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Leathopper and planthopper (Auchenorryncha) assemblages were investigated at a
lowland site in the United Kingdom supporting acidic and mesotrophic grasslands
reverting from agricultural use, alongside remnants of semi-natural acidic heath.
Further areas of agricultural land had been subject to soil inversion with or with-
out addition of sulphur, heather brash and seed material to establish acidic heath
or mesotrophic grassland. Eleven years after work commenced, Auchenorrhyncha
assemblages of heath created on former arable land were most closely related to those
of remnant semi-natural heath and reversion acidic grasslands. In contrast, an area of
heath created on former pasture eight years previously, and at an earlier stage of devel-
opment, supported an insect assemblage more closely related to those of mesotrophic
grasslands. Time since creation, former land use and degree of isolation are identified
as potential factors determining the similarity between Auchenorrhyncha assemblages
of the remnant and created heaths.

Introduction

Lowland heath is a plagioclimax habitat that
developed on typically acidic infertile soils
over many hundreds of years of livestock graz-
ing, burning and turf cutting in the absence
of artificial fertilisers (Webb 1998). The UK
has an internationally important lowland heath
resource, yet much has been lost since the begin-
ning of the 20th century due to land use change,
including forestry, housing and the contrasting
processes of intensification of agriculture and the
abandonment of marginal land (English Nature
2002).

This paper was edited by Kai Ruohoméki

Major impediments to the restoration of
degraded heath, and creation of new heath on
agricultural land, are elevated pH and nutrient
levels, along with damage to the natural soil pro-
file, presence of ‘weeds’ and lack of propagules
to establish heath vegetation. These issues were
identified in pioneering studies of the 1980s and
1990s (Putwain ef al. 1982, Clarke 1997, Gilbert
& Anderson 1998). Considerable progress has
since been made in the development of tech-
niques to overcome these challenges. Techniques
include application of soil amendments (such as
elemental sulphur) to reduce pH, turf stripping
and deep-ploughing to remove or bury undesir-
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able seeds and nutrient-rich top-soil, continued
crop production and harvesting to deplete key
nutrients in the soil, and importing seed and plant
material to aid recovery of the vegetation (Marrs
et al. 1998, Webb 2008, Glen et al. 2017). Most
studies have focussed on soil and vegetation to
assess the success of interventions. In contrast,
few studies have investigated the recovery of
invertebrate assemblages following creation of
lowland heath, or indeed upland heath and moor-
land (Webb 2008, but see Littlewood ef al. 2006,
Forup et al. 2008, Brochard & Fartmann 2014).

Invertebrates have important functions
within ecosystems and are also valuable indica-
tors of the success of habitat creation (Majer et
al. 2002). Among the invertebrates, Auchenor-
rhyncha are a candidate group with which to
investigate, and monitor, the success of habitat
creation (Biedermann et al. 2005). Auchenor-
rhyncha are a group encompassing two subor-
ders of Hemiptera (Cicadomorpha and Fulgoro-
morpha) and known as leathoppers, planthop-
pers, froghoppers, treehoppers and cicadas. They
are exclusively phytophagous and feed variously
on phloem sap, xylem sap and mesophyll cell
contents of vascular plants (Nickel 2003). They
have been shown to be useful indicators of envi-
ronmental and botanical change because (a) the
group includes species with diets ranging from
generalist to highly host specific, (b) community
composition responds to management, botanical
and abiotic variation, (c) they are numerically
abundant in grassland and heath habitats, and
(d) taxonomy and sampling methods are well-
established (Biedermann et al. 2005).

This paper reports on a survey of Auche-
norrhyncha at Prees Heath Common Nature
Reserve, a lowland site in the English West
Midlands, where habitat creation techniques
have been applied to former agricultural land
since 2006. Management objectives have been
to establish both heath and grassland adjacent
to surviving remnants of a semi-natural acid
grass heath mosaic (Davis et al. 2011). Inver-
tebrates could be expected to rapidly colonise
these newly created habitats from the adjacent
semi-natural vegetation (Waloff 1973, Morris
1990, Littlewood et al. 2006, 2009). Analysis
of the Auchenorrhyncha data is used to test the
specific hypothesis that invertebrate assemblages

of created heath resemble those of the surviving
remnants of semi-natural habitat eleven years
after habitat creation began.

Material and methods

Study site
Prees Heath Common Nature Reserve
(52°55737°°'N, 2°39°25"W) in Shropshire,

United Kingdom, is an area of approximately
60 ha (altitude 90 m a.s.l.) owned and man-
aged by Butterfly Conservation for the nationally
threatened silver-studded blue butterfly Plebejus
argus (Davis et al. 2011). In 1880, most of the
site supported grazed lowland heath, but by
1991 only around 5 ha of heathland vegetation
remained and this area, along with 20 ha of
semi-natural acidic grassland, was given statu-
tory protection as a Site of Special Scientific
Interest (SSSI) (a designation used to protect
the UK’s most important wildlife sites). The
majority of the original heathland had been lost
as a result of military training (including an
airfield in the 1940s), woodland encroachment
and, from the 1960s, intensive cultivation for
beans, wheat, potatoes and oilseed rape. After
1991, intensive cultivation continued in some
undesignated areas, with addition of chicken
manure, until the whole site was purchased by
Butterfly Conservation in 2006. Since then, work
has been undertaken to create areas of heath
and meadow vegetation using combinations of
deep ploughing to invert and bury nutrient-rich
top-soils, addition of sulphur to reduce soil pH,
and addition of seeds, and heather brash. The
dominant dwarf shrub at Prees Heath Common
is Calluna vulgaris, although management to
increase the cover of Erica cinerea (as a butterfly
nectar source) is being undertaken using plug
plants and seeds.

Survey areas

Ten areas were selected subjectively to rep-
resent five principal vegetation types reflect-
ing different management histories (Fig. 1).
The following descriptions of these areas are
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based on the site management plan (Butterfly
Conservation 2012), monitoring reports (Eco-
logical Restoration Consultants 2009, 2016),
and vegetation surveys conducted in 2007 and
2017 (Whild Associates 2007, McCullagh 2017)
which assigned plant communities to the clos-
est vegetation types within the framework of
the National Vegetation Classification (NVC)
(Rodwell 1991, 1992, 2006). The assignment
of areas to NVC types in the paragraphs below
should be treated as indicative rather than imply-
ing precise matches with the NVC floristic tables
(McCullagh 2017). Additional observations on
the botanical dominants, the percentage cover
of bare ground, dwarf shrub species, and their
growth phases, within each sample area were
made by the authors in 2018. Botanical nomen-
clature follows Stace (2019). Heather growth
phases follow Gimingham (1972).

REMNANT HEATHLAND (RH): Two areas sup-
ported mosaics of semi-natural acidic grassland
(resembling NVC type Ul Festuca ovina—Agros-
tis capillaris—Rumex acetosella grassland) and
dwarf shrub heathland (resembling NVC type
H8 Calluna vulgaris—Festuca ovina heath)
(Fig. 1). One of these, with an area of approxi-
mately 0.5 ha, may represent original heathland
that has survived since the 1880s (RH1). The
other area was located on the line of the former
airfield runway, from which concrete was broken
up and removed in the 1970s, and along which
semi-natural vegetation subsequently re-estab-
lished in the absence of agricultural cultivation
(RH2). Characteristic species were E. cinerea,
C. vulgaris, Luzula campestris, Anthoxanthum
odoratum, Lotus corniculatus, Festuca ovina,
F. rubra, Carex pilulifera and Avenella flexuosa.
In each area, dwarf shrubs represented approxi-
mately 25% of the grass-heath mosaic. Heather
was predominantly in the building and mature
phases of growth, and bare ground represented
approximately 5% of cover.

CREATED HEATHLAND (CH): Three areas that
had been subject to deep-ploughing, and addition
of sulphur, heather brash and seeds were selected
(CH1, CH2 and CH3, with areas of 6.5 ha,
6.0 ha and 3.0 ha, respectively) (Fig. 1). Two
areas had been intensively cultivated, with inputs
of chicken manure, until 2006. These areas were
deep-ploughed in 2007 with sulphur addition
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Fig. 1. Prees Heath Common Nature Reserve with the
location of sampling areas. Cross-hatched areas are
heath created on former arable in 2007 (CH1, CH2);
dark stippling is heath created on former pasture in
2010 (CHB3); light stippling is mesotrophic grassland
reverting from pasture since 2007 (RMG1); diagonal
hatching indicates mesotrophic grasslands created on
former arable in 2007 (CMG1, CMG2); unshaded land
is variously acid grassland reverting from former arable
fields since 1991 (RAG1, RAG2), remnants of semi-
natural grass heath (RH1, RH2) and small areas of
scrub woodland.

in 2007 (CH1) or 2008 (CH2). The former land
use of the third area (CH3) was grazing pasture
(NVC type MG7 Lolium perenne grassland in
2007). This area was subject to deep-ploughing
and addition of sulphur in 2010. The vegeta-
tion in each field was a mosaic of acid grassland
(resembling NVC type Ul) with scattered dwarf
shrubs heath (resembling NVC type H12 Cal-
luna vulgaris—Vaccinium myrtillus heath). The
plant species C. vulgaris, A. flexuosa, Agrostis
capillaris and Rumex acetosella were charac-
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teristic of each of the three created heaths. Area
CHI1 had a high proportion of heather with 70%
cover (mainly in the building phases). Area CH2
had approximately 50% heather cover (mainly in
the pioneer and building phases), while area CH3
had approximately 10% heather cover (mainly in
the pioneer phase). Area CH3 had approximately
25% bare ground, which represented < 5% of
cover in areas CH1 and CH2.

CREATED MESOTROPHIC GRASSLAND (CMG):
Two areas of mesotrophic grassland resembling
NVC type MGS Cynosurus cristatus—Centaurea
nigra grassland were selected (CMG1, CMG2,
with areas of 5 ha and 14.6 ha, respectively)
(Fig. 1). These created grasslands had been cul-
tivated intensively until 2006 and had received
large inputs of fertiliser, including chicken
manure. Both were then subjected to deep-
ploughing with addition of hay meadow seed
material but not sulphur or heather brash/seeds.
Characteristic species were 4. capillaris, Holcus
lanatus, F. rubra, Plantago lanceolata, Trifolium
repens, L. corniculatus, Jacobaea vulgaris and
Centaurea nigra.

REVERSION MESOTROPHIC GRASSLAND (RMGQG):
A third mesotrophic grassland (RMG1, with an
area of approximately 1.0 ha) was part of a
formerly intensively managed pasture that was
classified as NVC type MG7 in 2007, and which
has since been undergoing reversion with annual
hay cuts. This area was not surveyed by McCul-
lagh (2017), but species occurring with high
frequency and cover in 2018 were H. lanatus,
P. lanceolata, A. odoratum, Ranunculus repens,
Cerastium fontanum and R. acetosella suggest-
ing reversion towards MGS. The main part of
this field was subjected to measures to create
heathland and is included in the study as area
CH3 (Fig. 1).

REVERSION AcCID GRASSLAND (RAG): Areas
RAGI1 and RAG2 were cultivated until 1991,
but have subsequently been subject to natural
rabbit (and occasional livestock) grazing leading
to development of semi-natural acidic grass-
lands resembling NVC type Ul (each with an
area of approximately 3.0 ha) (Fig. 1). During
cultivation the input of nutrients in both fields
is thought to have been less intensive than else-
where and the grassland has reverted naturally
without resort to deep-ploughing, addition of

sulphur or seed material. Characteristic species
were L. campestris, A. capillaris, H. lanatus, L.
corniculatus, Achillea millefolium, F. ovina and
R. acetosella.

Sampling of Auchenorrhyncha

In each area, the corners of a 30 m x 30 m
square were marked using biodegradable spray
paint. Auchenorrhyncha were sampled from
within each square on three occasions in 2018:
18-21 May, 26-27 June, and 30 July—3 August,
during fine weather when the vegetation was dry
to touch. The summer of 2018 was unusually
dry and by early August there was very little
green vegetation remaining in any area. Sam-
pling was, therefore, discontinued after the third
sample date. On each occasion, four 30 m long
transects were marked within each square. Tran-
sects were parallel to the edge of the square and
were placed at distances of 6 m, 12 m, 18 m and
24 m from a randomly selected corner. Samples
were taken at five intervals along each transect
starting at 5 m from the edge of the square and
then with spacing of 5 m. This gave 20 sample
points per square on each sampling date (and 60
per square over the whole summer). Positioning
of transects and sample points was determined
approximately by pacing out distances.
Auchenorrhyncha were sampled using a
modified McCulloch GBV 345 garden blo-vac
(henceforth G-vac) with the pipe sawn perpen-
dicular to its length to create a flat-ended nozzle
with cross-section of 0.01 m?. A nylon bag with
1 mm mesh was held in place in the nozzle using
a rubber band. An open-ended plastic cylin-
der with cross-section of 0.18 m*> was used to
define the sample area at each point and reduce
inadvertent suction of specimens from adjacent
vegetation (Cherrill 2015). The G-vac nozzle
was swept across the surface of the vegeta-
tion for 10 s before being repeatedly raised (to
approximately 10 cm above the vegetation) and
then lowered to the ground, while ensuring that
the entire area within the cylinder was sampled
over the next 50 s. This approach, with a total
duration of 60 s per sample, has been shown to
capture virtually all species and individuals of
Auchenorrhyncha present within the cylinder
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(Cherrill ef al. 2017, 2018). The mesh bag was
emptied between each of the 20 samples within
a square to prevent clogging of the bag and loss
of suction.

Species were identified using Biedermann
and Niedringhaus (2009) and Wilson et al. (2015)
with examination of male genitalia to confirm
determinations. Females of Psammotettix were
found in the absence of males and were recorded
to genus only. Males of two species of the genus
Javesella were recorded, but females of this
genus could not be identified to species. Females
of this genus were excluded from analyses.

Species with a restricted occurrence in the
British Isles were identified from atlases of
records at the hectad scale (10 km x 10 km grid
squares) hosted by the National Biodiversity
Network (www.nbn.org.uk) and the Auchenor-
rhyncha Recording Scheme for Britain and Ire-
land (www.ledra.co.uk). Species occurring in
100 or fewer hectads are classified as being
Nationally Scarce (Wilson ef al. 2015).

Data analysis

Data from different sample points and dates were
combined to yield a single species list, with a
tally of total number of individuals, for each
of the ten sample areas. Ordination was used
to summarise the distribution of species and
investigate similarities in species composition
between sites. Indirect methods, as opposed to a
direct ordination method (such as Canonical Cor-
respondence Analysis), were used because the
data set was relatively small with limited envi-
ronmental data (ter Braak & Prentice 1988). Fol-
lowing recommendations of Lep$ and Smilauer
(2003), a preliminary analysis using Corre-
spondence Analysis (CA) was used to determine
whether a unimodal or linear method was most
appropriate based on the length of the primary
axis. It was determined that a unimodal method
should be wused. Detrended Correspondence
Analysis (DCA) (Hill & Gauch 1980, PISCES
Conservation 2014) was applied to remove an
‘arch-effect’ observed in the preliminary CA,
and because the method also performs well with
zero-inflated data (ter Braak & Prentice 1988).
The proportion of variation explained by each

axis was estimated as a proportion of total inertia
derived from Correspondence Analysis as rec-
ommended by @kland (1999).

In DCA, it is common practice to down-
weight scarce species, although concerns have
been expressed that the method chosen can influ-
ence the results (Poos & Jackson 2012). In
this study, preliminary analyses indicated that
the interpretation of the current analysis was
robust regardless of the method. For transpar-
ency, manual down-weighting was applied by
excluding species occurring with fewer than a
total of five individuals (when summed across
all samples), rather than relying on the down-
weighting option within the programme.

Results

In total 1237 adult specimens, including 31 spe-
cies, were identified (Table 1). Samples collected
on the first, second and third dates yielded 249,
612, and 376 specimens respectively. Five of the
species are Nationally Scarce: Planaphrodes tri-
fasciata, Delphacinus mesomelas, Mocydiopsis
parvicauda, Xanthodelphax flaveola and Xan-
thodelphax straminea. Of these five species, all
but D. mesomelas were recorded only from areas
of newly created heath (Table 1).

The eigenvalues for the first four axes of the
DCA were 0.79, 0.31, 0.04 and 0.01 respectively,
indicating that 32% and 13% of the total varia-
tion within the dataset was explained by axes 1
and 2 respectively. The distribution of sites in
ordination space broadly reflects the plant com-
munities present, particularly in relation to their
position along the major first axis (Fig. 2 and
Table 1). Remnant heath areas, and heaths cre-
ated on former arable, are positioned together at
one end of the first axis indicating relative simi-
larity of their Auchenorrhyncha species assem-
blages. In comparison, mesotrophic grasslands
lie at the opposite end of axis 1, while the semi-
natural acid grasslands occupy an intermediate
position. The single heath area (CH3) that was
created on former pasture lies closer in ordina-
tion space to the mesotrophic grasslands than the
other heaths. Axis 1 appears, therefore, to repre-
sent a gradient from heaths created on ex-arable
and remnant heaths, through semi-natural acid
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grasslands to mesotrophic grasslands, and the
heath created on ex-pasture (Fig. 2).

A major driver of the positioning of sites
along axis 1 is the abundance of Ulopa reticu-
lata. Along with Philaenus spumarius, Dikra-
neura variata, P. trifasciata and D. mesomelas
this species has a low score on axis 1 (Fig. 2).
Species with low scores on axis 1 are associated
with the remnant and created heaths CH1 and
CH2 (Fig. 2 and Table 1). Species with high
scores on axis 1, and associated with the created
mesotrophic grasslands and CH3, include Eus-
celis incisus, Elymana sulphurella, and species

of Javesella and Streptanus (Fig. 3 and Table 1).
Notably, U. reticulata was not recorded from
the younger created heath (site CH3) (Table 1)
despite the presence of its host plant C. vulgaris.
Positioning of sites along axis 2 appears not
to be related to the broad habitat type (Fig. 2).
The two sites which were most widely separated
on this axis were RMG1 and CH3. These two
sites are contiguous on the reserve having been
originally part of the same improved pasture
(Fig. 1). The cluster of species in the bottom
right of the ordination bi-plot show a strong
association with site CH3 (Fig. 3 and Table 1).

Table 1. Numbers of Auchenorrhyncha recorded from each of ten sites at Prees Heath Common. CH = created
heathland, RH = remnant heathland, RAG = reversion acid grassland, CMG = created mesotrophic grassland
RMG = reversion mesotrophic grassland). Sites and species are ordered according to their scores on the first axis
derived from DCA. Species excluded from the DCA are listed in alphabetical order.

Species CH1 CH2 RH1 RH2 RAG1 RAG2 CMG1 CMG2 CH3 RMG1
Philaenus spumarius 28 0 2 1 0 0 1 0 0 1
Dikraneura variata 27 1 0 0 0 0 0 0 2 0
Ulopa reticulata 278 89 66 29 3 0 0 0 0 0
Planaphrodes trifasciata 14 15 0 0 0 0 0 0 0 0
Delphacinus mesomelas 2 1 1 0 1 0 0 0 0 0
Hyledelphax elegantula 0 0 6 0 0 0 0 0 0 0
Arocephalus punctum 0 0 6 0 0 1 0 0 0 0
Psammotettix 2 0 0 2 0 0 0 0 1 0
Neophilaenus exclamationis 0 0 21 0 0 59 0 0 0 0
Neophilaenus lineatus 0 0 10 0 0 1 0 0 1 1
Megopthalmus scanicus 0 0 9 2 5 5 3 3 0 2
Doratura stylata 0 26 16 18 35 26 21 18 20 2
Eupelix cuspidata 0 0 0 5 2 5 5 1 2 0
Jassargus pseudocellaris 0 0 0 0 0 10 0 0 1 4
Euscelis incisus 1 0 0 1 0 0 10 12 0 12
Anoscopus albifrons 1 4 0 1 0 1 0 1 19 11
Rhytistylus proceps 0 2 2 0 0 3 0 0 29 0
Javesella dubia 0 4 0 0 0 0 0 0 33 1
Mocydiopsis parvicauda 0 1 0 0 0 0 0 0 19 0
Javesella pellucida 0 0 0 0 0 0 2 1 30 7
Streptanus sordidus 0 0 0 0 0 0 0 1 32 0
Elymana sulphurella 0 0 0 0 0 0 0 1 9 46
Streptanus marginatus 0 0 0 0 0 0 0 0 2 6
Species excluded from DCA

Aphrodes makarovi 0 0 0 2 1 0 0 0 0 0
Arthaldeus pascuellus 0 1 0 0 0 0 0 0 0 0
Cicadula persimilis 0 0 0 0 0 0 1 0 0 0
Kosswigianella exigua 0 0 0 0 0 0 0 1 0 0
Muellerianella extrusa 1 0 0 0 0 0 0 0 0 0
Streptanus aemulans 0 0 0 0 0 0 0 2 0 0
Xanthodelphax flaveola 0 1 0 0 0 0 0 0 0 0
Xanthodelphax straminea 0 0 0 0 0 0 0 0 1 0
Zyginidia scutellaris 0 0 2 0 0 0 0 0 0 0
Total number of specimens 354 145 141 61 47 111 43 41 201 93
Number of species 9 11 11 9 6 9 7 10 15 11
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Fig. 2. Detrended Correspondence Analysis (DCA)
bi-plot for sample sites based on the assemblages of
Auchenorrhyncha present. Labelling of points identi-
fies sites in Fig. 1 and Table 1: CH, created heath; RH,
remnant heath; RAG, reversion acid grassland; CMG,
created mesotrophic grassland; RMG, reversion meso-
trophic grassland.

Discussion

The months of May, June, and July were unu-
sually warm and dry in the year of this study
and by mid-July less than 10% of grassland
and heath vegetation retained its green coloura-
tion. Numbers of adult specimens captured in
late July—early-August samples would typi-
cally equal or exceed those captured in June,
but numbers declined. Further sampling might
have yielded small numbers of additional spe-
cies (Cherrill et al. 2017, 2018), but here we
focus on the composition of the Auchenorrhyn-
cha assemblages, rather than species richness,
and specifically the extent to which assemblages
of newly created habitat are similar to those of
semi-natural remnants.

Previous studies have shown the composi-
tion of Auchenorrhyncha assemblages to reflect
mainly the species composition and structure
of the vegetation, with soil type, moisture and
landscape structure having a lesser influence
(Sanderson et al. 1995, Nickel 2003, Bieder-
mann 2005, Nickel & Achtziger 2005, Helbeing
et al. 2017). In this study, variation in vegetation
types was summarised using a standard clas-
sification system (known as the NVC) (Rodwell
1991, 1992). There can be considerable varia-
tion in botanical composition between stands
of a single NVC vegetation type, particularly

Fig. 3. Detrended Correspondence Analysis (DCA)
bi-plot for species of Auchenorrhyncha based on their
abundance at the ten sites. Species names are abbre-
viated from Table 1.

where the vegetation is undergoing rapid change
in response to management interventions (Rod-
well 2006). Nonetheless, relationships between
Auchenorrhyncha assemblages and NVC habi-
tat types with contrasting management histories
were evident (Fig. 2). Assemblages in the two
heaths created on former arable land (CH1 and
CH2) were similar to those sampled from the
remnant heath habitats. Assemblages in the two
created heaths included species known to be
associated with acidic heathland in England,
namely D. variata, U. reticulata, P. trifasciata
and D. mesomelas (Le Quesne 1960, 1965, Le
Quesne & Payne 1981) indicating some success
in establishing heathland assemblages. Perhaps
surprisingly, however, of these four species only
U. reticulata was also abundant in remnant heath
(Table 1), suggesting that the assemblages of
remnant heaths may be impoverished or that
early and late successional heaths support a dif-
ferent insect fauna.

The third area of created heath (CH3) was
established on an improved pasture and under-
went restoration three years later than those
created on arable. The Auchenorrhyncha assem-
blage in this area was more similar to assem-
blages of the mesotrophic grasslands than to
assemblages of the semi-natural acid grasslands
or other heaths (Fig. 2). The site had lower
heather cover, a higher proportion of heather
in the pioneer stage, and more bare ground
compared to the older heaths established on
arable. The more recent restoration, and differ-
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ent former land use, of created heath CH3 may
explain the relative affinity of its Auchenor-
rhyncha assemblage to those of the mesotrophic
grasslands and particularly to that of RMGI1
(with which it shares a common origin as part
of the same improved pasture). It is likely that
invertebrates have colonised the new heath from
the adjacent mesotrophic grassland (and vice
versa); contributing to the relative similarity of
their assemblages (Fig. 2). Waloff and Solomon
(1973) identified Javesella dubia as an early
coloniser of newly created acid grassland, while
Javesella pellucida is often the dominant spe-
cies of improved mesotrophic grassland (Nickel
2003, Cherrill et al. 2017). The assemblages
of RMGI1 and CH3 may, therefore, reflect a
combination of species of reverting mesotrophic
grassland (RMG1) and early successional spe-
cies of newly created grass heath mosaic (CH3).
The importance of local dispersal may be magni-
fied because while created heath areas CH1 and
CH2 are adjacent to semi-natural heath on the
former runway, CH3 is relatively isolated from
other heath by woodland to the west, and a farm
track bordered by rank grassland and scrub to the
north (Fig. 1).

In a review of work on Auchenorrhyncha in
fragmented habitats, Biedermann (2002) found
that patch occupancy by some species decreased
as isolation of patches increased, suggesting that
local extinction and re-colonisation are impor-
tant processes in their distribution. A more recent
study showed that species richness of Auchenor-
rhyncha in habitat patches can be impacted nega-
tively by increasing isolation from other patches
of suitable habitat (Rosch et al. 2013). Many
species of Auchenorrhyncha have high disper-
sal ability (Waloff 1973, Morris 1990, Nickel
2003). The role of dispersal in the colonisation
of newly created habitat, however, is difficult to
determine directly without experimental work
or careful monitoring. In an experimental study,
Littlewood et al. (2009) found that the colonisa-
tion by Hemiptera of heather turves transplanted
into grassland declined exponentially with dis-
tance from the adjacent heather moorland. Low
numbers of U. reticulata, a flightless species
restricted to feeding on dwarf shrubs (Burrows
& Sutton 2008, Nickel 2003), were recorded
on turves up to 40 m into the grassland after

12 months. These observations are particularly
interesting because in the present study U. reticu-
lata was absent from the young heath created on
former pasture, but present in large numbers on
the older created heaths (Table 1). In the present
study, a small number of U. reticulata were col-
lected from one of the reversion acid grasslands
(RAG1) approximately 40 m from the nearest
heather plants (Table 1 and Fig. 1) confirming
their potential to disperse across the site.

The main objective of conservation man-
agement at Prees Heath Common is to create
new areas of habitat suitable for the nationally
threatened silver-studded blue butterfly P. argus
(Davis et al. 2011). The requirements of the
butterfly are well-understood, allowing clear tar-
gets for monitoring and management purposes.
In contrast, there are no specific management
objectives for the Auchenorrhyncha at this site
(Butterfly Conservation 2012). In this study,
we investigated whether the Auchenorrhyncha
assemblages of created heath resemble those of
the remnants of semi-natural habitat. It could
be anticipated that success in management for
both P. argus and Auchenorrhyncha will depend
on the extent to which new habitat develops
to resemble remnant heath. A recent botani-
cal survey of the created heath and grassland,
however, concluded that these habitats were still
in the early stages of development (McCullagh
2017). Moreover, assessment against bench-
marks set by the national statutory conservation
agency (Natural England 2009), showed that
‘weedy’ species of disturbed ground and invad-
ing birch saplings were more common than
desired in both restored and remnant habitats
(McCullagh 2017). It is notable, however, that
four Nationally Scarce species of Auchenorrhyn-
cha were restricted to areas of newly created
heath, suggesting that early successional heath-
land habitat may be of value for conservation
of these species. In this context it is relevant to
question whether the Auchenorrhyncha fauna
of the remnant semi-natural heath provides an
adequate benchmark against which to judge suc-
cess. Overall, it is none-the-less encouraging
that the Auchenorrhyncha assemblages of heaths
created on former arable land resemble those of
the remaining fragments of semi-natural heath-
land, while the acid and mesotrophic grassland
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habitats are developing distinct assemblages
to enhance diversity across the reserve. The
younger area of heath creation on pasture is at an
early stage of development, being characterised
by Auchenorrhyncha species of both acidic and
mesotrophic grassland. The relative contribu-
tions of age since creation, former land use and
degree of isolation, to this observation cannot
be determined, but subsequent monitoring will
reveal how long it takes for species typical of
heath to colonise this area.
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