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Abstract

Flying pattern of Dipteran adults and distribution of larvae in soil and litter were studied using yellow water traps and soil

samples, respectively, in four positions near the border of a barley ®eld: in the hedgerow, the grass strip, the ®eld margin

(either with perennials or with barley) and the centre of the ®eld. The sampling and trapping covering all seasonal aspects were

performed in an agricultural landscape near Venice (Italy).

Higher numbers of ¯ying adults were trapped in the ®eld margin and the ®eld; values in the hedgerow and the grass strip

were lower. In contrast, the lowest values of larval abundance were found in the ®eld, while values in the extended ®eld

margin, the grass strip and the hedgerow were higher. Comparison of extensively used (uncultivated) part of the ®eld margin

with intensively used part of the ®eld margin and centre of the ®eld indicated that the increase in larval abundance in the

uncultivated margin is caused by reduced cultivation and not by marginal position.

According to the spatial distributions of adults and larvae, several groups can be distinguished. The ®rst Dipteran group

develops in various habitats and prefers the ®eld as adults, e.g. for hunting (Dolichopodidae). The second group develops in

the ®eld (particularly, some pest Chloropidae and Agromyzidae) and occurs there as adults too. Grass strip and hedgerow

affect the ¯ight activity of these groups negatively. The third Dipteran group prefers the hedgerow, the grass strip and the ®eld

margin as adults. Some of these develop in an extensive strip (Scatopsidae) near the hedgerow and some outside the studied

plot (Culicidae). Finally, there are Diptera which develop in the extensive part of the ®eld margin (Chironomidae) and disperse

around all investigated habitats. # 2000 Elsevier Science B.V. All rights reserved.
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1. Introduction

Hedgerows are important refuge, migration corri-

dors or barriers for animals (Trnka et al., 1990; Fry and

Robson, 1994; Jepson, 1994). They are open structures

and exchange of individuals among hedgerows and

surrounding landscape plays an important role in the

maintenance of community structure (Zwolfer and

Stechmann, 1989) and affects the surrounding bio-

topes as well (Nazzi et al., 1989; Paoletti et al., 1997).

In the majority of studies, the effect of hedgerows

on only one life stage was examined. There are few
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data about the pattern of animal±hedgerow interac-

tions during different stages of their life cycle. Diptera

display very apparent differences in the utilisation of

habitats in particular stages of the life cycle. They go

from larvae, which are almost sessile, to adults which

can ¯y and are very mobile. The larvae of terrestrial

Diptera can live freely in the soil or use speci®c

microhabitats such as excrement, carrion, fungi, plant

tissues etc. (Brauns, 1954; Smith, 1989). Adults can

disperse from emergence habitat and select a different

habitat for speci®c behaviour such as mating, feeding

or oviposition (Morvan et al., 1994).

There is little information on the effect of hedge-

rows or extensively cultivated marginal strips on

Diptera larvae. Concerning the adults, actively and

passively moving insects can be distinguished. Insects

moving passively by the wind as `aeroplankton' have

been studied extensively by Levis (1969, 1970). Little

quantitative data are available about the effect of

hedgerow on the ¯ying pattern of actively ¯ying

Diptera. Some data from forest border indicated that

tall and dense vegetation can be an important migra-

tion barrier (Delettre et al., 1992). The focus on

Diptera ¯ying actively for a short distance in the

ground layer is important from the quantitative point

of view also because they form majority of the whole

community; only a small part of the community

migrates passively through a large distance at higher

levels (Dabrowska-Prot and Karg, 1976). The main

questions of this study are: What is the effect of

hedgerow and uncultivated ®eld margin on spatial

distribution soil dwelling larvae and actively ¯ying

adults? How do the spatial distributions of different

life stages (adults and larvae) correspond with each

other in one Dipteran community?

2. Material and methods

2.1. Study site

The study was carried out in 1996 in a biological

farm located at Castelo di Brussa, Lugugnana, Pro-

vince of Venice (north-east Italy). The rural landscape,

mostly used for the cultivation of annual crops, is

formed by approximately 70-year old polders. The soil

is silt-loam. Observations were made on the margin of

a barley ®eld in four parallel strips: hedgerow, grass

strip (called grass), ®eld margin (margin) and centre of

®eld (®eld) (Fig. 1). The hedgerow was formed by a

single row of shrubs mainly Crataegus sp., Prunus sp.

and Pirus sp. In the ®eld margin, ®ve treatments were

settled in spring 1996: (1) spontaneous vegetation in

the ®rst year of succession (succession I), (2) sponta-

neous vegetation in the second year of succession

(succession II), (3) temporary grass with Dactylis

glomerata Linne (Dactylis), (4) temporary grass with

Lolium perenne Linne (Lolium), and (5) intensively

cultivated barley ®eld (intensive). All treatments had

two repetitions (Fig. 1). As with the rest of the barley

®eld, these treatments were tilled in July 1996, and in

autumnal samples, the whole strip was evaluated as

one treatment. Field was represented by cultivated

arable land, 1996 by barley (Hordeum sativum Linne).

Barley was harvested in June and in July the ®eld was

cultivated by shallow (5 cm depth) disc cultivation.

Environmental variables in particular strips and

treatments were measured twice in May and Septem-

ber 1996 (Table 1). Characteristics of the vegetation

cover (amount of litter, height and cover of vegetation)

were measured in both terms. Content of soil organic

matter (Corg) and pH (in H2O 1:5) were measured in

samples taken in May 1996. For all environmental

data, three replicates per treatment or strip were taken.

Fig. 1. Scheme of study plot, (a) horizontal view, (b) vertical view;

sampling points are marked by black dots; H: hedgerow, G: grass,

M: ®eld margin, F: barley ®eld; numbers represent various

treatments of extensive strip, 1: ®rst year of spontaneous

succession, 2: second year of spontaneous succession, 3: Dactylis,

4: Lolium, 5: margin of barley ®eld; orientation and direction of

prevailing wind are given by arrows.
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2.2. Sampling, processing and data analyses

To assess the ¯ight activity of adult Diptera, yellow

pan traps were used (Bailliot and Trehen, 1974). Dark

brown plastic dishes, 16 cm in diameter, painted yel-

low on the inside, were used as traps. The traps were

exposed at the soil surface. The dishes were ®lled with

a propylenglycol±water mixture (70:30) with a few

drops of detergent. The traps were exposed in the ®eld

in three 1-week intervals: 3±10 May, 13±20 Septem-

ber and 14±21 October. In all cases, 40 traps were

exposed in 10 parallel transects forming a grid of

sampling points (Fig. 1). The distance of individual

transect was minimally 10 and maximally ca. 150 m.

After 1 week of exposure, the adult Diptera were

collected from the traps and stored in 80% alcohol.

All material was sorted to the family level using

McAlpine (1990), while dominant species were deter-

mined as species as much as possible. A total of 8895

specimens of adult Diptera were trapped and pro-

cessed.

To asses the distribution of soil dwelling Diptera

larvae, soil samples were taken in a mesh of 40

sampling points (Fig. 1) in three sampling periods 3

May, 13 September and 21 October. At each sampling

point, three circular samples (area 79 cm2, depth

7 cm) were taken during each sampling occasion. Soil

samples were extracted in a modi®ed Tullgren heat

extraction apparatus described in Paoletti et al. (1991).

Extracted larvae were preserved in a propylenglycol±

water mixture and stored in 80% alcohol. Larvae were

sorted into families using Smith (1989) and Teskey

(1990). Cyclorrhapha larvae were sorted only into

Acalyptrata and Calyptrata. A total of 360 soil sam-

ples were taken and 732 specimens of larvae were

extracted and processed.

The Kruskal±Wallis test (KW) was used for the

comparison of numbers of trapped adults or larval

abundance among particular strips or treatments.

Spearman rank correlations were used to evaluate

correlation between ¯ight activity or soil larval abun-

dance and environmental variables (Sokal and Rohlf,

1981). In the case of vegetation variables, May values

were used for comparison with May Diptera data and

September values for comparison with autumnal Dip-

teran data. Contingency tables (2�4) were used for the

comparison of distribution of larvae and adults of

individual families among the strips. Only families

with totals of more than 30 larvae and 30 adults

trapped were used for this comparison.

3. Results

3.1. Flight activity of adults

The lowest numbers of ¯ying Diptera were captured

in the hedgerow strip, slightly higher in grass, while

substantially higher values were found in the ®eld and

the ®eld margin (Table 2). The number of ¯ying

Diptera trapped correlated negatively with vegetation

cover height and amount of litter (Table 4). The

Table 1

Environmental variables in investigated strips or treatmentsa

Strip treatment pH Corg (%) Litter (g mÿ2) Vegetation

Spring Autumn Cover (%) Height (cm)

Spring Autumn Spring Autumn

Hedgerow 7.98 1.01 294.7 441.3 100 100 300 300

Grass 7.95 1.10 161.7 484.3 100 100 70 50

Margin

Lolium 7.97 1.00 260.8 253.2 80 70 60 30

Dactylis 7.82 1.19 161.2 253.2 60 70 60 30

Succession 1 7.90 1.11 400.0 253.2 60 70 20 30

Succession 2 7.91 1.02 250.0 253.2 70 70 20 30

Intensive 8.05 0.69 75.2 50 70 60 30

Field 8.04 0.82 95.8 77.1 50 50 60 30

a Spring data were collected in May 1996, autumnal data in September 1996. Succession 1 or 2: spontaneous succession 1 or 2 years old.
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distribution pattern of ¯ight activity changed during

the season (Fig. 2a). May and September sampling

displayed a similar distribution pattern as described

above. However, only in September, the differences

among the strips were signi®cant (P<0.05, KW)

(Fig. 2a). In October, adult data displayed an inverse

pattern. The highest numbers of ¯ying Diptera were

found in the hedgerow and the lowest in the ®eld.

Although this difference was not signi®cant for total

Diptera, it was signi®cant for several families (Limo-

niidae, Culicidae, Ceratopogonidae, Bibionidae,

Empididae, Phoridae, Drosophilidae, Agromyzidae,

Anthomyidae) (P<0.05, KW) (Figs. 3±5, data are

partly not shown).

Composition of adult community varied among

treatments as well. Sciaridae were the most important

family in ¯ight activity in the hedgerow. The second

and third most important families were Phoridae and

Table 2

Composition of ¯ight activity of adult Diptera in particular stripsa

Family Dominant species Hedgerow Grass Margin Field

Tipulidae 0.1

Limoniidae 0.4

Psychodidae Logima albipennis Zetterstedt 0.7

Culicidae 2.0 0.5 0.5 0.1

Ceratopogonidae 0.6 0.1 0.1

Chironomidae Smittia cf. pratorum (Goetghebuerg) 8.8 1.2 1.6 0.8

Bibionidae 0.2 0.4

Mycetophylidae 0.8 0.5

Sciaridae 28.2 16.7 7.7 4.4

Scatopsidae Swamerdamella brevicornis (Meigen) 0.9 1.0

Cecidomyiidae 1.7 11.8 2.4 1.3

Asilidae 0.3

Empididae Platypalpus sp. 4.0 1.6 0.2 0.1

Dolichopodidae Chrysotus suavis Loew 3.0 4.8 7.3 10.5

Lonchopteridae 0.8 1.0 0.3 0.6

Phoridae 13.9 15.6 23.4 24.6

Pipunculidae �
Syrphidae 0.3 0.2 0.2

Conopidae 0.1

Tephritidae 0.7 0.1

Psilidae �
Sepsidae 3.7 0.8 0.5 0.3

Drosophilidae Scaptomyza palida (Zetterstedt) 2.8 3.4 2.6 3.1

Ephydridae 0.9 0.2

Agriomyzidae Lyriomyza bryonie (Kaltebach) 1.5 1.0 2.4 1.9

Sphaeroceridae 1.2 1.4 0.2 0.3

Chloropidae Melanochata pubescens (Thalhamner)b 12.1 26.1 35.8 32.1

Oscinella frit (Linne)c

Sarcophagidae Sarcophaga sp. 1.8 2.3 2.5 2.6

Caliphoridae 0.9 0.6 0.7 0.5

Anthomyiidae Delia platura (Meigen) 7.4 5.6 9.2 12.9

Muscidae 1.9 2.5 1.7 3.1

Totald 100.0 100.0 100.0 100.0

Totale 19.2 30.4 159.7 159.0

a Proportion of particular families from total catch in percentage (�: families which represent less than 0.1% of total catch).
b In grass and hedgerow.
c In ®eld.
d Total percentage.
e Total average amount of individuals per trap week.
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Chloropidae. Towards the ®eld centre, the relative

proportion of Sciaridae decreased and the relative

proportion of Chloropidae ad Phoridae increased. In

the ®eld, Chloropidae, Phoridae, Anthomyidae and

Dolichopodidae were the most numerous families

(Table 2).

In most families, signi®cantly higher numbers of

adults were trapped in the ®eld than in grass and

hedgerow strips, while the ®eld margin displayed

intermediate values (Fig. 3a). This kind of distribution

was found in May and September for Dolichopodidae,

Sarcophagidae, Phoridae, Anthomyidae and in Sep-

tember only for Agromyzidae, Chloropidae and Dro-

sophilidae. Only the Scatopsidae display the highest

numbers of trapped adults in the hedgerow in all cases

when they are trapped (Fig. 3b). Some families were

characterised by higher numbers of trapped adults in

the grass and the ®eld margin than in the ®eld centre.

Hedgerow affected the ¯ight activity of these families

in various ways. Culicidae and Chironomidae (Fig. 3c)

which were found in September to be signi®cantly

more abundant in the ®eld margin than in other strips

can be included in this group. Also, Empididae, which

displayed high af®nity to the hedgerow in May and to

grass and marginal strips in September, may be

included here (Fig. 3d). Finally, there are families

which display no signi®cant differences among strips,

in most cases, with the exception of a shift to the

hedgerow in October.

3.2. Larval distribution in soil

The highest abundance of Dipteran larvae in soil

was found in the grass strip, slightly lower values were

found in the hedgerow and the ®eld margin, and

Fig. 2. Average catch of adults (a) and average abundance of larvae

(b) in particular strips and sampling terms. Particular strips in

particular sampling terms marked by different letters are

signi®cantly (P<0.05, Kruskal±Wallis) different. If no letters are

given, no signi®cant differences were found.

Fig. 3. Distribution of adult ¯ight activity among particular strips; H: hedgerow, G: grass, M: margin, F: ®eld; (a) Dolichopodidae, May; (b)

Scatopsidae, September; (c) Chironomidae, September; (d) Empididae, May (shading) and September (black). Columns of the same pattern

marked by different letters are signi®cantly different (P<0.05, Kuskal±Wallis).
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substantially lower values were found in the centre of

the ®eld (Table 3). This pattern was stable during the

whole study period (Fig. 2b). Content of soil organic

matter, amount of litter, plant cover and vegetation

height correlated positively with larval abundance,

whereas pH correlated negatively (Table 4). In the

®eld, Ceratopogonidae, Chironomidae, Scatopsidae

and Empididae were the most abundant families. In

other strips, Chironomidae, Stratiomyidae and Sca-

topsidae belonged to the most abundant ones. Propor-

tions of these families vary among particular strips;

Stratiomyidae were the most important in the hedge-

row, Scatopsidae in the grass strip and Chironomidae

in the ®eld margin (Table 3). Larvae of Chironomidae

were highly dominated by Smittia sp., and Stratio-

myidae by Chloromyia formosa Scopoli.

Fig. 4. Distribution of larval abundance among particular strips

and terms, H: hedgerow, G: grass, M: margin, F: ®eld; May:

shaded, September black and October white; (a) Stratiomyidae, (b)

Chironomidae, (c) Empididae; values for particular strips in

particular time and family marked by different letters are

signi®cantly different (P<0.05, Kruskal±Wallis).

Table 3

Composition and abundance of Diptera larvae in particular stripsa

Hedgerow Grass Margin Field

Tipulidae 0.0 0.4 0.6 0.0

Limoniidae 0.0 0.0 0.0 9.2

Chironomidae 31.5 23.3 43.4 15.6

Ceratopogonidae 0.8 1.7 4.3 16.1

Scatopsidae 10.0 30.9 8.2 11.9

Cecidomyidae 7.6 10.6 14.4 9.6

Sciaridae 4.0 0.7 0.5 2.3

Stratiomyidae 39.3 27.8 19.7 5.5

Empididae 1.9 1.5 3.2 11.0

Dolichopodidae 0.6 0.9 1.7 6.0

Rhagionidae 3.5 1.0 1.9 8.3

Acalyptrata 0.0 0.7 1.1 0.0

Calyptrata 0.8 0.4 1.1 4.6

Totalb 100.0 100.0 100.0 100.0

Totalc 222.2 413.8 290.4 77.0

a Proportion of particular families from total catch as a

percentage.
b Total percentage.
c Total average abundance of Diptera larvae (ind. mÿ2).

Table 4

Spearman rank correlation coef®cients of catch of adult Diptera and abundance of Dipteran larvae with environmental variables

Life stage; sampling term pH Corg Litter Cower Height No. of samples

Adult May 0.104 ÿ0.218 ÿ0.192 ÿ0.296 ÿ0.2366 33

Adult September ÿ0.103 ÿ0.067 ÿ0.692* ÿ0.804* ÿ0.887* 32

Adult October ÿ0.007 ÿ0.035 0.068 0.210 0.292 32

Larvae May ÿ0.478* 0.462* 0.326* 0.415* 0.202** 120

Larvae September ÿ0.145 0.147 0.183** 0.238* 0.214** 120

Larvae October ÿ0.182 0.237** 0.186** 0.107 ÿ0.162 120

* Signi®cant for P<0.01.
** Signi®cant for P<0.05.
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The majority of families displayed a distribution

similar to the distribution of total abundance described

above. However, only in Stratiomyidae and Chirono-

midae, differences among strips were signi®cant

(P<0.05, KW) (Fig. 4a and b). Only Empididae in

the September sampling term displayed higher abun-

dance in the ®eld than in the hedgerow and the grass

strip, but the differences were not signi®cant.

The effect of particular treatments in the ®eld

margin on larval distribution was evaluated in the

spring sampling term only (Fig. 5). In the marginal

strip, the lowest value of total abundance was found in

intensively cultivated marginal treatment; neverthe-

less, the differences were signi®cant only between

Dactylis and intensive treatment (Fig. 5a). No signi®-

cant differences between intensively cultivated ®eld

margin and centre of ®eld were found, but both of

them differ signi®cantly from grass and hedgerow

treatment adjacent to intensive ®eld margin

(Fig. 5b). Extensive treatments differ signi®cantly

Fig. 5. Distribution of total larval abundance and abundance of families Stratiomyidae and Chironomidae in particular patches of the marginal

strip (a) and in the rows of sampling plots from hedgerow to ®eld centre (H: hedgerow, G: grass, M: margin, F: ®eld) which cross the

intensively cultivated margin of barley ®eld (treatment 5) (b) and in rows which cross extensive marginal treatments (1±4) (c) in May 1996,

treatments marked by different letters are signi®cantly different (P<0.05, Kruskal±Wallis).
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from the ®eld centre and not from the grass strip and

the hedgerow (Fig. 5c).

Scatopsidae, Dolichopodidae, Empididae, Sciari-

dae and Chironomidae were used for comparison of

larval and adult distribution among the strips using the

contingency tables. In all these families, composition

of species or morfospecies (in larvae) among the strips

was roughly homogeneous. Signi®cant differences in

relative larval and adult distribution were found only

for Chironomidae (P<0.01); in the remaining families,

proportional distribution of larvae and adults among

the treatments does not differ.

4. Discussion and conclusion

4.1. Flight activity of adults

Reduction of ¯ying Diptera trapped in yellow traps

was observed in grass and hedgerow strips. We expect

that these strips can be an important migration barrier

for ¯ying Diptera. Similar negative effect of tall and

dense vegetation on ¯ight activity was observed for

chironomids (Delettre et al., 1992; Frouz and Olej-

nõÂcÏek, 1999). Adverse effects of tall hedges for migra-

tion of ¯ying insects was also shown by other methods

such as direct observation of butter¯ies (Fry and

Robson, 1994). Dolichopodidae, Anthomyidae, Sar-

cophagidae, Chloropidae and Agromyzidae were

trapped more frequently in the open ®eld than near

the hedgerow using motor nets (Dabrowska-Prot and

Karg, 1976). The interpretation of data obtained by

yellow pan traps only must be made with care because

the attractiveness of traps may vary according to actual

behaviour, e.g. for Empididae, the traps are attractive

during hunting but not during mating (Bailliot and

Trehen, 1974). Even if dif®culties in interpretation

exist, we think that yellow traps can indicate the

density of actively ¯ying Diptera, particularly smaller

species, which prefer to ¯y near the soil surface. This

is a reason why the general pattern observed in this

study differs from that observed by Levis (1969,

1970), in wind-transported insect community. Based

on the comparison of literature data and our results, we

speculate that the hedgerow affects actively and pas-

sively ¯ying insects in different ways. Insects trans-

ported passively by wind accumulate near the

hedgerow due to the concentration of individuals

passing from airborne community in the shelter

formed by the hedgerow (Levis, 1969, 1970). On

the other hand, our results indicated that hedgerow

and grass strips could be an important barrier for

actively ¯ying insects moving through a short distance

in the ground layer. The mechanisms of this barrier

effect seem to be connected more with an effect on

insect behaviour rather than with the creation of a real

physical barrier. For example, speci®c microclimatic

conditions or vegetation structure can prevent the

Diptera from ¯ying into these strips. Also, Fry and

Robson (1994) suppose similar mechanisms for the

effect of hedgerows on butter¯y migration. This effect

can moreover be in¯uenced by actual weather as

indicated also by change in the adult ¯ight activity

in the October sampling period. The decrease in catch

near the hedgerow also allows a possible alternative

explanation to the change in ¯ight direction, and thus,

that the catch is reduced due to increase in the ¯ying

level as the Diptera try to over¯y the hedgerow.

Nevertheless, these alternative hypotheses are in con-

tradiction to the literature data. Decrease in catch, in

families forming the bulk of Dipteran community in

the ®eld, was observed near the hedgerow also using a

motor net operating 1 m above surface (Dabrowska-

Prot and Karg, 1976). Using yellow traps exposed at

various heights indicated the highest catch in soil

surface exposed trap; when the catch decreased in

higher vegetation, the catch in upper levels also

decreased (Pollet and Grootaert, 1991). This literature

evidence, combined with our observations, indicated

that the decrease in catch in soil surface exposed

yellow traps in hedgerow and grass strips is more

likely caused by change in ¯ight direction (i.e. that

some environmental cues prevent Diptera from ¯ying

into these strips) than by the height of ¯ying level.

Only Scatopsidae display high af®nity to the hedge-

row. This corresponds with the results of Dabrowska-

Prot and Karg (1976) who found higher amounts of

Scatopsidae near a hedgerow than in the centre of a

®eld. We speculate that, similarly as in above-men-

tioned Diptera which avoid the hedgerow and the grass

strip, the reason for the preference for the hedgerow by

Scatopsidae comprises some environmental cues

which affect adult behaviour.

Some families, even if they were not strongly

attracted by the hedgerow, were more frequent in

strips near the hedgerow (grass and ®eld margin).
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This indicates the importance of the hedgerow ®eld

ecotone for the ¯ight activity of Diptera. This acute-

ness can be important migration corridors in directions

along the hedgerow. Similar role of acuteness for

insect migration was found for Diptera (Trnka et

al., 1990) or for butter¯ies (Gatehouse, 1994). Hedge-

row±®eld ecotone can also be important for hunting or

swarming (Morvan et al., 1994; Smith and Gadawski,

1994).

4.2. Larval distribution in soil

The lowest larval abundance was found in the ®eld;

the abundance in other, extensively used strips was

higher. This ®nding is in agreement with the distribu-

tion of Dipteran larvae in agricultural ®elds under

various crops (perennials or annual) and in different

stages of secondary succession (Carter et al., 1985;

Frouz, 1997a). In particular, the abundance of micro-

and macro-saprophagous Dipteran larvae such as

Chironomidae, Scatopsidae and Stratiomyidae

increased in the hedgerow, the grass strip and the

uncultivated ®eld margin. As the area covered by

seminatural biotopes and permanent grassland is

low in the investigated landscape, the hedgerow and

particularly other uncultivated strip on the ®eld margin

can be a refuge for saprophagous Diptera larvae. A

higher population of Diptera larvae can also be a

reservoir for some insect parasites such as mermithid

nematodes (Paoletti and Poinar, 1985). Decrease in

amount of litter on the soil surface seems to be the

most important factor that causes low abundance of

Dipteran larvae in the ®eld. Populations of soil dwell-

ing Dipteran larvae depend directly or indirectly on

the input of litter, which is a primary food source.

They re¯ect very sensitively experimental litter

manipulation (HoÈvemeyer, 1992). Low amounts of

litter were assumed to be the reason for low Dipteran

abundance in arable land by other authors (Nielsen et

al., 1994). Soil cultivation can cause damage to popu-

lations of Dipteran larvae (Nielsen et al., 1994) and

can be another reason for low larval abundance in the

®eld. The abundance reached in the ®eld is very low

even in comparison with data from other arable ®elds

(Carter et al., 1985; Nielsen et al., 1994; Frouz,

1997a). Lower abundance in comparison with other

studies can be caused by the absence of winter samples

which usually display higher abundance (AltmuÈler,

1979; Frouz, 1997a). Higher larval abundance in the

®eld margin was observed even in autumn after disc

cultivation of an extensive marginal strip, probably

due to better litter supply and more suitable soil

conditions (Table 1).

No differences were found between intensively

cultivated margin and ®eld centre, indicating that

the higher abundance observed in the extensive part

of ®eld margin was caused by extensive use and not by

marginal position. This is in agreement with the results

of Nielsen et al. (1994) who observed no differences in

the abundance of Dipteran larvae between the central

and marginal parts of the ®eld.

4.3. Relationships between larval and adult

distribution

Only in soil dwelling, the Diptera larval and adult

distribution among the strips can be compared statis-

tically. For majority of soil dwelling Diptera, the

distribution of larvae and adults correspond well,

the only exception being Chironomidae. The higher

catch in the places of larval occurrence can be caused

by the fact that adults emerge here and also search here

for oviposition places; moreover, it is possible that

adults prefer to ¯y in habitats where suitable larval

breeding sites occur. In Diptera developing in habitats

other than soil, the discussion about the larval dis-

tribution can be based only on the occurrence of

sources suitable for larvae.

Considering their whole life cycles, recorded Dip-

tera can be ranked in several groups according to the

utilisation of habitats at the hedgerow±®eld interface.

The ®rst group is formed by the families Anthomyidae

and Phoridae, developing in various habitats mostly

outside ®elds (such as carrion, mushrooms, faeces,

dead plants, or in other invertebrates as parasitoids,

etc.), but the ®eld is the preferred habitat for adults.

Dolichopodidae can be assumed to be some interstep

between this group and next group specialised in the

®eld during the whole life cycle. Larvae of Dolicho-

podidae occur both in the ®eld and outside the ®eld,

but adults display an apparent af®nity to the ®eld

(Fig. 3). The reason for this distribution may be that

the open ®eld is more suitable, e.g. for hunting in

Dolichopodidae. Agromyzidae and Chloropidae form

another group. These Diptera with phytophagous lar-

vae develop most probably in the ®eld and this emer-
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gence and oviposition habitat is also where adult ¯ies

most frequently occur. Tall and dense vegetation of the

hedgerow and the grass strip seems to be an important

migration barrier for both of the above-mentioned

groups of Diptera in the direction perpendicular to

the hedgerow. For other Diptera, the hedgerow or

strips closely adjacent to the hedgerow can be an

important migration corridor namely in the longitu-

dinal direction along the hedgerow. The reasons for

the preference for the hedgerow and related strip for

adult Diptera can vary among families. In Scatopsidae,

which develop in this habitat, dispersion and search

for ovipositon places is the most probable reason for

the preference for this habitat. In families, which

develop in another habitats or at least do not prefer

these strips for development, such as Culicidae or

Empididae, utilisation of this habitat for hunting,

swarming or as a migration corridor can be expected.

Finally, there are Diptera which develop mostly in an

extensive strip as larvae, but disperse into the sur-

rounding ®eld as adults such as Chironomidae. Abun-

dance of chironomid larvae in soil is negatively

affected by tillage (Delettre and LagerloÈf, 1992;

Frouz, 1994). During succession, their abundance

increases rapidly in the initial stages of succession

such as early-abandoned ®eld (StruÈve-Kusenberg,

1981; Frouz, 1994), but in more advanced succession

stages, their abundance decreased (Frouz, 1994). In

the observed plots, chironomids dominated in the

extensive marginal strip. Persistence in a stable habitat

such as a grass strip and dispersion along surrounding

habitats is important for the persistence of these

species at the landscape level. Grass strip and exten-

sive patches in the ®eld margin can thus be a sink and

source habitat (see Pulliam and Danielson (1991)) for

terrestrial chironomids. Similar kinds of interaction

were observed in chironomids utilising the temporary

initial stages of succession (Frouz, 1997b).

4.4. Conclusion

Effects of the hedgerow on air borne insect com-

munity and actively ¯ying insects are different; hedge-

row can accumulate insects passing from airborne

community but can also be a barrier for actively ¯ying

insects in the direction perpendicular to the hedgerow.

This is particularly important in some pest species

developing in the ®eld (Agromyzidae, Chloropidae).

This barrier effect lay more likely in some environ-

mental cues, which prevents adults from ¯ying into

this habitat, rather than in the formation of a real

physical barrier. Strips near the hedgerow may serve

as a migration corridor in the longitudinal direction

along the hedgerow. Larval habitats are an important

factor affecting the migration behaviour of actively

¯ying Dipteran adults because of the occurrence of

adults in emergence and oviposition places and per-

haps also because of the preference for habitats sui-

table for larval development for active adult migration.

Nevertheless, in some situations, adults search for

other habitats particularly when suitable for hunting

swarming or dispersion.

Acknowledgements

This study was supported by CNR-NATO fellow-

ship No. 217.28/1-1995 given to J. Frouz and the EC

Project `Field boundary habitats for wildlife, crop and

environmental protection' AIR3-CT920476/920477

and partly also by grant 526/98/P156, Grant agency

of the Czech Republic. Dr. J. MaÂca, Dr. J OlejnõÂcÏek,

Dr. SyrovaÂtka (CÏ eskeÂ BudeÏjovice), Dr. D. PovolnyÂ, Dr.

F. Gregor (Brno), Dr. M. VaÂla (Olomouc) and Dr. H.

Wendt (Berlin) are thanked for help with the deter-

mination of Diptera. Dr. E.J.P. Marshall (Bristol , UK)

and Dr. J. MateÏna (CÏ eskeÂ BudeÏjovice, Czech Repub-

lic) are thanked for reading an earlier version of this

paper and making helpful suggestions. Three anon-

ymous referees are thanked for their criticism.

References

AltmuÈler, R., 1979. Untersuchungen uÈber den Energieumsatz von

Dipterenpopulationen im Buchenwald (Luzulo-Fagetum). Ped-

obiologia 19, 245±278.

Bailliot, S., Trehen, P., 1974. Variations del'attractiviteÂ des pieÂges

colores de Moericke en fonction de la localisation spatio-

temporelle de l'emergence, des comportements sexuels et des

phases de dispersion de quelqueles especes de Dipteres. Ann.

Zool. Ecol. Anim. 6, 574±584.

Brauns, A., 1954. Terricole Dipterenlarven. Musterchmidt, GoÈttin-

gen.

Carter, A., LagerloÈf, J., Steen, E., 1985. Effect of major

disturbances in different agricultural cropping systems on soil

macroarthropods. Acta Agric. Scand. 35, 67±77.

Dabrowska-Prot, E., Karg, J., 1976. Occurrence and ¯ight activity

of Diptera in agricultural landscape. Polish Ecol. Stud. 2, 87±

93.

28 J. Frouz, M.G. Paoletti / Landscape and Urban Planning 48 (2000) 19±29



Delettre, Y.R., LagerloÈf, J., 1992. Abundance and life history of

terrestrial Chironomidae (Diptera) in 4 Swedish agricultural

cropping systems. Pedobiologia 36, 69±78.

Delettre, Y., TreheÂn, P., Grootaert, P., 1992. Space heterogeneity,

space use and short range dispersal in Diptera: a case study.

Landscape Ecol. 6, 175±181.

Frouz, J., 1994. Changes in terrestrial chironomid community

(Diptera: Chironomidae) during secondary succession in old

®elds. Pedobiologia 32, 334±343.

Frouz, J., 1997a. Changes in communities of soil dwelling dipteran

larvae during secondary succession in abandoned ®elds. Eur. J.

Soil Biol. 33, 57±65.

Frouz, J., 1997b. The effect of vegetation patterns on oviposition

habitat preference: a driving mechanism in terrestrial chirono-

mid (Diptera: Chironomidae) succession? Res. Population

Ecol. 39, 207±213.

Frouz, J., OlejnõÂcÏek, J., 1999. Flight pattern of Chironomidae and

Dolichopodidae (Diptera) in suburban fallow area: the effect of

vegetation mosaic. Biologia 54, 169±178.

Fry, G.L.A., Robson, W.J., 1994. The effect of ®eld margins on

butter¯y movement. BCPC Monograph No. 58: Field margins

integrating agriculture and conservation, pp. 111±116.

Gatehouse, A.G., 1994. Insect migration: variability and success

in capricious environment. Res. Population Ecol. 36, 165±

171.

HoÈvemeyer, K., 1992. Response of Diptera populations on

experimentally modi®ed leaf litter input in beech forest on

limestone. Pedobiologia 36, 35±49.

Jepson, P.C., 1994. Field margins as habitat, refuges and barriers of

variable permeability to Carabidae. BCPC Monograph No. 58:

Field margins integrating agriculture and conservation, pp. 67±

76.

Levis, T., 1969. The distribution of ¯ying insects near a low

hedgerow. J. Appl. Ecol. 6, 443±452.

Levis, T., 1970. Pattern of distribution of insects near windbreak of

tall trees. Ann. Appl. Biol. 65, 213±220.

McAlpine, J.F., 1990. Insecta: Diptera adults. In: Dindal, D.L.

(Ed.), Soil Biology Guide. Wiley, New York.

Morvan, N., Delettre, Y.R., Trehen, P., Burel, F., Baudry, J., 1994.

The distribution of Empididae (Diptera) in hedgerow network

landscapes. BCPC Monograph No. 58: Field margins integrat-

ing agriculture and conservation, pp. 123±128.

Nazzi, F., Paoletti, M.G., Lorenzoni, G.G., 1989. Soil invertebrate

dynamics of soybean agroecosystems encircled by hedgerows

or not in Friuli, Italy. First data. Agric. Ecosystem Environ. 27,

163±176.

Nielsen, B.O., Nielsen, B.L., Axelsen, J., Elmegaard, N., 1994.

Winter abundance of soil Diptera larvae in arable soil.

Pedobiologia 38, 208±221.

Paoletti, M.G., Favretto, M.R., Stinner, R.B., Purington, F.F., Bater,

J.E., 1991. Invertebrates as bioindicators of soil use. Agricul-

ture. Ecosystems Environ. 34, 341±362.

Paoletti, M.G., Poinar, G., 1985. Un nematode parassita di larvae

raccolte nello strato bassa pianura veneta. Ati XIV Congr. naz.

ital. Ent. Palermo, Erice, Bagaheria, pp. 463±467.

Paoletti, M.G., Boscolo, P., Sommaggio, D., 1997. Predators-

parasitoids and bene®cial insects in ®elds surrounded by

hedgerows in North Eastern Italy. Entomological research in

organic agriculture. Biol. Agric. Horti. 15, 311±323.

Pollet, M., Grootaert, P., 1991. Horizontal and vertical distribution

of Dolichopodidae in woodland ecosystem. J. Natural History

25, 1297±1312.

Pulliam, R.H., Danielson, B.J., 1991. Source sink and habitat

selection: landscape perspectives on population dynamics. Am.

Nat. Suppl. 137, 50±66.

Smith, K.G.V., 1989. An introduction to the immature stages of

British ¯ies. In: Handbooks for the Identi®cation of British

Insects, Vol. 10, Part 14. Royal Entomological Society of

London, London.

Smith, S.M., Gadawski, R.M., 1994. Swarming and mating in

Aedes provocans (Diptera, Culicidae). Great Lakes Entomol-

ogist 27, 175±184.

Sokal, R.R., Rohlf, F.J., 1981. Biometry, 2nd Edition. Freeman,

New York.

StruÈve-Kusenberg, R., 1981. Sukzession und trophische Struktur der

Bodenfauna von Brachland¯aÈchen. Pedobiologia 21, 132±141.

Trnka, P., RozkosÏnyÂ, R., Gaislaer, J., HouskovaÂ, L., 1990.

Importance of windbreaks for ecological diversity in agricul-

tural landscape. Ekologia (CSFR) 9, 241±258.

Teskey, H.J., 1990. Insecta: Diptera larvae. In: Dindal, D.L. (Ed.),

Soil Biology Guide. Wiley, New York.

Zwolfer, H., Stechmann, D.H., 1989. Struktur and Funktion von

Hecken in tieroÈkologischer Sicht. Verhandlungen der Ge-

sellschaft fur OÈ kologie 17, 643±655.

Jan Frouz is a soil biologist focusing on the ecology of soil dwelling

insects. His research is concentrated namely on two fields: role of soil

insects in litter decomposition and nutrient cycling and on factors

affecting persistence and distribution of soil insect populations in the

landscape. In this aspect, his research is focused on the plant±soil

invertebrate interactions during succession or along environmental

gradients. He is educated in Agronomy (M.Sc. 1990, Agr. Univ.

Prague), taxonomy and ecology of animals (M.Sc. 1992, Charles

University, Prague); Ph.D. in entomology was received in 1995. He is

a full-time research scientist at the Institute of soil Biology, Academy

of Sciences of the Czech Republic.

Maurizio Guido Paoletti has been working on soil biology,

entomology, topical biology and agroecology. His research has been

developed in Italy, China, and South America. He has published 15

books and 190 scientific papers. He received a decree in Natural

Sciences from Padova University in 1973 and 1978 a master decree in

Human Ecology. Since 1983, he has been a university researcher at the

Department of Biology at Padova University. He has been a visiting

professor at the Ohio State University, Department of Entomology,

Cornell University, Department of Entomology, and the University

of Colorado, Department of Anthropology, in 1987, 1992 and 1999.

He gives a course at the International Master of Human Ecology at

Fry University of Bruxelles. He has developed ideas and links between

biodiversity, sustainable agriculture and use of natural resources.

J. Frouz, M.G. Paoletti / Landscape and Urban Planning 48 (2000) 19±29 29


