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Abstract

Melbourne, B.A., Gullan, P.J. and Su, Y.N., 1997. Interpreting data from pitfall-trap sur-
veys: crickets and slugs in exotic and native grasslands of the Australian Capital Territory.
Memoairs of the Museumn of Victoria 56(2): 361-367.

We use data from a pitfall-trap survey of 23 grassland sites to examine the effect of grass-
land type on the abundance of crickets and slugs and to demonstrate the problems associatcd
with interpreting data obtained by pitfall-trapping. The data presented here arc for four
species of native cricket (Insecta: Orthoptera: Gryllidae: Bobilla victoriae Otte and Alexan-
der, Teleogryllus commodus (Walker), Buangina anemba Otte and Alexandcr, Pteroneino-
bius arima Otte and Alexander) and five species of introduced slug (Gastropoda:
Pulmonata: Limacidae: Deroceras reticulatum (Miiller), Lehmannia (Lehmannia) nyctelia
(Bourguignat), Limax maximus Linnaeus; Milacidae: AMilax gagates (Draparnaud); Arion-
idae: Arion intermnedius Normand). The survey included three types of native grassland
(Themeda, Stipa, Danthonia), two types of exotic grassland (Phalaris, Avena), and two
seasons (summer, autumn). In addition to the survey, the effect of habitat structurc on the
efficiency of pitfall traps was examined in a well-replicatcd field experiment. The exper-
iment was carried out in Themnedagrassland, which was manipulated to create three levels of
habitat structure. Habitat structure was found to affect pitfall-trap efficiency for crickets but
not for slugs. We show that it is necessary to use knowledge of the effect of habitat structure
on pitfall-trap efficiency for differcnt species to allow confident interpretation of data from
field surveys. Grassland type had a significant effect on the abundance of both crickets and
slugs. Bobilla victoriae and T. commodus were both found to have high abundances in Phal-

aris, an improved pasture. Slugs appear to be highly invasive of native grasslands.

Introduction

Pitfall trapping is one of the most widely used
and effective methods for sampling populations
and communities of small, surface-active
arthropods. The method is inexpensive, requires
minimal field time and generates a large amount
of data, such that many replicates can be
acquired with much less effort than other
methods available for sampling ground-dwelling
species. As a result, it is becoming an increas-
ingly popular method for biodiversity surveys.
However, data obtained by pitfall trapping are
subject to several potential sources of error,
which include differences in susceptibility
between sexes, life stages and species, and
spatial or temporal variation in trap ethiciency

(Greenslade, 1964; Luff, 1975; Southwood,
1978; Halsall and Wratten, 1988; Topping,
1993)

One serious potential source of error that has
received little attention is the eftect of the physi-
cal structure of the habitat on pitfall-trap
efficiency. For example, Greenslade (1964)

361

examined the effect of habitat structure on pit-
fall-trap efficiency in grasslands and found that
pitfall-trap catches were adversely aftected in
dense grass but his experiment had little repli-
cation. Several authors have noted that speed of
animal movement is an important determinant
of pitfall-trap catches (Greenslade, 1973;
Andersen, 1983; Morrill et al., 1990). Thus, for
many arthropod species lower pitfall-trap
catches might be expected in dense habitats
compared to open habitats because speed of ani-
mal movement is decreased due to either lower
penetrability (Greenslade, 1964) or lower tem-
peratures (Topping and Sunderland, 1992).
However, dense habitats are not expected to
adversely affect the efficiency of pitfall-traps for
all species. Halsall and Wratten (1988) for
example, found that speed of movement did not
aftect capture efliciency for some carabid
species and Topping (1993) suggested that posi-
tive eftfects of dense vegetation on pitfall-trap
catches could be expected for some spiders.
Also, temperature will not always be lower in
dense habitats than in open habitats and the
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reverse situation will be encountered (Icpcn(lim_;
on time ol day and scason (Geiger, 1965). Thus,
cllects on pitlall-trap ctheieney due to tempera-
tire will depend on the doirnal and scasonal
tming ol activity Tor a given specics. In sum-
mary, habitat structnre is expected to alleet
pitlall-trap elliciency Tor dillerent species in
dillerent ways,

Studies m which the fauna ol habitats with
dillferent physical styucture are compared aie
common i agricnltural and ccological investi-
gations and e likely (o be the most common
case lor biodiversity surveys. ffor such studics, it
1s important to establish the cllects ol habitat
structure on pitlall-trap cllicieney to ensure that
results are not confounded by dillferences in
trapping cllicicncy. In this paper we use pitlall
traps to examine the ellect ol grassland type on
the abundance ol crickets and shigs m live types
ol prassland that occur near Canbevea, Australia.
The physical structure ol the grassland types that
we sirveyed encompassed a range Irom very
dense lo very apen, In addition to the grassland
survey, we conducted an experiment i which
habitat structure was manipulated to determine
the clleet ol habital densily on pitlall-frap
clliciency lor dillerent species. We illustrate the
way knowledge ol a species’ response (o habitat

struchure can be used (o atd imterpretation of

data Trom held surveys.,

Methods

Pitfall rraps

Pitfall traps were stimikir (o the design used by
Margules (1993). Lach trap consisted ol'a plastic
cup, 9 ¢cmoin diameter and 12 cm deep, with
pently sloping sides. The cup was inserted into a
polyviuyl chloride (PVC) sleeve, 9 ¢min diam-
cter and 14 cm deep, set Nush with the soil
surface. 'Uhe PVC sleeves were installed using a
soil anger ol slipghtly smaller diameter such that
very hittle disturbance was made (o the arca sur-
rounding the trap. A 60 ¢cm long, 7 ¢m high
patlvamised ivon deilt fence was positioned across
the centre line ol the cup and secured at cach end
by a 1S ¢m rod driven into the ground. Drilt
fenees have been shown (o inerease the number

ol orgamisms caught by creatig a Livger arca ol

mtereeption (Morcill et al., 1990). A 20 ¢ by 20
e galviugised ivon rool was positioned over the
cup, Hush with the drilt Fenee, and secured by
Tour legs, 20 cm in length, driven into the
pround. The trap design was particularly robnst
to disturbance by grazing animals. Preservative
tluid (cthylene plycolin varions concentrations,
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see below) was added o the cup to a depth
ol 4 cm (125 ml) and a lew drops ol Teepol
detergent were added to reduce the surlace
tension,

Grassland survey

T'he study arca was located in the northern
hall of the Australian Capital Territory (ACT)
and encompassed an arca ol approximately 450
km (Fig. 1). Grassland sites were generally in
valley bottoms or on gentle slopes associated
with c¢reck catchments and river corridors, in
lowland trecless arcas at altitudes between 550
m and 650 m., The survey design (Fig. 1)
included 23 sites from live broadly classilicd
grasslund types, which were stratificd into seven
regions (o censure  that  dillerences  ansing
between grassland types were not conlounded
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Fagree 1L Phe study area and locations ol the grasstand
survey sues, Che sirvey design consisted of (ive grass-
Lind types stratilied inlo seven regions, Most ol the
reprons were defimed by ciatchment sireas, "Che major
rivers and crecks are shown. “Chree (ypes ol native
preasskind (Zhemeda OV, Danthonia (1), Stipa (S)) and
two types of exotie grasstand (Phalaris (), Avena (A))
were inclinded i the survey,
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| with differences between regions (Hurlbert,

1984). Six of the gcographical regions were water

§ catchments and the scventh encompassed Mul-

higan’s Flat Naturc Reserve. Full details of site

locations arc given in Mclbournc (1993).

The five grassland types included three native
grassland types and two cxotic grasstand types.
Grassland types werc classified subjcctively.
The native grasslands corresponded roughly to
threc native grassland communitics of the
Southern Tablelands recognised by Benson
(1994). The five grassland types had the follow-
ing gencral characteristics:

1. Themedagrassland: dense Themeda triandra

with an herbaccous stratum that included

thick litter and scnescent plant material to a

depth of about 20 c¢m. Introduced spccics

rccorded at these sites included Cirsium vul-
gare, Hypochoeris radicata, Paspalum dilat-
atutn and Phalaris aquatica but these were
never conspicuous and mostly consisted of
isolated individuals. Similar to *“Community

2 of Benson (1994).

Stipa grassland: dominated by Stipa spp.

(typically Stipa bigeniculata) often with a

minor component of Danthonia spp. The

structurc was dominated by Stipa spp., which
tends to form tussocks 20 e¢m to 30 ¢cm in
height with relatively open inter-tussock
spaces. Many cxotic specics also were
recorded including Bromus hordaceous, Car-
thamus lanatus, typochoeris radicata, Phal-
aris aquatica, Plantago lanceolata, Trifolinm
spp. and Vulpia bromolides. Similar to “Com-

munity 5™ of Benson (1994).

3. Danthonia grassland: dominated by Dan-
thonia spp. (typically Danthonia carphoides
and Danthonia sp.) oftcn with scattered tuss-
ocks of Stipa bigeniculata, Themeda triardra
or Bothriockloa macra. Generally, the struc-
turc was rclatively open with some bare
ground. These grasslands were short, with
small tussocks of Danthonia spp. to a height
of I5 ecm. Many cxotic spccies also were
recorded including Aira elegans, Brizamninor,
Ilypochoeris radicata, Pauicum ¢ ffusum and
Trifolium spp. Similar to “Community 1™ of
Benson (1994).

4. Phalaris grassland: improved pasturc domi-
nated by Phalaris aquatica. The herbaccous
stratum was to a height of 20 cm to 30 cm.
The stands were relatively purc but with
somc Trifolium spp. and turf. Other exotic
speeies recorded included Cirsium vulgare
and lypochoeris radicata. At the time of sam-
pling in summer the structure was rclatively

o
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cven and densc but with no tussocks. At the

time of sampling in autumn these grasslands

had bceen lightly grazed by cows, sheep or
horses and the structure had changed to con-
sist of small tussocks with inter-tussock
spaces that had been grazed to ground
level.

5. Avena grasslands: dvena fatua present as a
major component but the sites also included

a large number ol weedy grasses and other

cxoticspeciesincluding Bromus spp., Cartha-

mus lanatus, Cirsivm vulgare, Cynodon duc-
tylon, Echium plantagineum, 11ypericuin per-

Joratum, Itvpochoeris radicata, Paspalumn

dilatatum, Phalaris aquatica, Plantago lan-

ceolata, Rumex acetosella, Salvia verbenaca,

Sisymbrinm officinale, Trvifolivm spp. and

Vulpia hromoides,

The relative density of the difterent grassland
types, from most densc to least densc. was
ranked as follows: (summer) Themeda > Phal-
aris > Avena = Stipa > Danthonia; (autumn)
Thewmeda > Stipa > Avena = Phalaris > Dan-
thonia.

Eight traps were installed at cach site in a grid.
such that the minimum distance between two
traps was 10 m. In smaller sites, the trapping
arca was situated in the centre of the site while in
larger sites the trapping arca was situated at least
50 m from the cdge of the grassland. The align-
ments of drift Iences were randomised on four
compass points (0°, 45°, 90°, 135°), with cach
compass point replicated twice at cach site.
Traps werc operated for a two week period in
summer (24 January 1993 to 7 Fcbruary 1993)
and a six week period i autumn (22 April 1993
to 3 Junc 1993). After installation, traps
recmainced closed for at least one week and up to
three weeks before being opened for the summer
samplc. The PVC sleeves remained installed but
thc holes were covered between trapping
periods. Preservative fluid consisted of cither
50% (summecr) or 80% (autumn) cthylene glycol
with water. The samples were sorted ‘blind’ to
avoid unintentional biases in sorting cflort
between grassland sites. Representative samples
ol crickets were identified by D.C.F. Rentz and
of slugs by B.J. Smith. Voucher spccimens of
crickets will be deposited in the Australian
National Insect Collection, CSIRO, Canberra,
and B.J. Smith (Qucen Victoria Muscum, Laun-
ceston, Tasmania) has rctained voucher speci-
mens ol the slugs. Counts of the number ol
individuals of cach taxon caught in the cight pit-
fall traps were summed to produce a single valuc
for cach sitc.
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Since the sampling design was unbalanced
and included both fixed and random cflects,
rcsidual maximum likelihood (REML) methods
(Engel, 1990) wcrc used for the statistical analy-
sis. trecating grassland (ype as a lixed cffect and
region asarandom (block) cftect. The data for all
taxa were log-transformed to remcdy hctcrosce-
dasticity, which was cvident from plots of stan-
dardised residuals versus fitted valucs. The
modeclling procedure was as follows. First, the
factors grassland type and region were fitted to
producc a maximal model. This model was used
to predict means for the number of individuals
caught in cach grassland typc. Second, to test for
an cflect of grassland typc, a sub-modecl consist-
ing of the ‘constant’ paramcter was fitted and the
associated change in deviance was dctermined.
Grassland typc was considcred significant if the
changc in deviance cxceeded the y2 valuc for the
appropriate dcgrecs of frcedom at the P = 0.05
lcvel.

Litfall-trap experiment

The study site was located within a 20 hectarc
contiguous area of /hemeda triandra grassland
ncar the Themeda survey site in the Gungaderra
Creck catchment (see Fig. 1 35°12°40°E,
149°06°50”’S). The study arca was a uniform
arca of grassland, 60 m by 50 m, divided into
thirty 10 m by 10 m plots. The cxpcrimental
design included threc types of plots, in two of
which the density of the habitat immediately
surrounding the pitfall traps was manipulatcd.
Two pitfall traps wcre installed 2.5 m apart at
the ccntre of cach 10 m by 10 m plot. In the first
type of plot (unmodificd) no modifization was
madec to the density of the vegetation. In the sce-
ond typc of plot (c¢/leared) all vegetation (living
and dead) was removed from within an 80 cm
radius of cach pitfall trap. In the third type of
plot (litter removed) only litter and scnescent
plant material was removed from within an 80
cm radius of each pitfall trap. This manipulation
crcated intcr-tussock spaces such that the dcn-
sity of the habitat was intcrmcdiatc between the
cleared and wmodified plots. The three types of
plots were arranged in a randomised block
design with ten replicates for each treatment
(habitat density) and with treatments randomly
assigned to plots within blocks. Wc attemptcd to
minimisc disturbance effects by lcaving a ten
day pcriod between the habitat manipulations
and thc commcncement of trapping. This period
was a tradc-oft between allowing initial disturb-
ancc cficets, such as nest disruption, to dissipate
and to minimise dclayed cflects. such as immi-
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gration of ncw specics into the cleared and litter
removed plots. Traps werc operated for two
weeks inautumn (S April 19931020 April 1993).
A 50% solution of ethylene glycol was used as thc
prescrvative fluid. The alignments of drift
fences were randomised on four compass points
as described precviously.

Analysis of variance was used to tcst for the
significance of the factor habitat density. Data
from thc two pitfall traps in each plot were
summed and made up one replicate. The factor
block was included in the analysis of variancc
modcl as a blocking factor. To test for differ-
cnces between means, a lcast significant differ-
encc (LSD) was calculated from: ¢ X s.e.d..
where s.c.d. = standard crror of the differences
of mcans. Plots of thc standardised residuals
versus fitted values, and standardised residuals
versus  cxpectcd  normal  quantiles  were
inspected. The untransformed data were found
tosatisfy assumptions of normality and constant
variance.

Results

Four spccics of cricket and five species of slug
wcre captured in the grassland survcy. Thce
crickets all were from the family Gryllidae and
arc all native to Australia. Cricket specics caught
(total capturcs in brackets) were Bobillavictoriae
Otte and Alcxander (83295), 1eicogryllus com-
moduy (Walker) (650), Buangina anemba Otte
and Alexandcr (25) and Preronemobius arima
Ottc and Alcxandcr (4). There was a significant
cflect of grassland typc on the abundance of B.
victoriae and T. commodus for summer and 7.
commiodus for autumn (Fig, 2). The pattern of
rclative catch sizcs between different grassland
types was similar for summer and autumn in
both spccics (Fig. 2). The catch size of B. vie-
toriae was highest in Phalaris grassland and
approximatcly equal in all othcr grassland types.
whilc the catchsize of 7% commodns was lower in
Danthonia and Avena grassland in comparison
to the other grassland types (Fig. 2). B. anemba
was caught in all grassland types exccpt Stipa.
The few individuals of P. arimna were recorded
from Themeda, Stipa and Avena grasslands.

A total of 3012 slugs were caught in the grass-
land survcy. Thce slug specics caught were Dero-
ceras reticulatm (Miiller) (Limacidae), 1Lch-
mannia (Lehmannia) nyetelia (Bourguignat)
(Limacidac), Litnax maximis Linnacus (Lima-
cidac), AMilax gagates (Draparnaud) (Milacidae)
and Arion intermedins Normand (Arionidac).
All spccies have been introduced to Australia
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Figure 2. Comparison of pitfall-trap catch sizes of
crickets and slugs in response to experimental manipu-
lation of habitat structure and to grassland type.
Results from the experiment show mean pitfall-trap
catch sizes per plot estimated using ANOVA. U =
unmodified, L = litter removed, C = cleared. LSD
stands for least significant difference, which is equal to
approximately two times the standard error of the dif-
ferences of means. Comparison of means using thc
LSD indicates the significance of differences between
means at P = 0.05. The survey results show mcans,
estimated using REML models, for the number of
individuals of crickets and slugs eaught pcr site in pit-
fall-traps. P values indicate the level of significance for
the factor grassland type. Bars indicate standard
crrors. T = Themeda. D = Danthonia,S = Stipa, P =
Phalaris, A = Avena. The relative density of grassland
types and experimental treatments, from most dense
toleast dense, was ranked as follows: T>P>A=S>D
. (summer); T>S>A=P>D (autumn); U>L>C.
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since European settlement. The number of slugs
of each species was not scored but an inspection
of 43 traps indicated that about 90% of all indi-
viduals were Limacidae. There was a significant
effect of grassland type on the catch size of slugs
in both seasons (Fig. 2). The pattern of relative
catch sizes between the nativc grassland types
wasthe same for summer and autumn with catch
sizes being highest in Themeda, lowest in Dan-
thonia and intermediate in Stipa (Fig. 2). Catch
sizes of slugs in Phalaris and Avena were
approximately equal to catch sizes in Themeda
for summer but were lower than in Themeda for
autumn (Fig. 2).

In the pitfall-trap experiment, a total of 2137
specimens of Bobilla victoriae and 504 slugs
(mostly Limacidae) were caught. There was a
significant effect of the habitat density treat-
ment for B. victoriae (P<<0.001) but not for
slugs. Catches of B. victoriae were significantly
lower in the dense habitat of the unmodified
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plots compared to the litter removed and cleared
plots. while catches of slugs were approximately
equal at all habitat densities (Fig. 2).

Discussion

We begin this discussion by showing that it is
necessary to usc the results from the expcrimcent
to interpret the results from the survey of differ-
cnt grassiand types. We found that, in general,
the results from the experiment indicate that the
survey results reflect true patterns in abundance
for crickets and slugs. We conclude with some
discussion on the ecological significance of thcse
abundance patterns.

In the summer survey of different grasstand
types, pitfall-trap catches of Bobilla victoriae for
summer werc scveral times higher in Phalaris
than in the other grassland types. The results
from the experiment suggest that this resuft
reflects a true elevatcd abundance in Phalaris,
ratherthan an effect of habitat dcnsity on pitfall-
trap efficiency. This is bccause pitfall-trap
efficiency was shown to decline as the density of
the habitat increased, yet the Phalaris grasslands
wcre ranked second most dense at the time of
sampling in summer. I ndced, for this reason, the
abundancc of B. victoriae in Phualuris relative to
other grassland types is more likcly to have bcen
underestimatcd rather than overestimated
(except in the case of Themedu grasslands). Tele-
ogryllus eommodus was not caught in the cxper-
iment, so we have no measure of its response to
habitat structure. However, if we assume that it
behaves in a similar way to B. victoriae, its pat-
tern of abundance in thc different grassland
types also is unlikely to be due to an effect of
habitat structure on pitfall-trap efficiency. since
it was caught most in the dense grassland types
and least in the more open grasslands.

For slugs, the results from the experiment
indicate that pitfall-trap efficiency is not affec-
ted by habitat density. Wc can thus be confident
that thc observed pattern of stug catches in the
different types of grassland was not due to an
effect of habitat structure on pitfall-trap
efficiency. In this case, the experimental results
are very important to the interpretation of the
survey results since the pattern ot'abundance for
slugs among thc different grasstand types was
congruent with the density ranking of the fivc
grasstand types for both seasons (more slugs
were caught in densc grasslands). In the absence
of the expcrimental results, an alternativc
hypothesis to explain the observed pattern is
casy to formulate: fewer stugs were caught in
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open arcas because slugs moved less on the drier
substratc, which reduccd pitfall-trap cfhiciency.

The crickets captured in the survey were all
native species (Otte and Alexandcr, 1983). Two
spccies appear rare or rarely caught in this
region. Buangina anemba is otherwise known
fromonly twolocaliticsin eastern NSW (Pcnrith
and Armidalc) and there is only one previous
rccord from the ACT of Pteronemobius arima
(from 1951), which othcrwisc has a range that
includes the northern Northern Territory and
the eastcrn periphery of Queensland and New
South Wales (Otte and Alexander, 1983).
Bobillu victoriae was thc most common species
caught and its abundancc was clearly several
times higher in Phalaris than in the other grass-
land types. There appcars to be no previously
published information on the ecology of this
species, other than to note that it is known from
open grassy areas of the Great Dividing Range of
NSW and Victoria (Otte and Alexander, 1983).
Teleogryllus commodus also was high in abun-
dancc in Phalaris. This species is a known and
sometimes serious pest of improved pasturc in
Australia and New Zealand (Browning, 1954;
Blank and Olsen, 1981), including pasture sown
to Phalaris (Browning, 1954). Its distribution
and abundance appcars to bc related in part to
moisture and availability of shelter from the sun,
particularly in the form of cracks in the soil
(Browning, 1954). Thus, the low abundance of
T. commodus in Banthonia grasslands com-
pared to other grassland types could be
explained by the drier conditions and absence of
shelter from the sun. Given that B. victoriae
shows a clcar preference for exotic pasture, we
suggest that it may be a previously unrccorded
pest, in addition to 7. commodus, of improved
pasturc in the ACT region.

All of the slug species caught in the grassland
survey werc introduccd species (van Regteren
Altena and Smith, 1975; Smith and Kershaw,
1979; Smith 1992). Introduced slugs appear to
be highly invasive of native grasslands, given the
right environmental conditions, since their
abundance in native grasslands, particularly
Theineda and Stipa. is as high as in cxotic grass-
lands.
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