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Abstract

A complex rotational grazing trial on a south-facing slope of chalk grassland at the Old Winchester
Hill National Nature Reserve is briefly introduced. The responses of 23 numerous species of Auc-
henorrhyncha, and of species richness (S) and total abundance (N), from 1981 to 1985 are described. The
greatest effects were those of variation between years, between positions on the hillside (top, middle and
bottom) and between grazing plots within these positions. 10 (of the total of 23) species favoured the top
of the slope, where the vegetation was significantly taller than in the middle or at the bottom. S, N and
the numbers of 8§ species were significantly lower on plots grazed in the year of sampling compared with
ungrazed plots. Early (vs. late) grazing significantly reduced S, N and the abundance of two species, but
increased the numbers of Macrosteles laevis. S, N and the abundance of 13 species was significantly and
positively correlated with vegetation height measured early (May—June) and late (July—October); the
numbers of 4 other species were so correlated with the latter height only. The significance of the results is
discussed in relation to the management of grassland nature reserves for the maintenance of high
invertebrate diversity. It is concluded that rotational management is an important and valuable system,
but suggested that such systems should be as simple as possible whilst remaining adequate to achieve
conservation objectives.

Introduction

Auchenorrhyncha are particularly useful animals
for assessing the effects of grassland management
because they respond to both floristic and struc-
tural characteristics of the sward and occur in
good numbers of both species and individuals in
most grasslands (Andrezejewska 1965; Morris

1971, 1981a, b; Waloff 1980; Brown et al. 1992).
Most species feed on grasses (Prestidge and
McNeill 1983) or sedges (Nickel 2003) although a
few are associated with dicotyledenous plants. As
well as constituting part of the diversity of grass-
land invertebrates they also demonstrate some of
the responses to be expected from a range of
factors influencing invertebrate abundance on
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grasslands. In this paper nomenclature of species
of Auchenorrhyncha follows Le Quesne and Payne
(1981).

The response of Auchenorrhyncha to grazing
(Morris 1971; Brown et al. 1992), cutting (Morris
1981a) and burning (Morris 1975) is usually neg-
ative, but positive effects are also found, particu-
larly on Macrosteles laevis (Andrezejewska 1962)
but also on other species (Morris 1981b). How-
ever, cessation of mowing management was found
to increase species richness and abundance of
individuals on an oolitic limestone grassland
(Morris and Plant 1983).

Ecological field experiments have often to be
established under near-uniform conditions which
are unlike those on actual nature reserves. There
is, therefore, frequent difficulty in translating the
results of field experiments into practical man-
agement of reserves. Few reserves can offer facili-
ties for well-replicated experiments, particularly
where enclosures for grazing livestock may be
required. For this reason, even when a reserve
can include investigations into the effects of
management these are likely to be trials rather
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than formal experiments with randomised and
replicated treatments. The statistical analysis of
the results from management trials can be difficult
in the absence of a formal experimental design
and lack of replication.

In this paper we describe the analysis of results
from sampling Auchenorrhyncha in a rotational
management trial at Old Winchester Hill, Hamp-
shire, England, an important chalk grassland
National Nature Reserve administered by English
Nature.

Site and methods

Study area

The Old Winchester Hill reserve consists of 80 ha
chalk grassland of which only the south-facing
slope below an Iron Age fort was managed by
rotational grazing. The site comprised 12 pad-
docks of which numbers 1-3, on the western side
of the site, were permanently fenced (Figure 1).
Paddock number 3 was almost all scrub, but
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Figure 1. Layout of plots at Old Winchester Hill: 1-3 permanently fenced; 4-12 temporarily fenced for rotational grazing

management.



numbers 1 and 2 had been kept clear of bushes and
were included in the Auchenorrhyncha sampling
programme. The remaining nine paddocks were
temporarily fenced with flexi-netting when grazed.

Management

The management of the paddocks (plots) was
based on a 9-year cycle, with grazing by sheep for
different periods in five of the years, followed by
4 years without grazing (Table 1). The cycle star-
ted in 1981. The stocking rate varied, being de-
signed to remove 75-100% of the available
herbage during each grazing period. Holding
paddocks on other parts of the reserve were used
to contain the sheep when they were not required
for conservation management.

The management system was designed, in part,
for the conservation of Juniper, Juniperus com-
munis L., a species of conservation importance
on the site. The system also proved to be appro-
priate, though not ideal, for conservation man-
agement of the Adonis Blue butterfly, Lysandra
bellargus (Rott.), which was re-established on the
site in 1981 (Thomas 1987) and persisted for 17
generations.
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Sampling

Auchenorrhyncha were sampled (together with
other invertebrates) by vacuum insect net on 38
occasions from 1981 to 1985. Samples were taken
throughout the four complete summer seasons
1982-1985 and also during the winter 1984—1985;
however, the winter data could not be satisfacto-
rily analysed statistically and have been excluded
from this account. Each complete summer’s sam-
pling programme consisted of 7 separate samples
taken regularly between late May and early
October. The frequency of sampling was 2-
3 weeks. The vacuum net catches were killed in the
field, stored in a laboratory cold room, and sorted
and identified at a later date. Only adult
Auchenorrhyncha were identified and recorded.
In each of the paddocks 1, 2 and 4-12 two
standard samples from c. 1.1 m* grassland were
taken on each sampling occasion. Each sample
consisted of 12 ‘sucks’ of the vacuum insect net,
the sampling head being held in position for c.
10 s. The height of the vegetation at every sample
site was also recorded on each sampling occasion,
by averaging four measurements made with a ruler
placed upright in the sward. These figures were
averaged to give values for the early part of the

Table 1. (A) The sequence of management of the Old Winchester Htill site showing the Standard 9-year cycle. (B) The rotational
treatment of each plot (numbers 1 and 2 not included in the formal trial).

(A) Year Management

1 Grazing March/April + scrub clearance in April

2 Grazing May/June

3 Grazing May/June

4 Grazing July—September

5 Grazing October—December

6 None

7 None

8 None

9 None

(B) Plot Starting year of management cycle Years grazed over Period 1982-1985

1 _
2 - 0
4 5 1
5 8 2
6 2 4
7 7 1
8 4 2
9 6 0

10 1 4

11 9 3

12 3 3
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season (up to the end of June — Height 1) and the
later half (July—September — Height 2).

Statistical analysis

The assumption was made that, by the time sam-
pling began in 1982 (1-year after the start of the
management cycle) the system had stabilised from
its previous condition with no major remaining
effects.

Preliminary analyses of variance (ANOVA)
showed that the variation in Auchenorrhyncha
between the two samples from each plot was al-
ways small compared to the overall variation be-
tween plots, years and management regimes, so all
subsequent analyses were based on combined
sample fauna for each plot on each date.

Ideally, the fauna on each sampling occasion
would be used to assess the effects of the man-
agement regimes on the seasonal variation in the
faunas. However, insufficient individuals of en-
ough species were taken on each date to justify
quantitative analysis of abundance. The analyses
were therefore based on the total numbers of
species and individuals found each year in each of
the plots, which were treated as separate ‘plot-
year’ observations. The aim was then to assess
the extent to which the annual total fauna on
each plot varied consistently between plots
(averaged over years), between years (summed
over plots), and as a result of the management
cycle.

The same number of plots were grazed for the
same combination of months during each year of
the study period (Table 1). This meant that any
apparent overall differences in fauna between
years were independent of, and not influenced by,
any effects of the grazing regime. In contrast, the
plots were grazed for varying numbers of years
during 1982-1985 (Table 1B), so that grazing ef-
fects and true plot differences in fauna were con-
founded to some extent. Plot differences were
therefore tested for by allowing for grazing effects
and vice versa. Influences of position on the hillside
on plot differences were assessed by nested
ANOVA, grouping the plots into ‘top’ (plots 1, 4
and 7), ‘middle’ (plots 2, 5, 8 and 10) and ‘bottom’
(plots 6, 9, 11 and 12).

The following major aspects of the effect of the
grazing regime were assessed:

(i) Grazing at any time in the current year (year in
which samples were taken).

(ii) Differences between grazing early (March—
July) and late (July-December). It was thought
likely that grazing late in a year would influence
the total catch for a year less than grazing early.
(ii1) Residual effects of grazing in the previous
year. Auchenorrhyncha might be more numerous
this year if the plot had not been glazed last year.
This was assessed separately for plots grazed, and
not grazed, in the current year.

As grazing obviously reduced the height of the
vegetation, direct relationships between Auc-
henorrhyncha and the average height of the vege-
tation in each plot for the two periods March—June
(Height 1) and July—October (Height 2) were also
assessed by separate multiple regression.

All ANOVA were done simultaneously using a
multiple regression approach, based on the log
(n+1) transformed data. Only the most abundant
species could be analysed in this quantitative way.
We adopted the arbitrary standard of only analy-
sing those species taken as 100 or more individuals
over the 4 years of sampling. In addition, influ-
ences on the number of Auchenorrhyncha species
(S) and their total abundance (N, as log (N+ 1))
per plot were analysed. The issue of multiple
comparisons and detection of ‘false positives” was
not addressed.

Results

The mean height of the grassland in each plot was,
of course, significantly reduced by grazing. There
were also significant differences in vegetation
height between positions on the hillside (Table 2)
and years (Table 3). Of particular note is the de-
cline in Height 2 on the plots ungrazed this year

Table 2. Mean height of vegetation (cm) in plots at top, middle
and bottom of the hillside, with S.E. of the mean; Height 1
before end June, Height 2 July—September.

Height 1 Height 2
Significance of difference HrE HoHk
Top 11.6 + 3.8 14.6 +£ 3.7
Middle 7.1 +3.8 8.2+£3.7
Bottom 6.1 £3.8 8.1+4.5
*kEp < 0.001.



but grazed last year over the period of sampling,
though the significance of this was not tested.

Of 63 species of Auchenorrhyncha recorded
during the sampling period 23 were taken as 100
individual or more (Table 4). The females of
Macrosteles spp. could not be distinguished and
were aggregated and treated separately. The 23 abun-
dant species mostly occurred at least once on each
plot but Arocephalus punctum, Paluda adumbrata,
Mocydia crocea, Arboridia parvula, Delphacinus
mesomelas, Hyledelphax elegantulus and Kosswi-
gianella exigua were absent from some plots.

Mean species richness per plot per year (S) was
significantly affected by all the factors examined
except that there was no effect on plots grazed in
the previous, but not the current, year (Table 4).
Overall abundance of individuals (N) was signifi-
cantly affected by years, position on the hillside,
and grazing in the year of sampling, particularly
early grazing (Table 4).

The commonest significant effects on the abun-
dance of individual species were those of years and
plots within the hillside positions. Only Eupelix
cuspidata was affected by neither and 11 species
were affected by both (Table 4).

S and N were lower in 1985 compared to pre-
vious years (Table 5). Ulopa trivia, Agallia ven-
osa, Aphrodes albifrons, A. bicinctus, Eupteryx
notata and Hyledelphax elegantulus, or six species
out of 20, were the only ones to show consistent
declines in abundance from 1982 to 1985 (Ta-
ble 5). However, there was a general decline from
1982 to 1985, with Arboridia parvula the only
species recorded as more numerous in 1985 than
1982.
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Most of the species which were significantly af-
fected by position on the hillside favoured the top
of the slope (10 of 13: Table 6). In some cases this
preference was pronounced, with 87% of Paluda
adumbrata and 90% of Delphacinus mesomelas
recorded in this position. This marked effect of the
top of the slope was reflected in the significantly
greater species richness (S) and abundance of
individuals (N) recorded there.

Nevertheless, some species were significantly
more numerous in the middle of the slope
(Neophilaenus exclamationis and Ulopa trivia) or at
its bottom, where 80% of Hyledelphax elegantulus
were recorded.

A simple cernparison of grazed and ungrazed
plots showed that S, N and the abundance of 8
species were significantly greater on the latter
(Table 7); no significant positive effect of grazed
vs. ungrazed plots was recorded for numbers of
Macrosteles laevis when no distinction between
early and late grazing was made.

However, grazing early in the year favoured
Macrosteles  laevis, but reduced S, N and the
numbers of Ulopa trivia and Eupteryx notata
compared with no grazing and late grazing, with
the latter less damaging than the former (Table 8).

Five species, together with S showed significant
effects of grazing in the year before sampling,
when grazed in the current year (Table 9). In all
cases grazing in both years had the most severe
effects on numbers, with the reduction of Kelisia
guttula and K. vittipennis particularly marked. In
each case except K. vittipennis the highest numbers
were recorded in the plots receiving no manage-
ment in either year.

Table 3. Mean height of vegetation (cm) in each year on plots grazed or ungrazed this year, and last year, Height 1 before end June,

Height 2 July—September.

This year Grazed Ungrazed

Last year Grazed Ungrazed Grazed Ungrazed
Height 1 1982 3.8 1.0 4.0 11.2

1983 7.8 8.7 10.5 13.0

1984 4.4 4.8 8.4 12.7

1985 3.8 4.5 4.0 10.0
Height 2 1982 6.3 5.2 11.4 15.0

1983 5.2 13.4 14.7 15.1

1984 5.5 6.9 8.9 13.9

1985 5.6 5.3 5.7 12.4

Differences between years significant at p < 0.001 for both Heights.
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Table 4. Auchenorrhyncha (vacuum net samples). Significance of effects recorded for abundant species (>100 individuals).

Species Effect Hillside position Plot within Grazing Grazing last Early vs.
of years (Top, Middle, Bottom) hillside position this year when this year is late grazing
Grazed Not grazed

Number of species ok HoHE * *K * NS HHE
Number of individuals Hrk * NS ko NS NS ok
Neophilaenus exclamationis NS HoHE ok NS NS NS NS
Ulopa trivia ok wE * NS * NS *
Agallia venosa ok wE oAk NS NS NS NS
Eupelix cuspidata NS NS NS NS NS NS NS
Aphrodes  albifrons HHE * NS NS NS NS NS
Aphrodes bicinctus ok * NS NS NS NS NS
Arocephalus punctum *K HHE HoHE *K NS NS NS
Turrutus socialis ok NS * NS NS NS NS
Rhytistylus proceps * NS *x ** NS NS NS
Paluda adumbrata * o oHE NS NS NS NS
Mocydia crocea * NS ok NS NS NS NS
Mocydiopsis attenuata wx NS NS wx NS NS NS
Macrosteles laevis HHE NS * NS NS NS *
Macrosteles sexnotatus ok NS NS NS NS NS NS
Macrosteles (females) *K NS NS * NS NS NS
Eupteryx notata ok NS * HoHE NS NS *
Zyginidia scutellaris Hkk HxE HEH ok NS o NS
Arboridia parvula ok * oAk * NS NS NS
Kelisia guttata HHE ** *x ok NS * NS
Kelisia vittipennis ok * HoHE K NS * NS
Delphacinus mesomelas NS HoHk * NS NS * NS
Hyledelphax elegantulus * HAk * NS NS NS NS
Javesella pellucida Hkk NS * NS NS NS NS
Kosswigianella exigua * NS ol NS NS NS NS

*, k% Fx% denote significance at the 5, 1 and 0.1% probability levels respectively.

NS, not significant.

Both S and N were very highly correlated with
average vegetation height in both March—June
(Height 1) and July—October (Height 2) (Ta-
ble 10). The abundance of 14 species was also
significantly correlated with sward height in both
periods The numbers of a further four species were
correlated with mean vegetation height during the
second period (Height 2) but not the first
(Height 1). Apart from Macrosteles laevis, the
abundance of which was significantly but nega-
tively correlated with sward height, and the num-
bers of female Macrosteles, which were negatively
but not significantly so correlated, the abundances
of all species were positively correlated. There is
thus overwhelming evidence for a beneficial effect
of relief from grazing on the numbers of most
species of grassland Auchenorrhyncha.

Four species recorded during 1982-1985 are
‘Nationally Notable’ (Kirby 1992). Scleroracus
decumanus and Ribautodelphax angulosus were

recorded as only one and two individuals respec-
tively. The effects of slope position and grazing on
numbers of Ulopa trivia have already been dis-
cussed. Tettigometra impressopunctata was re-
corded as 40 individuals. It was distributed mainly
in the western part of the slope and was not found
in plots 4, 7, 10 or 11.60% of the specimens were
taken in the ungrazed plots 1 and 2.

Discussion

Site factors have been shown to be of particular
importance in determining the composition of the
Auchenorrhyncha faunas of calcareous grasslands
(Morris 1990). Total samples from the same sites
in different years tended to be similar, with sam-
ples from different sites, even in the same years,
tending to be less closely related. The faunas
examined included those from Old Winchester
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Table 5. Auchenorrhyncha (vacuum net samples). Annual means and standard errors (SE) for species which differed significantly

between years. Symbols for significance as Table 4.

1982 1983 1984 1985 Significances
Mean SE Mean SE Mean SE Mean SE

Number of species 24.7 5.2 23.9 4.5 24.6 5.8 17.0 4.7 HEH
Number of individuals 802.5 399.0 575.5 291.6 616.8 397.1 270.2 133.7 oHE
Ulopa trivia 34.8 22.1 23.8 11.3 23.5 10.0 11.8 6.0 HHE
Agallia venosa 57.4 43.1 55.4 48.3 38.2 40.7 27.1 239 HoHE
Aphrodes albifrons 5.8 5.5 1.9 1.9 1.1 1.2 0.4 0.9 oAk
Aphrodes bicinctus 10.5 8.6 5.4 5.0 1.4 1.7 0.5 1.0 HoHE
Arocephalus punctum 9.6 12.1 9.6 10.6 16.5 19.4 5.9 8.5 *k
Turrutus socialis 122.6 87.7 123.1 83.4 146.1 78.0 63.1 35.1 K
Rhytistylus proceps 55.7 57.6 38.5 30.2 52.3 53.2 16.2 10.6 *

Paluda adumbrata 5.2 9.9 6.2 1L1.5 13.8 37.1 2.0 6.0 *

Mocydia crocea 3.5 6.0 3.9 5.1 33 6.4 0.6 1.3 *

Mocydiopsis attenuata 4.4 7.6 4.6 4.2 10.3 12.6 1.7 39 o
Macrosteles laevis 11.6 15.1 1.0 2.4 4.3 3.5 0.8 1.0 HHE
Macrosteles sexnotatus 55.5 115.4 0.5 0.7 1.2 1.6 0.0 0.0 ok
Macrosteles females 4.0 3.6 2.0 1.5 1.5 1.6 0.4 0.7 wE
Eupteryx notata 182.0 126.2 80.4 66.8 36.0 29.6 339 334 ok
Zyginidia scutellaris 158.4 172.3 83.1 115.5 92.9 116.7 28.5 49.4 HEH
Arboridia parvula 6.0 8.1 18.7 29.2 49.5 80.1 28.1 232 ok
Kelisia guttula 7.3 7.7 25.7 24.5 20.3 21.4 4.4 6.0 oAk
Kelisia vittipennis 20.4 27.1 53.1 70.2 47.8 75.6 10.8 23.8 ok
Hyledelphax elegantulus 10.3 17.0 7.0 12.4 2.7 5.7 1.8 4.5 *

Javesella pellucida 7.2 6.2 1.7 1.2 2.4 4.0 5.6 3.4 xRk
Kosswigianella exigua 7.7 12.2 5.7 11.6 18.0 43.9 3.9 8.7 *

Table 6. Auchonorrhyncha (vacuum net samples). Means and standard errors (SE) for species which differed significantly between
position on the hillside (top, middle and bottom); symbols as in Table 4.

Top Middle Bottom Significance

Mean SE Mean SE Mean SE
Number of species 27.3 5.6 20.6 4.4 21.0 5.8 ok
Number of individuals 831.4 391.8 548.6 3249 384.7 277.8 *
Neophilaenus exclamationis 6.9 6.5 12.0 19.6 2.2 3.4 ok
Ulopa trivia 18.1 10.8 29.2 20.2 21.9 1.9 ok
Agallia venosa 67.1 52.8 46.3 38.8 25.8 20.2 ok
Aphrodes albifrons 3.6 3.1 1.3 1.7 2.3 4.9 *
Aphrodes bicinctus 7.3 8.3 2.6 4.5 4.1 5.7 *
Arocephalus punctum 16.2 13.3 13.0 16.0 3.6 6.7 HEE
Paluda adumbrata 20.9 35.1 1.4 33 1.6 3.9 o
Zyginidia scutellaris 145.0 142.2 120.4 147.6 20.3 20.9 ok
Arboridia parvula 64.6 72.5 15.8 15.3 6.1 13.0 *
Kelisia guttula 28.8 26.7 12.3 14.1 5.7 5.3 ok
Kelisia vittipennis 63.5 78.8 37.1 52.5 6.1 7.3 *
Delphacinus mesomelas 9.3 12.0 0.1 0.3 0.9 3.0 ok
Hyledelphax elegantulus 1.0 1.8 2.1 3.7 12.2 16.5 ok

Hill, but only those recorded in 1982 and 1983
(Morris 1990). It is therefore of especial interest
that variation between years should have been so
great when the full data set (1982-1985) was

analysed (Tables 4 and 5). The effects of year-to-
year variation, and differences between plots, are
clearly of relevance to the maintenance of diversity
of Auchenorrhyncha, even though the differences
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Table 7. Auchenorrhyncha (vacuum net samples). Effects of grazing (current year; no distinction between grazing periods). Means and

SE for species with significant differences; symbols as in Table 4.

Grazed Ungrazed Significance

Mean SE Mean SE
Number of species 19.2 4.6 25.7 5.3 ok
Number of individuals 362.9 209.3 751.7 385.5 ok
Arocephalus punctum 10.2 15.6 10.7 11.4 ok
Rhytistylus proceps 26.1 254 53.9 52.7 o
Mocydiopsis attenuata 1.1 2.3 9.0 9.8 ok
Eupteryx notata 54.6 61.2 109.1 111.8 ok
Zyginidia scutellaris 25.8 379 150.0 148.7 ok
Arboridia parvula 6.5 12.7 43.0 57.2 *
Kelisia guttula 7.9 15.0 20.4 20.0 ok
Kelisia vittipennis 12.6 37.9 51.7 63.2 K

do not relate directly to conservation manage-
ment. However, the overall decline in the num-
bers of many species from 1982 to 1985 is likely to
be at least partly related to the decline in mean
height of the sward over this period, though the
statistical significance of the decline was not tested
(Table 3).

The importance of the top of the slope for most
of the species which showed significant differences
in abundance in relation to position on the hillside
was also of particular interest (Table 6). Although
no species was entirely absent from any of three
slope positions several were not recorded froth
some plots. Thus Paluda adumbrata was absent
from two plots in each of the middle and bottom
sections and Delphacinus mesomelas from two in
the middle section and three at the bottom of the
slope. Hyledelphax elegantulus was not recorded
from two plots at the top and one in the middle of
the site. The hilliside positions are not absolute
because of the configuration of the grazing pad-
docks. The preference of Auchenorrhyncha for the
top of the site was related to the taller vegetation

there (Table 2). This has importance in the inte-
gratation of other conservation interests into the
management of the reserve. Maintenance of Juni-
per and the re-established Adonis Blue butterfly
could be concentrated in the middle and bottom
areas of the site. The top plots were generally less
suitable for the latter species (Thomas 1987)
because of the taller vegetation there.

The simple effect of grazing in the year of
sampling was to reduce S and N and the numbers
of eight species (Table 7). No species responded
positively to this simple effect. This is in general
agreement with previous work of management
effects (Morris 1971, 1981a) as well as the pre-
ponderance of positive correlations of species
abundance with vegetation height, there being 18
species whose abundance was significantly corre-
lated with at least one sward height and only 5
(excluding Macrosteles females) where the rela-
tionship was not significant (Table 10). The
importance of tall, unmanaged grassland for the
conservation of diversity of Auchenorrhyncha is
thus confirmed.

Table 8. Auchenorrhyncha (vacuum net samples). Effects of grazing (current year); ungrazed, early grazed (March—June) and late-
grazed (July—October). Means and SE for species with significant differences; symbols as in Table 4.

Ungrazed Early grazed Late grazed Significance
Mean SE Mean SE Mean SE
Number of species 25.7 5.3 18.2 4.7 20.8 4.1 ok
Number of individuals 751.7 385.5 325.2 215.6 424.0 196.5 ok
Ulopa trivia 29.0 18.1 16.0 7.8 19.9 12.0 *
Macrosteles laevis 2.3 3.9 9.5 14.3 2.1 2.4 *
Eupteryx notata 109.1 111.8 39.4 40.6 79.3 82.3 *
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Table 9. Auchenorrhyncha (vacuum net samples). Effects of grazing in year previous to sampling (last year), separately for plots
grazed and ungrazed this year. Means for species with significant differences; symbols as in Table 4.

This year Grazed Ungrazed
Last year Grazed Ungrazed Grazed Ungrazed
Mean Mean Significance Mean Mean Significance

Number of species 14.8 16.8 NS 18.9 21.1 *

Ulopa trivia 8.3 10.1 NS 10.1 15.7 *
Zyginidia scutellaris 10.8 19.8 NS 17.3 91.0 ok

Kelisia guttula 2.3 9.1 NS 8.5 10.7 *

Kelisia vittipennis 1.5 21.7 NS 26.9 25.5 *
Delphacinus mesomelas 0.2 1.5 NS 0.8 2.8 *

Table 10. Auchenorrhyncha (vacuum net samples). Spearman rank correlation coefficients (rs) and their significance between number

of species, abundances and sward height in March—June (Height 1) and July—October (Height 2). Symbols for significance as in

Table 4.

Height 1 Height 2

rs Significance rs Significance
Number of species 0.68 HHE 0.80 kK
Number of individuals 0.62 o 0.72 ok
Neophilaenus exclamationis 0.17 NS 0.13 NS
Ulopa trivia 0.19 NS 0.27 NS
Agallia venosa 0.57 HxE 0.69 HkK
Eupelix cuspidata 0.38 * 0.38 *
Aphrodes albifrons 0.50 HHk 0.60 ok
Aphrodes bicinctus 0.20 NS 0.38 *
Arocephalus punctum 0.41 ** 0.37 *
Turrutus socialis 0.15 NS 0.31 *
Rhytistylus proceps 0.43 wE 0.56 oHE
Paluda adumbrata 0.44 o 0.47 K
Mocydia crocea 0.41 ** 0.34 *
Mocydiopsis attenuata 0.71 HHE 0.77 HHE
Macrosteles laevis —0.33 * —0.43 ok
Macrosteles sexnotatus 0.06 NS 0.20 NS
Macrosteles females —-0.24 NS —-0.17 NS
Eupteryx notata 0.27 NS 0.33 *
Zyginidia scutellaris 0.61 HxE 0.61 K
Arboridia parvula 0.63 HoHE 0.63 Hx
Kelisia guttula 0.75 HAk 0.68 ok
Kelisia vittipennis 0.66 HHE 0.65 ok
Delphacinus mesomelas 0.53 HAk 0.65 ok
Hyledelphax elegantulus 0.17 NS 0.25 NS
Javesella pellucida 0.12 NS 0.30 *
Kosswigianella exigua 0.07 NS 0.10 NS

Both S and N were lower on the early grazed
plots than the late grazed ones, though both
treatments reduced them compared with the un-
grazed plots (Table 8). On calcareous grassland
managed by cutting, treatment in May was in
general less deleterious than a July cut (Morris and

Lakhani 1979; Morris 1981b), but the catastrophic
nature of cutting compared with the more gradual
effects of grazing, together with greater variation
in timing, may account for the difference.

Early grazing reduced numbers of only two
species of the total fauna compared with late or no
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grazing (Table 8). This is a small number com-
pared to those species of affected by grazing with
no distinction between late or early treatment
(Table 7) or those with abundances significantly
correlated with vegetation height (Table 10). On
chalk grassland at Aston Rowant N.N.R. Eup-
teryx notata was more abundant in paddocks
grazed in spring (April-June) and autumn (Octo-
ber—December) than those grazed in winter (Jan-
uary-March) or summer (July—September)
(Morris 1973), but this species has two generations
a year (Nickel 2003) which possibly accounts in
part for the result. Morris (1971) found that
numbers of many Auchenorrhyncha increased
markedly in the second year after exclusion from
intensive grazing at the Barton Hills, Bedfordshire,
another chalk grassland site.

The response of Ulopa trivia to early grazing
was interesting, as this ground-living species might
have been expected to be relatively insensitive to
management. However, it occurs predominantly
on south-facing slopes (Morris 1972) and may be
strongly affected by microclimate, particularly
temperature. Grazing produces short turf with a
hot microclimate (Thomas 1991). Although Ulopa
trivia responded to slope position (Table 6), as
well as to grazing, it occurred in all plots and was
evenly distributed throughout the site.

The response of Macrosteles laevis to grassland
disturbance is well known (Andrezejewska 1962)
and the positive effect of early grazing was ex-
pected.

No other species was favoured by management
in the year of sampling. This contrasted with the
effects of cutting management on oolitic limestone
grassland at Castor Hanglands N.N.R. (Morris
1981a), though the results were in part cumulative.
On that site 8 species were favoured by manage-
ment. Two of these were not recorded at the Old
Winchester Hill site and a further three occurred
as fewer than 100 individuals. One of the remain-
ing species was Macrosteles laevis and another
was M. sexnotatus; the latter species occurred
small numbers at Castor Hanglands and although
it was more abundant on cut plots than uncut ones
the differences were not significant. The other
species affected at Castor Hanglands was Paluda
adumbrata which significantly increased (as the
proportion of the total numbers recorded) in
3 years of management on plots cut in May com-
pared to uncut control plots. The difference be-

tween Castor Hanglands and the Old Winchester
Hill site is likely to be related to the timing as well
as the management methods. Although the species
was significantly affected by slope position (Ta-
ble 6), being most abundant at the top of the
slope, the vegetation was tallest there; the fact that
the Castor Hanglands plots were on a level site
does not seem to be relevant.

The adverse effect of grazing in the year of
sampling on S was increased if the plots had also
been grazed in the previous year (Table 9), but not
significantly. This was also generally true for the
five species affected by grazing in both the current
and previous years. There were some variations in
the differences between plots grazed in the current
year and ungrazed in the previous one, and in
those ungrazed ‘this year’ but grazed ‘last year’.
However, these differences were small (Table 9).
The biggest differences in abundance were re-
corded between plots grazed/grazed in both years
and those ungrazed/ungrazed, with numbers in the
latter being the greater in every case, though again
not significantly so.

Little can be said about the factors which
determine the presence and abundance of
‘Nationally Notable’ species except Ulopa trivia
and, less certainly, Tettigometra impressopunctata.
Both species appear to be adequately conserved by
the rotational grazing system, with T. impresso-
punctata favouring unmanaged grassland. The
host of Rihautodelphax angulosus is Anthoxant-
hum odoratum L. (den Bieman 1987; Nickel 2003),
but little appears to be known about the biology of
Scleroracus decumanus.

Although the rotational management system at
the Old Winchester Hill site can be judged a suc-
cess, some caution needs to be exercised because of
the lack of any direct comparisons with other
systems, and to some extent because of the
importance which the top part of the site has for
Auchenorrhyncha abundance. The maintenance of
tall, ungrazed grassland at the top of the slope is
certainly indicated as a priority for conservation of
species diversity. It is much less certain that the
complexity of management is required, particu-
larly the grazing of plots at increasingly later
periods in successive years. Although management
of the site may be said to be fine-tuned (Morris
1991), there is little evidence that this fine tuning
benefits particular conservation priorities. On
current evidence the regeneration of Juniper is



unlikely to be favoured by the system (Dr L.K.
Ward, pers. comm.). Nor is it ideal for conservation
of the Adonis Blue butterfly, should it be decided to
make a re-introduction. The site may be too small
to allow for this and for conservation of species
diversity of plants and invertebrates.

The simultaneous presence of tall and short
grassland on one site, or at least in a group, or
suite, of sites is an important requirement for
conservation of groups other than Auc-
henorrhyncha, for example butterflies (Thomas
1990). In this context it is necessary to consider
treads in time. In the current study a general
reduction in sward height was apparent from 1982
to 1985 and (Thomas 1990) detected an overall
decrease in 14 chalk grassland sites in South
Dorset from 1978 to 1985. Such decreases may be
the result of changing management. However, on
sites such as Old Winchester Hill the interaction of
a constant management system with sward
growth, for instance in relation to weather, par-
ticularly rainfall, may produce unexpected effects.
For this reason sward height may be a better guide
to effective management than adherence to a par-
ticular system. Rotational management produces
many desirable results and is highly recommended
for the conservation of species richness and
diversity (Morris 2000). However, it is only one
system of several which may be appropriate under
different circumstances. Extensive systems (Bacon
1990) have certain advantages, particularly where
resources are limited. Moreover, rotational sys-
tems are most appropriate for maintenance man-
agement. Reclamation and creative management
usually require a different approach.
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