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Stellingen 

1. Biologische landbouwbedrijven hebben voor organismen, hoger in de voedselketen, een 
grotere draagkracht voor instandhouding van de biodiversiteit dan conventionele 
landbouwbedrijven. Dit proefschrift. 

Vergroting van het voedselaanbod aan de basis van het voedselweb, is een voorwaarde om 
de top daarvan te vergroten, hoewel terugkoppelingen, die dit effect tegenwerken ook te 
verwachten zijn. Dit proefschrift. 

3. Extra zorg van boeren voor de ecologische infrastructuur, onder meer door gericht beheer 
van sloten en slootkanten, heeft een sterk positief efFect op de biodiversiteit van het 
platteland. Dit proefschrift. 

De ontrafeling van het menselijk genoom is belangrijk, omdat dit onderzoek de 
veronderstelde bepalende rol van genen in levende systemen relativeert. 
Stephen Jay Gould in NRC Hcmdelsblad dd 20 maart 2001. 

5. De oorspronkelijke ideeen van de biologische landbouw zijn door wetenschappers eerst 
als 'subjectief afgedaan, maar worden gestaag ontdekt als bruikbaar en 'objectief . 

Ecologisch onderzoek moet uitgaan van niet-begrepen waarnemingen in het veld en moet 
de uitbreiding van de theorie daaraan dienstbaar maken, in plaats van deze voorop te 
stellen. 

7. Wageningen Universiteit stoot studenten af door retorische vragen en technisch vernuft, 
en zou studenten aantrekken door het tonen van twijfel en zorg over actuele problemen in 
de landbouw. 

8. Het op steeds jongere leeftijd aanspreken van rationele vermogens van kinderen leidt tot 
vervreemding van de levende omgeving en asociaal gedrag. 

Stellingen bij het proefschrift van Frans W. Smeding, Steps towards food web management on 
farms, 6juni 2000 
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Preface 

"Our attention is drawn by a blackbird screaming. It is January 28th and I am writing this 
thesis. I look through the bedroom window with my wife and four-year-old son and we watch 
a sparrow hawk with a blackbird in his claws. And I guess that his victim is "vlek" ("spot" in 
English), the female blackbird with one white feather on top of each shoulder, that lives 
around our house. Impulsively I ran downstairs, through the front door in an attempt to rescue 
the blackbird; but the sparrow hawk flies away carrying, of course, its prey". 

That evening I felt a bit confused about this event. How could a biologist studying food webs, 
interfere with the hunt of an impressive bird of prey? Perhaps it helped me to realise more 
profoundly that trophic interactions are not figures but have to do with life and death. Then I 
remembered an intriguing story from the Hindu epic Mahabharata, which tells of a righteous 
king who protected a frightened dove from a pursuing falcon. The falcon begged the king to 
let him eat and warned the king that his interference with 'Dharma' (perhaps 'natural order', in 
this thesis) would create fate. However, the king stuck to his principles and promised the 
falcon a quantity of his own flesh that equalled the weight of the dove. Eventually the king 
was eaten to the bones and both the falcon and the dove laughed at the king and flew away. 

Although the Mahabharata story is mysterious to me, it raises an association that I have 
wanted to put into the preface of this thesis. It considers that there is no doubt that man, as 
part of nature, should interfere in ecosystems to feed himself. However, if his interference 
goes beyond his proper needs, and are, so to say, 'none of his business', he may not really 
know what he is doing and may therefore unwittingly disturb the natural order. Thus the work 
of modern biologists like Rupert Sheldrake convinced me that current biology has a limited 
comprehension of living systems. A 'righteous ecologist' (who is for example interfering with 
food webs) should, therefore, remain modest, whilst keeping an open mind and an open eye, 
both when looking at nature and at his own motives. This might help to prevent his worst 
errors. Fortunately that afternoon my attempt to interfere with the hunting sparrow hawk 
failed, because I would not have known how to care for a severely wounded blackbird. 

The small maps of the Flevoland polder in this thesis have a special meaning to me, because 
they echo the large embroidered map of the Noordoostpolder that hung on the wall of the 
dining room when I was a child. My grandfather devoted his professional life to polder 
reclamation. His polder service employed outstanding ecologists like W. Feekes and D. 
Bakker, who were engaged on both applied and fundamental questions, which was much 
appreciated by my grandfather (so my father told me). However the aims of reclamation 
concentrated on the material concerns of food and labour, reflecting needs of society at that 
time and resulting in large scaled rational landscapes. Following this tradition my father 
contributed to the development of agricultural education. It is my sincere and modest wish 
that my current work may contribute to the implementation of a wider scope of agricultural 
production, and address the physical as well as the emotional and spiritual needs. 

Without the support of many people, this thesis would never have been accomplished. I am 
grateful to: 
My promoter Eric Goewie who gave me space and confidence to begin the project, and who 
strengthened my backbone and inspired me in moments of hesitation. My promoter Ariena 
van Bruggen who, after her arrival in Wageningen, needed only a half word to understand the 
contents of the work and helped me to process the piled-up field data. My co-promoter 
Wouter Joenje, with whom I share common interests in ecological theories and field biology, 
particularly of pioneer successional stages and the polders. 



The funding organisation (LNV-DWK) for supporting a small research group so that they 
could embark upon a project with an uncertain outcome. However this research group was 
much strengthened thanks to the invaluable co-operation and friendship of the researchers of 
Plant Research International (formerly IPO-DLO): Kees Booij, Clasien Lock and Loes den 
Nijs. 

The supervision committee of the project 'Food web management on farms', that 
enthusiastically guided the research by it's reflections on our plans and results. The committee 
included: Geert de Snoo (CML-Universiteit Leiden), Frank van Belle (Vereniging 
Natuurmonumenten), Paul Aukes (IKC Natuur), Paul van Ham (IKC Landbouw), Tibbe 
Breimer (LNV-DWK), as well as Kees Booij, Wouter Joenje (the chairman) and Eric Goewie. 

My research assistant, Andre Maassen, who was a pillar of strength with all our laborious 
activities, the designer of instruments and forms, companion of the hundreds of kilometres 
walked while data collecting, and the one who could, if asked, always help me remember the 
aims of my work. 

The MSc students who did reconnaissance work for the thesis: Elke Boesewinkel, Jacinta de 
Huu, Nathalie Reijers, Julien Cothenet, Edwin Coomans, Hong Nan, and in particular Bart 
Venhorst who also supported the field work and insect identification. 

People with whom I exchanged ideas or who provided valuable information that contributed 
to this thesis: Gerard Oomen, Willem Beekman, Jan Diek van Mansvelt, Sjaak Wolfert, 
Dorine Dekker, Derk Jan Stobbelaar, Karina Hendriks, Darko Znaor, Prof. R.A.A. Oldeman, 
Ruurdtje Boersma, Manolis Kabourakis, Anor Fiorini, Hans Esselink (who named 
'Voedselwebbeheer'), Joop Schaminee, John Vandermeer, Yvette Perfecto, Julian Park, Nigel 
Boatman, Flip van Koesveld, Jan Jaap van Almenkerk, Wolter van der Kooij, Rob Boeringa, 
Henk Kloen, Yvonne van den Hork, Monique Bulle, members of the PE-Phd discussion group 
'Plant and Crop Ecology', Paula Westerman, Eefje den Belder, Walter Rossing. 

The farmers who allowed me access to their farms and who gave their time to answer my 
questions; in particular, especial thanks are due to Maart en Piet van Andel, Carl en Rini 
Ferket, Jan en Marleen van Woerden-Zeelenberg, Lex en Jannie Kruit, Henk Leenstra, Evert -
Jan Rienks, Jansje Timmermans, Douwe Monsma, Hem and Marjon Cuppen, staff and 
residents of 'Thedinghsweert' for their hospitality and interest. 
Joop Overvest, Johan Jorink, Harry Alting and colleagues (staff and workers of the A.P. 
Minderhoudhoeve), Swifterbant, and Egbert Lantinga (chairman of the research team) for 
discussing my research and implementing recommendations on the ecological farm. 

All the people who did the organisation behind the project, particularly Gijsbertje Berkhout. 
The staff of Unifarm who were always willing to support the project. 
Colleagues of the Biological Farming Systems group who accepted my absence, whilst 
encouraging me to finish my thesis research. 

Nicky Campbell of Combpyne, Devon, UK for correcting the English. Wampie van 
Schouwenburg for help with the final editing. 

Heleen Boers who helped me to collect myself. 
And last but not least my dear friends and family who supported and encouraged me, and with 
some of whom I could share my aspirations: Annelies, Francis, Philip, my brother Guido, my 
uncle Kees Cleveringa; but most of all, Elise and Timo who gave me warmth at the coldest 
moments of my personal 'Winterreise'. 



Abstract 

This paper is the report of four years of research on the functional group composition of the 
animal community in relation to farm and ecological infrastructure (E.I.) management on 
organic arable farms. The results are mainly based on abundance data of ground dwelling 
arthropods obtained by pitfall trapping, density data of vegetation dwelling arthropods by 
vacuum sampling and density data of insectivorous birds by territory mapping. Arthropods 
were collected in wheat crops (representing the crop area) and on the adjacent canal bank 
(representing the E.I.); the bird, farm and E.I. variables were measured at the farm level. 
Study areas included in total 18 farms with varying extents of organic duration, crop rotation 
intensity, and quantity and quality of E.I. 

The hypothesis of the research was that the food web structure of an organic arable farm with 
long organic duration as well as with an improved E.I. (i.e. enlarged, late mown), would show 
a higher abundance of meso- and macrofauna of both herbivorous and detritivorous functional 
groups. These enhanced primary groups were expected to carry a high predator abundance at 
both secondary (i.e. invertebrates) as well as tertiary (i.e. birds) levels. With regard to the crop 
areas it was found, in contradiction to the hypothesis, that herbivores were most abundant in 
crop areas of recently converted farms and of organic farms with intensive crop rotation; this 
herbivore abundance was associated with invertebrate predator abundance and species 
diversity. In accordance with the hypothesis, some evidence was found for increased 
detritivore and related epigeic predator abundance related to extensive crop management on 
the farms of long organic duration. Whilst studying the E.I., an increased abundance of 
vegetation dwelling predators and also detritivores was found in improved E.I. However K-
herbivore numbers did not increase in the improved E.I. when they were compared to the 
traditionally managed E.I. The summer abundance of epigeic predators was also not related to 
an improved E.I. Field studies provided some evidence for the dispersal of functional groups, 
abundant in the E.I., towards the crop area. However, the effects of crop conditions on the 
arthropod abundance in the crop area were observed to offset the influence of the E.I. Bird 
studies at the farm level revealed positive correlation between bird functional groups and a 
combination of crop area and E.I. characteristics. Bird density was found to be positively 
associated with high arthropod abundance in the E.I. vegetation canopy. Observations also 
suggested positive correlation to an increased herbivory in the crop area of the long duration 
organic farms that had an intensive crop rotation. 

A proposal for a descriptive or topological farm food web is drawn from field observations as 
well as from references in literature. Predictions are made for four different farm food web 
structures that express four extremes of two environmental gradients, which correspond to the 
length of organic duration and the amount/quality of the E.I. With reference to field 
observations important themes in the food web theory are discussed, including the indirect 
effects of subsidised detrital food chains on herbivore abundance and consequently on bird 
abundance, as well as the possible effects of intra guild predation on arthropod functional 
group composition. 

The implications of the study are that organic duration and the amount/quality of the E.I. may 
contribute to improving ecosystem services and to aims based on nature conservation. 
However an optimisation of the farm food web with regard to ecosystem services may not 
necessarily improve nature conservation values. It is argued that increased understanding of 
the farm food web and its management is likely to support the development of multi-species 
agroecosystems that integrate improved ecosystem services and nature conservation goals. 



Notes 

This project was funded by the Ministry of Agriculture, Nature Management and Fisheries, 
Department of Science and Knowledge Dissemination. 

Chapters 2, 3,4 and 6 have been submitted for publication in international journals. 



Table of contents 

Chapter 1: General introduction 1 

Chapter 2: Functional group compositions of vegetation dwelling arthropods in relation 
to ecological infrastructure and time since conversion to organic farming 
Smeding, F. W., A.H. T.M. Maassen & A.H. C. van Bruggen 5 

Chapter 3: Shifts in functional group composition of ground dwelling arthropods in 
relation to ecological infrastructure and conversion to organic farming 
Smeding, F. W., CAM. Lock & C.J.H. Booij 31 

Chapter 4: Insectivorous breeding birds on organic farms in relation to crop area, 
ecological infrastructure and arthropods 
Smeding, F. W. & C.J.H. Booij 51 

Chapter 5: Effect of field margin management on insectivorous birds, aphids and 
their predators in different landscapes 
Smeding, F. W. & C.J.H. Booij, 1999. 
Aspects of Applied Biology 54: 367-374. 75 

Chapter 6: A concept of food web structure in organic arable farming systems 
Smeding, F.W. & G.R. deSnoo 83 

Chapter 7: Farm-Nature Plan: landscape ecology based farm planning 
Smeding, F. W. & W. Joenje, 1999. 
Landscape and Urban Planning 46: 109-115. 101 

Chapter 8: General discussion 109 

References 117 

Summary 131 

Samenvatting 133 

Curriculum vitae 137 



Chapter 1: General introduction 

This thesis is motivated by concerns about biodiversity loss, due to agricultural intensification 
(Altieri, 1994,1999; Paoletti, 1999; Wood & Lenne, 1999; Vandermeer et al, 1998) and is 
primarily concerned with plant and animal species indigenous to agricultural landscapes. 
Biodiversity loss has been thought to result in artificial ecosystems, requiring constant human 
intervention and costly external inputs. From this perspective biodiversity has economical 
value, related to its ecological services, e.g. pest control and biotic regulation of soil fertility 
(Altieri, 1994, 1999; Pimentel et al, 1995). Nature conservation worthy species may have no 
evident significance for the functioning of agroecosystem (Duelli et al, 1999). However it 
can be argued that agriculture has, to a certain extent, responsibility for all species and 
communities which co-evolved with farming during around 10,000 years (Wood & Lenne, 
1999), irrespective of their utility. 

One important solution for the reversal of biodiversity loss in conventional agriculture of 
industrialised countries is the development of farming systems that are economically based on 
utilisation of biodiversity and that also harbour conservation worthy species. This idea is 
compatible with the concept of multi-species agroecosystems (Vandermeer et al, 1998; 
Altieri, 1994, 1999; Almekinders et al, 1995; Swift & Anderson, 1993). Development of 
organic farming systems is a possible implementation of this concept (Stobbelaar & Van 
Mansvelt, 2000; Vandermeer, 1995; Van der Werff, 1991). The adoption of this concept in 
the crop area may be complemented by an appropriate management of the semi-natural 
habitat on the farm, which is defined as the ecological infrastructure (E.I.) (Smeding & Booij, 
1999). 

A food web approach is an appropriate method for investigations into the higher integration 
levels of ecosystems (Polis & Winemiller, 1996; Pimm, 1991; Gezondheidsraad, 1997). This 
approach is therefore suitable for fanning systems research. Progress in scientific 
understanding of food webs is currently expanding into agroecology as is demonstrated by 
articles on interactions between detrital and herbivore subsystems (Brussaard, 1998; Wise et 
al, 1999) and among predator functional groups (Tscharntke, 1997). These interactions may 
affect the abundance of functional groups, crop performance as well as decomposition rates. 
Complementary to functional analysis, a food web approach might also offer a comprehensive 
framework for the scattered information on farmland species and habitats (De Snoo & 
Chaney, 1999). 

A simplified set of hypotheses with regard to food web structure on organic farms served as 
the starting point for the field research of this thesis: it was expected that the duration of 
organic management, extensive crop rotation as well as an improved E.I. (i.e. enlarged area 
and late mowing date), would relate positively to the abundance of non-pest primary 
arthropod functional groups (Kromp & Meindl, 1997): the detrital web would be enhanced by 
the increased input of organic matter, consisting of organic manure, compost and crop 
residues (of cereals, ley pasture); non-pest herbivore numbers would be enhanced by crop 
diversity as well as weed diversity (Hald & Reddersen, 1990) and in particular would be 
boosted by the varied plant tissues (Curry, 1994; Tscharntke & Greiler, 1995) which occur in 
improved E.I. Consequently predator and parasitoid numbers on the farm would be supported. 
An accumulated high invertebrate density on the farm would support insectivorous 
vertebrates, particularly birds (e.g. Poulsen et al, 1998). 



The objectives of this thesis were: 
- To analyse and conceptualise food webs on organic arable farms that encompass the 

important above- and below ground functional groups and that can be related to farmers' 
decisions about, for example, crop rotation and manure management, farm lay-out and 
field margin management; 

- To link knowledge of the biology of groups of individual species, crop and vegetation 
management to food web theories, and to identify possible food web mediated factors that 
might influence the abundance of functional groups on the farm; 

- To suggest strategies for development of farming practices that strive to promote 
ecological services and conservation of species. 

To meet the objectives, field research and analysis of literature data were undertaken. The 
study area involved organic arable farms that were mainly situated in Flevoland. This region 
was chosen because of its uniformity in topography and history and because of the occurrence 
of around 75 organic farms including farms with improved ecological infrastructure, resulting 
from a prototyping research project (Vereijken, 1997, 1998). 

Empirical investigations were concentrated on particular sections of the farmland community. 
Functional group compositions (e.g. detritivores, herbivores and predators) within these 
sections were assessed. All three empirical chapters start from the same initial set of 
hypotheses explained above, and reflect to a certain extent on each other in their discussions. 
Observations on vegetation dwelling arthropods on thirteen farms (Chapter 2) are presented 
first, because this section included large proportions of all three major functional groups, 
involving especially herbivores and connected predators. 
Observations on ground dwellers on eight farms (Chapter 3) included numerous epigeic 
predators that are supposed to hold a key position in the farm food web. However this group 
appears to be more strongly related to the detrital subweb than to the herbivore subweb. 
Densities of bird territories on ten farms (Chapter 4) are related to variables of both vegetation 
dwelling and ground dwelling arthropods as well as to farm and ecological infrastructure 
traits. Birds represent vertebrates, that might be supported by an increased abundance of prey 
from the herbivore subweb as well as the detrital subweb. 

Chapter 5 includes a landscape comparison between a young polder landscape (i.e. Flevoland) 
and a landscape that has been farmed for many centuries (i.e. river region). This explorative 
study places the observations in Flevoland into a broader geographical context. 

A proposal for a descriptive or topological farm food web (Chapter 6) is drawn from field 
observations as well as from references in the literature. Important themes in the food web 
theory are tentatively applied to this preliminary model, explaining differences between local 
farm food web structures and how they are related to farm and/or E.I. management. The initial 
set of hypotheses on which the fieldwork was based, is modified into more elaborate 
hypotheses. 

An additional chapter (Chapter 7) deals with plans for the coexistence of farm and natural life. 
It presents a pragmatic advisory instrument that structures expert judgement. The instrument 
is based on a combination of ecological theory and field biology. However results of the food 
web study are not included since the instrument (Smeding, 1995) was developed earlier and 
was therefore an incentive to the food web studies of this thesis. 

The discussion chapter (Chapter 8) considers briefly the implications of the research for the 
development of multispecies farming systems. 



It must be noted that compared to the chronology of the investigations, chapters 2-5 are in 
reverse order. The project started with an assessment of farms in different landscapes (1997). 
However the study area included too much variation and too few sites to be analysed 
statistically. Therefore investigations in the following year (1998) were confined to a more 
uniform area in Flevoland. However the relations between ground dwelling functional groups 
and the farm and E.I. variables were, at first glance, difficult to interpret and showed little 
coherence with the bird data. The herbivore subweb of the farm food web was expected, and 
was also found, to give better distinctions, with regard to investigated variables. Consequently 
vegetation dwelling arthropods were assessed in 1999. 



Chapter 2: Functional group compositions of vegetation dwelling 
arthropods in relation to ecological infrastructure and time since 

conversion to organic farming 

F.W. Smeding, A.H.T.M. Maassen & A.H.C.van Bruggen 
Department of Plant Sciences, Biological Farming Systems group, Wageningen University, Wageningen, The 

Netherlands 

Abstract 
Hypotheses on the relation of farm management and ecological infrastructure (E.I.) characteristics to the 
functional group composition of vegetation dwelling arthropods in the crop and E.I. were tested on organic 
arable farms. The study area included 13 farms that varied with regard to the studied traits. Arthropods were 
collected by vacuum trapping in wheat crops and adjacent boundaries. Observations in the crop area suggested 
that both organic duration and farm 'intensity' affect the arthropods. In contrast to expectations from the 
literature, K-herbivores and associated predators were most abundant in the luxurious crops of recently 
converted farms. Long duration organic farms with an intensive management, seemed to be most prone to r-
herbivore outbreaks, associated with species-diverse but not numerous predators. In support of the expectations, 
some evidence was collected for an increase of detritivores on long duration farms with an extensive crop 
rotation. Observations in the E.I. showed that, according to the expectations, improved management (i.e. large 
area and late mowing) enhanced predators and also detritivores. However, herbivore abundance was similarly 
high in traditionally managed E.I. Effects of high abundance of arthropod functional groups in the E.I. on 
dispersal into the crop, were largely offset by crop conditions. Possible indirect effects of subsidized detrital food 
chains on herbivore abundance, as well as effects of intraguild predation on arthropod functional group 
composition, are discussed with reference to field observations. 

1. Introduction 

1.1. Agriculture and biodiversity 

The biodiversity of farms and agricultural landscapes in industrialised countries has decreased 
dramatically (e.g. Andreassen et al, 1996; Fuller et al, 1995; Aebischer, 1991). This 
biodiversity-loss is a matter of great concern for ecologists, agriculturists as well as politicians 
(Paoletti, 1999; Wood & Lenne, 1999). To reverse this trend of biodiversity-loss, farming 
system innovation is probably needed (Altieri 1994; Vandermeer et al, 1998; Almekinders et 
al, 1995; Swift & Anderson, 1993). One of the options to enhance biodiversity is to promote 
on-farm natural areas that could be valuable for both production as well as for nature 
conservation aims. 

The total area of semi-natural habitat on the farm is also called the 'ecological infrastructure' 
(E.I.). Field margins are a major constituent of the E.I. (Smeding & Booij, 1999). Agricultural 
production could be enhanced by various ecological functions of this E.I., such as regulation 
of pests by predators and parasitoids, nutrient cycling by soil organisms, and pollination by 
various arthropods. For example, biodiversity of arable field margins significantly contributed 
to densities on the farm of predatory invertebrates, butterflies, birds and mammals (e.g. 
Boatman et al, 1999; Joenje et al, 1997; LaSalle, 1999). 



1.2. Farm management and on-farm communities 

Despite the increasing amount of information on farmland species and vegetation, there is still 
fragmentary knowledge of the relationships between farm management practices and farm 
communities (De Snoo & Chaney, 1999). For example, crop rotation, fertility level, weed 
control, field size, and distribution and management of field margins may all affect farm 
community composition. 

Management practices on organic farms corresponding to production guidelines 2092/91 in 
the EC countries (Anonymous, 1991) are essentially different from those on conventional 
farms. In particular, maintenance and promotion of biodiversity is inherent to the philosophy 
of organic farming. Therefore, organic farms could function as a stepping stone on the road to 
developing rational, biodiverse farming systems (Stobbelaar & Van Mansvelt, 2000). 
However, information on the trophic structure of animal communities at the farm level is still 
scattered and incomplete for conventional as well as organic farming systems (e.g. Kromp & 
Meindl, 1997; Isart & Llerena, 1995). Both empirical and experimental research at the farm 
level is required to fill the gaps in the knowledge of effects of conversion from conventional 
to organic farming and of field margin management practices on agroecosystem community 
composition. 

Research addressing the whole 'biocoenosis' is needed to understand the effects of 
management practices on agroecosystem functioning (Biichs et ai, 1997). Recent advances in 
research of food webs (Polis & Winemiller, 1996), including some studies in agricultural 
habitats (De Ruiter et ai, 1997; Tscharntke, 1997; Wise et al, 1999), are providing inspiring 
examples of how (agro)ecosystems can be approached at integration levels higher than the 
species-level. Some of this research indicates that food webs can mediate the effects of 
environmental stress factors on species (Winemiller & Polis, 1996). 

1.3. Hypotheses and objectives 

Detritivore numbers are enhanced by the increased organic matter input, involving organic 
manure, compost and crop residues (of cereals, and ley pasture)(e.g. Pfiffner & Mader, 1997; 
Weber et al, 1997; Idinger et al, 1996; Heimbach & Garbe, 1996). Non-pest herbivores are 
enhanced by crop and weed diversity (Hald & Reddersen, 1990; Moreby & Sotherton, 1997; 
Andow, 1988). Moreover, the effects of organic duration may continue to work cumulatively 
over years, with regard to both detritivores (Idinger & Kromp, 1997) as well as herbivores 
(Hald & Redderson, 1990). The abundance of primary functional groups would support 
predacious functional groups of e.g. epigeic predators (Kromp, 1999; Wise et al, 1999), 
predacious flies and parasitoids (Idinger & Kromp, 1997). The increase of predator abundance 
may subsequently depress pest-herbivores (Altieri, 1994), provided that crops are not too 
much affected by herbivores (Van Emden, 1988). Based on these observations, we 
hypothesise that farms that have been organic for many years, have higher densities of non-
pest primary functional groups (both detritivores and non-pest herbivores) and their predators 
in the crop area than farms that were converted recently. 

Additionally we hypothesise that appropriately managed E.I. will support large numbers and 
diversity of non-pest herbivores, predators and parasitoids both in field margins and crop 
areas. An increased variety in plant tissue quality and a more varied vegetation structure are 
assumed to be key factors (Curry, 1994; Feber et al, 1999). Also mown grass strips, less 
complex than most other boundary habitats, contribute to resources for these groups (Barker 
et al, 1999; De Snoo & Chaney, 1999). An increased amount and spatial density of E.I. 

6 



affects the populations in the adjacent crop area, involving both herbivores (Holland & 
Fahrig, 2000) and predators (Lys & Nentwig, 1992; Sunderland et al, 1996a). In addition to 
organic duration, crop rotation intensity and E.I. characteristics (with regard to quantity and 
diversity), other farm management factors are expected to influence the functional group 
composition of vegetation dwelling arthropods. For example the effects of the studied factors 
may be offset or enhanced by crop performance. To take these influences into account some 
crop variables, indirectly related to variables central in the hypotheses, are also included in the 
study. 

However, the above-stated hypotheses about the effects of organic farming duration and E.I. 
management on vegetation dwelling arthropod functional groups have not been tested so far. 
Thus, the objectives of this study were: 
1. to determine the density and diversity of vegetation dwelling arthropod functional groups 

in the crop area and semi-natural field margins on organic farms, and relate the density 
and diversity of these groups to crop area and ecological infrastructure characteristics; 

2. to determine if there are distinct species compositions of vegetation-dwelling arthropod 
functional groups among farms differing in crop area and ecological infrastructure traits; 

3. to relate abundance and diversity of vegetation arthropod functional groups to the distance 
from the ecological infrastructure. 

Our study was focused on vegetation dwelling arthropods because this group comprises both 
detritivores, herbivores, predators and parasitoids. In many studies the herbivore subweb is 
not well represented, particularly when pitfalls are used, which primarily collect epigeic 
predators (Duelli etai, 1999). 

N 
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Fig. 1. Study area. The investigated organic arable farms are represented by closed circles. 



2. Materials and methods 

2.1. Study area 

The study was done on organic farms and one integrated farm in the province of Flevoland, 
The Netherlands. The farms are located within a 280 km2 area in the polder Oostelijk 
Flevoland (Fig.l). This polder was reclaimed in 1954 and is dominated by agricultural 
landuse. The soil is a calcareous clay of marine origin. Flevoland was chosen as a study area 
because it has a concentration of 75 organic arable farms that are similar with regard to their 
history and topography. 

In the study area 13 farms were selected that differed in various farm structure and ecological 
infrastructure (E.I.) traits (Table 1). Together the farms comprised 656 ha arable land. The 
selection included eleven commercial organic farms and two experimental farms. Three of the 
selected arable commercial farms reared livestock which were fed on home produced fodder 
in the winter, but were grazed elsewhere during the rest of the year (farms T, K and S). The 
experimental farms of Wageningen University (farms E and I) are mixed dairy and arable 
farms; farm E is organic and farm I is integrated. Farm I is divided into two parts by a road 
and only the northern part was included in the study area. Three commercial farms (T, L and 
S) were Ecological Arable Farming Systems (EAFS) prototype farms during 1992-1997 
(Vereijken, 1997, 1998). 

2.1.1. Crop area characteristics 
The organic duration of the selected farms ranged from one to sixteen years. Ploughing is 
generally at 25-30 cm depth. On all the farms a 6-7 year crop rotation is maintained, including 
per farm 11-41% cereals, 0-18% ley pasture, 12-43% traditional lifted crops (potatoes, sugar 
beet) and 25-67% vegetable crops. The vegetables grown were mainly onions, peas, sweet 
corn, various cabbages, and runner beans. The farms with the most intensive crop rotations 
had up to 60% vegetables and therefore a lower percentage (<20%) of gramineous crops 
(cereals, and ley pasture). Because the input of nutrients (N,P,K) has to be adjusted to crop 
requirements, and vegetables need more nutrients than cereals, intensity of crop rotation is 
assumed to relate to the amount of N application at the farm level. Compared with other 
crops, gramineous crops provide a large amount of carbon in crop residues and require few 
soil disturbing operations. 

2.1.2. Ecological Infrastructure characteristics 
The Ecological Infrastructure (E.I.) of arable farms in Flevoland is mainly determined by 
canals and banks (together c. 3-4 m width), that are laid out as linear herbaceous boundaries 
adjacent to the crops. On five farms, boundaries are wider because of adjacent (2-3 m wide) 
grass strips, often including clovers (Trifolium spp.), on one or both sides of the canals. Farm 
E also has grass strips between crop plots. Percentages of E.I. higher than c. 2% (Table 1) 
were mainly due to the presence of these grass strips. Only farms L and E possessed a 
boundary planted with a hedgerow. Spatial density of E.I. is purposefully increased on farm E 
(Smeding & Joenje, 1999) and farm L. The spatial arrangement of E.I. on the other 6 farms 
mainly reflects landscape scale. 

Extreme types of vegetation management are: 
- 'traditional management' involving three or four more cuts per year with a flail mower 

leaving the shredded cuttings in situ; 
- 'late mowing management' involving one or two cuts per year after June 21st with a finger-

bar mower with hiab grab for removal of cuttings. 



The grass strips along the canals in 'late mowing management' are required for transport. The 
E.I. area is, therefore, related to the mowing date. In this article the E.I. with enlarged area 
and late mowing is defined as 'improved E.I.'. The improved E.I. on the four farms A, T, L, 
and D was created during the EAFS-prototyping research program in 1992-1997 (Vereijken, 
1997,1998). The improved E.I. on the experimental farm E started in 1995 simultaneously 
with conversion of the conventional dairy farm to an organic mixed farm (Smeding & Joenje, 
1999). 

Table 1 
The characteristics of the farm, the wheat crop and the ecological infrastructure (E.I.) on the thirteen selected 
farms. 

Farm: 

K 
J 
S 
L 
O 
T 
F 
E 
B 
R 
H 
Z 
M 

Variable: 
unit: 

level/habitat: 
organic, arable 
organic, arable 
organic, arable 
organic, arable 
organic, arable 
organic, arable 
organic, arable 
organic, mixed 
organic, arable 
organic, arable 
organic, arable 
organic, arable 
integrated, mixed 
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7.8 
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VI 
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4.4 
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2.6 
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0.2 
1.6 
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6 
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5 
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5 
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89 
88 
89 
92 
73 
97 
91 
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96 
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68 

_; 
ui 

l 
l .2-

00 

eispn 
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E.I. 
2.1 
4.4 
5.8 
5.1 
4.9 
4.2 
2.7 
5.1 
4.4 
3.2 
4.0 
3.4 
6.2 

Dominant plant species in canal bank swards were: couch (Elymus repens), perennial meadow 
grasses (Festuca rubra, Poa trivilais, Lolium perenne, Agrostis stolonifera), common reed 
(Phragmitis australis) and a few perennial herbs: dandelion {Taraxacum officinale) and 
stinging nettle (Urtica dioica). Canals with traditional management have a low, relatively 
open, species poor vegetation (<10 species/4 m2), dominated by a few grass species. Late 
mowing particularly related to increased vegetation biomass in June and July as expressed by 
vegetation height (up to 1-3 m) and cover (up to 90-100%). However late mowing does not 
necessarily relate to increased higher plant species diversity for two reasons: a) tall grass 
species may dominate the sward; b) swards of traditional management may locally be cut to 
ground level and therefore be invaded by ruderals and annuals (increased species number up 
to 15 species/4 m ), e.g. thistles (Cirsium arvense, Sonchus arvensis), annual weeds (e.g. 
Sonchus asper, Polygonum aviculare) and annuals that are rarely pernicious weeds in 
Flevoland (e.g. Myosotis arvensis, Veronica persica, Cardamine hirsuta). 



High perennial plant diversities found in some locations may relate to various interrelated 
factors: reduced vegetation productivity, removal of the hay, nutrient buffering by the grass 
strip, and long organic duration. However, also, artificial species introduction is involved; in 
the EAFS-project, around 90 different native perennial dicots were artificially seeded in the 
canal banks to obtain higher plant diversity and flower abundance of plants with limited 
dispersal capacity (Vereijken, 1998). Although few species were able to settle well (e.g. 
Seneciojacobea, Crepis biennis, Heracleum sphondylium), the introduction clearly affected 
species diversity: vegetation including sites with >15 species/4 m2 were confined to prototype 
farms. 

2.2. Sampling and measurements 

2.2.1. Arthropods 
Sampling of arthropods was done in wheat crops and in adjacent canals banks (E.I.). Spring 
wheat (Triticum aestivum L.) was chosen as a representative crop as this crop is common on 
organic arable farms in Flevoland and arthropod numbers in cereals are large compared to 
numbers in other common crops like potatoes and onions (Booij & Noorlander, 1992). Within 
one wheat field on each of the 13 farms one 50x30 m sampling area was selected; this area 
was 50 meter long bordering a canal by 30 m perpendicular to that canal. Nine plots of 1 m2 at 
distances of 0 m (E.I.), 10 m (wheat) and 30 m (wheat) from the canal bank were selected for 
measurement of arthropods, crop, weed and E.I.-vegetation variables. 

Distance from the top of the canal bank to the crop edge of the wheat could vary between 
farms, due to the occurrence of grassy strips (farms T, L, S, E, I, J), a sterile strip (H), a 
recently drilled flower strip (F) or a transport track (O). Sampling was done once, in the 
period from the 7th of June until the 6th of July, following the methods of Reddersen (1997) 
and Moreby & Sotherton (1997). 
Vegetation dwelling arthropods were collected by means of a vacuum sampler (ES 2100, 
Echo Lake Zurich, U.S.A.) for 120 s in each 1 m sampling area. The air flow of this sampler 
was 8.5 m3 in a sampling area of 0.01 m2, which corresponds to the air flow of the apparatus 
recommended by MacLeod et al. (1995). A net (pore size: 0.8x0.8 mm2) was inserted in the 
suction tube. A square of 1 m2 area and 0.4 m high, made of four multiplex boards, was 
placed in the vegetation before switching on the sampler. 

The samples were put in a plastic bag, transported in a cool box and stored in a deep freeze 
(-20 °C). Samples were cleaned in the laboratory. Litter was removed and soil was washed 
away with water in a sieve (pore size: 1 x 1 mm2). Slugs and snails (Gastropoda) and 
springtails (Collembola) were discarded because vacuum sampling is not effective for 
quantification of these groups (Potts & Vickermann, 1974). Arthropods were stored in 95% 
alcohol. Individuals were sorted to taxa at order- or family-level and placed into five different 
arthropod functional groups: 
- Detritivores, including mainly adult diptera that have detritivorous larvae, and woodlice 

(Isopoda); 
- K- or senescense feeding herbivores (White, 1978) that feed on mature plant tissues with 

high C/N ratios and tend to have a slower development, larger body size (Crawley, 1983) 
and defensive traits (Power et al., 1996). Herbivores which are an important constituent of 
'chickfood' for farmland birds (Moreby et al, 1994), like sawflies, lepidopteran larvae, 
hoppers, bugs, leaf beetles, weevils and grasshoppers belong to this group; 

- r- or flushfeeding herbivores (White, 1978) that feed on young tissues with low C/N ratios 
and low fibre content (White, 1978). They generally have a small body size, fast 
development and good dispersal abilities. For reasons of simplicity, r-herbivores were 
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represented by only Aphididae; in few available studies on organic crop communities 
(Kromp & Meindl, 1997), aphids corresponded most clearly to the definition; 

- Predators including both polyphagous and oligophagous species; 
- Parasitoids, almost exclusively represented by Parasitica (Hymenoptera). 

Extra efforts were made to identify Diptera to the family-level (key: Unwin, 1981) because 
Diptera occurred in large numbers and involved large proportions of all three detritivores, 
herbivores and predators (Frouz, 1999; Weber et al., 1997). 

2.2.2. Crop and E.I.-vegetation 
In each 1 m2plot"in wheat fields, visual estimations were made of crop cover {i.e. % cover of 
soil surface by vertical projection) and under story vegetation cover. The under story included 
arable weeds and/or undersown grass (Lolium perenne) and/or clovers (Trifolium pratense or 
T. repens). The species of the under story were listed. In each 1 m2plot in the E.I., the 
vegetation cover was estimated visually and species were listed. Plant species number of 
under story and E.I. vegetation were calculated for each plot. 

2.2.3. Farm management and lay out 
A 1:5000 map was made of each farm, depicting the different crops and the ecological 
infrastructure (E.I.)- On these maps the area of semi-natural and crop habitats were measured. 
The 'E.I.-area' was calculated as the percentage of semi-natural habitat of the farm area 
(without the farm yard). Farm rotation intensity was defined as the proportion of gramineous 
crops (cereals and ley pasture) of the total crop area. The spatial arrangement of the E.I. or 
'E.I. density', was expressed by the percentage of the farm which lied within 100 m distance 
of the E.I. In case the canal bank vegetation was cut both after September 15th as well as 
before May 15th, a distance of 70 m was considered. The influence of field margins on the 
abundance of large carabid beetles and spiders probably does not exceed 70-100 m (Booij, 
unpublished data). 
Data on the year of conversion of the whole farm to organic husbandry practices in the wheat 
crop in 1998, and mowing of canal banks and grass strips were obtained using a 
questionnaire. The mowing management is represented by the month of the first cut, because 
this cut largely determines the phenological stage of the vegetation in June and July. 

2.3. Statistical analyses 
All measurements were tested for normality and '°log-transformed. All subsequent analyses 
were conducted using Statistical Analysis System (SAS Institute, Cary, North Carolina). 

2.3.1. Discriminant analyses 
Individual farms were classified into one of three groups on the basis of corresponding 
characteristics (Table 1). For analysis of data from crop area samples (234 m2), the 
classifications were based on relevant farm structure characteristics (duration, E.I.-area and 
rotation intensity) or on crop performance characteristics (crop cover, under story cover and 
under story species number). For analysis of data from E.I. samples (117 m ), the 
classifications were based on relevant farm structure characteristics (E.I.-area and duration) or 
on vegetation performance characteristics (month of first cut, E.I.-vegetation cover or plant 
species number per m2). 
Farms were classified according to two splits: the first split based on one of the above 
mentioned characteristics separated a category of 3-7 farms, and the second split based on 
another of these characteristics divided the remaining 6-10 farms in a second and a third 
category. The minimum category size was 3 farms. For all obtained classifications canonical 
discriminant analyses were performed on the numbers of arthropods in each functional group. 
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Observations in the wheat and in the E.I. were analysed separately for crop area and E.I. 
classifications, respectively. Classifications with the highest Wilks' Lambda F-value were 
selected; this selection yielded the four best classifications. 
Stepwise discriminant analyses were performed on the numbers of arthropods in each 
functional group to determine the most important groups that could classify the farms into the 
three categories. Arthropod observations in the crop area and in the E.I. were again analysed 
separately. Canonical discriminant analysis was used to determine the magnitude and 
direction of the association of individual variables with indicator variables. Standardised 
canonical coefficients larger than 0.3 divided by the square root of the eigenvalue of the 
canonical function (Afifi & Clark, 1984) were considered large enough to contribute 
significantly to the classification. 

2.3.2. Taxa differentiating among farm categories and distance from E.I. 
Differences in species composition were expressed by the taxa that had significantly higher or 
lower numbers in one category as compared to the other categories. Differences in abundance 
of various taxa between the three categories in the four selected classifications were tested by 
ANOVA (P<0.05), including a Duncan's multiple range test. In this test non-transformed data 
were used, and taxa that occurred with less than 20 individuals in the whole data-set were 
omitted. Differences in abundance of taxa among the sampling distances from the E.I. of 0 m 
(in the E.I.), 10 m (in wheat) and 30 m (in wheat) were also tested with ANOVA (P<0.05) 
including Duncan's multiple range test. 

2.3.3. Differences in species diversity 
Differences in species diversity were also analysed. Taxa that occurred with less than 20 
individuals in the whole data set were omitted. Parasitoids and r-herbivores were not 
considered because both groups included one taxon. Observations in the crop area (234 m2; 
pooled samples of 10 and 30 m from the E.I.) and in the E.I. (117 m2) were analysed 
separately. Calculations were made of the number of taxa per arthropod functional group per 
m (species density: S) and the Margalef diversity index per m2 (Dm= (S-l)/lnN: S = number 
of species, and N = number of individuals) (Magurran, 1988). Differences in S and Dm among 
the three categories in each of the four selected classifications were tested by ANOVA 
(P<0.01), including Duncan's multiple range test. Differences in S and Dm among the 
sampling distances (0, 10, and 30 m from the E.I.) were also tested by ANOVA (P<0.01), 
including Duncan's multiple range test, using the whole data-set (351 m2). 

2.3.4. Gradient analysis 
The pooled data-set of wheat and E.I. samples (351 m2) was used to analyse the distribution 
of arthropod functional groups along the gradient from E.I. to crop centre, represented by 
three sampling distances 0 m (E.I.), 10 m (wheat) en 30 m (wheat), for each farm category. 
Linear regressions (GLM; P<0.1 ) were performed for the four selected classifications using 
10log-transformed data. Effects of distance, category, and distance by category interaction 
were tested. Crop area observations (234 m2) and E.I. observations (117 m2) were also tested 
separately for differences between categories in the four selected classifications (GLM; 
P<0.1), including Duncan's multiple range test. 
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3. Results 

3.1. Observed numbers ofepigeic arthropod functional groups 

A total of 26,722 organisms were caught in 351 m2 sampling area including 12,346 aphids. 
On average, 63% and 13% of vegetation dwelling arthropod numbers were aphids in the crop 
area and in the ecological infrastructure, respectively. Average arthropod density in the crop 
area, excluding aphids, was 28 organisms/m2 of which the most abundant taxa (>2%) were: 
herbivores: leaf beetles (Chrysomelidae)(6%) and hoppers (Cicadellidae)(5%); detritivores: 
chironomid midges (12%) and sciarid midges (4%); predators: spiders (10%), empidid flies 
(9%), and dolichopid flies (3%); and parasitoids (32%) (Table 2a). The average density in the 
E.I., excluding aphids, was 67 organisms/m with the most abundant taxa (>2%) being: 
herbivores: hoppers (36%), chloropid flies (7%), and bugs (3%); detritivores: wood lice (7%) 
and chironimid midges (5%); predators: spiders (9%) and ants (3%); and parasitoids (7%) 
(Table 2b). 

Table 2a 
The total number/18 m~ perform of arthropod taxa in the wheat crop captured by vacuum sampling. 

Taxa 

Isopoda 
Chironomidae 
Mycetophilidae 
Sciaridae 
Lonchopteridae 
Phoridae 
Borboridae 
Drosophilidae 
Sepsidae 
Cicadelidae 
Heteroptera, herbivores 
Chrysomelidae 
Curculionidae 
Tipulidae 
Chloropidae 
Opomyzidae 
Ephidridae 
Symphyta 
Heteroptera, predator 
Coccinellidae 
Cantharidae 
Chrysopidae 
Syrphidae 
Empididae 
Dolochopodidae 
Aranae 
Carabidae 
Staphylinidae 
Formic idae 
Parasitica 
Aphididae 

Funct. 
group 

detr 
dea
den-
detr 
dea
den 
dea
den-
detr 

K-herb 
K-herb 
K-herb 
K-herb 
K-herb 
K-herb 
K-herb 
K-herb 
K-herb 

pred 
pred 
pred 
pred 
pred 
pred 
pred 
pred 
pred 
pred 
pred 
par 

r-herb 

Farm 
T 

0 
22 
2 
4 
1 
0 
1 

30 
0 
0 
2 

26 
0 
0 
5 
1 
6 
1 
1 

14 
12 
2 

20 
23 

1 
7 
0 
1 
0 

117 
4693 

F 
0 
8 
0 

12 
0 
1 
1 
1 
0 
2 
0 
6 
0 
0 
1 
0 
1 
0 
0 
1 

18 
0 
0 
7 
0 

10 
0 
2 
0 

68 
270 

K 

0 
34 

1 
10 
43 
0 
1 

20 
1 

18 
1 

30 
0 
6 
2 
2 
6 
0 
0 
7 

12 
2 

28 
25 
6 

62 
1 
2 
0 

140 
1284 

Z 
0 

26 
3 

10 
2 
2 
3 
4 
1 
5 
0 

13 
0 
1 
2 
0 
6 
1 
0 
0 

18 
0 
3 

22 
7 

21 
0 
0 
2 

183 
1437 

R 

0 
67 
9 

18 
3 
1 
0 

20 
0 
8 
1 

29 
0 
1 

23 
0 

23 
4 
1 

30 
12 
2 

36 
27 

1 
72 
0 
3 
0 

311 
746 

L 

0 
92 
2 
6 
0 
0 
0 
1 
0 
5 
1 

58 
1 
0 
4 
1 
7 
2 
1 
8 

10 
0 

26 
12 
0 

27 
0 
5 
0 

336 
701 

H 
0 

11 
1 

22 
1 
2 
2 
3 
0 

30 
0 

13 
0 
0 
2 
1 
1 
1 
1 
3 

14 
0 
1 

13 
3 

15 
1 
2 
0 

28 
82 

B 

1 
60 
20 
65 
5 
3 
7 
9 
0 

41 
1 

62 
1 
5 

14 
0 
0 
0 
1 
3 
4 
4 
1 

68 
12 

189 
16 
6 
0 

118 
397 

O 

0 
20 
7 

61 
0 
0 
5 
3 
1 

11 
0 

51 
0 
0 
2 
1 
0 
3 
2 

11 
5 
1 
4 

44 
14 
20 

1 
5 
0 

251 
290 

S 
0 

380 
1 
4 
3 
0 
1 
0 
1 
8 
0 

65 
0 
0 
3 
0 
0 
0 
0 
3 
0 
6 
3 

29 
5 

57 
3 
4 
1 

238 
188 

J 

0 
10 
2 

23 
0 
0 
3 
1 
0 

59 
0 
8 
0 
0 
0 
0 
2 
0 
0 

10 
3 
7 
7 

17 
0 

42 
0 
3 
0 

67 
236 

E 
0 

52 
7 

12 
14 
1 

20 
18 
8 

30 
0 

32 
51 
0 
8 
1 
1 
0 
0 
1 
4 

11 
18 

173 
103 
81 
5 
3 
2 

143 
367 

M 

1 
11 
10 
2 
0 
2 

10 
0 

23 
80 
0 
8 
4 
1 
9 
1 
0 
2 
2 
5 
2 
6 
8 

139 
30 
61 
10 
2 
0 

58 
465 
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Table 2b 
Total number/9 m~ perform of arthropod taxa in the ecological infrastructure captured by vacuum sampling. 

Taxa 

Isopoda 
Chironomidae 
Mycetophilidae 
Sciaridae 
Lonchopteridae 
Phoridae 
Borboridae 
Drosophilidae 
Sepsidae 
Cicadelidae 
Heteroptera 
Chrysomelidae 
Curculionidae 
Tipulidae 
Chloropidae 
Opomyzidae 
Ephidridae 
Symphyta 
Heteroptera 
Coccinellidae 
Cantharidae 
Chrysopidae 
Syrphidae 
Empididae 
Dolochopodidae 
Aranae 
Carabidae 
Staphylinidae 
Formicidae 
Parasitica 
Aphididae 

Funct. 
group 

detr 
detr 
detr 
dea
den-
detr 
detr 
detr 
detr 

K-herb 
K-herb 
K-herb 
K-herb 
K-herb 
K-herb 
K-herb 
K-herb 
K-herb 

pred 
pred 
pred 
pred 
pred 
pred 
pred 
pred 
pred 
pred 
pred 
par 

r-herb 

Farm 
T 

28 
220 

1 
16 
16 
4 

48 
34 
17 

388 
2 
1 
1 
6 

16 
25 
7 
4 
9 
4 

17 
4 
2 

41 
1 

76 
19 
7 

49 
88 

488 

F 
61 
0 
0 
0 
0 
0 
3 
1 
1 

58 
2 
0 
0 
4 
3 
0 
0 
1 
0 
0 
4 
1 
0 
4 
0 

34 
6 
2 

49 
14 
11 

K 
12 
2 
0 
2 

15 
0 
3 
6 
2 
8 
0 
3 
0 
1 
2 
2 
2 
0 
2 
2 
4 
0 
0 

21 
1 

31 
11 
6 

65 
27 
45 

Z 
13 
18 
1 

13 
1 

12 
5 

12 
3 

211 
54 
0 
0 
3 

29 
11 
14 
13 
22 
0 

26 
0 
0 
1 
3 

86 
6 
2 
7 

95 
106 

R 
0 
2 
0 
5 
2 
7 

16 
7 
3 

772 
1 
0 
0 
0 

36 
9 
7 
1 
3 
0 
0 
0 
0 
4 
6 

83 
4 
1 

19 
49 

127 

L 
364 
32 

1 
5 
9 
0 

16 
8 
2 

190 
142 

1 
3 
4 

12 
5 

29 
6 

91 
0 

10 
1 
0 
9 
4 

116 
14 
29 
36 
47 
59 

H 
1 
0 
0 
2 
1 
3 
4 
6 
1 

105 
1 
0 
0 
0 

125 
0 
0 
1 
0 
0 
0 
0 
1 
1 
0 
8 
3 
5 
6 
8 
4 

B 
1 
3 
1 

18 
1 
7 
4 
6 
1 

311 
0 
1 
0 
1 

55 
3 
1 
6 

13 
0 
0 
0 
0 
1 

11 
32 

1 
0 
0 

48 
35 

O 
0 
3 
1 

47 
0 
6 
2 

10 
3 

496 
0 
0 
0 
1 

104 
1 
2 
1 
0 
1 
1 
1 
0 
1 
1 

31 
1 
0 
5 

59 
98 

S 
13 

126 
2 
4 
6 
1 

10 
5 
2 

76 
1 
0 
1 
1 

27 
5 
3 
1 

11 
0 
0 
1 
1 

13 
10 
82 
16 
3 
6 

68 
10 

J 
12 
0 
0 
1 
2 
5 
1 
0 

12 
94 
7 
0 
2 
0 

72 
1 
1 
0 
9 
5 
0 
0 
0 
7 
2 

57 
4 
6 
5 

30 
82 

E 
26 
14 
0 
5 

17 
1 

26 
1 
4 

66 
36 
0 
0 
0 

35 
1 
1 
2 
5 
1 
1 
5 
1 

21 
2 

43 
2 
1 
2 

35 
35 

M 
0 
1 
0 
2 
0 
0 
2 
0 
6 

32 
1 
0 
0 
0 

14 
0 
1 
0 
6 
6 
0 
0 
1 

12 
3 

15 
0 
1 
1 
6 

90 

3.2. Crop area arthropod functional groups and species diversity 

3.2.1. Arthropod functional groups affecting distinctions among farm structure categories 
The classification 'dur/int' based on organic farming duration (first split) and rotation intensity 
(second split) gave the best separation of the observations (canonical discriminant analysis, 
Wilks' Lambda, F-value=18.7, PO.0001; Table 3). Category 1 included the recently 
converted organic farms; category 2 included the long duration (>6 years) organic farms with 
an intensive crop rotation (<33% gramineous crops); category 3 included long duration 
organic farms with an extensive crop rotation. Classifications based on difference in 
percentage E.I. ('area') showed less distinction than classifications based on duration and 
rotation intensity (Table 3). 

The separation into duration-intensity categories, based on arthropod functional group 
numbers in wheat, is illustrated in a plot of canonical variable two versus canonical variable 
one (Fig. 2). All arthropod functional groups were selected as important factors by stepwise 
discriminant analysis for discrimination among the three categories (Table 4). The first 
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canonical function containing all arthropod functional groups, separated the organic extensive 
crop rotation category from both other categories (Fig. 2). r-Herbivores, predators and K-
herbivores were positively associated with recent conversion or organic intensive crop 
rotation, whereas detritivores and parasitoids were positively associated with organic 
extensive crop rotation (Table 4). The second canonical function, determined mainly by 
predators and r-herbivores separated long duration intensive farms from recently converted 
farms; predators were associated with recently converted farms and r-herbivores with 
intensive farms. 

K-herbivores and predators were >25% more abundant on average, in recently converted 
farms (category 1) than in the other two categories. Detritivores and parasitoids were 
respectively >40% and >10% more abundant in organic extensive farms (category 3) than in 
the other the two categories. r-Herbivores were most abundant in intensive organic farms 
(category 2) and had intermediate numbers in recently converted farms as compared to 
organic extensive farms (Table 4). 

Table 3 
Examples of classifications of the crop area and the ecological infrastructure, including the the Wilks' Lambda 
F-value and the squared canonical correlation obtained by canonical discriminant analysis. Abbreviations of 
category characteristics are explained in Table I. 

Crop area 
Farm structure 
categories 

Crop performance 
categories 

category 
farms 
category 
farms 
category 
farms 

category 
farms 
category 
farms 
category 
farms 

Ecological Infrastructure 
Farm structure 
categories 

E.I. vegetation 
performance 
categories 

category 
farms 
category 
farms 

category 
farms 
category 
farms 
category 
farms 

Category 1 
dur<6 
HZBREM 
dur<6 
HZBREM 
int>33 
FOSEM 

ccov>85 
BME 
ccov>85 
BME 
usp>3.5 
OREJ 

Category 1 
area>2.1 
TLSEJ 
dur<6 
HBZRME 

mow>7 
TLSE 

mow>7 
TLSE 
Eicov<80 
FKRM 

Category 2 
dur>6 & int<33 
TKLJ 
dur>6&area<2.1 
FKO 
int<33 & dur>6 
TKU 

ccov<85 & ucov>7.6 
TKRL 
ccov<85 & usp>3.5 
ORJ 
usp<3.5 & ucov>7.6 
TKL 

Category 2 
area<2.1 & dur>6 
FKO 
dur>6 & area<2.1 
FKO 

mow<7 & eicov>80 
HZBOJ 
mow<7 & eisp>4,3 
BOMJ 
eicov>80 & eisp<4.3 
THZ 

Category 3 
dur>6 & int>33 
FOS 
dur>6& area>2.1 
TLSJ 
int<33 & dur<6 
HZBR 

ccov<85 & ucov<7.6 
FOHZSJ 
ccov<85 & usp<3.5 
TFKHZLS 
usp<3.5 & ucov<7.6 
FHZBMS 

Category 3 
area<2.1 & dur<6 
HZBRM 
dur>6 & area>2.1 
TLSJ 

mow<7 & eicov<80 
FKRM 
mow<7 & eisp<4,3 
FKHZR 
eicov>80 & eisp>4.3 
BOLSEJ 

F-value 

18.7 

8.66 

7.54 

38.32 

25.1 

14.09 

7.84 

6.53 

15.94 

10.53 

6.8 

Sq. Can. 

0.37 

0.23 

0.26 

0.56 

0.54 

0.34 

0.39 

0.34 

0.48 

0.51 

0.37 
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-1 
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• no 

•1 0 
can 1 

Fig. 2. Plot of the second and first canonical functions discriminating among farm categories of the 
classification 'int/area'. Squares represent farms with >-40% gramineous crops; circles represent farms with < 
40% gramineous crops and >2.2% E.I. area; triangles represent farms with >40% gramineous crops and 
<2.2%E.I. 

-1 0 
can 1 

Fig. 3. Plot of the second and first canonical functions discriminating among farm categories of the 
classification 'int/area'. Circles represent farms with dense crops (>85%); triangles represent farms with sparse 
crops (<85%) including an under story > 7.6%; squares represent farms with a sparse crop including a poor 
under story (<7.6%). 
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Table 4 
Arthropod variables that contributed significantly to the classification of the crop area observations in the three 
farm categories by stepwise and canonical discriminant analyses, standardised canonical coefficients, and mean 
values per crop area category. Classification in 'dur/int'-categories is based on farm structure characteristics 
and the classification 'ccov/ucov'-categories is based on crop performance characteristics. The abbreviations of 
the category characteristics are explained in Table 1. Comparison of arthropod mean numbers in the categories 
according to Duncan's multiple range test. 

Farm structure 
(dur/int) 

Variablesa 

r-Herbivores 
Predators 
Detritivores 
K-herbivores 
Parasitoids 

Crop 
performance 
(ccov/ucov) 

Variables * 
Predators 
r-Herbivores 
Detritivores 
K-herbivores 
Parasitoids 

C a n l b Mean values and multiple range comparison 

Standardised Category 
coefficient 

0.95 c 

0.46 
-0.62 
0.67 

-0.49 

C a n l d 

dur<6 

mean 
32 
13 
5 
5 
8 

1 

b 
a 
ab 
a 
b 

Category 2 
dur>6 & 
int<33 
mean 

96 a 
6 b 
4 b 
4 a 
9 ab 

Category 
dur>6 & 
int>33 
mean 

14 
5 

10 
3 

10 

3 

c 
b 
a 
b 
a 

(PO.001) 
(PO.001) 
(P<0.07) 
(PO.001) 
(P<0.05) 

Mean values and multiple range comparison 

Standardised Category 
coefficient 

1.15 e 

0.54 
-0.15 
0.52 

-0.44 

ccov>85 

mean 
20 
23 
7 
7 
6 

1 

a 
b 
a 
a 
b 

Category 2 
ccov<85 & 
ucov> 7.6 
mean 

7 b 
103 a 

5 a 
4 b 

13 a 

Category 3 
ccov<85 & 
ucov<7.6 
mean 

5 
23 
6 
3 
8 

c 
c 
b 
c 
b 

(PO.001) 
(PO.001) 
(PO.05) 
(PO.001) 
(PO.001) 

* Variables are listed in order of selection by stepwise discriminant analysis. 
Canonical function 1; responsible for 71% of the variation. 

c Standardized coefficients >0.39 were considered large enough for interpretation. 
Canonical function 1; responsible for 73% of the variation. 

e Standardized coefficients >0.26 were considered large enough for interpretation. 

3.2.2. Differences in species diversity among farm structure categories 
Recently converted and intensive long duration farms had similar species richness in all 
functional groups considered (detritivores, K-herbivores, and predators). The species 
diversities were only similar for K-herbivores and total taxa (Table 5). Detritivores were most 
diverse in recently converted farms. There were two differentiating taxa: Phoridae 
(detritivorous flies) preferred recently converted farms and herbivorous bugs (Heteroptera) 
preferred long duration intensive farms. 

3.2.3. Arthropod functional groups affecting distinctions among crop performance categories 
It was envisaged that crop performance factors could offset farm structure factors in 
determining arthropod functional group assemblages. This proved to be correct: 
the classification 'ccov/ucov' based on crop cover (first split) and weed cover (second split) 
provided the best separation of observations (Wilks' Lambda, F-value=38.3, P<0.0001; 
Table 3). Crop performance category 1 included dense crop stands (cover >85%); crop 
performance category 2 included relatively sparse crop stands (cover <85%), accompanied by 
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an under story vegetation (>7.6% cover); crop performance category 3 included relatively 
sparse crop stands which had a poor under story vegetation. 

The separation of crop-weed cover categories, based on arthropod functional group numbers 
in wheat, is illustrated in a plot of canonical variable two versus canonical variable one (Fig. 
3). All arthropod functional groups were selected as important factors by stepwise 
discriminant analysis for discrimination among the three categories (Table 4). Extremes were 
dense crops and sparse crops with poor under story (Fig. 3). Significant contributions to the 
first canonical function were the positive associations of predators, r- and K-herbivores with 
dense crops, and the negative association of parasitoids with dense crops (Table 4). The 
relation between under story vegetation and arthropod groups was not as pronounced: the 
category of sparse crops with under story was separated from both other categories by the 
second canonical function, determined significantly by predators (negative association) and r-
herbivores (positive association). 

K-herbivores and predators in dense crops (category 1) were respectively >65% and >40% 
more abundant on average, than in the other categories. r-Herbivores and parasitoids in sparse 
crops with under story were respectively >75% and >40% more abundant than in the two 
other categories (Table 4). 

3.2.4. Differences in species diversity among crop performance categories 
Species richness was generally highest when crop cover was more than 85%. Diversity of 
senescense-feeding herbivores, predators and detritivores was lowest in the category of sparse 
crops with poor under story as compared to the other categories. Dense crops had the highest 
diversity of detritivores. Dense crops and sparse crops with under story had a similar diversity 
of K-herbivores. Sparse crops with under story had the highest diversity of predators (Table 
5). 

Thirteen taxa had significantly higher densities in one or two of the crop performance 
categories (ANOVA Duncan, P<0.05): in dense crops the highest densities were observed for 
woodlice (Isopoda, detritivore), Phoridae, Borboridae, Sepsidae (all detritivorous diptera), 
Cicadellidae (herbivore), Aranae, Carabidae (polyphagous predators), and Dolichopodidae, 
Empididae (predacious flies); in sparse crops with under story the highest densities occurred 
among Drosophilidae (detritivorous fly), herbivorous bugs (Heteroptera), Ephydridae 
(herbivorous fly), and hooverfly larvae (Syrphidae; predacious fly). 

3.3. Ecological Infrastructure arthropod functional groups and species diversity 

3.3.1. Arthropod functional groups affecting distinctions among farm structure categories 
Of two considered possibilities the classification area/dur, based on E.I. area as first split and 
farm organic duration as second split gave the best separation of observations (canonical 
discriminant analysis, Wilks' Lambda, F-value=7.84, P<0.0001; Table 3). Farm structure 
category 1 included farms with an enlarged E.I. (>2.1% of the farm arable area) and 
corresponded to 'improved E.I.'; the other two categories are farms with a small E.I. which 
could be long duration organic farms that did not enlarge the E.I. area (category 2) or recently 
converted organic farms (category 3). 

The separation into area-duration categories, based on arthropod functional group numbers in 
the E.I., is illustrated in a plot of canonical variable two versus canonical variable one (Fig. 
4). Detritivores and K-herbivores were selected as important factors by stepwise discriminant 



Table 5 
Comparison between the three categories in all four selected classifications, with regard to their species 
richness (S) and Margate/diversity index (DJ (GLM; significance level * =P<0.1; **P<0.01; *** P<0.001); 
detr = detritivores; K-herb= senescense feeding folivores; pred = predators; total = detritivores, K-herbivores 
and predators. Abbreviations of category characteristics are explained in Table I. 

Crop area 

Farm structure 
categories 

Crop 
performance 

Categories 
dur<6 
dur>6 & int<3 3 
dur>6 & int>33 
Significance 
ccov>85 
ccov<8 5 &ucov>7.6 
ccov<8 5 &uco v<7.6 
Significance 

S 
detr 
2.3 
1.9 
1.5 
*** 
2.7 
2.1 
1.5 
*** 

a 
a 
b 

a 
b 
c 

Dm 

detr 
1.0 
0.7 
0.6 
*** 
1.0 
0.7 
0.7 
** 

a 
b 
b 

a 
b 
b 

S 
K-herb 
2.1 
1.8 
1.1 
*** 
2.4 
2.0 
1.2 
#** 

a 
a 
b 

a 
b 
c 

Dm 

K-herb 
0.8 
0.8 
0.4 
*** 
0.8 
0.8 
0.5 
*** 

a 
a 
b 

a 
a 
b 

S 
pred 
3.4 
3.1 
2.4 
*** 
7.0 
3.4 
2.4 
*** 

a 
a 
b 

a 
b 
c 

Dm 
pred 
1.2 
1.3 
1.1 
* 
1.2 
1.4 
1.1 
*** 

b 
a 
b 

b 
a 
b 

S 
Total 
7.8 
6.8 
5.0 

*** 
9.1 
7.5 
5.0 

*** 

a 
b 
c 

a 
b 
c 

Dm 

Total 
2.3 
2.3 
1.7 
**# 
2.4 
2.4 
1.8 
*** 

a 
a 
b 

a 
a 
b 

Ecological Infrastructure 

Farm structure 

E.I. vegetation 
performance 

Categories 
area>2.1 
area<2.1 & dur>6 
area<2.1 & dur<6 
Significance 
mow>7 
mow<7 & eicov>80 
mow<7 & eicov<80 
Significance 

S 
detr 
4.1 
2.5 
2.4 
*** 
4.7 
2.7 
2.0 
*** 

a 
b 
b 

a 
b 
b 

Dm 

detr 
1.2 
1.1 
1.3 
NS 
1.2 
1.3 
1.1 
NS 

S 
K-herb 
3.8 
2.0 
3.0 
*** 
4.0 
3.2 
2.0 
*** 

a 
c 
b 

a 
b 
c 

Dm 

K-herb 
0.9 
0.7 
0.6 
* 
0.9 
0.6 
0.7 
** 

a 
b 
ab 

a 
b 
b 

S 
pred 
4.8 
3.2 
2.8 
*** 
5.1 
2.6 
3.6 
*** 

a 
b 
b 

a 
c 
b 

Dm 

pred 
1.4 
1.0 
1.0 
** 
1.4 
0.9 
1.2 
*** 

a 
b 
b 

a 
c 
b 

S 
Total 
12.8 
7.7 
8.2 

*** 
13.8 
8.5 
7.2 

*** 

a 
b 
b 

a 
b 
b 

Dm 

Total 
2.9 
2.0 
2.0 
*** 
3.0 
2.0 
2.0 
*** 

a 
b 
b 

a 
b 
b 

analysis for discrimination among the three categories (Table 6). The largest differences in 
arthropod functional group composition were between the enlarged E.I. category and recently 
converted farm category (Fig. 4). In the first canonical function detritivores were positively 
associated and K-herbivores negatively associated with enlarged E.I. (Table 6). Although the 
predator number was significantly higher in the enlarged E.I. category as compared to the 
other categories (Table 6), it had little canonical power in the first canonical function because 
of a high correlation (Pearson correlation coefficient = 0.79; P<0.01) between detritivore and 
predator abundance. The second canonical function, determined by K-herbivores (positive 
association), separated both extreme categories from the third category of long organic 
duration farms with small E.I. 

Detritivores and predators were >70% and >40% more abundant on average in the enlarged 
E.I. category (1) as compared to the small E.I. categories. K-herbivores were >20% more 
abundant on average in recently converted farms (category 3) than in the other categories 
(Table 6). 

3.3.2. Differences in species diversity among farm structure categories 
Species richness of K-herbivores and detritivores and diversity of predators and total taxa 
were significantly higher in the enlarged E.I. category than in other categories (Table 5). The 
only differentiating taxa were weevils (Curculionidae; K-herbivore) which preferred enlarged 
E.I. 
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3.3.3. Arthropod functional groups affecting distinctions among E.I. vegetation performance 
categories 
The classification 'mow/eicov' based on first mowing date (first split) and E.I. vegetation 
cover (second split) gave the best separation of observations (canonical discriminant analysis, 
Wilks' Lambda, F-value= 15.94, PO.0001; Table 3). Vegetation performance category 1 
included E.I. which was cut late (after July 1st) and included the 'improved E.I.' of the three 
prototype farms and the organic experimental farm (E). Ecological infrastructure which was 
cut before July could have a high vegetation cover (>80%)(category 2) or an 'open vegetation' 
i.e. a low cover (<80%) (category 3). We defined category 2 as 'grassy E.I.' because early 
mowing in May, combined with a higher mowing frequency per year and/or careful mowing 
resulted in a stable, dense sward dominated by perennial grass species. 

Table 6 
Arthropod variables that contributed significantly to the classification of the E.I. observations in the three farm 
categories by stepwise and canonical discriminant analyses, standardised canonical coefficients, and mean 
values per crop area category. Classification in 'area/dur'-categories is based on farm structure characteristics 
and the classification 'mow/eicov'-categories is based on vegetation performance characteristics. The 
abbreviations of the category characteristics are explained in Table I. Comparison of arthropod mean numbers 
in the categories according to Duncan's multiple range test. 

Farm structure 
(area/dur) 

Variables a 

Detritivores 
K-herbivores 
Predators 
Parasitoids 
r-Herbivores 

E.I. vegetation 
performance 
(mow/eicov) 

Variables * 
Detritivores 
K-herbivores 
Predators 
Parasitoids 
r-Herbivores 

C an l b 

Standardised 
coefficient 

1.16c 

-0.49 
-0.18 
0.33 
0.03 

Can l d 

Standardised 
coefficient 

1.34e 

-0.26 
0.16 
0.11 

-0.22 

Mean values and multiple range comparison 

Category 1 
area>2.1 

mean 
26 a 
32 a 
21 a 
6 a 

13 a 

Category 2 
rea<2.1 & 
dur>6 
mean 

7 b 
26 b 
11 b 
4 b 
6 a 

Mean values and multiple 

Category 1 
mow>7 

mean 
31 a 
35 a 
23 a 
7 a 

14 a 

Category 2 
mow<7 & 
eicov>80 
mean 

6 b 
40 a 
9 c 
5 a 
7 a 

Category 3 
area<2.l & 
dur<6 
mean 

4 
41 
9 
5 
8 

c 
a 
b 
b 
a 

(PO.001) 
(PO.01) 
(PO.001) 
(PO.05) 
NS 

range comparison 

Category 3 
mow<7& 
eicov<80 
mean 

5 
27 
12 
3 
8 

b 
b 
b 
b 
a 

(PO.001) 
(PO.001) 
(PO.001) 
(PO.001) 
NS 

"Variables are listed in order of selection by stepwise discriminant analysis. The italicised variables were not 
selected by stepwise discriminant analysis. 
b Canonical function 1: responsible for 85% of the variation. 
c Standardised coefficients >0.37 were considered large enough for interpretation. 
Canonical function 1: responsible for 63% of the variation. 

" Standardised coefficients >0.31 were considered large enough for interpretation. 
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