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Abstract 

 

The effects of raking off mown vegetation and not raking off mown vegetation on 

invertebrates was investigated. Paired samples of higher arthropod taxa were taken 

from verges on opposite sides of a cycle path south of York. Samples were taken on 

six occasions between June 2006 and June 2007 along a 125 metre length of the 

path using a vacuum sampler. Taxa investigated were Diptera, Coleoptera, 

Hemiptera, Hymenoptera, Lepidoptera, mites, Collembola and arachnids, with 

comparisons made using the Wilcoxon Signed Rank Test. Coleoptera and 

Hemiptera, excluding aphids, were taken to species level and species composition 

was compared using Decorana plots for the raked and unraked sections at the 

different sampling times.  

 

Diptera were found to be significantly more common on raked off areas of the path 

(Z=-2.79, P<0.001), while other taxa did not show significant differences between 

raked and unraked sections. When raked and unraked sections were analysed 

separately, arachnids, mites, Collembola and Diptera showed a range of correlations 

with vegetation height and rainfall in the previous month. The presence of southern 

species of both Coleoptera and Hemiptera in the samples suggests that the cycle 

path verges may be being used as corridors for invertebrates to move northwards as 

the climate changes. Management suggestions for cycle route verges based on the 

study are made. 
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Introduction 

 

Habitats throughout the UK are becoming increasingly fragmented, agricultural 

intensification and urbanisation being the main reasons for this. Fragmentation is 

defined as “the process whereby habitat loss results in the division of large 

continuous habitat into smaller isolated habitat fragments” (Ewers and Didham 2006). 

Isolated species and communities are more vulnerable to disease, catastrophic 

events such as fire or floods, lack of genetic variability, and the effects of climate 

change (Thomas et al 1992, Thomas et al 2004). Climate change will also increase 

the need for species to move to new areas and a number of southern species of 

invertebrates are already increasing their range and moving north. Invertebrates vary 

greatly in their life cycles and habits and invertebrates with low mobility are more 

likely to be affected by changes in climate and lack of habitat connectivity  (DEFRA 

2007). Connectivity between habitat fragments can increase biodiversity and improve 

species survival (Bennett 2003)   

 

One type of habitat which has greatly decreased in area and become more 

fragmented is semi improved grassland. A review of lowland grassland by Fuller in 

1986 showed that at that time the extent of semi natural grasslands was 0.2 M ha, 

which was only 3% of the amount of semi natural grassland which had been present 

50 years earlier (Fuller 1986). The declines in semi improved grassland are due to 

changes in agricultural practises such as ploughing up, draining, and reseeding 

grassland with high yielding species of grass such as perennial rye, Lolium perenne  

and meadow fescue, Festuca praetensis as well as the use of fertilisers to encourage 

the growth of such species at the expense of finer grasses and flowering plants 

(Fuller 1986, Vickery et al 2001). Shrubb (2003) in his book Birds, Scythes, and 

Combines traces the history of farming practises from 1750 to the present day. 

Shrubb in his conclusion states that the main reason for the present day decline in 

farmland birds is the recent changes in farming methods and technologies, the most 

important being the changes in grassland management which amongst other effects  

leads to a lack of invertebrate food for birds. Areas of grassland habitat less 

vulnerable to farmland management are verges adjacent to roads, railways, and 

cycle routes. 

 

The area of roadside verges in England is approximately 212,000 ha and a wide 

variety of types of grassland are found within these verges (English Nature 1999). 

The grassland can vary from remnants of unimproved semi natural grassland along 
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ancient roads to verges beside roads built in the last 30 years where the vegetation 

may have no link with the past. Grassland beside roads can be a potentially valuable 

habitat for many species of plants and animals (Eversham and Telfer 1994, Heldon 

and Leather 2005, Munguira and Thomas 1992). Roadside verges used to be 

managed using manual labour with in some cases one or two hay crops being taken 

from the verges, or vegetation being cut with scythes and raked off. Both types of 

management prevented the growth of coarse grasses and vegetation (English Nature 

1999). Railway verges were also managed using manual labour. Steam trains were 

used up until the 1950s so it was particularly important to keep the land beside 

railway lines clear so that sparks from trains did not cause fires (Michael Woods 

Sustrans ecologist pers. comm.) A permanent way gang based at stations along the 

railway network maintained railway tracks and verges, with each gang being 

responsible for a particular stretch of track and verge (Amersham 2007). Historically 

therefore the management of road and rail verges tended to maintain large areas of 

semi improved grassland which in turn could provide corridors for movement 

between habitat fragments. 

 

Cycle path verges have the potential to be a valuable resource for wildlife compared 

to roads as there is less chance of road kill by vehicles, and less salt is used in winter 

which can have a deleterious effect on plant diversity (Tikka et al 2000). Cycle path 

verges will also suffer less from the deposition of nitrogen from fuel used by vehicle 

engines, which can also reduce plant diversity (Goulding et al 1998).  Maintenance of 

these verges so as to maximise their potential for supporting plant and animal 

species would be very worthwhile both in providing habitat, and the network has the 

potential to be an important resource for animals to move between different areas of 

suitable habitat using the cycle routes as corridors. The cycle path charity Sustrans 

received Millennium Lottery funding to build a network of cycle paths throughout the 

UK. The network comprises some 10,000 miles of cycle paths, many of the paths 

were built on disused railway lines (Sustrans 2006). The cycle routes are either off 

road or on quiet roads, and increasing biodiversity along these routes could be 

popular with walkers and cyclists, and also tourists.   

 

Kirby (2001) stresses how valuable a habitat semi improved grassland is for 

invertebrates and also suggests that management purely by grass cutting produces a 

very uniform sward and that introducing practises which increase variation are 

beneficial. Work by Cattin et al. (2003) on spider communities in meadows in 

Switzerland showed that mowing affected different groups of spiders in different 
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ways. Families and species dependant on vegetation structure were most adversely 

affected by mowing, and groups that favoured open habitat benefited most from 

mown areas. Parr and Way (1988) did an experimental comparison of eleven 

different cutting treatments over an eighteen-year period on roadside verges in 

Cambridgeshire. A management technique which had a very significant effect on 

plant biodiversity, was the raking off of cuttings. The removal of cuttings appears to 

reduce phosphorus levels but have only a small effect on nitrogen levels, similar 

effects were found by Schaffers et al (1998). Parr and Way however concluded that 

the increase of plant biodiversity was more likely to be due to physical effects than 

changes in nutrient levels. The effect of leaving cuttings on the ground can smother 

vegetation and lead to the spread of plants which can tolerate the conditions and 

prevent new seedlings of different species establishing, and so lower plant species 

diversity. In contrast when vegetation is raked off there is no smothering effect and 

the raking leads to scarification of the turf and provides spaces for seeds to 

germinate. Few studies have looked at the effects of mowing and then raking off 

vegetation on invertebrate abundance and diversity. The present study has a focus 

on the impact of one management practise, namely the differential effect on 

arthropod biodiversity of raking off or not raking off mown grass on the verges of 

cycle paths. 

 

Objectives 

 

The primary objective of the study was to compare the effects of raking or not raking 

off mown vegetation on higher arthropod taxa on cycle path verges. The effects were 

measured on total arthropod numbers, and numbers within seven higher taxa. Paired 

samples were taken from opposite sides of the cycle path which had contrasting 

treatments. 

 

In addition Coleoptera and Hemiptera were identified to species level and differences 

between species composition of these two taxa found in the raked and unraked 

sections were compared.  

 

The effects of vegetation height at the time of sampling and rainfall in the previous 

month for raked and unraked sections were included in the analysis. 
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Methods 

 
Location  

The City of York in the North East of England has a fairly extensive cycle route 

network within the city and out into the surrounding countryside (York City Council 

2007). A number of these routes have been built by the cycle route construction 

charity Sustrans (Sustrans 2007). The cycle route network in the City of York was 

checked to find an area where the verges on opposite sides were as similar as 

possible. The amount of shading, types of vegetation, slope, maintenance, presence 

or absence of hedges, and width were considered. A portion of the York to Selby 

cycle path, route 65 on the Sustrans network was eventually chosen because it had 

the most homogeneous sides (Figure 1).  

 

Figure 1. Map showing the York to Selby Cycle Path with a circle showing the  

location where the sampling took place. 
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The area was just south of the village of Naburn, grid reference SE 606451. The path 

at this point runs through arable land. In 2006 the field to the east had a winter wheat 

crop, and on the west legumes. In 2007 the field on the east again had winter wheat 

and the field on the west a cereal crop. The cycle path at this point has a tarmac 

surface the original limestone surface was replaced three or four years ago.  

 

The cycle path from York to Selby was built on the old east coast main railway line. 

The line was a part of the original Great Northern Railway which was built between 

1848 and 1850 with the link to York being opened in 1850 (Railways on line 2007). 

Historic Digimap (EDINA Digimap 2007) provides maps of the area from the County 

Series 1:10560 covering the period 1846-1899 before the railway line was built. The 

railway line appears in the first revision of the series, dated 1888-1914. In the early 

1980s the path of the railway line was moved about four kilometres west to avoid 

subsidence associated with the Selby coalfield which was developed at this time. The 

cycle path was built in 1984-85 on the disused railway line. Dave Jackson of 

Sustrans has built and managed the path since 1984 and has provided a history of 

the development of the path and the present vegetation. The ballast from the centre 

two metres of the track was removed and used in the building of the A64 York 

bypass. The cycle path was constructed on the sub base of the railway line. The 

verges were left, and were reseeded with a low maintenance grass mixture, which 

included short growing fescues, with red and white clovers and a wildflower mixture. 

Many trees and shrubs were planted including birch, oak, willow spp, rowan, maple, 

holly with a variety of fruit trees. Some embankments and siding areas were left and 

not reseeded. 

 

Management of the verges in the 1960s and 70s of the section of the railway from 

York to Selby was by spraying twice a year with weed killer, the residues had the 

effect of killing a number of trees which were subsequently planted by the cycle path. 

Since the cycle path has been constructed the verges in the experimental area have 

been mowed three times a year. The first metre of the verge next to the bike path is 

mowed, as this prevents long grass encroaching on the path. Occasional mowing of 

the areas further from the path is done to prevent the growth of brambles. Mowed 

material has never been raked off. 

 

Experimental design 

This study was designed as a controlled trial, whereby alternating sides of a stretch 

of cycle path with uniform verges were either raked or not raked. By comparing the 
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samples from matched raked and un-raked sections, it was possible to determine 

whether raking did or did not have an effect on arthropod numbers and diversity.   

 

Timing of mowings and rakings 

Discussions with the Sustrans employee, Dave Jackson, who maintains the route 

ascertained that the verges in this area were cut three times a year, once in late April 

or early May, once in June/July and a final cut at the end of September. 

Arrangements were made to ensure that any mowed vegetation was removed within 

two weeks, as this was the timescale most likely to reduce the amount of potassium 

leached into the soil from the cuttings (Scaffers, Vesseur, Sykora 1998).  

 

Due to dry weather in June and July 2006 the mid summer mowing was not carried 

out and a final cut was made on September 20th. A dry spring in 2007 meant that 

although the verges were cut in early May there was only a very small amount of 

grass that was actually raked up. 

 

Raking off of the early mowing in May 2006 was problematic as the mowing 

machinery broke down and the West side of the path was mown on the 24th May and 

the East side was mown on the 9th June. When the second mowing had been 

completed there had been considerable growth of the vegetation. The two sides of 

the path were therefore not as exactly comparable as they should have been. 

 

Layout of the experimental area  

The layout of the experimental area, with five pairs of alternating sections of 25 

metres each, 125 metres in total, is shown in Figure 2. Mown vegetation was 

removed and placed in litter piles at either ends of the raked off sections, the litter 

piles were placed in the positions shown in Figure 2. 
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Figure 2. Showing layout of the 125-metre experimental area with the position 

of the raked and un-raked areas and the litter piles. 
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Timing of sampling 

Five samples were taken from each 25 metre section on the six sampling occasions 

in June, July, August and September 2006, and May and June 2007. The points 

within the 25 metre raked and unraked sections at which the samples were taken at 

the different sampling times is shown in Figure 3.  

 

Figure 3. Layout of 25 metre sub-section showing sampling positions at the 

different sampling times. 
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The dates of sampling were, 23rd and 26th June 2006, the samples were taken on two 

different days due to mechanical problems. In July 2006 sampling occurred on the 
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hottest day of the year, 17th July, with an average temperature of 33 deg C, August 

2006 samples were taken on 25th August and the September samples were again 

taken on two days due to mechanical problems on 19th and 20th September. In 2007 

the two sampling times were May 6th and June 11th. The May samples were taken 

after an early and warm spring with a very prolonged dry spell of seven weeks with 

practically no rainfall. 

 

Plant species identification 

A note of plant species present was made at each visit to the experimental area, and 

a species list was made. Plants were identified to species level using Rose and 

O’Reilly (2006) and Hubbard (1983), additional help with the grasses was provided 

by Morwenna Christian and Simon Christian of Natural England. 

 

Sampling techniques 

Sampling was carried out with a vacuum sampler, which was a converted leaf 

blower, a McCulloch Super Air Stream IV gas blower vac. The machine was adapted 

to collect invertebrates by placing specially made muslin bags in the intake tube to 

collect the samples. A vacuum sampler was the most appropriate method of 

collection of the samples because the area sampled could be exactly the same for 

each sample. Alternative methods such as pitfall traps or pan traps would have been 

too vulnerable to disturbance as the path is well used by cyclists, walkers and dogs.   

 

Samples were taken from the centre of the mown metre strip on either side of the 

cycle path. To ensure that areas of equal size were sampled a plastic cylinder was 

used, which was 21cm high with an internal area of 855.3 cm2. Each sample was 

taken using three sweeps around the internal circumference of the cylinder and three 

sweeps across the centre of the cylinder, all on maximum power.  

 

The vacuum sampler proved mechanically unreliable and on a number of occasions 

the samples were collected over a couple of days as the vacuum sampler had to be 

taken away for repairs. The September 2006 samples were collected over two days 

due to this problem. On returning on the second day it was found that the area had 

been mowed in the intervening period. The last 20 samples collected were therefore 

not comparable to the samples taken before the area was mowed. Unfortunately the 

message that the mowing was taking place did not get through as Dave Jackson 

dropped his mobile phone into the mowing machine! 
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The muslin bags containing invertebrates were numbered and placed in a deep 

freeze at minus18 degrees Centigrade. The samples were then sorted and analysed 

with the invertebrates being assigned to higher arthropod taxa using Chinery (1993) 

and Chinery (2005). Use was also made of Unwin (1984), Unwin (2001) and Stubbs 

& Drake (2001) and Stubbs & Falk (2002). The Coleoptera were identified to species 

level by Bob Marsh, the Coleoptera recorder from the Yorkshire Naturalist’s Union. 

The Hemiptera, except for aphids, were identified to species level by W. R. Dolling of 

the Yorkshire Naturalist’s Union and the Natural History Museum. The Coleoptera 

samples for 2007 were lost in the post probably due to flooding and a postal strike, 

so analysis for both Coleoptera and Hemiptera species was only carried out for the 

2006 samples. 

 

Vegetation heights 

An average vegetation height was assessed for each sampling position. A cardboard 

circle with an area of 268.8 cm2 was used with a slot cut in the centre. The cardboard 

circle was slid down a ruler and one height reading was taken within each sampling 

area of 855.3 cm2.  Fifty measurements were taken at each sampling time. 

Vegetation height was measured for the last four sampling times, August and 

September 2006 and May and June 2007. 

 

Litter sampling 

The intention was to collect litter samples in autumn 2006 and early spring 2007. 

When the litter samples were collected only a few of the litter piles could be found. A 

combination of insufficient material, wind, children and dogs playing on the verges, 

and rapid decomposition meant that there were inadequate litter piles for statistical 

analysis. The litter that was found contained much higher numbers of larvae than 

were collected with the vacuum sampler. Some of the larvae were kept and raised, 

the ones that successfully reached adulthood were Diptera. In this the methods from 

the Dipterist’s Handbook by Stubbs & Chandler (1996) were employed. 

 

Rainfall figures 

Rainfall figures were obtained from the University of York Weather Station (University 

of York 2007), which is approximately 5 kilometres from the experimental site. Total 

rainfall was calculated for the month prior to each of the sampling times.  
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Analysis 

The graphing of total numbers of different arthropod higher taxa over the different 

sampling periods was carried out in Excel. Further analysis was completed using 

SPSS 14. The data was count data and for all the groups was found to be very 

strongly non parametric. A number of transformations were unsuccessful in making 

the data normally distributed, including loge(1+x), arcsine, log (1+x),and  

log(1+log(1+x)). Non parametric tests were therefore used. The Wilcoxon Signed 

Rank Test was used to compare the paired samples from the raked and unraked 

sections of the verge. Correlations were calculated using Spearman’s rho for total 

invertebrate numbers and numbers in the different taxa in the raked and the unraked 

sections of the verge and these were correlated with rainfall and vegetation height.  

Decorana in the Community Analysis Package (CAP 3.1) was used to draw plots 

comparing the species of Coleoptera and Hemiptera found in the raked and unraked 

sections of the verge at the different time periods.  

 

Results 

 

Description of vegetation at the study site 

The verges had a wide variety of plants as shown in Table 1 with 45 species of 

flowering plants, seven tree and shrub species and eight grasses. Mosses and 

lichens were not identified and were scarce. The area could be described as neutral 

semi improved grassland with a tall herb area. The mown area of the verge was 

about one metre wide, and the height of the vegetation varied from bare ground to 20 

cm.  Dominant plants in the mown strip were a variety of grasses with large patches 

of Black medick, Medicago lupilina and Trifolium species and a wide variety of 

herbaceous species. Beyond the verge, there was a strip of tall herbs from 4-6 

metres wide and the height of vegetation ranged from 20cm up to 150 cm. The 

dominant plants in this area were tall grasses and herbs such as Knapweed, 

Centaurea nigra, and Ragwort, Senecio jacobaea, coarser grasses including 

Cocksfoot and closer to the arable fields there were patches of Bramble, Rubus 

fruiticosus and Nettle, Urtica dioica. The vegetation may have been affected by 

rabbits which were active in parts of the verge and appeared to be present in much 

higher numbers in May and June 2007 presumably after the mild winter. 
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Table 1. Plant species identified on the cycle route verges between June 

2006 and June 2007. 

 

 

Herbaceous plants 

Autumn hawkbit Leontodon autumnalis 

Bird’s foot trefoil Lotus corniculatus 

Bittercress Cardamine hirsuta 

Black medick Medicago lupilina 

Broad leaved dock Rumex obtusifolius 

Broad leaved plantain Plantago major 

Burnet saxifrage Pipinella saxifraga 

Bush vetch Vicia sepia 

Coltsfoot  Tussilago farfara 

Common field speedwell Veronica persica 

Common mouse ear Cerastium fontanum 

Cow parsley Anthriscus sylvestris 

Creeping buttercup Ranunculus repens 

Creeping thistle Cersium arvense 

Daisy  Bellis perennis 

Dandelion Taraxacum agg. 

Eyebright Euphrasia nemorosa 

Field pansy Viola arvensis 

Fools parsley Aethusa cynapium 

Forget me not Myosotis arvensis 

Goat’s beard Tragopogon pratensis 

Goose grass Galium aparine 

Great mullein Verbascum thapsus 

Hoary plantain Plantago media 

Hogweed Heracleum spondylium 

Knapweed Centaurea nigra 

Marestail  Equisetum arvense 

Mugwort  Artemesia vulgaris 

Nettle  Urtica dioica 

Nipplewort Lapsana communis 

Oxeye daisy Leucanthemum vulgare 

Ragwort  Senecio jacobaea 

Red campion Silene dioica 

Red clover Trifolium praetense 

Ribwort plantain Plantago lanceolata 

Rough hawksbit Leontodon hispidis 

Scabious Knautia avensis 

Small flowered cranesbill Geranium pusillum 

Sorrel  Rumex pulcher 

Spear thistle Cersium palustrum 
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Stone parsley Sisom amonum 

Tufted vetch Vicia cracca 

White campion Silene latifolia 

White clover Trifolium repens 

White dead nettle Lamium album 
 
Trees and shrubs 

Bramble  Rubus fruiticosus 

Broom  Cytisus scoparius 

Dogwood Cornus sanguinea 

Hawthorn Crataegus monogyna 

Pendunculate oak Quercus robur 

Rowan  Sorbus aucuparia 

Silver birch Betula pendula 
 
Grasses 

Cocksfoot Dactylis glomerata 

Golden oat grass Trisetum flavescens 

Annual meadow grass Poa annulis 

False oat grass Arrhenatherum elatius 

Crested dog’s tail Cynosurus cristatus 

Red fescue Festuca rubra 

Perennial rye Lolium perenae 

Yorkshire fog Holcus lanatus 
 

 

 

Comparison of arthropod higher taxa for raked and unraked sections 

The seven most commonly found arthropod higher taxa were identified and counted, 

these were Diptera, Hemiptera, Coleoptera, Lepidoptera, mites (Acarina), Collembola 

and arachnids.  The numbers of individuals counted at the different sampling points 

is shown in Table 2 for both the raked and unraked sections.  
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Table 2. Frequencies of invertebrates found at six time periods on the matched 

raked and unraked verge sections of the cycle path 

 

Sampling times 
Raked or 
Unraked 
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Totals 

Jun-06 raked 37 84 19 23 1 34 19 5 222 

Jun-06 unraked 25 25 16 10 1 42 7 6 132 

Jul-06 raked 6 69 11 8 1 5  0 7 107 

Jul-06 unraked 6 45 3 17 2 2  0 4 79 

Aug-06 raked 60 37 30 17 2 22 213 82 463 

Aug-06 unraked 41 40 27 16 1 16 143 58 342 

Sep-06 raked 40 86 16 52 5 17 60 40 316 

Sep-06 unraked 23 85 49 15  0 32 100 60 364 

May-07 raked 2 3  0 4 1 1 1 3 15 

May-07 unraked 3  0 3 9  0 2  0 4 21 

Jun-07 raked 20 40 19 47 1 101 5 9 242 

Jun-07 unraked 17 97 51 40 2 103 13 8 331 

Totals   280 611 244 258 17 377 561 286 2634 

 

Direct graphical comparisons were made between raked and unraked sections for 

the higher arthropods: graphs of the variation in the total number of individuals 

identified at the different time points are shown in Figures 4 as well as for individuals 

in the different taxa which are shown in Figures 5 to 11. 
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Figure 4. Total invertebrate abundance for all taxa on raked (pale columns) and 

unraked (dark columns) areas of the cycle path verges in relation to sample 

date. 
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Figure 5. Diptera abundance on raked areas (pale columns) and unraked areas 

(dark columns) of the cycle path verges in relation to sample date. 
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Figure 6. Hemiptera abundance on raked areas (pale columns) and unraked 

areas (dark columns) of the cycle path verges in relation to sample date. 
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Figure 7. Coleoptera numbers on raked areas (pale columns) and unraked 

areas (dark columns) of the cycle path verges in relation to sample date. 
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Figure 8. Hymenoptera numbers on raked areas (pale columns) and unraked 

areas (dark columns) of the cycle path verges in relation to sample date. 
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Figure 9. Mite numbers on raked areas (pale columns) and unraked areas (dark 

columns) of the cycle path verges in relation to sample date. 
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Figure 10. Collembola numbers on raked areas (pale columns) and unraked 

areas (dark columns) of the cycle path verges in relation to sample date. 
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Figure 11. Arachnid numbers on raked areas (pale columns) and unraked areas 

(dark columns) of the cycle path verges in relation to sample date. 
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For all the groups there were very wide variations in numbers between the different 

sampling times, with the most extreme variations being seen in the numbers of mites 

and spiders. Numbers of Lepidoptera were very small and therefore were not 

included in all of the analyses. 

 

A statistical comparison was made between raked and unraked sections to test 

whether there were differences in the numbers of orders found in each sample, see 

Table 3.   

 
Table 3. Comparison of total numbers counted and numbers of orders in each 

sample for raked and unraked areas, using the Wilcoxon signed ranks test. 

 

  
Total 
numbers 

Number of 
orders 

Z -0.59 -0.05 

P value  0.56 0.96 

 

The Wilcoxon signed ranks non parametric test was used to look at differences 

between total numbers of invertebrates in each sample in the raked and unraked 

sections and between total number of orders in the raked and unraked samples. No 

significant differences in totals or orders between raked and unraked samples were 

found as shown in Table 3. Individual taxa were compared in the raked and unraked 

sections to see whether there were differences between the samples. The Wilcoxon 

signed ranks test was again used, and Table 4 shows the results of this test. There 

was a significant difference in Diptera with a P value at the 0.01 level, with 

significantly higher numbers of Diptera on the unraked sections of the verge. For 

Coleoptera some differences were found between raked and unraked sections (with 

a P value of 0.08 ) with higher numbers of individuals being found on the unraked 

sections. 

 

Table 4. Comparison of different higher arthropod taxa in the raked and 

unraked samples using the Wilcoxon signed rank test. 

  Diptera  Hemiptera  Coleoptera  Lepidoptera Mites  Collembola  Arachnids Hymeoptera  

Z -2.79 -0.61 -1.72 -1.11 -0.99 -1.19 -0.01 -1.36 

P value 0.01* 0.54 0.08 0.27 0.32 0.23 0.99 0.17 

 

* P<0.05 
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Separate analysis for Coleoptera and Hemiptera 

The beetles collected in 2006 were identified and 29 species of beetle were found, 

see Table 5 for details.  

 

Table 5. List of species of Coleoptera found and identified* on the cycle route 

verges.  

 

 
Species        Habits 

Amara aulica ground beetle feeds on seeds of Compositae 

Apion dichroum seed weevil 

Apion frumentarium seed weevil larvea develop in mines in Rumex spp 

Apion nigritarse seed weevil Trifolium sp 

Atheta fungi rove beetle fungus eating 

Atomaria fuscata fungus eating beetle 

Badister bipustulatus snail eating ground  beetle 

Bembidion lampros ground beetle  

Bembidion quadrimaculatum ground beetle on open dry soil 

Cantharis nigra soldier beetle 

Cassida rubiginosa tortoise beetle feeding on docks and burdocks 

Chaetocnema concinna flea beetle larvae knotgrasses adult mangolds 

Hypera nigrirostris weevil on legumes and on Rumex spp  

Longitarsus gracilis flea beetle on ragwort Senecio jacobaeae. 

Longitarsus jacobaea flea beetle on ragwort Senecio jacobaeae. 

Longitarsus luridus leaf &flea beetle  

Longitarsus pratensis leaf &flea beetle plantain 

Longitarsus suturellus leaf beetle Senecio jacobaeae 

Metabletus truncatellus ground beetle scarce found on bare ground sandy soil 

Notiophilus palustris ground beetle diurnal in damp shady places 

Otiorhynchus ovatus root weevil 

Propylea 14-punctata aphid eating 

Psyllobora vigintiduopunctata mildew eating 

Sitona hispidulus weevil larvae on roots Trifolium spp adults on leaves 

Sitona lineatus weevil feeds on legumes 

Sphaeroderma rubidum flea beetle feeds on thistles 

Stenus clavicornis rove  beetle recorded in 26 10km squares in UK 

Tachyporus hypnorum rove beetle aphid eating 

Tachyporus obtusus rove beetle grass tussocks, moss, leaf litter 
 

* Identified by Bob Marsh, Coleoptera recorder for Yorkshire Naturalist’s Union, with 

the addition of notes on habits and feeding patterns from the British Museum (2007) 

and UK Ladybird Survey (2007). 
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The 29 Hemiptera species, not including aphids, found in 2006 are listed in Table 6. 

 

Table 6. List of Hemiptera species found and identified* on the cycle route 

verges 

 

 

 

 

Species Habits 

Agallia venosa associated with grasses or herbs in grassland 

Amblytylus nasculus on grasses southern spp recent arrival 

Aphrodes histrionicus associated with grasses or herbs in grassland 

Arthaldeus pascuellus adult associated with grasses or herbs in grassland 

Artholdeus pascuellus nymph associated with grasses or herbs in grassland 

Berytinus minor adult associated with clovers 

Berytinus minor nymph associated with clovers 

Ciccadellidae Deltocephalinae sp nymph on grasses two or spp occur together 

Ciccadellidae Macrosteles sp nymph associated with grasses or herbs in grassland 

Cymus claviculus associated with sedges and rushes 

Dicyphus epilobei on large willowherb Epilobium hirsutum 

Dicyphus globulifer on red and white campion 

Dikraneura variata associated with grasses or herbs in grassland 

Doratura stylata associated with grasses or herbs in grassland 

Euscelis incisus associated with grasses or herbs in grassland 

Delphacidae nymph on grasses two or spp occur together 

Javesella  pellucida on grasses two or spp occur together 

Javesella dubia on grasses two or spp occur together 

Javesella sp on grasses two or spp occur together 

Lygus rugulipennis on ruderal weeds eg mayweed 

Megophthalmus scanicus associated with grasses or herbs in grassland 

Megophthalmus scanicus nymph associated with grasses or herbs in grassland 

Mocydia crocca ? nymph associated with grasses or herbs in grassland 

Nabis ferus predator in the herb layer 

Paluda adumbrata associated with grasses or herbs in grassland 

Philaemes spumaries widely polyphageous on plants 

Plagiognathus chrysanthemi on plants of daisy family 

Plagiognathus chrysanthemi nymph on plants of daisy family 

Psallus diminutus ? on oak 

Stenocranus minutus on cocksfoot grass Dactylis 

Stenodema sp nymph on grasses   

Zyginidia scutellaris associated with grasses or herbs in grassland 

  

*Determined by W. R. Dolling of the Yorkshire Naturalist’s Union 

 and British Museum, who also provided notes on habits and feeding patterns. 
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The only species which appeared in large numbers was Berytinus minor. Berytinus 

minor did not show any particular preference for the raked or unraked sections of the 

verge but did show strong variations between the different times of sampling, as 

shown in Figure 12. 

 

Figure 12. Showing variations in numbers of Berytinus minor at the different 

sampling times. 
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The Coleoptera and Hemiptera species were further analysed and Decorana plots 

were produced, as shown by Figures 13 and 14. Totals for raked and unraked 

sections of the verge at the different sampling times were compared and also the 

totals collected on the east and west sides of the path were included to see if very 

different species assemblages were sampled on the different sides.  

 

The Coleoptera plot had 33% of the variation explained by Axis 1. At all the sampling 

times the plot shows that there is not very much difference between the species from 

the raked and unraked samples, with the September samples being identical, also 

the beetles from the east and west sides of the path are similar.  

 

The Hemiptera plot had 26% of the variation explained by Axis 1.The plot shows that 

the species found on the raked and unraked sections are very similar at the different 

sampling times with little difference between the east and west sides of the path. For 

both Coleoptera and Hemiptera there are wide differences in species composition 

between the different sampling times. 
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Figure 13. A Decorana plot of Coleoptera species from raked (R) and unraked 

(U) areas at different sampling times. Axis 1 explains 33% of the variability, 

Axis 2 explains 11% of the variability. 
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Figure 14. Decorana plot of Hemiptera species from raked (R) and unraked (U) 

areas at different sampling times. Axis 1 explains 24% of the variability, Axis 2 

explains 8%. 
D

E
C

O
R

A
N

A
 O

rd
in

at
io

n 
P

lo
t -

 h
em

ip

A
xi

s 
1

28
0

26
0

24
0

22
0

20
0

18
0

16
0

14
0

12
0

10
0

80
60

40
20

0

Axis 2

20
5

20
0

19
5

19
0

18
5

18
0

17
5

17
0

16
5

16
0

15
5

15
0

14
5

14
0

13
5

13
0

12
5

12
0

11
5

11
0

10
5

10
0 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0 -5 -1
0

-1
5

to
ta

l

R 
6/

06

U 
6/

06 R 
7/

06

U 
7/

06

R 
8/

06

U 
8/

06

R 
9/

06

U 
9/

06

E

W



 28 

Correlation of invertebrate numbers with rainfall and vegetation height 

For the raked areas of the verge, the correlation coefficients and P values are shown 

in Table 7. The numbers of Diptera are significantly positively correlated with 

vegetation height and rainfall on the raked sections of the path with values of 

Spearman’s rho of 0.29 and 0.30 and P =0.04 and 0.01 respectively. Mite numbers 

are positively correlated with rainfall, Spearman’s rho 0.29 and P= 0.02. Arachnids 

were significantly positively correlated, Spearman’s rho 0.5 and 0.56  P < 0.001 with 

both rainfall and vegetation height on the raked sections. The total numbers of 

invertebrates in each sample and numbers of orders of invertebrates present in each 

sample were strongly correlated with both rainfall and vegetation height, values for 

Spearman’s rho from 0.57 to 0.68 with P< 0.001, in the raked sections. 

 

Table 7. Raked area showing correlations between numbers of invertebrates 

with vegetation height and rainfall, using Spearman’s rho. 

 

    
Vegetation 

height 

Rainfall 
previous 
month 

Diptera 

rho 0.29 0.30 

P 0.04* 0.01* 

Hemiptera 

rho -0.06 -0.09 

P 0.67 0.43 

Coleoptera 

rho -0.09 -0.18 

P 0.57 0.20 

Hymenoptera 

rho -0.08 -0.04 

P 0.62 0.78 

Mite 

rho -0.13 -0.29 

P 0.39 0.02* 

Collembola 

rho 0.25 0.21 

P 0.1 0.13 

Arachnids 

rho 0.5 0.56 

P <0.001** <0.001** 

Total number of 
invertebrates 

rho 0.64 0.57 

P <0.001** <0.001** 

Number of orders of 
invertebrates  

rho 0.68 0.61 

P <0.001** <0.001** 

* Significant at the 0.05 level (2-tailed) 

** Significant at the 0.001 level (2-tailed) 
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For the unraked sections of the verge, the correlation coefficients and P values are 

shown in Table 8. Diptera were positively correlated Spearman’s rho 0.27 and P= 

0.04 with rainfall in the previous month, and arachnids were also correlated with 

rainfall in the previous month Spearman’s rho 0.54 P<0.001. Similarly to the raked 

sections of the path total numbers of invertebrates in the samples and numbers of 

orders of invertebrates showed very significant correlation with both vegetation height 

and rainfall Spearman’s rho values between 0.60 and 0.66 with P< .001). 

 

Table 8. Unraked area showing correlations between numbers of invertebrates 

with vegetation height and rainfall, using Spearman’s rho. 

 

    
Vegetation 

height 

Rainfall 
previous 
month 

Diptera 

rho 0.13 0.27 

P 0.41 0.03* 

Hemiptera 

rho 0.15 0.07 

P 0.28 0.56 

Coleoptera 

rho 0.15 0.11 

P 0.29 0.39 

Hymenoptera 

rho 0.22 0.08 

P 0.16 0.56 

Mite 

rho 0.16 -0.21 

P 0.27 0.08 

Collembola 

rho 0.20 0.51 

P 0.14 <0.001** 

Arachnids 

rho 0.25 0.54 

P 0.08 <0.001** 

Total number of 
invertebrates  

rho 0.66 0.60 

P <0.001** <0.001** 

Number of orders of 
invertebrates  

rho 0.64 0.64 

P <0.001** <0.001** 

 

* Significant at the 0.05 level (2-tailed) 

** Significant at the 0.001 level (2-tailed)
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Larvae raised from the litter piles 

Three different species of Diptera were successfully raised from the litter piles.  The 

flies were soldier flies and tentatively identified as Pachygaster atra, Beris morrisii, 

and Sargus iridatus. 

 

Effect of mowing per se on invertebrate numbers 

The September 2006 samples were taken over two days as the vacuum sampler 

broke down. On the 19th September sections 3,4 and 5 (Figure 2) were sampled and 

30 samples were collected. On returning to complete the sampling on the 20th 

September the area to be sampled had been mowed. The sampling was then carried 

out in sections 1 and 2 with 20 samples taken and the samples analysed as usual.  

The comparison of numbers of invertebrates in the different taxa between the 

mown and unmown areas is shown in Figure 15. 

 

Figure 15. Comparison of numbers of invertebrates in all the different taxa in 

the 20 mown samples (pale columns) and the 30 un-mown samples (dark 

columns) in September 2006 
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 Discussion 

 

Main findings on the influence of raking 

The main findings of the study were that overall differences in numbers of individual 

invertebrates and numbers of orders of invertebrates sampled was not affected by 

whether vegetation had been raked off the verge or not (Table 3).  Differences 

however were shown between the different arthropod taxa. Diptera were significantly 

more abundant in the raked than the unraked sections (Figure 5 and Table 4).  

Diptera sampled were not identified to species level so it was not possible to see 

whether there was a difference between particular families or species preferences for 

raked or unraked sections of the verge.  The vacuum sampling would not have 

sampled all families of Diptera equally. Standen (2000) compared a number of 

techniques for sampling invertebrates in grassland and concluded that of the Diptera, 

the groups sampled most effectively with a vacuum sampler, were the acalypterate 

Schizophera and Brachycera. The Diptera sampled in the present study were mostly 

small approximately 2-4mm long, and few larger more active and easily disturbed 

flies like hover flies were collected. However it is likely that raking off mown 

vegetation benefits at least some families and species of Diptera. Further sampling 

using a lightweight swish net as well as vacuum sampling would give a more 

complete picture of Diptera present on the cycle route verges (Standen 2000). 

 

More data would be needed to show whether beetles were more abundant on the 

unraked sections of the path. The Wilcoxon signed ranks test showed a P value of 

0.8 for differences in Coleoptera between raked and unraked sections, so it is 

possible that the greater quantity of litter in the unraked sections of the verge 

provided more food or hiding places for Coleoptera.  

 

The Decorana plots of Coleoptera and Hemiptera show that the species composition 

of individuals sampled in the raked and unraked sections were very similar at the 

different sampling dates. Seasonal differences would most probably explain the 

variations in species composition and abundance at the different sampling times. The 

fact that the composition of the total species sampled on the east and west sides of 

the path are very similar is a sign that although the arable fields were different on the 

opposite sides of the path, this did not affect the distribution of species. Sitona 

lineatus which feeds on legumes was the most abundant beetle in samples in 2006. 

Unfortunately it was not possible to see whether the planting of a cereal crop rather 
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than legumes in the arable field adjoining the path on the west side in 2007 affected 

the numbers present, as the samples of beetles were lost for 2007.   

 

Value of litter piles 

Very few larvae were collected in the mown areas of the path using a vacuum 

sampler, however the litter piles that were found and investigated contained large 

numbers of larvae. It is likely that the presence of litter piles adjacent to the cycle 

path verges would be a beneficial management option.  The litter piles could provide 

a different habitat with higher levels of dead vegetable matter, which could benefit a 

number of different arthropods. The species of soldierflies raised from the larvae 

found in the litter piles and tentatively identified are all mentioned as having larvae 

which have been found in rotting vegetation (Stubbs & Drake 2001). Disposing of 

raked off material is a problem for verge management (English Nature 1999) and 

leaving moderate amounts of material in litter piles could be a partial solution to this 

problem. 

 

Secondary influences on invertebrate numbers 

The effects of rainfall and vegetation height were very significant for the overall 

number of taxa and for total numbers of invertebrates collected in samples from both 

the raked and unraked sections of the verge.  Arachnids showed the most correlation 

with both rainfall and vegetation height for the raked sections. Diptera also showed 

correlation in the raked off sections with rainfall and vegetation height. Mites 

correlated with rainfall for the raked off sections. For the unraked sections, springtails 

and arachnids were correlated with rainfall as were Diptera. The slightly different 

results for the raked and un-raked sections probably show the effects of the slight 

environmental changes brought about by raking.  The strong correlations between 

vegetation height and total numbers of invertebrates present and numbers of taxa 

present suggest that the height at which mowing equipment is set could have 

important effects on invertebrates, with a very short sward being a poor environment 

for many invertebrates.  Rainfall is not something which can be controlled by 

management practises, however some mowing regimes, where outside contractors 

mow areas a certain number of times per year at a certain mowing height mean that 

little notice is taken of how much rainfall there has been and what effect that has had 

on vegetation height. 

 

The May 2007 samples were taken after an exceptionally warm and dry spring in all 

districts of the U.K. with April mean temperatures setting new records in all areas 
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(Met Office 2007). The rainfall levels in April were much lower than average with only 

2.6 mm being recorded at the University of York (University of York Weather Centre 

2007). Numbers of invertebrates sampled in all taxa on the cycle path verges were 

very low (Table 2 and Figures 4-11). Such very low numbers of invertebrates would 

be likely to have consequences for birds feeding their young, yellowhammers, and 

corn buntings for example. These birds are very dependant on arthropod availability 

in the breeding season (Brickle et al 200, Perkins et al 2002). The effect of drought 

on insect populations is complex with some species and groups showing little effects 

and others having reduced populations (Morecroft et al 2002). More frequent 

episodes of dry weather due to climate change (Thomas et al. 2004) could have 

serious consequences for mammals and birds which rely on invertebrate food 

supplies. 

 

Samples from September 2006 showed very large differences between samples 

collected when the area had not been mowed and those which were collected 

immediately after mowing as shown by Figure 15. It was found that there were very 

few invertebrates in the samples in the area which had been mowed, and a 

comparison of the numbers sampled in the two areas showed very large differences 

between the areas mown and not mown. The number of samples taken was 30 in the 

un-mown area and 20 in the mown area so the totals are not exactly comparable but 

the differences are striking in that relatively small numbers of invertebrates were 

sampled in the mown areas as shown by Figure 15. All types of invertebrates appear 

to have been equally affected by the mowing, it would appear that very high numbers 

of invertebrates were killed by the mowing process.  This finding is one that is 

congruent with the study reported by Gardener (2006) in which the impact of mowing 

on grasshoppers was assessed. An interesting line or research would be to explore 

the relationship between insect mortality and types of mowing, to identify if there are 

specific types of mowing equipment that are more invertebrate friendly. Mowing 

regimes where verges on one side of a path are mowed, or sections are mowed at 

different times could also mean that invertebrate populations could recover more 

quickly from the effects of mowing, Cattin et al suggest this type of arrangement. 

 

Possible evidence of climate change 

The results from the identification of Hemiptera and Coleoptera showed the presence 

of a number of species which are more commonly found in the South of England. 

Most of the identified species for both beetles and Hemiptera are relatively common 

in grassland. The exception amongst the beetles was Metabletus truncatellus, a 
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species which is nationally scarce (Bob Marsh and Roger Key pers comm.) and 

usually has a more southerly distribution with few records in Yorkshire (National 

Biodiversity Network (NBN) Gateway 2007). Stenus clavicornis a rove beetle, is also 

only recorded in twenty six 10km squares in the UK (NBN Gateway 2007), again 

mostly in the South so is relatively scarce, although this may be a function of it being 

difficult to identify. The Hemiptera present included some specialist feeders such as 

Plagiognathus chrysanthemi,  which feeds on plants in the daisy family, and 

Dicyphus epilobei which is found on the large Willowherb Epilobium hirsutum. Dolling 

commented that Paluda adumbrata was new to him (Dolling  pers. comm.) it is 

usually described as a southern species (NBN Gateway 2007), and also that 

Amblytulus nasutus is a new arrival in Yorkshire from the south. Berytinus minor the 

most common species sampled is one of nine species of British stilt bugs and is 

partly predaceous (Dolling 1991) and is also shown as having a southerly 

distribution(NBN Gateway 2007). The presence of these southerly species suggests 

that climate change may be a factor that is causing this population movement. It may 

also be likely that cycle path verges are already being used as corridors, and could 

be important for species moving to new habitat.  

 

Management of verges 

Verges of roads, railways and cycle path verges not only provide great opportunities 

for habitats for wildlife, but also set a number of management challenges and 

difficulties (English Nature 1999, Magical Meadows 2007). Maintaining semi 

improved grassland when grazing is not a management option means that mowing 

vegetation is vital, as unless the soil is very impoverished a succession to scrub and 

trees will occur. Lack of mowing and reversion to scrub can be a major problem on 

cycle route verges (Michael Woods Sustrans ecologist pers. comm..2006) Verges 

are also frequently maintained to improve visibility and safety for road, rail, or path 

users and not to protect the verges intrinsic value for plants and wildlife. Timing of 

maintenance may not take into account plant or animal needs but be determined by 

convenience for the highway authority, Network Rail or farmer with adjacent land who 

has a maintenance agreement. Financial constraints may mean that what could be 

the best solution from an ecological viewpoint may be too expensive. For example 

removing mown vegetation is not only expensive but also there are logistic problems 

of where to put the mown material and how to compost it (Magical Meadows 2007).  

In a number of areas in the UK, local authorities have arrangements to maintain 

verges which have particularly high biological interest (Dorset Wildlife Trust 2007, 

Lincolnshire Wildlife Trust 2007, Cambridgeshire County Council 2007). Many of 
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these schemes require volunteers to take responsibility for looking after particular 

verges. Sustrans are considering a similar scheme for cycle route verges and have 

drawn up preliminary documents for some verges (Woods 2006). Using volunteers to 

look after verges is a very good way of involving the public but may mean that 

maintenance is patchy and consistent practices are difficult to ensure. Volunteers 

may also have limited experience of plant and animal identification and may prefer 

simple maintenance prescriptions.   

 

Timing of mowing 

The cycle route verge in the present study, though mown in May/June 2006, did not 

have the usual June/July 2006 cut due to low vegetation growth and was therefore 

not cut until late September 2006. This may explain the high numbers of 

invertebrates in all taxa in August and September 2006 (Table 2). Experience of 

management of habitat for butterflies is that a mid summer grass cut in June or July 

is very bad for many species as eggs, caterpillars, and pupae of many species are all 

present at that time (Dr Sam Ellis, Butterfly Conservation pers. comm., Johst et al 

2006). A direction for future research would be to look at invertebrate populations 

where grass cutting times were varied so that for example the effect of a cut in July 

and one in September could be compared. 

 

Limitations of study 

For a more fully balanced study it would have been preferable to have had six 

sections on each side of the path so that there were equal numbers of raked and 

unraked samples on each side. However the lack of difference in Decorana plots for 

the beetles and Hemiptera found on the east and west sides of the path appears to 

show that the paired samples were comparable. 

 

With regard to possible edge effects, the taking of samples from positions “a” and “e” 

(Figure 3) may have shown differences from central positions at “b”, “c” and “d” in the 

subsections.  

 

Several more years might be required to show more subtle variations caused by 

raking or not raking off vegetation. A 38 year study of road verges by Dunnett et al 

(1998) showed that there were strong correlations between weather and the 

responses of plant species, however for some species of plants a time lag of from 0 

to 2 years were observed between for example warm spring temperatures and strong 
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vegetative growth, the study by Parr & Way (1988) also showed changes over a 

number of years. A recent paper looking at long term experiments on management of 

grassland and heaths (Morgan & Jefferson 2007) states that “a number of excellent 

studies either showed little variation after three to four years or gave results that were 

different or reversed after a longer period”.  Morgan & Jefferson also point out how 

rare or severe events such as mild or severe winters, drought or disease outbreak 

which are by their nature unpredictable, can have long term effects on community 

structure, and these effects can only be picked up by long term experiments.  

 

The study could have been improved by including more sites, so that the effect of a 

greater variety of fields adjoining the cycle path could have been investigated and 

controlled for. For example it would be useful to conduct a study in a more urban 

area which would have provided some information on how useful cycle paths might 

be as corridors and refuges for invertebrates in towns and cities, as earlier studies 

have shown for vertebrate species (Evely 2006).  

 

Conclusions 

 

Raking off of mown material from the cycle path verges did not have a difference on 

overall invertebrate numbers or numbers of orders found in samples. Diptera were 

found to be significantly more frequent in the areas of the path where vegetation had 

been raked off. Significant relationships between rainfall and vegetation height were 

found for a number of higher invertebrate taxa on both raked and unraked sections of 

the verge. 

 

The unexpected presence of southern species of both Coleoptera and Hemiptera 

may suggest that cycle path verges are being used as corridors for invertebrate 

species moving north due to climate change. 

 

Semi improved areas of grassland are a very valuable resource and a number of 

management suggestions for cycle path verges are made. Leaving litter piles of 

mown vegetation can provide more habitat variety on the verges.   
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