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Abstract

Definition of northern British grassland Auchenorrhyncha habitats was carried out using a classification
based on analysis of data from 351 sites, involving 121 species, located between Greater Manchester and
northern Scotland. Ten habitats were identified showing little influence of geographical position and
exhibiting a basic upland-lowland trend. Other factors influencing habitat and species assemblage distri-
bution were soil water, vegetation structure and land cover. An analysis of the species data with satellite-
derived land cover data indicated that the lowland covers of tilled land, coast and urban and the upland
covers of heath grassland and shrub heath were most important in affecting both species and assemblage
distribution. The large-scale survey of grassland sites provided new information on both the ecology and
distribution of individual Auchenorrhyncha species. Some were limited to specific habitat types but a
considerable number were generalist species found in most or all of the 10 habitat types but showing
preferences within upland to lowland or wet to dry site gradients. The ability to generate a subtle grassland
Auchenorrhyncha habitat classification with large-scale survey results from standardised and reproducible
sampling increases the potential for using habitat diversity for the conservation of grassland Auc-
henorrhyncha. Habitat preservation would also ensure that species richness (biodiversity) is maintained and
that the habitats of rare species are conserved.

on butterflies but their use in environmental moni-
toring in Britain is limited by habitat availability
(Warren et al. 2001; Hill et al. 2002) whilst ground

Introduction

Environmental interest dictates that there needs to

be a number of monitoring mechanisms to quantify
change and assess conservation status. The distri-
bution of organisms and their relationship to geo-
graphical or landscape features has been advocated
for assessment purposes. Conservation interests
have tended to steer most invertebrate research into
work on the effects of such factors as climate and
land use change on invertebrate species and habitat
distribution. There has been considerable research

beetles have been advocated as being useful in
assessments of land use change (Niemeld 2000).
There have been reports of Auchenorrhyncha
species distribution in a number of countries (e.g.
Liang and Fletcher 2003) and into the species
found on different types of grasslands (Morris
2000; Ott and Carvalho 2001). Some species have
proved to be important in the conservation of
specific grassland types (Bouchard et al. 2001;
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Sauer and Maurer 2001) and there has been sur-
veys covering a range of grasslands (Eyre et al.
2003a; Nickel and Hildebrandt 2003).

The identification and classification of land
cover types over large areas has increased with the
application of satellite imagery. A number of
countries have been covered including Great Brit-
ain (Fuller et al. 1994a). The use of satellite-derived
land cover data for work with invertebrates include
the assessment of pest status and damage (Grilli
and Gorla 1997) and conservation assessments at
the landscape scale with butterflies and dragonflies
(Fuller et al. 1998; Wessels et al. 2000).

The relative paucity of distribution data for
British Auchenorrhyncha species, highlighted in
the review of Kirby (1992), means that this group,
along with a considerable number of other inver-
tebrate groups, does not receive a great deal of
interest by the statutory conservation agencies.
There are two Auchenorrhyncha species listed as
candidates for Biodiversity Action Plans (Depart-
ment of Environment 1995a), so alternative ap-
proaches will be required for the conservation of
grassland Auchenorrhyncha in the United King-
dom. Habitat types have been identified using
invertebrate species assemblage data for a number
of groups, especially beetles (e.g. Luff et al. 1992;
Blake et al. 2003) and these have been used as a
basis for conservation assessments (Foster and
Eyre 1992; Eyre and Luff 2002). This paper uses a
database which is an expansion of that used by
Eyre et al. (2001a) to identify grassland Auc-
henorrhyncha assemblages in northern England
and Scotland using 351 site lists. The relationship
of these assemblages and of species to satellite-
derived land cover data is examined using multi-
variate classification and constrained ordination
techniques, as an aid to explaining assemblage
distribution. The application of survey data, hab-
itat classifications and habitat diversity in the
conservation of grassland Auchenorrhyncha is
discussed, as are some aspects of species ecology.

Methods
Data
Records of 121 Auchenorrhyncha species from 351

sites in northern England and Scotland were used
for analysis. Sampling for Auchenorrhyncha was

carried out between 1989 and 2003. The number of
sites sampled on different grassland types in
northern England, southern and northern Scot-
land are shown in Table 1. Most of the northern
England data were from sites in the north-east,
with some spoil sites in West Yorkshire and some
damp pasture sites in Greater Manchester. The
Scottish data was mainly a mixture of moorland,
rough grassland and riverside sites distributed
throughout the country north to the extreme
north-west. The data were generated using a mix-
ture of the pitfall trapping method outlined by
Luff (1996), with 5-10 traps (8.5 cm diameter,
10 cm deep, part filled with preservative) used
between May and September, and either two suc-
tion samples (Stewart and Wright 1995) or two
sweep samples taken in July and August. The
nomenclature follows Holzinger et al. (2003).

The land cover information was based on
Landsat Thematic Mapper-based data released in
the Countryside Information System (CIS)
(Department of Environment 1995b) as a list of
the number of hectares of cover per 1 km national
grid square of 17 cover types and unclassified
pixels. The data were derived from images gener-
ated between 1987 and 1990 (Fuller et al. 1994b).
The 17 land classes in the CIS were reduced to 12
classes for these analyses (see Eyre et al. 2003b, c).
Three sea and coast covers were merged to form a
coastal cover; urban, suburban and inland bare
ground were combined to produce an urban cover
type; the shrub heath and shrub/grass heath were
combined to produce one shrub heath cover. The
12 cover types were bog, bracken, coniferous
woodland, deciduous woodland, heath grassland,
shrub heath, managed grassland, inland water,
urban, tilled land, rough grass and coast. The
proportions of each of the 12 cover types in each
1km square with sites were used in the analyses.

Analysis

Classification of the species data was carried out
using fuzzy set clustering (Bezdek 1981), based on
a DECORANA ordination (Hill 1979). This
method has been applied consistently to inverte-
brate site assemblage data (e.g. Eyre et al. 2001a)
and enables the most parsimonious groups to be
derived from data that consists of irregular gra-
dients (Equihua 1989). The square scores on the



Table 1. The number of sites sampled for Auchenorrhyncha on
different grassland types in northern England, southern and
northern Scotland.

Grassland type Region Number of sites

Moorland Northern England 95
Southern Scotland 20
Northern Scotland 8
Northern England 35
Southern Scotland 8
Northern Scotland 12
Northern England 46
Southern Scotland 13
Northern England 16
Southern Scotland 11
Northern Scotland 23
Spoil, post-industrial ~ Northern England 36
Coast Northern England 28

Unmanaged rough
grassland

Rough pasture

Riversides

three axes of the ordination were used for the
classification. Constrained ordination was carried
out using canonical correspondence analysis
(CANOCO Version 4, Ter Braak and Smilauer
1998) with the species and land cover data.
Automatic forward selection of the 12 land cover
variables within CANOCO was used and their
significance calculated using Monte Carlo permu-
tation tests. This version of CANOCO produces a
species-environment table showing the weighted
averages with respect to each standardised envi-
ronmental variable, in this case the twelve cover
types. This table indicates the relationship, or lack
thereof, between cover types and species. A
weighted average of 0.50 or over was used to
indicate a strong relationship between individual
species and land covers, as in Eyre and Luff (2004).

Results

Ordination of the species data generated an axis 1
(eigenvalue 0.443) with moorland sites in north-
east England opposite riverside and coastal dune
sites, also in northern England. Axis 2 (eigenvalue
0.310) shows variation between coastal dune sites
around Teesmouth in northern England near the
origin and riverside and damp grassland sites in
northern Scotland at the other end, indicating
some possible geographical differences in addition
to those of habitat. Sites shaded by shrubs and
trees were near the origin of axis 3 (eigenvalue
0.237) opposite to wet and damp riverside and
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grassland, with sites at both ends of the axis from
all over the sampling area.

Classification of the ordination scores, based on
the species ordination, produced 10 species
assemblages. The frequency of occurrence of spe-
cies in these 10 groups is shown in Table 2. The 35
sites in group 1 were all north-eastern English wet
mainly grass moorland with some heather Calluna.
Neophilaenus lineatus, Streptanus marginatus and
Cicadula quadrinotata were characteristic species
in group 1 with the presence of heather indicated
by Ulopa reticulata and of wet areas by Cicadella
viridis. The highest incidence of U. reticulata was
in the 36 sites of group 2, with no C.viridis,
showing a habitat of dry moorland dominated by
heather. These sites were found throughout north-
east England and both the north and south of
Scotland. C. viridis in group 3, together with N.
lineatus, again indicated wet moorland but there
was fewer S. marginatus and C. quadrinotata than
in group 1. These were grass moorland sites with
little or no heather and a distribution pattern
similar to that of sites in group 2. The 47 sites in
group 4 were also distributed throughout north-
east England and all of Scotland and contained a
mixture of the moorland species found in groups 1,
2 and 3 and more lowland species such as Aph-
rodes makarovi and Anoscopus albifrons. These
were sites on the boundary of moorland where the
peat and mineral soil meet.

Group 5 comprised 46 mainly damp lowland
sites with a high incidence of Philaenus spumarius,
A. makarovi, A. albifrons and Streptanus sordidus.
Sites in this group were found from Greater
Manchester to the north of Scotland. The 30 sites
in group 6 were also damp and a mixture of riv-
ersides and lowland pasture also distributed
throughout the survey area. There were less A.
albifrons and S. sordidus and more Anoscopus

flavostriatus than in group 5 and the presence of

Aphrophora alni in a third of the sites indicated
shaded by shrubs and trees. The highest incidence
of A. alni was in the 22 sites of group 7, with P.
spumarius and A. makarovi also characteristic.
These grasslands had the most shade from shrubs
and trees, generally on well drained soils, and were
found from north-east England to the north of
Scotland. The 28 sites in group 8 were a mixture of
lowland riversides, spoil areas and coastal dunes,
were very well drained but had considerable
vegetation cover. The species with the highest
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incidence were again A. makarovi and A. albifrons,
occurring with species of drier grasslands such as
Euscelis incisus and Anaceratagallia venosa. Most
of the sites in group 8 were in northern England
and southern Scotland but there were a few by
rivers in northern Scotland. Group 9 had 32 sites
from throughout the survey area and were river-
sides, spoil, coastal, lowland pasture and rough
grass. These sites differed from those in group 8 by
have less vegetation cover and a mixture of well
drained and damp soils with less 4.makarovi and
A. albifrons, more A. flavostriatus and the highest
incidence of Megophthalmus scanicus. Group 10
had 30 sites that were mainly spoil or dune coast
with sparse vegetation and very dry. They were
confined to north-east England with Anacerata-
gallia venosa and Doratura stylata characteristic
species.

The constrained ordination results, relating the
species assemblages to land cover variables, are
summarised in Table 3. The low eigenvalues and
cumulative percentage variances are indicative of
how ‘noisy’ the data set was. However, there were
strong species/environment correlations with all
three axes, which together accounted for 55% of
the variance explained by the environmental data.
Table 4 shows the correlation coefficients of the
environmental variables with three axes of the
constrained ordination whilst Table 5 lists the land
cover variables, the variance explained by each
and their statistical significance. The tilled land,
urban, coast and deciduous woodland covers had
the strongest positive relationships with axis 1,
with the first two the most important. These were
opposite the negative relationships with axis 1 of
the upland covers of heath grassland and bog. The
only strong correlation with axis 2 was a positive
one with the coast whilst the strongest with axis 3
was negatively with shrub heath and positively
with urban. Tilled land explained the most addi-
tional variance with the coastal variable also
explaining a considerable amount of additional
variance. The urban variable, another lowland
cover, explained more of the variation than any of
the upland covers, with shrub heath and heath
grassland the upland covers explaining most
additional variance.

The relationship between the species in Table 2
and the 12 land cover variables, shown as weighted
averages, are given in Table 6, with averages of
0.50 and above considered as strongly indicative of

a relationship. Five species had strong positive and
five negative relationships with the bog cover but
the major upland cover influencing species distri-
bution was heath grassland with 15 negative and
seven positive strong relationships. Eight species
had strong negative relationships with shrub
heath, the other main upland cover, and four were
positively related. The lowland cover with the
greatest effect was tilled land, with 12 and 10
species with strong negative and positive prefer-
ences respectively. The pattern with the urban
cover was six negative and 11 positive whilst there
were seven positively related species with the
coastal cover but no strong negative relationships.

Discussion

Both the ordination and classification of the
Auchenorrhyncha species data produced inter-
pretable and useful results, even though the
amount of variance explained in the constrained
ordination was low. In general, the variance ex-
plained in the analyses of large-scale invertebrate
survey data is only about 10% (e.g. Eyre and Luff
2004) but the slightly lower amount explained with
this Auchenorrhyncha data may be related to the
number of generalist species in the data set,
occurring throughout the habitats surveyed. The
results indicated that there was relatively little
geographical influence in the distribution of spe-
cies assemblages. There may have been some
south-north variation on axis 2 of the ordination
but this may have been a reflection on the distri-
bution of habitat types. Only one moorland
assemblage (group 1) and one dominated by sand
dune sites (group 10) were limited to sites in
northern England whilst the other eight groups
had sites located throughout the survey area. The
classification was more comprehensive and subtle
than that in Eyre et al. (2001a), with fine differ-
ences observed between both moorland and low-
land grassland habitat types. The primary factor
influencing species assemblage and habitat distri-
bution was altitude with a major split between the
peat-based upland and the mineral soil lowland
habitats. Within these two main groups of habitats
it was apparent that habitat differences were
caused by the amount of substrate water and
vegetation architecture with differences in the
amount of vegetation and in shading by trees and
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Table 2. The frequency of occurrence (%) of Auchenorrhyncha species in the 10 groups derived from the classification (minimum
>20% in one group). Species order is as axis 1 of the ordination.

Species Group

1 2 3 4 5 6 7 8 9 10
Neophilaenus exclamationis 54 - 9 - - - - - -
Kelisia ribauti 37 3 13 - - 10 9 - - -
Arocephalus punctum 40 - 16 2 - - - - - 7
Aphrodes bicinctus 31 6 18 2 4 - - - -
Streptanus marginatus 94 44 58 19 - 7 9 4 3 -
Ulopa reticulata 43 61 11 11 - 3 - - - -
Cicadula quadrinotata 97 58 69 13 11 7 5 4 - -
Jassargus sursumflexus 49 8 27 26 - - - - -
Jassargus distinguendus 83 42 60 57 7 3 2 - - -
Dikraneura variata 57 19 60 36 9 - - 7 - 7
Psammotettix nodosus 51 19 33 17 - 3 - 14 - 23
Verdanus abdominalis 34 14 53 40 11 7 - 11 - 13
Javesella discolor 23 53 16 15 9 - 18 4 3 10
Conomelus anceps 71 25 69 51 54 43 9 4 3 -
Javesella dubia 23 - 22 - 11 27 5 - - -
Planaphrodes bifasciata 89 81 69 64 26 20 18 36 28 43
Cicadella viridis 40 - 47 36 57 33 14 - 6 -
Macustus grisescens 86 69 84 51 72 43 5 61 41 53
Neophilaenus lineatus 97 64 91 68 78 67 45 46 47 53
Muellerianella fairmairei 3 8 27 53 26 30 18 - 6 -
Deltocephalus pulicaris 3 14 22 28 15 7 - 18 - 4
Conosanus obsoletus 26 11 51 45 59 37 5 29 13 40
Forcipata citrinella - - - 4 - 3 32 - - -
Streptanus sordidus 14 8 44 53 74 53 32 29 19 3
Arthaldeus pascuellus - 8 27 53 48 27 14 14 19 7
Philaenus spumarius 46 61 69 57 87 87 82 54 59 50
Macrosteles sexnotatus 9 14 27 4 30 10 5 18 22 13
Cicadula aurantipes - 3 2 4 22 23 18 - 3 -
Balclutha punctata - 6 2 11 13 10 32 4 3 -
Anoscopus albifrons 14 47 47 64 76 43 32 75 53 80
Elymana sulphurella - 3 7 6 13 3 - 21 9 3
Streptanus aemulans - - 22 40 65 47 27 29 34 17
Macrosteles viridigriseus - - - 2 11 27 9 - 9 -
Javesella pellucida - - 4 6 28 23 - 4 13 -
Errastunus ocellaris - - 7 26 35 27 - 18 38 13
Criomorphus albomarginatus - 6 7 13 7 - - 29 19 17
Aphrophora alni - - - 4 4 30 41 - 6 -
Aphrodes makarovi - 8 18 74 80 90 64 82 53 80
Aphrodes flavostriatus - - 2 19 48 63 18 18 53 10
Psammotettix confinis - - 4 15 2 - - 25 25 17
Cixius distinguendus - - - - - - 23 - - -
Eupteryx aurata - - - - 4 13 23 - - -
Evacanthus interruptus - - 2 17 43 41 4 22 -
Megophthalmus scanicus - - 9 17 39 33 14 61 72 60
Psammotettix frigidus - 6 4 2 2 - 29 6 60
Megamelodes quadrimaculatus - - 2 - - - - - - 23
Euscelis incisus - - - 20 10 3 57 47 60
Anaceratagallia venosa - 3 - 4 9 10 - 50 31 73
Eupelix cuspidata - 3 - - 2 - - 39 22 60
Muirodelphax aubei - - - - - - - 4 - 47
Agallia brachyptera - - - - 7 - - 32 28 47

Doratura stylata - - - - - - - 7 6 67
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shrubs. Cherrill and Rushton (1993) and Sander-
son et al. (1995) found that soil moisture and
vegetation composition were determinants of
Auchenorrhyncha assemblage distribution on
northern England uplands and these factors
obviously influenced the classification of the
northern British data. The basic upland-lowland
split and the effects of soil water and land cover on
assemblage distribution has also been seen with
ground beetles in northern England (Luff et al.
1992) and throughout Britain (Eyre et al. 2003b).

Grassland Auchenorrhyncha species richness
has been shown not to be related to plant species
diversity (Huusela-Veistola and Vasarainen 2000;
Koricheva et al. 2000) but Kruess and Tscharntke
(2002) found more species richness on extensive
rather than intensive pastures and that vegetation
height was a major factor in affecting species
diversity. The management of coastal grasslands,
especially grazing, also affects Auchenorrhyncha
distribution and diversity (Hildebrandt 1995;
Meyer and Reinke 1996). Within the landscape
Jonsen and Fahrig (1997) found that cicadellid
species richness increased with an increase of land
cover diversity and Nickel and Hildebrandt (2003)
consider Auchenorrhyncha to be suitable indica-
tors of biotic conditions in grasslands. The inten-
sity of landscape management appears to be
important in Auchenorrhyncha assemblage distri-
bution and may explain the importance of tilled
land, coastal and urban covers in influencing
habitat diversity in northern Britain.

One advantage of carrying out large-scale,
standardised surveys is that a more objective
understanding of invertebrate species habitat
preferences is generated. In northern Britain, spe-
cies confined to very specific habitats can be
identified, such as Neophilaenus exclamationis in
the uplands and Muirodelphax aubei and Doratura

Table 3. Eigenvalues, cumulative explained variance (%),
cumulative species environment relationship (%) and species/
environment correlations, for the first three constrained ordi-
nation axes.

Axis 1  Axis2  Axis 3

Eigenvalues 0.353 0.190 0.130
Cumulative % variance 3.7 5.6 7.0
Cumulative species/environment  28.9 44.5 55.2

relationship
Species environment correlations 0.908 0.812 0.790

Table 4. Correlations between the land cover variables and the
first three axes of the constrained ordination.

Axis 1 Axis 2 Axis 3
Bog —0.40 0.04 —0.06
Bracken —0.06 0.05 —0.14
Coniferous woodland —0.03 —0.17 —0.16
Deciduous woodland 0.35 —0.25 —0.15
Heath grassland —0.61 0.12 0.22
Shrub heath —0.16 —-0.23 —0.36
Managed grassland 0.04 —0.21 —0.01
Inland water 0.01 —0.24 —0.21
Urban 0.59 0.23 0.33
Tilled land 0.68 —0.15 0.19
Rough grass 0.05 0.25 —0.11
Coast 0.38 0.67 —-0.22

Table 5. The additional variance explained by each land cover
variable in the constrained ordination, the variance ratios (F)
and the significance (p), listed in order of automatic forward
selection by CANOCO.

Additional variance F p

explained
Tilled land 0.24 8.82  <0.005
Coast 0.21 7.89  <0.005
Urban 0.13 5.01  <0.005
Shrub heath 0.11 422  <0.005
Heath grassland 0.08 3.28  <0.005
Rough grass 0.08 324  <0.005
Inland water 0.08 3.01  <0.005
Coniferous woodland  0.07 2.69  <0.005
Deciduous woodland  0.07 2.69  <0.005
Managed grassland 0.07 2.66  <0.005
Bracken 0.06 2.31  <0.010
Bog 0.03 1.34  <0.105

stylata on coastal sand dune sites whilst trends in
the distribution of generalist species can be ob-
served. Planaphrodes bifasciata was more abun-
dant in upland habitats and A. makarovi found
more in lowland sites whilst Conomelus anceps had
a greater preference for wetter habitat types than
did Anoscopus albifrons. Knowledge of the distri-
bution and habitats of some species, where infor-
mation was previously sparse, was also generated.
Psammotettix frigidus, thought to be a scarce up-
land species (Kirby 1992), was found consistently
on both sand dune and brownfield sites, with few
upland records in the northern British data set.
These large-scale surveys are likely to increase
the knowledge of the fauna with, for instance, the
recording of Elymana kozhevnikovi new to the



Table 6. Species-environment table showing the weighted averages, with respect to standardised land cover.
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Species Bog CoW DeW HeG ShH MaG Urb TiL RoG Coa

Neophilaenus exclamationis 0.45 —0.32 —0.58 0.51 —0.51 0.44 —0.55 —0.61 0.29 —0.29
Kelisia ribauti 0.60 —0.31 —0.27 0.35 0.11 0.08 —0.53 —0.60 0.15 —0.29
Arocephalus punctum 0.26 —0.30 —0.49 0.45 —0.18 0.18 —0.38 —0.52 0.26 —0.12
Aphrodes bicinctus 0.35 —0.36 —0.47 0.29 —0.52 0.60 0.31 —0.48 0.31 —-0.29
Streptanus marginatus 0.44 —0.09 —0.41 0.72 —0.24 —0.13 —0.53 —0.64 —0.14 —0.28
Ulopa reticulata 0.64 —0.14 —0.46 0.99 0.40 —0.58 —0.53 —0.71 —0.27 -0.29
Cicadula quadrinotata 0.47 —0.30 —0.45 0.77 —0.29 —0.03 —0.52 —0.55 —0.12 —0.29
Jassargus sursumflexus 0.06 0.35 —0.49 0.91 0.14 —0.32 —0.54 —0.67 —0.01 —0.29
Jassargus distinguendus 0.52 0.16 —0.20 0.31 0.40 —0.10 —0.48 —0.65 0.05 —0.29
Dikraneura variata 0.23 —0.05 —0.44 0.61 —0.14 0.03 —0.40 —0.59 0.13 —0.14
Psammotettix nodosus 0.14 —0.19 —0.18 0.45 —0.09 —0.13 —0.10 —0.39 0.24 0.16
Verdanus abdominalis 0.38 0.10 —0.11 0.26 0.07 —0.05 —0.29 —0.50 —0.06 —0.10
Javesella discolor 0.56 0.18 —0.20 0.52 0.14 —0.27 —0.47 —0.34 —0.18 —0.22
Conomelus anceps 0.18 —0.02 —0.14 0.30 0.13 0.07 —-0.29 —0.43 —0.08 —-0.29
Javesella dubia 0.16 —0.32 —0.24 0.01 —0.50 0.54 —0.38 —0.03 —0.28 —0.29
Planaphrodes bifasciata 0.26 0.11 —0.26 0.34 0.12 0.33 —0.08 —0.37 —0.05 —0.01
Cicadella viridis —0.14 0.06 —0.14 0.16 —0.01 0.30 —0.18 —0.36 0.12 —0.29
Macustus grisescens 0.04 —0.06 —0.12 0.24 —0.06 —0.06 —0.10 —0.10 —0.06 0.05
Neophilaenus lineatus 0.11 —0.09 —0.14 0.14 —0.04 —0.07 —0.03 —0.18 —0.03 0.03
Muellerianella fairmairei —0.02 0.54 0.03 0.30 0.65 —0.38 —0.28 —0.38 —0.27 —0.29
Deltocephalus pulicaris 0.19 -0.17 0.25 0.07 0.52 —0.10 —0.40 0.17 —0.04 -0.29
Conosanus obsoletus 0.06 0.07 —0.20 —0.03 0.01 0.06 0.02 —0.23 0.07 0.22
Forcipata citrinella 1.26 0.29 0.22 —0.52 1.87 —0.87 —0.39 —0.72 0.18 —0.29
Streptanus sordidus —0.14 0.12 —0.06 —0.12 0.16 0.19 —0.09 0.02 —0.01 —0.12
Arthaldeus pascuellus —0.06 0.32 0.07 —0.19 0.32 0.09 —0.05 —0.17 —0.08 —0.05
Philaenus spumarius 0.01 —0.07 0.03 0.01 —0.01 0.03 —0.01 0.06 —0.12 —0.11
Macrosteles sexnotatus —0.17 —0.19 0.18 0.04 —0.40 0.18 —0.05 0.59 0.04 —0.29
Cicadula aurantipes —0.15 —0.31 0.36 0.04 0.38 0.11 0.01 —0.23 0.07 —0.29
Balclutha punctata —0.23 0.32 0.31 —0.38 0.96 —0.28 0.15 —0.10 —0.02 -0.29
Anoscopus albifrons —0.15 0.02 0.03 —0.10 0.07 —0.05 0.12 0.16 0.08 0.09
Elymana sulphurella —0.05 0.02 0.15 —0.33 —0.27 0.21 0.51 0.24 0.25 0.20
Streptanus aemulans —0.28 0.15 0.21 —0.36 —0.04 0.41 —0.04 0.38 0.01 —0.18
Macrosteles viridigriseus —0.16 —0.36 —0.35 —0.45 0.21 0.68 0.16 0.19 —0.54 —0.12
Javesella pellucida —0.53 0.14 0.55 0.03 0.46 0.31 0.28 0.41 —0.17 —0.29
Errastunus ocellaris —0.38 —0.07 0.17 —0.11 —0.23 0.14 0.42 0.38 —0.23 —0.09
Criomorphus albomarginatus —0.24 0.41 0.33 —0.43 —0.09 —0.04 0.22 0.32 0.08 0.21
Aphrophora alni 0.31 —0.03 0.65 —0.51 0.34 0.15 —0.26 0.01 —0.19 —0.29
Aphrodes makarovi —0.15 0.06 0.27 —0.37 0.07 0.02 0.19 0.44 —0.11 0.05
Anoscopus flavostriatus —0.35 0.18 0.47 —0.51 —0.29 0.48 —0.08 0.63 —0.26 —0.20
Psammotettix confinis —0.50 0.14 0.02 —0.41 —0.03 —0.37 0.76 1.14 —0.07 —0.16
Cixius distinguendus —0.37 —0.12 —0.14 —0.65 0.94 —0.22 —0.38 —0.56 —0.14 —0.29
Eupteryx aurata —0.45 —0.27 0.16 —0.63 —0.50 0.90 —0.07 0.67 —0.32 —0.29
Evacanthus interruptus —0.24 0.07 0.41 —0.69 —0.20 0.69 —0.27 0.59 0.10 0.22
Megophthalmus scanicus —0.34 —0.14 0.19 —0.51 —0.16 —0.05 0.53 0.69 —0.06 0.32
Psammotettix frigidus —0.37 0.01 —0.13 —0.51 —0.22 —0.30 0.82 0.62 0.55 0.89
Megamelodes quadrimaculatus —0.41 —0.38 —0.58 —-0.72 —0.59 —0.91 2.08 —0.07 1.83 3.08
Euscelis incisus —0.50 —0.15 0.42 —0.61 —0.48 0.05 0.71 1.31 0.07 0.14
Anaceratagallia venosa —0.33 —0.26 0.67 —0.74 —0.36 0.05 0.60 0.83 0.24 0.62
Eupelix cuspidata —0.48 —0.35 0.12 —0.71 —0.47 —0.15 1.21 0.60 0.17 1.33
Muirodelphax aubei —0.65 —0.28 —0.58 —0.85 —0.54 —0.67 1.37 —0.03 1.36 3.23
Agallia brachyptera —0.47 —0.32 0.71 —0.75 —0.54 —0.06 1.08 0.92 0.25 0.75
Doratura stylata —0.53 —0.29 0.09 -0.77 —0.54 —0.35 1.22 0.32 0.88 2.15

CoW — Coniferous woodland; DeW — Deciduous woodland; HeG — Heath grassland; ShH — Shrub heathland; MaG — Managed
grassland; Urb — Urban; TiL — Tilled land; RoG — Rough grass; Coa — Coast.
Species order is as in Table 2 and averages of 0.50 and above are emboldened. There were no averages of 0.50 and above with bracken

and inland water.
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British fauna, on upland sites on both sides on the
England/Scotland border with sparse grassy veg-
etation on thin mineral soils (Eyre et al. 2004).
Eyre et al. (2001a) pointed out that the present
knowledge of British Auchenorrhyncha species
distribution is not sufficient for the generation of
rarity and other indices used for site conservation
assessments with water and ground beetles (Foster
and Eyre 1992; Eyre and Luff 2002). Whilst rarity is
probably the most important conservation crite-
rion (Ratcliffe 1977), biodiversity, usually as spe-
cies richness, has recently become prominent.
Another approach may be to base conservation on
habitat diversity, especially for the less ‘popular’
invertebrate groups. If habitats can be defined and
conserved, species richness and, at least some ex-
tent, rare species conservation, are also likely to be
covered. However, there is a requirement to define
habitats in terms of invertebrate assemblages, not
plants (e.g. Drake et al. 1998). Subtle habitat def-
inition was possible with the northern British
Auchenorrhyncha data, as it has been for a number
of beetle families and groups (Foster and Eyre
1992; Eyre et al. 2001b, 2002; Blake et al. 2003).
There is no standard number of invertebrate hab-
itats in any survey area. Eyre et al. (2003a) found
that there were more Hemiptera (bug) habitats on
an area of moorland in southern Scotland than
either rove beetle or spider habitats but that there
were more ground beetle habitats. Auchenorrhyn-
cha are easily sampled by standardised and repro-
ducible methods, usually during sampling for other
terrestrial invertebrates such as ground and rove
beetles. There is mounting evidence that Auc-
henorrhyncha could be a useful group in the
assessment of environmental quality and change
(Nickel and Hildebrandt 2003) and they should
play a part in grassland conservation assessment.
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