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Arachnids and insects have been sampled with different methods in leek, sprouts and adjacent 
green veining (i.e. (semi-)natural non-crop elements). Composition of 10 taxonomic or functional 
groups of potential enemies has been analysed in relation to crop type, green veining at the farm, 
and composition of the closely surrounding landscape. Different groups of enemies colonise leek 
and sprouts crops in similar numbers, and occur in green veining at farms, in similar or higher 
numbers. Hoverfly and lacewing larvae, earwig, and carabid and cantharid beetle densities in leek 
and sprouts may be enhanced by stands of woodland and tree lines at farms and their direct 
surroundings. 
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Knowledge on the pest controlling effects of (semi-)natural elements in the agricultural landscape 
has greatly increased during the last decade. The general conclusion is that pest species on the 
average occur in lower densities in crops embedded in small scale agricultural landscapes with 
substantial areas of green veining and nature, as compared to large scale, less green agricultural 
landscapes (Basedow 1990, Schulze & Gerstberger 1993, Den Belder et al. 2002). 

In such small scale and richly green veined landscapes natural enemies of pest species have 
mostly been found in higher densities, as compared to large scale, poorly green veined landscapes 
(Marino & Landis 1996, Thies & Tscharntke 1999, Elliot et al. 1998). Bianchi et al. (submitted) 
found higher predation of cabage moth eggs in landscapes with more forest. Menalled et al. (1999) 
found higher enemy densities in only one of the three study regions, but the contrary effect has – 
as far as known – never been reported on. Bianchi & Van der Werf (2003) found in simulation 
experiments control of aphids by ladybeetles, provided green veining and nature cover more than 
9% of the surface area, and green elements are distributed uniformly across the area. 

This study focuses on one specific relationship from this system, viz. the influence of green 
veining (hedgerows, grass verges, tree lines, wood lots) at and around the farm on natural enemies 
of pest species in leek and sprouts crops. The study has been carried out on organic farms. 
Especially in this organic agriculture – without pesticide application – it is very important to make 
maximal use of the potential of natural enemies of pest species. The question is what factors 
determine the density of potential natural enemies in crops, and more specifically: how type of 
crop, green veining, and composition of the surrounding landscape influence enemy density. 

MATERIAL AND METHODS 

Sampling 
Field sampling has been carried out in summer and autumn of 2001, on 10 horticultural farms, 
scattered over The Netherlands. Those farms have been selected from a large file with the criterion 
that leek as well as sprouts were grown. Invertebrates were sampled four times, viz. in the 2nd 
week of July, August, September and October, by means of three methods: 
 Pyramid-shaped emergence trap: steel construction with a surface area of 1 m2, and a height of 

1.50 m covered with rough light-tight clothing, provided with an light opening on top giving 
access to a transparent jar. The ring-shaped trap has been filled with formaldehyde 4% with a 
droplet of detergent. Trapped animals originate from the fauna from the crop plants and the 
soil locked in by the pyramid and, in addition, animals emerging from eggs or pupae during 
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the week the trap is in function. In each farm four traps have been placed, two in leek, two in 
sprouts, at 10-20 m from the head-edge of the crop. 
 Pitfall traps: plastic jars with an opening of 12 cm in middle-line, 18 cm deep, and filled with 

2 cm formaldehyde 4% and a droplet of detergent. One pitfall has been placed in each of both 
crops, at 15 m from the head-edge of the crop, and two pitfalls have been placed in the green 
veining, at a distance of 8 m from each other. All pitfalls have been functioning during one 
week. Animals being active at soil surface, trap themselves by falling into the jar. In eight 
farms those pitfalls have been placed underneath a hedgerow, trees or shrubs, in two farms in a 
grass vegetation. The distance between crop edge and pitfalls in green veining was in most 
cases a few to ten m, excepted two cases of 40 m. 
 Beating net sampling: branches and leaves of trees of shrubs are beaten with a stick over the 

opening of a net with an aperture of 60 by 45 cm. Beating net sampling has been performed in 
the green veining at eight farms, once per month and consisted of 50 hits. Beating net 
sampling of woody vegetation has been performed as an addition to the pitfall traps 
underneath them, as the latter ones do not sample the woody vegetation. As the standard of 
reference differs from the other two methods, their results can only be compared qualitatively. 

Samples have been sorted and identified to the level of ten taxonomic or functional groups of 
potential natural enemies of crop pests in leek and sprouts (Table 1). 

Environmental variables 
The landscape surrounding the sampled leek and sprouts crops has been characterised in a circle 
with a radius of 150 m from the crop field centre using Top10 and LGN4 databases of The 
Netherlands. In total 20 landscape variables have been recorded: the surface area covered by 
pasture, woodland, agricultural land (e.g. cereals, maize, beet, potato), horticultural land (vegetable 
crops), natural habitat which was not categorised as forest (e.g. heath, wetland), orchard, nursery, 
bulb cultivation, greenhouse, water, urban settlement, roads, as well as the length of woodland 
edge, hedgerow, ditch, tree line, road verge, dike and field edge, and the number of solitary trees. 

Analysis 
Emergence trap and pitfall sample data have been analysed quantitatively. Beating net sample 
data, however, have been only been compared qualitatively to the former data. Possible effects of 
crops and farms on group composition (i.e. distribution of numbers over taxonomic or functional 
groups) in samples have been analysed by means of Principal Component Analysis (PCA), and 
effects of landscape parameters by means of Redundancy Analysis (RDA), which combines 
multivariate analysis with principal component analysis. Both analyses have been performed in 
CANOCO for Windows 4.5 (Ter Braak & Šmilauer 2002). Statistical tests are Monte Carlo 
distribution-free permutation tests. As leek and sprouts crops at each farm are correlated, only 
farms (without separation of the two crops in each farm) have been permuted in the Monte Carlo 
tests by means of the split-plot option. Landscape variables have been added to the model 
separately by means of forward selection. For each added variable the significance of the addition 
has been calculated. 

RESULTS 

Enemy group composition in emergence traps in leek en sprouts 
Percentages of variance accounted for by differences among farms is high, viz. 59%, and 
differences between leek and sprouts account for only 3% (n.s.; P=0.59) of the variance. 
Differences between leek and sprouts are as strong or even stronger correlated to the second main 
axis, which means that distribution of abundance across the ten enemy groups is far more 
correlated to other factors than the differences between leek and sprouts. 

Therefore, enemy group composition has been analysed with RDA in relation to the set of 20 
landscape parameters. Two parameters appeared to have effects on group composition, viz., length 
of tree lines (P=0.044), and surface area covered by forest (P=0.096) (Fig. 1). Together they 
account for 24% percent of variance in the group composition. Only hoverfly larvae are correlated 
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to landscape with many tree rows, whereas staphilinid beetles, predatory bugs and spiders are 
correlated to landscapes with few tree rows. The other enemy groups are correlated to intermediate 
values. Carabid and cantharid beetles, and hoverfly and lacewing larvae are correlated with much 
forest in the farm surroundings, whereas ladybeetles, predatory bugs, and staphilinid beetles are 
correlated with little forest, and spiders and earwigs with intermediate values (Fig. 1). 
 
 
Table 1. Mean numbers (per sample/trap/week/farm; total 1 or 2 traps, 4 weeks, 10 farms)) from emergence 
and pitfall traps. Beating net samples in high woody green veining (hedge and tree lines) are means sample 
values per week/farm (total 1 sample, 4 weeks, 8 farms), and only qualitatively comparable to sampling 
results with emergence and pitfall traps. 

 Emergence traps 
(mean/m2/week/farm)  

Pitfall traps 
(mean/pitfall/week/farm) 

Beating net 
(mean/week/farm)  

Location leek 
(2 traps) 

sprouts 
(2 traps) 

leek 
(1 trap) 

sprouts 
(1 trap) 

green veining 
(2 traps) 

High woody Green 
Veining 

Spiders 6.4 6.7 13.8 11.3 12.5 30.5 
Carabids 0.9 0.4 6.9 6.9 8.0 < 0.1 
Staphilinids 8.2 6.9 6.1 6.2 5.7 1.4 
Predatory bugs 2.2 2.0 0.1 < 0.1 < 0.1 4.8 
Earwigs < 0.1 < 0.1 0.1 < 0.1 1.3 3.4 
Larvae lacewings < 0.1 < 0.1 < 0.1 < 0.1 0  - (imagines: 0.8)  
Larvae hoverflies 0.2 0.2 < 0.1 0.1 0  - (imagines: 0.3)  
Ladybeetles 0.1 < 0.1 0 0 0 1.2 
Idem, larvae < 0.1 < 0.1 0.1 < 0.1 0 0 
Cantharids 0 < 0.1 < 0.1 < 0.1 0 1.3 
Total 18 16.2 27.1 24.5 27.5 42.6  

 
 
 

 
Figure 1. Results of RDA on emergence trap catches. Positions of ten enemy groups in relation to 
environmental factors: area of forest, length of tree lines. Enemy groups: carabid: Carabidae; can: 
Cantharidae; hoverfly_l: Syrphidae larvae; lacewing_l: Chrysopidae larvae; earwigs: Forficula auricularia; 
predator bug: Anthocoridae, Nabidae, Saldidae, Reduviidae; staphilinid: Staphilinidae; ladybeetle_l: 
Coccinellidae larvae; ladybeetle: Coccinellidae imagines 
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Enemy group composition in pitfalls in leek, sprouts and green veining 
In the pitfall samples, too, the variance due to differences among farms is high, viz. 59%. 
Differences between leek, sprouts, and green veining account for 6% (P=0.12). Indeed, group 
numbers differ only slightly, among crops and green veining, except for earwigs which have 
substantial numbers in GBDA (also in the beating net samples) contrary to very low numbers in 
the crops, and larvae of ladybeetles, lacewings and hoverflies which are apparently absent from the 
green veining (Table 1). 

DISCUSSION 
The striking result is the similarity in the enemy numbers among the crops (emergence trap as well 
as pitfall samples) and between the crops and the green veining (pitfall samples). So, ten selected 
groups of natural enemies are apparently able to colonise the vegetable crops, irrespective whether 
it is leek or sprouts. Moreover, group composition in the vegetable crops reflects group 
composition in green veining. So, green veining may very well serve as a source for colonising 
such vegetable crops. Nevertheless, some groups occur in green veining, but hardly in the crops. 
This goes for earwigs, and probably also for cantharid and ladybeetles. 

The positive correlation between hoverflies larvae and woodland area/tree rows length may be 
understood from the life conditions of the adults: forest may serve as hibernation habitat for 
fertilised females of Episyrphus balteatus (Salveter 1998). Moreover, forest edge and tree rows are 
rich in flowering plants, providing their main food, viz. pollen, which especially holds for 
Umbelliferae. Contrarily, Pollard et al. (1977) conclude that hoverflies from agricultural areas 
have such large dispersal ranges that they may reach aphid-infested crops independent of the 
distance from woodland, hedgerows or tree lines. 

The positive correlation of lacewings larvae to much woodland may also be understood from 
the habitat of the imagines of the former group: shrubs (Barendrecht 1952). This also goes for 
earwigs, which is illustrated by their presence in pitfall and beating net samples in green veining 
(Table 1). More shrubs, planted closer to crops, may enhance their numbers there. The positive 
correlation between carabid beetles and large area of woodland surrounding the crops may also be 
explained by the utilisation of forest, e.g. as winter habitat. Pterostichus melanarius – abundant in 
our samples – lives in forest, but uses crop fields for reproduction (Wallin 1986). Here, too, 
Pollard et al. (1977) state differently, that P. melanarius is a permanent resident of arable fields: it 
winters mainly in the larval stage, in the soil. 

The negative correlation of spiders to forest area and tree line length may be explained by the 
high percentage of money and hammock web spiders (Erigoninae (83%), resp. Linyphininae 
(12%) in the crops. Those are spiders from open landscape elements, which disperse by air, 
hanging to silk threads. Moreover, their flight may be interrupted by tree lines. Nevertheless, they 
do occur in high numbers in leek and sprouts. We have not found an explanation for the negative 
response to woodland area and tree lines neither for predatory bugs, nor for staphilinid beetles. 

On the basis of these findings we suggest – by way of practical trial – to plant stands and lines 
of shrubs and trees at and around farms in order to see whether hoverfly and lacewing larvae, 
earwig, and carabid and cantharid beetle densities in crops changes. 
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