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ARTICLE INFO ABSTRACT

Keywords: Pollination by insects is key for the productivity of many fruit and non-graminous seed crops, but little is known
Arable land about the response of pollinators to landscapes dominated by small-holder agriculture. Here we assess the re-
Biodiversity lationships between landscape context, pollinator communities (density and diversity) and pollination of oilseed
Canola . rape in 18 landscapes with proportions of small-holder farming ranging from 10% to 70% in southern China. To
siC:l;yStem service quantify the contribution of pollinators to oilseed rape yield, we manipulated pollinator access in a focal oilseed
Wild bee rape field in each landscape using open and closed cages. The pollinator communities in the focal fields were

sampled using pan traps. The abundance of wild pollinators increased significantly with the proportion of
cultivated land, but the diversity of the wild pollinator communities declined. The responses of pollinator
abundance and diversity to cultivated land were best explained at scales of around 1000 m. The abundance of
the unmanaged honey bee Apis cerana was positively associated with the proportion of cultivated land, whereas
the abundance of the managed A. mellifera was not. A pollination services index (PSI) was calculated by com-
paring the reproductive investment in seeds between plants with or without pollinator access. PSI was positively
correlated with wild pollinator abundance, but not with the abundance of honeybee species. PSI was also not
significantly correlated with the area proportion of cultivated land. Our results indicate that crop dominated
landscapes with numerous small fields supported an abundant, but relatively species poor bee community that
delivered pollination services to oilseed rape. Conservation of (semi-)natural habitats, however, is important for
maintaining the diversity of wild pollinators.

1. Introduction pollinators may also be influenced by the distance between forest and

crops (Klein et al., 2003, 2003b), and their abundance may be boosted

Pollination by insects is an important ecosystem service for a variety
of crops (Klein et al., 2007; Ollerton et al., 2011) and is associated with
landscape factors that benefit pollinators (Kremen et al., 2007; Potts
et al., 2010; Batary et al., 2011; Bommarco et al., 2012; Hadley and
Betts, 2012; Kennedy et al., 2013; Scheper et al., 2015; Baude et al.,
2016). Semi-natural habitat has been positively associated with wild
bee abundance (Steffan-Dewenter et al., 2002; Ockinger and Smith,
2007) and diversity (Ockinger and Smith, 2007; Le Féon et al., 2010;
Diekétter et al., 2014; Martins et al., 2015). The diversity of wild
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by the presence of mass-flowering crops (Westphal et al., 2003;
Holzschuh et al., 2013; Diekotter et al., 2014; Riedinger et al., 2014).
The relationships between (i) landscape context and pollinator com-
munity structure (abundance and diversity) (Steffan-Dewenter et al.,
2002; Carré et al., 2009; Tscheulin et al., 2011; Bartomeus et al., 2014;
Martins et al., 2015; Holzschuh et al., 2016), and (ii) the relationship
between pollinator community structure and pollination service have
been well established (Sabbahi et al., 2005; Jauker and Wolters, 2008;
Bommarco et al., 2012; Garibaldi et al., 2013). However, we are not
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aware of studies that report the full cascade from landscape context to
pollinator community structure and yield. There is an urgent need to
identify landscapes settings that support ecologically intensive pro-
duction systems that are both productive and conserve biodiversity-
based ecosystems services (Bommarco et al., 2013). This is not only true
for intensive farming landscapes with large fields in developed coun-
tries, but it is equally relevant for farming landscapes dominated by
small-holder agriculture in developing countries.

In contrast to North America and Europe, where intensive farming
systems are characterized by large field sizes and monocultures of a
limited number of crops, Chinese agroecosystems (especially in south
China) have relatively small fields that may support a high diversity of
crops and cultivars. These small-holder fields are often surrounded by
small strips of non-crop habitats, potentially providing nesting habitats
and floral resources for wild pollinators (Klein et al., 2003a; Kremen
et al., 2007; Holzschuh et al., 2012), and are intricately interlaced in
the landscape. A recent global study found that crop yield of small
farms benefit more from pollination than large farms (Garibaldi et al.,
2016). Managed honey bees have historically been considered a key
crop pollinator, but recent studies showed that wild pollinators are also
important for crop production (Winfree et al., 2008; Garibaldi et al.,
2013; Lowenstein et al., 2015; Rader et al., 2016). Little is known about
the relationship between landscape context and the diversity and
abundance of pollinators in small-holder farming systems.

Here we studied pollination in oilseed rape (Brassica napus L.),
which is a globally important crop for feed, cooking oil and biofuel.
China is one of the largest producers of oilseed rape in the world (FAO,
2013), but pollination services in China are under pressure as ex-
emplified by the need for hand-pollination of apples in the Sichuan
province (Partap and Ya, 2012). Ironically, in highland regions of Si-
chuan and Chongqing, more than 20% of the world’s approximately
250 bumblebee species have been recorded (Williams et al., 2009).
Although oilseed rape is a self-pollinating plant species (Williams et al.,
1986), it is also pollinated by insects and attracts a wide community of
insect pollinators (Sabbahi et al., 2005; Jauker and Wolters, 2008;
Bommarco et al., 2012; Stanley et al., 2013), which makes this crop
suitable for studying generalist pollinators. Numerous studies on pol-
lination have been conducted (e.g. Chifflet et al., 2011; Bommarco
et al., 2012; Holzschuh et al., 2013; Lindstrom et al., 2016; Sutter and
Albrecht, 2016), but none in small-holder landscapes.

The aim of this study is fourfold. First, we assess the relevant spatial
scale for associations between the landscape context and pollinator
abundance and diversity in small-holder farming landscapes. Second,
we identify land-use types that influence pollinator abundance and
diversity in oilseed rape fields. Third, we assess how pollinator abun-
dance and diversity influence oilseed rape yield in these fields. Fourth,
we establish whether pollination services can be directly linked to
landscape context without considering pollinator abundance and di-
versity. As a null hypothesis, we expected the abundance and diversity
of wild pollinators to decrease with the proportion of cultivated land
and increase with the proportion of semi-natural habitat, while the
abundance of managed honey bees was expected to be independent
from landscape context because it is governed by the behaviour of bee
keepers. We further expected that landscapes with more abundant and
more diverse pollinator communities would receive more pollination
services and therefore obtain higher oilseed rape yield.

2. Methods
2.1. Study area and land use survey

We selected a total of 18 focal oilseed rape fields in the broader
region around the city of Nanchang, Jiangxi Province, China
(N28.35°-N28.99°, E115.26°-E115.82°). The minimum distance be-
tween two focal fields was at least 5.8 km (Fig. 1), which exceeds the
maximum foraging range for most bee species (Steffan-Dewenter et al.,
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2002; Chifflet et al., 2011). Fields had a mean size of 845 + 86 m?
(range 400-1400 m?) and they were all sown with a single traditional
oilseed rape bred cultivar (Yangguang 2009, semi-winter cabbage type
oilseed rape) because pollination effects may differ among cultivars
(Hudewenz et al., 2014; Lindstrom et al., 2016). During the study
period, no pesticides were applied in the oilseed rape fields. Land use in
the landscape surrounding the focal fields was quantified at a spatial
scale of 2000 m radius and ground-truthed in July 2014 (2.5m re-
solution). We assume the land-use data of 2014 to be representative for
2015 when measurements on pollinator community and oilseed rape
yield were conducted. A total of 42 land-use types (Appendix A) were
classified into seven categories: cultivated land (41.3 = 4.8%
(mean * SEM throughout text), range 10.4%-69.8% at 2000 m ra-
dius), forest (38.2% = 5.8%, range 10.4%-77.3%), grassland
(7.2% =+ 1.5%, range 0.5%-23.5%), orchards (1.1% = 0.5%; range
0-7.6%), and three categories that were not used in the analysis (water,
built-up areas and unused land, Fig. 1). There was a mismatch between
the period of cultivation of oilseed rape (October-May) and ground-
truthing (July). Therefore, oil seed rape was not represented in the
ground-truthing analysis, and most likely overlapped with the land-use
type ‘middle rice’ (Appendix A). Visual assessment of the crops around
focal fields in February 2015 indicated that approximately one third of
cultivated land contained oilseed rape (35% = 5.6%, range 7%-81%
at 100 m radius).

For the analysis, forest and grassland were pooled as semi-natural
habitat. The proportion semi-natural habitat was not used in analysis
because of a strong negative association with cultivated land (Pearson
R? = 0.95, P < 0.001, Fig. 1). Because of this strong correlation, re-
sults for cultivated land would also apply (but with opposite sign) for
semi-natural habitat. In order to still include the potential effect of
forest, we added the distance from focal field to the nearest forest as an
additional explanatory variable.

2.2. Pollinator sampling

Pollinator communities in the field were sampled with pan traps. In
the centre of each focal field, four pan trap stations were set up at the
corners of a 20 X 20 m? square. Each station consisted of a stake with
three cups (8.3 cm diameter, 13.5 cm height and a volume of 450 ml)
that were painted ultraviolet (UV) yellow, UV blue and UV white from
the inside. Two 3 mm-diameter holes were drilled at 3 cm from the
brim of the cup in order to drain excess rainwater. Cups were estab-
lished at a height of 1.5 m. We used salt (NaCl)-saturated water with a
few drops of detergent as killing agent. Sufficient liquid was added in
the cup to avoid drying out. Traps were installed at the end of February
2015, before the onset of blooming, and removed after 49-52 days of
exposure in the field, at harvest in mid-April 2015. The slight variation
in sampling period was caused by differences between sites in the date
of trap placement. No influence on the sampling is likely since traps
were established before the activity period of most pollinators. We
therefore consider that sampling effort among sites was practically
identical. Cups were emptied and refilled five times, at approximately
10-day intervals. Pollinator samples of each site and sampling period
were pooled, sorted, pinned and identified to species level when pos-
sible. No cup was lost, flooded or dried out.

2.3. Flower cover estimation

Oilseed rape flower cover was assessed by placing four quadrats of
0.5 m? randomly in the field and taking photos from above the canopy.
Flower cover was estimated by exposing a 200 grid on top of the photo
and counting the number of grids that contained oilseed rape flowers.
Flower cover assessments were conducted at approximately 10-day
intervals. The maximum flower cover for each focal field is referred to
as ‘peak flower cover’, which was used as a proxy of the flower cover in
the field. This “peak flower cover” was highly correlated with
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Fig. 1. Location of focal oilseed rape fields in the region of Nanchang City, Jiangxi province, China. Pies show the composition of the landscape at 2 km radius around focal fields. The
regression shows the relationship between the proportions of cultivated land and semi-natural habitat (forest and grassland) at 2 km radius (image obtained from Google satellite map

https://maps.google.com/).

accumulated flower cover over the whole sampling period (Pearson
r = 0.95, P < 0.001), and was therefore representative for the flower
density of the field over the blooming period.

2.4. Oilseed rape yield

To measure yield with and without pollination, eight oilseed rape
plants, spaced 4 m apart in a 2 by 4 grid, were selected in the centre of
each focal field. Alternate plants were covered by closed or open cages
(base 0.6 m X 0.6 m, 2 m height and mesh size of 1 mm?). Closed cages
completely excluded pollinators, whereas open cages contained mesh
only at the top 0.3 m, allowing pollinator access. All cages were set up
approximately one week before oilseed rape flowering and removed at
harvest. After harvest, seeds were removed from pods, dried at 60 °C for
24 h and weighed. Total seed weight reflects the yield for each plant.
Plants were dried in a greenhouse for 30 days and the aboveground dry
biomass (i.e. aboveground vegetative biomass excluding seeds and
pods) was measured.

2.5. Data analysis

We conducted four analyses. In the first analysis we assessed the
spatial scale that best explained the response of the abundance and
diversity of pollinators to landscape context (i.e. functional spatial
scale). We used the proportion of cultivated land as a proxy for land-
scape context because this was a good predictor of pollinator abun-
dance and diversity in initial exploratory analyses. Associations be-
tween cultivated land and wild pollinator abundance, wild pollinator
diversity and honey bee abundance were then explored by calculating

Pearson correlation coefficients at spatial scales ranging from 200 to
2000 m radius. Wild pollinator diversity was characterized by the back-
transformed Shannon entropy index (from here on: diversity) (Jost,
2006), which has been recommended as a robust indicator for the di-
versity of mobile insects (Jost, 2007; Beck and Schwanghart, 2010;
Fiedler and Truxa, 2012). This back-transformed index was highly
correlated with rarefied number of species (n = 54) (Pearson r = 0.94,
P < 0.001) and Fisher’s alpha index (r = 0.91, P < 0.001) and it was
therefore used as the sole indicator of diversity. Functional spatial
scales were also assessed for the abundance of the seven most abundant
pollinator species.

Second, the relationship between landscape context and pollinator
abundance and diversity was analysed in further detail using model
selection with generalized linear models (GLMs; Zuur et al., 2009).
Model selection was conducted using landscape data at a scale of
1000 m radius because the strongest relationships were found at this
scale. Response variables included (i) wild pollinator abundance (ne-
gative binomial error distribution with log-link function), (ii) wild
pollinator diversity (Gaussian error distribution with identity-link
function), and (iii) honey bee abundance (i.e. A. mellifera and A. cerana;
negative binomial error distribution with log-link function). Ex-
planatory variables were the proportion of (i) cultivated land, (ii)
orchard land, (iii) distance to the nearest forest, and (iv) flower cover in
the focal oilseed rape field. These variables were selected as they may
potentially influence pollinator abundance and diversity and have
ecological relevance. We did not include additional land use variables
that were highly correlated with selected variables (e.g. semi-natural
habitat which was highly correlated with cultivated land), or which
were unlikely to influence pollinators (e.g. water, built-up areas and
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unused land).

The third analysis focused on the relationship between the polli-
nator community and pollination services, while the fourth analysis
focused on establishing whether pollination services were directly re-
lated to the proportion of cultivated land at a scale of 1000 m (i.e.
without considering the pollinator community). Pollination services
were defined as the relative yield gain attributable to insect pollinators.
By using relative yield, i.e. the ratio between total dry seed weight and
dry weight of the above-ground vegetative biomass, we controlled for
site specific variation in local management, climate and soil conditions
across the large geographical gradient (see also Zou et al., 2017). By
subtracting relative yield in closed cages (pollinator exclusion) from
relative yield in open cages (pollinator access), the resulting difference
can be attributed to pollination services (see e.g. Woodcock et al.,
2016), and then the response variable “Pollination Service Index” (PSI)
was obtained, which is a measure of pollination services:

Soi _ Sci

PSI, =
Boi — Soi Bci — Sci

where Sp; and Sc; are the average total seed weight in open and closed
cages, and Bo; and Bg; are the average aboveground plant total biomass
in open and closed cages, respectively, at a site i. PSI thus reflects the
plant’s investment in seeds per unit vegetative biomass as affected by
pollination, and was more robust than direct yield estimates, such as
total seed weight or number of seeds per pod. To exclude bias due to
unequal sample sizes, sites with damaged cages or dead plants were
excluded, which resulted in a total of 12 sites for this analysis.

All calculations and analyses were conducted in R (R Core Team,
2014). GLMs were fitted using the “MASS” package (Venables and
Ripley, 2002). Model selection was conducted using the “dredge”
function in the “MuMIn” package (Barton, 2015), based on Akaike’s
information criterion (AIC). Model residuals were checked for spatial
autocorrelation using Moran's I (Gittleman and Kot, 1990) using the
“ape” package (Paradis et al., 2004).

3. Results

We collected a total of 5148 individuals representing a total of 60
pollinator species. The dominant orders were Hymenoptera (44 spe-
cies), Lepidoptera (9 species) and Diptera (7 species). Bees (Apoidea)
were an important group with 3900 individuals and 38 species. The
seven most abundant species included four wild bee species (Eucera
chinensis, Lasioglossum proximatum, L. scitulum and L. subopatum), two
honey bee species (Apis mellifera and A. cerana), and one butterfly
species (Pieris rapae). Together, these seven species accounted for
87.5% of the catch (Appendix B).

3.1. Functional spatial scale of landscape effects on pollinators

There was a significant positive association between the proportion
cultivated land and the abundance of wild pollinators at spatial scales
of 600 m and higher (Fig. 2a), with the highest correlation at a scale of
1000 m (Pearson R? = 0.62; P < 0.001; Fig. 2b). In contrast, the di-
versity of wild pollinators decreased with the proportion of cultivated
land (Fig. 2c), with the most significant relationships at scales of
1000-1200 m (R? = 0.33 and P = 0.012 at 1000 m, Fig. 2d). A sig-
nificant positive relationship between honey bee abundance (A. melli-
fera + A. cerana) and cultivated land was found at 800 m and 1000 m
(R%? = 0.23 and P = 0.045 at 1000 m; Fig. 2e and f).

The abundance of the most common wild pollinator species, E.
chinensis, was positively associated with the area of cultivated land at
all scales, and the association was most significant at 1000 m
(R? = 0.61 and P < 0.001 at 1000 m, Fig. 3). A significant positive
correlation between the abundance of L. subopatum and L. scitulum and
the area of cultivated land was found at 400 and 600 m, respectively,
while no significant trend was observed for L. proximatum and Pieris
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rapae. Regarding the abundance of the two honey bee species, only A.
cerana showed a significant positive relationship with land use at scales
between 800 and 1800 m, with the correlation peaking at around
1000 m (R? = 0.29 and P = 0.022), whereas no significant relationship
was observed at any scale for the managed bee species A. mellifera
(Fig. 3).

3.2. Landscape context and pollinator abundance and diversity

Model selection with landscape variables and flower cover as ex-
planatory variables confirmed the positive effect of the proportion of
cultivated land on the abundance of wild pollinators at a scale of
1000 m (Table 1). The second and third ranked models also contained
the variables flower cover and distance to forest, but these variables
were not significant (P < 0.05). The three most parsimonious models
for diversity of wild pollinators all contained the proportion of culti-
vated land (Table 1), as well as flower cover and distance to forest, but
these latter two variables were again not significant. The most parsi-
monious model for the abundance of honey bees (A. mellifera + A.
cerana) contained the proportion of cultivated land and orchards, as
well as flower cover (Table 1), all with positive estimates. No significant
spatial autocorrelation was found using Moran's I (P > 0.05 in all
models)

3.3. Pollination services, pollinator community and landscape context

The yield/vegetative biomass ratio of oilseed rape in open cages
(0.27 = 0.021) was significantly higher than in closed cages
(0.11 *= 0.016) (paired t-test, P = 0.004). Pollination service index
(PSI) was positively correlated with wild pollinator abundance
(R? = 0.36, P = 0.04; Fig. 4b), but not significantly with the abun-
dance of the two honey bee species (P > 0.05). There was no sig-
nificant relationship between the proportion of cultivated land and PSI
(R? = 0.21, P = 0.14, Fig. 4b)

4. Discussion

Our study has four key findings: (i) the responses of pollinator
abundance and diversity to landscape context in small-holder land-
scapes were best explained at scales of around 1000 m; (ii) the abun-
dance of wild pollinator species increased with the proportion of cul-
tivated land, whereas the diversity of the wild pollinator fauna
decreased with the proportion of cultivated land; (iii) the pollination
service index (PSI) was positively associated with wild pollinator
abundance; and (iv), PSI was not significantly correlated with the area
of cultivated land.

Our study shows a strong link between agricultural land use, pol-
linator abundance and pollination services in small-holder farming
landscapes of southern China. Pollination services in oilseed rape pro-
vided by the wild pollinator fauna were the highest in landscapes with a
high proportion of cultivated land, which is in contrast to studies from
Europe (e.g. Holzschuh et al., 2012; Foldesi et al., 2016) and North
America (e.g. Kremen et al., 2004; Phillips and Gardiner, 2015), which
report a positive association between (semi-)natural habitat and polli-
nation services. There are several possible explanation for this finding.
First, a large proportion of cultivated land in south China is left fallow
in winter and early spring, providing suitable habitat for wild flowers.
For instance, Chinese Milk Vetch (Astragalus sinicus) is a common weed
in fallow agricultural land, providing nectar and pollen resources for
bees (Murakami and Itino, 1990; Zheng et al., 2011). Second, the small
field sizes support a dense network of field margins that provide re-
fuges, habitat and corridors for pollinator dispersal (Jauker et al.,
2009). Third, oilseed rape, which was one of the dominant crops in the
study area, provides a relatively short, but massive supply of nectar and
pollen resources for pollinators (Westphal et al., 2003; Holzschuh et al.,
2013). Apparently, Chinese small-holder farming systems with oilseed
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Table 1
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Most parsimonious models for wild pollinator abundance, diversity and honey bee abundance for a 1000 m landscape radius. Models were selected based on AIC and only the three top
ranked models are presented; df is degrees of freedom; logLik is the log likelihood of the model; R? is the explained deviance; /AAIC is the difference in AIC between a model and the
model with the lowest AIC, and the weight represents a degree of belief in the model (proportional to exp(— AAIC/2); Bolker, 2008). Dashes (—) indicate variables that were not
included in the model. Significance levels are indicated by asterisks (* P < 0.5, ** P < 0.01, *** P < 0.001).

Response variables Model No.  Cultivated Orchard Distance to forest ~ Flower cover df  logLik R? AIC AAIC  weight
Wild pollinator abundance 1 3.05 = - - -101.3 0.73 2086 O 0.45

2 2.96 * - 0.83 = -100.7 0.74 2095 0.9 0.28

3 2.86 = 0.75 £ 0.8 - —-100.8 0.74 2096 1 0.27
Wild pollinator diversity 1 -1.56 - 1.37 = -38.1 0.49 843 0 0.5

2 —-1.38 - - -39.6 0.35 85.2 0.9 0.31

3 —1.63 0.26 = 0.99 1.39 += —-38.1 0.49 86.2 1.9 0.19
Honey bee abundance 1 2.81 = * 6.23* - 8.55 = -77.3 0.68 164.6 0 0.9

2 2.03 = - 7.31 = —-81.1 051 1702 5.6 0.05

3 - + 7.3 - 9.74 = —-81.1 051 1703 5.7 0.05

rape-rice crop rotations have the capacity to support effective densities
of pollinators in spite of the substantial period of rice cultivation, which
is likely a period with low resource availability for pollinators.

The positive relationship between wild pollinator abundance and
the proportion of cultivated land was driven by a few abundant species,
while a few abundant species are likely supporting a majority of pol-
lination services (Garibaldi et al., 2014; Kleijn et al., 2015; Lowenstein
et al., 2015). The abundances of four of the seven most common pol-
linating bee species (Eucera chinensis, Lasioglossum scitulum, L. sub-
opatum and Apis cerana) responded positively to the proportion of
cultivated land, though at different spatial scales. The dominance of
wild bees in pollinator communities has been observed before, but the
spatial variability in the composition of pollinator communities can be
high (Rader et al., 2016). Interestingly, the two honey bee species, the
western honey bee (A. mellifera) and Chinese honey bee (A. cerana),
showed contrasting responses to landscape context. Most commercial
beekeepers prefer to keep A. mellifera because they produce more honey
than A. cerana (Zheng et al., 2011). Most likely, most individuals of A.
cerana were feral in our study region, while A. mellifera were mostly
managed by bee keepers. The positive correlation between honey bee
abundance and orchard land may reflect a preference of beekeepers to
put A. mellifera hives near orchards.

The high pollinator abundance in landscapes dominated by culti-
vated land is accompanied by a reduction in wild pollinator diversity.
Contrasting responses of abundance and diversity have been reported
for hoverflies (Meyer et al., 2009) and point to potential conflicts be-
tween agronomic and conservation interests (Kleijn et al., 2015). Thus,
while small-holder cropping systems benefit especially dominant pol-
linator species, the inevitable reduction in semi-natural habitats still
comes at the cost of an overall species loss. Semi-natural habitats,
providing floral resources and nesting sites for a wide range of wild bee
species (Kremen et al., 2004; Tscharntke et al., 2005; Mandelik et al.,
2012; Woodcock et al., 2014), have been associated with species

(a)

richness in Europe and North America (Ockinger and Smith, 2007; Le
Féon et al., 2010; Watson et al., 2011; Martins et al., 2015). The role of
semi-natural habitats for the conservation of wild pollinators
(Tscharntke et al., 2005) seems similarly important in small-scale
agroecosystems of Southeast Asia.

Our results indicate that the functional spatial scale of insect polli-
nators in south China is approximately 1000 m, which corresponds well
with maximal foraging distances for bee species (Steffan-Dewenter
et al., 2001, 2002; Kremen et al., 2004; Chifflet et al., 2011; Danner
et al., 2016). Lasioglossum subopatum and L. scitulum are solitary bees
with a small body size and have a relatively short foraging range
(Gathmann and Tscharntke, 2002; Greenleaf et al., 2007), which ex-
plains the low correlation between cultivated land and the abundance
of these two species at larger spatial scales. Although a small proportion
of individuals forage relatively far from their nest, the nesting and
foraging habitats should be much closer than the maximum distance to
preserve a sustainable population size (Zurbuchen et al., 2010).

This study showed strong positive associations between (i) the
proportion of cultivated land and pollinator abundance (Fig. 2b), and
(ii) pollinator abundance and pollination services of oilseed rape
(Fig. 4a). Nevertheless, pollination services were not significantly re-
lated to the proportion of cultivated land (Fig. 4b). The lack of sig-
nificance might result from an insufficient statistical power of our
study, or it might have been influenced by the presence of managed
honeybees, A. mellifera, that are independent from landscape factors,
even though honey bee abundance solely did not significantly con-
tribute to pollination services. Possibly, the relationship between pol-
lination services and pollinator community and landscape factors was
masked by the ability of oilseed rape to self-pollinate and by local crop
management (Marini et al., 2015). The likelihood of finding significant
landscape effects on pollination could therefore be increased in future
studies by using plants that depend entirely on pollination by insects.

We used pollinator sampled from pan traps as a proxy of pollinator

(b)

Fig. 4. Relationship between pollination service
index and wild pollinator abundance (a) and with

x 0.25+ R2 =0.36 hd 0.25+ Rz =0.21 ® proportion cultivated land at 1000 m. Solid and da-
(] ) ) shed lines refer to significant (P < 0.05) and non-
.'O 0.201 P=0.14 o significant linear relationships, respectively.
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abundance and diversity within the oilseed rape and the surrounding
area. Catches in pan traps may under-represent certain pollinator spe-
cies (Baum and Wallen, 2011). Nevertheless, the pollinator community
structure within oilseed rape fields, as measured with these traps, re-
flected the pollinator potential of surrounding landscapes, thus vali-
dating the sampling method (see also Kovacs-Hostyanszki et al., 2013).
Employing additional monitoring methods, such as transect walk ob-
servation and nest counting, can provide a more comprehensive view
on landscape effects on pollinator communities and oilseed rape flower
visitation. Combining results of multiple sampling methods may
strengthen relationships as oilseed rape can be pollinated by a variety of
generalist pollinators with different pollination efficiency (Rader et al.,
2009; Jauker et al., 2012).

In conclusion, our study suggests that, in small-holder farming
systems of South China, crop dominated landscapes supported an
abundant, but relatively species poor pollinator communities. While
our study is in line with findings of Garibaldi et al. (2016) who show
that small farms benefit more from pollination services than large
farms, our study shows that the positive association between small-
holder agroecosystems and pollination services extends to the land-
scape scale. Conservation of natural and semi-natural habitats, how-
ever, is important for maintaining a high diversity of wild pollinators
and should be considered as a part of sustainable agroecosystem man-
agement.
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