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Executive summary
Farmers and policy makers need information on the strength and spatial extent of ecosystem services
radiating out from semi-natural habitat as a result of movement of the insects (natural enemies,
pollinators), providing those services. Such information would help to plan landscapes for optimal
service provisioning, and it would also assist in developing incentive programs for semi-natural
habitats. In this deliverable, a 2-D, landscape level, mathematical kernel approach is developed to
weigh contributions of different semi-natural habitats across a landscape, and predict the level of
biological control in a focal field on the basis of contributions from different habitats (e.g. seminatural habitats) in the surrounding landscape. Using this kernel approach, contributions from sources
of the same kind scattered at different distances from a focal field in a landscape are combined.
Statistical models are used to quantify the strength of service provided by each type of habitat, taking
into account how much of it occurred, scattered across the landscape. Data analyses are conducted
from some individual case study data sets. Overarching analysis, combining data from different case
studies across Europe, are also presented. The main finding is that semi-natural habitats are overall
positively associated with biocontrol services, but the relationships are rather weak. On the other hand,
differences in biological control between case studies were very large, and these could at the time of
writing this deliverable not be explained by data collected within the case studies. These findings are
largely based upon the use of sentinel prey items for which the link with actual levels of pest control
have not been proven. The pest specific sentinels gave a more promising indication of landscape
influences.

Main conclusions for stakeholders
Greater quantities of semi-natural habitats in landscapes supported higher levels of biological control
services. However, the responses of biological pest control to the amount of semi-natural habitat were
rather shallow, and different kinds of semi-natural habitats were important in different case studies.
Furthermore, length scales of the service provisioning differed across case studies. Overarching
analyses for combined data sets for different case studies showed large differences in the level of
service provisioning between countries, but these differences were not related to any of the landscape
variables measured. A main conclusion for stakeholders is therefore that the effect of semi-natural
habitats is moderate and context-dependent and needs to be measured in a specific landscape setting.
Within QuESSA, we were not able to identify a single model that would give good predictions of
biological control across Europe.

Main conclusions for policy makers
The differences in the level of service provisioning between case studies and the absence (to date) of a
satisfactory statistical explanation for these differences indicates that different regions in Europe

3

experience different levels of biological control, and landscape factors provided an insufficient
explanation for these differences. Further analysis of within-field management factors may perhaps
elucidate causes of the differences, and was not completed at the time of writing this deliverable. The
data also indicate that semi-natural habitats alone will not guarantee a sufficient level of pest control in
farmers’ fields, and the benefits of semi-natural habitats to farmers should therefore be articulated with
caution. Further work is recommended using either actual pest infestations or using more pest specific
prey items for which the relationship with actual levels of pest control have been determined.

1 Introduction
In this deliverable we report on the development of spatially explicit “heat maps” for biological
control at farm and landscape level. To quantify how semi-natural landscapes (SNH) in the landscape
affect natural pest control in agricultural fields or orchards, experiments on pest control were
conducted in 9 case studies: in Germany, Estonia, Switzerland, United Kingdom, Hungary, Italy,
France (two regions) and in the Netherlands. In each of the 9 case studies (country-crop species
combination), 18 focal fields were selected in different landscapes. Landscape context around each
focal field was digitized, characterizing all landscape elements wider than 3 m in a 1 km circle around
the focal field. Focal fields were selected to represent a gradient in the proportion of SNH in the
surrounding landscape sectors. Focal fields had either a woody, herbaceous or no field margin adjacent
to the two transects, with 6 focal fields of each type. Three measures for biological control were
analysed for all case studies: removal of seeds of the weeds Poa annua, and Chenopodium album, and
predation of pinned larvae of the blowfly, Calliphora sp. Furthermore the biological control of three
crop specific pests was analysed: parasitization of larvae of the rape pollen beetle, Meligethes aeneus
in oilseed rape in Switzerland and Estonia, and predation of aphids and Drosophila in the United
Kingdom. To link habitat and seed predation, a modelling approach was used that assumes that the
amount of seed predation at a given target site is the sum of contributions from different sources in the
surrounding landscape, according to their area and distance from the target. The purpose is to generate
heat maps of biological control services at the landscape level. To generate heat maps, we first need to
identify for each case study:
1. the key habitats that affect pest control
2. the distance over which habitats affect pest control
3. the strength of the service coming from the key habitats
We then use this information to produce heat maps of the biological pest control service provided at
the landscape level. Furthermore, we conduct overarching analysis to answer the same questions at an
overarching level to study whether the results for the case studies can be generalised at the European
level.
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2 Material and methods
2.1 Focal fields
In each case study (country-crop species combination), 18 focal fields were selected each in a different
landscape. Landscape context around each focal field was digitized, characterizing all landscape
elements wider than 3 m in a 1 km circle. Focal fields were selected to represent a gradient in the
proportion of SNH in the surrounding landscape sectors. Focal fields had either a woody, herbaceous
or no field margin adjacent to the two transects, with 6 focal fields of each type.

2.2 Sentinel data
In each case study for pest control and each focal field, eight seed cards with 20 Poa trivialis and 20
Chenopodium album seeds were exposed for 7 days on the ground on each of two transects, 10 m
apart, at four distances from the field margin into the field centre. The same procedure was repeated
one more time later in the season (see D3.1 for methodologies).
In each case study for pest control and each focal field, eight Styrofoam or Plastazote substrates with
10 living Calliphora larvae pinned with thin entomological pins and at the very caudal end (to ensure
survival) were exposed for 24 hours on the ground along each of two transects, 10 m apart, at four
distances from the field margin into the field centre.

2.3 Crop specific pests
We further analysed parasitism rates on the larvae of the pollen beetle, Meligethes aeneus in Estonia
and Switzerland. In the UK 10 cereal aphids, Sitobion avenae were attached per dry stick card coated
with sand and attached to the flag leaf and exposed for 24 hours along each of two transects, 10 m
apart, at four distances from the field margin into the field centre. The same method was used for
Drosophila melanogaster pupae but these were placed on the ground.

2.4 Statistical framework
Input for the model is the data on ecosystem services delivered in the focal field and the GIS maps of
the habitats in the case study areas. For the model we converted the maps to a finely grained raster
with cells of 2.5 by 2.5 meter to preserve also the smaller landscape features. We assume that the
provided ecosystem service in the focal field is the summation of contributions of service from source
habitats across the landscape, adjusted for distance to the focal field. We furthermore assume that SNH
are a source of ecosystem service providers and that these ecosystem service providers have an equal
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probability to move in any direction. To model how ecosystem services are distributed around the
source of the service providers we use a 2Dt-distribution with two parameters, a length scale u in m,
and a shape parameter  (Clark et al., 1999; Robinet et al, 2012)
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The 2Dt-distribution is a flexible dispersal model. The shape of the kernel depends on the “degrees of
freedom” parameter . This model can approximate a thin tailed normal distribution (  ) as well
as a fat tailed Cauchy distribution (  1) enabling greater prevalence of long distance dispersal
(Figure 1). We set the shape parameter  = 25 (the largest value that still could be used in R) as during
all test simulations this was the optimal value. This indicates that the model approaches a normal
distribution (a value of  = 25 results in kernels as depicted on the left side of Figure 1).

Figure 1 Four 2D-t kernels in a domain of x and y coordinates ranging from -1000m to +1000m and the centre
of the kernel at (0,0) for four contrasting parameter combinations. In the top row u = 200. In the bottom row u =
400. On the left side  = 25 (approaching the bell shape of a normal distribution). On the right side  = 2
(appoaching the fat tailed Cauchy distribution).
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The kernel model directly uses the raster with 2.5 m by 2.5 m cells. This has the advantage that the
results from the statistical model (i.e. source strength of the key habitats, and length scale of the
kernel) can be directly used to map potential ecosystem service delivery in the landscape.

The empirical data on ecosystem services delivered in the field (i.e. pest control) was in most cases
measured as number of individuals placed and number of individuals predated (or parasitized). Such
data can be modelled assuming a binomial distribution.
𝑌𝑖𝑗 ~𝐵𝑖𝑛(𝑁𝑖𝑗 , 𝑝𝑖𝑗 )

(2)

The observed total number predated individuals in case study i and focal field j, Yij, depends on the
total number of individuals placed in case study i and focal field j, Nij, and a predation probability pij
which varies according to the case study i and the landscape surrounding the focal field j. The effect of
landscape on predation rate is estimated with a generalized linear mixed effects model with a binomial
distribution and a logit link. The logit predation rate in case study i and focal field j,
𝑝𝑖𝑗

𝑙𝑜𝑔𝑖𝑡(𝑝𝑖𝑗 ) = 𝑙𝑛 (1−𝑝 )
𝑖𝑗

(3)

is modelled (Eq 4) as a function of: α, a parameter that scales the basic level of predation, already
present in agricultural fields not related to the land uses in the surrounding landscape (negative values
indicates a predation rate lower than 0.5, a positive value indicates a predation rate higher than 0.5),
the modelled delivery of ecosystem service at the focal field (see below), and a random variable τi that
adjusts the basic level of predation to the average predation found in case study i, and 𝜖 ij a random
variable that can take into account extra variation between focal fields that cannot be explained by the
surrounding landscape.
𝑙𝑜𝑔𝑖𝑡(𝑝𝑖𝑗 ) = 𝛼 + ∑ℎ 𝜷ℎ 𝑪ℎ𝑖𝑗 + 𝜏𝑖 + 𝜖𝑖𝑗

(4)

2
𝜏𝑖 ~𝑁(0, 𝜎𝐶𝑆
)

(5)

𝜖𝑖𝑗 ~𝑁(0, 𝜎 2 )

(6)

Predation probability is thus a logistic function of landscape variations.
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For each land use h (including the SNHs) the delivery of ecosystem service at the field is calculated as
the product of Chij , the fraction of land use type h in landscape j in case study i that is in contact with
the focal field j (i.e. the distance-weighted area) and h , the estimated service strength of the land use
type h. The fraction of the landscape that is in contact with the focal field Chij is a multiplication of the
area of land use h in the landscape and the dispersal kernel integrated over the whole landscape sector.
The maximum value for Chij is achieved when the whole landscape would consist of land use h. In this
case Chij equals one.
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We test the effect of SNH and other land uses on pest control for each sentinel and crop specific pest
separately. Furthermore, we ran these analyses separately for each case study (in this case random
variable τi in equation 4 was not needed). We also conducted an overarching analysis per sentinel,
which included all case studies in which predation on the sentinel was measured. We summated the
total number predated per focal field and the total number survived per focal field and used this for the
statistical analysis.
We used dredge in R to select a limited set of land uses that had an effect on the empirically
measured predation or parasitism rates in the focal field. For each of the case studies we only had 18
independent data points. Therefore, for the case study specific analyses we could at maximum include
3 explanatory variables. We, therefore, limited the models in dredge to a maximum of 3 explanatory
variables. For each analysis of a sentinel or crop specific pest we ran dredge 11 times at spatial scales
u = 50, 100, 200, 300, 400, 500, 600, 700, 800, 900 and 1000m. For each spatial scale the key habitats,
the source strengths and the model statistics (p-values, AIC, BIC, AICc) were stored. We selected the
optimal model based on AIC.
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Table 1 Overview of all land uses which occurred in at least 10 landscape sectors per case study. The SNH
marked in dark green and the other land uses marked in grey are included in the overarching analysis. The land
uses that are not marked are not included in the overarching analysis.

Land use

EE
OSR
x
x
x
x
x
x
x
x

CH
OSR
x
x
x
x
x

HU
Wheat
x
x
x
x
x
x
x
x
x
x

UK
Wheat
x
x
x
x
x
x
x
x
x
x
x

FR 1
Vines
x
x
x
x
x
x

NL
Pear
x
x
x
x
x

DE
Pumpkin
x
x
x
x
x

Forest edge 2.5m
Forest interior
Woody linear
Herb. area
Herb. linear
In-field SNH
Wheat
x
x
Barley
x
Maize
x
x
x
OSR
x
x
Grassland
x
x
x
Orchards
x
x
x
x
Urban area
x
x
x
x
x
x
x
Water courses
x
x
x
Roads
x
x
x
x
x
x
x
Cultiv. bare ground
x
x
x
Sunflower
x
x
Pumpkin
x
Medicago sativa
x
Comm. horticulture
x
x
Sugar Beet
x
x
Potato
x
Gariga
Erica
Forage crop
Grassland = Rotational grassland (<5 years, > 5 years) and permanent grassland
Orchard = all perennial woody crops in the landscape sector
Urban area = all urban area classes

IT
Olive
x
x
x
x
x
x

IT
Sunflower
x
x
x
x
x
x
x
x

x
x
x
x
x

x

x
x
x
x
x
x
x

x
x
x

To make the case study specific analyses robust for differences in area of the habitats and
reduce sensitivity to presence or absence of land uses, we only selected land uses that were present in
10 or more land scape sectors (Table 1). Furthermore, to enable a comparison between the overarching
analysis and analysis of individual case studies, we reduced the number of land uses tested. We
therefore grouped the four classes of urban area, we grouped the perennial woody crops and we
grouped grasslands.
Land uses included in an ‘overarching’ analysis for all case studies are the five SNH: forest
edge, forest interior, woody linear, herbaceous area, herbaceous linear, in-field SNH, plus some
additional land uses: wheat, barley, maize, OSR, “grasslands”, “orchards”, “urban area”, water courses
and roads. The SNH types “Gariga” and “Erica” were present only in one case study (Italy olive
groves) and are therefore not included in the overarching analysis.
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3 Results
3.1 Ecosystem services provided at landscape level - crop specific pests
Forest and herbaceous linear elements are the key habitats that affect parasitism rates on pollen beetle
larvae in Estonia and Switzerland (§3.2). We use the 2D-t kernel with a scale parameter of u = 200 m
(and shape parameter  = 25) to predict the predation rate for each 2.5 m by 2.5 m grid cell in the
landscape. Figure 2 shows the predicted parasitism rates of pollen beetle larvae for all agricultural
fields based on the spatial configuration of herbaceous linear elements (light green) and forests (dark
green) in a landscape sector in Switzerland (upper graphs) and a landscape sector in Estonia (lower
graphs), taking into account the random difference in basic parasitism rate between the two countries.
This random difference has a large effect on the predicted ecosystem service in the landscape. Due to
the lower basic parasitism rate, the average potential service in the depicted landscape sector of
Switzerland is lower, even though there is more forest in that landscape as compared to the depicted
landscape from Estonia. In Figure 3, the potential parasitism rate in the landscape is now plotted using
the average basic parasitism level for all landscapes and all case studies (α in Equation 4, estimated by
the model). In that case, more forest close to the focal field in Switzerland (second row of Figure 3)
did result in a higher the potential parasitism rate in the focal field as compared to Estonia (third row
of Figure 3). Figure 3 furthermore shows the effect of the area and configuration of herbaceous linear
elements and forest on parasitism rates depicted for the landscape sectors in Table 2. These landscapes
were selected based on sets of contrasting the distance weighted area of forest in combination with
equal distance weighted area of herbaceous linear elements in the landscape and vice versa (Table 2).
Figure 3 shows that a big area of forest or multiple herbaceous linear elements close together have a
greater impact on increasing parasitism rates, than a single herbaceous linear element in isolation.

Table 2 Characteristics of the landscape sectors in Figure 3.

Forest
Case study
Switzerland (LS9)
Switzerland (LS1)
Estonia (LS15)
Estonia (LS1)
France (LS3)

Distance
weighted area
0.02
0.28
0.10
0.11
0.02

Fraction total
area
0.16
0.30
0.24
0.10
0.02

Herbaceous linear
Distance
Fraction total
weighted area
area
0.03
0.01
0.03
0.01
0.005
0.004
0.04
0.01
0.10
0.07
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Figure 2 Predicted effect of herbaceous linear elements (light green) and forest (dark green) in a landscape
sector of Switzerland (top left) and a landscape sector of Estonia (bottom left) on larval parasitism rates
(proportion) of the rape pollen beetle in agricultural fields, taking into account the differences in basic parasitism
rates between Switzerland (top right) and Estonia (bottom right). The colour bar depicts the range of the
predicted parasitism rates and is expressed in units of proportion parasitization.

11

12

Figure 3 Predicted effect of herbaceous linear elements (light green) and forest (dark green) in the landscape on
larval parasitism rates of pollen beetle in agricultural fields assuming an equal basic parasitism level (α in
Equation 4). Panels in the top two rows show two landscape sectors in Switzerland with low (first row) and high
(second row) distance weighted area of forest (and equal (low) distance weighted area of herbaceous linear
elements). Panels in the third and fourth row show two landscape sectors in Estonia with very low (third row)
and low (fourth row) distance weighted area of herbaceous linear elements (and equal (intermediate) distance
weighted area of forest). Both in Switzerland and Estonia the distance weighted area of herbaceous linear
elements is very low to low. Therefore, the bottom row shows a landscape sector with an intermediate value of
distance weighted area of herbaceous linear elements (from France) to show the effect of herbaceous linear
elements on potential parasitism rates in the landscape. The colour bar depicts the range of the predicted
parasitism rates. The landscape with a large area of herbaceous linear elements is based on the map of a
landscape sector in Mediterranean France.

Both cereal aphid predation and Drosophila pupae predation in the UK depend on natural pest control
from predators within and in close proximity of the field (Table 3). Furthermore, predation of both
13

species is mainly affected by other agricultural land uses (i.e. maize, barley, wheat and grassland).
Figure 4 shows the increase in cereal aphid predation in agricultural fields in close proximity to wheat
and roads, and lower predation rates on cereal aphids close to, or in, grasslands.

Figure 4 The effect of grasslands (moss green), wheat (brown) and roads (grey) on potential cereal aphid
predation in a landscape sector in the UK. The colour bar depicts the range of the predicted predation rates
ranging from very low (blue tones) to low (red tones).

3.2 Key habitats - crop specific pests
The analysis of parasitism rates on larvae of the pollen beetle not only included the habitats marked in
grey in Table 1, but also included: cultivated bare ground, sugar beet, potato, sunflower, commercial
horticulture, and peas. These land uses were available in both Estonia and Switzerland (but only in
Switzerland in more than 10 landscape sectors). For the analysis of cereal aphid and Drosophila
predation in the UK, we used the land uses recorded for the UK in Table 1.
Table 3 Land uses affecting parasitism on pollen beetle larvae in Switzerland and Estonia and predation of
cereal aphids and Drosophila in the UK. Results show the optimal set of land uses that can explain the observed
predation rates for the optimal length scale u of the kernel model (Eq. 1), based on lowest AIC. Land uses
written in green increase sentinel predation, whereas land uses written in red decrease sentinel predation.
Estimates for α are marked red if the resulting basic predation level is smaller than 0.5 and green when the
resulting basic predation rates are larger than 0.5 (high basic predation). The optimal length scale u is marked
with ‘-‘ when there is no effect of distance within the 1 km radius. SNH are in bold script.

Crop specific pest
Pollen beetle larvae
Cereal aphids
Drosophila

Key habitats
forest interior
wheat
barley

herbaceous linear
roads
maize

grasslands
grasslands

α
-1.5
-3.6
-1.3

u
200
50
50

AIC
271.9
141.4
143.0

The presence of herbaceous linear elements and of forest in the landscape increased parasitism rates on
pollen beetle larvae (Tale 3, Figure 6). Furthermore, for parasitism on the pollen beetle larvae, the
impact of SNH increased when they were positioned closer to the focal field, i.e. a distance effect was
identified.
14

The average parasitism rates observed in Switzerland were low ranging between 0.03 and 0.2, the
average parasitism rates observed in Estonia were intermediate ranging from 0.2 to 0.6 (Figure 5).

Figure 5 Average observed parasitism rates of pollen beetle larvae per landscape sector per case study versus
predicted larval parasitism rates per landscape sector per case study depending on herbaceous linear elements
and forests in the landscape sector taking into account a random case study effect. The orange line depicts x = y
(i.e. perfect fit).
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Distance weighted area of herbaceous linear elements

Distance weighted area of forest in landscape

Figure 6 Predicted effect of the area of herbaceous linear elements (a) and forest (b) in the landscape on larval
parasitism rates (lines) and observed parasitism rates on pollen beetle larvae per landscape sector (open circles)
per case study (red for Estonia and black for Switzerland).

16

3.3 Ecosystem services provided at landscape level – sentinel data
The case specific analysis showed that Poa seed predation in most case studies depended on distance
from the source habitats to the focal fields (i.e. the position of the semi-natural habitats in the
landscape) (Table 5). However, in some case studies like France and Italy the scale parameter was 400
m or higher, which results in large scale gradients of pest control (Figure 7). At this scale a clear edge
effect is visible; predicted predation rates at the edges seem lower because no information is present
on source habitats just outside the border of the landscape sectors, while these potentially do influence
pest control. Upscaling a larger landscape reduces this effect.

Figure 7 Case study specific results for potential Poa seed predation depending on in-field SNH (dark green),
vines (red) in France (top row) and depending on herbaceous linear elements (light green) and wheat (brown) in
Italy (bottom row). The colour bar depicts the range of the predicted predation rates ranging from very low (dark
blue tones) to very high (dark red tones). Note that the maximum on the bar is 100% predation.
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3.4 Key habitats - sentinel data
There were large differences between the case studies in seed predation rates of Poa (Figure 8) and
Chenopodium. In pumpkin (DE) , in pear (NL) and in winter wheat (UK) the observed seed predation
was very low (Table 4, Figure 8), while in the other case studies these were at intermediate level. Also
the predation of Calliphora larvae was lower in the Netherlands and Germany. On average the
predation rates on Calliphora larvae was always higher than the predation rates on the seeds in these
countries. The predation of the Calliphora larvae was very high in Estonia and Hungary.

Table 4 Average observed percentage of Poa and Chenopodium seeds predated of 20 seeds per species placed,
and average observed percentage Calliphora larvae predated of 10 living larvae placed.

Sentinel 
Case study
EE
CH
DE
IT sunfl.
IT olive
UK wheat
FR 1
FR 2
NL
HU wheat
HU sunfl.

Poa seeds
Mean
percentage
SD
predated
48
27
17
27
2
5
54
42
4
57
37
5
50

Chenopodium seeds
Mean
percentage
SD
predated
40
24
8
17
0.02
0.30
28
35

13
27
29
6
31

8
45
26
11
64

Calliphora larvae
Mean
percentage
SD
predated
94
16
40
36
15
25

26
29
24
13
28

78
52
62
45
12

30
41
43
34
23

85
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* In the Italian case study in olives, 20 larvae were placed, while in the other cases studies 10 were placed.

Table 5 Land uses that affect Poa predation in each case study. Results are based on model selection with
dredge in R for the optimal length scale u of the kernel model (Eq. 1) and the set of at maximum 3 land uses that
can explain the observed predation rates the best (selection based on lowest AIC). Land uses written in green
increase Poa seed predation, whereas land uses written in red decrease Poa seed predation. Estimates for α are
marked red if the resulting basic predation level is smaller than 0.5 and green when the resulting basic predation
rates are larger than 0.5 (high basic predation). The optimal length scale u is marked with ‘-‘ when there is no
effect of distance within the 1 km radius. SNH are in bold script.

Case study
Estonia
France M.
Germany
Hungary
Italy
Netherlands
Switzerland
UK

Key habitats
wheat
in-field SNH

herbaceous linear
herbaceous linear
herbaceous linear
forest edges

wheat
wheat
maize
forest edges
maize

orchards (vineyard)
orchards
roads
roads
grasslands
grasslands

α
-0.4
-1.2
-4.1
-1.4
-7.7
-2.6
-0.4
-4.9

u
400
200
500
200
100
50

AIC
186.2
172.7
105.3
183.3
124.7
116.3
175.6
104.6
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3.4.1 Case specific analysis on sentinel data
Analyses of Poa predation for each case study show that several land uses affect Poa predation (Table
5). The optimal set of land uses explaining the observed Poa predation differs among case studies.
Nevertheless there are similarities. For instance, wheat increases Poa predation in 3 case studies
(Hungary, Estonia and Italy) and herbaceous linear elements affect Poa predation in Switzerland, the
Netherlands and Italy. Orchards increase Poa predation in the France and Germany. For wheat the
seed predation seems not to depend on distance to the focal field, while the effect of herbaceous linear
elements is strongest close to the focal fields.

3.4.2 Overarching analysis on sentinel data
An overarching analysis was conducted on sentinel data. In Italy the seed predation experiments were
conducted in sunflower fields and the experiment with Calliphora larvae were conducted in olive
groves. In Hungary the seed predation experiments were conducted in wheat, while the experiments
with the Calliphora larvae were conducted in sunflower. At the time of completing this report, we did
not have a suitable map yet for the sunflower fields in Hungary, therefore, Hungary was excluded
from the overarching analysis of the predation on Calliphora larvae. We excluded the German
Chenopodium data, because only one seed was predated among all seeds placed in the experiment.

Table 6 Land uses that affect predation of Poa seed, Chenopodium seed and Calliphora larvae based on
overarching analysis of all case studies. Results show the optimal set of land uses that can explain the observed
predation rates for the optimal length scale u of the kernel model (Eq. 1), based on lowest AIC. Land uses
written in green increase sentinel predation, land uses written in red decrease sentinel predation. Estimates for α
are marked red if the resulting basic predation level is smaller than 0.5 and green when the resulting basic
predation rates are larger than 0.5 (high basic predation). The optimal length scale u is marked with ‘-‘ when
there is no effect of distance within the 1 km radius. SNH are in bold script.

Sentinel
Poa
Chenopodium
Calliphora

Key habitats
herbaceous linear
line of trees
herbaceous linear

wheat
grasslands
orchards

roads
water courses

α
-2.3
-0.9
0.1

u
200
-

AIC
1315.7
1218.6
1161.0

The overarching analysis showed that herbaceous linear elements increased predation of Poa seeds
and Calliphora larvae (Table 6). Contrary to what was found for parasitism rates on the larvae of
pollen beetle Meligethes, the presence of forest reduced the predation on Chenopodium seeds.
Furthermore, there was only a distance effect in predation of Chenopodium seeds. For the predation of
Poa seeds and Calliphora larvae, the total (not distance weighted) area of the key habitats within the 1
km radius landscape sector could explain the observed predation rates the best. There are two possible
explanations for that; one explanation could be that there is a distance effect in the specific case
studies, but this differs between case studies, because there are differences in species compositions of
the predators that provide the ecosystem service (see for instance the results for the case study specific
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analysis of Poa predation in §3.4.1). Another plausible explanation could be that the ecosystem
service providers can move over longer distances than 1 km, therefore the 1 km radius cannot show
the length scale of the service.
In most case studies, herbaceous linear elements, wheat and roads can explain the differences in Poa
predation between the landscape sectors within the case study reasonable well (Figure 8). Only for
Switzerland and Italy the predicted range is much smaller than the observed range. This can mainly be
explained by the effect of herbaceous linear elements. In the Italian case study the positive effect of
herbaceous linear elements on the observed predation rates was much stronger than in the other case
studies, while in the Swiss case study Poa seed predation decreased with more herbaceous linear
elements in the landscape.

Figure 8 Average observed Poa predation rates per landscape sector per case study versus predicted Poa
predation rates per landscape sector per case study depending on herbaceous linear elements, wheat and roads in
the landscape sector and taking into account the random case study effect. The orange line depicts x = y (i.e.
perfect fit).

In the overarching analysis of all case studies, a greater area of herbaceous linear elements increased
Poa seed predation (Figure 9). This positive effect is present in all case studies (Figure 9a), but the
effect of herbaceous linear elements in the landscape on predation rates is strongest for intermediate
average predation rate in the landscape (Figure 9b). For very low predation rates as were measured in
Germany, UK and the Netherlands, the positive effect is less strong. Figure 9 furthermore shows the
large differences in average predation rates between case studies. Figure 9 only shows the effect of
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herbaceous linear elements, it does not take into account the effect of wheat and roads. The observed
predation rates for both Estonia and Hungary were higher than could be explained by the fraction of
herbaceous elements in the landscape (Figure 9). The effect of wheat is plotted in Figure 10. This
shows that the for Estonia and Hungary wheat is a better predictor of Poa predation rates than
herbaceous linear elements (this was also found in the case study specific analysis (Table 5).
The results presented are with the pest control data that were currently available and provided to us by
the case study partners. The result might be subject to changes if more information becomes available
or when errors in the data are found.

4 Conclusions
We analysed empirical data collected in the QuESSA project in nine case studies to develop models
that may be used to produce spatially explicit “heat maps” for biological control at farm and landscape
level across Europe. All case studies resulted in significant models of ecosystem delivery, and
spatially explicit heat maps were generated on the basis of these models, combining presence of
habitats supporting ES delivery in the landscape and the distance of those source habitats to
agricultural fields.
There was large variation in the level of biological control between the case studies. Nevertheless,
often the same key habitats were found to be significant predictors in different case studies.
Herbaceous linear elements, forest and wheat frequently had a positive effect on biological control.
There were also large differences in the level of pest control between landscapes within a case study
and the explanatory power of the SNH and other land uses on the observed pest control was limited.
Local factors not accounted for in the model, like for instance management, focal crop and phenology
played presumably a large role in the empirical data. The SNH have a positive effect, but the added
effect of SNH in a landscape depends on the basic level of biological control. This affected the
predictive power of the “heat maps”.
Overarching analyses of sentinel data (except Chenopodium) did not show a distance effect: the effect
of landscape elements including SNH depended on their area, but not significantly on the distance to
the target (within the 1 km radius of the empirical data). The sum of AIC values of the case study
specific analyses was considerable lower than the AIC of the overarching model, indicating that the
case study specific models explained the observed seed predation rates better than the overarching
analysis. These differences between case studies need to be considered when scaling up to the
European level.
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Figure 9 Predicted effect of herbaceous linear elements in the landscape on Poa predation (lines) and observed
average predation rates per landscape sector per case study (open circles) on logit scale of the linear estimation
(a) and back transformed to the original scale (b).
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Figure 10 Predicted effect of wheat in the landscape on Poa predation (lines) and observed average predation
rates per landscape sector per case study (open circles).

23

Appendix 1 Examples of presence of semi-natural habitats in the
landscape
The distribution of semi-natural habitats in two landscape sectors for each case study.
Case study

Example low percentage SNH

Example high percentage SNH

Estonia

Switzerland

UK
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Hungary

Germany

Italy
Sunflower
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Italy
Olive

France
Medit

Netherlands

Legend

Forest interior,
Forest edge,
Woody linear,
Herbaceous erea,
Herbaceous linear,
In-field SNH
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