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ABSTRACT

ARTICLE HISTORY

The decline of bees is a major concern due to their vital role in
pollinating many crops and wild plants. Some regions in South
America, and especially the Pampas, are amongst those parts of
the world where stressors of bee populations have been little
studied. The Pampas has been intensively transformed for agriculture, being presently one of the most productive areas of agricultural commodities in the world. Here, we aim to provide ﬁrst
insights on the taxonomic and functional composition of bee
assemblages in the Rolling Pampa, the most intensively managed
part of the Pampas. Soybean (herbicide-tolerant genetically modiﬁed varieties) is the predominant crop in this region. Bees were
sampled with coloured pan traps. Sampling points were located
on ﬁeld margins in either the cropped or the semi-natural grassland area of a farmland site devoted to annual cropping. A total of
2384 individuals were caught, representing 33 taxa [mainly (morpho)species]. The subgenus Lasioglossum (Dialictus) largely dominated captures (78% of the total abundance) and was relatively
abundant in the entire study area, suggesting that some species
are likely to reach their ecological requirements in cropped areas.
No-till ﬁelds and ﬁeld margins may provide large areas for these
below-ground nesting species, while their polylectic food preferences allow them to collect pollen on a wide range of plant
species, among them possibly soybean. On the contrary, the richness and the abundance of other taxa were higher in the seminatural area than in the cropped area. Among them, aboveground nesting or oil-collecting species, which have more specialised nesting and ﬂoral requirements, were highly associated with
the semi-natural area. Our ﬁndings highlight the large dominance
of L. (Dialictus) species in this highly intensively managed landscape, and the urgent need of preserving semi-natural habitats to
maintain species-rich and functionally diverse bee communities in
the Pampas.
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Introduction
Since bees are recognised as the most important group of pollinators worldwide
(Michener 2007), their decline has become of major concern (Steﬀan-Dewenter et al.
2005; Biesmeijer et al. 2006; Potts et al. 2010). A growing literature has emerged dealing
with drivers of bee decline (Ricketts et al. 2008; Brown and Paxton 2009; Winfree et al.
2009; Potts et al. 2010; Vanbergen and The Insect Pollinators Initiative 2013; Goulson et al.
2015). As described in a recent review (Goulson et al. 2015), this decline is due to multiple,
interacting factors such as habitat loss, pesticides, climate change, parasites and diseases.
Among them, habitat loss associated to urbanisation and the conversion of natural and
semi-natural habitat to farmland have been long-term negative factors (Goulson et al.
2015). However, most of the studies have been conducted in Europe and North America,
while important, biodiversity-rich regions are poorly investigated (Archer et al. 2014).
South America is one of those parts of the world where stressors of bee populations
have been less studied than in Europe or North America. Moreover, in countries where
bee surveys have been conducted, including Argentina, Brazil and Colombia, studies
tend to be restricted to few regions, leaving many others unexplored (Freitas et al. 2009).
The Pampas, a vast grassland region in eastern central Argentina, Uruguay and southern
Brazil (Soriano 1991), is among the regions where bee ecology has been little studied,
though research on this group has increased during the last decade (Torretta et al. 2010;
Medan et al. 2011; Sáez et al. 2012; Torretta and Poggio 2013; Marrero et al. 2014).
However, as far as we know, bee assemblage composition has not been previously
assessed in the Rolling Pampa, the most intensively farmed region in the Pampas.
To persist in a landscape, populations of wild bees require suitable nesting sites as
well as ﬂoral nectar and pollen as food resources for both adults and larvae, and these
resources must occur within the ﬂight range of the species (Westrich 1996). The Rolling
Pampa has been dramatically homogenised due to agricultural intensiﬁcation, particularly since the rapid adoption of both no-tillage and herbicide-tolerant genetically
modiﬁed (HTGM) soybean [Glycine max (L.) Merr.] varieties in the 1990s (Baudry et al.
2010). Regarding habitat quality for bees, farmland in this region is characterised by the
low proportion of semi-natural habitats in the landscape, and the scarcity of nectar and
pollen resources. However, Pampean soils have a low disturbance due to the widespread
use of no-tillage. No-tillage makes soils practically undisturbed in comparison to regularly ploughed ﬁelds. No-till soils are therefore potentially more suitable for bees
nesting below ground. In contrast, the low availability of semi-natural habitats can
limit the presence of above-ground nesting species, which require various types of
micro-habitats and pre-existing cavities to establish their nests (e.g. Sheﬃeld et al.
2008; Kremen and M’Gonigle 2015).
In the Rolling Pampa, wild ﬂowers are mostly associated with non-cropped habitats,
such as fragments of semi-natural vegetation in grasslands and along ﬁeld margins and
roadside verges. These habitats are usually aﬀected by herbicides, which can result from
either drift during applications in adjacent ﬁelds or direct applications to control the
vegetation in ﬁeld margins and roadsides (Poggio et al. 2010). Moreover, widespread
growing of soybean has promoted the opportunistic cultivation of road verges, and the
removal of fencerows to enlarge ﬁelds. Flowering crops can provide abundant food
resources for bees (Westphal et al. 2003; Requier et al. 2015). In the Rolling Pampa,
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prevalent crops, maize (Zea mays L.) and soybean, even if they are not considered highly
rewarding crops such as oilseed rape (Brassica napus L.) and sunﬂower (Helianthus
annuus L.), could be a source of pollen (maize and soybean) and nectar (soybean
only). Albeit little is known about soybean visitor-insects (Chacoﬀ et al. 2010; Garibaldi
et al. 2011a), it has been observed that some wild bee species visit soybean inﬂorescences (Rust et al. 1980; Milfont et al. 2013; Monasterolo et al. 2015). The use of pollen of
maize has been recorded in the honeybee (Apis mellifera L.: Apidae), but to our knowledge no such observation has been reported for wild bee species.
Our objective was to provide a ﬁrst characterisation of wild bee assemblages occurring in the Rolling Pampa and to assess the aﬃnity of bee species to cropped versus
semi-natural areas in this intensively managed region. Our research provides novel
information from several perspectives. First, bee assemblages have not been previously
assessed in this region. Second, bees have been rarely studied in large areas devoted to
growing HTGM soybean under continuous no-tillage management, despite the large
development of this farming system in the last few decades worldwide (Milfont et al.
2013). Finally, bee species were also characterised according to life-history traits.
Considering life-history traits concurrently with taxonomic composition contributes to
identifying more general patterns of bee responses to environmental disturbances
(Moretti et al. 2009; Williams et al. 2010; Sheﬃeld et al. 2013a).

Materials and methods
Study area
The study was carried out in the central Rolling Pampa in Argentina (Figure 1a, b). Climate
is temperate and sub-humid, with hot summers and no marked dry season (Burgos and
Vidal 1951). Annual average rainfall is about 1000 mm and annual average temperature is
17°C (Hall et al. 1992). Topography is gently undulating and crossed by streams.
Soybean is the prevalent warm-season crop (sown in early November), grown in
about 75% of the cropping area, followed by maize, grown in about 20% of the cropping
area (DPEBA 2011). Maize has been rapidly displaced by soybean since the inception of
HTGM varieties in 1996. Soybean is also sown as a double crop immediately after the
harvest of winter crops – mostly wheat, which is the widespread cool-season crop in the
region. Nearly all soybean ﬁelds are sown with HTGM varieties. No-tillage is the widespread practice to sow row crops. Landscapes are coarse grained, with large, square
ﬁelds (mean ﬁeld area ± standard error (SE) = 62 ± 2.8 ha), which are bounded by wire
fences. Besides soybean, pollinator-dependent crops grown in the Rolling Pampa are
oilseed rape, sunﬂower and alfalfa (Medicago sativa L.), all present in a very small part of
the cropping area (less than 2% of the area each).
Bee surveys were carried out in a farm (Estancia ‘Las Polvaredas’, partido de Rojas,
provincia de Buenos Aires, 34°07ʹS, 60°34ʹW) comprising about 4400 ha of croplands and
grasslands. A narrow stream (Arroyo Dulce) divides the farm into two groups of ﬁelds
located on both sides (Figure 1c). Fields along the stream are occupied by semi-natural
grasslands (about 10% of the total area), hereafter referred as ‘semi-natural area’
(Figure 2a, b), whereas the remaining ﬁelds are devoted to annual crops (soybean,
maize and, to a lesser extent, wheat), hereafter referred as ‘cropped area’ (Figure 3).
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Figure 1. Location of (a) the Argentinean Pampas in South America, (b) the study site (Estancia ‘Las
Polvaredas’, partido de Rojas, provincia de Buenos Aires; black square) in the Rolling Pampa and (c)
the 39 sampling points in the study site. The map shows the land use of the year when bee
sampling occurred (2010–2011 growing season). Black dots represent points located in the cropped
area (n = 28), and white dots represent points located in the semi-natural area (n = 11). On each
point, bees were collected with pan traps (one blue, one white and one yellow) during three 48hour sessions.

Figure 2. Semi-natural area of the study site: (a) semi-natural grassland; (b) the stream ‘Arroyo
Dulce’ and its banks (Photos: Violette Le Féon).

In our study site, ﬁeld margin vegetation is mostly herbaceous, and some woody
plants, such as small shrubs, were only occasionally present. A plant survey carried out
during the same period (see Molina et al. 2014) found that the common ﬂowering plants
along fencerows and crop edges were Amaranthus hybridus L. and Chenopodium album
L. (Amaranthaceae), Bidens subalternans (L.) Schltdl., Carduus acanthoides L., and Conyza
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Figure 3. A representative sampling point in the study site, which shows three pan traps deployed
in line near a wire-fence row delimiting two soybean ﬁelds (Photo: Violette Le Féon).

bonariensis (L.) Cronquist (Asteraceae), and Anoda cristata L. (Malvaceae), all having
relatively low cover (Molina et al. 2014). Common grasses (Poaceae) were Digitaria
sanguinalis (L.) Scopoli and Sorghum halepense (L.) Pers. Small homesteads and woodlots
are scattered over the landscape, which cover between 0.5 and 2 ha. Woodlots are
composed of non-native tree species (Fabaceae: Robinia pseudoacacia L., Meliaceae:
Melia azedarach L., Moraceae: Broussonetia papyrifera (L.) Vent., Morus alba L.,
Myrtaceae: Eucalyptus spp., Oleaceae: Fraxinus americana L., Ligustrum lucidum W.T.
Aiton, Salicaceae: Populus spp. L.).
Our study site is representative of intensively managed farms in the central Rolling
Pampa regarding landscape structure, grown crops and the composition of plant species
assemblages (Poggio et al. 2013; Molina et al. 2014). Regarding the presence of grasslands, the situation may diﬀer. Grasslands are still present in our site, occupying the
banks of the central narrow stream. But in many farms of the Rolling Pampa, most ﬁelds
have been converted to continuous annual cropping.

Bee sampling
Bee sampling was done using coloured pan traps in three periods: late spring (13–15
December 2010), mid-summer (20–22 January 2011), and late summer (1–3 March 2011).
Pan trapping has been shown to be the most eﬃcient method for sampling bees,
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especially for assessing the overall species richness of a study site (Westphal et al. 2008).
We also chose this method with regard to the scarcity of wild ﬂowers in our study area
and the induced diﬃculty in detecting bees (Cane et al. 2000). We were conscious of the
potential biases of this method that can underestimate some bee groups, like Colletes
(Colletidae) and large bees such as Bombus (Apidae) (Roulston et al. 2007; Westphal et al.
2008). However, it is worth noting that bees from the genus Bombus were found to be
scarce in a netting survey carried out in several sites in the Pampas (Marrero et al. 2014).
Traps consisted of 500-mL plastic bowls that were sprayed inside with an ultraviolet
(UV)-reﬂecting paint (Rust-Oleum Corporation, USA; brilliant blue, reference 262156;
brilliant white, reference 262098; brilliant yellow, reference 262158). Each bowl was
mounted on a wooden pole at 1 m height and ﬁlled with 400 mL of water with a
drop of detergent. A total of 39 sampling points were regularly distributed throughout
the farm (Figure 1c). Eleven points were located in the central semi-natural and 28 in the
cropped area. At each sampling point, a set of three pan traps of diﬀerent colours was
installed at the ﬁeld edge nearby fences (Figure 3). The three traps were placed linearly
in random order 2 m apart and were deployed continuously during 48 hours under
suitable diurnal weather conditions for bee activity (Leong and Thorp 1999; Westphal
et al. 2008). To reduce collection biases, the installation order of the three colours was
rotated between sampling rounds. Bowls were emptied at the end of each sampling day
and bees were stored in 70% ethanol.
Non-bee insects and other arthropods sampled were not examined further. These
included many Coleoptera [Astylus atromaculatus Blanchard (Melyridae) and
Cyclocephala signaticollis Burmeister (Scarabaeidae) were the two most abundant species] and a few Diptera (including some Syrphidae), Lepidoptera and arachnids, among
others. Fourteen individuals of honeybee were also caught, which were excluded from
data analyses because our study focused on wild species. Bees were identiﬁed in the
laboratory to the ﬁnest taxonomic level possible. Taxonomy followed the nomenclature
of Michener (2007). Due to the lack of an identiﬁcation key, individuals from the genus
Lasioglossum subgenus Dialictus (Halictidae) could not be identiﬁed to the species level.
All bee specimens are preserved for future reference in the entomological collection of
the General Botany Unit, at the School of Agriculture, University of Buenos Aires.

Life-history traits
Bee taxa were described according to ﬁve life-history traits, which have been shown to
be important in bee auto-ecology and to determine the response of bees to environmental disturbance (Moretti et al. 2009; Williams et al. 2010; Sheﬃeld et al. 2013a;
Kremen and M’Gonigle 2015): body size, reproductive strategy, sociality, nest location
and trophic specialisation (Table 1). Body size was obtained from the examination of our
specimens. For the other traits, information was compiled from the primary literature
(Michener 2007) and specialised publications (Martins and Borges 1999; Cocucci et al.
2000; Aguiar and Melo 2009; Torretta et al. 2010, 2012; Dalmazzo and Roig-Alsina 2012,
2015). Regarding trophic specialisation, we distinguished between polylectic species
collecting pollen on several plant families and specialist oligolectic species collecting
pollen on a single plant family. We also checked which species were oil-collecting bees,
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Table 1. Life-history traits used to characterise bee taxa (derived from Williams et al. 2010).
Trait

Categories

Body size (total body length) Small
Medium
Large
Reproductive strategy
Nest builder (social or solitary)
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Cleptoparasitic
Sociality

Social
Solitary

Nest location

Below ground
Above ground

Trophic specialisation

Specialist (oligolectic)
Specialist (oil-collecting)
Generalist

Deﬁnition
< 7 mm
7–14 mm
> 14 mm
Nest builder species construct their own nest and
are non-parasitic.
Cleptoparasitic bees enter the nest of their host bee
species, lay eggs and then leave the nest.
Social species included eusocial
as well as semi-social species (sensu Michener 2007).
Others were considered solitary.
Below-ground species nest in the soil.
Above-ground species nest in various types of
above-ground cavities (e.g. in plant stems or wood).
Oligolectic taxa collect pollen on a single plant
family.
Oil-collecting species collect oil on speciﬁc plant
species.
Generalist taxa are polylectic (i.e. collecting pollen
from several plant families) and non-oil-collecting
species.

as this characteristic can also lead species to rely on a limited number of speciﬁc plant
species (Renner and Schaefer 2010).
The subgenus L. (Dialictus), a species-rich group present in most parts of the world,
includes very diverse life-history traits. Most species are non-parasitic, social, belowground nesting and polylectic. But the subgenus also comprises parasitic, solitary and/or
above-ground and wood nesting species (Michener 2007; Gibbs 2011). Species from this
group are also morphologically monotonous and diﬃcult to identify (Michener 2007)
and, in the case of our study area, the lack of an identiﬁcation key made identiﬁcation at
the species level impossible. Therefore, except for the body size that we obtained from
the examination of our specimens, we did not record traits for the specimens of this
group. Moreover, we did not draw conclusions regarding the nest location of some
Megachile taxa. Recent observations in Pampean agro-ecosystems suggested that M.
(Pseudocentron) gomphrenae Holmberg could nest below ground (Torretta et al. 2010),
but we do not know if it exclusively uses below-ground nests. Megachile (Pseudocentron)
gomphrenoides Vachal has been proven to nest above ground in plant stems (Torretta
et al. 2012). For other Megachile taxa, we could not draw conclusions and nest location
was speciﬁed as unknown.

Data analyses
We ﬁrst considered separately the three sampling sessions in order to describe the
temporal variation in the composition of bee assemblages (Figure 4). For subsequent
analyses, we pooled the data over the three sessions. We then described the functional
composition of assemblages in calculating the proportion of taxa for each life-history
trait category (Figure 5). Given both the high dominance and the lack of information
regarding the traits of the L. (Dialictus) individuals, the functional analysis remained
relatively limited.
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Figure 4. Percentage composition of main bee taxa captured during the three sampling rounds.

Figure 5. Functional composition of the non-Lasioglossum (Dialictus) bee assemblage: proportion of
the taxa for each life-history trait category.

After preliminary Shapiro–Wilk tests indicating the non-normality of the variables, we
used Wilcoxon rank sum tests to compare the two sets of sampling points (cropped vs.
semi-natural areas) for (1) the overall bee abundance, (2) the number of L. (Dialictus)
individuals, (3) the number of non-L. (Dialictus) individuals and (4) the number of bee
taxa. Regarding ecological traits, we ﬁnally used Wilcoxon rank sum tests to compare the
two sets of sampling points for (1) above-ground nesting bee individuals, (2) ﬂoral
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specialist bee individuals, and then, separately, (3) oligolectic and (4) oil-collecting bee
individuals. Analyses were conducted using R software version 3.1.1 (R Core Team 2014).

Results
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Abundance and taxonomic composition
Wild bee captures totalled 2384 individuals. Captures averaged 0.38 bees per trap per
hour, which was calculated by only considering the period when bees were likely to ﬂy
(i.e. between 9 AM and 6 PM). A total of 33 taxa were identiﬁed at various levels (i.e. 28
species or morphospecies, one subgenus, three genera, and a group of two genera;
Table 2), representing ﬁve families and 20 genera. The subgenus L. (Dialictus) was the
most abundant taxon in all sampling sessions, accounting for 78% of total bee abundance, and ranging from 69% in late spring to 87% in late summer (Figure 4), but we
could not assess species number and identity. Most taxa were represented by few
individuals; there were 14 singletons (i.e. taxa represented by a single individual) and
12 taxa that comprised between two and 10 individuals (Table 2).

Temporal variation in the composition of bee assemblages
Bee abundance varied during the sampling season, with 964 individuals captured in late
spring, 833 in mid-summer and 587 in late summer. Bee taxa exhibited diﬀerent
phenologies (Table 2). For instance, Melissoptila and Melissodes spp. (Apidae) were
conspicuous spring species. Caenonomada bruneri Ashmead (Apidae) was more abundant in mid-summer, whereas Megachile spp. (Megachilidae) were more numerous in
late summer. The abundance of Augochloropsis, Augochlora (Halictidae), and L. (Dialictus)
spp. remained almost unchanged between late spring and mid-summer, but decreased
in late summer.

Life-history traits
Due to the large dominance of the subgenus L. (Dialictus) and the lack of taxonomic and
ecological knowledge regarding these specimens, the analysis of life-history traits at the
assemblage level was rather limited. We present below the results regarding non-L.
(Dialictus) bees.
Most taxa were non-parasitic, medium-sized, solitary bees which nest below ground,
with generalist trophic behaviour (Table 2; Figure 5). However, there were four aboveground nesting species. Three species were oligolectic and three others were oil-collecting bees (Table 3). Both above-ground nesting species and ﬂoral specialist (oligolectic
and oil-collecting) species had low abundance in our data set (total abundance less than
or equal to six individuals). The oil-collecting bee Caenonomada bruneri was the exception, with 27 individuals captured, mostly in mid-summer.

Medium Nest builder

Halictidae
Augochlora (Augochlora) phoemonoe
Schrottky
Augochlora (Oxystoglossella) iphigenia
Holmberg
Augochloropsis euterpe (Holmberg)
Augochloropsis tupacamaru (Holmberg)
Augochloropsis sp. 1
Augochloropsis sp. 2
Augochloropsis sp. + Augochlora sp.
Lasioglossum (Dialictus) sp.

Colletidae
Leioproctus (Sarocolletes) sp. 1

Social

Nest builder
Nest builder
Nest builder
Nest builder
Nest builder
Nest builder
Unknown

Small

Medium
Medium
Medium
Medium
Medium
Small

Solitary
Solitary
Solitary
Solitary
Unknown
Unknown

Social

Solitary

Solitary
Unknown
Solitary
Solitary
Solitary
Solitary
Solitary
Solitary
Solitary
Solitary
Solitary
Solitary
Solitary
Social

Solitary

Sociality

Medium Nest builder

builder
builder
builder
builder
builder
builder
builder
builder
builder
builder
builder
builder
builder
builder

Medium
Small
Small
Medium
Small
Medium
Small
Medium
Medium
Medium
Medium
Medium
Medium
Large

Nest
Nest
Nest
Nest
Nest
Nest
Nest
Nest
Nest
Nest
Nest
Nest
Nest
Nest

Medium Nest builder

Reproductive
strategy

Apidae
Caenonomada bruneri Ashmead
Ceratina spp.
Chalepogenus luciane (Urban)
Diadasina distincta (Holmberg)
Exomalopsis (Exomalopsis) sp. 1
Melissodes spp.
Melissoptila carinata Urban
Melissoptila tandilensis Holmberg
Peponapis fervens (Smith)
Ptilothrix relata (Holmberg)
Svastra detecta Holmberg
Tapinotaspis chalybaea (Friese)
Thygater analis (Lepeletier)
Xylocopa augusti Lepeletier

Body
size

Species or morphospecies
Andrenidae
Acamptopoeum prinii (Holmberg)

Family

Below ground
Below ground
Below ground
Below ground
Below ground
Unknown

Below ground

Above ground

Below ground

Below ground
Above ground
Below ground
Below ground
Below ground
Below ground
Below ground
Below ground
Below ground
Below ground
Below ground
Below ground
Below ground
Above ground

Below ground

Nest location

Generalist
Generalist
Generalist
Generalist
Generalist
(Generalist)

Generalist

Generalist

Generalist

Oil-collecting
Generalist
Oil-collecting
Oligolectic
Generalist
Generalist
Generalist
Generalist
Oligolectic
Generalist
Generalist
Oil-collecting
Generalist
Generalist

Generalist

Trophic
specialisation

19
2
1
1
10
667

1

4

1

1
0
1
0
0
164
1
80
0
0
2
2
0
0

1

Late
spring

22
8
0
0
12
686

2

0

0

26
3
0
1
0
53
0
3
0
0
1
0
0
0

0

Mid
summer

1
0
0
0
9
512

2

0

0

0
3
0
0
1
15
0
4
1
1
7
0
2
1

1

Late
summer

Number of captured individuals

42
10
1
1
31
1865

5

4

1

27
6
1
1
1
232
1
87
1
1
10
2
2
1

2

Total

(Continued )

S
S
S
S
Gp of G
SG

S

S

S

S
G
S
S
S
G
S
S
S
S
S
S
S
S

S

Taxonomic
level

Table 2. Bees sampled by pan trapping in the Rolling Pampa of Argentina. The ﬁrst ﬁve columns deal with ecological traits. The following four columns give the
abundance (number of individuals) for each sampling session, and total abundance. The taxonomic level to which the identiﬁcation of each taxon was possible
is indicated in the last column (S = species or morphospecies; SG = subgenus; G = genus; Gp of G = group of genera).
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Megachilidae
Megachile (Acentron) sp. 1
Megachile (Cressoniella) sp. 1
Megachile (Dasymegachile) joergenseni
Friese
Megachile (Pseudocentron) gomphrenae
Holmberg
Megachile (Pseudocentron) gomphrenoides
Vachal
Megachile (Pseudocentron) sp. 1
Megachile (Sayapis) sp. 1

Species or morphospecies
Pseudagapostemon puelchanus
(Holmberg)
Pseudagapostemon sp.

Family

Table 2. (Continued).

Solitary
Solitary
Solitary
Solitary

Medium Nest builder

Medium Nest builder

Medium Nest builder
Medium Nest builder

Social
Solitary
Solitary
Solitary

Nest builder

Small

Sociality
Social

Medium Nest builder
Medium Nest builder
Medium Nest builder

Reproductive
strategy
Nest builder

Body
size
Small

Unknown
Unknown
Number of individuals
Number of species

Below ground
(exclusively?)
Above ground

Unknown
Unknown
Unknown

Below ground

Nest location
Below ground

Generalist
Generalist

Oligolectic

Generalist

Generalist
Generalist
Generalist

Generalist

Trophic
specialisation
Generalist

0
0
964
21

1

0

1
1
0

3

Late
spring
0

1
5
833
17

2

5

0
0
1

2

Mid
summer
0

0
0
587
19

3

20

0
1
0

2

Late
summer
1

Number of captured individuals
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1
5
2384
33

6

25

1
2
1

7

Total
1

S
S

S

S

S
S
S

G

Taxonomic
level
S
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Oil-collecting bee species

Oligolectic bee species

Chalepogenus luciane (Urban)
Tapinotaspis chalybaea (Friese)

Caenonomada bruneri Ashmead

Bee species
Diadasina distincta (Holmberg)
Peponapis fervens (Smith)
Megachile gomphrenoides Vachal

Solanaceae

Iridaceae (Cypella Herb.), Malpighiaceae (Heteropterys Kunth),
Plantaginaceae (Monopera K. Barringer, Angelonia Humb. &
Bonpl.)

Onagraceae (Ludwigia L.)
Cucurbitaceae
Asteraceae

Visited plants

BAP: Nierembergia Ruiz & Pav.

BAP: Heteropterys sp., Cypella sp.

Species or genus recorded in the study site (S) or in the
Buenos Aires province (BAP)
BAP: Ludwigia peploides (Kunth) P. H. Raven
Site: Curcurbita maxima Duchesne
Site: many species (see text for the most common ones)

Table 3. Floral specialisation of the oligolectic and oil-collecting species recorded in the study site. The second column lists the visited plants following the
literature. The third column lists species and genera possibly used in the study site, or in the Buenos Aires province when no information was available for the
study site (following Molina et al. 2014; S. L. Poggio and J. P. Torretta, unpublished data).
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Diﬀerence between cropped and semi-natural areas
A total of 1545 individuals were collected in the cropped area (28 sampling points),
while 839 individuals were collected in the semi-natural area (11 points). A total of 22
taxa were detected in the cropped area while 27 taxa were detected in the semi-natural
area, despite lower sampling eﬀort. Nine of the 14 singletons were found in the seminatural area. L. (Dialictus) individuals represented 85.3 and 65.2% of the total abundance
in the cropped and in the semi-natural areas, respectively.
Neither the overall number of bee individuals (Figure 6a) nor the abundance of L.
(Dialictus) individuals signiﬁcantly diﬀered between points located in the cropped area
and points located in the semi-natural part of the study site (respectively W = 96.5,
P = 0.075 and W = 140, P = 0.673). In contrast, the number of non-L. (Dialictus)
individuals was on average three times higher in points of the semi-natural area than
in points of the cropped area (mean ± SE = 26.5 ± 6.2 and 8.1 ± 1.9 respectively, W = 31,
P = 0.0001, Figure 6b). Similarly, the number of bee taxa was almost twice as much in
the points of the semi-natural area as in the points of the cropped area
(mean ± SE = 7.8 ± 0.5 and 4.3 ± 0.4 respectively, W = 30.5, P = 0.0001, Figure 6c).
The number of above-ground nesting individuals was four times higher in the seminatural area than in the cropped area (mean ± SE = 0.9 ± 0.3 and 0.2 ± 0.1 respectively,
W = 84.5, P = 0.008, Figure 7a). The number of ﬂoral specialist individuals was seven
times higher in the semi-natural area than in the cropped area (mean ± SE = 2.5 ± 1.0
and 0.36 ± 0.1 respectively, W = 67, P = 0.002; Figure 7b). When we separated oligolectic
species and oil-collecting species for a more detailed analysis, we found there was no
diﬀerence for the number of oligolectic individuals (W = 135.5, P = 0.400; Figure 7c),
while the diﬀerence was high for the number of oil-collecting individuals (W = 70,
P = 0.001, mean ± SE = 2.3 ± 1.0 for semi-natural points and 0.2 ± 0.1 for the points
in the cropped area; Figure 7d).

Discussion
Our research provides ﬁrst insights about the taxonomic and functional composition of
bee assemblages in the Rolling Pampa, which is one of the most intensively managed
cropland areas in South America. We found that L. (Dialictus) individuals largely dominated the bee assemblages. Given knowledge of this group is incomplete, assessing
species number and identity, as well as its functional composition, was beyond our
possibilities. However, our study shows that some L. (Dialictus) species, a subgenus that
typically comprises small-sized, generalist, ground-nesting and sometimes eusocial species, are apparently likely to fulﬁl their ecological requirements in cropped areas under
no-tillage. On the contrary, more specialised (oil-collecting), above-ground nesting or
larger species rely on semi-natural or less disturbed areas to perpetuate.

Bee abundance
The number of bees captured in a pan trap survey depends on regional and local factors
that determine the actual bee abundance, as well as sampling characteristics such as
trap colour, paint type (e.g. ﬂuorescent, UV-reﬂecting) and number of traps, size or
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Figure 6. Mean number of (a) bee individuals, (b) non-Lasioglossum (Dialictus) bee individuals and
(c) bee taxa per point, in cropped area (n = 28 points) and semi-natural area (n = 11 points). ns
indicates a non-signiﬁcant result. Asterisks indicate that means are signiﬁcantly diﬀerent (Wilcoxon
rank sum test, *** = P < 0.001). Bars show SEs.
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Figure 7. Mean number of (a) above-ground nesting bee individuals, (b) ﬂoral specialist bee
individuals, (c) oligolectic bee individuals and (d) oil-collecting bee individuals in cropped area
(n = 28 points) and semi-natural area (n = 11 points). ns indicates a non-signiﬁcant result. Asterisks
indicate that means are signiﬁcantly diﬀerent (Wilcoxon rank sum test, ** = P < 0.01). Bars show SEs.

position (e.g. Leong and Thorp 1999; Toler et al. 2005; Wilson et al. 2008; Droege et al.
2010; Grundel et al. 2011; Popic et al. 2013). Several studies have shown that pan trap
attractiveness is higher when ﬂoral resources are scarce (Cane et al. 2000; Mayer and
Kuhlmann 2004; Roulston et al. 2007; Wilson et al. 2008; Baum and Wallen 2011), which
was the case in the ﬁeld margins of our study site, particularly in the cropped area. Thus
the sampling conditions of our study (pan traps placed in ﬂower-poor ﬁeld margins)
could have promoted bee captures by pan traps and led to relatively high overall
abundance (2384 individuals caught in three 48-hour sampling sessions conducted
with 39 pan-trap triplets).

Diversity and species composition
Thirty-three taxa were identiﬁed (mainly species and morphospecies), most of them
represented by very few individuals, which concurs with classical studies on bees (e.g.
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Williams et al. 2001; Sheﬃeld et al. 2013a; Torné-Noguera et al. 2014). Our surveys
detected all ﬁve bee families from the Neotropics (Michener 2007). Since many individuals,
particularly from L. (Dialictus), could not be identiﬁed at the species level, species richness
cannot be exactly assessed. Although the subgenus L. (Dialictus) remains to be revised in
South America, it is estimated that the Pampas region might contain about 30 species (A.
Roig Alsina, personal communication). Thus, total richness in our sampling ranged
between 33 and about 60 species [for the highest estimation regarding L. (Dialictus)
spp.]. In order to better assess L. (Dialictus) species richness and diversity, future studies
could include DNA barcoding (see Magnacca and Brown 2012; Schmidt et al. 2015).
Lasioglossum spp. are known to be collected commonly in pan traps (Roulston et al.
2007; Westphal et al. 2008); hence, their dominance in our samples is not surprising.
However, considering the assemblage diversity at the genus level, the level of dominance of this group (78%) could be an indicator of a pauperised bee assemblage.

Taxonomic and functional distribution of bees in the landscape
Our ﬁndings suggest that the highly intensiﬁed cropland of the Rolling Pampa would
provide suitable food resources and nesting sites for some L. (Dialictus) spp., thus
enabling these species group to sustain relatively abundant populations. As explained
above, knowledge is lacking regarding the taxonomic and functional composition of this
subgenus in our data set. However, several reasons may explain the high abundance of
L. (Dialictus) in our study.
First, some species in this group are eusocial, implying that when present, they occur
in high abundance. Genetics could help to accurately assess the population status of the
L. (Dialictus) species in our site, as in social species, high number of individuals does not
necessarily mean high population size (i.e. number of reproductive units; see Woodard
et al. 2015 for such issues in bumblebees).
Second, no-tillage, which is closely associated with growing HTGM soybean crops, may
create favourable conditions for L. (Dialictus) individuals to nest in large areas (see Shuler
et al. 2005 for a study where tillage was detrimental to below-ground nesting bees).
Third, these species are typically polylectic and, therefore, are able to feed on a wide
array of plants. In particular, we can hypothesise that individuals of L. (Dialictus) spp.
might obtain food resources in soybean ﬁelds. In comparison to ‘mass-ﬂowering crops’,
such as oilseed rape and sunﬂower, soybean is usually disregarded as an important food
resource for bees, particularly because it is a self-compatible and self-pollinated plant,
and its ﬂowers are quite small and produce a low quantity of nectar (Erickson 1975).
Nevertheless, it has been shown that diﬀerent bee species do feed on soybean, both
honeybee (Erickson 1975; Erickson et al. 1978; Chiari et al. 2005; Monasterolo et al. 2015)
and wild bees (Rust et al. 1980; Yoshimura et al. 2006; Milfont et al. 2013; Gill and O’Neal
2015; Monasterolo et al. 2015). In Brazil, Milfont et al. (2013) collected three morphospecies of L. (Dialictus) on soybean ﬂowers by netting. In the Chaco Serrano district of
Argentina, Monasterolo et al. (2015) recorded visits on soybean ﬂowers from four
Halictidae species from the genera Augochlora, Augochloropsis and Lasioglossum (26,
nine and 45 visit observations, respectively). Likewise, in the United States, Rust et al.
(1980) sampled 29 species of wild bees on soybean ﬂowers, being 16 species from
Halictidae, mostly L. (Dialictus) spp. Moreover, L. (Dialictus) individuals were found
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carrying soybean pollen on their scopal hairs (Rust et al. 1980; Gill and O’Neal 2015). This
observation not only provides evidence indicating that these species do visit soybean
ﬂowers, but also shows that their female individuals collect and carry pollen. Sowing
soybean as double crops immediately after the harvest of cool-season crops is a usual
practice in the Rolling Pampa. Consequently, soybean ﬂowers may be available during
most of the warm season (from late December to February, approximately), which may
allow some bee taxa feeding on soybean ﬂowers to access resources during a longer
period.
In contrast to generalist L. (Dialictus) spp., the low abundance of other species may be
explained by more specialised feeding or nesting behaviour. For example, Ceratina spp.
(Apidae) and some Megachile spp. require speciﬁc micro-habitats to nest (i.e. stems of
certain plant species or pre-existing cavities in dead wood, respectively). Oligolectic
species collect pollen on a restricted number of plant species. Oil-collecting bees require
visiting plants of particular botanical families. For these species, feeding or nesting
requirements are not likely to be met in soybean ﬁelds and in the ﬂower-poor margins
prevailing in the study area. They may be strongly aﬀected by the inhospitable conditions prevailing in intensively managed croplands. Our results show that many bee
species strongly rely on the semi-natural grassland areas to perpetuate. Grasslands are
still present in the farm where we worked, whereas they have disappeared from many
farms of the Rolling Pampa, leading to situations with even less abundant and diverse
habitats for bees. This was particularly the case for oil-collecting species, as they were on
average 12 times more numerous in the points located in the semi-natural area than in
the points located in the cropped area. Oligolectic species showed no aﬃnity to the
semi-natural area, probably because the most abundant one, Megachile gomphrenoides,
is oligolectic on Asteraceae, which is a very large group that comprises many weed
species (see the Materials and methods section). The crucial importance of semi-natural
habitats to sustain bee diversity in agricultural landscapes has been observed in many
studies all over the world (see Ricketts et al. 2008; Winfree et al. 2009; 2011; Garibaldi
et al. 2011b for reviews).
Overall, the bee assemblage in our study site has several characteristics suggesting an
assemblage undergoing a severe level of disturbance. First, no cleptoparasitic bees were
found [at least among the 519 non-L. (Dialictus) individuals] in spite of the relatively high
number of captured individuals, and even if these bees are well caught by traps
(Westphal et al. 2008). This group has recently been proposed as an indicator taxon to
assess the status of a bee assemblage: the more abundant and diverse cleptoparasitic
bees are, the more diverse and stable the bee assemblage is (Sheﬃeld et al. 2013b).
Second, above-ground nesting or oligolectic species, all presenting low relative abundances in our data set, have been shown to be more sensitive to disturbance (Moretti
et al. 2009; Williams et al. 2010; Rader et al. 2014). We do not comment further on the
quasi-absence of large species (one individual of the genus Xylocopa) as these species
are known to be poorly caught by pan traps (Westphal et al. 2008).

Conclusions
This study provides ﬁrst insights about the composition of bee assemblages in the
Rolling Pampa, which is among the major HTGM soybean growing areas in the world.
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The relatively high abundance of the subgenus L. (Dialictus) indicates that some species
in this group are likely to reach their ecological requirements in cropped areas under
continuous no-tillage management. By contrast, we showed that semi-natural areas
harboured a signiﬁcantly higher number of bee taxa, and a larger number of individuals
from the non-L. (Dialictus) taxa. Semi-natural remnants in the Rolling Pampa play a
crucial role for sustaining bee diversity, from both taxonomic and functional points of
view. Further ﬁeld observations and improvements in taxonomic knowledge, particularly
regarding the genus Lasioglossum, are needed to more accurately assess the diversity
and abundance of wild bee assemblages in such intensive and homogeneous farming
conditions. This is particularly needed in semi-natural habitats that are undergoing
alterations, or even removal, due to agricultural intensiﬁcation, such as woodlots, grasslands and specially ﬁeld margins. We expect that high taxonomic and functional diversity of bees will be more concentrated in favourable semi-natural habitats, while their
abundance will be diluted within crop ﬁelds, as a result of a spillover eﬀect (Blitzer et al.
2012). Testing this hypothesis would have practical implications for restoring farmland
mosaics to sustain bee assemblages comprising diverse life-history traits, which would
ensure the provisioning of pollination service in the long term.
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