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ABSTRACT

The present study investigated the utility of soil, litter and arboreal invertebrates for monitoring the
progress of restoration. Three different techniques were used for sampling various invertebrate orders;
pitfall trap, vacuuming and litter sampling (Tullgren funnels). This study provides data to determine the
most proper method for sampling different arthropods orders and the best order to use as a bio indicator.
A total of 79,183 arthropods were sampled from the study area by the three sampling methods. The
majority was from pitfall traps followed by vacuuming samples and litter ones. Comparisons between the
three sampling methods indicated that pitfall traps most often captured taxa considered active at ground
level, such as ants, carabids and spiders. Most of the arboreal invertebrates were collected by vacuuming
and litter sampling most frequently succeeded in collecting certain groups of arthropods associated with
moisture and sheltered areas, including beetles larvae and litter isopods. The pitfall trap method appeared
ideal for quantitative estimates, while the suction method isideal for qualitative estimates. Certain groups
of invertebrates, notably hemipterans, beetles, ants and spiders are cost-effective to survey and
potentially high in information content.
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INTRODUCTION

Our world undergoes rapid changes and is faced with
an increasing number of known and unknown pollutants,
which combine with climate changes and losses of
biodiversity to threaten aimost all ecosystems (Market et.
al., 2003). The scale of human activities has become
such that most of the ecosystems of the earth have been
disturbed in some way (Ehrlich, 1993). More than 40%
of the vegetated terrestrial surface of the earth has been
directly disturbed (Daily, 1995) and its natural
productive capacity has been diverted, reduced, or
destroyed (Vitousek et. al., 1986).

The area of land directly altered by mining industriesis
still relatively low in terms of the globa inventory of
degradation, but can represent considerable quantities on
an individua ecosystem or country basis. Further, the
scale of mining is increasing and the impacts are
generaly more severe than most other kinds of
disturbance (Walker and Willig, 1999).

The direct impacts of mining to land surfaces are
usually severe, with the likelihood of destruction of
biodiversity within natural ecosystems as a result of
removal of natural soils, with their associated plants and
animals. These practices can cause erosion and soil
damage, air pollution and contamination, and can have
adverse effects on the surface and groundwater through
processes such as salinization and acidification, as well
as causing loss of flora, fauna and habitat. Mining can
introduce diseases and pests (Knight, 1998).

The goal of minesite rehabilitation in Australia has
increasingly moved from simple revegetation towards
more comprehensive ecosystem restoration, with the aim
of establishing sustainable ecosystems similar to those
occurring naturally in the region (Unger and Milnes,
1992; Read, 1994; Finucane, 1995). Given the complex
and intangible nature of many ecosystem processes and
properties, attention has focused on the use of practical
indicators that reflect the general state of the ecosystem
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in which they occur (McKenzie et al., 1992; Spellerberg,
1993).

Ecologists often use changes in species diversity to
determine the effects of disturbance, because species
diversity is an important aspect of any ecosystem (May,
1975; Hutchinson, 1978; Magurran, 1988). However, it
iS necessary to use appropriate species assemblages as
indicators of the effect of disturbance on species
diversity, as not all taxa are responsive to particular
disturbances.

In terrestrial landscapes, invertebrates congtitute a
substantial proportion of species richness and biomass (>
65 percent) (Jeanneret, et. al., 2003), and play a
significant role in ecosystem functioning. Invertebrate
community composition aso offers insight into
ecosystem function and interaction due to the wide range
of functional groups represented (Pik, et. al., 2002).
Invertebrates are abundant medium-sized organisms that,
as a generdity, have growth rates and population
turnover times lying midway between those of
microorganisms and higher plants and animals. They
aso have effective active and passive dispersal
mechanisms that allow wide dissemination and rapid
recolonization of disturbed habitats. All these attributes
make invertebrates highly suitable and the most likely
choice as bio indicators of environmental change.

Invertebrates are useful, appropriate and often highly
effective and informative indicators of other elements of
biodiversity, ecosystem function and restoration, system
health and associated threats, including invasive alien
species (McGeoch, 2007). Invertebrates also provide
senditive, appropriate and logistically feasible target taxa
for monitoring a wide cross section of protected area
management objectives (McGeoch, 2011).

The use of arthropods as indicator species can provide
highly sensitive advance warning of ecosystem changes
(Holloway and Stork, 1991; Paoletti et. al., 2010;
Santorufo et. al., 2012). Some species react quickly to
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environmental stressors and are ideally suited to act as
bioindicators. Arthropods are environmental bio-
indicators of habitat disturbance, pollution and climate
change (Hawksworth and Ritchie, 1993).

The advantage of using arthropod species as indicators
or candidates for ecosystem monitoring is that their
tremendous ecological diversity provides a wide choice
for designing appropriate assessment programs (Kremen
et. al., 1993) which can be applied for both short-term
and long-term monitoring. The use of arthropods in
ecosystem analysis is cost effective. Arthropods are
easily, quickly, and cheaply sampled, thereby providing
means to obtain timely, cost-effective ecosystem
information. The aim of this study was to undertake a
post priori evaluation of the performance of selected
invertebrate taxa as bioindicators, and the best method to
sample them, using restored bauxite minesites as a test
situation.

MATERIALSAND METHODS

Thestudy area

This study was undertaken at the Wordey Alumina
bauxite mine near Boddington, Western Australia. The
area has a typical Mediterranean climate with a hot dry
summer and cool wet winter. The mine site has an
average annual rainfall of 740 mm; 50% of rainfall
occurs in winter, with less than 6% in the summer
(Vlahos et al., 1999).

The vegetation on the Darling Plateau is a dry
sclerophyll forest dominated by Eucalyptus marginata
(Jarrah) with varying proportions of Corymbia
calophylla (Marri) and Allocasuarina fraseriana
(Sheoak). Eucalyptus wandoo (Wandoo) forest and
woodland occurs in the clay soil valleys and on some
upper slopes throughout the eastern edge of the Darling
Plateau.

The jarrah forest mid-storey is predominantly
composed of trees and shrubs from the Proteaceae family
(including Banksia grandis, Persoonia longifolia,
Banksia sessilis, and Hakea prostrata), plus species of
Allocasuarina and Melaleuca. Shrub and herb species
from the Proteaceae, Papilionaceae, Myrtaceae,
Mimosaceae and Asteraceae families constitute a major
proportion of the understorey vegetation. Within the
current mining envelope, the vegetation comprises ~400
species from 180 genera, with the distribution of these
species being associated with land form and soil type
(Wordley Alumina, 1985).

Site selection

A chronosequence of restored areas plus forest controls
(representing varying forest vegetation types) were
selected. Where possible, these were sites already
assessed by Wordey Alumina for other taxa, so that
comparisons could ultimately be made with other flora
and vertebrate fauna monitoring programs. Sites were
grouped into ‘young’ (4 sites; revegetated 3-7 years
previously), ‘mid’ (3 sites; revegetated 9-13 years
previously), and ‘old” (3 sites; revegetated 15-19 years
previously) (Table 1).
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Sampling methods

A 100-m sampling transect was staked out in a
representative area of each site at least 15m from the
border, so that edge-effects were avoided. Along each
transect, 10 plastic vials (43 mm diameter 110 mm
depth) were used as pitfall traps, set at 10-m intervals.
These were inserted into the ground so that the lip was
flush with the soil surface and contained a 40-mL
solution of three parts of 70% ethyl alcohol and one part
30% glycerol (see Samways et. al., 1996). They were left
open for seven consecutive days. Each transect was used
as the starting point for vacuum sampling swathes, which
ran at right angles to the transect. Each vacuum sample
consisted of a 40-m walk away from the pitfal trap
transect and a 40-m return walk, the latter aligned 2m to
the side of the original traverse. Invertebrates vacuumed
off plants were placed in containers of 70% alcohol for
subsequent sorting. Leaf litter samples were also
collected along pitfall-trap transects and placed in 3-kg
polyethylene bags for subsequent extraction of
Invertebrates using Tullgren funnels (the same amount of
leaf litter was collected from each site). Sampling by
each method was carried out for a period of fifteen
months, at 3-monthly intervals. These three sampling
methods provided a relative estimation of the abundance
and species richness of Invertebrates on the ground
(pitfall-traps), on the foliage (vacuum samples) and in
the leaf litter (Tullgren funnels). Invertebrate samples
were sorted in the laboratory to broad taxonomic levels,
with the selected taxa further sorted to morpho-species
level when represented by adult forms. These were then
sent to relevant taxonomists for verification and
allocation of generic and species names.

Data analysis

Invertebrate species abundance, richness and diversity
were caculated using the PC-ORD program for
Windows version 4.14 (McCune & Mefford, 1999).

Species richness was taken as the total number of
species recorded. The mean of the total count of all
individuals for each order collected at each site was used
as a measure of abundance. Abundance of the
invertebrates was used to determine the seasonal
fluctuation during the study periods. For each sampling
technique, differences in invertebrate abundances and
richness per plot between sites were compared using
one-way analysis of variance (ANOVA) (Zar, 1999)
using the SPSS for Windows 12 satistical software
package (SPSS, Inc. 1996). For testing the significant
difference in various invertebrates abundance and
richness between different techniques we used the Two-
way analysis of variance (ANOVA) (type 3 sums-of-
squares).

RESULTS

Arthropod assemblages:

Overall abundances, a total of 79,183 arthropods were
sampled from the study area by the three methods during
the study periods. The mgjority from pitfall traps
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Table (1): Description, age and codes for restored and forest control sites.

Site Code Treatment Age class (years) Age group
M02J Forest control na Control
M04J Forest control n.a Control
SSB02 Forest control n.a Control
SSB09 Forest control na Control
EP 86 Restored mine pit (1986) 19 old
NP 86 Restored mine pit (1986) 19 Old
WP90 Restored mine pit (1990) 15 Old
WP92 Restored mine pit (1992) 13 Mid
EP93 Restored mine pit (1993) 12 Mid
NP96 Restored mine pit (1996) 9 Mid
NP 98B Restored mine pit (1998) 7 Young
NP 98A Restored mine pit (1998) 7 Young
NSS01 Restored mine pit (2001) 4 Young
NSS02 Restored mine pit (2002) 3 Young

n.a., not applicable

(49516 individuals), 26,405 from suctions samples and
3,262 specimens from litter samples. Among 28 ordinal
sorted taxa identified (excluding springtails), ants were
the most abundant with 11,766 individuals (8,514 from
pitfal traps), followed by Hemiptera with 6,923 and
Dipterawith 5,062 individuals.

Pitfall Traps

In pitfall traps, we collected 33,773 (68 %) individuals
from restorations sites and 15,743 (32 %) individuals
from the forest (control) sites of the most abundant taxa,
7396 (73 %) of ants were found at restoration sites and
1118 (27 %) were unique to forest sites; 2283 (59 %) of
coleopteran were found at restoration sites and 622 (41
%) were found at forest sites; 39 % of springtails were
found at restoration sites and 61 % were found at forest
sites. (Fig. 1a and b). The highest diversity indices were
1.679 for Shannon (H) and 0.754 for Simpson (D) at
restoration site NP98B.

The restoration site NSS01 recorded the highest evenness
(0.63) (Fig. 2 a).
Vacuuming samples

In vacuuming samples, we collected 26,405 indivi-
duals; 17.210 (65 %) individuals from restorations sites
and 9,195 (35 %) individuals from forest sites. The most
abundant groups were Hemiptera (6,125 specimens) of
which 73 % were collected from restoration sites and
only 27 % were found at forest sites. The second most
abundant taxa was Diptera (5,060 individuals), 64 % at
restoration sites and 36 % at forest sites. (Fig. 1a and b).
The forest site M02J showed the highest value for
Shannon, and Simpson indices and evenness (2.27, 0.875
and 0.758 respectively) fig. (2 B).

Litter Samples

A total of 3,262 individuals were collected, 2,095
(64%) from restoration sites and 1,176 (36 %) from
forest sites.
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Figure (1): Invertebrate orders abundance (A) and richness (B) collected by; pitfal trap, (PF) vacuum sampling, (VC) and litter
sampling (LC) for all sites together at the Worsley Alumina bauxite mine.
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Figure (2): Shannon diversity index (H), Simpson index (D) and evenness (E) of invertebrate orders collected by pitfall trap, (A)
vaccum sampling, (B) litter sampling (C) for all sitestogether at the Wordley Alumina bauxite mine
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Collembola was the most dominant in litter collections
(760, specimens); 72 % at restoration sites and 28 % at
forest sites. Acarina was the second abundant taxa with
178 (33 %) individuals at restoration sites and 362 (67
%) found at forest sites (fig. 1aand b). In litter sampling
the old restored site EP86 recorded the highest value for
Shannon, Simpson indices and evenness 2.47, 0.9 and
0.89, respectively (Fig. 2 C).

One-way ANOVA’s revealed no significant
differences in total invertebrates richness between the
restores sites and the forest sites for both pitfall trap
method and litter collection. However, for vacuuming
method there were significant differences (P< 0.01)
between the restored sites and the forest sites.

For the invertebrates collected by both pitfall trap and
vacuum method, there was no significant difference
between the forest and restored sites in terms of taxa
abundance; while in litter collection, the four young
restored sites (NSS02, NSS02, NP 98 A and NP 98 B)
differed significantly from both the mid restored sites
and forest sites (P< 0.01). For invertebrates diversity
indices Shannon and Simpson and evenness, the One-
way ANOVA'’s showed significant differences only
between the four young sites (NSS02, NSS02, NP 98 A
and NP 98 B) and the forest sites in terms of Shannon

diversity index only for the vacuum sampling. The litter
collection showed non significant differences for both
diversity indices and evenness between all the groups.
Mean invertebrates richness and mean abundance
differed significantly between the three different
techniques at sites by the Two-way ANOVA without
replication (df 2,13, F 10.19, 17,12 and P< 0.001,
respectively) with the maximum number of inverte-
brates order collected by the vacuuming methods and
the maximum mean abundance collected by pitfall trap
methods.

Seasonal variation

Invertebrate's taxa showed seasonal maxima in
specimen’'s numbers throughout the study period. For
pitfall traps invertebrates taxa peaked in October 03
(spring), followed by April 03, then February 04 and
finally July 03 (Winter season). For vacuuming, the
month with the most species numbers was October 03
(spring), followed by April 04 and April 03 (autumn)
then July 03 and February 04. For litter collection,
October 03 (spring) was the best season for
invertebrates collection, followed by July 03 (winter);
then April 03, April 04, February 04 (summer) was the
season with the lowest catch (fig. 3).
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Figure (3): Invertebrates total abundance collected by pitfall trap samples (PF), vacuum samples (VC) and litter samples (LC) for all

plots together during each of the five individual sample periods.

DISCUSSION
Results of this study foreground the relative utility of
pitfall trapping, suction sampling and litter extraction
methods for sampling small invertebrates. A pronounced
divergence is found in the capture of the arthropod taxa
among the three tested sampling methods, with the
maximum number of invertebrate orders collected by the
vacuuming method and the maximum mean abundance
collected by pitfall trap method. These finding indicates
that pitfall trepping is a useful standard arthropod
collection method for ecological studies of ground -
surface  dwdling arthropods (South wood and
Henderson, 2000; Work et. al., 2002; Schmidt et al.,
2006) compared with the suction method and litter
extraction method. Although pitfall trapping samples
tend to include more ground-active searching species,
however with appropriate adjustments would be the
best method for comprehensive quantitative survey of
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ground-dwelling arthropods. Litter extraction is
appropriate for collecting Coleoptera and litter
Formicidae, for which it is a conventional method
(Delabie et. al., 2007; Underwood and Fisher, 2006)
but not for ecologica studies involving many
arthropod groups. Regardless of the method tested,
few individuals of the minor taxa (isopods and
myriapods) were captured; and such an effect could be
attributed to the low population densities of these taxa
in the study area.

When cost and time constraints prescribe the confining
of ground-dwelling arthropod sampling to one technique,
the pitfal trap method appears idea for quantitative
edimates, and the suction method for qualitative
estimates. Use of invertebrates in biological assessments
must also take into account the practicality of sampling
and identifying them, as well as the time taken to
sample them, a feature that transcribes into expense of
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performing the survey. The following of a prescribed
sampling protocol, such as the one used in this study
(see Allen 1989 for further details) removes the need to
design a sampling program each time a survey
commences. |dentification of the various invertebrate
groups is dependent on availability of taxonomists and
of the resources to reimburse them. Both can be
problematic, although acquisition of the scientific
names is not a prerequisite for the types of analyses
performed here. Everything that was carried out in this
study could have been done using morphospecies
names, provided by parataxonomists rather than highly
specialised taxonomists (Beattie and Oliver 1994), so
cost and availability of taxonomists should not be
regarded as a reason to not include invertebrates in
environmental monitoring schedules.

Whichever approach is adopted, sampling must be
performed at times of the year that maximise the
number of species within the target taxonomic group.
This differs depending on the group concerned. For
instance, spring sampling maximises the species count
of spiders, hemipterans, beetles and ants, while autumn
and winter are better seasons for sampling Collembola.
We therefore recommend that for comprehensive
censusing of invertebrate species present in an area,
sampling during each of the four seasons is highly
desireable. Any reduction in periodicity of sampling
will compromise the comprehensiveness of the survey.
We conclude by dstating that certain groups of
invertebrates, notably hemipterans, beetles, ants and
spiders are cost-effective to survey and potentially high
in information content. Being among the most diverse
members of the animal kingdom, their inclusion in
restoration assessments can contribute to data on
physical factors and plant and vertebrate assemblages in
habitats. As well as strengthening the conclusions
reached from measurements of the more commonly
used variables, invertebrate data can provide an
indication of the degree of re-establishment of
ecosystem functioning. Although this study has been
concerned with minesite restoration, it is likely that the
conclusions drawn here will be relevant to other
situations where biological assessments are carried out,
such as of the conservation value of natural areas, of the
degradation of exploited habitats or of the impact of
pollution. Notable exceptions are the isopods and
myriapodous groups, whose numbers were too low to
reveal any interpretable tends in species richness or
assemblage composition. We therefore do not
recommend them for consideration at the assemblage
level as ecological or biodiversity indicators. It may be
that certain species within these groups prove to be
useful environmental indicators, although we have no
evidence as yet that thisis the case.

REFERENCES
ALLEN, N.T. 1989. A methodology for collecting
standardized biological data for planning and
monitoring reclamation and rehabilitation
programmes. Pages 179-206 in J. D. Mgjer, editor.

112

Animals in primary succession: The role of fauna in
reclamed lands. Cambridge University Press,
Cambridge.

DALY, G.C. 1995. Restoring value to the world’s
degraded lands. Science 269: 350-354.

DeLABIE, JH.C., B. JAHYNY, |.C. NASCMENTO, C.S.F.
MARIANO, S. LAcAU., S. CAMPIOLO, S.M. PHILOTT,
AND M. LEPONCE. 2007. Contribution of cocoa
plantations to the conservation of native ants (Insecta:
Hymenoptera: Formicidae) with a special emphasis on
the Atlantic Forest fauna of southern Bahia. Brazil
Biodiversity and Conservation, 16: 359-2384.

BEATTIE, AJ, AND |. OLIVER 1994. Taxonomic
minimalism. Trends in Ecology and Evolution 9: 488-
490.

EHRLICH, P.R. 1993. The scale of the human enterprise.
In.  Nature conservation 3: reconstruction of
fragmented ecosystems (ed. by Saunders, D.A.,
Hobbs, R.J., Ehrlich, P.R.). Surrey Beatty and Sons
Pty Limited, Australia. pp. 3-8.

FINUCANE, S. 1995. Environmental planning and
management in the construction of a new Pilbara
Mine. Augralian Journa of  Environmental
Management 2: 184-197.

HAWKSWORTH, D.L., AND JM. RITCHIE. 1993.
Biodiversity and Biosystematic Priorities:
Microorganisms and Invertebrates. CAB International
Wallingford UK. 70 pp. + annexes.

HoLLowAy, J. D., AND N. E. STORK. 1991. The
dimensions of biodiversity: the use of invertebrates as
indicators of human impact. In: The biodiversity of
microorganisms and invertebrates: its role in
sustainable agriculture (ed. by Hawksworth, D.L.)
CAB International. pp. 37-62.

HUTCHINSON, G. E. 1978. An introduction to population
ecology. Yae University Press, New Haven,
Connecticut. 260 pp.

JEANNERET, P, B. SCHUPBANCH, AND H. LUKA. 2003
Quantifying the impact of landscape and habitat
features on biodiversity in cultivated landscapes.
Agriculture Ecosystems and Environment, 98: 311-
320.

KNIGHT, J. E. 1998. State of the Environment Report
Western Australia. Department of Environmental
Protection, Perth. 134 pp.

KReEMEN, C., RK. CoLweLL, T.L. ERwiIN, D.D.
MURPHY, R.F. NOss, AND M.A.. SANJAYAN. 1993.
Terrestrial  arthropod assemblages. their use in
conservation planning. Conservation Biology 7(4):
796-808.

MAGURRAN, A. E. 1988. Ecological diversity and its
measurement. Princeton University Press, Princetion,
New Jersey. 192 pp.

MARKET, B.A., A.M., BREURE, AND H.G. ZECHMEITER.
(EDS). 2003. Bioindicators and biomonitors.
Principles, concepts and applications. Elsevier, The
Netherlands. 997pp.

MAY, R. M. 1975. Patterns of species abundance and
diversity. In: Ecology and evolution of communities
(ed. by. Cody, M.L., Diamond, J.M). Harvard Univer-



Orabi G. M.

sity Press. Cambridge. pp. 81-120.

MCCUNE, B., AND M. J.,, MEFFORD. 1999. PC-ORD.
Multivariate Analysis of Ecological Data, Version 4.0.
MjM Software Design, Gleneden Beach, Oregon. 237
pp.

McGEocH, M.A., H. SITHOLE, M.J. SAMWAYS, J.P.,
SIMAIKA, J.S. PRYKE, M. PICKER, C. UYS, A.J
ARMSTRONG, A.S. DIPPENAAR-SCHOEMAN, [.A.
ENGELBRECHT, B. BRASCHLER, AND M. HAMER.
2011. Conservation and monitoring of invertebratesin
terrestrial protected areas. Koedoe 53 (2): Art.#1000,
13 pp. (doi:10.4102/koedoe.v53i2.1000)

McGEocH, M.A. 2007, ‘Insects and bioindication:
Theory and practice’, in A.J. Stewart, T.R. New &
O.T. Lewis (eds.), Insect conservation biology, pp.
144-174, CABI, Wallingford. (doi: 110.1079/
9781845932541.0144)

McKeNzig, D.H., D.E. HYATT, AND V.J. MCDONALD.
1992. Ecological indicators. Chapman and Hall,
London. 1567 pp.

PAOLETTI, M.G., A. D’INCA, E. TONIN, S. TONON, C.
MIGLORINI, G. PETRUZZELLI B. PEZZAROSSA, T.,
GOMIERO, AND D. SOMMAGGIO. 2010. Optimizing
sampling of soil invertebrates as bio-indicators in a
natural area converted from agricultural use: the case
study of Vallevecchia- Lugugnana in North-Eastern
Italy. Journal of Sustainable Agriculture, 34(1):38-56.

Pk, A.J., JM DANGERFIELD, R.A BRAMBLE, C. ANGUS,
AND D.A. NIPPERESS. 2002. The use of invertebrates
to detect small-scale habitat heterogeneity and its
application to restoration practices. Environmental
Monitoring and Assessment 75: 179-199.

READ, J. L. 1994. A retrospective view of the quality of
the fauna component of the Olympic Dam project
environmental impact statement. Journal  of
Environmental Management 41: 167-185.

SAMWAYS, M.J., P.M., CALDWELL, AND R. OSBORN.
1996. Ground- living invertebrate assemblages in
native, planted and invasive vegetation in South
Africa. Agriculture, Ecosystems and Environment 24:
19-32.

SANTORUFO, L., C.A. VAN GESTEL, A. Rocco, AND G.,
MaisTo 2012. Soil invertebrates as bioindicators of
urban soil quality. Envrionmental pollution, 161: 57-
63.

113

ScHMIDT, M.H., Y. CLOUGH, W. ScHuLz, A.
WESTPHALEN, AND T. TSCHARNTKE 2006. Capture
efficiency and preservation attributes of different
fluids in pitfall traps. The Journa of Arachnology 34:
159-162.

SoutHwooD, T.R.E., AND P.A. HENDERSON 2000.
Ecological Methods (3rd Edition). Blackwell Science,
Oxford. 575 pp.

SPELLERBEG, |. F. 1993. Monitoring Ecological Change.
Cambridge University Press, Cambridge.

Spss, |, 1996. SPSS Base 12.0 for Window's Users
Guide. SPSSInc., Chicago, Illionois.

UNDERWOOD, E.C., AND B.L., FISHER. 2006. The role of
ants in conservation monitoring: If, when, and how.
Biological Conservation 132; 166-182

UNGER, C.J., AND R.A. MILNES. 1992. Rehabilitation
a ranger uranium Mines. In: Conservation and
development issues in Northern Australia (ed. by
Moffatt, 1.,. Webb, A). North Australian Research
Unit, Darwin. pp. 221-231.

VLAHOS, S, B.B. BAstow, AND G.A. RAYNER. 1999.
Bauxite mine rehabilitation in the northern jarrah
forest. Fifth International Alumina Quality Workshop,
Vol. 2, pp. 559-569. Bunbury, Western Australia

VITOUSEK, P.M., EHRLICH, P.R., A.H., EHRLICH, AND P.,
MASTON. 1986. Human appropriation of the products
of photosynthesis. Bioscience 36: 368-373.

WALKER, L.R,, AND M.R., WIiLLIG. 1999. An
introduction to terrestrial disturbances. In: Ecosystems
of disturbed ground (ed. by Walker, L.). Ecosystems
of the world, Elsevier, Amsterdam. pp. 1-16.

WORK, T.T., C.M BUDDLE, L.M. KORINUS, AND J.R.,
SPENCE 2002. Pitfall trap size and capture of three
taxa of litter-dwelling arthropods. Implications for
biodiversity studies. Environmental Entomology 31:
438-448.

WORSLEY, ALUMINA, Pty, Ltd. 1985. Worsley Alumina
Project. Floraand Fauna Studies, Phase Two. Wordley
Alumina Pty Ltd, Perth. 85pp.

ZAR, J. H. 1999. Biostatistical Analysis. Fourth edition.
Upper Saddle River, NJ: Prentice Hall, 663 pp.

Received October, 3, 2012
Accepted November 4, 2012



Terrestrial invertebrates as bioindicators. Selecting the best Orders and the best methods.

hial) A g Aial) ARy jhal) g gan digaS Cililiadall
e 2 Jaa
o sall U8 dxals AdlielewY) o lall S -l sl ale aud
20 gl Ay el ASLall - - asbell S ) all e and

el pa—ilall

Adadluid) Sl Gl o Baea ,%\ sl daay  Clliadall aladie) 4l Cuay 238 Caald
Aladl Adbiad) G el Gliell AAY Adide GLE QS Cueaddn | Al Ul
a.AAU_I‘)éj}. U‘_IL:\‘)LSBM\ M@M\&}@AJ
PR Legal daa3 Glladdl  dabisadl el alia Y sl aaadl il

el A3 3k sty Chlaid) (e A3 gl o8 Al s e
SIS Aalall @l 25 dya ;Y1 bl pladiuly cilial) ais gen

Al dpca ;Y1 QLY apand 8 dpa )Y yadl Gaaiddy el 3k (G A ladll
SV sh ALl slad Sl apend o Laiy

Alaia g (bl B Gl b Ly ALl Blaliall 5 4 oo )l A jal) Cilliadall (e digee i pan
Aoe il Clagenill Al Jaddll 48y 5k o) cps (A oSl anll A e Y1 yladl)

(G i Cllee (G alaaiudl]

114



