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Abstract

1. Grasslands are diverse and extensive but are declining in extent in some parts of the
globe. Grassland invertebrates can be numerically abundant and are crucial to ecosystem
functioning through their roles in herbivory, nutrient cycling and pollination. Most European
grasslands are modified through agricultural practices. Indeed semi-natural grasslands,
which often host the most diverse invertebrate assemblages, have suffered catastrophic

losses over the last century.
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2. Much research exists on grassland management, mainly from Europe, ranging from
identifying optimum management of high-quality grasslands through to assessing measures
to enhance low-quality grasslands, though most such projects focus solely on the plant
assemblage. Monitoring that has been carried out on invertebrates indicates a varied
response with invertebrate assemblages often being limited by such factors as lack of
habitat connectivity, inappropriate cutting regime and the particular plant species used in

enhancement projects.

3. There is a need to promote grassland management that recognises and addresses these
key factors whilst also carrying out research into how best to combine the multiple

ecosystem services and human benefits that are associated with grasslands.

Key words: agriculture, cutting, dispersal, fragmentation, grazing, habitat patch, insect,

invertebrate, landscape, restoration

Introduction

Grasslands represent a diverse biotope that ranges from natural self-sustaining systems to
those that are entirely artificially created. They cover approximately 40% of the world’s land
surface (excluding Greenland and Antarctica) (White et al., 2000), and provide a wide range
of goods and ecosystem services, but are primarily seen as highly significant as a resource
for agricultural production (Balvanera et al., 2006; Jauker et al., 2009; van Eekeren et al.,
2010). In some areas there have been significant declines in grassland extent. For example,
the extent of all lowland grasslands (permanent pasture, rough grazings and leys) in
England and Wales fell from 7.8M ha in the 1930s to 4.8M ha (a 38% decline) in the 1980s
(Fuller, 1987) whilst in member states of the European Union, grassland extent declined by

12.8% from 1990 to 2003 (FAO, 2006). The decline has been especially acute for semi-
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natural grasslands. For example, only 3% of the area in existence in England and Wales in
the 1930s survived to the 1980s (Fuller, 1987) and just 3.6% of Europe’s grasslands lie
within protected areas (White et al., 2000). In the absence of wild large herbivores, most
grassland areas have been maintained by farming and thus ecologists must work with land
managers and policy makers to ensure the maintenance of biologically-rich and functioning

grassland ecosystems (Partel et al., 2005).

Terrestrial arthropods are integral to the full functioning of grassland ecosystems through
numerous roles such as herbivory, nutrient cycling and pollination (e.g. Losey & Vaughn,
2006). Furthermore they form a diverse, though often neglected, component of grassland
biodiversity. They are often numerically abundant with populations and assemblages that
can respond rapidly to perturbation and can thus be especially useful as indicators in studies
of grassland condition (e.g. Hollier et al., 2005; Korosi et al., in press). Recent thinking about
managing natural resources has shifted away from a species-centred approach to one
looking at the roles that component parts play in the functioning of whole ecosystems (e.g.
Balmford & Bond, 2005). From an invertebrate ecology point of view, this approach has
started to focus attention on such factors as functional roles played by invertebrates and the
impacts of management and other perturbations on invertebrate assemblages (e.g.
Biedermann et al., 2005). Research on the role of invertebrates within ecosystem functioning
and ecosystem services is, though, still in its infancy (Didham et al., 2010; Seppelt et al.,

2011).

As diverse as grasslands are, so is management aimed at maintaining them. There remain
significant knowledge gaps in that much of the research into management does not explicitly
consider the requirements of invertebrates. For example, high-quality natural or semi-natural
grasslands, typically in Europe those that have not been subject to nutrient input, have seen
considerable research into appropriate vegetation management. Calcareous grasslands are
now widely recognised for their biodiversity value, as they host some of Europe’s most

species-rich plant and insect assemblages (van Swaay, 2002; WallisDeVries et al., 2002).
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Much of the remaining area of this grassland type is under conservation management and
the restoration of former chalk grassland now represents a key mechanism for increasing
their area. Such management usually focuses on the plant assemblages but success in
terms of the reassembly of invertebrates has been limited (Mortimer et al., 2002; Woodcock

et al., 2010a).

Of course most European grasslands are modified, primarily by agricultural practices (e.g.
Stoate et al., 2009). Even modified grasslands, though, have the potential to support
important assemblages or populations of rarer species (e.g. Alexander, 2003; Littlewood &
Stewart, 2011) as well as assemblages that can be important food resources for higher
trophic levels such as birds (Vickery et al., 2001). A greater understanding of how such
assemblages relate to grassland structural characteristics would be beneficial in terms of
maintaining and enhancing population sizes of many species, (e.g. Helden et al., 2010;
Trivellone et al., in press). In recent years, land management policy has reflected increased
interest in reversing the impacts of agricultural intensification. This may range from reversing
biodiversity loss in less intensively managed grasslands by preventing over-grazing
(Redpath et al., 2010), to encouraging appropriate incentives for preventing the
abandonment of traditional management (Stoate et al., 2009). Furthermore, there has been
interest in landscape conservation and restoration to maintain habitat heterogeneity and
connectivity in the light of research showing that patch isolation can be detrimental not just to
the range of species occurring, but also to ecosystem services such as pollination success

(Goverde et al., 2002) and natural pest control (Steffan-Dewenter & Tscharntke, 2002).

This short review and the Special Issue that it introduces aims to explore and develop the
key themes identified above. The papers that follow stem from a symposium on grassland
insect conservation held as part of the European Congress of Conservation Biology in
Prague in 2009 together with other highly relevant contributions. These papers aim to raise
the profile of grassland invertebrates within conservation science by showing the sensitivity

of invertebrates to perturbation, their importance for demonstrating grassland condition and



103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

functioning, and how knowledge of their fundamental ecology can contribute to the practical

management of various grassland types.

Management of existing grasslands

Typically, the primary aim of invertebrate conservation within existing grasslands is to
maintain species richness while retaining any rare or local species, although these aims may
sometimes conflict with each another. Invertebrate diversity is often, but not invariably,
strongly correlated with plant diversity (Schaffers et al., 2008). Partly this may be simply due
to plant and invertebrate species each responding to the same extrinsic driver such as
temperature or wetness. For phytophagous species in particular, though, dependence on
specific host plants may result in a strong link between plant and invertebrate assemblages
(Woodcock et al., 2010b).On the other hand, though, the architectural structure of the sward
is important for both zoophagous and phytophagous species, such that short swards
generally contain a lower abundance and reduced diversity of insects compared to taller
ones (Dennis et al., 1998; Morris, 2000). This relationship is underpinned by both the greater
biomass of structurally complex swards as well as the greater range of niches available for
invertebrates. Certain invertebrate groups are known to be strongly vertically stratified (e.g.
Auchenorrhyncha; Andrzejewska, 1965; Brown et al., 1992) or dependent upon the physical
architecture of the vegetation (e.g. Araneae; Gibson et al., 1992), whilst removal of tall
flowering structures in particular, reduces the diversity of pollinators, seed feeders, gallers
and other insects that exploit flowers and associated stems (Volkl et al., 1993; Woodcock et
al., 2009). The relationship between sward structure and invertebrate populations may,
though, be less straightforward as sward height may be a proxy for a further driver. For
example, in this issue, Dittrich & Helden (in press) show how populations of phytophagous

and predatory invertebrates can be enhanced in taller sward islets where the driver (for the
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phytophagous species at least) appears to be a higher nutrient content of the taller

vegetation.

Conservation management of grasslands typically aims to arrest the natural succession to
scrub and woodland by grazing, cutting or, more rarely, burning; the objective being to check
the spread of fast-growing competitive plant species and to maintain low system fertility by
removing biomass (e.g. Swengel, 2001; Watkinson & Ormerod, 2001). Much research has
been focused on how these management operations can be fine-tuned to promote diversity
by varying their intensity, frequency, duration, seasonality and in the case of grazing, by
using different species or breeds of domesticated herbivore (Watkinson & Ormerod, 2001).
All of these have subtly different effects on the species composition and structure of the
vegetation, and thereby on the associated invertebrates, although the details vary between
functional and taxonomic groups (e.g. Morris, 2000). In general, low-intensity grazing is
preferable to cutting because it is gradual rather than sudden, thus allowing insects to
escape (Humbert et al., 2009), grazers tend to feed on the fast-growing more palatable
plants which may need to be suppressed, and their trampling and local fertilization through
deposition of dung and urine promotes heterogeneity in the sward (Dennis et al., 1998;
Helden et al., 2010). Grazing and browsing by wild vertebrate herbivores, such as rabbits,
can have additional or separate effects to domestic herbivores which may further influence

the constituent invertebrate assemblage (Fisher Barham & Stewart, 2005).

The greater abundance and diversity of invertebrates in taller grasslands often brings
invertebrate conservation into conflict with the objective of preserving plant diversity (e.g.
Kruess & Tscharntke, 2002). In some cases, the use of heavier grazing animals to promote
micro-topographic heterogeneity, and patches of bare ground for invertebrates, is
incompatible with the requirements of delicate plant species such as orchids (e.g. Tamis et
al., 2009; Hutchings, 2010). Inevitably with so many species involved, each with their own
particular micro-habitat requirements, any one management prescription will favour certain

invertebrate taxonomic groups over others (e.g. Morris, 1978). Even within relatively
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narrowly-defined groupings, there will be wide differences in responses to management. For
example, grassland butterflies range widely in mean sward height preference from <2 to >30
cm (NCC, 1986). Faced with the challenge of maintaining a large number of species with
widely differing habitat requirements, often within a relatively small area, one solution is to
impose small-scale rotational management to generate a mosaic of different grassland
heights, ages and successional stages, thus producing maximal heterogeneity at a variety of

scales (Poyry et al., 2004).

Re-creation of grasslands

There is general agreement that the de novo re-creation of grasslands that resemble
species-rich assemblages that are highly prized by conservationists will take a very long time
indeed, perhaps hundreds of years (Hutchings & Stewart, 2002). Simple abandonment of
arable land is unlikely to set natural succession on a trajectory to species-rich grassland
because of the high nutrient residues, especially of phosphorus, and the absence of
appropriate plant propagules (Bakker & Berendse, 1999; Pywell et al., 2002). Attempts to
manage the path of plant succession have shown that only very heavy grazing will achieve a
community that starts to resemble ancient species-rich grassland (Gibson & Brown, 1992), a
result that is reflected by certain invertebrate groups (Gibson et al., 1992). A major limitation
to the success of such re-creation attempts is dispersal of the target species into the area,
rare species in particular tending to be poor dispersers (Batary et al., 2007; Knop et al.,
2011). In the case of plants, attempts have been made to overcome this by sowing seed
mixtures, strewing hay or inserting plant plugs to establish an appropriate assemblage of
species (e.g. Bakker & Berendse, 1999; Pywell et al., 2002). Indeed, as demonstrated by
Woodcock et al. (in press) in this issue through an example where ex-arable land was being
managed to recreate species-rich lowland hay meadow, the introduction of target plants can

prove crucial to facilitating reassembly of phytophagous beetle species. While such



181 management practices are potentially economical to undertake for plants, though, dispersal
182 limitation may restrict resultant invertebrate populations and overcoming this is likely to be
183  both hard and costly to implement. In the majority of cases colonisation will be by natural
184  immigration only and thus it is likely that targeting restoration sites within landscapes with
185  existing large areas of species rich grassland will help colonising invertebrates overcome
186  dispersal limitation (Woodcock et al., 2010a). As the order in which species arrive during
187  restoration (so called priority effects) may have important long-term implications for

188  community structure, long-term restoration success may be strongly affected by the

189  availability of source populations of colonising invertebrates (Young et al., 2005).

190 For the most part, and particularly in the case of phytophagous invertebrates, the

191  establishment of species in such experiments is often determined by the restoration success
192  of plants. This is seen, for example, in Hemiptera (Morris, 1990), Coleoptera (Mortimer et al.,
193  2002), and Lepidoptera (Maccherini et al., 2009) although often the invertebrate

194  communities of restored grasslands represent only a component of the target species-rich

195 grassland communities.

196

197 Enhancement of low quality grasslands

198  While the biodiversity benefits of grassland restoration may be potentially large, as a

199  conservation measure it is typically costly, complicated and time consuming to implement
200 (Bakker & Berendse, 1999; Willems, 2001; Walker et al., 2004). The associated expense

201  means that uptake may be restricted to sites that meet specific minimum habitat

202  requirements, as occurs in the case of grassland restoration sites within the UK agri-

203  environmental schemes that are geared towards more biodiverse sites (Natural England,

204  2008). For this reason large areas of grassland that are unsuitable for restoration remain

205 floristically species poor and structurally homogenous, and as such are of low biodiversity

206  value for invertebrates (Morris, 2000; Potts et al., 2009; Woodcock et al., 2009).
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The diversification of low-quality grassland can be difficult because few germination sites
exist in a closed sward, limiting the capacity of new species to invade, and seedlings suffer
intense competition from pre-established plants (Edwards et al., 2007). Intense grazing or
scarification of the sward may help to break up the vegetation to enable new species to
colonise, a technique that would also favour certain invertebrate groups (Woodcock et al.,
2008). Such grasslands may, though, be suitable for more modest enhancement
management, which aims to increase the levels of biodiversity associated with existing
habitats of low conservation value, without attempting to replicate a specific community as
would occur in restoration as described above. In Europe, such enhancement is often
implemented as a result of agri-environment schemes which aim to compensate farmers for
modest changes to their management practices (Young et al., 2005). Following in this issue
are two such examples of how invertebrate populations can be enhanced in agriculturally
productive landscapes. Firstly Cole et al. (in press) demonstrate how fencing off waterways
in intensively-managed grasslands to exclude livestock can promote habitat heterogeneity
and hence invertebrate populations, even in relatively narrow buffer strips. Secondly
Trivellone et al. (in press) provide evidence that low-intensity management, in particular
infrequent cutting and low pesticide use, can promote invertebrate biodiversity of grasslands

and associated habitats within vineyards.

Management associated with grassland enhancement is often straightforward and the
intended goals of such practices may be diverse, although they are rarely, if ever, centred on
invertebrates. In addition, such management is not normally intended to benefit rare or
threatened species directly, although by creating stepping stones and corridors across the
landscape it can promote population persistence in higher quality grassland habitats (Van
Geert et al., 2010). In England, for example, five grassland enhancement options exist for
lowland grasslands under the entry-level agri-environmental scheme, each representing
simple management changes to existing improved grassland management, such as reduced

fertiliser input (< 50 kg/ha/year N) or mixed stocking of cattle and sheep (DEFRA, 2005).
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It is questionable whether the benefits accrued for invertebrates as a result of these
management options will result in large scale biodiversity gains (Pywell et al., 2010). In many
cases the aims of these schemes focus on increasing the overall biomass of invertebrates to
provide food resources for higher trophic levels, such as farmland birds (Vickery et al., 2001;
DEFRA, 2005). This is often achieved by introducing variation in the architectural structure of
the sward and can be done by two means. Firstly, heterogeneous grazing management
promotes the development of tussock grasses that are vital for many invertebrates (Bayram
& Luff, 1993; Dennis et al., 1998; Morris, 2000). Secondly, temporal variation across
landscape management can contribute to the maintenance of invertebrate diversity. For
example, varying the timing of grass cutting can reduce the impacts on invertebrates of what
might otherwise be a catastrophic loss of sward structure (Morris, 2000; Humbert et al.,

2009).

In some grasslands, maintenance of, or simple changes to, existing management, such as in
cutting, grazing and fertiliser regimes, can have a large positive effect on the biodiversity
value of these habitats (Dennis et al., 1997; Dennis et al., 2004. In this issue, for example,
Littlewood et al. (in press) describe grazing impacts on Auchenorrhyncha assemblages in
upland rough grassland and show that maintaining a grazing intensity mosaic, including
ungrazed areas can substantially enhance abundance and diversity. Likewise for Hemiptera
as a whole, Korosi et al. (in press) demonstrate that vegetation height is the primary driver of
assemblages and that variations in sward height produced by different cattle-grazing
regimes helps to maintain diverse assemblages. Low-key grassland management changes
may have only limited success in increasing floristic diversity in agriculturally improved
grasslands, particularly where there is a high level of residual fertility, resulting in competition
for space within the sward (Woodcock et al., 2007; Potts et al., 2009; Woodcock et al.,
2009). Under these circumstances the establishment of forbs within the sward normally
requires some form of direct introduction of target species. As plants differ considerably in

the numbers of invertebrate species associated with them, there is considerable scope for
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enhancing existing grasslands by sowing a few well-selected species. In particular, the
introduction of commercially available plants that are both known to support a high diversity
of phytophagous invertebrates as well as being competitive enough to be able to persist in
improved grass swards has the potential to provide dramatic benefits for invertebrates
(Koricheva et al., 2000; Mortimer et al., 2006; Potts et al., 2009; Pywell et al., 2010). This
can be achieved at comparatively low cost relative to restoration management and may be
suitable for the enhancement of existing floristically species poor swards (Mortimer et al.,
2006; Pywell et al., 2010; Woodcock et al., in press). To this end, one technique that has
shown great promise is the introduction of hemiparasitic plants to check the growth of the
more vigorous plant species, facilitate the establishment and survival of introduced forbs and
thereby promote greater diversity. For example, Rhinanthus minor is hemiparasitic on
grasses and is now widely proposed as a tool for the diversification of grasslands (Pywell et
al., 2004). Recent evidence indicates a positive effect on abundance and diversity of
invertebrate herbivores and predators, indicating a community-wide response (Hartley, John,

Massey, Stewart & Press, unpublished data).

Influence of the landscape matrix

Management of grassland and its impact on insect populations is usually approached at a
site scale with the role of the surrounding matrix until recently only rarely considered. For
conservation of especially rare species it may be necessary to carry out habitat management
at a very specific site or colony (e.g. Young & Barbour, 2004) though isolated insect
populations in habitat that remains apparently suitable may be at increased risk of extinction
(e.g. Tscharntke et al., 2002; Goulson et al., 2008). The role of the surrounding landscape in
regulating or structuring insect assemblages is, however, being gradually recognised and
indeed, at the assemblage level, may explain more of the variation between sites than do

finer scale habitat characteristics (€.9. Marini et al., in press).
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This issue shows in particular how the landscape matrix interacts with species mobility in
determining species distributions and assemblage make-up. For example Pokluda et al. (in
press) provide an example of landscape-scale variation in habitat usage by a rare ground
beetle with, in this case, forest habitats potentially providing a complete barrier to movement.
Developing this theme, Wamser et al. (in press) demonstrate that trait-specific effects, such
as dispersal-ability, determine how the landscape influences different elements of carabid
biodiversity and thus demonstrate that habitat corridors may assist movement of species
which are less able to disperse across barrier to habitat patches. Likewise Marini et al. (in
press) shows that species mobility strongly influences species- turnover between
Orthopteran populations and that assemblages may be enhanced by increased connectivity

of meadows at the landscape scale.

Features of the landscape matrix may affect grassland insects in a number of ways. Physical
landscape influences on invertebrates may be linked to protection from the elements, such
as the preference shown by some butterflies for meadows benefiting from the sheltering
effect of adjacent woodland (e.g. Marini et al., 2009), or may be more directly related to
movement within the landscape (e.g. Jauker et al. 2009). Resource-related influences may
be linked to the need for connectivity of habitat patches in situations in which food availability
is unpredictable (Johst et al., 2006). Many species, especially those with specialised habitat
requirements, exist to a greater or lesser extent in a metapopulation structure with smaller or
marginal sites requiring occasional recolonisation from source colonies and with a higher
proportion of unoccupied patches in a more fragmented landscape (e.g. Batary et al., 2007;

Brickmann et al., 2010 ).

The way in which aspects of the landscape matrix impact on invertebrate populations varies
between different species or assemblages. For numerous groups, e.g. Auchenorrhyncha
(Littlewood et al., 2009) and Lepidoptera (Ries & Debinski, 2001), generalist species have
been shown to disperse further than specialist species and so they are likely to respond to

the landscape on a larger scale (Batary et al., 2007; Oliver et al., 2010). This can have
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implications for stability of populations. Thus, a heterogeneous landscape, in which a range
of resources and microclimates can help buffer against perturbation, may promote greater
stability in populations of generalist species than specialists (Oliver et al., 2010). There are
other patterns that are consistent across more than one insect group. For example, the size
and relative isolation of grassland habitat patches may be more significant limiting factors for
predatory insects. This was shown by Stoner & Joern (2004) who demonstrated that
Coccinellidae find it difficult to re-colonise after local extinction, while Zabel & Tscharntke
(1998) showed that a range of predatory Heteroptera and Coleoptera were more affected by
habitat isolation than were herbivores. Indeed patch connectivity in complex landscapes is
recommended as a means of ensuring maximum efficiency of predator populations for pest-

control purposes in agricultural grasslands (Tscharntke et al., 2007).

Given the influence of the landscape matrix it may be presumed that grassland restoration
and enhancement would have the greatest impact on insect populations at sites where it
increases connectivity with other patches (Woodcock et al., 2010b; Knop et al., 2011).
Defining optimum minimum distances and identifying patches between which individuals
have moved is, though, very difficult. Movement of individual insects along habitat corridors
or recolonisation of experimentally created habitat patches can be monitored on a small
scale (e.g. Soderstrom & Hedblom, 2007; Littlewood et al., 2009), whilst gene-flow can be
assessed between isolated populations over greater distances (e.g. Darvill et al., 2006).In
such cases, though, findings are likely to be so species and site-specific as to preclude any
useful general recommendations. Instead more general messages, perhaps based on re-

instating ecosystem services, must be sought and promoted.

Concluding remarks

The biodiversity of grassland invertebrates helps to maintain numerous ecosystem services

(Sutcliffe et al., 2003; Woodcock et al., 2010b; Knop et al., 2011), plays a crucial role in the
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structure of competitive interactions between plants (Rand, 2003), can underpin grassland
restoration (De Deyn et al., 2003) and provides food for higher trophic levels (Vickery et al.,
2001). In addition, the conservation of at least some invertebrates carries high societal
value, although this is often limited to charismatic species such as the butterflies (Fleishman
& Murphy, 2009). How we manage this biodiversity typically falls somewhere along a
spectrum, ranging from relatively cheap (per unit area) low level changes in management
applied at large spatial scales (Jeanneret et al., 2003; Schweiger et al., 2005; Woodcock et
al., 2009), to expensive and targeted management regimes that benefit a few species at a
particular site (Thomas, 1991). Changing patterns of land use, climatic variation and the
need to provide food security means that the pressures on grassland biodiversity are only
likely to increase over the coming decades (Stoate, 2009). For this reason, it is likely to
become increasingly important to incorporate invertebrate biodiversity into the more general
concept of multifunctional grasslands (Kemp & Michalk, 2007). Under such a premise, the
conservation of grasslands as a whole, including that of invertebrates, will have to be
presented to society within a wider package of benefits that include food production and
quality, climate change amelioration, revitalising crop lands, protecting water quality and
cultural heritage value (Kemp & Michalk, 2007; Stoate et al., 2009). If a long-term goal of
maintaining invertebrate biodiversity in grasslands is to be achieved, then future research
will need increasingly to consider how management will benefit not just the immediate
conservation goals of a particular taxon, but also these wider objectives that are important to

society as a whole.

References

Alexander, K.N.A. (2003) A review of the invertebrates associated with lowland calcareous

grassland. English Nature Research Report 512.



366

367

368

369

370

371

372

373

374

375

376

377

378

379

380

381

382

383

384

385

386

Andrezejewska, L. (1965) Stratification and its dynamics in meadow communities of

Auchenorrhyncha (Homoptera). Ekologia Polska (Ser. A), 13, 685-715.

Bakker, J.P. & Berendse, F. (1999) Constraints in the restoration of ecological diversity in

grassland and heathland communities. Trends in Ecology & Evolution, 14, 63-68.

Balmford, A. & Bond, W. (2005) Trends in the state of nature and their implications for

human well-being. Ecology Letters, 8, 1218-1234.

Balvanera, P., Pfisterer, A.B., Buchmann, N., He, J.S., Nakashizuka, T., Raffaelli, D. &
Schmid, B. (2006) Quantifying the evidence for biodiversity effects on ecosystem functioning

and services. Ecology Letters, 9, 1146-56.

Batary, P., Baldi, A., Szel, G., Podlussany, A., Rozner, |. & Erdos, S. (2007) Responses of
grassland specialist and generalist beetles to management and landscape complexity.

Diversity and Distributions, 13, 196-202.

Bayram, A. & Luff, M.L. (1993) Winter abundance and diversity of lycosids (Lycosidae,

Araneae) and other spiders in grass tussocks in a field margin. Pedobiologia, 37, 357-364.

Biedermann, R., Achtziger, R., Nickel, H. & Stewart, A.J.A. (2005) Conservation of grassland

leafhoppers: a brief review. Journal of Insect Conservation, 9, 229-243.

Brown, V.K., Gibson, C.W.D. & Kathirithamby, J. (1992) Community organization in leaf

hoppers. Oikos, 65, 97-106.

Brickmann, S.V., Krauss, J. & Steffan-Dewenter, |. (2010) Butterfly and plant specialists
suffer from reduced connectivity in fragmented landscapes. Journal of Applied Ecology, 47,

799-809.



387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

Darvill, B., Ellis, J.S., Lye, G.C. & Goulson, D. (2006) Population structure and inbreeding in
a rare and declining bumblebee, Bombus muscorum (Hymenoptera: Apidae). Molecular

Ecology, 15, 601-611.

De Deyn, G.B., Raaijmakers, C.E., Zoomer, H.R., Berg, M.P., de Ruiter, P.C., Verhoef, H.A.,
Bezemer, T.M. & van der Putten, W.H. (2003) Soil invertebrate fauna enhances grassland

succession and diversity. Nature, 422, 711-13.

DEFRA (2005) Environmental Stewardship: Entry Level Stewardship Handbook. Department

for the Environment, Food and Rural Affairs, London, UK.

Dennis, P., Doering, J., Stockan, J.A., Jones, J.R., Rees, M.E., Vale, J.E., & Sibbald, A.R.
(2004) Consequences for biodiversity of reducing inputs to upland temperate pastures:
effects on beetles (Coleoptera) of cessation of nitrogen fertilizer application and reductions in

stocking rates of sheep. Grass and Forage Science, 59, 121-135.

Dennis, P., Young, M.R., & Gordon, I.J. (1998) Distribution and abundance of small insects
and arachnids in relation to structural heterogeneity of grazed, indigenous grasslands.

Ecological Entomology, 23, 253-264.

Dennis, P., Young, M.R., Howard, C.L., & Gordon, I.J. (1997) The response of epigeal
beetles (Col: Carabidae, Staphylinidae) to varied grazing regimes on upland Nardus stricta

grasslands. Journal of Applied Ecology, 34, 433-443.

Didham, R.K., Basset, Y. & Leather, S.R. (2010) Research needs in insect conservation and

diversity. Insect Conservation and Diversity, 3, 1-4.



410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

Dittrich, A.D.K. & Helden, A.J. (in press) Experimental sward islets: The effect of dung and

fertilisation on Hemiptera & Aranaea. Insect Conservation and Diversity.

Edwards, A., Mortimer, S.R., Lawson, C.S., Westbury, D.B., Harris, S.J., Woodcock, B.A., &
Brown, V.K. (2007) Hay strewing, brush harvesting of seed and soil disturbance as tools for

the enhancement of botanical diversity in grasslands. Biological Conservation, 134, 372-382.

FAO (Food and Agricultural Organisation of the United Nations) (2006) FAO Statistical

Yearbook. 2006. FAOSTAT.

Fisher Barham, D. & Stewart, A.J.A. (2005) Differential indirect effects of excluding livestock
and rabbits from chalk heath on the associated leathopper (Hemiptera: Auchenorrhyncha)

fauna. Journal of Insect Conservation, 9, 351-361.

Fleishman, E. & Murphy, D.D. (2009) A Realistic assessment of the indicator potential of

butterflies and other charismatic taxonomic groups. Conservation Biology, 23, 1109-1116.

Fuller, R.M. (1987) The changing extent and conservation interest of lowland grasslands in
England and Wales: a review of grassland surveys 1930-84. Biological Conservation, 40,

281-300.

Gibson, C.W.D. & Brown, V.K. (1992) Grazing and vegetation change — deflected or

modified succession. Journal of Applied Ecology, 29, 120-131.

Gibson, C.W.D., Brown, V.K,, Losito, L. & McGavin, G.C. (1992) The response of

invertebrate assemblages to grazing. Ecography, 15, 166-176.

Goulson, D., Lye, G.C. & Darvill, B. (2008) Decline and conservation of bumblebees. Annual

review of Entomology, 53, 191-208.



431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

448

449

450

451

452

453

Goverde, M., Schweizer, K., Baur, B. & Erhardt, A. (2002) Small-scale habitat fragmentation
effects on pollinator behaviour: experimental evidence from the bumblebee Bombus

veteranus on calcareous grasslands. Biological Conservation, 104, 293-299.

Helden, A.J., Anderson, A., Sheridan, H. & Purvis, G. (2010) The role of grassland sward
islets in the distribution of arthropods in cattle pastures. Insect Conservation and Diversity, 3,

291-301.

Hollier, J.A., Maczey, N., Masters, G.J. & Mortimer, S.R. (2005) Grassland leafhoppers
(Hemiptera: Auchenorrhyncha) as indicators of habitat condition - a comparison of between-
site and between-year differences in assemblage composition. Journal of Insect

Conservation, 9, 299-307.

Humbert, J.H., Ghazoul, J., & Walter, T. (2009) Meadow harvesting techniques and their

impacts on field fauna. Agriculture Ecosystems & Environment, 130, 1-8.

Hutchings, M.J. (2010) The population biology of the early spider orchid Ophrys sphegodes

Mill. Ill. Demography over three decades. Journal of Ecology, 98, 867-878.

Hutchings, M.J. & Stewart, A.J.A. (2002) Calcareous grasslands. In: Handbook of Ecological
Restoration. Volume 2: Restoration in Practice. (eds. A.J. Davy & M.R. Perrow), pp. 419-

442.

Jauker. F., Diekotter, T., Schwarzbach, F. & Wolters, V. (2009) Pollinator dispersal in an
agricultural matrix: opposing responses of wild bees and hoverflies to landscape structure

and distance from main habitat. Landscape Ecology, 24, 547-555.

Jeanneret, P., Schipbach, B., Pfiffner, L., Herzog, F. & Walter, T. (2003) The Swiss agri-
environmental programme and its effects on selected biodiversity indicators. Journal for

Nature Conservation, 11, 213-20.



454

455

456

457

458

459

460

461

462

463

464

465

466

467

468

469

470

471

472

473

474

475

476

477

Johst, K., Drechsler, M., Thomas, J. & Settele, J. (2006) Influence of mowing on the
persistence of two endangered large blue butterfly species. Journal of Applied Ecology, 43,

333-3.

Knop, E., Herzog, F. & Schmid, B. (2011) Effect of connectivity between restoration
meadows on invertebrates with contrasting dispersal abilities. Restoration Ecology, 19, 151-

159.

Koricheva, J., Mulder, C.P.H., Schmid, B., Joshi, J., & Huss-Danell, K. (2000) Numerical
response of different trophic groups of invertebrates to manipulations of plant diversity in

grasslands. Oecologia, 125, 271-282.

Kruess, A. & Tscharntke, T. (2002) Contrasting responses of plant and insect diversity to

variation in grazing intensity. Biological Conservation, 106, 293-302.

Littlewood, N.A., Pakeman, R.J. & Woodin, S.J. (2009) Isolation of habitat patches limits

colonisation by moorland Hemiptera. Journal of Insect Conservation, 13, 29-36.

Littlewood, N.A. & Stewart, A.J.A. (2011) Upland grassland Auchenorrhyncha at Glen

Finglas, Perthshire. The Glasgow Naturalist, 25, 61-65.

Losey, J.E. & Vaughn, M. (2006) The economic value of ecological services provided by

insects. Bioscience, 54, 311-23.



478

479

480

481

482

483

484

485

486

487

488

489

490

491

492

493

494

495

496

497

498

499

500

501

Maccherini, S., Bacaro, G., Favilli, L., Piazzini, S., Santi, E. & Marignani, M. (2009)
Congruence among vascular plants and butterflies in the evaluation of grassland restoration

success. Acta Oecologica, 35, 311-17.

Marini, L., Fontana, P., Battisti, A. & Gaston, K.J. (2009) Agricultural management,
vegetation traits and landscape drive orthopteran and butterfly diversity in a grassland-forest

mosaic: a multi-scale approach. Insect Conservation and Diversity, 2, 213-220.

Marini, L., Ockinger, E., Battisti, A. & Bommarco, R. (in press) High mobility reduces beta-
diversity among orthopteran communities - Implications for conservation. Insect

Conservation and Diversity.

Morris, M.G. (1978) Grassland management and invertebrate animals - A selective review.

Scientific Proceedings of the Royal Dublin Society, Series A, 6, 247-57.

Morris, M.G. (1990) The Hemiptera of two sown calcareous grasslands Il. Differences

between treatments. Journal of Applied Ecology, 27, 379-393.

Morris, M.G. (2000) The effects of structure and its dynamics on the ecology and

conservation of arthropods in British grasslands. Biological Conservation, 95, 129-142.

Mortimer, S.R., Booth, R.G., Harris, S.J. & Brown, V.K. (2002) Effects of initial site
management on the Coleoptera assemblages colonising newly established chalk grassland

on ex-arable land. Biological Conservation, 104, 301-313.

Mortimer, S.R., Kessock-Philip, R., Potts, S.G., Ramsay, A., Roberts, S.P.M., Woodcock,
B.A., Hopkins, A., Gundrey, A., Dunn, R., Tallowin, J., Vickery, J., & Gough, S. (2006)
Review of the diet and micro-habitat values for wildlife and the agronomic potential of

selected plant species. English Nature, Peterborough, UK.

Natural England (2008) Higher Level Stewardship. Part B. Farm Environmental Plan (FEP)

features manual. Second Edition. Natural England, Peterborough, UK.



502

503

504

505

506

507

508

509

510

511

512

513

514

515

516

517

518

519

520

521

522

523

524

NCC (Nature Conservancy Council) (1986) The Management of Chalk Grassland for

Butterflies. NCC, Peterborough.

Oliver, T., Roy, D.B., Hill, J.K., Brereton, T. & Thomas, C.D. (2010) Heterogeneous

landscapes promote population stability. Ecology Letters, 13, 473-484.

Partel, M., Bruun, H.H. & Sammul, M.( 2005) Biodiversity in temperate European grasslands:
origin and conservation. In: Lillak, R., Viiralt, R., Linke, A. & Geherman, V. (eds.), Integrating
efficient grassland farming and biodiversity. Proceedings of the 13th International Occasional

Symposium of the European Grassland Federation. Estonian Grassland Society, pp. 1-14.

Potts, S.G., Woodcock, B.A., Roberts, S.P.M., Tscheulin, T., Pilgrim, E.S., Brown, V.K., &
Tallowin, J.R. (2009) Enhancing pollinator biodiversity in intensive grasslands. Journal of

Applied Ecology, 46, 369-379.

Pdyry, J., Lindgren, S., Salminen, J. & Kuussaari, M. (2004) Restoration of butterfly and
moth communities in semi-natural grasslands by cattle grazing. Ecological Applications, 14,

1656-70.

Pywell, R.F., Bullock, J.M., Hopkins, A., Walker, K.J., Sparks, T.H., Burke, M.J.W. & Peel, S.
(2002) Restoration of species-rich grassland on arable land: assessing the limiting

processes using a multi-site experiment. Journal of Applied Ecology, 39, 294-309.

Pywell, R.F., Bullock, J.M., Walker, K.J., Coulson, S.J., Gregory, S.J. & Stevenson, M.J.
(2004) Facilitating grassland diversification using the hemiparasitic plant Rhinanthus minor.

Journal of Applied Ecology, 41, 880-887.



525

526

527

528

529

530

531

532

533

534

535

536

537

538

539

540

541

542

543

544

545

546

547

Pywell, R.F., Woodcock, B.A., Orr, R., Tallowin, J.R.B., McEwan, I., Nowakowski, M., &
Bullock, J.M. (2010) Options for wide scale enhancement of grassland biodiversity under the
Entry Level Scheme. In Agri-environment schemes - what have they achieved and where do

we go from here? Aspects of Applied Biology 100, pp. 125-132.

Rand, T.A. (2003) Herbivore-mediated apparent competition between two salt marsh forbs.

Ecology, 84, 1517-26.

Redpath, N., Osgathorpe, L.M., Park, K. & Goulson, D. (2010) Crofting and bumblebee
conservation: The impact of land management practices on bumblebee populations in

northwest Scotland. Biological Conservation, 143, 492-500.

Ries, L. & Debinski, D.M. (2001) Butterfly responses to habitat edges in the highly

fragmented prairies of Central lowa. Journal of Animal Ecology, 70, 840-852.

Schaffers, A.P., Raemakers, |.P., Sykora, K.V. & ter Btaak, C.J.F. (2008) Arthropod

assemblages are best predicted by plant species composition. Ecology, 89, 782-794.

Schweiger, O., Maelfait, J.P., Van Wingerden, W., Hendrickx, F., Billeter, R., Speelmans, M.,
Augenstein, I., Aukema, B., Aviron, S., Bailey, D., Bukacek, R., Burel, F., Diekotter, T.,
Dirksen, J., Frenzel, M., Herzog, F., Liira, J., Roubalova, M. & Bugter, R. (2005) Quantifying
the impact of environmental factors on arthropod communities in agricultural landscapes

across organizational levels and spatial scales. Journal of Applied Ecology, 42, 1129-39.

Seppelt, R., Dormann, C.F., Eppink, F.V., Lautenbach, S. & Schmidt, S. (2011) A
quantitative review of ecosystem service studies: approaches, shortcomings and the road

ahead. Journal of Applied Ecology, 48, 630-36.

Soderstrom, B. & Hedblom, M. (2007) Comparing movement of four butterfly species in

experimental grassland strips. Journal of Insect Conservation, 11, 333-342.



548

549

550

551

552

553

554

555

556

557

558

559

560

561

562

563

564

565

566

567

568

569

570

571

Steffan-Dewenter, |. & Tscharntke, T. (2002) Insect communities and biotic interactions on

fragmented calcareous grasslands - a mini review. Biological Conservation, 104, 275-284.

Stoate, C., Baldi, A., Beja, P., Boatman, N.D., Herzon, I., van Doorn, A., de Snoo, G.R.,
Rakosy, L. & Ramwell, C. (2009) Ecological impacts of early 21st century agricultural

change in Europe - A review. Journal of Environmental Management, 91, 22-46.

Stoner, K.J.L. & Joern, A. (2004) Landscape vs. local habitat scale influences to insect

communities from tallgrass prairie remnants. Ecological Applications, 14, 1306-1320.

Sutcliffe, O.L., Bakkestuen, V., Fry, G. & Stabbetorp, O.E. (2003) Modelling the benefits of
farmland restoration: methodology and application to butterfly movement. Landscape and

Urban Planning, 63, 15-31.

Swengel, A.B. (2001) A literature review of insect responses to fire, compared to other

conservation managements of open habitat. Biodiversity and Conservation, 10, 1141-69.

Tamis, W.L.M., Beckers, A., Kooijmans, L.L., Mourik, J. & Vreeken, B. (2009) Munch,
munch, there goes another tasty orchid; the impact of cattle grazing on Red List species.

Gorteria, 33, 186-201.

Thomas, J.A. (1991). Rare species conservation: case studies of European butterflies. The
scientific management of temperate communities for conservation. (eds. |I.F. Spellberg, G.

Morris & F.B. Goldsmith), pp. 141-97. Blackwell Scientific Publications, Oxford.

Trivellone, V., Pollini Paltrinieri, L., Jermini, M. & Moretti, M. (in press) Management pressure
drives leafhopper communities in vineyards in Southern Switzerland. Insect Conservation

and Diversity.

Tscharntke, T., Bommarco, R., Clough, Y., Crist, T.O., Kleijn, D., Rand, T.A., Tylianakis,
J.M., van Nouhuys, S. & Vidal, S. (2007) Conservation biological control and enemy diversity

on a landscape scale. Biological Control, 43, 294-309.



572

573

574

575

576

577

578

579

580

581

582

583

584

585

586

587

588

589

590

501

592

593

594

Tscharntke, T., Steffan-Dewenter, I., Kruess, A. & Thies, C. (2002) Contribution of small
habitat fragments to conservation of insect communities of grassland-cropland landscapes.

Ecological Applications, 12, 354-63.

van Eekeren, N., de Boer, H., Hanegraaf, M., Bokhorst, J., Nierop, D., Bloem, J., Schouten,
T., de Goede, R. & Brussaard, L. (2010) Ecosystem services in grassland associated with

biotic and abiotic soil parameters. Soil Biology & Biochemistry, 42, 1491-504.

Van Geert, A., Van Rossum, F. & Triest, L. (2010 ) Do linear landscape elements in farmland

act as biological corridors for pollen dispersal? Journal of Ecology, 98, 178-87.

van Swaay, C.A.M. (2002) The importance of calcareous grasslands for butterflies in

Europe. Biological Conservation, 104, 315-18.

Vickery, J.A., Tallowin, J.R., Feber, R.E., Asteraki, E.J., Atkinson, P.W., Fuller, R.J., &
Brown, V.K. (2001) The management of lowland neutral grasslands in Britain: effects of

agricultural practices on birds and their food resources. Journal of Applied Ecology, 38, 647-

664.

Volkl, W., Zwdlfer, H., Romstock-Voélkl, M & Schmelzer, C. (1993) Habitat management in
calcareous grasslands: effects on the insect community developing in flower heads of

Cynarea. Journal of Applied Ecology, 30, 307-315.

Walker, K.J., Stevens, P.A., Stevens, D.P., Mountford, J.O., Manchester, S.J., & Pywell, R.F.
(2004) The restoration and re-creation of species-rich lowland grassland on land formerly

managed for intensive agriculture in the UK. Biological Conservation, 119, 1-18.

WallisDeVries, M.F., Poschlod, P. & Willems, J.H. (2002) Challenges for the conservation of
calcareous grasslands in Northwestern Europe: integrating the requirements of flora and

fauna. Biological Conservation, 104, 265-273.



595

596

597

598

599

600

601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

Wamser, S., Diekoétter, T., Boldt, L., Wolters, V. & Dauber, J. (in press) Trait-specific effects
of habitat isolation on carabid species richness and community composition in managed

grasslands. Insect Conservation and Diversity.

Watkinson, A.R. & Ormerod, S.J. (2001) Grasslands, grazing and biodiversity: editors'

introduction. Journal of Applied Ecology, 38, 233-37.

White, R., Murray, S. & Rohweder, M. (2000) Pilot analysis of Global Ecosystems:

Grassland Ecosystems. World Resources Institute, Washington D.C., USA.

Willems, J.H. (2001) Problems, approaches, and results in restoration of Dutch calcareous

grassland during the last 30 years. Restoration Ecology, 9, 147-154.

Woodcock, B.A., Edwards, A.R., Lawson, C.S., Westbury, D.B., Brook, A.J., Harris, S.J.,
Masters, G., Booth, R., Brown, V.K. & Mortimer, S.R. (2010a) The restoration of

phytophagous beetles in species-rich chalk grasslands. Restoration Ecology, 18, 638-644.

Woodcock, B.A., Edwards, A.R., Lawson, C.S., Westbury, D.B., Brook, A.J., Harris, S.J.,
Masters, G., Brown, V.K. & Mortimer, S.R. (2008) Contrasting success in the restoration of
plant and phytophagous beetle assemblages of species rich mesotrophic grasslands.

Oecologia, 154, 773-783.

Woodcock, B.A., Potts, S.G., Pilgrim, E., Ramsay, A.J., Tscheulin, T., Parkinson, A., Smith,
R.E.N., Gundrey, A.L., Brown, V.K., & Tallowin, J.R. (2007) The potential of grass field
margin management for enhancing beetle diversity in intensive livestock farms. Journal of

Applied Ecology, 44, 60-69.

Woodcock, B.A., Potts, S.G., Tscheulin, T., Pilgrim, E.S., Ramsey, A.J., Harrison-Cripps, J.,
Brown, V.K., & Tallowin, J.R. (2009) Responses of invertebrate trophic level, feeding guild
and body size to the management of improved grassland field margins. Journal of Applied

Ecology, 46, 920-929.



619

620

621

622

623

624

625

626

627

628

629

630

631

632

633

Woodcock, B.A., Vogiatzakis, I.N., Westbury, D.B., Lawson, C.S., Edwards, A.R., Brook,
A.J., Harris, S.J., Lock, K.-A., Masters, G., Brown, V.K. & Mortimer, S.R. (2010b) The role of
management and landscape context in the restoration of grassland phytophagous beetles.

Journal of Applied Ecology, 47, 366-76.

Young, M.R. & Barbour, D.A. (2004) Conserving the New Forest burnet moth (Zygaena
viciae ([Denis and Schiffermueller])) in Scotland; responses to grazing reduction and

consequent vegetation changes. Journal of Insect Conservation, 8, 137-148.

Young, T.P., Petersen, D.A. & Clary, J.J. (2005) The ecology of restoration: historical links,

emerging issues and unexplored realms. Ecology Letters, 8, 662-73.

Zabel, J. & Tscharntke, T. (1998) Does fragmentation of Urtica habitats affect phytophagous

and predatory insects differentially? Oecologia, 116, 419-425.



	postprint cover - Wiley
	Littlewood_ICD intro 01092011 changes accepted

