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Bio-Support: modelling the impact of landscape elements for 
pest control 
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Semi-natural habitats in arable land could play an important role as a source of arthropod 
predators. The presence of these arthropods can lead to a significant suppression of pests. Field 
data concerning the presence of landscape elements and cereal aphids are analysed. The results 
suggest that field shape and higher abundance of semi-natural habitat lead to a reduction of pest 
populations in adjacent crops. Furthermore, a first step towards a model (Bio-Support) predicting 
the colonisation of arable fields by polyphagous predators is made. Further development of such 
tools should be promoted in order to make them useful as decision support systems for farmers. 
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In agricultural landscapes the area covered with semi-natural habitats (e.g. field margins, 
hedgerows) has declined during the last decades (Geertsema 2002, Robinson & Sutherland 2002). 
On Dutch arable farms the area covered with semi-natural habitats is on average only 2.5% 
(Manhoudt & De Snoo 2003). Next to a reduction of semi-natural habitats, also the ecological 
quality of these habitats has been under pressure as a result of pesticide use (e.g. De Snoo & Van 
der Poll 1999) and fertilizer applications (e.g. Kleijn & Snoeijing 1997). 

Polyphagous epigeic predators (Carabidae, Staphylinidae, Araneae) can play a key role in pest 
control, especially aphid control (e.g. Collins et al. 2002). These predators use field boundaries as 
hibernation sites (e.g. D’Hulster & Desender 1982, Sotherton 1984, 1985). Already at the 
beginning of spring some of these predators colonise the adjacent fields. Therefore, these 
polyphagous predators can reduce pest populations at early stages in the season. However, current 
knowledge about the potential impacts of semi-natural habitats on the presence of polyphagous 
arthropod predators, and as a result on pest pressure, has not been fit into agricultural practise yet. 
In order to stimulate the use of biological control possibilities in arable farming systems, such 
scientific knowledge is needed. 

Here the results of a short field study concerning the role of semi-natural habitats in relation to 
aphid abundance in winter wheat (Triticum aestivum) are presented. Main question was if fields 
with more surrounding semi-natural habitats are less infested with aphids compared to fields with 
fewer habitats. Therefore, results of aphid surveys on winter wheat were related to the presence of 
semi-natural habitats. Next to this, effects of field layout (size, shape) were analysed. Data about 
semi-natural habitats and field layout were used to make the first steps towards a decision support 
system for farmers concerning the role semi-natural habitats in the suppression of pests. This 
system can be useful helping farmers identifying vulnerable characteristics of the farm concerning 
beneficial arthropods. 

MATERIAL AND METHODS 

Field surveys: aphid investigations 
In a previous study aphids were surveyed in conventional, integrated and organic winter wheat 
fields between 1993 and 1997 (Tamis & Van den Brink 1998). Each year all fields were surveyed 
three times (beginning of April, mid May and end of July). In 1993 one extra survey was carried 
out early in the season. Presence of aphids was determined by means of percentage of occupied 
stalks. Surveys were carried out all over The Netherlands. The number of fields surveyed each 
year varied between 62 (1993) and 147 (1997). 
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Field surveys: semi-natural habitats 
In spring and summer of 2000, 83 fields of conventional and integrated farms surveyed by Tamis 
& Van den Brink between 1995 and 1997 were visited again. Aphid incidence was more or less 
equal during these years (Tamis & Van den Brink 1998). These fields were situated in four 
regions: Zeeland, Flevoland, Drenthe and Gelderland/Overijssel. The fields were divided into two 
groups: fields where aphid pesticides were applied and fields where this was not the case. This was 
done because after insecticides have been applied, the role of predatory insects in pest suppression 
cannot be determined anymore. However, fields where no aphid pesticides were applied were 
assumed to have low aphid densities. Farmers were asked if the surrounding landscape close to a 
studied field changed between 1995 and 2000. For all fields included in this study this was not the 
case. 

All fields and their surrounding semi-natural habitats within 25 metres from the fields were 
inventoried and they were digitised in a GIS program. Areas of semi-natural habitats were 
calculated. A distinction was made between habitats directly adjacent to the field or habitats 
separated from the field by a certain kind of barrier (e.g. ditch, road). 

Modelling 
Field data concerning the field properties (size, shape) and the surrounding semi-natural habitats 
were used to make the first explorative steps towards a model called Bio-Support. All small-scale 
natural elements directly adjacent to the field and within a circuit of 25 m from the field were 
regarded as unlimited sources for polyphagous arthropod predators. The fields and the semi-
natural habitats were digitised using the program Cartalinx. Using the GIS program ArcView 
colonisation of the fields from the semi-natural habitats by polyphagous arthropod predators was 
simulated. Therefore, the distance covered by polyphagous predators during was set at 10 m/day. 
Furthermore, it was assumed that polyphagous predators keep walking until the complete field has 
been colonised. 

Statistical analysis 
Differences between field properties and semi-natural surroundings of sprayed and unsprayed 
cereal fields were analysed. This was done by using a T-test. Analyses were carried out in SPSS. 

RESULTS 
Table 1 shows the results of the analyses of the field properties of sprayed and of unsprayed fields. 
No significant difference was found between field size of sprayed and unsprayed cereal fields 
(P=0.261). However, unsprayed fields had a more rectangular shape compared to sprayed fields. 

Table 2 shows the results of the analyses concerning the surrounding semi-natural habitats of 
the fields. No significant difference was found between the percentages of field perimeters of 
sprayed and unsprayed fields (P=0.309). Unsprayed fields had more relative amounts of semi-
natural habitats, although this was not a significant difference (P=0.066). However, unsprayed 
fields had relative more semi-natural habitats directly adjacent (P=0.034). 
 
 
Table 1. Field properties of sprayed and unsprayed winter wheat fields. NS = not significant  

 Sprayed fields Unsprayed fields Significance 
Field size (ha) 6.1 ± 2.4 5.2 ± 3.4 NS 
Field length (m) 317 ± 119 413 ± 299 NS 
Field width (m) 195 ± 75 137 ± 60 P < 0.005 
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Table 2. Surrounding semi-natural habitats of sprayed and unsprayed winter wheat fields. NS = not 
significant 

 Sprayed fields Unsprayed fields Significance 
Percentage of field perimeter adjacent to semi-natural habitat 70 ± 20 64 ± 27 NS 
Semi-natural habitats (m²)/ Field area (ha) 1225 ± 816 1765 ± 1408 NS 
Semi-natural habitats directly adjacent to field (m²)/ Field area (ha) 518 ± 377 996 ± 1187 P < 0.05 

 
 

 
Figure 1. Visualisation of the results of Bio-Support. The field above is surrounded with semi-natural 
habitats on three sides: side 2, side 3 and side 4. Along side 1 the field is not bordered by a semi-natural 
habitat. From sides 2, 3 and 4 the field will be colonised by polyphagous predators. This means the dark 
areas are colonised first and the lighter areas later. This figure shows that the vulnerable spot is the lack of a 
semi-natural habitat next to field border 1. 
 

DISCUSSION 
The results presented in Table 1 show that unsprayed fields are more rectangular compared to 
sprayed fields. Percentages of field perimeter adjacent to semi-natural habitat did not differ 
significant between sprayed and unsprayed fields. However, the relative amount of semi-natural 
habitats directly adjacent to the field did differ significantly. This means that habitats directly 
adjacent to an unsprayed field are wider compared to habitats next to a sprayed field. 

Using the field data concerning semi-natural habitats and field properties, a first simple 
version of the model (Bio-Support) was made. With help of this model, colonisation of fields by 
polyphagous arthropod predators can be simulated and visualised (Fig. 1). Bio-Support was 
developed at field level, but can also be applied at farm level. 

Using Bio-Support the effects of different scenarios of farm layout on field colonisation by 
arthropod predators can be visualised and analysed. A beetle bank for example can divide a field 
into two smaller fields. Predators use the beetle bank as a hibernation site and from there they 
colonise the field. Colonisation rates of both scenarios (with and without a beetle bank) can be 
calculated and compared (Fig. 2). This makes Bio-Support a decision support system for farmers. 

In order to validate Bio-Support properly, more ecological knowledge is needed about 
different ecological factors concerning the spatial and temporal components of the model. Main 
factors concerning then, are 1) abundance of hibernating predatory arthropods in semi-natural 
habitats as well as on the fields, 2) dispersal of ground dwelling polyphagous arthropods, and 3) 
effect of polyphagous arthropod predators on aphid populations. 
1) Semi-natural habitats, as well as arable fields, are important hibernation sites for arthropods, 

but not every habitat is equally suitable (Dennis & Fry 1992, Bürki 1993, Den Nijs et al. 
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1994). Structure of vegetation and soil, and management of the habitats determine the 
suitability of that habitat as a hibernation site. Grassy field margins have been studied well and 
seem to be good hibernation sites for several polyphagous predator arthropods (D’Hulster & 
Desender 1982, Sotherton 1984, 1985). There is much less knowledge though about the 
potential of woody elements, like hedgerows. Furthermore there are still lacks concerning the 
role of arable fields as hibernation sites. 
 

 
Figure 2. Different scenarios: a field without beetle bank (dotted line) and a field with beetle bank (solid 
line). Fields with a beetle bank are colonised at higher rates compared to fields without a beetle bank. 

 
 

2) The dispersal power of arthropods determines the colonisation rate of arable fields. Some 
species move from the field margins into the field, but there are also species that migrate from 
the field towards the field margins. A good picture of these movements is necessary in order to 
validate Bio-Support. Dispersal and migration is influenced by many factors, such as weather, 
food availability (Mols 1993), species (Wratten et al. 1984) and crop type (Booij & 
Noorlander 1992, Holland et al. 1994, Frank & Nentwig 1995). Furthermore the dispersal 
power differs between species. For example, some species are able to fly and some species 
move faster than others do. All these factors should be studied extensively for the most 
important aphidophagous predators. 

3) To achieve a certain amount of aphid control by polyphagous arthropod predators, predator 
abundance should be at a certain level. However, so far it is unknown what this level should 
be. This knowledge is needed in order to change farm layouts in such a way, that polyphagous 
arthropod predators can occur in densities necessary for efficient aphid control. Another 
important subject is the effectiveness of each predator species. Not every species feeds upon 
aphids in the same amount (e.g. Wallin et al. 1992), so not every species eliminates aphids at 
the same rate. 
 
Models like Bio-Support, can be helpful instruments towards more sustainable ways of 

farming. They can act as decision support systems for farmers. However, a system like this must 
be fit in agricultural practise and must provide solutions that will not lead to economical setback. 
Creation of a beetle bank could be a possible solution to stimulate field colonisation by 
polyphagous arthropod predators. Thomas et al. (1991) calculated costs and benefits resulting from 
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the creation of a beetle bank. They concluded that creation of a beetle bank would not lead to 
economical damage. Benefits resulting from higher yields (as a result of lower aphid pressure) and 
reduction of pesticide use exceed the costs. These results suggest that Bio-Support could be a 
useful decision support system, because possible solutions can be fit in daily farm practise and will 
not lead to economical strain. So, if all ecological parameters are validated correctly, Bio-Support 
can steer farmers towards a more sustainable way of food production. 

 

REFERENCES 
Booij, C.J.H & Noorlander, J. 1992. Farming systems and insect predators. Agr. Ecosyst. Environ. 40: 125-

135. 
Bürki, K. 1993. Überwinterung von Arthropoden im Boden unter künstlich angelegter Ackerkrautstreifen. 

Verhandlungen der Gesellschaft für Ökologie 22: 35-38. 
Collins, K.L., Boatman, N.D., Wilcox, A., Holland, J.M. & Chaney, K. 2002. Influence of beetle banks on 

cereal aphid predation in winter wheat. Agr. Ecosyst. Environ. 93: 337-350. 
Den Nijs, L., Daamen, R., Lock, C., Noorlander, J. & Booij K. 1994. Invloed van beheer van akkerranden 

op de overwintering van loopkevers en de kolonisatie van akkers. IPO-DLO Rapport nr. 94-09. 
Dennis, P. & Fry, G.L.A. 1992. Field margins: can they enhance natural enemy population densities and 

general arthropod diversity on farmland? Agr. Ecosyst. Environ. 40: 95-115. 
De Snoo, G.R. & Van der Poll, R.J. 1999. Effect of herbicide drift on adjacent boundary vegetation. Agr. 

Ecosyst. Environ. 73: 1-6. 
D’Hulster, M. & Desender, K. 1982. Seasonal abundance and hibernation of Staphylinidae in the grassy 

edge of a pasture. Pedobiologica 23: 403-414. 
Frank, T. & Nentwig, W. 1995. Ground-dwelling spiders (Araneae) in sown weed strips and adjacent fields. 

Acta Oecologica 16: 179-193. 
Geertsema, W. 2002. Het belang van groenblauwe dooradering voor natuur en landschap. Alterra, Research 

Instituut voor de Groene Ruimte, Wageningen. 
Holland, J.M., Hewitt, M.V. & Drysdale, A.D. 1994. Predator populations and the influence of crop type and 

preliminary impact of integrated farming systems. Aspects of Applied Biology 40: 217-224. 
Kleijn, D. & Snoeijing, G.I.J. 1997. Field boundary vegetation and the effects of drift of agrochemicals: 

botanical change caused by low levels of herbicide and fertilizer. J. Appl. Ecol. 34: 1413-1425. 
Manhoudt, A.G.E. & De Snoo, G.R. 2003. A quantitative survey of semi-natural habitats on Dutch arable 

farms. Agr. Ecosyst. Environ. 97: 235-240. 
Mols, P.J.M. 1993. Walking to survive. Searching, feeding and egg production of the carabid beetle 

Pterostichus coerulescens L. (= Poecilus versicolor Sturm). Ph.D.-thesis, Agricultural University 
Wageningen. 

Robinson, R.A. & Sutherland, W.J. 2002. Post-war changes in arable farming and biodiversity in Great 
Britain. J. Appl. Ecol. 39: 157-176. 

Sotherton, N.W. 1984. The distribution and abundance of predatory arthropods overwintering on farmland. 
Ann. Appl. Biol. 105: 423-429. 

Sotherton, N.W. 1985. The distribution and abundance of predatory Coleoptera overwintering in field 
boundaries. Ann. Appl. Biol. 106: 17-21. 

Tamis, W.L.M. & Van den Brink, W.J. 1998. Inventarisatie van ziekten en plagen in wintertarwe in 
gangbare, geïntegreerde en ecologische teeltsystemen in Nederland in de periode 1993-1997. IPO-
DLO, Rapport nr. 98-01. 

Thomas, M.B., Wratten, S.D. & Sotherton, N.W. 1991. Creation of ‘island’ habitats in farmland to 
manipulate populations of beneficial arthropods: predator densities and emigration. J. Appl. Ecol. 28: 
906-917. 

Wallin, H., Chiverton, P.A., Ekbom, B.S. & Borgh, A. 1992. Diet, fecundity and egg size in some 
polyphagous predatory carabid beetles. Entomol. Exp. Appl. 65: 129-140. 

Wratten, S.D., Bryan, K., Coombes, D. & Sopp, P. 1984. Evaluation of polyphagous predators of aphids in 
arable crops. British Crop Protection Conference – Pests and Diseases: 271-276. 

 




