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Abstract

Grazing by domestic stock is widely used in nature reserve management to maintain or restore characteristics of the flora.
While the effects on plants are well understood, grazing effects on arthropods are in need of further investigation. We studied
the effects of management on grassland arthropod communities at Needingworth, a mixture of grassland and wetland, cre-
ated after gravel extraction. We hypothesised arthropod abundance and the species richness of Hemiptera and Coleoptera,
would be no greater in fenced, ungrazed areas than in cattle-grazed grassland. We used suction sampling to collect grassland
arthropods which were initially identified to order level, and then to species or genus level for the Coleoptera and Hemip-
tera. Abundance of total invertebrates and of all orders, except for Diptera, was greater in ungrazed than grazed grassland.
We estimated that the presence of ungrazed grassland resulted in 14.9% greater invertebrate abundance at Needingworth.
Community structure showed strong differences in relation to management, particularly in terms number of detritivores.
Even the small amount of grassland management at Needingworth had distinct negative impacts arthropod abundance and
community structure, and leaving ungrazed areas has the potential to benefit invertebrate biodiversity. We recommend that
some grassland patches should remain unmanaged for long periods, as part of a mixed management strategy. Conservation
grazing is not the only approach that should be used.
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Introduction domestic stock (WallisDeVries 1998; Rook and Tallowin

2003; Dumont et al. 2007; Bucher et al. 2016). However,

It has long been recognised that the management of grass-
land, whether for amenity, nature conservation or aesthetic
reasons, has a major impact not only on habitat structure but
also on the plant and animal biodiversity which exists there
(Curry 1987; Morris 2000; Vickery et al. 2001; Kruess and
Tscharntke 2002). This understanding forms the basis for
much of the recent emphasis on managing nature reserves
and promoting biodiversity through low-level grazing by
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grazing, or indeed mowing or other management, affects
organisms to differing degrees. This was highlighted in
a review by van Klink et al. (2015), which indicated that
grassland arthropods are typically more negatively affected
than plant diversity by increased grazing intensity, and that
plant diversity was sometimes a poor predictor arthropod
diversity. Therefore it cannot be assumed that grassland
management that promotes plant diversity will be benefi-
cial for invertebrates. One problem is that while there is a
well developed understanding of the effects of management
on plant communities, much less is known about the effects
on arthropod communities (Littlewood et al. 2012). For this
reason it is important that efforts are made to reduce this
knowledge gap through studies into invertebrate responses to
grassland management. This is particularly pertinent given
the recent well-publicised finding of large-scale decline in
flying insect biomass in Europe (Hallmann et al. 2017). If we
are to halt and ideally reverse this decline, we need to know
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how we can modify our habitat management to better serve
the needs of invertebrates.

The methodology and outcomes of grassland manage-
ment are key considerations of nature conservation manag-
ers, particularly those working to restore habitats and com-
munities following negative human impact, such as transport
infrastructure creation, intensive agriculture, deforestation,
quarrying and gravel extraction (Snazell and Clarke 2000;
Walker et al. 2004; Ockinger et al. 2006; Tropek et al. 2010;
Lenda et al. 2012; Woodcock et al. 2012). Habitat restoration
of gravel workings has often been associated with the flood-
ing of gravel pits, creating networks of freshwater lakes and
some associated terrestrial habitats such as grassland, scrub
and woodland (Armitage 1990). One such site is at Needing-
worth, in Cambridgeshire, UK, where the focus has been on
wetland creation, and which was the location of our study.
The conservation focus at Needingworth has been reedbed
restoration, but such sites typically also include areas of
wet or dry grassland, with varying degrees of management
through grazing, mowing and fencing. These grasslands
potentially provide a valuable habitat for biodiversity, espe-
cially within the context of the considerable intensification
of agricultural and other grasslands that has taken place over
recent decades (Vickery et al. 2001; Benton et al. 2003; Pér-
tel et al. 2005).

The aim of our study was to investigate how grassland
management affected arthropod abundance and biodiversity
in grasslands surrounding reedbed restoration units at Need-
ingworth/Ouse Fen. In doing so we hoped to both extend
scientific understanding and to inform local management
practice decisions, which will help to further enhance the
biodiversity value of this restoration project. In particular,
we were interested in to what extent Hemiptera and Coleop-
tera communities are affected by cattle grazing at the site.
For the Hemiptera we had a specific focus on the Auchenor-
rhyncha (leathoppers, planthoppers and froghoppers), which

are common in grassland and have been found to be useful
indicators of management intensity effects (Andrzejewska
1962; Nickel and Hildebrandt 2003).

The grazing at Needingworth is low intensity for bio-
diversity conservation purposes and consequently in these
managed areas the vegetation retains much of its height and
structure (Fig. 1).

Our hypothesis was that given the low intensity grazing,
overall arthropod populations, as well as the species richness
and abundance of Hemiptera and Coleoptera, would be no
greater in fenced, ungrazed plots that had been created for
the development of scrub, than in cattle-grazed grassland.

Methods
Location and site details

Needingworth/Ouse Fen is located approximately 1 km
north of the village of Over, Cambridgeshire, UK. It is the
site of a collaboration between Hanson/Heidelberg Cement
and the Royal Society for the Protection of Birds (RSPB) in
a phased restoration to create a very large reedbed-focused
wetland nature reserve, called Ouse Fen (Aggregates Busi-
ness Europe 2010; RSPB 2011). As gravel extraction is com-
pleted in sections of Needingworth, these areas are being
converted into wetland habitats, including large areas of
reedbed. Open water and reedbeds are the main focus of the
RSPB’s efforts, given the importance they have for birds,
some of which are rare and threatened in the UK (Wotton
et al. 2009; White et al. 2014). The site is centred on national
grid reference TL377726 (0° 01’ 10" E, 52° 20" 04" N) and
in 2014 the area restored after gravel extraction covered a
total area of approximately 148 ha. The main habitats within
the site are: wetlands, composed of open water, reedbed
and marshland vegetation, and a mixture of grassland and

Fig. 1 Grassland at Needingworth. The photograph on the left, taken on 6 June 2014, shows a fence separating the ungrazed (scrub) grassland to
the left and grazed grassland to the right. The other photograph, taken on 25 June, illustrates the low intensity of grazing at the site
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developing scrub (Fig. 2). Restoration, by Hanson/Heidel-
berg Cement and the RSPB, is being carried out in stages.
The first area restored, from 2003 onwards (2003 restora-
tion), comprises an area of approximately 69.9 ha and was
followed by a further 78.2 ha from 2011 (2011 restoration)
(RSPB 2011).

In the 2003 restoration, grassland covered 31.9 ha, or
46.7% of the total area. Of this 23.7 ha (74.1% of the grass-
land) has been managed by grazing. In 2014, the year of
sampling, there was a herd of between 31 and 36 cattle,
representing 18.6 to 21.6 livestock units (LU), which is typi-
cal of the level of grazing management in this part of the
reserve. The whole grazed area was divided by a ditch and
fencing into two separate sections. The cattle were free to
move within each section, and were rotated between them,
such that over the spring and summer the mean daily cattle
density across the site was 0.89 LU ha~!, and the level of
grazing was equivalent between the two sections. There was
no supplementary feeding of the herd on the reserve. Of the
remaining area, 38.0 ha (54%) was covered by open water,
reedbed or other wet vegetation. There were 8.3 ha (11%)
of ungrazed grassland, which was fenced with the aim of
eventual succession into scrub. In most of these ungrazed
areas there has been some low-density planting of woody
vegetation, such as hawthorn Crataegus monogyna Jacq.
(Rosaceae). The ungrazed grassland areas were mostly
located around the edges of the site (Fig. 2). Those along
the northern edge bordered a narrow, rough track, incorpo-
rating a gravel carrying conveyor belt, beyond which was the
grassland and wetland of the 2011 restoration. The eastern
edge of the site was bordered by a wet ditch, farm track, and
then intensively farmed arable fields. The western edge was
without a ditch, had a rarely used track, then a hedgerow and
an intensive arable field. The southern boundary consisted of
a hedgerow, beyond which was a narrow farm track and then

conveyor belt

Fig.2 Map of the part of the Needingworth site studied, as it was in
2014, showing open water (black), reedbed (white), grazed grassland
(pale grey), ungrazed grassland (scrub) (mid grey). Sampling loca-
tions are shown with open circles

various agricultural fields. The ungrazed area away from the
boundary was mostly surrounded by grazed grassland, with
part adjoined to an area of open water.

Habitat areas were calculated using satellite photographs
from the Ordnance Survey, Get a Map (Ordnance Survey
2014) and the Google Maps Area Calculator Tool (Daft
Logic 2014).

Invertebrate sampling and identification

Invertebrates were sampled from 16 grassland locations
(Fig. 2) on three dates, 6 June, 25 June and 21 July 2014,
using a Vortis suction sampler (Arnold 1994). A sample
was taken on each date from each of eight fenced ungrazed
areas. These were paired with a sample from an adjacent
area of grazed grassland. Sampling locations were numbered
sequentially in a clockwise direction, starting with grazed/
ungrazed (G1/U1) 1 in the south-east corner (Fig. 2) and fin-
ishing with G8/US, the other location on the eastern bound-
ary, just to the north of location 1 (Fig. 2).

Each suction sample consisted of ten 16-s sucks (Brook
et al. 2008) covering a total area of 0.2 m? (10x0.02 m?).
Invertebrates collected were preserved in 70% ethanol
solution.

Invertebrates were initially identified as: Araneae,
Coleoptera, Diptera, Hemiptera, Hymenoptera or as ‘other
orders’, although Collembola and Acari were excluded.
The numbers of each order were counted. Subsequently the
Hemiptera and Coleoptera were identified further. Adult
Hemiptera were identified either to species level, or when
this was not possible, to genus or morphospecies. Nymphs
were identified to species level whenever possible but some
could only be assigned to morphospecies, genus, or in the
case of some very early instars, to family. Adult Coleoptera
specimens were initially identified to family level, and then
subsequently to species level. Based on these identifications,
adult Hemiptera and Coleoptera were assigned to trophic
guilds. Similarly, the numbers of parasitic and herbivorous
Hymenoptera were distinguished.

All invertebrates, with the exception of Diptera, were
classified as belonging to one of five trophic groups: detri-
tivores, herbivores (chewers), herbivores (suckers), preda-
tors, and parasites. For some groups, such as Araneae all
individuals are predators. For other groups with a mixed
strategy, Coleoptera, Hemiptera and Hymenoptera and other
orders, all specimens were examined and grouped according
to trophic guild.

Statistical methods
Statistical modelling of invertebrate data was carried out

using R version 2.15.1 (R Core Team 2017). Prior to mod-
elling data were summed from the three sample dates for

@ Springer



658

Journal of Insect Conservation (2020) 24:655-670

each paired site to give a single data point for each sampling
location.

Grazed-ungrazed comparisons were made using gener-
alised linear mixed models, with the Imer function from the
Ime4 package (Bates et al. 2015). In each model the response
variable was the abundance (i.e. number of individuals) of
invertebrates, either in total or by order, with habitat type
(grazed or ungrazed grassland) being the single explana-
tory variable. Sample pair was used as a random effect, and
Poisson error structure was defined in all models. As well as
abundance, the number of Hemiptera species and the num-
ber of Coleoptera species were also modelled. Generalised
linear mixed models were used in the same way, following
the trophic guild ordination (see below) to compare paired
grazed and ungrazed samples in terms of abundance of each
of the five trophic guilds.

Community structure for all 16 sampling locations was
investigated using non-metric multidimensional scaling
(NMDS), with the metaMDS function of the vegan package
(Oksanen et al. 2017). The ordination used Bray—Curtis dis-
similarity to compare the community structure at different
sample locations. Three separate ordinations compared com-
munities in terms of invertebrate trophic group, Hemiptera
species (n=29) and Coleoptera species (n=12), with only
groupings or taxa (species, genus or morphospecies) with a
total of 10 or more individuals included. Sample locations
were used as categorical variables and applied to the ordi-
nation using the envfit function, which gave a goodness of
fit statistic based on 1000 random permutations of the data.
Similarly, trophic group and Hemiptera or Coleoptera taxa
were applied to the ordinations with envfit, giving an indica-
tion of how the communities differed.

Results
Invertebrates recorded

The total number of invertebrates sampled at Needingworth
was 14,589, consisting of 1730 Araneae, 1361 Coleoptera,
3737 Diptera, 5049 Hemiptera, 1564 Hymenoptera and 1148
of other orders.

The number of Hemiptera identified further was 3747,
representing 54 identified species (Appendix Table 1).
All the Hemiptera that could be identified to species level
were associated with grassland, with no arboreal species
collected. Five species of which were local or more spe-
cific conservation interest: Euscelidius variegatus (Kbm.)
(Cicadellidae), nationally notable (B); Psammotettix alienus
(L.) (Cicadellidae), Red Data Book K (insufficiently known);
Eurybregma nigrolineata Scott. (Delphacidae) and Xanth-
odelphax straminea (Stél) (Delphacidae), both local; and
Ribautodelphax imitans (Rib.) (Delphacidae), Red Data
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Book K (Stewart 2012; Dittrich and Helden 2016). The 617
adult Coleoptera represented 65 species (Appendix Table 2).
There was one species, Cantharis decipiens (Baudi), repre-
sented by a single individual collected in the ungrazed habi-
tat, that is associated with areas that have trees or shrubs. All
the other Coleoptera that could be identified to species level,
are associated with grassland, low herbaceous vegetation or
similar open habitats.

Invertebrate abundance

The total number of invertebrates recorded in the
ungrazed grassland habitat was significantly higher than
that in grazed (z=30.05, d.f. =14, P<0.001) (Fig. 3).
Statistical model estimates of the number of individu-
als per 0.6 m? over the three sampling dates were: 668.1
and 1117.9 for grazed and ungrazed, respectively. The
same pattern was true in five out of the six invertebrate
orders (Fig. 4): Araneae (z=12.34, d.f. =14, P<0.001)
(model estimates, 70.1 grazed, 131.0 ungrazed), Coleop-
tera (z=4.22, d.f. =14, P<0.001) (model estimates, 72.4
grazed, 91.1 ungrazed), Hemiptera (z=28.42, d.f. =14,
P <0.001) (model estimates, 175.9 grazed, 423.4
ungrazed), Hymenoptera (z=7.15, d.f. =14, P <0.001)
(model estimates, 76.7 grazed, 111.0 ungrazed), other
orders (z=20.88, d.f. =14, P <0.001) (model estimates,
21.7 grazed, 119.3 ungrazed). The Diptera showed the
opposite pattern, with greater abundance in the grazed
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Fig.3 Boxplots showing the overall abundance of grassland inver-
tebrates in grazed and ungrazed grassland at Needingworth. Data
indicate totals per sampling location over three dates in June and
July 2014, representing a cumulative sampled area of 0.6 m> Dark
horizontal lines show the median, with the upper and lower boxes
the 25th and 75th percentiles, respectively. The dashed lines indicate
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Fig.4 Boxplots showing the abundance of grassland invertebrates of different taxonomic order, in grazed and ungrazed grassland at Needing-

worth

habitat (z=— 2.86, d.f. =14, P=0.004) (model estimates,
237.0 grazed, 215.8 ungrazed) (Fig. 4).

As with abundance, the number of species of Hemip-
tera sampled was greater in ungrazed than grazed grass-
land (z=3.78, d.f. =14, P<0.001) (model estimates,
16.2 grazed, 24.9 ungrazed) (Fig. 5). The same pat-
tern occurred with the Coleoptera (z=2.49, d.f.= 14,
P=0.013) (model estimates, 12.0 grazed, 16.8 ungrazed)
(Fig. 5).

Using the invertebrate abundance and habitat area data,
it was estimated that if all the grassland were grazed there
would be 14.9% less invertebrates on the grassland part
of the whole site.

Community structure

The NMDS of trophic guild resulted in a two-dimensional
ordination with a final stress (which indicates how well the
two-dimensional configuration of points represents the full
ordination) of 0.089 (Fig. 6). This value indicates that the
two-dimensions are a very good representation of the full
ordination. The community structure showed significant dif-
ferences between different habitat classifications (> =0.604,
P <0.001), largely based on the first axis of the NMDS,
with no overlap between grazed the ungrazed locations. All
trophic groups showed a significant fit to the ordination. The
fit was most strong for detritivores (r*=0.856, P<0.001)

@ Springer



Journal of Insect Conservation (2020) 24:655-670

660
30 A ) —_
Hemiptera ! Coleoptera
25
7)) T
O 20 o !
[0) |
o
)
©
o 15 T |
3 — !
e |
S R E—
Z 10 T
-
5 -
T T T T
grazed  ungrazed grazed  ungrazed

Grassland habitat
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and showed relatively weak relationships for predators
(r*=0.501, P=0.014), parasites (r*=0.430, P=0.019),
and for both sucking (r2=0.359, P=0.050) and chewing
herbivores (r2 =0.429, P=0.026). Detritivores, predators
and sucking hebivores were associated with ungrazed, with
parasites and chewing herbivores fitted between the two
management categories. Generalised linear mixed model-
ling indicated there were significantly more individuals in
ungrazed areas for all guilds (chewers z=2.44, d.f.=14,
P=0.015 (model estimates, 8.3 grazed, 12.0 ungrazed),
detritivores z=17.13, d.f. =14, P<0.001 (model estimates,
4.1 grazed, 81.8 ungrazed), parasites z=6.80, d.f. =14,
P <0.001 (model estimates, 73.0 grazed, 104.7 ungrazed),
predators z=12.82, d.f.=14, P<0.001 (model estimates,
107.3 grazed, 184.4 ungrazed), suckers z=24.56, d.f. =14,
P <0.001 (model estimates, 126.5 grazed, 306.2 ungrazed)),
with the contrast between the two sub-habitats being most
marked for detritivores (Fig. 7). The dominant detritivore
taxon sampled were woodlice (Isopoda), with 591 from three
species (Armadillidium vulgare, Philoscia muscorum and
Porcellio scaber) out of the total of 719 detritivores (82.2%
of all detritivores).

At the species level, ordination of Hemiptera commu-
nities was described in two dimensions with a final stress
of 0.159 (Fig. 7a), indicating a good representation of the
full ordination. As with trophic groups the sub-habitats dif-
fered significantly (r2=0.430, P <0.001), with no overlap
between the grazed and ungrazed locations. When applied
to the ordination, seven species showed a significant pat-
tern (Fig. 7a). Five of these were clearly associated with
ungrazed (aphid species G (Aphididae); Anoscopus serratu-
lae, Aphrodes makarovi and Arthaldeus pascuellus (Cicadel-
lidae); Himacerus major (Nabidae); and one with grazed,
Atheroides serratulus (Chaitophoridae). The ordination vec-
tor for one species, aphid species D (Aphididae), was fitted
between the grazed and ungrazed categories, indicating no
association with either grazed or ungrazed grassland.

The NMDS ordination for Coleoptera was described
in a two-dimensional solution, with a final stress of 0.157
(Fig. 7b), and again there was no overlap between grazed and
ungrazed locations and a significant difference in communi-
ties (r=0.355, P<0.001). The fit of species to the habitat
category was more even than for Hemiptera, with two spe-
cies associated with grazed (Amischa analis (Staphylinidae)
and Neocrepidodera ferruginea (Chrysomelidae)) and three
with ungrazed (Megasternum concinnum (Hydrophilidae),
Mocyta amplicollis (Staphylinidae) Stenus clavicornis
(Staphylinidae)). Two species were fitted between grazed
and ungrazed: Cantharis lateralis (Cantharidae) and Trechus
quadristriatus (Carabidae).

Inspection of all three ordinations (Figs. 6 and 8) revealed
no discernible pattern to indicate that closely located sam-
pling locations were more similar to each other than sites
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Fig.7 Boxplots showing the abundance of invertebrates of different functional guilds, in grazed and ungrazed grassland at Needingworth.
Chewers and suckers, refer to herbivores using these two contrasting feeding techniques

that were more distant, nor any pattern that grouped loca-
tions related to their proximity to different types of habitat
adjoining the restoration site. Similarly there was no indi-
cation of spatial autocorrelation between paired grazed-
ungrazed sampling locations.

Discussion

The greater overall abundance of invertebrates and species
richness of Hemiptera in ungrazed compared with grazed
areas of restored grassland indicates that even grazing inten-
sity classified as lenient or extensive, such as the 0.89 LU
ha™! applied at Needingworth can result in significant reduc-
tions in the abundance of individuals and species relative to

ungrazed grassland. Our findings add to a growing body of
work, which suggests that there is tangible biodiversity ben-
efit to leaving some areas of grassland unmanaged, at least
for a number of years (Kruess and Tscharntke 2002; Dumont
et al. 2007; Dennis et al. 2015). High intensity grazing has
been shown in a number of studies to reduce invertebrate
abundance (Morris 1969, 1971, 1973; WallisDeVries 1998;
Sheridan et al. 2008) but our work shows that there is a
negative impact of even low intensity conservation grazing.

Even so patterns of increased invertebrate numbers with
reduced grazing are not always detected. For example,
Helden et al. (2015) found no effects from reduced grazing
in intensively grazed cattle paddocks. While, Bucher et al.
(2016), reported that fallow fields had fewer leathoppers and
spiders than pastures. Similarly, Gossner et al. (2014) found
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Fig.8 NMDS plots of a Hemiptera species and b Coleoptera spe-
cies community structure. Grassland category are shown as follows:
grazed (open circles and dotted lines); ungrazed (filled triangles
and solid lines). Sampling locations are labelled as G1-G8 (grazed)
and U1-U8 (ungrazed). Hemiptera species abbreviations: AD aphid
species D (r?=0.536 P=0.009); AG aphid species G (*=0.334
P=0.047); Am Aphrodes makarovi (r*=0.650 P=0.002); Ans
Anoscopus serratulae (1=0.418 P=0.020); Ap Arthaldeus pas-

no relationship between grazing intensity and the level of
herbivory. However the balance of evidence indicates that
arthropod communities are generally negatively affected by
large herbivore grazing (van Klink et al. 2015).

Ungrazed grasslands, whether large-scale or in small
patches, such as grass islets (Helden et al. 2010) are less
disturbed and typically have longer vegetation, more food
resources for herbivores, with greater niche diversity,
reduced temperature variation and increased shelter com-
pared to grazed areas (Morris 2000; Kormann et al. 2015).
Compared to an intensively grazed sward, they may also
show greater plant diversity, and many studies have demon-
strated that there is a positive link between plant and inver-
tebrate diversity (Siemann et al. 1998; Schaffers et al. 2008;
Woodcock et al. 2012). The understanding that less man-
aged vegetation benefits biodiversity, has led to ungrazed
grasslands having been set up along field margins and water
courses to increase biodiversity in agricultural systems
(Woodcock et al. 2007; Sheridan et al. 2008; Cole et al.
2008; Anderson et al. 2013; Fritch et al. 2017). In effect the
same has occurred at Needingworth, albeit with the intention
of eventually creating scrubland, with the areas fenced off
from grazing facilitating an increase in invertebrate popula-
tions. Although the ungrazed grasslands sampled contained
small numbers of woody saplings, their density was very
low. Consequently, the invertebrates, as indicated by the
Hemiptera and Coleoptera, were overwhelmingly grassland
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cuellus (*=0.387 P=0.033); Ats Atheroides serratulus (r*=0.548
P=0.006); Hm Himacerus major 2=0.572 P=0.002). Coleoptera
species abbreviations: Aa Amischa analis (2=0.440 P=0.023); Cl
Cantharis lateralis (r2=0.450 P=0.029); Mc Megasternum concin-
num (12=0.796 P<0.001); Ma Mocyta amplicollis (r>=0.603
P=0.005); Nf Neocrepidodera ferruginea (1*=0.507 P=0.009); Sc
Stenus clavicornis (*=0.493 P=0.025); Tq Trechus quadristriatus
(=0.400 P=0.042).

associated, and there was no evidence that the woody vegeta-
tion affected their communities.

With the exception of one location, all the ungrazed
grassland at Needingworth was located at the periphery of
the site. This raises the question of the potential influence
of edge effects. Albrecht et al. (2010) looked at edge effects
from ecological compensation areas into adjacent inten-
sively managed agricultural land. They found measurable
effects between 100 and 200 m, depending on taxonomic
group, into the neighbouring agricultural land. It is prob-
able that Needingworth would have similar effects on the
landscape surrounding it, but what might be the reciprocal
effect on grasslands within the restoration site? The num-
ber of studies on such internal edge effects has been quite
limited but there is evidence that for some invertebrates,
such as generalist predators, there can be a spillover effect
from agricultural areas into more natural areas, which can
in turn affect predation dynamics (Rand et al. 2006). If
such effects were having an influence at Needingworth is
unknown. However, the ordination pattern for guilds did
not indicate that ungrazed locations closer to agricultural
fields differed in predator numbers, which suggests that if
there were such site edge effects, their influence on grass-
land invertebrate communities was very limited. If they did
occur, based on the scale reported by Albrecht et al. (2010),
it is likely that their effect would extend beyond the most of
the ungrazed areas, encompassing both sampling points of
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the grazed-ungrazed pairs, and so would not be expected to
affect the treatment comparisons made. Moreover, the strong
effects of setting aside ungrazed areas at Needingworth, on
abundance, diversity and community structure was such that
any possible site edge effects would be very hard to detect.
However, could there be treatment edge effects around the
boundary of the two grassland types? Evidence from a range
of studies that invertebrate communities show large differ-
ences in community structure, for example in response to
vegetation characteristics, over very small distances, meas-
ured in metres or even centimetres (Thomas and Marshall
1999; Helden and Leather 2004; Helden et al. 2010, 2018;
Hof and Bright 2010; Dittrich and Helden 2012; Anderson
et al. 2013). Such strong small scale effects would suggest
that edge effects would be mostly at a much smaller scale
and at the very extreme periphery of treatments, well away
from the sampling locations used in our study.

At present, in the 2003 restoration area, the ungrazed
areas account for 25.9% of the grassland. If this were dou-
bled to 51.9%, our data suggest a 14.9% increase in over-
all invertebrate numbers within the reserve. This would be
beneficial not only for the invertebrates themselves but also
enhance their contribution to ecosystem processes, being
food for other organisms, including birds, and enhancing
decomposition, and possibly other roles such as pollination.
A greater abundance of invertebrates may enable generally
larger populations of species to exist, and larger population
sizes tend to increase the stability of populations. By allow-
ing, in particular, larger abundances of uncommon and rare
species, management that results in broadly greater numbers
of invertebrates are important in enhancing the conservation
status of the grasslands. Indeed we identified five species
of Hemiptera that are of national conservation interest. Of
these, four were only found in the ungrazed grassland. All
were found in very small numbers but it is possible that at
least some of these species would not be present at Needing-
worth, if all the grassland areas were grazed. Clearly further
sampling and experimental work would need to be done to
confirm such a suggestion but that is beyond the scope of
the present work. The benefits of ungrazed areas have to
be balanced against the opportunity costs of loss of graz-
ing area, such as reduced numbers of those invertebrates
which show a preference for shorter swards, reduced feeding
opportunities for some ground feeding birds (Vickery and
Gill 1999; Whittingham and Devereux 2008), and a reduc-
tion in income from renting out grazing rights. Therefore
whether an expansion of ungrazed areas is desirable will
depend of the relative value of alternatives such as these, and
is a matter of judgement for the land managers.

Although there were significantly more individuals of
all invertebrates functional groups in ungrazed grassland
at Needingworth, by far the strongest effect on community
structure was seen in the in detritivore numbers, particularly

isopods (woodlice). Increases in herbivores are probably due
to the greater amount of plant biomass available for food
when management by grazing is reduced but there may
also be effects of lower levels of disturbance and changes to
plant type or diversity (Morris 2000; Kruess and Tscharntke
2002; van Klink et al. 2015). Terrestrial isopods and other
detritivores are probably responding to an increased level
of dead organic matter availability, which has been found
to be higher in ungrazed grasslands (Curry 1987; Paoletti
and Hassall 1999; Morris 2000; Souty-Grosset et al. 2005).
However other factors may also be important, such as pH,
nutrient availability, and changes in the composition of the
plant community (Berg and Hemerik 2004). In addition, the
relatively low vagility of isopods and many other detriti-
vores, may mean their recovery from management distur-
bance is slower than that of highly mobile invertebrates,
such as many predators and parasitoids. Detritivores such
as isopods are very important within ecosystems, as they
feed on dead organic matter and a play a key role in decom-
position and nutrient cycling (Paoletti and Hassall 1999).
Therefore setting aside of ungrazed areas may be particu-
larly beneficial for maintaining such processes, especially
in restored landscapes such as Needingworth where com-
munities have been re-established from an effectively zero
baseline. The role of large herbivores such as cattle in medi-
ating decomposition processes in grasslands has been much
less studied than the relationship between primary producers
and decomposers, but there is evidence that cattle grazing
can significantly reduce decomposer biomass (Sankaran and
Augustine 2004).

Grazing, and sometimes other approaches such as the
management of field margins, is used to increase the struc-
tural heterogeneity of grasslands with the aim of increased
plant and more general biodiversity (Pykéld 2000; Rook
and Tallowin 2003; Humbert et al. 2009). However while
plant diversity may be little affected by short-term man-
agement effects such as grazing events, evidence suggests
that arthropod diversity is generally negatively impacted
due to the loss of plant resources outweighing any benefit
of increased biotic heterogeneity (van Klink et al. 2015).
The same principle can be applied to mowing, which nega-
tively impacts invertebrates and shows an increase of effect
with frequency of management (Helden and Leather 2004;
Humbert et al. 2009; Cizek et al. 2012; Tille et al. 2016;
Helden et al. 2018). Consequently garden lawns and many
other urban grasslands, which are mostly kept short by
regular mowing can still maintain a relatively high plant
diversity, so long as herbicides and other techniques to
discourage broadleaved plants are avoided (Helden and
Leather 2004). However invertebrate populations show a
very negative response to mowing (Helden and Leather
2004; Helden et al. 2018), which may be because unlike
plants that can readily re-grow in situ, invertebrates have
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to re-colonise following management. The invertebrate
abundance and community structure responses we found
at Needingworth emphasise how similar outcomes can
be apparent with relatively minor differences in grazing.
The sensitivity of invertebrates to management, when
compared to plants, means that reserve and other land
managers need to separately take into account their var-
ied ecological requirements in order to maximise their
biodiversity. Indeed it is vital that we take into account
the specific needs of invertebrates, if we have any hope
of stabilising and if possible reversing their widespread
decline (Hallmann et al. 2017).

In relation to grassland management, given the results
of our study, we recommend that some areas of grass-
land are allowed to remain unmanaged for long periods
of time. We acknowledge that eventually, without any
intervention by human management or other preventative
ecological process, any such area will go through a succes-
sion to form woodland, so some infrequent management
is necessary to preserve grassland. However this could
be achieved by strategies such as rotational management
to prevent succession (Morris 2000). The maintenance
of such infrequently managed grassland plots should be
part of a wider strategy to maintain a diversity of man-
agement approaches, which would be the optimal strategy
for maintaining invertebrate biodiversity on the scale of
a nature reserve or landscape (Morris 2000; Biedermann
et al. 2005; Nickel and Achtziger 2005; Blake et al. 2011;
Télle et al. 2016).

In conclusion we return to the question of whether con-
servation grazing is always the answer to grassland man-
agement for biodiversity. As we have acknowledged from
evidence in the literature, grazing management is both
important and effective in conserving biodiversity within
restored and other semi-natural grasslands. However as
we have found there are also clear benefits to invertebrates
of avoiding grazing as a management tool. Therefore we
believe that both approaches are valid and important and
should be considered within the context of a landscape
approach to grassland conservation.
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Tablg 1 Listof the_Hemiptera Family Species or genus Number of individuals in different
species, together with the A grassland area
number of adults collected in
the different habitat types areas Grazed Ungrazed Total
at Needingworth during 2014
Aphididae
Acyrthosiphon Mordviliko, 1914 sp. 0 5 5
Acyrthosiphum pisum (Harris, 1776) 0 7 7
Atheroides serratulus Haliday, 1839 80 26 106
Capitophorus eleagni (Del Guercio, 1894) 1 0 1
Cryptomyzus ribis (Linnaeus, 1758) 0 1 1
Diuraphis Aizenberg, 1935 sp. 27 22 49
Megoura viciae Buckton, 1876 0 3 3
Metopolophium Mordviliko, 1914 sp. 15 13 28
Microlophium carnosum (Buckton, 1876) 5 24 29
Myzus Passerini, 1860 7
Rhopalosiphum Koch, 1854 sp. 3 10
Sitobion fragariae (Walker 1848) 31 22 53
Tetraneura ulmi (Linnaeus, 1758) 1 1
Uroleucon Mordviliko, 1914 sp. A 0 19 19
Uroleucon Mordviliko, 1914 sp. B 25 269 294
Aphrophoridae
Neophilaenus lineatus (Linnaeus, 1758) 8 38 46
Philaenus spumarius (Linnaeus, 1758) 12 34 56
Cicadellidae
Anaceratagallia Zachvatkin, 1946 sp. 1 2 3
Anoscopus albifrons (Linnaeus, 1758) 0 1 1
Anoscopus serratulae (Fabricius, 1775) 32 316 348
Aphrodes makarovi Zachvatkin, 1948 0 28 28
Arthaldeus pascuellus (Fallén, 1826) 440 807 1247
Athysanus argentarius Metcalf, 1955 1 0 1
Conosanus obsoletus (Kirschbaum, 1858) 0 1 1
Dikraneura variata Hardy, 1850 1 7 8
Euscelidius variegatus (Kirschbaum, 1858) 0 1 1
Euscelis incisus (Kirschbaum, 1858) 88 75 163
Graphocraerus ventralis (Fallén, 1806) 1 0
Macustus grisescens (Zetterstedt, 1828) 0 2
Megophthalmus Curtis, 1833 sp. 0 7 7
Mocydia crocea (Herrich-Schaeffer, 1837) 1 73 74
Mocydiopsis Ribaut, 1939 sp. 0 1 1
Psammotettix alienus (Dahlbom, 1850) 1 0 1
Psammotettix cepahlotes (Herrich-Schiffer, 1834) 2 1 3
Streptanus sordidus (Zetterstedt, 1828) 1 40 41
Zyginidia scutellaris (Herrich-Schiffer, 1838) 101 258 359
Delphacidae
Criomorphus albomarginatus Curtis, 1833 0 2 2
Dicranotropis hamata (Boheman, 1847) 2 7 9
Eurybregma nigrolineata Scott, 1875 0 2 2
Javesella dubia (Kirschbaum, 1868) 0 1 1
Javesella pellucida (Fabricius, 1794) 154 231 385
Kosswigianella exigua (Boheman, 1847) 2 0 2
Ribautodelphax imitans (Ribaut, 1953) 0 1 1
Stenocranus Fieber 1866 sp. 0 12 12
Xanthodelphax straminea (Stél, 1858) 0 3 3
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Table 1 (continued)
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Family Species or genus Number of individuals in different
grassland area
Grazed Ungrazed Total
Lygaeidae
Drymus sylvaticus (Fabricius, 1775) 0 3 3
Scolopstethus thomsoni Reuter 1874 0 1
Miridae
Amblytylus nasutus (Kirschbaum, 1856) 16 58 74
Capsus ater (Linnaeus, 1758) 1 87 88
Leptopterna dolabrata (Linnaeus, 1758) 3 5 8
Megaloceraea recticornis (Geoftroy, 1785) 0
Notostira elongata (Geoffroy,1785) 2 0 2
Phytocoris varipes Boheman, 1852 0 27 27
Pithanus maerkelii (Herrich-Schiffer, 1838) 8 14 22
Plagiognathus arbustorum (Fabricius, 1794) 0 6 6
Plagiognathus chrysanthemi (Wolff, 1804) 1 4 5
Stenodema calcarata (Fallén, 1807) 11 16 27
Stenodema laevigata (Linnaeus, 1758) 0 1 1
Nabidae
Himacerus major (A. Costa, 1842) 0 2 2
Nabis ferus (Linnaeus, 1758) 0
Nabis limbatus Dahlbom, 1851 0 1 1
Pentatomidae
Podops inuncta (Fabricius, 1775) 24 25
Zicrona caerulea (Linnaeus, 1758) 0 1 1
Pseudococcidae
Pseudococcidae Heymons 0 1 1
Tingidae
Tingis ampliata (Herrich-Schiffer, 1838) 2 26 28
Tingis cardui (Linnaeus, 1758) 0 1
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Table 2 List of the Coleoptera
species, together with the
number of individuals collected

Family Species or genus Number of individuals in different
grassland area

in the different habitat types Grazed Ungrazed Total
areas at Needingworth during
2014 Anthicidae
Notoxus monoceros (Linnaeus, 1760) 0 1 1
Apionidae
Apion fulvipes (Geoftroy in Fourcroy, 1785) 1 0 1
Ceratapion onopordi (Kirby, 1808) 0 3 3
Protapion nigritarse (Kirby, 1808) 1 0 1
Cantharidae
Cantharis decipiens Baudi, 1871 0 1 1
Cantharis lateralis Linnaeus, 1758 7 3 10
Rhagonycha fulva (Scopoli, 1763) 2 0 2
Carabidae
Badister bullatus (Schrank, 1798) 0 2 2
Bembidion lunulatum (Geoffroy in Fourcroy, 1785) 0 1 1
Bembidion obtusum Audinet-Serville, 1821 1 4 5
Curtonotus aulica (Panzer, 1796) 0 1 1
Paradromius linearis (Olivier, 1795) 0 6 6
Poecilus cupreus (Linnaeus, 1758) 0 1 1
Pterostichus strenuus (Panzer, 1796) 1 1 2
Syntomus foveatus (Geoffroy in Fourcroy, 1785) 0 2 2
Trechus quadristriatus (Schrank, 1781) 5 8 13
Chrysomelidae
Aphthona nigriceps (Redtenbacher, 1842) 0 1 1
Cassida rubiginosa Miiller, O.F., 1776 0 1 1
Longitarsus Berthold, 1827 sp.A 0 1 1
Neocrepidodera ferruginea (Scopoli, 1763) 36 9 45
Coccinellidae
Coccidula rufa (Herbst, 1783) 1 0
Coccinella septempunctata Linnaeus, 1758 0 2 2
Rhizobius litura (Fabricius, 1787) 4 15 19
Tytthaspis sedecimpunctata (Linnaeus, 1761) 27 11 38
Corylophidae
Orthoperus Stephens, 1829 sp. 2 1 3
Sericoderus lateralis (Gyllenhal, 1827) 1 3
Cryptophagidae
Atomaria Stephens, 1829 sp. 0 2 2
Ootypus globosus (Waltl, 1838) 6 0 6
Curculionidae
Gymnetron villosulum Gyllenhal, 1838 1 0 1
Sitona lepidus Gyllenhal, 1834 1 0 1
Sitona lineatus (Linnaeus, 1758) 1 1 2
Hydrophilidae
Megasternum concinnum (Marsham, 1802) 1 22 23
Latridiidae
Corticarina minuta (Fabricius, 1792) 2
Cortinicara gibbosa (Herbst, 1793) 0 5
Enicmus transversus (Olivier, 1790) 3
Leiodidae
Catops morio (Fabricius, 1787) 0 1 1
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Family Species or genus Number of individuals in different
grassland area
Grazed Ungrazed Total

Malachiidae
Cordylepherus viridis (Fabricius, 1787) 0 2 2

Nitidulidae
Meligethes aeneus (Fabricius, 1775) 2 4 6
Meligethes nigrescens Stephens, 1830 0 1

Oedemeridae
Oedemera lurida (Marsham, 1802) 0 1 1
Oedemera nobilis (Scopoli, 1763) 1 0 1

Ptiliidae
Acrotrichus Motschulsky, 1848 sp. 0 4 4

Staphylinidae
Aleochara brevipennis Gravenhorst, 1806 1 0 1
Aloconota gregaria (Erichson, 1839) 0 1
Amischa analis (Gravenhorst, 1802) 77 52 129
Amischa decipiens (Sharp, 1869) 1 0 1
Amischa nigrofusca (Stephens, 1829) 0 3 3
Cypha longicornis (Paykull, 1800) 4 3 7
Datomicra celata (Erichson, 1837) 0 1 1
Drusilla canaliculata (Fabricius, 1787) 8 6 14
Geostiba circellaris (Gravenhorst, 1806) 1 1 2
Metopsia clypeata (Miiller, PW.J., 1821) 0 1 1
Mocyta amplicollis (Mulsant & Rey, 1873) 11 70 81
Mocyta clientula (Erichson, 1839) 0 9 9
Oligota pumilio Kiesenwetter, 1858 0 1 1
Oxypoda brachyptera (Stephens, 1832) 2 3 5
Quedius schatzmayri Gridelli, 1922 1 0 1
Quedius semiobscurus (Marsham, 1802) 0 1 1
Stenus brunnipes Stephens, 1833 9 7 16
Stenus clavicornis (Scopoli, 1763) 2 12 14
Stenus fulvicornis Stephens, 1833 1 2 3
Stenus latifrons Erichson, 1839 1 0 1
Stenus ossium Stephens, 1833 1 6 7
Sunius propinguus (Brisout de Barneville, 1867) 3 3 6
Tachyporus dispar (Paykull, 1789) 2 6 8
Tachyporus hypnorum (Fabricius, 1775) 36 31 67
Tachyporus nitidulus (Fabricius, 1781) 0 4 4
Tasgius morsitans (Rossi, 1790) 0 1 1
Xantholinus longiventris Heer, 1839 2 0 2
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