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Abstract

Understanding the effects of anthropogenic changes on groups that
perform key ecosystem services, such as pollination and pest control,
is essential for conservation and maintenance of these groups in
landscapes. We aimed to understand how landscape heterogeneity and
the natural vegetation loss affect the diversity of bees, wasps and their
parasitoids in a resource limited semiarid environment. We sampled
bees and wasps that nest in pre-existing cavities in 20 landscapes, for two
years, in Ubajara National Park, in northeastern of Brazil. We recorded
eleven species of bees, nine of wasps and six of parasitoids in 657 trap-
nests. Landscape heterogeneity had different effects on bees, wasps
and their parasitoids. Landscape configuration had stronger effect than
composition. Bee abundance decreased according to the complexity
of the spatial arrangement of landscape units, while wasp abundance
increased. Our study shows that in semiarid regions some species may
have different responses to landscape structure from those found in other
regions. The spatial patterns described here have important implications
for conservation of these essential biological groups, indicating that
conservation actions for these groups should associate both landscape
composition and configuration to increase the provision of resources
and to facilitate the access to resources throughout the year.
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1 Introduction

In In the last decades, several studies have warned
about the decline of bee and wasp populations
around the world (Tscharntke et al. 1998; Roubik
2001; Klein et al. 2002; Gallai et al. 2009; Potts et al.
2010). Various factors have been listed as potential
causes for this decline, but farms with high impact
local management have been identified as one of
the main causes (Hipdlito et al. 2018). Simplification
of native habitat structure, on a local scale, may also
be an important factor that reduces species richness
and modifies species composition of solitary bee
and wasp assemblages (Flores et al. 2018). However,
since bees and wasps may not be confined to a
single environment type, they can be affected also
by the conditions of their surrounding landscape
(Holzschuh et al. 2010; Moreira et al. 2015).

The widespread conversion of natural vegetation
into extensive agriculture results in landscape
homogenization, and many species of bees and
wasps may become endangered due to the reduced
availability of food and nesting sites (Williams &
Kremen 2007; Charman et al. 2010; Flores et al.
2018). In contrast, heterogeneous landscapes that
include agricultural habitats may provide a greater
diversity of resources for wasps and bees (Klein et
al. 2002; Winfree et al. 2007; Moreira et al. 2015;
Boscolo et al. 2017). This occurs, for example, in
landscapes that facilitate the movements of bees
and wasps through functionally connected habitats
(Kennedy et al. 2013; Boscolo et al. 2017). Thus,
when essential resources are lacking in a certain
environment, these insects can seek alternative
resources available in other nearby patches. This
cannot occur in homogeneous landscapes with
large modified areas where different environments
tend to be too far from each other to allow efficient
foraging strategies (Schiiepp et al. 2011; Moreira et
al. 2015; Boscolo et al. 2017; Hipdlito et al. 2018).

Also, bees and wasps are responsible for important
ecosystem services (Loyola & Martins 2008). Bees
are the main group of pollinators of cultivated and
non-cultivated plant species (Didham et al.1996;
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Ashmann et al. 2004; Klein et al. 2007; Loyola
& Martins 2008; Potts et al. 2010), while wasps
are important predators and parasitoids of other
arthropods, and can act in agricultural pest control
(Gould & Jeanne 1984; Penagos & Williams 1995;
Symondson et al. 2002). Therefore, analyzing the
effects of human activities on biological groups that
provide ecosystem services, such as bees and wasps,
is essential for planning actions aimed at minimizing
the loss of such services (Morandin & Winston 2006;
Ricketts et al. 2008; Krewenka et al. 2011).

Responses of bee and wasp species to anthropogenic
changes in their surrounding environments are quite
varied, even in closely related taxonomic groups
or within a guild (Ricketts 2001; Antongiovanni &
Metzger 2005; Happe et al. 2018). Solitary species
of bees and wasps seem to be even more sensitive
to human disturbance than their social counterparts
(Tscharntke et al. 1998; Kennedy et al. 2013; Happe
et al. 2018). From 5 to 10% of solitary species build
a nest in pre-existing cavities above ground and can
be found in most terrestrial ecosystems (Krombein
1967; Falk & Lewington 2015). These insects build
their nests in hollow branches or cavities in tree
trunks (Krombein 1967; O‘Neill 2001), thus being
strongly dependent on different plant species to
obtain both food and nesting resources, making
them very sensitive to landscape changes (Batra
1984).

Bees and wasps can be affected by changes of both
landscape composition and configuration (Kennedy
et al. 2013; Steckel et al. 2014; Hipdlito et al. 2018).
Holzschuh et al. (2010), for example, showed that
the diversity of cavity-nesting bees increases with
the diversity of habitat types at the landscape level
(a measure of landscape composition). On the other
hand, richness and abundance of wasps increased
with edge length between different habitats (a
measure of configuration). Hence, it is important
that studies focusing on bee and wasp conservation
consider both compositional and configurational
aspects of landscape structure.

Understanding the effects of landscape structure
on solitary bees and wasps can be even more
important in semiarid regions, where resources are
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limited and very seasonal (Schwinning et al. 2004).
During the dry season, the availability of water, plant
biomass and flowers is extremely limited for most
bees and wasps (Melo & Zanella 2012). Hence, even
in landscapes with a large proportion of natural
vegetation, individuals may be forced to forage in
nearby alternative environments, such as small
agricultural areas (Goodell 2003; Dingle & Drake
2007).

To ensure the services provided by bees and wasps
and mitigate or reverse biodiversity declines, it is
crucial to understand how these insects respond
to landscape changes (Chapin et al. 2000; Metzger
2001). Thus, our goal was to investigate how
landscape heterogeneity and the loss of natural
vegetation affect the assemblages of cavity-
nesting bees and wasps in semiarid forests. We
hypothesized that species richness and abundance
of bees, wasps, and their parasitoids increase
with (1) compositional heterogeneity (landscape
diversity); (2) configurational heterogeneity and
(3) decrease with the loss of natural vegetation.
Additionally, we predicted that landscapes with a
large proportion of natural vegetation combined
with high environmental diversity should have high
richness and abundance of bees and wasps because
they can provide a greater variety of environments
that can act in the complementarity of resources.

2 Material and Methods

2.1 Study area

Sampling was carried out at the Ubajara National
Park (UNP) (3°46’S, 40°54’W) and its surrounding
areas. Ubajara National Park is a federal conservation
area in the Ibiapaba mountain range in the State
of Ceard, northeastern Brazil. Although within the
semiarid climatic domain, the UNP has a humidity
gradient resulting from an altitudinal range from
400 to 900 m a.s.l. (Figueiredo 1988). In the lower
areas (400 m a.s.l.), the average annual rainfall is
947 mm, with rains concentrated between January
and May, and the average annual temperature is
28.2°C (FUNCEME 2015, historical data from 1982-
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2014). In the higher areas (900 m a.s.l.), the average
temperature is 27°C, and the average rainfall is
1,487 mm annually (concentrated between January
and June) (FUNCEME 2015, historical data from
1982-2014). Though the precipitation is high for
semiarid patterns, the potential evapotranspiration
(PET) is greater than precipitation, indicating that
water loss is greater than water input. Hence, the
climate is classified as DdA’a’ semiarid with little
or no surplus water, with high PET throughout the
year (Thornthwaite 1948) (Fig. 1). Combined with
its topographic heterogeneity and microclimate
variation, there are three types of vegetation in
the UNP: Deciduous Thorny Savanna (DS) and
Deciduous Seasonal Forest (DF) in the lower parts
of the mountain range, and Evergreen Seasonal
Forest (ESF) in areas of higher altitude (Araujo et
al. 2005). The UNP surroundings are characterized
by small agricultural areas and subsistence farming.
In the lower areas, the main types of land use are
silviculture, annual crops (e.g., corn and beans), and
irrigated banana crops. In the higher areas, the land
use is mainly characterized by pasture and perennial
fruit crops (Araujo et al. 2017).

2.2 Trap-nests

Solitary bees and wasps that nest in pre-existing
cavities, as well as their parasitoids, were sampled
using trap-nests (Krombein 1967). This method
enables the capture of reproductively active species,
excluding those that are only transiting through
the site (Morato & Martins 2006). Trap-nests were
standardized and built according to the methods
described in Tscharntke et al. (1998) and Tylianakis
et al. (2005). Each trap-nest was made of a 22 cm
long Polyvinyl chloride (PVC) tube with a diameter
of 15 cm and containing 75 bamboo internodes
with a length of 20 cm and diameters ranging from
2 to 20 mm. A broad range of diameters allows to
capture a greater diversity of species, since the
cavity diameter is correlated to the body size of
the females building the nest. In all the trap-nests
we inserted ten bamboo internodes with 2-4 mm,
30 with 5-10mm, 30 with 11-15mm and 5 with 16-
20 mm of diameter. A larger number of internodes
with a diameter between 5 and 15 mm was used
since this is the preferred size range of many species
(Fricke 1991; Tylianakis et al. 2005; Nascimento &
Garofalo 2014; Rubene et al. 2015; Nether et al.
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Figure 1: Climatic water balance: (a) lower areas of the Ibiapaba mountain range (FUNCEME 2015, Frecheirinha station,

historical data of 1982—-2014; annual rainfall: 947 mm, annual evapotranspiration: 2065mm, annual water deficit:

1197mm); (b) higher areas (FUNCEME 2015, Ubajara station, historical data of 1982-2014; annual rainfall: 1487mm,

annual evapotranspiration: 1928 mm, annual water deficit: 875mm). Thornthwaite Water Balance (BHidrico GD 4.0 —
2004)

2019). Three trap-nests were placed at each of two
sampling points in each landscape (see details in the
section bellow), always under a tree for protection
against sun and rain. Each set of three trap-nests
was tied with a metal wire to a wooden pole or tree
branch, 1.5 m above the ground. The metal wire was
covered with automotive grease to avoid ant attacks
(Tylianakis et al. 2005; Flores et al. 2018). Trap-nest
occupation was checked every 45 days for two years,
from January 2013 to December 2014. At each visit,
the occupied nests were removed and replaced
with new bamboo internodes of the same diameter.
The occupied nests were placed individually in
Polyethylene terephthalate (PETE) bottles and, taken
to the laboratory and kept at room temperature
(27°C) until adult emergence.

2.3 Landscape data

We used 5 m resolution satellite images, obtained
in February 2012 by the WorldView-2 satellite,
to produce a map of land use of the UNP and its
surroundings within a 10km buffer (Fig. 2). To prepare
this map, images were subjected to a segmentation
process using the method of growing regions with
similarity index of one and minimum area of 500
pixels (Camara et al. 1996). Images were subjected to
the ,,Bhattacharya” supervised classifier (using prior
knowledge of the study area), with an acceptance
threshold of 99%, using ArcMap 10.3.1.Land cover
types were then classified into Deciduous Thorny

Savanna (DS); Deciduous Seasonal Forest (DF);
Evergreen Seasonal Forest (ESF); DS secondary; DF
secondary; ESF secondary; agriculture/pasture;
exposed soil/road; urban area and water.

Within the mapped area we selected 20 landscapes,
10 in the lower area and 10 in the higher area of the
park (Fig 2). A pair of sampling points was used in each
landscape, one 100 m outside the border of the UNP
and another 100 m within the border. Considering a
foraging distance of 600 m or less for many species
of solitary bees and wasps (Gathmann & Tscharntke
2002; Klein et al. 2004; Zurbuchen et al. 2010), a
one-kilometer buffer around the midpoint between
the two sampling points was used to define each
landscape. The mid-points of adjacent landscapes
were at least 2 km apart from each other to avoid
landscape overlap. The spatial autocorrelation was
evaluated using Moran’s Index to ensure the spatial
independence of the landscapes.

We calculated landscape heterogeneity within these
20 landscapes using Shannon Landscape Diversity
Index (SHDI) (Fahrig et al. 2015; Boscolo et al. 2017).
SHDI is calculated as minus the sum of the total
landscape proportion covered by each land-cover
type multiplied by that proportion. It increases when
the number of different land-cover types increase
and/or the proportional areas of these patch types
become more even (McGarigal et al. 2012; Boscolo et
al. 2017). We chose SHDI because it is more sensitive
torare types of environments than other indices (e.g.
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Figure 2: Location of the study area: (1) Brazil and the state of Cear3, in gray; (2) the state of Ceard and the Ubajara

National Park, in black (UNP); (3) example of a selected landscape with a 1 km buffer; (4) UNP and surrounding area,

and the arrangement of the 20 sampling units. ESF = Evergreen Seasonal Forest; DSF = Deciduous Seasonal Forest; DTS
= Deciduous Thorny Savanna; DS = Dry Shrubland; UNP = Ubajara National Park

Simpson Index), as it measures both the amount and
evenness of types of environments in the landscape
(McGarigal et al. 2012). However, because one of
the sampling points in each landscape was within
the UNP, the landscapes were always composed
of a large proportion of natural vegetation (> 50%)
and linked to the same large continuous area of
natural vegetation that could be a source of species
to the surroundings of the UNP. Therefore, we used
the proportion of agriculture (PA) to measure the
loss of natural vegetation. The landscapes had a
gradient of agricultural cover varying between 9
and 47% of the total area of each landscape (see
supplementary material 1). We also measured the
landscape configuration of each landscape and of all
agricultural areas in each landscape. The landscape
configuration was measured through the mean
Shape Index among all patches in the landscape
(SHAPE-MN). The Shape Index of each patch is equal
to the patch edge length divided by the square root
of the patch area, multiplied by a constant to adjust

for a square standard (McGarigal et al. 2012). SHAPE-
MN increases as the patches of all environments in
the landscape become more irregular. To measure
agriculture configurational heterogeneity, we
used the Splitting Index (SPLIT-A). The SPLIT-A was
calculated using the total landscape area squared
divided by the sum of patch area squared, summed
across all agriculture patches (McGarigal et al. 2012).
SPLIT-Ais equal to one when the landscape is formed
by a single patch and increases as the agricultural
patches become smaller and more dispersed in the
landscape (McGarigal et al. 2012). All mapping was
performed with QGis 2.18.4 and ArcMap 10.3.1. The
landscape metric calculations were executed with
Fragstats 4.2.1. (McGarigal et al. 2012).

2.4 Statistical analysis

Generalized Linear Models (GLM), assuming a
negative binomial error distribution, were used
to analyze the effects of landscape structure on
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abundance and species richness of bees and
wasps. We considered each of the 20 landscapes
as a sampling unit, i.e., data from the two sampling
points in each landscape were combined. A set of
GLMs was used for each of the following eight
response variables (Tab.1): (1) bee richness, (2)
wasp richness, (3) parasitoid richness, (4) complete
assemblage species richness, (5) bee abundance,
(6) wasp abundance, (7) parasitoid abundance
and (8) overall abundance. The landscape metrics
SHDI, PA, SPLIT-A, and SHAPE-MN were used as
explanatory variables for all sets of models. We
did not put correlated variables (r=0.7) in the same
model. Additionally, for the analyses of parasitoid
richness and abundance, richness and abundance
of host species were also added as explanatory
variables. Since the number of available cavities
to one group (bees or wasps) decreases when the
other group is occupying them, bee abundance was
included as an explanatory co-variable in models
with wasp richness and abundance as response
variables. Likewise, wasp abundance was added
as an explanatory co-variable in the models of bee
abundance and richness. Considering that higher
and lower areas of the UNP have different rainfall
regimes and that the precipitation is the same for
the ten landscapes in each area, we also used two
categories of average annual rainfall (high and low)
as a co-variable in the models. We also used null
models, in which no explanatory variables were taken
into account (Burnham & Anderson, 2002; Ferreira
et al. 2015). We used Akaike’s Information Criterion
with second-order bias correction for small samples
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(AICc) to compare models for each response variable
(Burnham & Anderson 2002). To interpret the results,
we considered both AAICc and Akaike’s weight (w)
of each model. Models with the lowest AlCc values
in the set were considered the most plausible ones.
The models with a AlCc difference to the best model
(AAICc) lower than 4.0 were interpreted as having
the most substantial support. Akaike’s weight (w)
represents the probability that the selected model
is the best in the set (Burnham & Anderson 2002),
and we used that to aid our interpretation of the
AlCc values. All statistical analyses were done in R
version 3.5.3 (R Core Team, 2019) using the gim.nb
function in MASS package (Venables & Ripley 2002)
and model.sel function in MuMin package (Barton
2019).

3 Results

Altogether, out of the 9000 available traps, 657 were
occupied. Trap-nests were occupied in all sampling
sites. We recorded nine species of wasps (532 nests
and 1574 individuals) belonging to the families
Crabronidae, Pompilidae, Sphecidae and Vespidae;
eleven species of bees (111 nests and 432 individuals)
of the families Apidae and Megachilidae; and six
cleptoparasitic/parasitoid species (35 parasitized
nests and 48 individuals of parasitoids) belonging
to the families Apidae, Chrysididae, Ichneumonidae
and Leucospidae.

Table 1: Competing models used to analyze the effects of landscape structure on the species richness and the
abundance of bees and wasps that nest in pre-existing cavities. SHDI = Shannon Diversity Index; PA = proportion of
agriculture; SPLIT-A = Splitting Index for agriculture; SHAPE_MN = Shape Index mean.

Models Explanatory variables Hypothesis

1 SHDI Composition of landscape

2 PA Habitat loss

3 SPLIT-A Agriculture configuration

4 SHAPE_MN Configuration of landscape

5 SHDI + PA Habitat loss combined with compositional heterogeneity
6 Null No effects of explanatory variables

Landscape Online — supported by the International Association for Landscape Ecology and its community



Flores et al.

Overall, both landscape composition and
configuration were important in explaining the
assemblage of bees and wasps that nest in pre-
existing cavities (Fig. 3). Total species richness
was explained mainly by the Shape Index (w =
41%; Tab.2). Species richness decreased when the
patches of all land-cover types in the landscape
became more irregular. The second best model,
containing the Splitting Index, had similar plausibility
to the first model (AAICc <4, w = 21%). According to
this second model, total species richness slightly
increased in landscapes with small and dispersed
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agricultural areas. Although with lower probability,
the landscape composition models also explain
the species richness, which decreased both with
increasing SHDI (w = 15%) and PA (w = 14%). The
rainfall co-variable had a slightly positive effect on
species richness.

When we separated the assemblages into bees,
wasps, and their parasitoids, no landscape effects
were found for parasitoid species. Configurational
heterogeneity was also found to be very important
for bees and wasps, however with different effects

Species richness of assemblage

SHAPE-MN

20

Bee abundance

18
SHP-MN

-

Bee richness

o=

Wasp abundance

)

14 1.6 18 20
SHAPE-MN

Figure 3: Effects of the explanatory variables on species richness of complete assemblage and abundance of bees and
wasps separately. SHAPE-MN = Shape Index for landscape; SPLIT_A= Splitting Index for agriculture.
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on them. Configurational heterogeneity had a
negative effect on bee abundance and richness.
According to the best model, bee richness decreased
in landscapes with small and dispersed agricultural
areas (SPLIT-A, w = 70%).For abundance, the model
containing the Shape Index had higher support (w =
67.5%), and bee abundance decreased as landscape
configuration became more intricate. The second
best model showed that bee abundance decreased
when agricultural areas were small and dispersed
(SPLIT-A, w = 15.7%). For both bee abundance and
species richness, wasp abundance and rainfall co-
variables had a positive effect.
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Wasp abundance was higherin landscapes with more
irregular patches (w = 36.2%). With lower weight of
evidence than the first model (w = 20.2%) but with
substantial support (AAICc <4), the second ranked
model showed that more intricate configuration of
agricultural areas had a slightly positive effect on
wasp abundance, which increased with the Splitting
Index. Bee abundance and rainfall co-variables
respectively had a slight positive and negative effect
on wasp abundance. For wasp richness, the null
model was between the most plausible models,
bringing considerable uncertainty to the landscape
effects on the number of wasp species.

Table 2: Model selection results for all significant response variables (total species richness, bee richness, bee and

wasp abundance) according to the Akaike’s Information Criterion corrected for small samples (AlCc) and Akaike’s

weight (w). AAICc is the difference to the best model. Only models with AAICc < 4 are presented. Estimate for

each variable of the model. SE = Standard error of estimate. SHAPE = Shape Index mean; SPLIT = Splitting Index for

agriculture; PA = Proportion of agriculture; SHDI = Shannon Landscape Diversity Index; WA = wasp abundance; BA =
bee abundance; Rf = rainfall.

Models | df | Alcc | DAICc | w(%) |  Estimate | SE | p
Total species richness
SHAPE + Rf 4 177.4 0 41.17 SHAPE=-0.93 SHAPE=0.11 SHAPE=0.04
Rf=0.79 Rf=0.28 Rf=0.004
SPLIT + Rf 4 178.72 | 1.32 21.28 | SPLIT=0.001 SPLIT=0.002 | SPLIT=0.6
Rf=0.64 Rf=0.32 Rf=0.04
SHDI + Rf 4 179.34 | 1.94 15.61 SHDI=-0.73 SHDI=0.65 SHDI=0.26
Rf=0.44 Rf=0.39 Rf=0.26
PA + Rf 4 179.53 | 2.13 14.19 PA=-0.14 PA=1.45 PA=0.92
Rf=0.73 Rf=0.31 Rf=0.02
Bee richness
SPLIT + WA + Rf 5 78.10 0 70.40 SPLIT=-0.01 SPLIT=0.003 SPLIT=0.04
WA= 0.04 WA=0.01 WA= 0.04
Rf=1.13 Rf=0.54 Rf=0.03
Bee abundance
SHAPE + WA + Rf 5 109.5 0 67.5 SHAPE=-0.01 SHAPE=0.003 | SHAPE=0.02
WA= 0.05 WA=0.01 WA <0.001
Rf=2.07 Rf=0.61 Rf <0.001
SPLIT + WA + Rf 5 112.4 291 15.7 SPLIT=-1.81 SPLIT=1.18 SPLIT=0.12
WA= 0.04 WA= 0.01 WA= 0.004
Rf=2.12 Rf=0.58 Rf <0.001
Wasp abundance
SHAPE + BA + Rf 5 168.3 0 36.2 SHAPE=0.88 SHAPE=1.2 SHAPE=0.04
BA=0.06 BA=0.03 BA=0.05
Rf=-1.44 Rf=0.31 Rf <0.001
SPLIT + BA + Rf 5 169.5 1.17 20.2 SPLIT=0.02 SPLIT=0.001 SPLIT=0.27
BA=0.06 BA=0.03 BA=0.04
Rf=-1.22 Rf=0.33 Rf <0.001
SHDI + BA + Rf 5 169.7 1.36 18.4 SHDI=-0.6 SHDI=0.63 SHDI=0.34
BA=0.05 BA=0.03 BA=0.08
Rf=-1.13 Rf=0.42 Rf=0.01
PA + BA + Rf 5 169.8 1.45 17.5 PA=1.04 PA=1.44 PA=0.47
BA=0.06 BA=0.03 BA=0.05
Rf=-1.54 Rf=0.35 Rf <0.001

Landscape Online — supported by the International Association for Landscape Ecology and its community




Flores et al.

4 Discussion

Our study has shown that both landscape compo-
sition and configuration have effects on the assem-
blages of bees and wasps that nest in pre-existing
cavities. For bees, landscape configuration played
a greater role in determining their richness and ab-
undance than did landscape composition. Richness
decreased with increasing agriculture configuratio-
nal heterogeneity (SPLIT-A) and abundance decrea-
sed with increasing patch shape complexity (Shape
Index).In previous studies, landscape configuration
(e.g., mean shape, interpatch connectivity and ag-
gregation of landscape patches) had a positive ef-
fect or no effect on bee assemblages (Kennedy et al.
2013; Moreira et al. 2015). Although those studies
indicated that configurational heterogeneity is asso-
ciated with increased connectivity, facilitating bee
foraging movements across the landscape, most of
them were conducted in agriculture-dominated are-
as (Holzschuh et al. 2010; Kennedy et al., 2013). This
is not the case in our area, where the landscapes
had a high proportion of natural land cover types, in
addition to being connected to a very large protec-
ted reserve (UNP). Thus, increases in configurational
heterogeneity tend to lead to the fragmentation of
large continuous natural vegetation patches (Fahrig
2017), causing bees to respond negatively to lands-
cape configuration.

Although the landscapes with simpler configuration
had higher species numbers, these landscapes
were also the ones with the highest proportion of
evergreen forest (ESF; see supplementary material
1). In semiarid regions, this type of vegetation is
located in areas of greater rainfall. Due to the greater
water availability, these evergreen forests have
less seasonal bloomings, providing floral resources
to bees throughout the year (Rodal et al. 2005;
Schwinning et al. 2004; Abrahamczyk et al. 2011).
This allows bees to access a greater availability
of adequate resources, being less dependent on
resources provided by other environments (Aguiar et
al. 2005; Abrahamczyk et al. 2011). Since most crops
in the Brazilian semiarid regions are annual, even if
bee richness and abundance is affected by landscape
configuration, they are also indirectly affected by
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land cover types (landscape composition), since
annual crops only provide complementary floral
resources during a short period of the year.

Unlike bees, wasp abundance increased with greater
patch shape complexity (Shape Index). Landscapes
with high configurational heterogeneity have more
edges between the different cover types, and many
species of wasps build nests in edges or other more
open environments (Taki et al. 2008; Holzschuh et al.
2010; Fahrig et al. 2011; Pereira-Peixoto et al. 2014;
Hoffmann et al. 2018). More complex landscape
configuration may favor the flow of wasps across
the landscape and allow the use of resources from
different environments within their foraging range
(Klein et al. 2004; Holzschuh et al. 2010). Landscapes
with a higher division of agriculture in smaller
patches also had greater abundance of wasps. In the
Brazilian semiarid region, small agricultural areas
are typically temporary crops. These habitats are
usually more open and have little or no tree species.
Other studies also found higher wasp abundance in
landscapes with a larger proportion of open habitats,
such as grasslands or agricultural areas (Fye 1972;
Jennings & Howseweart 1984; Buschini & Wolff
2006; Holzschuh et al. 2010; Schiepp et al. 2011;
Hoffmann et al. 2018). They suggested that these
land cover types have plentiful light penetration,
where wasp preys (e.g., spiders, cockroaches and
Lepidoptera larvae) may be more abundant and
accessible. Although the lack of trees in the areas of
temporary agriculture decrease the nesting cavities
availability, and the disperse spatial distribution of
these areas facilitate the flux of wasps across the
landscape and allow the wasps nesting in natural
habitats to forage in agricultural areas.

This increased access to different feeding resources
is important in semiarid regions, where food can
be seasonal, especially for solitary bees and wasps
with lower foraging efficiency than their social
counterparts (Gathmann & Tscharntke 2002; Morato
& Martins 2006). From an agricultural perspective,
complex landscapes can also be beneficial because
they favor wasp movement, thereby increasing their
potential to control pests within crop fields (Franklin
& Forman 1987; Dale et al.2000). Hipdlito et al.
(2018), for example, showed that farms close to
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areas with natural vegetation and low management
intensity produce 30% more while maintaining the
biodiversity of floral visitors, including bees and
wasps.

Contrary to expectations, we found no effects of
native vegetation loss, landscape composition or
landscape configuration on richness and abundance
of parasitoids. Because they belong to higher trophic
levels, parasitoids usually are expected to be affected
by landscape changes and by the richness and
abundance of their hosts (Thies etal. 2003; Holzschuh
et al. 2010; Ebeling et al. 2012; Steckel et al. 2014).
However, according to Schiiepp et al. (2011), effects
of landscape changes may be smaller for generalist
parasitoids. This can explain our findings, as the
most abundant parasitoids were known generalists
and were found in all environments and in the nests
of different species (see Flores et al. 2018).

Overall, for the complete assemblage, landscape
configuration has a more evident effect, with
hymenopteran richness increasing in simpler spatial
arrangements. The stronger effect of landscape
configuration may be due to the high proportion of
natural vegetation in the UNP (>50%). According to
Pardini et al. (2010) and Fahrig et al. (2011), however,
effects of landscape composition are evident when
the percentage of native vegetation cover is low or
intermediate (30-40%). Conversely the increase of
one cover type in the landscape necessarily reduces
other types, high natural vegetation proportion
results in a low landscape diversity (SHDI) and
a simpler configuration with less fragmentation
(SHAPE) (see supplementary material 1; Fahrig et
al. 2011). Therefore, the higher species number in
these more homogeneous landscapes is potentially
due to a great amount of natural cover, provided and
maintained by the UNP.

5 Conclusions and implications for con-
servation and management

The different responses to landscape structure found
for bees and wasps may have important implications
for both the productivity of crops and conservation
of native vegetation. Bees were negatively affected
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by landscape configuration and may benefit from
environments that provide higher abundance and
diversity of flowering plants throughout the year,
such as the native forests. On the other hand, wasps
may benefit from open habitats due to a higher ab-
undance of prey (Tscharntke et al. 1998; Schmidt et
al. 2005). Since bees are pollinators of many crops
and wasps are predators of a vast number of arthro-
pods, it is important to promote landscape patterns
that benefit both groups.

In these semiarid regions, where small agricultural
areas are mainly annual crops, the floral resources
supply for bees are limited to a short period of the
year while for wasps, these areas may provide high-
er constant prey abundance (Fye 1972; Jennings
& Howseweart 1984; Fabian et al. 2013). The two
groups can benefit from associating temporary crops
with irrigated permanent crops interspersed with
native patches. This association may provide flow-
ers for bees throughout the year, prey for wasps and
nesting sites for both. Therefore, to develop effecti-
ve conservation strategies, assessing only landscape
diversity may not be adequate. It is also necessary
to evaluate the type of agriculture, associated with
landscape configuration in order to increase the sup-
ply of resources and to facilitate access to these re-
sources throughout the year.

Although many conservationists see agriculture as
the main cause of biodiversity loss, Perfecto et al.
(2009) state that managed environments also con-
tain a fraction of the biodiversity and it is a mistake
to ignore them. According to these authors, it is not
habitat conversion but rather the type and shape of
these modified environments that determine whe-
ther regional biodiversity is preserved. Therefore,
just as important as properly managing protected
areas, it is essential to employ adequate landscape
management. This is especially important in semiarid
regions, where the surroundings of the protected
areas can provide alternative resources during the
dry season for some species. Appropriate landscape
management may allow the surrounding area to
act as a filter to external aggressions against nearby
protected areas while providing essential ecosystem
services, such as pollination and pest control. Thus,
composition and configuration must be associated
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in landscape planning, aiming at the maintenance of
these different taxonomic groups, especially in areas
close to natural reserves, where the conversion of
natural vegetation must be carefully done. This will
enable both the maintenance of biodiversity and the
better use of ecosystem services provided by them.
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Supplementary material 1: Correlogram with results of Pearson Correlation test. Variables were correlated when r
0.7. SHAPE_MN = Shape Index mean; SPLIT_A = Splitting Index for agriculture; PA = Proportion of agriculture; SHDI =
Shannon Landscape Diversity Index; PNV = Proportion of natural vegetation.
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