensity
and the repercussions in terms of physical habitat structure and the
availability resources (see Supplementary material for a complete list of
variables in the original and used studies). Resource availability was a
category used to group the studies that analysed the influence of floral
resources on bee richness and abundance with a specific response trait
(e.g., flower percentage). A good example of this category is Klein et al.,
2003b, where the authors measured the percentage of cover of all non-
coffee flowering plants (herbs) for each study field to estimate the
pollen and nectar availability for the bees. In our meta-analysis, a large
part of that individual study considers offering floral resources in the
form of flower focal crops. Structural complexity was a descriptor used
to group studies that evaluated attributes other than floral resources
(e.g., light intensity, soil clay, semi-natural habitat in contrast with
simpler habitats). For this proposal, Sydenham et al., 2016 performed
bee sampling in three experimental areas. These areas included the cut
areas, where all the trees were cut and left to decay in the plot;
cut+ remove, where all trees were cut and immediately removed from
the plot; and uncut areas, where different levels of habitat structural
complexity were generated. Agricultural intensity was a descriptor used
to group studies that evaluated the response of bee richness or abun-
dance in intensive farming systems (e.g., tillage, insecticide, and ferti-
lizer use). One example can be seen in Ullmann et al. (2016). These
authors sampled ground nesting bees in areas where shallow tilling
occurs regularly in row crop fields irrigated with buried drip lines. Once
grouping was complete, we evaluated the mean effect size and con-
fidence interval, considering the richness and abundance of bees in
relation to each response trait separately.

2.4. Calculation of effect size

To calculate the effect size of different predictors in our subset data
for individual traits, we fitted the data set with generalized linear mixed
models (GLMM). We evaluated the richness and abundance of the bees
that had individual response traits in relation to the three descriptors
above (first question), which were used as the fixed effect. ‘Study' was
included as a random variable effect. To answer our second question,
we evaluated the influence of landscape structure (crop and non-crop
area) as the fixed effect. The ‘study' was used as the random effect.

We used the exact p-value or a statistical value such as F, t, r or r2,
with degrees of freedom, to perform the conversion Fisher's Z, which is
an effect size measure that standardizes and makes the studies com-
parable (Koricheva et al., 2013). If the study measured continuous
variables to characterize the surrounding landscape of the sampling
point, then we extracted the value of t using a multiple regression,
Pearson's r for parametric correlations or ρ of the nonparametric
Spearman correlation (Winfree and Kremen, 2009). With these values
obtained, the value of Z-Fisher was obtained by using the calculation
“The Meta Analysis Calculator” available at http://www.lyonsmorris.
com/ma1/ (Taylor and Cooke, 2012). Using the Fisher-Z is very ap-
propriate for the correlation data, where the use of r becomes a skewed
comparison (z ½= ln (1+ r/1− r)). The variance of this index is es-
timated by v=1/square-root (n-3), being dependent only on the size of
the sample (n) differing from the variance of the correlation coefficient,
which depends on the sample size and the magnitude of the coefficient.
We combined and modelled the effect sizes weighted by the inverse of
its variance using mixed effect models in R, version 3.3.0 (R
Development Core Team, 2010), and using the metafor package
(Viechtbauer, 2010) through the rma.mv function (meta-multivariate
analysis via/multilevel linear (mixed effects)). Data from F-tests with
more than one degree of freedom were not considered in this meta-
analysis.

2.4.1. Publication bias
The evaluation of possible bias in the publications was visually

performed through a funnel plot (Matthias et al., 1997), which checks

whether studies with small effect size distributions are absent from all
published effect sizes. In the absence of bias in the literature, it is ex-
pected that studies with large effect sizes are plotted near the mean and
that those with smaller effects will be distributed above and below the
mean, creating a funnel-shaped figure. This assessment was performed
by the funnel function in the metafor package.

3. Results

A total of 43 papers were used in this meta-analysis. From this total,
63 effect sizes were used at the landscape scale and 100 at the habitat
scale (Table 1). Most studies were carried out in Central Europe (Ger-
many with 10 studies and France with 3 studies), North America (USA
with 9 studies) and Southeast Asia (Indonesia with 6 studies). All the
other countries had 1 study (see Table 1). The analysis bias (funnel plot)
indicated positive bias for some data sets (Figs. 3–5).

3.1. Question 1: At the local scale, to what degree does the intensity of
management and structural aspects of the habitat consistently affect the
richness and abundance of bees with different response traits?

Regarding our first question, we found 27 studies. Of which, 13
studies analysed nest location, 11 studies analysed sociality, 6 studies
analysed body size, and 4 studies analysed dietary specialization. In the
following section, we describe only the effect sizes with at least 4 stu-
dies; those obtained with lower sample sizes are shown in the figures
for a general understanding of the available evidence and knowledge
gaps. The abundance of above-ground nesting bees was negatively
correlated with agricultural intensification (Fisher’s Z-trans-
formed=0.86, p-val= 0.01; Fig. 1A). None of the other traits analysed
showed a statistically significant relationship; however, except for so-
litary and large bees, all other traits tended to be negatively related to
agricultural intensification (Fig. 1A). Structural complexity was nega-
tively associated with the abundance of below-ground nesting bees
(Fisher’s Z-transformed=−4.50, p-val= < .0001, Fig. 1C) and had
no relation to the other traits.

Regarding the number of species within each functional response
trait, agricultural intensification was negatively associated with the
richness of social bees (Fisher’s Z-transformed=−0.41, p-val= 0.01;
Fig. 1D). Structural complexity was positively associated with the
richness of social bees (Fisher’s Z-transformed= 0.43, p-val= 0.01;
Fig. 1F).

3.2. Question 2: At the landscape scale, to what degree does the landscape
structure consistently affect the response of bees with different response
traits?

Regarding our second question, we found 23 studies. Of which, 10
studies analysed sociality, 9 studies analysed body size, and 7 studies
analysed nest location. Assessing the response of bees with different
response traits to the landscape structure, the proportion of non-crop
area was positively associated with the abundance (Fisher’s Z-trans-
formed=1.05, p-val= 0.01; Fig. 2B) and richness of solitary bees
(Fisher’s Z-transformed= 1.54, p-val= 0.0029; Fig. 2D) and had no
related with the other traits. On the other hand, the proportion of crop
area was negatively associated with the abundance (Fisher’s Z-trans-
formed=−1.0485, p-val= 0.01; Fig. 2A) and richness (Fisher’s Z-
transformed=−1.54, p-val= < 0.0001; Fig. 2C) of solitary bees.
Some response traits used in this study (e.g., dietary specialization and
body size) were not reported in studies using one of the categories of
landscape descriptors we listed (Fig. 2).

4. Discussion

This meta-analysis has indicated a wide variety of responses in
terms of richness and abundance of the bees in agroecosystems. We can
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attribute this variation to the different response traits used in the em-
pirical studies and to the different ecological processes acting at mul-
tiple spatial scales. These results have many implications for the man-
agement of agricultural landscapes that aim to conserve bees’
functional diversity.

Evaluation of the response of individual traits indicated that nest
location and sociality, as also found by Williams et al., 2010, are im-
portant in assessing how intensive land use for agriculture on a local
scale may affect the richness or abundance of these groups. The
abundances of above-ground and below-ground nesting bees were ne-
gatively correlated with the intensification of agriculture, as well as the
richness of social bees, showing us the importance of management in-
tensity at a local scale. For decades, the intensification of agriculture
has been a strategy used to increase food production (Bommarco et al.,

2012), but it has undermined the ability to maintain the availability of
resources for several species, as well as to maintain characteristics in
the habitat to ensure the requirements needed for biological diversity
(Matson et al., 1997; Phalan et al., 2011). This agricultural in-
tensification is characterized mainly by the presence of large fields of
monocultures with external inputs that essentially consist of synthetic
fertilizers and pesticides (Pretty, 2008) and associated with practices
such as mowing and tillage. Management intensity promotes homo-
genization of habitat in large tracts of land, reducing the diversity of
substrates for nesting (Gámez-Virués et al., 2015), such as bare soil
(Klein et al., 2002) and distinct substrates above ground (Winfree et al.,
2007; Williams et al., 2010; Kremen and M’Gonigle, 2015). Thus, bees
with distinct response traits that have been negatively affected by the
intensification of agriculture form a cluster of functional types

Fig. 1. The effects of compositional complexity at the local scale on the abundance and richness of several bee response traits in agroecosystems. Effect size (ES) was modelled by mixed-
effects models (effect sizes∼ fixed effects, random effects=∼1 | study) of different data sets. Error bars are 95% confidence intervals (CI), and effects are considered significant when a
CI does not overlap with 0. Sample sizes (number of comparisons/number of individual studies) are given in parentheses. NA (not available).
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Fig. 2. The effects of compositional complexity at the landscape scale on the abundance and richness of several bee response traits in agroecosystems. Effect size (ES) was modelled by
mixed-effects models (effect sizes∼ fixed effects, random effects=∼1 | study) of different data sets. Error bars are 95% confidence intervals (CI), and effects are considered significant
when a CI does not overlap with 0. Sample sizes (number of comparisons/number of individual studies) are given in parentheses. NA (not available).
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characterized by reduced abundance (above-ground nesting bees) or
richness (social bees) where there is intensive management.

Structural complexity was negatively correlated with below-ground
nesting bee abundance. One possible explanation for the results of our
meta-analysis is that structural complexity, which is associated with
vegetation density or richness of plants in the soil, is not important for
this bee group such that they respond positively to bare soil (Roger-
Estrade et al., 2010). On the other hand, social bee richness is positively
associated with structural complexity. This is an example of ‘response
diversity’, which is defined as the diversity of responses to environ-
mental change among species that contribute to the same ecosystem
function (Elmqvist et al., 2003), which is pollination in this case. From
the viewpoint of productivity in farming systems, with both groups of
bees being important to maintaining the stability and magnitude of
service, management strategies that offer a greater quantity and di-
versity of resources at the crop scale together with strategies that do not
compact bare soil, for example, should be implemented to increase the
probability of these bee groups co-occurring in large abundance and
richness. This increase in resources on farms associated with alternative
management practices such as less intense crop diversification, con-
servation tillage, and use of compost or organic matter (Pretty et al.,
2006; Garibaldi et al., 2016) can lead to a process of ecological in-
tensification (Bommarco et al., 2012) that increases the likelihood of
maintaining a high abundance and richness of bees with distinct re-
sponse traits at the local farm level farm and stability and magnitude of
the service provided by them, since these bees can have distinct and
complementary effect traits. Obviously, the impact on pollination

service needs to be empirically study with a rigorous evaluation of
which effect traits are related to these two large groups of bees in order
to predict the possible impacts on pollination services in the systems in
which they are inserted.

Regarding the landscape context, in a recent synthesis, a positive
effect of landscape complexity on the richness and abundance of native
bees was found, but this response was not checked considering different
response traits (Shackelford et al., 2013). In other quantitative synth-
eses that evaluated the functional response of the bees to some land-
scape parameters or some disturbance caused by human activity, social
species responded negatively to the isolation of natural habitats
(Ricketts et al., 2008; Winfree et al., 2009; Williams et al., 2010) and
positively to the proportion of natural habitats. Our findings point to
the same trends found in these studies but in relation to solitary bees.
Different data sets used in the studies by Ricketts et al., 2008; Winfree
et al., 2009 and Williams et al., 2010 may help explain these differ-
ences. However, despite these differences, the presence of semi-natural
habitats in the surrounding landscape of crops can offer various types of
habitats that provide resources that are attractive to several species of
solitary bees and contribute to the investment in the number of brood
cells per nest (Holzschuh et al., 2010; Krauss et al., 2009), favouring the
richness and abundance in crops near these environments. In addition,
solitary native bees often have more specific requirements in terms of
habitats (Steffan-Dewenter et al., 2002), which may contribute to the
explanation of the negative relationship to the distance of natural ha-
bitats (increase in the proportion of crop areas) and the positive re-
lationship to the increase in the proportion of non-agricultural area

Fig. 3. Funnel plot of the different groups of individual studies used in this meta-analysis that used the measure of bee abundance with different response traits at landscape scale. A.
Above-ground nesting bees abundance at landscape scale; B. Below-ground nesting bees abundance at landscape scale; C. Large bees at landscape scale; D. Solitary bees; E. Small bees.
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found in our meta-analysis. An important fact to consider is that 85% of
the more than 20,000 known bee species are solitary, and little is
known about most species and their population status (Freitas and
Pereira, 2004). Our meta-analysis points to the importance of two im-
portant drivers that regulate both the richness and abundance of these
bees in agroecosystems. The reduction in the proportion of natural

areas is associated with the loss of alternative flora resources when
there is no available resource in agricultural areas, in addition to pro-
viding a myriad of above-ground nesting sites (Kremen et al., 2004).
Although we do not know the details of the requirements of most
species of solitary bees, the maintenance of natural areas close to the
crops can be a crucial strategy to increase the chance that these species

Fig. 4. Funnel plot of the different groups of individual studies used in this meta-analysis that used the measure of bee abundance with different response traits at local scale. A. Above-
ground nesting bees abundance at local scale; B. Below-ground nesting bees abundance at local scale; C. Large bees at local scale; D. Oligoletic bees at local scale; E. Small bees at local
scale; F. Social bees at local scale; G. Solitary bees at local scale.
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remain in agroecosystems, bringing benefits in terms of the pollination
of agricultural crops (Kremen et al., 2002).

The absence of temporal replicates is a recurrent problem in studies
that aimed to compare richness and abundance responses of social and
solitary bees to landscape changes (Kim et al., 2006), which can help us
understand the difference among studies. In addition to the temporal
dimension, landscape classifications are crucial to studies that consider
their influence on biodiversity. A promising approach is in accordance
with the concept of functional landscape heterogeneity (Fahrig et al.,
2011), which assumes that any measure of heterogeneity should reflect
the requirements of a species or a particular interest group, which
makes sense from the ecological point of view.

Finally, one important aspect in the studies about functional di-
versity is to consider individual traits such as response variables, since
the species are a “mosaic of traits” and may form the most relevant
cluster of traits in the functional analysis of communities (Williams
et al., 2010). Social small generalists were most strongly affected by the
local descriptors of scale compared with the social large generalist bees
(Hopfenmüller et al., 2014). However, there are few studies whose
hypotheses and analyses are based on a “cluster of traits” contrasting
different scenarios, which makes it impossible to use a quantitative
synthesis for such approaches. Thus, we encourage authors to use the
clusters of traits approach rather than individual traits. This type of
information may be crucial, including the adoption of management
practices that promote multi-functional landscapes (Ekroos et al., 2016)
not only in terms of the composition and configuration of these land-
scapes but also in terms of the organisms that the landscapes contain.
Despite the trends observed in the results of this meta-analysis, few
studies have evaluated the response of bee richness and abundance
according to the response traits presented here. The validation of the
performance of these response traits within a set of traits can be a
promising way to identify the groups most sensitive to intense soil
management by agricultural practices.

4.1. Conclusions

This meta-analysis provided important general information on the
role of intensification of agriculture and the surrounding landscape in
the richness and abundance of bees, considering different functional
response traits. The response of some functional traits in the same di-
rection as the driver, such as above-ground nesting bees and social bees,
indicates that certain clusters of traits are more affected by agricultural
intensification than others. From these results, it was possible to verify
response diversity between different response traits, since the abun-
dance of below-ground nesting bees was negatively affected by the
structural complexity of the crops, while the richness of social bees
benefited from this increase. This result points to the need to think of
hybrid management strategies that consider different types of soil cover
if the intention is to maintain functional diversity for different response
traits.

Considering the low number of papers included in each analysis of
this meta-analysis and the way in which responses were included (in-
dividual response traits), we suggest that future studies test hypotheses
about the influence of intensive soil use in relation to functional

response groups (cluster of response traits). This approach can help us
understand which groups are most sensitive as well as to understand the
trade-offs between these response traits in modified contexts. In addi-
tion, we suggest that future studies address landscapes from a func-
tional perspective (functional landscape heterogeneity) in order to
understand the role that each type of coverage has on the dynamics of
different functional groups of bees in agroecosystems, considering dis-
tinct response traits. Moreover, despite the statistical significance, the
abundance of bees for all the response traits evaluated (except for so-
litary and large bees) showed a negative relationship with the in-
tensification of agriculture. This result indicates that the adoption of
management practices consistent with ecological intensification could
reverse this scenario.
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