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1. Introduction

Grasslands (in the widest sense) and cereal fields
were grouped together by Thiele (1977) as ‘open
country’, when he listed and ranked the typical
carabid species of these habitats; this list was up-
dated in the review of carabids in agriculture by Luff
(1987) and for Eastern European crop fields by Lövei
and Sarospataki (1990). The possible importance of
carabids as pest control agents has been evident since
the classical works of Balduf (1935) and Forbes
(1883) in north America. In northern Europe, there
has been much emphasis on their role as predators
on aphids in cereals (e.g. Sunderland & Vickerman
1980, Chiverton 1986, Lys & Nentwig 1991), and
the biology of some of the dominant species has been
studied (e.g. Wallin et al. 1992, Bilde & Toft 1994).

The carabids of cereals have also been compared
with those of other crops, both in terms of their di-
versity patterns (Booij 1994) and species composi-
tion (Hance & Gregoire-Wibo 1987). More recently,
however, the actual importance of carabids in pest
suppression has been questioned, compared with that
of some aphid-specific predators (Winder et al.
1994), and the use of carabids in cereals has tended
to be seen more in the wider context of their value as
indicators of the diversity and ‘naturalness’ of the
agricultural environment.

As the biological studies have shown the impor-
tance of field margins for carabids (e.g. Desender et
al. 1981, Sotherton 1985) recent workers have also
considered the overall landscape within which the
beetle populations exist, and the role of landscape
features in enabling their persistence and dispersal
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(e.g. Den Boer 1977, Burel 1992, Cardwell et al.
1994, Kiss et al. 1994, Lys et al. 1994,  Frampton et
al. 1995, Mauremooto et al. 1995). Rough field mar-
gins and hedgerows both increase the overall carabid
diversity; the use of artificial ‘grass strips’ in fields
to mimic field boundaries has also been tested
(Thomas et al. 1991, Lys & Nentwig 1992), and
enables overwintering of species that would not oth-
erwise survive within the field itself.

Although cereal fields are only a form of arti-
ficial grassland, they differ from most grasslands
in two important features:  (i) there is drastic soil
disturbance during annual cultivations; (ii) there
are substantial seasonal changes in soil surface
microclimate and availability of prey as the crop
grows. Even on a small scale, these differences
distinguish the carabid assemblages of grassland
and arable land (Luff 1990, Cárcamo et al. 1995).
Within grasslands, there is a transition from the
fauna of intensively managed agricultural pastures
to the ‘natural’ ground beetle assemblages of semi-
natural un-managed grassland and moorland. The
carabid assemblages of this range of habitats in
northern England can be classified according to
site management, soil water and bulk density, and
altitude (Luff et al. 1992). The responses of indi-
vidual species to these factors has also been mod-
elled (Rushton et al. 1991). Although the role of
carabids as pest control agents in grasslands has
been considered (e.g. Asteraki 1993), the wider
range of habitat types included within the term
‘grassland’ has led to attempts to use carabid as-
semblages to characterize these habitats, often as
an aid to evaluate their conservation value (e.g.
Rushton et al. 1990, Maelfait & Desender 1990).
The biology of many species in managed grasslands
has been studied in Belgium, where such work in all
agricultural habitats has been reviewed by Alder-
weireldt and Desender (1994).

The conclusions of this brief review of recent
studies on Carabidae of grasslands and cereals are
that, in cereals, although there is much data on
the fauna of particular fields and crops, there is
no overall classification of the carabid fauna ac-
cording to their physical, environmental or geo-
graphical factors. The details of the biology of
many species have been studied; they may often
feed on pest insects, but quantitative data on their
actual impact in pest management still remains

somewhat scarce. In terms of their ‘use’, one can
only hope that the types of landscape manage-
ment advocated in recent work will increase the
diversity and abundance of carabids, and increase
their potential if not necessarily their actual value
to agriculture.

In grasslands, possibly due to the wider range
of habitats covered, such classifications of the
carabid fauna do exist, although doubtless they
should continue to be refined. There is, as yet,
little evidence of any pest management benefit of
grassland carabids; their ‘use’ in grassland habi-
tats has been more in habitat evaluation and as-
sessing conservation value. The aims of this pa-
per are to highlight some recent work in these ar-
eas with which the author has been involved, to
indicate further gaps in our knowledge of the
carabid biology and ecology of grassland and ce-
real fields, and to encourage further critical con-
sideration of some of the methodology commonly
used in such work. The topics covered are some-
what disparate, but it is hoped that the, often pre-
liminary, data presented will stimulate further and
more detailed studies.

2. Pitfall trapping efficiency

A majority of studies on ground beetles of open
habitats rely on this technique (reviewed by Adis
1979) for assessing the species present, although
it is only one of a range of available methods for
estimating carabid (and other invertebrate) densi-
ties (see Sunderland et al. 1996). Many authors
(cited in the Introduction) proceed to use pitfall
catches either as a relative measure of population
densities, or in order to calculate assemblage char-
acteristics such as diversity. The use of a seasonal
pitfall catch as population size may be applicable
to a given species in a particular habitat (Baars
1979, but see also Ericson 1979, Chiverton 1984),
but comparison of pitfall catches between species
is confounded by the differing rates of movement,
activity periods and trappability of each species.
Halsall and Wratten (1988) have shown that the
trappability of many species is in fact very low,
and that many individuals of some species can
hang by their tarsi on the lip of the trap, and then
climb out. In order to obviate this, a test was car-
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ried out on a modified trap, and preliminary re-
sults on carabid catches are presented here.

2.1. Method

Two sets of ten plastic pitfall traps,  8.5 × 10 cm (diam.  ×
depth) , were installed at 5 m intervals in, respectively, a
weedy cereal plot and a rough grassy bank near Newcastle
upon Tyne, UK. Traps were part- filled with commercial
anti-freeze as a preservative. Five traps in each set (selected
randomly) were covered with curved funnels made by heat-
deforming the lid of a 9 cm diameter plastic petri dish, and
cutting off the pointed end of the resulting cone. The inten-
tion was to remove any definite ‘lip’ at the edge of the trap,
so that beetles could not hang on to the trap edge. A second-
ary benefit was to make it more difficult for captured bee-
tles to escape from the trap.

The traps were emptied weekly for a four week period
from 9 May to 6 June, and the funnels were alternated be-
tween individual traps in each week.

2.2. Results

In both habitats, the funnel-covered traps caught both
more species and individuals/week (Fig. 1) than the
un-modified ones. The difference in numbers of in-
dividuals caught was greater than in the numbers of
species, especially in the more open cereal field. By
the fourth week the rate of species accretion had
slowed in all but the covered arable traps, suggest-
ing that increasing the trapping efficiency may in-
crease the overall estimate of species richness. More
detailed data on the catches of individual carabid
species, and the catches of other invertebrate taxa,
will be published elsewhere.

3. Assessing carabid diversity

Dritschilo and Erwin (1982) concluded that diver-
sity indices were not useful when using carabids in
impact assessments; although agricultural manage-
ment affected both species richness and the total
numbers caught, the overall effect on diversity sta-
tistics was minimal. Despite this, diversity calcula-
tions continue to be used to demonstrate changes in
carabid assemblages, such as between crops and field
margins (Kiss et al. 1993). Some pragmatic thoughts
on diversity statistics, pitfall catches and Carabidae
are presented here.

Fig. 1. Cumulative numbers of carabid species caught
over four weeks, and mean numbers of individuals
caught per week (+S.E.), using pitfall traps with (+)
and without (–) curved funnel covers, in grass and
arable habitats.

Carabids as environmental indicators

3.1. Method

If indices of diversity are to be useful for assessing carabid
assemblages, they must respond to changes in the carabid
fauna that result from environmental changes. Diversity
indices, whatever their theoretical model, essentially incor-
porate the relationships between three parameters: the
number of species present (species richness), the number
of organisms present (total population size) and the distri-
bution of these organisms between the species (evenness).
Data from May to October catches of carabids from 69 sets
of nine (un-covered) pitfall traps in grasslands and moor-
land (details in Luff et al. 1992) were examined to see the
relationships between these statistics, and to what extent
they varied between grassland habitat groups previously
identified using TWINSPAN analyses. The measures used
were numbers of species, individuals (transformed to natu-
ral logs because of the skew distribution of catches), ‘di-
versity’ (Williams’ alpha) and evenness. The latter was cal-
culated by plotting, for each site, the log catch of each spe-
cies in decreasing order of rank (Southwood et al. 1979),
and calculating, by linear regression, the absolute value of
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of each site, in terms of the relative numbers of spe-
cies and individuals, would be to use the distance of
each point (i.e. site) in the scatter plot from the trend
line. Points most above the line have more individu-
als caught per species than might be expected, and
vice versa. This was quantified by calculating the
standardised residuals of each site from the fitted
linear regression of log-catch on number of species.
These residuals were then analysed by ANOVA as
for the original data in Table 1: there was a signifi-
cant effect of habitat group (F9,59 = 3.97, P < 0.001)
with the extremes again being groups 7 (residual
+ 1.0072) and 10 (residual – 0.9966). This measure
of relative numbers of individuals and species caught
was therefore a better way of  assessing between
habitat type differences in the diversity of the carabid
assemblages, than were conventional statistics such
as alpha and the calculation of evenness. It is, in
effect, an analysis of co-variance, with log (number
of individuals caught) as a co-variable. Surprisingly
however, a similar analysis, using the more usual
convention of species richness (y) plotted against
log (catch) (x) did not yield significant habitat group
differences.

As this measure combines both species richness
and evenness, it could also be compared with indices
such as Simpson of , or with the calculation of ex-
pected species richness using rarefaction: Both pa-
rameters (slope and itercept) of the species rank/log
(catch) could also be tested. Such comparisons, using
a larger data set, will be the subject of a later paper.

Fig. 2. Natural logarithm of numbers of carabids caught
in 69 grassland sites, plotted against numbers of
species found, with fitted regression line.
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the slope of the relationship. This (negative) slope will be
zero if all species have equal catch, and its value becomes
increasingly negative as the evenness decreases.

3.2. Results

Table 1 gives the mean values of the numbers of
species, log individuals, alpha and evenness slope
for each of the ten grassland groups previously rec-
ognised, together with the F and P values for one-
way analyses of variance between habitat groups.

Only the log-transformed numbers caught dif-
fered significantly between habitat groups, being
greatest in group 7 (intensively managed lowland
pastures) and lowest in group 10 (managed upland
pastures), suggesting purely an effect of altitude on
beetle activity. In fact, despite the non-significant
effect of group on species richness, these groups had
almost the same ranking in this parameter. A plot of
log-catch against species richness (Fig. 2) shows an
apparently bivariate normal distribution, with a sig-
nificant positive correlation (r67 = 0.627 , P < 0.001).

The scatter about the trend line in Fig 2 suggests
that an alternative means of assessing the ‘diversity’

Table 1. Species richness, diversity (Williams’ ‘alpha’)
and ‘evenness’ of carabids of 10 grassland habitat
groups, together with calculated F9,59  and P -values from
one-way analyses of variance between habitat groups.
———————————————————————
Group Species log(indivs) ‘diversity’ ‘evenness’
———————————————————————
1 17.2 4.87 6.06 0.179
2 11.5 4.03 4.87 0.189
3 16.8 4.79 5.36 0.183
4 16.8 5.57 4.65 0.246
5 13.5 4.93 3.52 0.304
6 21.0 5.76 4.98 0.194
7 15.5 5.91 3.23 0.307
8 14.8 5.24 3.96 0.280
9 14.7 4.63 5.26 0.212
10 10.2 3.65 4.81 0.249

F-statistic 1.60 4.03 1.13 1.87
P-value 0.13 < 0.001 0.35 0.07
———————————————————————
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Fig. 3. First two axes of DECORANA ordination of
actual pitfall catches from 10 sets of traps in coastal
grassland at Coatham, Yorkshire.  Sets of traps are
numbered (odd numbers = after disturbance, even
numbers = un-disturbed). Species have been grouped
visually into three groups (excepting two outliers).

Carabids as environmental indicators

4. Effects of grassland management on
carabid assemblages

Indices of assemblage structure, considered in the
previous section, take no account of differences
in actual species composition between grasslands.
Several studies (see Introduction) have considered
grassland management effects on ground beetles
at both the species and assemblage levels. The
aim of this section is to present outline results from
two ‘case studies’ with which the author has been
involved, in order to pose questions about the way
in which such assemblage data can be considered.
The first example arises from the installation of a
gas pipeline under coastal dune grassland in north-
ern England, the second concerns the effects of
changing management of upland pasture in Wales.
In both cases only brief and preliminary details
are given at this stage.

4.1. Lowland disturbance

4.1.1. Site and method

At Coatham Common, north Yorkshire, a natural gas pipeline
was installed in 1990 under an area of coastal grassland, salt
marsh and dunes. In 1995, pitfall traps have been used to com-
pare the carabid assemblages on the disturbed and un-modi-
fied habitats at various distances from the actual shore line. At
each of 5 pairs of sites, 10 traps were operated from May–July
1995, part-filled with ethylene glycol and emptied monthly.
Sites 1 and 2 were furthest (ca 500m) from the coast, in wet
dune slack, sites 9 and 10 were on the fore dunes just above
the beach; all odd-numbered sites were in the disturbed area,
even-numbered ones were in corresponding un-disturbed grass-
land. The carabid fauna of each site was ordinated using
DECORANA, in order to assess visually the relationships be-
tween the assemblages present; species richness and evenness
(see previous section) were also compared using analyses of
variance. Correspondence analysis was used in these analyses
for its ability to plot species and site scores in the same multi-
dimensional space, and detrending was used because the con-
siderable turnover in species occurrence across the sites was
otherwise likely to result in the second axis scores becoming a
function of those of the first axis (see Ter Braak 1988).

4.1.2. Results

An ordination of the actual pitfall catches (Fig. 3)
shows that sites 1–3 were very distinct from the re-
mainder; they had substantial numbers of ‘wet’ spe-

cies such as Pterostichus nigrita, Stenolophus mixtus,
Bembidion clarki, Dyschirius luedersi, D. globosus,
and Elaphrus cupreus. Site 3 also had substantial
numbers of Asaphidion flavipes and Nebria salina.
Site 4 was quite unlike 3, and still somewhat sepa-
rated from the remaining more coastal sites, with
large catches of common, inland dry grassland spe-
cies such as Badister bipustulatus, Amara aenea,
A. communis, A. tibialis and Metabletus foveatus.
The last two of these species were also present in the
more coastal sites 5–8, but in smaller numbers; they
were overshadowed by large catches of the special-
ist coastal species Amara spreta, as well as A. lucida,
Calathus erratus, C. mollis, and C. ambiguus. The
most littoral sites, 9 and 10 were again somewhat
separate in the ordination, and were characterised
by larger catches of Demetrias atricapillus, Broscus
cephalotes, and Dromius linearis. Axis 1 of the or-
dination appears to represent a moisture gradient,
with the dryer sites at the right separating on axis 2,
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with the more coastal assemblages further up this
axis. The species ordination (Fig. 3) thus divides the
beetles into three more or less distinct groups, namely
‘wet’, ‘dry inland’ and ‘dry coastal’, based on the
known habitat preferences of the species.

This analysis was carried out on actual pitfall
catches, as the totals caught only varied by a factor
of  3.5 from 132 beetles (site 9) to 472 (site 8). In
previous work we have often standardised catches
to percentages of the site total, so that the analysis
shows up changes in species composition, rather than
in actual numbers caught, or have used presence
absence data alone. It could also be argued, how-
ever, that from the point of studying individual spe-
cies, the proportion of the total catch of each species
over all sites, rather than of each site over all spe-
cies, should be analysed.  Comparable analyses were
therefore done on this premise, as well as on a com-
bined percentage of contribution both to the site, and
to the species total.

Table 2 shows that the percentage of variation
explained by these alternative analyses was never
more than by pitfall catch alone, and sometimes
was considerably reduced. However, the data in-
corporating percentages of the species totals had
inherently more variation, so that the actual
amount of variation explained was greater than
by using either pitfall catch, or percentage of the
site totals. Ordination diagrams (not shown here)
enabled rather similar conclusions to be drawn to
those from the analysis of actual catch above,
except in the case of presence/absence data, where
the occurrence of most species over many sites,
(but in greatly varying numbers) obscured the dif-
ferences in their relative catch between sites, so
that no conclusions were evident.

In no case were the effects of the pipeline distur-
bance consistently shown in the ordination plots. The

only differences that could be detected between the
undisturbed and disturbed sites were in their species
richness (means: disturbed 22.6, undisturbed 19.0,
F1,8 = 5.27, P < 0.1) and, more markedly in their even-
ness (means: disturbed – 0.152, undisturbed – 0.204,
F1.8 = 8.54, P < 0.02). Thus the disturbed sites had more
carabid species; their greater evenness was due to a
longer ‘tail’ of species caught singly or in small num-
bers.

3.2. Upland management

3.2.1. Site and method

 At Pwllpeiran E.H.F. in Wales, experiments involving
mosaics of improved and semi-natural rough grazing are
being run by the Agricultural Development and Advisory
service (A.D.A.S.). Two sites, Parc-y-Llyn and Llechwedd
Brith are subjected to two contrasting intensities of man-
agement: conventional management and fertilising is being
compared with no further nitrogen and reduced grazing.
Both sites of these experiments were sampled using pitfall
traps in 1990, 1991, 1992 and 1993.  The ground beetles
pitfall catches were ordinated using DECORANA, and
ground beetles axis scores from each treatment, year and
site were compared statistically using analyses of variance.

3.2.2. Results

Ordination (Fig. 4) and analysis of the carabid as-
semblages showed highly significant differences
between the axis 2 scores for each year (F3,48 = 7.34,
P < 0.001) and significant differences between the two
sites (F1,48 = 7.34, P < 0.001) and the treatments
(F1,48 = 5.51, P < 0.05). Variation in axis 1, the main
source of variation in the data was, however, only mar-
ginally related to the year (F3,48 = 2.46, 0.05 < P < 0.1)
and not at all to treatment or the paddock. The striking

Table 2. Summary statistics from DECORANA analyses of carabids caught in
coastal grasslands, according to the type of data analysed.
———————————————————————————————————
Data type Cumulative % variance Total Variation

of species data variation explained
Axis: 1 Axis: 2 Axis: 3 Axis: 4

———————————————————————————————————
catch 48.3 56.8 58.9 59.5 1.854 1.103
% of site total 45.0 55.3 58.4 59.1 1.929 1.140
% of species total 21.5 30.4 33.7 33.9 3.756 1.273
combined % 26.3 42.8 47.8 50.0 3.627 1.813
presence/absence 32.2 41.1 43.3 43.4 1.417 0.615
———————————————————————————————————

Luff
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feature about Fig. 4 is the way in which the results
for 1992 differ from the remaining years; it is evi-
dent that year to year variation in the carabid assem-
blage was greater than the (still significant) differ-
ences between sites and management regimes. Yet
none of these factors was related to the major trend
of variation in the data, as evidenced by axis 1 of the
ordination. Not only is year to year variation clearly
important (but often neglected in environmental as-
sessment work), but the major factors responsible
for variation in these ground beetle assemblages of
upland grasslands remained unknown.

5. Multivariate analyses of cereals carabids

The above example of the use of carabids as indica-
tors of environmental impact stresses the possible
importance of year to year variations, and was at a
larger scale than the coastal data presented in Sec-
tion 4.1. Within cereals, Sanderson (1994) showed
that variation in invertebrate assemblages within a
single, whole farm experiment at Boxworth, UK,
was largely (47%) explained by between year dif-
ferences, and only secondarily (17%) by field and
pesticide treatments. This analysis formed part of a
wider survey of Carabidae in UK cereal fields, some
results of which are now briefly considered.

5.1 Methods

Data from 149 cereals trials from eight different institutes
were collated together.  The earliest records were from gen-
eral field  surveys  made  by  Horticulture  Research  Inter-
national (formerly G.C.R.I. Littlehampton) in 1974.  Most
other institutes provided data from surveys or plot experi-
ments made during the early to mid-1980s.

Only Carabidae were identified to species at all sites,
with the full dataset for all dates containing 77 species of
(adult) Carabidae. No species was ubiquitous to all  sites,
although Agonum dorsale,  Bembidion lampros,  Notiophilus
biguttatus,  Pterostichus melanarius  and Trechus quadris-
triatus were all found at over 135 of the 149 sites. The mean
starting date for sampling was 10th April, and the mean
finishing date was 27th July, and so only pitfall trap records
between these dates were used for the analyses.

Pitfall catches were converted to percentages of each
species in the site totals and ordinated using DECORANA.
The possible effects of sampling year and institute on the in-
vertebrate community were investigated by Canonical Corre-
spondence Analysis, using year and institute as nominal envi-
ronmental variables. Detrending was not used in this analy-
sis, as most taxa in fact occurred in many of the sites.

Fig. 4. First two axes of DECORANA ordinations of
pitfalled sites from upland grazing land at Pwllpeiran,
Wales. Polygons enclose sites grouped according to
year, treatment (1 = conventional, 2 = reduced grazing,
no added N) and site (LB, PL).

Carabids as environmental indicators

5.2 Results

The  eigenvalues  for  the  first  two ordination axes
were 0.546 and 0.369 respectively. The first ordi-
nation  axis  separated  out  several  surveys  made
by Horticulture Research International in the late
1970’s from the remainder, as well as fields in the
Boxworth Project’s Insurance pesticide regime.
These Insurance fields  also separated out from the
remainder on the second ordination axis.  The other
two Boxworth pesticide regimes (Supervised and
Integrated) did not appear to be particularly differ-
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ent in terms of their species composition from all
the other sites in the analysis.

It was clear from the CCA that the year in which
the survey was made was the most important factor
affecting the Carabidae species composition at the
sites. The eigenvalues for the first two ordination
axes were 0.258 and 0.127 respectively; these are
lower than the equivalent eigenvalues of the DCA
because in CCA the ordination axes have been con-
strained by the environmental  variables.  The year
of sampling had correlation coefficients with axes 1
and 2 of – 0.71 and – 0.25, respectively; the equiva-
lent coefficients for the Institute from which the data
were derived were – 0.66 and – 0.33, respectively.
Again, therefore, year to year variation was the ma-
jor factor affecting the carabid assemblages, even
on a country-wide scale.

6. Discussion

These brief presentations of results of disparate pieces
of work on ground beetles have in common the aim
of facilitating better use of carabids in grasslands
and cereals as indicators of the type and quality of
their environment.  It is clear, that if a short period of
pitfall trapping is to be used to assess the carabid
species richness of these habitats (as by Maelfait &
Desender 1990), trapping efficiency should be as
high as possible. The modified traps described here
will give a larger and more diverse catch in a limited
period. As species richness is one of the best dis-
criminators between cropping systems (Booij 1994),
methods that sample the full complement of species
in a habitat as soon as possible are to be encouraged.
The short trial data presented here are insufficient to
show whether the potential species pool being sam-
pled by the two types of trap was the same; rarefac-
tion or other such models (see e.g. Lövei & Samu
1987) would be needed to examine this further.

Once the numbers of individuals as well as spe-
cies collected from a site are considered, the spe-
cies/catch relationship offers a further means of de-
riving information from the carabid fauna. It is per-
haps not surprising that in the grassland data pre-
sented here, as for Dritschilo and Erwin (1982) in
cornfields and Holliday (1993) in boreal forest,  di-
versity statistics based largely on the relative num-
bers of species and log-individuals did not differ at
all between habitat groups, despite the almost sig-
nificant differences in evennesss.  The evenness sta-

tistic tested here differs from the often used index of
Hill (1973) in that it is largely dependent on the ‘tail’
of species that occur in small numbers. As these may
represent occasional individuals of colonising spe-
cies, the index is sensitive to site disturbance, fol-
lowed by re-colonisation, as in the coastal study pre-
sented here, although it did not differ overall be-
tween the carabid assemblages of major grassland
habitats.

In contrast, the residual deviance of the logarithm
of numbers caught about the regression of log-catch
on species numbers did respond significantly to habi-
tat type. This statistic (in effect an analysis of
covariance) would therefore merit further considera-
tion as a measure of the extent to which the numbers
of carabids caught at a site differ from the numbers
expected based on the numbers of species caught. It
is not based on any underlying theoretical models,
other than the pragmatic transformation of catch to a
logarithmic scale, but appears to be sensitive to
changes in the carabid assemblages within grasslands.
If it were quantified further in relation to the confi-
dence bands around the regression, it would enable a
measure of the ‘typicality’ of the species/numbers
caught value for any site, analogous to typicality
measurements that consider also the actual species
composition of the fauna (Eyre & Rushton 1989).

Indices of diversity and evenness are based on
theoretical distributions of actual population sizes
among the assemblage of species present (reviewed
in Magurran 1988, Loreau 1992). They do not, there-
fore, take account of  one of the major differences
between carabid species, namely their rate of move-
ment, and hence the relationship between their den-
sity and pitfall catch. Loreau (1992) suggests that
pitfall catch is a better measure than actual density
of the species’ importance in a community, because
it integrates population size, body mass and time of
activity. However, rate of movement in any habitat
is approximately correlated with body size (Thiele
1977) and taxonomic group (Forsyth 1983), so pit-
fall catches of each species of carabid could possi-
bly be ‘corrected’ to a standard effective body length
based on these factors, and alternative ‘diversity’
measures calculated. It remains to be seen whether
these suggestions could improve the use of carabid
‘diversity’ measures in grassland habitats.

Data from the coastal grasslands at Coatham
Common are an example of the possible use of
carabids in short-term and small scale environ-

Luff
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mental assessments. The notable thing about the
results was that only the moisture status of the
ground had a major impact on the carabid assem-
blage (as with carabid distributions generally, Luff
et al. 1989). The species composition had not
changed consistently following the disturbance of
pipeline installation, although the disturbed sites
had a larger proportion of species caught singly
or in low numbers, possibly because of the gener-
ally higher amount of bare ground, and the pres-
ence of possible colonising carabids. At this small
scale, therefore, analysis of presence/absence spe-
cies data gave little information, as occasional
individuals of many species were found outside
their ‘normal’ habitat. Analysis of assemblage
‘structure’ (i.e. species richness, evenness) was
more helpful than assemblage ‘composition’ for
detecting the effect of man’s disturbance.

The longer-term and large scale analyses of
the carabids of the Welsh upland management ex-
periment and the UK cereal field data both sug-
gest that the year in which the samples were col-
lected was the most important factor affecting
variation in the species composition of the fields.
Sampling year probably acts  as  a  surrogate  en-
vironmental  variable  for  the meteorological
conditions  of  that  season  (and  possibly  the
previous, over-wintering period).  As well as the
resulting, more or less synchronised changes in
the catch of many species from year to year, there
will be independent variations in each species’
catch resulting from the species-specific popula-
tion dynamics of each beetle species. The sensi-
tivity of the overall assemblage to year to year
variations will thus also depend in part on the vari-
ation in catch of each species from year to year
(the Distribution of Population Sizes, den Boer
1977) which in turn is related to the dispersal strat-
egies of the species involved, and the stability of
their habitats. Thus in upland grasslands in north-
ern England, the carabids of unmanaged moor and
grass are stable from year to year, whereas the fauna
of intensively managed ‘improved’ pasture varies
widely according to the chance recolonisation of the
fields after agricultural disturbance (Rushton et al.
1989).

In the wider analysis of cereal fields, however,
all of which were subjected to annual cultivations,
it was noticeable that, despite the plethora of pes-
ticide and agronomic treatments that the fields had

received, the only consistent pattern was that the
Boxworth Insurance fields differed from the re-
mainder. These fields received an exceptionally
high pesticide load, one which would not be ob-
served under normal agricultural practice, result-
ing in a very species poor invertebrate fauna
(Sanderson 1994).

It would seem that the carabid assemblages of
grasslands (in the widest sense) are inherently more
variable than those of cereal fields; both the assem-
blage structure and species composition enable the
use of ground beetles as environmental indicators in
these habitats. The disparate topics considered in this
paper attempt to show that there is still much to learn
in our methodology and analysis of these carabid
assemblages. Even given ideal sampling and ana-
lytical techniques, however, any short term assess-
ments must, however, be considered within the larger,
year to year changes resulting from the beetles’ popu-
lation dynamics: it is this area that carabidologists
should be addressing in these, if not all, habitats.
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