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Abstract

Ecologists have quantified Orthoptera (grasshoppers and crickets) density in a wide variety of conservation
studies. Objective determination of Orthoptera population size is possible using mark-release recapture
techniques but these are time-consuming andof little use for all but the smallest scale studies. Therefore, awide
range of sampling techniques have been devised to quantify population density and the most commonly used
methods include sweep netting and quadrat counts. It is the aim of this paper to critically review studies that
have used these techniques and to provide useful suggestions for non-specialists onwhichmethodmaybemost
applicable to their study site. This paper reviews a selection of the extensive literature reporting studies
estimating the abundance of grasshoppers (Acrididae) in a wide range of grassland ecosystems. Where pos-
sible, studies on bush-crickets (Tettigoniidae) and crickets (Gryllidae) are included reflecting their overall
contribution to assemblage diversity in grassland ecosystems and to highlight the need for further investi-
gations of sampling efficiency on these two under-researched families.
The most rapid and inexpensive sampling methods, such as quadrat and transect counts, involve ‘flushing’
grasshoppers from the sward. These techniques are fairly accurate in short, open swards (<50 cm sward
height) where grasshopper densities are low (<2 adults perm2). At higher population densities (>2 adults per
m2), methods which require the capture of grasshoppers such as box quadrats and sweep netting may bemore
appropriate. Sampling grasshopper populations in taller vegetation (>50 cm sward height) is more prob-
lematic as the efficiency of many techniques may be reduced by vegetation structure. Methods such as timed
counts can be used at low densities (<2 adults perm2) and night trappingmight bemost applicable where high
numbers of grasshoppers are present (>2 adults per m2).
There is an urgent need for development of a standardised sampling technique that can produce comparable
data from studies with a wide variety of observers in grasslands with differing vegetation structures and
grasshopper densities.

Introduction

Grassland ecosystems (rangelands) are important
habitats when considering local and global biodi-

versity. Grassland ecosystems cover approximately
60% of world land area and are viewed as sensitive
indicators of man’s impact on the natural envi-
ronment (Sergeev 1998; Lockwood and Sergeev
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2000). Orthoptera are an important component of
the overall energy budget of grassland ecosystems
consuming approximately 3.5% of annual primary
production (Köhler et al. 1987). It has been esti-
mated that Orthoptera, more specifically grass-
hoppers, contribute to more than half of the total
arthropod biomass in the grass layer and they can
be the primary herbivore even in grassland systems
with moderate to high mammalian herbivore bio-
mass (Gandar 1982a; Gillon 1983; Ryszkowski
et al. 1993; Gangwere et al. 1997). At a more local
scale, Orthoptera are also an essential part of
grassland ecosystems as they contribute to the
diets of many bird and spider species (Joern 1986;
Brock et al. 1992; Belovsky and Slade 1993;
Oedekoven and Joern 1998). For instance, grass-
hoppers are known to be an important component
of the diet of late season Emberiza cirlus chicks in
the UK (Evans et al. 1997) and the decline of such
species may be directly attributable to the loss of
invertebrate diversity and abundance, particularly
of grasshoppers, from farmland habitats (Griffiths
et al. 1999 for UK data; Samways and Moore
1991; Kemp 1992; Samways and Sergeev 1997 for
international data).

Orthoptera assemblages are particularly sensi-
tive to disturbance of the grass layer in grasslands,
especially during grazing (Jepson-Innes and Bock
1989; Prendini et al. 1996; Chambers and Samways
1998), fire (Gillon 1972; Gandar 1982b; Evans
1984; Evans 1988) and modifications to land
management regimes (e.g. agricultural–environ-
mental policies implemented in N Europe, Grif-
fiths et al. 1999). Ecologists have frequently
quantified the extent of populations of Orthoptera
in the field, often as an indicator for conservation
purposes (van Wingerden et al. 1992, 1993;
McGeoch 1998; Wettstein and Schmid 1999;
Bolger et al. 2000; Anderson et al. 2001; Gardiner
et al. 2002), but also for studies of pest species such
as rangeland grasshoppers (Holmes et al. 1979;
Quinn et al. 2000; Fuhlendorf et al. 2002; O’ Neill
et al. 2003). However, studies concerned with
habitat construction have mainly focussed on the
conservation of non-pest species (Köhler 1996;
Samways and Lockwood 1998). Bomar (2001), for
example, compared the grasshopper populations
of reconstructed and remnant prairies in western
Wisconsin, USA, using fixed-effort sampling
methods. Increasingly there has been growing
interest in developing conservation strategies to

identify minimum viable populations and area
requirements (Shaffer 1981, 1987; Boyce, 1992;
Berggren et al. 2001; Gottschalk et al. 2003). The
current methods (population viability analysis;
Boyce 1992) can take a number of years to assess
and therefore more rapid methods using existing
survey techniques have to be developed and vali-
dated. These can be based around traditional
survey methods to measure population intensity
(Köhler 1996; Ingrisch and Köhler, 1998) and
assemblage diversity. There is however a need to
ensure that methods used to estimate population
intensity are adequate to provide information on
species diversity and community functionality.

The major reasons cited for Orthoptera being a
popular choice of ecologists to monitor the im-
pacts of land management or habitat change are
high diversity (Nagy 1987; Sergeev 1986, 1992;
Wilson 1988; Dufrene and Legendre 1997), repre-
sentation of a trophic level within the grassland
ecosystem in terms of functionality and commu-
nity structure (Hawksworth and Ritchie 1993;
Armstrong and van Hensbergen 1997), and sensi-
tivity to change. Furthermore, Orthoptera are also
a popular choice for ecologists because their
abundance and ease of sampling in a particular
habitat often allows the data collected to be
analysed statistically (Stebaev 1968; Anderson
1999; Anderson et al. 2001; Foord et al. 2002).
However, the considerable interest in using
Orthoptera as indicators of land management
degradation or habitat change must be put into
context. Many species of Orthoptera have been
studied extensively (especially those classified as
pest species) but many remain poorly understood
and not even described (genera nova) (Rowell
1998; van der Valk et al. 1997, 1999; Anderson
et al. 2001). These comments are especially true for
tropical grassland ecosystems and to some extent
grasslands of the southern hemisphere and there-
fore any review of methods associated with pop-
ulation estimates must acknowledge the problems
with the lack of definitive information about a
number of species that may be extant in these
grassland ecosystems (Sergeev 1987, 1997). Fur-
thermore, there are few publications that consider
the problems associated with objective compari-
sons of estimated population size, ease of sampling
and problems associated with methods used in the
field to estimate Orthoptera assemblages, in rela-
tion to survey objectives. An example of the
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problems associated with sampling Orthoptera in
tropical grasslands was demonstrated by Rowell
(1998). In his survey, Rowell noted that 19 species
of Orthoptera occurred in tropical grasslands in
Costa Rica of which five species were extremely
rare (10 or fewer examples known (museum spec-
imens); Rowell 1987). It would be very difficult to
develop robust sampling protocols to understand
the extent of these small populations of Orthop-
tera. This paper aims to re-dress this situation by
examining current methods employed to estimate
Orthoptera populations and to provide some
indications on dealing with the considerable vari-
ation observed with population estimates.

Early attempts to estimate the abundance of
grassland Orthoptera were undertaken using
qualitative, subjective methods, for example, Ves-
tal (1913) used a non-numerical scale to ascertain
abundance. Other workers, for example, Clarke
(1948) stressed the need for accurate estimates of
abundance using more quantitative, objective
methods such as quadrat counts. Many authors
have made objective measures of population
intensity by using mark, release, recapture tech-
niques (MRR; Richards and Waloff 1954; Jolly
1965; Southwood 1978; Evans et al. 1983; Kindvall
and Ahlen 1992; Greenwood 1996; Gottschalk
et al. 2003) or biocenometers (Isern-Vallverdu
et al. 1993). These methods produce counts of the
total number of individuals in a known area and
biocenometers allow other parameters such as in-
sect biomass to be measured (Isern-Vallverdu et al.
1993). However, these methods are very time
consuming as the rate of sampling is very slow.
Other problems can also arise, for instance, the
efficacy of marking and risk of altering the
behaviour of marked individuals (Heller and von
Helversen 1990; Samietz and Berger 1997; New
1998). Recapture rates in MRR experiments reflect
the trade-off between application of a visible mark,
predation and movement and therefore can be
used in species specific situations (Kindvall and
Ahlen 1992; Bailey et al. 2003). Bailey et al. (2003)
provided excellent data on MRR recapture rates
of Chorthippus brunneus and C. jacobsi (Orthop-
tera: Acrididae) and demonstrated that such data
can be affected by habitat composition (Table 1).

Several novel methods of marking Orthoptera
have been developed. For instance Narisu et al.
(1999) described a novel method of marking with
fluorescent powder that allows some of the

problems associated (increases ease of recapture,
reduced labour requirement and time spent
searching, but may increase predation rate) with
MRR to be overcome. Mark, release, recapture
can be improved by dual marking of the insect:
colour paint marking of the pronotum and
reflective tape on the femur (Heller and von Hel-
versen 1990; Hein et al. 2003) for improved night
re-sighting (>80% re-sight rates). This technique
has been exploited for studies of phaneropterid
bush-crickets and Platycleis albopunctata
(Orthoptera: Tettigoniidae).

Time constraints often dictate that most eco-
logical studies are not conducted using the most
objective methods (New 1998) and other tech-
niques to estimate population size from sub-sam-
ples taken from the survey site are commonly used.
These methods include box quadrats (Grayson
and Hassall 1985; Cherill and Brown 1990), night
trapping (Evans et al. 1983), open quadrats
(Richards and Waloff 1954; Gardiner et al. 2002),
pitfall traps (Landsberg et al. 1997; Clayton 2002),
ring counts (Catangui et al. 2000; Cigliano et al.
2002), sweep netting (Holmes et al. 1979; Lands-
berg et al. 1997; Fuhlendorf et al. 2002), timed
counts (Belovsky and Slade 1993; Lepš et al. 2001;
Bieringer 2002) and transects (Isern-Vallverdu
et al. 1993; Wettstein and Schmid 1999; Kruess
and Tscharntke 2002).

In the preparation of this paper, 112 papers/re-
ports were examined. All papers and reports that
the authors were able to obtain using various
electronic literature search facilities (CAB ab-
stracts, ISI Web of Science: Science Citation In-
dex, plus other more specialised literature search
facilities of regional or local databases) were

Table 1. Grasshopper (Orthoptera: Acrididae) mark recapture

rates for two different habitat types (unimproved hay meadow,

A; and semi-improved grassland, B; Bailey et al. 2003).

Sex Habitat n Proportion of grasshoppers not

recaptured (R = 0), recaptured

once (R = 1) or recaptured

more than once (R = 2)

R = 0 R = 1 R = 2

# A 903 0.77 0.19 0.04

$ A 810 0.70 0.24 0.05

# B 202 0.53 0.27 0.20

$ B 127 0.53 0.28 0.20
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considered in this review. Papers in journals pub-
lished in a variety of languages were reviewed to
allow comprehensive coverage of the methods used
to sample Orthoptera in both southern and
northern hemisphere countries.

Descriptions of the most frequently used
methods to determine Orthoptera abundance,
their efficacy and problems involved in interpret-
ing data collected from the most commonly cited
techniques were assessed. It is the aim of this
paper to provide a description of each method
and how it has been applied in previous studies,
and to critique the various techniques and their
statistical analysis using published evidence. The
paper will discuss which methods require further
evaluation and provide an assessment of which
method may be most applicable in certain situa-
tions, therefore allowing ecologists to select the
most appropriate method for estimating the
abundance of Orthoptera at their study site. This
review is mainly concerned with the large quan-
tity of literature reporting studies determining the
abundance of grasshoppers (Orthoptera: Acridi-
dae) in a wide range of grasslands, but studies on
bush-crickets (Orthoptera: Tettigoniidae) and
crickets (Orthoptera: Gryllidae) are also included
where possible, reflecting their overall contribu-
tion to assemblage diversity in grassland ecosys-
tems and to highlight the need for further
investigations of sampling efficiency on these two
under-researched families. This paper does not
consider the extensive literature concerned with
remote sensing methods to monitor pest species
of Orthoptera (for example APLC 2004 or FAO
2004).

Frequency of methods employed to determine
Orthoptera abundance

Sweep netting was used to determine extent of
Orthoptera populations in 45.5% of papers re-
viewed and is by far the most commonly used
method (Table 2). Transects (17.0% of records),
open quadrats (13.4% of records) and pitfall traps
(9.8%) have all often been used to quantify
Orthoptera abundance by various authors. The
rarest methods used included box quadrats, night
trapping, ring counts and timed counts (2–5% of
records).

Description of the sampling methods

Sweep netting

Sweep netting is the most frequently used method
to sample the relative abundance (a subjective
measure of population size) and species composi-
tion of grassland Orthoptera assemblages as it is
possibly the least intensive and most rapid method
in the field (Strubinskii 1979). Sweep netting has
formed the basis of fixed-effort sampling protocols
used extensively in the US, Canada, South Amer-
ica and the former Soviet Union (Sergeev 1986,
1992; Lockwood et al. 1993; Olfert et al. 1995;
Cigliano et al. 2000; Torrusio et al. 2002). The
method has also been used extensively in surveys
of pest species (e.g. Calliptamus italicus) popula-
tions in agricultural land in the former Soviet
Union (Strubinskii 1979) and to a certain extent in
semi-arid zone grasslands (Krokene 1993; Peveling
et al. 1999). However, relative abundance implies
frequency of occurrence (i.e. a combination of
frequency and density; Young and Young 1998)
but, arguably, sweep netting does not provide an
accurate assessment of either frequency or density
as it samples a hypothetical volume above the
grass layer. The most commonly used net size is
38 cm diameter (Bomar 2001; Fuhlendorf et al.
2002; O’ Neill et al. 2003), although other sizes
such as 30 cm (Foord et al. 2002; Karpakakunja-
ram et al. 2002), 40.6 cm (Quinn et al. 2000) and
49 cm (Dawes-Gromadzki 2002) have been used.
There is little data presented in the literature on
fabric type or mesh size.

The standard procedure for sweeping the vege-
tation is once back and forth in a 180� arc in front

Table 2. The most frequently used methods of sampling to

estimate Orthoptera population size (from a search of 112 pa-

pers and reports).

Method No. papers

Sweep netting 51

Transects 19

Open quadrats 15

Pitfall traps 11

Ring counts 5

Box quadrats 5

Timed counts 4

Night trapping 2

Total 112
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of the observer (Evans et al. 1983; Quinn et al.
2000; O’ Neill et al. 2003) and sweeps are often
taken at fixed points on transects or grid forma-
tions (Foord et al. 2002). The number of sweeps
required to estimate the density of grasshoppers at
a site is normally high (>50; Fuhlendorf et al.
2002) although the number of sweeps can be var-
ied according to estimates of the variability of
previously sampled populations and/or the size of
area sampled (Mukerji et al. 1981). Furthermore,
it is also important to record the number of insects
captured per man hour and estimate the area of
survey (Strubinskii 1979; Lockwood and Sergeev
2000) to improve the fidelity of the estimate of
total population. When sampling mixed species
populations of Orthoptera it is recommended that
sweep net methods should include a pre-deter-
mined number of ‘high-fast’ and ‘low-slow’ sweeps
to ensure all species (rapid vs. slow dispersal spe-
cies) are sampled (Foster and Reuter 1996). This
would rely on the development of more complex
sampling protocols and sequential or repeated
sampling would have to be applied, increasing the
labour intensity and reducing the rate of sampling.
Sweep sampling is also affected by climatic con-
ditions as the numbers of target insects collected in
sweep samples can be low when the weather is cool
and wet (Richards and Waloff 1954). However, a
trade-off between sampling efficiency and climatic
conditions has to be considered. Marshall and
Haes (1988) advised that recording Orthoptera
was easiest in the morning (between 0930 and
1130 h) and in the late afternoon (1600 h onwards)
as grasshoppers are less active and therefore less
likely to escape capture by sweeping. However, is
the sweeping of sites during these times likely to
provide accurate estimates of Orthoptera popula-
tions at a site?

Open quadrats

Open quadrat methods are frequently used to sur-
vey Orthoptera endemic to relatively specific habi-
tats (Table 2) and rely on the locomotive behaviour
of the insect (Clarke 1948). The method reports
absolute populations of insects in a defined area but
these estimates are only useful to provide detailed
information on specific sites and not general infor-
mation on extant areas (Badran and Nakhla 1969;
Mahto 1977). The approach of using open quadrat

methods also suffers from the effect of quadrat size
during sampling, and immigration and emigration
of animals during a counting period. The method
therefore cannot provide data of high precision or
fidelity and estimates can suffer from considerable
variation. Furthermore, open quadrats are only
useful in environments that are homogeneous and
easily described. It is suggested that the method is
only appropriate for certain members of the
Orthoptera. Grasshoppers jump when they are
disturbed (Clarke 1948), or when they are moving
through the leaf canopy and therefore it is reason-
ably easy to count these insects using open quadrats
and the ‘flushing’ technique described by Gardiner
et al. (2002). Themethod reported byGardiner et al.
was to mark out the corners of the quadrat with
poles, without disturbing the grasshoppers within
the quadrat by casting shadows, and then move
from one edge of the quadrat to the other brushing
the vegetationwith a pole to cause any grasshoppers
present to jump. The ‘flushing’ in Gardiner et al.
(2002)was conducted in a similarway to sweeping in
that the observer moved from one edge of the
quadrat to the other sweeping the vegetation in a
180� arc (method also detailed in Gardiner and Pye
2001). Only grasshoppers within the quadrat at the
start of the sweep were recorded by Gardiner et al.
(2002) with those being ‘flushed-into’ the marked
area from outside being discounted. The ‘flush and
capture’ technique of Bomar and Secrist (2002),
where grasshoppers were captured after distur-
bance, is useful in determining insect biomass and
species composition but it is unlikely that every
grasshopper flushed could be captured and there-
fore the method only provides an estimate of pop-
ulation size and species abundance. Searching of
open quadrats and survey areas can provide accu-
rate data on populations of Orthoptera in pre-
determined discrete areas identified to reduce
labour effort. These sampling methods have been
used in conjunction with mark-release recapture
(MRR) techniques (Southwood 1978; Greenwood
1996) to improve estimates of the population
dynamics of rare invertebrates (for instance
Hemideina maori (Orthoptera: Anostostomatidae,
Jamieson et al. 2000; Koning and Jamieson 2001;
Jamieson 2002) in restricted habitat surveys. Other
open quadrat methods (e.g. those detailed in Rich-
ards and Waloff 1954) involve marking out the
edges of quadratswith stoutwire and then returning
to them the next day, thus allowing the grasshoppers
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disturbed whilst they were positioned to return
(Ausden 1996).

There is no consensus on the size of quadrat
used in open quadrat estimates. Different size
quadrats have been used with Gardiner et al.
(2002) using 2 · 2 m (4 m2) quadrats to cover rel-
atively large areas of low grasshopper densities
(<2 individuals/m2). However, Richards and
Waloff (1954) used 0.92 · 0.92 m quadrats
(3 · 3 ft.) for surveying grasshopper adults and
these were laid at regular intervals on a grid for-
mation. Gardiner et al. (2002) placed their 2 · 2 m
quadrats randomly within a 10 · 10 m plot at each
site of study (15 grassland habitats). Only adult
grasshoppers (Chorthippus species) were recorded
by Gardiner et al. (2002) and Richards and Waloff
(1954) as adult sampling allows identification
without capture. As with sweep netting, the num-
ber of grasshoppers captured using open quadrat
methods can be influenced by weather conditions
and counting must take place at a similar time of
day. The trade-off that should be considered in all
quadrat work is that the quadrat must be large
enough to incorporate spatial characteristics of the
habitat but small enough to be easily searched and
maintained over the duration of the study.

Box quadrats

Box quadrats with high sides (up to 1 m in height)
are used less frequently by ecologists (Table 2) al-
though the method has the advantages of trapping
grassland Orthoptera within the boundaries of the
quadrat and ‘a chase’ after any escaping individuals
is therefore not required (Cherill and Brown 1990;
Ausden 1996; Cherill 2002). In theory, there are no
limits on the time taken to search the box quadrat,
however studies using this method have applied a
fixed ‘no-find’ period (for instance 10 min, Bridle et
al. 2002) to maximise the number of quadrats being
used in a study. Themethod also reduces the impact
of immigration and emigration of individuals from
a site during a survey and therefore is useful for the
measurement of fine-scale habitat studies (Virdee
and Hewitt 1990; Bridle et al. 2002). Again, as with
open quadrats there is no consensus provided for
size of quadrat used in a study. In the work by
Grayson and Hassall (1985), the box quadrats used
had an area of 1 · 1 mwith sides of 0.6 m. Their box
quadrat was constructed using 1 mm transparent

plastic mounted on 4 · 2 cm wooden frames. The
box quadrat was placed carefully over the vegeta-
tion, trapping grasshoppers inside allowing visual
identification and counts in situ. Grasshoppers were
also captured and removed for weighing, classifi-
cation of instar, sex and species identification
(Grayson and Hassall 1985). In some cases where
the laboratory is distant, grasshoppers can be
placed in plastic bags and put on ice for transpor-
tation (Cigliano et al. 2002). Larson et al. (1999)
enclosed 10 · 10 m plots with a portable fence to
prevent grasshoppers escaping in their study to
examine the accuracy of sweep sampling. Their
enclosure was constructed of four white fabric
panels (10 m · 1.5 m high), attached to four metal
posts which had been erected at the site on the day
before sampling.

Transects

Transect methods for estimating grasshopper
abundance have been developed from butterfly
transect methods used for monitoring purposes
(Pollard and Yates 1993). For example, Isern-
Vallverdu et al. (1993) counted the number of
adult grasshoppers displaced by an observer in a
band of 0.5 m width along 10 m transects,
whereas, Kruess and Tscharntke (2002) counted
Orthoptera displaced along 30-min transect walks
and Wettstein and Schmid (1999) in 60 s walks
along a 1 · 20 m transect. All these methods re-
quire the observer to identify species without
capture and are therefore useful for monitoring
adult Orthoptera only. Calibration of transects to
obtain accurate estimates of population intensity
have been conducted using MRR (Gottschalk
et al. 2003) and ring counts (Lockwood et al.
2000). Population estimates for the bush-cricket
P. albopunctata from standardised transect walks
and MRR studies were investigated, demonstrat-
ing a strong positive association between MRR
estimates and individuals captured (R = 0.93;
p<0.001; Gottschalk et al. 2003).

Transects are easy to conduct but it is difficult to
analyse data collected from heterogeneous habi-
tats (Thomas et al. 2002). Various methods of
analysis have been applied to transect data (for
instance LRS (landscape range of species) proto-
cols and the development of isopleth portraits;
Sergeev 1981; Stebaev and Molodtsov 2001) with a

156



greater or lesser degree of success. Transect
methods suffer from problems associated with
immigration, emigration, re-counting and spatial
heterogeneity of vegetation. The potential prob-
lems associated with immigration, emigration and
re-counting from transect walk records have been
examined by Gottschalk et al. (2003).

Ring counts

A less frequently used method (Table 2) that in-
volves counting of Orthoptera in vegetation
bounded by aluminium rings (area of observation
of 0.1 m2; Onsager and Henry 1977; Delgado et al.
1999; Catangui et al. 2000; Lockwood et al. 2000;
Torrusio et al. 2002). Grasshoppers are flushed out
of the vegetation in the same way as open quadrat
and transect methods and rings can be placed at
regular intervals along transects as in Cigliano
et al. (2002) and Lockwood et al. (2000) to esti-
mate population intensity or for repeated sampling
of transects (Delgado et al. 1999).

Timed counts

Belovsky and Slade (1993), Panzer (2002) and
Bieringer (2002) used timed counts to estimate the
density of Orthoptera in grassland ecosystems in
their studies. Timed count methods can produce
data of high fidelity but suffer from subjectivity in
their findings as they measure relative abundance.
Belovsky and Slade (1993) used a ‘catch’ effort
technique based on the sum of all Orthoptera
captured in a 15-min period in a 100 m2 area. A
relative index of abundance was obtained by Bie-
ringer (2002) through recording the first time at
which each species was observed in a circle of
0.1 ha (35 m diameter) in a 10-min period. Species
recorded within the first 1-min interval were
awarded a score of 10, within the 2-min interval a
score of nine and so on. This method is based on
the premise that common species will be observed
before rarer species and mean scores for individual
species were calculated from a large number (>50)
of 10-min counts at each site.

Pitfall traps

This method is infrequently used by ecologists to
monitor grasshoppers (Ingrisch and Köhler 1998;

Bromham et al. 1999; Siemann et al. 1999;
Bieringer and Zulka 2003) although Clayton
(2002) and Landsberg et al. (1997) both use this
method to quantify abundance. Pitfall catch
methods have been demonstrated to provide a
comparable completeness in recording species of
bush-crickets to more commonly used methods
such as sweep netting (Ingrisch and Köhler 1998)
and are therefore useful to estimate incidence of
species but not indices of species diversity (Köhler
and Weipert 1991 and Köhler and Kopetz 1993;
Peveling 1999; Bieringer and Zulka 2003). The
observations reflect the lack of correlation between
species numbers and individuals captured (Ken-
dall’s s = 0.0325, p = 0.866; Bieringer and Zulka
2003) and that catch numbers are density-activity
related (Topping and Sunderland 1992). The aims
of the work by Peveling et al. (1999) were to assess
pitfall traps as a method to estimate presence or
absence of a species and total numbers. There are
no standard designs for pitfall traps. Clayton
(2002) used steel can traps (8 cm diameter and
11 cm deep) sunk into the ground; each trap
contained a smaller can with a 15% ethanol
solution inside to preserve any captured speci-
mens. The pitfall traps in that study remained
open for 9 days during each sampling period, in
contrast to Landsberg et al. (1997) where the traps
were left open for 5 nights. In the latter study the
traps were of a different size (7 cm diameter and
12 cm deep) and contained preservative fluid (de-
tails not provided). The traps used by Bieringer
and Zulka (2003) were 4.5 cm diameter and con-
tained ethylene glycol and a small amount of
detergent as a preservative. Various other designs
of traps have been described in the literature and
are constructed using steel cans and baited using
vegetation (see for instance Mischenko 1950;
El-Minshawy and El-Hinnawy 1976).

Night trapping

This rarely used method of estimating Orthoptera
density (Table 2) has been applied to the study of
rangeland pest species (Launois and Launois-Luong
1977; Evans et al. 1983). Evans et al. (1983) con-
structed their trap from a brown plastic rubbish
bin (area covered = 0.152 m2; Figure 1), which
had a single exit hole of 10 cm diameter situated
at approximately 23 cm above the soil surface.
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A white plastic cup was placed into this hole so
that it projected outwards and a second hole (5 cm
diameter) was made on the downward side of the
cup. A second white plastic cup was attached at a
right angle to the first cup where the second hole
had been made. This second cup was filled with
120 ml of soapy water. The traps were placed out
onto grassland at night on the premise that
grasshoppers responding to early morning sunlight
would walk up the ramp and fall into the soapy
water and consequently drown, allowing the catch
to be collected later in the day and identified.

Statistical analysis of data

One of the most important issues facing the anal-
ysis of data collected from studies concerning
invertebrates is the objective of the study. If
absolute population estimates of species are the
aims of the study, then minimising the variance of
such measures is essential. Low variability in esti-
mates can lead to, in the best case scenario, an

estimate of total population size that is accurate,
with a moderate degree of precision (repeatability),
little bias and high fidelity. However, to achieve
this, complex surveying procedures are generally
required based on multiple sampling techniques
within a defined habitat. If, however, the aims of
the study are to generate data concerned with
dispersion, variability is less important.

The major problem associated with sampling to
provide accurate estimates of total population size
and density is that it can be time consuming and
expensive (high labour requirement) as it requires
a fixed sample size (Davis et al. 1992; Schell and
Lockwood 1997a,b; Legg and Lockwood 2001).
Fixed sample size sampling methods were the basis
of the United States Department of Agriculture
Animal and Plant Health Inspection Service
(USDA-APHIS) surveys to enumerate total pop-
ulation size of grasshoppers in extensive rangeland
habitats. Sequential sampling procedures have
been developed to reduce the intensity of sampling
compared with the fixed sample size methods
previously adopted (typically by 50%; Wald 1947)
and these still provide accurate information on
‘thresholds’ within populations that may lead to
an economic impact on rangeland agriculture or
degradation of the rangeland ecosystem (USDA
1996). Sampling intensity is therefore critical to the
success of any field monitoring experiments
recording Orthoptera. The basis of identifying the
intensity of sampling (for example the number of
transects, sub-plots, sweeps) is a knowledge of the
variability of population size associated with the
grassland ecosystem (Som 1973). Before any
sampling can proceed, the ecologists must obtain a
prediction of the number of samples to take during
the investigation (see for instance Ruano et al.
2004). There are very few reports in the literature
applying these procedures or investigating the ef-
fects of sampling intensity on community compo-
sition estimates. The application of Friedman’s
ANOVA by Foord et al. (2002) to demonstrate
that species composition (at sub-family level) was
not altered by sampling at three times the intensity
previously calculated, is one such report. The
conclusions of Foord et al. are important for fu-
ture developments in sampling procedures for
grassland Orthoptera as they recommend that it is
safe to assume that sequential samples from the
same plot in a season can be treated as indepen-
dent samples. This approach could be considered

Figure 1. Night trap constructed from a brown plastic rubbish

bin. The cut away part of the diagram shows the ramp which

grasshoppers walk up and consequently fall into the soapy

water and drown. (From Evans et al. 1983)
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questionable on the grounds of pseudo-replication
(Hurlbert 1984) but there are few datasets (Clarke
et al. 1993; Clarke and Warwick 1994 provide
similar supporting data) to examine to refute the
assertion.

Many of the methods examined in this review
paper gave a direct measurement of the number of
Orthoptera per unit area (Duffey et al. 1974), and
often the data has been presented as the number
per m2, particularly where open or box quadrats
have been used (Gardiner et al. 2002). These
measures of population intensity are only appro-
priate if a rigorous characterisation of the habitat
has been conducted and is reported in the paper
(see for example Stebaev 1974; Stebaev and Ser-
geev 1983; Lockwood and Sergeev, 2000; for
landscape evaluation and statistical methods to
assess landscape regional distributions). It is
important to remember that all sampling methods
provide only an estimation of the number (or
density) of Orthoptera present and not the actual
population size, therefore the use of information
collected using all sampling techniques is appro-
priate for individual studies in described habitats.

Sweep netting data is usually presented as the
number of insects per sweep (Evans et al. 1983)
and the count data is often transformed to con-
sider dispersion (range of counts) and correct for
non-normality (O’ Neill et al. 2003), thus allowing
the application of parametric statistical procedures
such as analysis of variance (ANOVA) to be
conducted (Heath 1995). A formal procedure of
examining the characteristics of the data must be
implemented before any transformation is applied.
Probably the most common procedures used to
examine if the data deviates from normality are the
Kolmogorov–Smirnov or Shapiro–Wilks (for
normality) and Levene (homogeneity of variance)
tests. If the data does not conform to the normal
distribution, the data can be transformed or a non-
parametric procedure (such as Kruskal–Wallis H
or Mann Whitney U) could be applied. However,
further initial analysis should be conducted to
examine if the data is overly influenced by the
presence of outliers (e.g. use of Grubb’s test for
outliers) and decisions made over the validity of
outliers should be reported. Data transformation
methods are wide ranging and include square-
root (O’ Neill et al. 2003), double square root
(Dangerfield et al. 2003) and log10 (Clayton 2002).
It is important that the transformation of data

occurs a priori to analysis, as it should not be used
to modify unfavourable datasets (Fowler et al.
1998). Inevitably, any transformation of data will
reduce the overall variation and therefore careful
consideration of strategies to report the true vari-
ability of a population estimate is needed. Trans-
formation of data also stabilises variance. If
variability increases with increasing mean values,
log10, reciprocal or square root transformations of
data are appropriate. The latter (square root
transformation) is also appropriate for count data
that may model to the Poisson distribution.

Sweep netting data has also been used exten-
sively to assess diversity (abundance and equita-
bility of species) using the Shannon–Wiener index
(Southwood 1978; Kati et al. 2003). However, data
collected using sweep netting could also be
appropriate for the calculation of other indices if
the data is of high fidelity (and expressed as total
number of individuals or sites where an individual
species was collected). Other appropriate analyses
and indices are multivariate and ordination pro-
cedures (Palmer 1993; Szovenyi 2002), Simpson–
Yule (if greater than 10 species are present; May
1975), Berger–Parker (useful if there is a lack of
co-dominance; Taylor 1978; Begon et al. 1996),
Bray–Curtis similarity index (Hoffman et al. 2002),
Lloyds index for host specificity (Novotný et al.
2002), Manly’s (Guido and Gianelle 2001) and
Magurran (independent of evenness and richness;
Magurran 1988).

Sequential sampling techniques are based either
around enumerative sampling (counts of insects
per 0.1 m2) or binomial sampling. Binomial
sequential sampling has been based on the obser-
vation of the number of quadrats containing a
prescribed threshold number of Orthoptera (Legg
et al. 1993, 1994). Legg and Lockwood (1995)
described such a binomial sequential sampling
procedure which predicted the average density of
grasshoppers in an area from the proportion of
0.1 m2 samples with 2, 3, 4 or 5 grasshoppers.
They conclude that this method may be quicker
than raw counts of grasshoppers because the
number of samples can be predetermined (Legg
1998) and is generally lower than that required
using fixed sample size protocols. It has been
demonstrated that at high densities of Orthoptera
it is impractical to count all insects present and a
binomial sequential sampling method is more
effective as it allows rapid assessment and also
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considers misclassification (Legg et al. 1994; Legg
and Lockwood 2001). However, to implement
binomial sequential sampling methods a robust
sampling plan must be developed. The develop-
ment of robust sampling plans relies on random
sampling of a target population to examine pre-
determined attributes of interest (for example the
density of >2 grasshoppers per 0.1 m2 reflecting
the lowest density justified (16.7 adults/m2) for
economic insecticide control of grasshoppers;
Branting et al. 1997). A modification of the bino-
mial sampling method was presented by Peveling
et al. (1999). Presence or absence sampling of ar-
thropods was suggested as an effective rapid risk
assessment method for locust and grasshopper
control as it does not suffer from aggregation bias.
However, the method does suffer from the possi-
bility that it samples certain groups of Orthoptera
more frequently than the traditional binomial
sampling procedures and it may not be sensitive to
low density populations (Peveling 1999).

Non-parametric (scale data) analysis methods
have been used to interpret data concerned with
species diversity, site associations and indicator
analysis (Anderson et al. 2001). In studies exam-
ining the diversity of Orthoptera in the Kakadu
National Park, Australia, Anderson et al. (2001)
recorded abundance data from 50 m · 50 m plots
over 2 h periods using a five point scale (1 = one
individual, 2 = two individuals, 3 = three to
five individuals, 4 = six to 10 individuals and
5 = more than 10 individuals). These data were
assessed with habitat variables and species diver-
sities using Hills Index (reciprocal of Simpson’s
Index; Simpson 1949; Hill 1973) and for each
measure of diversity, mean differences between
habitats were assessed using one way ANOVA.
The approach of Anderson et al. is interesting as it
makes use of an index method to transform scaled
count data. Such approaches to data analysis re-
quire further investigation to consider the distri-
bution structure of processed data. In some
studies, non-parametric count data (Fowler et al.
1998) have been analysed using parametric statis-
tics and there is no mention of data transformation
(Squitier and Capinera 2002). This approach is
generally not appropriate and the authors suggest
that non-parametric statistics should have been
used. Gardiner et al. (2002) used Kruskal–Wallis
multiple comparison statistics to compare medial
grasshopper densities between sites, using Dunn’s

non-parametric procedure (Gardiner 1997) to
ascertain differences between sites. Non-paramet-
ric statistics such as Kruskal–Wallis multiple
comparison test and Wilcoxon’s signed rank test
have also been used by Guido and Gianelle (2001),
Hein et al. (2003), Cigliano et al. (2002) and
Torrusio et al. (2002). If there is any doubt about
whether to use non-parametric or parametric tests
as there is limited information on the structure of
the population of grasshoppers sampled, the for-
mer should always be used. Counts of Orthoptera
in tall grassland can be very variable and many
zero counts are often recorded. This influences the
strategies appropriate for the analysis of data. In
swards of variable structure it is safer to use dis-
tribution-free non-parametric statistics (Kruskal–
Wallis or similar) to avoid any misinterpretation
of inferences drawn after analysis. If transforma-
tion of data is applied prior to analysis, the arcsine
approach is particularly useful where there are
many zero counts in the dataset (Fowler et al.
1998).

The main problem underlying many of the
sampling techniques reviewed is the pattern of
dispersion of Orthoptera in the grass layer. Quite
often organisms will display a contagious (or
clumped) dispersion (Sanger 1977; Fowler et al.
1998) that might reflect the pattern of eggs
deposited (clustered in areas of suitable habitat;
Riegert et al. 1954; Kindvall et al. 1998; Willott
and Hassall 1998; Kindvall 1999), or differences in
sward structure and/or microclimate (Oschmann
1973; Brocksieper 1978). Kemp et al. (2002) used
Geographic Information Systems to demonstrate
how important vegetation type and local stand
physiognomies are in structuring Orthoptera
populations.

The clustering of Orthoptera in grassland habi-
tats has important implications for the sampling
techniques employed (Sanchez and de Wysiecki
1990, 1993; Kindvall 1996). Contagious dispersion
can be difficult to cope with statistically, especially
if random sampling regimes are applied to the area
of study. It is however relatively easy to identify by
the use of v2 (chi) analysis of Poisson distributed
data. Poisson distributed data are relatively rare in
grassland ecology and the most common distri-
bution appropriate for field studies is the negative
binomial distribution. The estimation of k as an
index of contagion (in negative binomial theory) is
a considerable problem, especially when the
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variance is low (as k is relatively unstable and
density dependent). Morisita’s index is one possi-
ble approach to consider the impact of contagious
dispersion of invertebrates in a heterogeneous
environment (Morisita 1964). It is theoretically
independent of total count, mean density, size and
number of quadrats sampled, but does suffer from
being dependent on the mean number of insects in
the sampled area. Mean crowding and the devel-
opments of Iwao and co-workers (Iwao and Kuno
1970; Iwao 1975) further remove the impact of
variation by stabilising the indices calculated,
using a regression approach. Taylor’s theorem
(Taylor et al. 1979; Taylor 1984; Lepš 1993)
potentially copes with variability by relating vari-
ance to the power (s2 = axb) of the mean but has
not been used extensively to examine data con-
cerned with Orthoptera populations in heteroge-
neous environments (Shah et al. 2000).

Spatial heterogeneity of the sward may reduce
the effectiveness of random sampling (Cigliano
et al. 1995; Kindvall 1996). However, a clear
understanding of spatial heterogeneity is impor-
tant to ensure that sampling regimes do not over
or underestimate population intensity (Rentz
1993; de Wysiecki et al. 2000). Furthermore,
insufficient information on contagion or spatial
heterogeneity in the habitat can result in low effi-
ciency sampling and the under-recording of rare
species, especially if the habitat is fragmented (for
instance monitoring of Prionotropis hystrix rho-
danica in southern France; Foucart and Lecoq
1998). When rare species are being investigated
then sampling of an area must also incorporate an
estimation of species richness. This can be imple-
mented using species/area curves to estimate how
large sample areas need to be to monitor a pre-
estimated level of species richness (e.g. 90% of
species).

Spatial heterogeneity can be sub-divided into
optimal or sub-optimal habitats. Probabilistic
models (based on ideal free distributions; Fretwell
and Lucas 1970) to examine spatial heterogeneity
can be developed from counts of invertebrates
based on emigration, immigration and reproduc-
tive performance of an indicator species (Pulliam
1988; Opitz et al. 1998; Griebeler and Gottschalk
2000; Hein et al. 2003). However, sampling of
spatial heterogeneous environments is complex
and has been generally based on transect-mark
release recapture methods (Hein et al. 2003). This

poses an immediate problem for accurate analysis
of the data collected insofar that if the sampling
methods (including duration of study and search-
ing time) applied for MRR are not rigorous and
validated, the problems of over or under-estima-
tion are still apparent (Mason et al. 1995; Bailey
et al. 2003).

Arguably random sampling of grassland can
provide adequate sensitivity to ensure accuracy in
measurements of overall habitat population
intensities within a heterogeneous environment if
a probabilistic approach is taken to the problems
of contagion. Random quadrat sampling in these
habitats may mean that clusters of insects are not
sampled due to pure chance, and a large number
of samples may have to be taken to adequately
cover the whole site. However, inadequacies in
sampling can lead to erroneous interpretation of
data collected from fragmented landscapes and in
areas affected by edge effects of different habitat
types (Samways and Moore 1991; Lortscher et al.
1994; Bieringer and Zulka 2003; Dangerfield et al.
2003). These errors may be compounded when
optimal area requirements to maintain minimum
viable populations of Orthoptera are calculated
(Sergeev 1987; Kindvall 1996, 1999; Griebeler and
Gottschalk 2000). The option for sampling in
these situations is the installation of fixed quad-
rats on a grid formation that considers the
changes in grassland structure, therefore ensuring
coverage of the whole site. Spatial heterogeneity
of habitats can also lead to a further problem
when sampling, that of underestimating popula-
tions of Orthoptera that live in specific habitats
for short periods of time (e.g. Saga pedo), are/not
active and readily sampled for brief periods of
time (Bienkoa fedtschemkoi (active species), Tch-
ernjachovskij 1988; Sergeev 1998; and Gryllus
campestris (sedentary species), Ingrisch and
Köhler 1998; Bieringer and Zulka 2003), or sen-
sitive to prevailing environmental conditions that
lead to immigration or emigration (Cabrera and
Willink 1973; Gage and Mukerji 1977; Joern and
Pruess 1986; Capinera and Horton 1989; Cigliano
et al. 2000).

Distance sampling has been used extensively to
estimate the abundance and density of populations
of insects, amphibians, birds, fish and mammals
(Thomas et al. 2002). The method has, however,
not been exploited to its potential in surveys for
Orthoptera. The basis of distance sampling is that
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when an insect is observed on a standardised sur-
vey route, the distance from the reference line or
point is measured. It is assumed that all objects on
the line will be identified and those further from
the line may or may not be recorded. A detection
function is fitted to these data and an estimation of
the proportion of objects not detected is calculated
which therefore allows the abundance or density of
the population to be ascertained (Buckland et al.
2001). Distance sampling protocols (for example
cue counting based on acoustic methods or adap-
tive sampling) may be very useful in the estimation
of clusters and contagion in populations of
Orthoptera in heterogeneous environments
(Buckland et al. 1993), however there is little data
published to date to demonstrate the effectiveness
of these methods.

The approaches to statistical analyses of data
collected from spatial heterogeneous habitats are
beyond the scope of this review. Briefly, analysis of
such data is based on associations between popu-
lation estimates and habitat variables. Formal
analytical procedures can be based around corre-
lations (adjusted using Bonferroni-type error cor-
rection to minimise Type II errors; Fienberg 1980;
Rice 1989), two-phase regression and cluster/
hierarchical statistics. The former have been con-
sidered in some detail by Harris (1988), Nickerson
et al. (1989), Murcia (1995), Sokal and Rohlf
(1995) and Fox et al. (1997), whereas the latter
have been exploited by ter Braak (1986), Palmer
(1993), Szovenyi (2002) and Torrusio et al. (2002).
There are no simple solutions to the problems
associated with sampling heterogeneous environ-
ments but if the sampling protocols are developed
to match the aims of the research programme,
many of the problems of spatiotemporal changes
in populations can be circumvented. However, if
there is a lack of information on the biology of the
target species, under or over-recording can result
as an artefact of sampling confounding the
objectives of the study.

Critique of the sampling methods

Before any critique of the methods applied to
grassland Orthoptera research can be made, it is
important to remember that all methods have
strengths and weaknesses. However, methods used
to sample populations of grassland Orthoptera
must all provide some measure of repeatability

before they are used in the field and the choice of
the method is justified. Therefore, in an ideal
world, a method should be validated under con-
trolled conditions to estimate its appropriateness
to measure abundance or species richness. From a
practical point of view, before a research pro-
gramme can start a pragmatic selection procedure
must be implemented to ensure data collection is
robust and reflects the aims of the study. The
following critique of methods is based solely on
studies (mainly involving grasshoppers) which
compared different methods and is not a definitive
guide to the success or otherwise of different
sampling techniques. It is acknowledged that fur-
ther critical appraisal of methods must be imple-
mented.

Quick and inexpensive sampling techniques such
as open quadrats, ring counts and transects require
the insect to be ‘flushed’ out of the sward and then
identified visually. These methods are therefore
dependent on the locomotive behaviour of the
subject upon disturbance and the experience and
visual capabilities of the observer. Clarke (1948)
studied the movements of Chorthippus parallelus in
detail and observed that most grasshoppers moved
when human disturbance occurred, the initial re-
sponse was to jump and then burrow down into
the vegetation upon landing. If rapid observation
of a species is not made after the first sweep, the
grasshopper may not be easily observed, leading to
an underestimation of abundance.

Isern-Vallverdu et al. (1993) compared transect
‘flushing’ to absolute counts using biocenometers
and observed no substantial difference between the
frequency and abundance of Aeropus sibiricus
using either method. These authors also observed
no significant difference between adult or sex ra-
tios obtained using a relative method (extensive
explorations of a 15 · 8 m2 area for 30 min) or an
absolute method (biocenometers; Table 3).
Therefore relative methods such as transects or
extensive explorations can be used with a degree of
confidence to ascertain the predominant species in
a grasshopper assemblage or the proportions of
adults or gender (Isern-Vallverdu et al. 1993).

Onsager and Henry (1977) determined the
accuracy of 0.1 m2 ring counts and concluded that
this method was both convenient and accurate for
determining grasshopper densities in grassland. It
would therefore seem that techniques involving
‘flushing’ of grasshoppers provide fairly accurate,
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quick and inexpensive estimation of density, par-
ticularly in short, open grasslands (<50 cm in
height). However, in tall, dense vegetation
(>50 cm in height) there is always the possibility
that the insect may remain hidden deep in the fo-
liage thus avoiding detection, making these tech-
niques unsuitable in these swards.

Locomotive differences between stages of
growth pose a substantial problem for observa-
tions using open quadrat, ring count and transect
techniques as adult grasshoppers may escape from
the observer before species identification has been
confirmed. Therefore, it is particularly important
for the observer to be experienced or trained in
species identification and to be able to determine
the species that are most likely to be recorded in
the local area. Onsager and Henry (1977) com-
pared counts of grasshoppers in 0.1 m2 rings by an
expert sampler (>10 years experience in grass-
hopper sampling) and trainee (limited experience)
and concluded that there was no significant dis-
crepancy between the counts obtained by both
samplers (Table 4). The discrepancies are shown
as the distribution of the expert’s count in each of
the rings minus the trainee’s count (e.g. there were
12 incidences when the expert counted 0 grass-
hoppers but the trainee counted 1 = discrepancy
of �1). These results suggest that several observers
with differing experience may be able to estimate
densities of grasshoppers in the same study and
produce comparable counts.

Techniques such as sweep netting may be the
only quick and inexpensive method of sampling
grasshoppers at moderate/high densities in short
vegetation (Olfert and Slinkard 1999) as other

methods suffer from logistical problems. For in-
stance box quadrats are bulky to transport, and
are only suitable for studies on one or two sites
(Grayson and Hassall 1985). In habitats with high
population densities it would be impossible to
accurately count grasshoppers using open quadrat,
ring count or transect methods due to emigration
and immigration of individuals from the survey
areas, sweep netting would therefore be a more
appropriate technique in these situations. Several
authors have noted that sweep netting provides
fairly accurate estimations of grasshopper density
(Evans et al. 1983) and community composition
(Larson et al. 1999). However, Evans et al. (1983)
concluded that sweeping gave a poor estimate of
the seasonal changes in grasshopper density in
burned and unburned tall grass prairie due to the
tendency of grasshoppers to be more readily cap-
tured as they matured. Sweep netting also becomes
more difficult in tall vegetation (Bomar 2001) due
to the restriction of the standard 180� sweep by

Table 3. Percentage of adults and males for 10 plots for Aeropus sibiricus using extensive exploration (relative method) and bioce-

nometer (absolute method) techniques (total number of individuals = n).

Plot Relative method Absolute method

n % adults % males n % adults % males

1 168 98 32 45 96 23

2 123 100 23 29 97 18

3 65 100 32 4 100 25

4 130 95 38 35 100 14

5 39 92 44 12 83 40

6 94 96 76 1 100 0

7 91 95 51 21 86 39

8 108 97 51 39 100 44

9 104 96 52 54 85 50

10 5 100 40 3 33 100

Adapted from Isern-Vallverdu et al. (1993).

Table 4. Frequency distribution of discrepancies between the

number of grasshoppers in 300 0.1 m2 rings counted by an

expert and a trainee.

Number counted by expert Discrepancy (expert minus

trainee)

�1 0 +1

0 12 257 0

1 0 14 12

2 0 2 3

Subtotals 12 273 15

From Onsager and Henry (1977).
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vegetation structures (Ausden 1996; New 1998;
Southwood and Henderson 2000).

The effect of sweep sampling technique on esti-
mates of the relative abundance and community
composition of grasshoppers was studied by
O’Neill et al. (2002). These authors noted that
when they added minor variations to their
sweeping technique, estimates of abundance and
community composition were very varied. For
example, variation in sweep net height, speed and
arc length produced markedly different results
(Table 5). O’Neill et al. (2002) attribute the greater
variation in the data to the escape behaviour of the
insects. For example, grasshoppers probably
avoided capture using the slow sweeping speed
because they were flushed early. A net passed
through the vegetation at 20 cm may have missed
grasshoppers in the lower layers of the sward or
those that had a low trajectory of jump (O’Neill
et al. 2002).

It was concluded that there were two important
factors that should be considered before the start
of any project involving sweep sampling: (1) if
multiple observers are involved then standardisa-
tion of the exact technique (e.g. sweeping speed,
height and arc length) should be agreed by all
participants before any monitoring starts (2) re-
ports or articles detailing sweeping methods
should state the exact details of sampling (e.g. net
height).

Difficulties with sampling efficiency limit the
usefulness of many of the quick and inexpensive
techniques in tall vegetation. Here, other sampling
methods such as timed counts could be more
appropriate particularly for low density

populations, where the chances of counting the
same grasshopper twice is less likely than at higher
densities. Bieringer (2002) obtained a useful index
of abundance from timed counts, and observed
that this was comparable with counts of singing
males. However it was important that stridulation
counts were undertaken in similar weather condi-
tions as any comparison between sites would be
futile if the records were made under different
meteorological conditions. However, as grasshop-
per densities increase it will become more difficult
to distinguish individual species’ stridulations.

Recently, however, bioacoustic techniques have
been employed to automatically recognise grass-
hopper species from their stridulation (Riede 1998;
Chesmore 2001; Chesmore and Nellenbach 2001;
Jordan et al. 2003; Schwenker et al. 2003; Ches-
more 2004; Chesmore and Ohya 2004). Automated
bioacoustic species identification has been at-
tempted for a range of taxa including cetaceans,
birds, amphibia and bats; however, research into
insect identification by this means has only re-
cently been investigated. Schwenker et al. (2003)
describe techniques for automatically extracting
stridulation information such as chirp length and
pulse length for 35 species of Grylloidea from
Thailand and Ecuador. A different approach is
taken by Chesmore (2001) and Chesmore and
Nellenbach (2001) who use time domain signal
coding to assess waveform characteristics in the
time domain for British Orthoptera. Results for 13
British species show that identification accuracy
approaches 100% under low noise conditions and
is greater than 90% for 25 British species. Recent
results for four grasshopper species under field
conditions are shown in Table 6 giving identifica-
tion accuracies of 80–100% (Chesmore 2003;
Chesmore 2004; Chesmore and Ohya 2004). The
system uses artificial neural networks for recogni-
tion and a hand-held identification system is under
development called IBIS (Intelligent Bioacoustic
Identification System).

Non-automated acoustic techniques have been
under-exploited as a method to monitor Orthop-
tera populations. The methods to date have either
been exploited to identify the presence/absence of
a species or analyse whole communities to evaluate
habitat quality and deterioration (Fischer et al.
1997; Riede 1998; Berggren et al. 2001). However,
they do have an important role in identifying the
presence of cryptic species (e.g. Bullacirs

Table 5. Mean number of grasshoppers collected using varied

sweep net height, speed and arc length.

Technique Mean (±SE)

number collected

Sweep net height above ground

Low (5 cm) 275±23

High (20 cm) 69±10

Sweep net speed (sweeps/s)

Slow (0.91–0.95) 183±26

Fast (1.16–1.36) 201±21

Sweep net arc length (m)

Short (1.6) 337±12

Long (3.0) 170±16

Adapted from O’Neill et al. (2002).
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membraciodes; van Staaden and Romer 1997),
non-macropterous individuals (e.g. Metrioptera
roeselii; Berggren et al. 2001, 2002 and Metrioptera
bicolor; Kindvall and Ahlen 1992), species that are
very rare (for example Barbitistes serricauda;
Froehlich and Holtzem 1987) and can be useful in
areas where traditional sampling methods are
difficult to implement (for example tropical grass-
land and grassland–scrub habitats, Riede 1987,
1996; Lawton et al. 1998). The application of
automated identification in abundance estimation
has not yet been attempted but will have several
distinct advantages over current methods; these
are (1) no trapping or marking is required; (2)
undisturbed operation once installed; (3) the abil-
ity to monitor on a continuous basis (Chesmore
et al. 1998). However, the performance of such a
system may not be independent of sward height,
because grasshopper song may carry farther in
short vegetation.

Abundance estimation could be achieved by
counting the number of chirps for each species
although detailed behavioural/ecological studies
would have to be conducted to determine how
singing performance varies with sex ratio (the
larger the percentage of males, the greater the rate
of singing) and between species (Tangley 1992).
Appropriate placement of microphone(s) would
ensure coverage of a similar area to current
methods. Automated identification systems will
not be able to identify individuals since the intra-
specific acoustic variation is very small, however,
the resulting data will include activity level for
each species in a completely undisturbed environ-
ment. Stand-alone versions of IBIS are being
developed which will be capable of in-field
deployment. It would be a relatively simple matter
to integrate microclimate sensors into such a

system to create a versatile environmental acoustic
data logger.

Bioacoustic techniques are of particular interest
for monitoring of predatory species of bush crickets
in dense vegetation, for instance the brachypterous
bush-cricket Pholidoptera transsylvanica (Jordan
et al. 2003). Estimations of local population sizes
were made by three independent field observers
recording the incidence and location of stridulating
male bush-crickets. These data were considered as
semi-quantitative and were relevant to the priorities
of the research (site selection conservation;Metzger
and Decamps 1997; Cabeza and Moilanen, 2001),
butmay have suffered from a lack of precisionwhen
calculating connectivity within the metapopulation
(Fahrig andMerriam 1985; Tischendorf and Fahrig
2000a, 2000b).

Sampling large populations of Orthoptera in tall
vegetation is a serious problem for grasshopper
ecologists as there are very few techniques where
efficiency is unhindered by tall and dense vegeta-
tion. Fortunately, large populations of grasshop-
pers are unlikely in tall vegetation in northern
Europe, but can occur in other important grass-
land ecosystems (e.g. tropical savanna). In the
UK, species such as Chorthippus albomarginatus,
C. brunneus and C. parallelus become less numer-
ous in tall vegetation (Gardiner et al. 2002).
However, where large populations do exist, their
dispersion may be highly contagious which creates
additional problems for sampling and subsequent
statistical analysis. Evans et al. (1983) noted that
night trapping provided an accurate estimation of
seasonal changes in grasshopper density on tall
grass prairie and captured a high proportion of the
population (approximately 75% of individuals).
Traps can be arranged in a grid formation to
reduce any effect of contagiously dispersed popu-
lations in the heterogeneous vegetation. However,
many traps would be needed to adequately sample
a site which is both expensive and time-consuming.
Therefore, there is a need for a quick and inex-
pensive sampling method for contagiously dis-
persed grasshoppers in tall vegetation.

Somemethods such as pitfall traps do not seem to
be appropriate for the sampling of grasshoppers in
either short or tall vegetation. Grasshoppers have
been captured frequently in pitfall traps in forest
ecosystems in theUSA (Clayton 2002) although it is
not known how accurate the estimations of abun-
dance obtained using this method are. In the UK,

Table 6. Recognition accuracies for four British grasshopper

species under field conditions.

Grasshopper species Recognition

accuracy (%)

Sample size

(number

of echemes)

Omocestus viridulus 100.0 34

Myrmeleotettix maculatus 90.0 17

Chorthippus albomarginatus 85.7 16

Chorthippus parallelus 81.8 14

Adapted from Chesmore (2003). These results are for four

species of a system trained with 13 sound types including air-

craft and birds.
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pitfall trapping was conducted in tall, unmanaged
grassland over a 2-year period, and not a single
grasshopper was captured (Gardiner and Gould-
smith 2000 unpublished data) which may reflect the
low density of the local grasshopper population or
the complete inefficiency of the method. The use of
pitfall traps should be avoided for sampling grass-
hopper populations until further evaluation of the
methods have been conducted, although they have
been used effectively for sampling leaf-litter crickets
(Sperber et al. 2001).

Other sampling methods that have not been
considered in this paper could be used to monitor
grasshopper populations. These include sticky
board traps (Lambrinos 2000; Panzer 2002), suc-
tion sampling (e.g. Gillespie and Kemp 1996),
aerial capture methods (Reynolds et al. 1997 and
1999) and radar monitoring (Drake and Farrow
1983; Riley et al. 1991). Suction sampling has been
extensively used for arthropods (Bolger et al.
2000), Heteroptera (Morris 1979), Hemiptera
(Denno et al. 2001) and Orthoptera (Gillespie and
Kemp 1996). The former authors caught grass-
hoppers in their spring vacuum sessions although
they were not in abundance. However, Gillespie
and Kemp (1996) found D-Vac sampling useful in
detecting shifts in grasshopper density estimates
between two different habitats. However, the well-
known problems associated with the heavy and
expensive equipment and slow extraction rate
(Ausden 1996) reduce the effectiveness of suction-
trap sampling, making the method not particularly
useful for sampling grasshopper populations.

Conclusion

A summary of sampling techniques that the
authors consider may be most appropriate in

different vegetation structures for low or moder-
ate/high density grasshopper populations are
presented in Table 7. Generally techniques which
require grasshoppers to be ‘flushed’ out of the
vegetation and visually identified without capture
may be most applicable for sampling in short
vegetation at low population densities. Con-
versely, where population densities are high,
methods that capture grasshoppers such as box
quadrats and sweep netting may be more appro-
priate. There are few methods that can be effec-
tively utilised in tall vegetation particularly at
high population densities, although night trap-
ping may provide fairly accurate estimations of
grasshopper density in these situations. The au-
thors have not able to compile a similar matrix
for bush-crickets or crickets as there are limited
datasets and, probably more important, the effi-
ciency of the sampling techniques used are poorly
understood.

It must be remembered that all the techniques
described here are used for many different studies
in a variety of environmental conditions and
locations. It is therefore not possible to compare
the data collected from different studies. There is
an urgent need for a standardised technique that
can produce comparable data from studies with a
wide variety of observers in grasslands with dif-
fering vegetation structures and grasshopper den-
sities. This currently is not possible, as the
efficiency of most techniques, in relation to the
actual number of grasshoppers present, is poorly
understood.
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