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Abstract: Carabid beetles are important contributors to the ecosystem service of biological control of 
invertebrate crop pests. The density of carabid beetles varies over the landscape and their spatial 
pattern is highly dynamic in time and space. We hypothesize that the ever changing pattern of carabids 
in the landscape, and the spatial distribution of the associated ecosystem service, may be predicted by 
integrating internal and external drivers into a behavioural model for individuals. Internal drivers 
include the need for food, egg laying substrate and shelter. External drivers include the spatial pattern 
of food items, structure and density of vegetation, microclimate, and the presence of conspecifics or 
predators. Both types of drivers show strong seasonal variability. Process data will be collected in 
artificial arenas with automated camera observation of behaviour of  Pterostichus melanarius and 
Poecilus cupreus. Here, the conceptual framework of the modelling is explained together with the 
experimental approach and some expected outcomes. One strong and one weak point of our approach 
are discussed.  
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Introduction 
 
Dispersal processes play a key role in determining population distributions of animals in 
space. Within fields, beetles tend to aggregate into species specific patches that do not change 
a lot during summer, but which may differ between years (Holland et al., 2005; Thomas et al., 
2001; 2006). Previous studies correlated environmental factors, such as plant density, 
vegetation type or soil moisture content with population densities to explain spatial patterns. 
Although these studies have provided much knowledge about environmental factors that 
correlate with population distributions, the mechanisms that drive dispersal are not well 
understood. To understand these mechanisms we need to know what beetles respond to and 
what they are motivated for. We assume that beetles respond to prey density, to suitability of 
the substrate for egg-laying, to shelter, to natural enemies and to conspecifics. The 
motivations, or the internal driving forces that we distinguish are need for food, need for egg-
laying substrate and need for shelter. We hypothesize that changing distribution patterns of 
carabids in the landscape may be predicted by integrating these motivations with external 
driving forces of movement into a behavioural model for individuals. In this paper we explain 
the conceptual framework for this model, the experimental approach and some expected 
outcomes. 
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Conceptual framework 
 
In our conceptual framework (see Figure 1) we distinguish between internal and external 
driving forces of carabid walking behaviour. Based on data from earlier research on carabids 
we assume the need for food, egg-laying substrate and shelter as major internal driving forces 
(or motivation states) of carabid walking behaviour. The need for food can be defined by 
satiation state and the need for egg-laying substrate by egg maturity. Mols (1993) and others 
(see Table 1) quantified in detail walking behaviour in relation to satiation state. Egg maturity 
has not been related to walking behaviour in literature, but because beetles do have a clear 
preference for certain egg-laying substrates (Tréfás & Van Lenteren, 2004), we hypothesize 
that females that have mature eggs will adapt their walking behaviour till a suitable egg-
laying substrate is found. Satiation state and egg maturity have a strong interrelationship 
(Mols, 1993). Need for shelter plays a role at the end of the daily activity period and at the 
end of the season when beetles move to hibernation sites. How the need for shelter influences 
walking behaviour has not been studied yet. Satiation state, egg maturity and need for shelter 
are in this model assumed to be controlled by the circadian and annual cycle of beetles. 
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Figure 1. Relation diagram with external drivers of walking behaviour (top half of figure) and 
internal drivers (bottom half of figure).  
 
 
We assume that the major external driving forces of walking behaviour are: availability of 
egg-laying substrate, prey availability and presence of shelter. The internal driving forces 
determine the beetles’ motivation to show a particular walking behaviour, which is triggered 
and affected by external driving factors. The resulting behaviour determines whether a 
resource is found or not. In our model egg laying, prey consumption or finding a shelter has a 
feedback on walking behaviour through changes in motivation (egg maturity, satiation state or 
need for shelter) of the beetle. These feedback mechanisms are acting on the level of internal 
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physiology of the beetle. This integration level is essential for the model but it is not 
addressed in our experiments. Availability of egg-laying substrate, shelter and prey density 
are all three determined by local microclimate and by the structure, density and species 
composition of the vegetation and beetle density (see table 1 for references). Also, vegetation 
may have a direct effect on walking behaviour by the resistance it causes for movement (Jopp 
& Reuter, 2005). 
 
 
Table 1. Studies on some of the relationships that are shown in Figure 1. 

 

Relation Reference 
Satiation state – Walking activity Fournier & Loreau (2001) – Ecol Entom 26 

Frampton et al. (1995) – Biological Conservation 71 
Satiation state – Walking behaviour Mols (1993) – PhD thesis, Wageningen University 

Wallin & Ekbom (1994) – Pop Ecology 
Vegetation density – Walking activity  Tréfás et al. (2003) – IOBC wprs Bulletin 26 
Microclimate – Walking activity Tréfás et al. (2003) – IOBC wprs Bulletin 26 

Thiele (1977) – Carabid beetles in their environments 
Phenology – Egg load Basedow (1994) – in Descender et al. Carabid 

Beetles – ecology and evolution 
Microclimate – Emergence pattern Holland et al. (2007) – Bulletin Entomol Res 97 
Microclimate – Egg-laying site 
availability 

Tréfás & Van Lenteren (2004) – Proc Netherlands 
Entomol Soc Meeting 15  

 
This model concept is unique in that it couples external to internal drivers. Thomas et al. 
(2006), for example, directly link environmental driving factors to walking behaviour, but 
assume that beetles will always respond to these drivers in the same way. The coupling that 
we make between external and internal drivers is useful when motivation of beetles changes 
through the year, which we consider very likely. After emergence from their overwintering 
site or from the pupal stage, female beetles are expected to be motivated for foraging. But 
later in the season, as eggs are maturing, motivation will change to find a suitable egg-laying 
substrate. And at the end of the season, beetles will be motivated to find suitable 
overwintering sites.  
 
Experimental approach 
 
The relationship between walking behaviour and the external and internal drivers mentioned 
above will be studied for two common carabid beetles which occur in arable land: 
Pterostichus melanarius and Poecilus cupreus. We selected these species because (1) they 
differ in their reproductive and overwintering strategies (summer versus winter larvae) and (2) 
because they are large enough to track with cameras in a laboratory setup. By comparing two 
species with contrasting reproductive and overwintering strategies we expect to gain greater 
insight in the seasonal variation on internal drivers.  

Our first aim is to identify the environmental conditions which determine habitat quality 
for foraging and egg-laying. To do this we create arenas with two artificial habitats that are 
contrasting in one environmental condition. We will first test plant density, prey density and 
soil moisture content. By comparing prey encounter rate and the number of eggs laid in a non-
choice situation we hope to quantify habitat quality with respect to foraging and egg-laying. 
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Our next aim is to see how the motivation of beetles changes in the course of the season. To 
assess motivation we place beetles in arenas that consist of one patch that is optimal for 
foraging and one patch that is optimal for egg-laying and measure walking behaviour and 
residence time in each patch. We will repeat this experiment during the season to see how the 
motivation of beetles changes. At this point we should be able to say to which environmental 
factors beetles respond at a particular time in the year. All experiments are carried out in 
observation arenas of about 6 m2. This large size is needed to minimize edge tracking 
behaviour, which is typical in studies on carabids in arenas that are too small (Mols, 1993).  
 
Expected outcomes and discussion 
 
The research proposed here attempts to scale up individual walking behaviour of carabids to 
patterns in population density in the field. We aim at a model that predicts the spatial 
behaviour of a population of carabids in a small landscape mosaic of several hectares. Strong 
point of this model is that it accounts for a change in the response of beetles to environmental 
variables as the motivation of the beetle changes. This enables us to simulate walking 
behaviour from spring to autumn. The weak point is that we need to collect substantial 
information on the environmental variables to feed the model. To account for this we will 
only consider those environmental variables that are most relevant for walking behaviour to 
explain population distribution at our scale of interest in casu fields plus adjacent habitats.  
Similar to results of Firle et al. (1998), we expect dispersal to be determined by different 
mechanisms at different scales. At a large scale covering several fields searching for 
hibernation sites may for example be the strongest determinant, but at the scale of a single 
field foraging and/or egg-laying may determine distribution patterns. 
 
References 
 
Firle, S., Bommarco, R., Ekbom, B. & Natiello, M. 1998: The influence of movement and 

resting behavior on the range of three carabid beetles. Ecology 79: 2113-2122. 
Frampton, G.K., Çilgi, T., Fry, G.L.A. & Wratten, S.D. 1995: Effects of grassy banks on the 

dispersal of some carabid beetles (Coleoptera, Carabidae) on farmland, 1995. Biological 
Conservation 71: 347-355. 

Holland, J.M., Thomas, C.F.G., Birkett, T., Southway, S. & Oaten, H. 2005: Farm-scale 
spatiotemporal dynamics of predatory beetles in arable crops. Journal of Applied 
Ecology 42: 1140-1152. 

Jopp, F. & Reuter, H. 2005: Dispersal of carabid beetles - emergence of distribution patterns. 
Ecological Modelling 186: 389-405. 

Mols, P.J.M. 1993: Walking to survive: searching, feeding and egg production of the carabid 
beetle (Pterostichus coerulescens L. (= Poecilus versicolor Sturm). PhD Thesis 
Wageningen University, The Netherlands. 

Thomas, C.F.G., Parkinson, L., Griffiths, G.J.K., Garcia, A.F. & Marshall, E.J.P. 2001: 
Aggregation and temporal stability of carabid beetle distributions in field and hedgerow 
habitats. Journal of Applied Ecology 38: 100-116. 

Thomas, C.F.G., Brown, N.J. & Kendall, D.A. 2006: Carabid movement and vegetation 
density: Implications for interpreting pitfall trap data from split-field trials. Agriculture 
Ecosystems & Environment 113: 51-61. 

Tréfás, H. & Van Lenteren, J.C. 2004: Egg laying site preferences in Pterostichus melanarius 
Illiger (Coleoptera: Carabidae). Proceedings of the Netherlands Entomological Society 
Meeting 15.   

8 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


