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First results on the effects of different types of unsprayed 
grass margins on the biodiversity of entomofauna 
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On four experimental farms in different parts of the Netherlands experiments with grass margins 
along arable fields started in 1999. Several construction factors are under investigation, in particular 
the effects of three different seed mixtures. The effects on the entomofauna sampled by sight 
observations, pyramid traps and pitfalls of these construction factors are presented for 1999. In this 
first year differences between seed mixtures were for most arthropod groups absent, but the seed 
mixture with Red fescue had higher abundances for some groups. The abundance and number of 
species of carabid beetles are resp. 10-30 times and 5 times higher in pitfalls than in pyramid traps. 
Recommendations are done for sampling in the following years. 
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Natural values and environmental quality in Dutch farming areas are under severe pressure from 
the intensive agricultural land-use (Anonymous 1991, 1994ab, 1997a). One of the important 
instruments to counteract the further deterioration of natural values and environmental quality is 
agricultural nature management (Anonymous 1997b). In arable farming areas the construction and 
management of unsprayed field margins seems to be a very promising approach (De Snoo & Udo 
de Haes 1994; De Snoo 1995; De Snoo & Chaney 1999). Unsprayed field margins promote faunal 
and floristic values, diminish the flux of pesticides and fertilisers to field verges and ditches, 
contribute to the landscape scenery which is important for recreation and in most cases such 
unsprayed margins are compatible with overall farm management (De Snoo & Chaney 1999). Two 
main types of unsprayed field margins can be distinguished: 1) unsprayed crop margins and 2) 
unsprayed field margins with a different permanent or temporary vegetation. An important type of 
the second category is the grass margin, which seems to be very suitable and acceptable for 
farmers (Van der Meulen et al. 1995). 

In the Netherlands some research has already been performed into the gain in natural values 
and compatibility of grass margins especially in the Wieringermeer in the north-western part of the 
Netherlands (De Leeuw et al. 1995; Canters et al. 1996a; Canters et al. 1996b; Tamis et al. 1998; 
Canters & Tamis 1999). The focus in these studies was on comparison of different types of 
margins, on the comparison with road verges and other green elements in the landscape and on 
source-sink function of grass margins. 

In 1999 the Institute for Applied Research for Arable Farming and Field production of 
Vegetables (PAV) started experiments with grass margins on several experimental farms. These 
experiments focus on the effects of different seed mixtures, the effect of addition of flower-rich, 
regio-specific hay to enhance floristic development, on the effect of different cropping systems and 
on the effect on the management of hedges on the entomofauna in the grass margins. In this article 
the first results of 1999 of the effects of mentioned construction factors on the biodiversity of 
entomofauna in grass margins are presented. 

MATERIAL AND METHODS 
The unsprayed grass margins (width 3 m), along arable fields were established on four Dutch 
experimental farms of the Institute for Applied Research for Arable Farming and Field production 
of Vegetables (PAV), viz. Vredepeel (in the south, near Vredepeel-Venray), Westmaas (in the 
west, near Spijkenisse-Dordrecht), OBS (in the centre, near Nagele-Emmeloord) and Kooijenburg 
(in the north, near Marwijksoord-Assen). 

On Vredepeel, Westmaas and Kooijenburg experimental grass margins were sown in spring 
1999 with three different seed mixtures, viz. “Fr” mixture Barenbrug (predominantly Red fescue, 
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Festuca rubra), “Lp” mixture Bg3 100 plus (Ryegrass, Lolium perenne), and “tus.” mixture 
Rietzwenktype (predominantly Ryegrass, Lolium perenne, Tall fescue, Festuca arundinacea, 
Meadow fescue, Festuca pratensis, and Cat’s-tail, Phleum pratense). In autumn 1999 and in 2000 
a part of the margins will be treated by addition of hay to stimulate floristic development. At OBS 
grass margins were established with mixture Rietzwenktype. At OBS experiments are carried out 
with integrated and organic croppings. At Vredepeel also experiments are carried out with 
management of hedges along arable fields with margins sown with mixture Barenbrug. 

At Vredepeel, Westmaas and Kooijenburg the different types of field margins were sampled in 
duplicate, in total 6 margins of 100 m length. Each pair of margins consist of one set of margin 
with and one set of margins without hay addition, which will take place in the near future. At 
Nagele one margin along integrated and one margin along organic cropped winter wheat were 
sampled. At Vredepeel additional samples were taken in one margin along low and one margin 
along high hedges. 

Three different sampling methods have been used. In the first place sight observations, 
especially for the larger flying insects (e.g. butterflies) have been obtained in two rounds in he first 
and third week of August 1999, resulting in one observation per margin per round. The second 
method was the pyramid trap, which has a base area of 0.36 m2 (Siepel et al. 1987). Three or two 
pyramid traps per margins were used. At each pyramid traps a pitfall was placed (polyethylene 
bowl, diameter 11 cm and depth 7 cm, several meters outside the pyramid trap). The pyramid traps 
and pitfalls were installed for a period of two weeks. At the end of this period (third week of 
August 1999) the sample pots of the pyramid traps and pitfalls were collected. 

The entomofauna caught in the pyramid traps and pitfalls were counted in the laboratory, 
generally down to the taxonomic level of family. Seventeen different arthropod groups, including 
spiders and daddy-longlegs, have been distinguished. Adult and juvenile stages were distinguished 
for the arthropod groups cicadas, bugs, moths, butterflies and small dipteran flies (undetermined), 
but these data were combined for analysis. Carabid beetles have been identified to the species 
level. Of the carabid beetles also the number of species and a diversity index (Simpson 1949) have 
been calculated. Also some macrofauna have been caught in the pitfalls. 

Data of the experiments with different seed mixtures were analysed by mixed model log-linear 
regression with site (experimental farm) and seed mixture as fixed effects and set of margins and 
margins as random effects. The data of the carabid beetles in pyramid traps and pitfalls in the 
experiments with different seed mixtures were analysed by mixed model log-linear regression with 
method, site and seed mixture as fixed effects and set of margins, margin and sampling place 
within margin as random effects. Normal averages have been calculated for each group using 
margins as observational units. 

RESULTS 

Effect of seed mixtures 
In the first observation round almost no larger flying insects were seen, except a small number of 
butterflies (Pieris rapae: 5; Pieris brassicae: 1). In the second observation round numbers of 
observed larger flying animals (bees: 8, hover flies: 22, butterflies: 28, predominantly: P. rapae) 
were much larger than in the first round, despite that weather conditions in the second round were 
less good than in the first round. The data of the second round are only partly useful, because of 
large differences in weather conditions between or within locations. Only the results of the 
location Westmaas are shown (Table 1), because weather conditions on this location were 
constant. There seems to be a preference for the first two types of the grass margins, but data are 
too incomplete for statistical analysis.  
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Table 1. Number of sight observations (length 200 m of grass margin) of 
larger flying insects on site Westmaas on 17th August 1999 in three different 
types of grass margins (see Material and Methods) 

Insect taxa Fr Lp tus. Common name 
Apidae 1 2 0 bees 

Syrphidae 1 3 0 hover flies 
Lepidoptera 9 8 2 butterflies 

total 11 13 2  
 
 
 

Table 2. Number of individuals per m2 of entomofaunal groups in grass margins sown with three seed 
mixtures. Significance: ns= not significant, +=P<0.10; *=P<0.05, **=P<0.01; ***=P<0.001; experimental 
farms: KB=Kooijenburg, VP=Vredepeel, WM=Westmaas 

Insect taxa Seed mixture Experimental farm Significance  
 Fr Lp tus. KB VP WM seed site Common name 

Aphidoidea 11.9 1.7 7.3 9.6 5.1 6.2 * ns aphids 
Heteroptera 5.2 6.6 3.3 9.1 2.3 3.7 ns ns bugs 

Cicadidae 6.9 6.1 5.3 7.7 3.0 7.6 ns ns cicadas 
Lepidoptera 0.6 0.3 0.7 0.8 0.2 0.6 ns ns butterflies 
Neuroptera 0.9 0.7 1.4 0.6 0.7 1.7 ns ns lace-winged flies 
Syrphidae 0.2 0.2 0.0 0.0 0.2 0.2 ns ns hover flies 

Ichneumonidae 73.4 75.0 79.9 77.3 35.4 115.6 ns *** parasitic wasps 
Staphylinidae 14.6 7.0 11.2 7.9 4.4 20.5 + *** staphylinids 
Cantharidae 0.0 0.0 0.2 0.0 0.0 0.2 na na rove beetles 

Curculionidae 1.5 0.4 1.4 1.8 0.9 0.6 ns ns snout beetles 
Lema spec. 1.4 0.9 1.9 0.5 0.0 3.7 ns ns cereal leaf beetle 
Phalangida 6.0 1.1 0.5 0.7 5.8 1.1 *** ns daddy-longlegs 
Araneae 119.7 54.5 49.8 54.5 14.4 155.1 ns ** spiders 

Coccinellidae 1.9 2.7 1.2 4.9 0.5 0.3 ns *** lady birds 
undetermined 251.3 140.0 321.4 245.0 263.9 203.9 * ns (pred. Diptera) 

total of individuals 504.3 300.5 488.4 423.2 346.5 523.5 * ns  
number of groups 8.7 7.4 7.6 8.9 6.8 7.9 ns +  

 
 
 
Numbers of entomofauna per m2 caught in the pyramid traps are summarised in Table 2. 

Differences in numbers between seed mixtures and also between sites were in most cases not 
significant. Only aphids, staphylinids, daddy-longlegs and a rest-group (predominantly small 
dipteran flies) are more abundant in seed mixture Fr (and tus.) than in seed mixture Lp. On the site 
Westmaas there were significant more parasitic wasps, staphylinids and spiders then on both other 
sites. In general differences between plots within sites were considerable (data not shown). For 
some unknown reason those plots that will be treated in the future with hay addition were 
somewhat richer (i.e. higher abundance and species number) than the plots without future hay 
addition. This should be taken into account by continuation and future examination of the 
experiment. 

In Table 3 the results on carabid beetles of pitfalls and of pyramid traps are presented. There 
are no significant differences between seed mixtures and sites. There are very large differences 
between the two methods. Numbers of individuals caught in pitfalls were about 10-30 times higher 
as in pyramid traps. Numbers of species and diversity were about 5 times higher in pitfall than in 
pyramid traps. There was no interaction between method and seed mixture or site, so in general 
both methods produce the same direction or trends in the results. Despite the fact carabid beetles 
can be caught with pyramid traps, the pitfall as a catching method is to be preferred. 

In addition 30 larger animals (27 Common toads, 4 Common frogs and 2 Common voles) were 
caught in the pitfalls in the different types of grass margins in Marwijksoord (1), Westmaas (19) 
and Vredepeel (10). Differences between the three types of grass margins were small and not 
consistent.  
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Effect of integrated and organic production and hedge maintenance 
The results of the comparison of the entomofauna in grass margins along integrated and organic 
produced winter and along wheat in Nagele and along high and low (maintained) hedges in 
Vredepeel should be interpreted with great care, because of the low number of observations. Only 
three butterflies (P. rapae) were observed in Nagele and none in Vredepeel. Because of these low 
numbers no conclusion can be drawn on the effect of the type of production system or maintenance 
of hedges on larger flying insects. 

In the pyramid traps (Table 4) higher number of especially parasitic wasps, staphylinids, 
spiders and small dipteran flies (undetermined) were caught in the grass margin along organic 
produced winter wheat. In contrast only daddy-longlegs were more abundant in the grass margin 
along integrated produced winter wheat. In the grass margins along the hedges at Vredepeel some 
groups are more abundant along high hedges (e.g. staphylinids) and some are more abundant along 
low hedges (e.g. parasitic wasps). The abundance, the number of species and diversity of carabid 
beetles in pitfalls in grass margins along integrated and organic produced winter wheat and along 
low and high hedges were very comparable (data not shown).  

 
 
 

Table 3. Number of individuals, number of species and diversity per sampling method of carabid beetles 
in grass margins sown with three seed mixtures. Significance: ns= not significant; ***=P<0.001; 
KB=Kooijenburg, VP=Vredepeel, WM=Westmaas 

CARABIDAE seed mixture experimental farm significance 
 Fr Lp tus. KB VP WM method seed site 

Numbers          
pyramide 3.50 1.00 1.28 1.14 3.25 1.39 *** ns ns 

pitfall 33.1 20.3 20.0 33.2 24.8 15.4    
Number of species          

pyramide 1.33 1.00 0.78 1.14 1.09 0.89 *** ns ns 
pitfall 5.06 5.92 5.42 6.11 6.66 3.61    

Diversity (Simpson)          
pyramide 0.12 0.19 0.10 0.17 0.13 0.12 *** ns ns 

pitfall 0.53 0.58 0.65 0.63 0.63 0.49    
 
 
 

Table 4. Numbers of entomofauna per m2 in grass margins along a high and low hedge at Vredepeel and 
along organic and integrated arable field at OBS 

Insect taxa High hedge Low hedge Organic farming Integrated farming Common name 
Aphidoidea 0.9 1.9 0.0 0.9 aphids 
Heteroptera 4.6 1.9 3.7 0.0 bugs 

Cicadidae 2.8 0.9 1.9 0.0 cicades 
Lepidoptera 0.0 0.0 0.9 0.9 moths and butterflies 
Neuroptera 0.9 0.9 0.9 1.9 lace-winged flies 
Syrphidae 0.0 0.0 0.0 0.0 hover flies 

Ichneumonidae 37.0 54.6 71.3 50.9 parasitic wasps 
Staphylinidae 19.4 10.2 13.9 3.7 staphylinids 
Cantharidae 0.0 0.0 0.0 0.0 rove beetles 
Carabidae 11.1 1.9 4.7 0.0 ground beetles 

Curculionidae 0.0 0.0 1.9 1.9 snout beetles 
Lema sp. 0.0 0.0 0.0 0.0 cereal leaf beetle 

Phalangida 1.9 0.9 0.9 10.2 daddy-longlegs 
Araneae 12.0 12.0 71.3 33.3 spiders 

Coccinellidae 0.9 0.0 0.0 0.0 lady birds 
undetermined 277.8 245.4 149.1 101.9 undetermined (pred. 

Diptera) 
total of individuals 372.2 330.6 320.4 205.6  
number of groups 7.33 6.33 6.67 6.67  
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DISCUSSION 
In 1999 the Institute for Applied Research for Arable Farming and Field production of Vegetables 
(PAV) started experiments with grass margins along arable fields on four different sites in the 
Netherlands. Several construction variables of these grass margins are studied. There were no 
significant differences between different seed mixtures for most entomofaunal groups, but this was 
expected since the grass margins were very young at time of sampling. Only the first (Fr, Red 
fescue) and perhaps the third (tus.) seed mixture showed higher number of certain entomofaunal 
groups. A possible explanation is that Red fescue is a slow growing grass species resulting in the 
first half year after sowing in an open vegetation, with bare patches and possibly the presence of 
some pioneer dicotyls. For the other experimental aspects no clear conclusions can be drawn 
because of the low number of observations.  

The first results of this experiment are in accordance with former results of grass margins in 
the Wieringermeer (see references in introduction), e.g. number of insect pests (e.g. aphids) are 
low and number of (plant protecting) insect predators (e.g. spiders) are relatively high. Great care 
should be taken in the continuation and future examination of the experiment, because of the 
considerable differences between plots within sites, especially related to the addition of hay on the 
grass margins. Continuation of the sampling should be preferably taken annually, because 1) large 
changes in vegetation composition and structure occur in the first years after construction, 2) to 
collect enough data for a thorough analysis and 3) because of the large differences from year to 
year in weather and consequently in number of insects. The used techniques (sight observations, 
pyramid traps and pitfalls) have been proved to be useful techniques for the study of entomofauna 
in unsprayed margins along arable fields. Future sampling should be focused on a limited number 
of factors in order to sample sufficient data. A possible set up is to yearly monitor the development 
of the entomofauna in grass margins sown with different seed mixtures in combination with hay 
addition and study within one year on a more spatial scale differences between other management 
factors (like hedge maintenance or mowing date). 
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