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Abstract 

Cranston, P.S. and Trueman, J.W.H., I 977. "Indicator'' taxa in invertebrate biodiversity 
assessment. Memoirs of the Museum of Victoria 56(2): 267-274. 

The concept of indicator taxa, widely used in environmental monitoring, has been 
adopted in the biodiversity assessment literature. Such a transfer can be misleading: such 
surrogate measures for biodiversity arc referred to better as "predictors" -taxa proposed as 
correlates of wider biodiversity. Using survey data from a sampling protocol applied to five 
sites in north-east Tasmania, species diversity of terrestrial arthropods were investigated to 
assess the prospects for ranking sites in systems that are rich in species with poorly known 
taxonomy, and that change seasonally and erratically. No significant species-richness cor
relates were found, suggesting that there can be no generalised application of the concept of 
indicators of biodiversity. 

Introduction 

Most biodiversity estimates for terrestrial sites 
have been based on species counts or estimates 
of abundance in angiosperms (flowering plants) 
and vertebrates (mostly birds and mammals, 
although to a lesser extent reptiles and amphib
ians). Although conspicuous and relevant in 
terms of human amenity value, these taxa 
account for a very small percentage of all the 
world's species. Site biodiversity estimates that 
do not consider invertebrates, not only omit the 
greatest part of what they purport to measure, 
but also ignore the major contributors to essen
tial ecosystem processes -"the little things that 
run the world" (Wilson, 1987). 

Whilst there is substantial agreement on their 
significance, precisely how to include invert
ebrate taxa in biodiversity estimation and con
servation is far from evident. Given the huge 
diversity, and the variable, but usually poor, 
taxonomic knowledge of so many invertebrates, 
Australians particularly have advocated certain 
rapid biodiversity assessment methods (e.g., 
Oliver, 1993; Oliver and Beattie, 1994; Beattie 
and Oliver, 1994). Some aspects of this "pseu
dotaxonomy" have been critically addressed 
(e.g. Brower, 1995; Campbell, 1995; Cranston 
and Hillman, 1992; Hammond, 1994; Trueman 
and Cranston, this volume). Another suggestion 
for more rapid assessment might be to identify 
one or a suite of taxa, amenable to easy sampling 
and identification, whose diversity predicts the 
diversity of others. This concept has been 
referred to as "surrogacy" (e.g., RAC, 1993) or 
as "indication" (e.g., Noss, 1990; Brown, 1991; 

Kremen, 1992; Pearson and Cassola, 1992; 
Williams and Gaston, 1994; Beccaloni and Gas
ton, 1994, Weaver, 1995) of biodiversity. How
ever, the poorly tested concept of biodiversity 
"indication" frequently is conflated (inter a/ia 
by Kremen ct al., 1993; Pearson, 1994) with the 
firmly-established environmental "indication" 
(e.g., Holloway and Stork, I 991; Cranston and 
Hillman, 1992; Johnson, 1995). We adopt 
Kitching's ( 1993) terminology of"predictor set" 
for any subset which is postulated to act as a 
"surrogate" for the wider, unsampled, complete 
set. 

If the diversity (taxon richness) of tradition
ally-measured taxa (angiosperms. vertebrates) 
were to correlate strongly with invertebrate 
diversity, then it would be valid to assume that 
conservation of taxon-rich areas for conven
tionally-surveyed "predictor sets" would pro
vide an "umbrella" to protect the unsurveycd 
invertebrates. However, the strength of any cor
relations has, until recently, rarely been 
addressed directly, and the few results seem con
tradictory. Thus, Abbott ( 1974) found 73% of 
the variation in insect species was accounted for 
by the number of plant species but no statistical 
relationship between insect and bird species of 
remote southern hemisphere islands. The lepi
dopteran subfamily Ithomiinae correlated well 
with total neotropical butterfly diversity (Bccca
loni and Gaston, 1994) although correlates of 
butterflies against other prospective indicators 
were not tested. In contrast. the studies of Yen 
(1987). on plant/vertebrate/beetle relationships 
across 32 sites in Victoria, Australia, and in 
U .K. of Disney ( I 986) on insect / plants and of 

267 

https://doi.org/10.24199/j.mmv.1997.56.13
28 February 1997

https://doi.org/10.24199/j.mmv.1997.56.13


268 PETER S. CRANSTON AND JOHN W.H. TRUEMAN

Prendergasl el al. ( 1 993) on certain insect/plant/

bird relationships, demonstrated little or no cor-

relations. Problems of scale dependence have

been identified by Williams and Gaston ( 1 994).

who argued that for vertebrate data the few local

correlates fail to coincide at global scale, and

Weaver (1995). who sampled higher taxonomic

groups of invertebrates.

Following the advocacy of Landres et al.

( 1 988), Noss ( 1 990), Longino ( 1 994) and DEST
(1995), amongst others, for verification of biod-

iversity indicator relationships, we specifically

test whether:

i. diversity measures obtained from a single

arthropod taxonomic group or groups ("predic-

tors" sensu Kitching. 1993) predict the diversity

of other diversity measures obtained from a

single arthropod taxonomic group or arthropod

taxa at the same site; and
2. measures of arthropod diversity are congru-

ent with measures based on a conventional

diversity estimator, namely diversity of flower-

ing plants.

Methods

Sites

Five sites (A-E), representing the range of

natural vegetation types along a 40 km transect

in NE Tasmania, were selected to traverse four

major terrestrial ecosystems of the ERIN 30-

group regionalisation (Thackway and Cresswell,

1992). Sites established were in wet sclerophvll

forest (Site A, 3 km N of Weldborough, 41° 10' S,

1
47'54' E) drv sclerophyll forest (Site B, 20 km E

of above, 41
o09' S, I48W E); coastal heathland

(Site C, Eddystone Point, Mount William
National Park, 4 1WS, 1

48°
1 9' E,); periodically

inundated heath (Site D, Mount William
National Park, 41°02' S, 1 48° 15' E,); buttongrass

swamp (Site E. Rattrays Marshes, 4I°I2'S.

148°10'E,). Three of the sites had associated

aquatic systems, streams at A and B, swamp at E;

site C had an impermanent dune slack (pool)

whilst site D was dry. The five sites are such that

any reasonable sampling protocol or biodiver-

sity index should be capable of indicating that

there are gross differences amongst them,
although this should not be taken to mean the

respective conservation values necessarily differ

widely.

Sampling design

Ten pitfall traps and two yellow pan traps of
standard design were set at each site in each of
February, May and August, 1993 (Trucman and
Cranston, 1994). Pitfalls were opened for 1 week

and yellow pans for 24 hours on each sampling

occasion. In February only, ten small pitfall

traps of different design were set and equal-

effort vacuum samples were taken. Yellow-pan

traps on a black background were set in August

for comparison against conventional traps. Leaf

litter samples were taken at two forested sites on

each sampling occasion, and arthropods

extracted from the samples over a 1 week period

in Tullgren funnels.

All animals from each sample were extracted

and identified to ordinal level (insects) or to phy-

lum or other appropriate category (other arthro-

pods). Specimens were counted, identified to

Recognisable Taxonomic Unit (RTU) by project

personnel inexpert in the taxonomic group, pre-

pared as necessary for formal identification, and

identified by consultant expert taxonomists

where available (see Acknowledgements). Speci-

mens arc deposited in the Australian National

Insect Collection, excepting where provided to

taxonomists for their ongoing studies.

Results

The observed numbers of species at each site are

listed in Table 1. Odonata. Coleoptera and Dip-

tera comprise only adult insects; Diptera is of

observed families, not species. Totals are

accumulated over all trapping methods, and
therefore are not directly comparable as between

the two forested sites (A, B), where leaf litter

samples were taken, and the others.

It is immediately apparent from Table 1 that

there is no correlation amongst site rankings for

these 1 1 taxa based on these data. Each row of

the table places the five sites in a different rank

order. If the numbers of identifiable species per

site can be taken as estimates of species richness

it is clear that the answer to the question "Which
site is most diverse?" depends entirely upon
which taxa are chosen to represent diversity.

There are few points of agreement within

Table 2 except that both Amphipoda and
Coleoptera give site ranking ABCDE. both Acan
and Diptera give CBADE, and both Chilopoda
and Diplopoda repeat the CBA — signal. Each
other taxon gives a different site ranking. Of the
taxa identified to species level (and listed in

Table 1), only Coleoptera gives the same site

ranking (ABCDE) on both the species-number
and ordinal-abundance measure.
Table 3 demonstrates that site rankings vary

according to taxonomic expertise, with RTUs
(Trueman and Cranston, this volume), some-
times providing different site rankings to
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Table I. Numbers of identified* species by site; abundance and ranking of sites for each group.
(Pooled observations: three sampling periods and all trapping methods)

Site
Taxon A B C D E Total Rank

Diplopoda 7 5 4 10 ABC —
I hilopoda 3 7 3 9 BAC —
Araneae (Feb. + May) 19 28 17 7 6 54 BACDE
iCollembola (Feb. only) 46 34 25 16 19 78 ABCED
Thysanoptera 2 11 6 4 4 17 BCDEA
lOdonata

1 1 6 2 9 14 ECDAB
Coleoptera (Feb. + May) 63 46 18 13 10 132 ABCDE
IDiptera? 13 18 25 18 20 32 CEBDA
•Chironomidae: Feb only 18 12 5 - 7 35 ABEC -

JFormicidae 7 15 21 11 9 36 CBDEA
•other Hymenoptcra 42 47 10 7 10 1 13 BACED

TOTALS: all taxa 221 225 140 78 94 530 BACED

*NB: The category "identified" does not equate to "Fully Named". Up to one-half the specimens in

most taxa could be identified only to a species number, a voucher collection number or some similar
code.

? Terrestrial taxa, family level

Table 2. Numbers of specimens by site and "order". Large pitfall traps, combined totals for

February, May and August

Site

A B C D E Rank

Amphipoda 194 149 44 13 1 1 ABCDE
Acari 233 248 290 156 101 (BADE
Araneae 63 107 88 28 13 BCADE
Opilionida 16 1 1 97 4 1 CABDE
Chilopoda 1 2 14 - - CBA —
Diplopoda 7 I 1 20 - - CBA
Collembola 563 694 414 238 375 BACED
Orthoptera 7 5 771 9 - CDAB-
Hemiptera 43 7 38 11 12 ACEDB
Thysanoptera 1

- 16 2 13 CEDA -

Coleoptera 106 103 61 22 19 ABCDE
Diptera 137 152 194 84 63 (BADE
Lepidoptera 4 6 6 5 14 CDBA -

Formicidae 20 37 370 162 22 CDBEA
other Hymenoptera 15 42 42 9 4 BCADE
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Table 3. Site rank orders for species numbers against RTU for representative taxa and samples.

Site

A B C D E Rank

Araneae (Feb) RTU 30 10 12 6 4 ACBDE
Spp. 14 24 11 5 4 BACDE

Araneae (May) RTU 10 15 1 9 5 BACDE
Spp. 16 21 16 5 4 BACDE

Chilopoda (all) RTU 2 4 3 . - BCA —
Spp. 3 7 3 . _ BCA —

Diplopoda (all) RTU 11 5 7 . _ ACB —
Spp. 7 5 4 _ _ ABC —

Collembola (Feb) RTU 23 16 11 10 11 ABCED
Spp. 51 31 24 15 18 ABCED

Thysanura (Feb) RTU - 6 5 3 6 BECD-
Spp. - 7 3 3 4 BECD-

Thysanura (May) RTU - 12 3 1 1 BCDE-
Spp. - 7 4 1 1 BCDE -

Formicidae (Feb) RTU 8 12 16 9 7 CBDAE
Spp. 5 12 17 11 6 CBDEA

Coleoptera (May) RTU 37 17 9 5 3 ABCDE
Spp. 36 17 9 5 3 ABCDE

taxonomist's species (e.g., spiders. Collembola).
Furthermore, site rankings change with season
(e.g., spiders in February and May).

Plants

The lists ofplant species can be summarised as
follows:

Site A: Four tree species present (Eucalyptus
regnans, Nothofagus cunninghamii, Atheros-
perma moschatum. Acacia dealbata), and eight
understorey vascular plants. Several mosses,
lichens and fungi (i.e., a relatively large non-vas-
cular component). Total: 12 species of vascular
plants within the area from which the invert-
ebrate samples were taken.

Site B: One species of large tree (Eucalyptus
sieberi), nine identified understorey and ground
plants and a number of other small vascular
plants lacking fruiting bodies, etc, and so not
fully identifiable to species level at this time of
year. Total: 10 identified (to species) and
approximately 15 species of vascular plants
within the sampling area.

Site C: One tree species (Eucalyptus amygdal-
ma) plus 35 shrub and ground-cover species,
plus six other shrubs and ground covers. Total:
at least 42 species of vascular plants within the
sampling area.

Site D: One tree species (Eucalyptus am\>i>dal-
ma) located just outside the sampling area ' plus
six shrubs and 23 other plants identifiable to

species level and several other not fully unidenti-
fiable sedges, pea-flowering genera and orchids.
Total: at least 35 species of vascular plants
within the sampling area.

Site E: One dominant plant (buttongrass:
Gymnoschoenus sphaerocephalus), four identifi-
able trees or shrubs plus some unidentified
sedges. Total: 6-8 species of vascular plants
within the sampling area.

We took the absolute number of vascular
plant species at sites A-E as being 12, 15, 42, 35
and 7 species, respectively, giving site rank order
CDBAE.

Discussion

Specific hypotheses
We set out to test two specific hypotheses,

namely:

1

.

there exist predictor set(s), defined as one or
more groups of taxa the diversity of which pre-
dicts the diversity of other taxa;

2. there is a relationship between arthropod
diversity and the diversity ofconventionally sur-
veyed taxa.

Table 1 demonstrates the virtually complete
lack of correlation in rank order of sites as
measured by the numbers ofspecies (or, for Dip-
tera, families) in different orders or other higher
categories. Table 2 shows the lack of correlation
in rank order of sites measured by the numbers
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of specimens observed by pitfall trapping. Table
3 showed, inter alia, that species site rankings
and RTU site rankings each vary considerably

across sampling occasions, at least for some
taxonomic groups. We also noted seasonal dif-

ferences in the patchiness (clumping) of some
taxa, and patterns related to trapping method.

Exploratory statistical analyses, conducted to

investigate these hypotheses in greater depth,

confirm and further quantify these general find-

ings. That is:

1

.

although the possibility of biodiversity pre-

dictors cannot be denied, as yet we have failed to

discover any taxon or subset oftaxa which could

be used to predict the diversity of other taxa

across our sample of five sites;

2. there is no close correlation between arthro-

pod diversity and diversity as measured by a

count of the vascular plant species at each of our

sites (at least for the majority of arthropod

taxa).

Predictor sets

In relation to the search for indicators, New
(1993) has suggested an "ecological" approach

to defining which subsets of taxa are most suit-

able in biodiversity assessment and monitoring.

The best suite would give "sound and subtle eco-

logical information: concentrating on the groups

of invertebrates sensitive to environmental

change and whose incidence and abundance can

thereby be used to assess and ensure the well-

being of Earth's major ecosystems" (New, 1993:

626). Further important qualities for the selec-

ted taxa would include having a well-established

taxonomy, being geographically widespread and

abundant, being habitat-specific and being

amenable to sampling. Other authors (e.g., Kre-

men et al., 1993; Pearson, 1994; Stork, 1994)

have offered similar lists of desirable and/or

required attributes, usually adding "ecological"

or "trophic" diversity to the attributes listed in

New (1993). To date, no author has suggested a

specific "basket" of taxa which would have the

attributes being sought.

Others have taken a single-taxon approach,

giving reasons why their own specialist group is a

good indicator, either of diversity or else

environmental change. The most commonly
studied taxa worldwide include butterflies,

selected beetle families, spiders, bees and ants.

In Australia, the use of ants as an indicator of

terrestrial invertebrate diversity has been

suggested (Greenslade, 1985; Andersen, 1987,

1990), as has use of Collembola (e.g., Greens-

lade, 1993). Ubiquity, ease of sampling, high

intra-group diversity and high ecological

importance have been among the arguments

used to justify these choices. However, although

the diversity in each taxon shows undoubted

relationships with ecological variables that may
themselves be important in land management
decisions, in no case is the capacity to predict

meaningful components of the diversity of other

taxa more than an untested assertion.

None of the authors cited above has dis-

tinguished between environmental indication

and biodiversity prediction, as alluded to in our

introduction. None-the-less it is instructive to

examine the performance of the commended
groups as predictors. The results presented in

Tables 1 -3 indicate that, for our five study sites,

neither ant nor collembolan species richness pre-

dicts anything. Further, the discrepancies

amongst site rankings for different taxa are such

that no taxon or subset of taxa from amongst

those which we were able to evaluate gives site

rankings which predict the rankings obtained

from other taxa. There is no evidence here for

taxa which could be used as a predictor set.

Congruence with conventional estimators

Comparing site rank order for plants and

invertebrate animals, there is little congruence.

A test of statistical significance for rank order

correlation among sites is available (e.g., South-

wood, 1978: 280-282), but owing to the small

sample size (five sites) requires complete agree-

ment in rank order, without ties, to achieve the

95% confidence level. The site rank order for

plant species (CDBAE) exactly matches that for

ants (Formicidae), as shown in Table 1. We can

conclude that ant species diversity and plant

species diversity are well correlated. The ordinal

signal for ants in large pitfall traps (site rank

order based on numbers of specimens rather

than species: Table 2; CDBEA) almost matches

this pattern, and the RTU estimate from the

February samples (all trapping methods, RTU
count: Table 3; CBDAE) again is close, disagre-

eing only in the relative positions of sites B and

D although the corresponding count of actual

species (Table 3: CBDEA) differs at both DB and

AE. Thus, sampling by more than one trapping

method and across more than one sampling

period may be necessary in order to recover the

plant species diversity signal using ants as a sur-

rogate.

Conclusions

It is imperative that for Australia's considerable

biological diversity to be properly assessed,
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managed and conserved, the major components
of that biodiversity must be measured in rel-

evant ways and within an acceptably short time

frame. Current biodiversity assessment prac-

tice, in Australia as elsewhere, has focussed on

vertebrates and flowering plants to the virtual

exclusion of the more abundant, diverse, and in

many cases ecologically more important invert-

ebrate animals. A grossly insufficient "species

richness" signal is obtained from the vertebrates

and angiosperms alone.

Concentration on a narrow set of large and
charismatic organisms stems from a perceived

lack of knowledge of. and appropriate methods
for assessing, the contribution of invertebrate

richness to biodiversity value, although this is

refuted by Coddinglon ct al., (1991), Longino
(1994) and Hammond (1994), amongst others.

An additional misconception is the belief that

actions designed to protect charismatic taxa will

also protect invertebrates.

It is an attractive concept that there may exist

certain taxonomic groups that can act as predic-

tors of biodiversity in general. Indeed, we might
expect such taxa if the historical factors that lead

to differential and concerted patterns of survival
and extinction between areas, operating across a

range of unrelated taxa, lead to congruent pat-

terns of species richness across laxonomic
groups. Thus, high speciosity might be expected
in areas (sites) where sustained benevolent con-
ditions have promoted long-term survival and
allowed complex mutualistic associations to

develop (areas that may be termed refugia).

Relatively low species richness across many taxa
might be expected where adverse or fluctuating

conditions have promoted community insta-

bility, causing high rates of species turnover and
extinction and providing reduced opportunities
for the development of cocvolutionary com-
plexity. The fact that we were unable to identify

any predictor sets is no guarantee that such sets

cannot be found. Undoubtedly, some patterns of
correlation exist and they may well be useful in

biodiversity assessment, at least in some biologi-

cal systems, and further study is warranted.
We concur with recent advocacy of practical

approaches to species richness assay (e.g., Ham-
mond. 1994: Longino, 1994; Coiwell and Cod-
dinglon, 1995), but arc not of the view that
species richness, perse, is sufficient indicator of
conservation value. Since assessment of invert-
ebrate species richness remains fraught with
difficulties caused by seasonality, cryptic behav-
iour, and stochasticity in invertebrate assem-
blages, measures of the class we have been

investigating may never, of themselves, give

sufficient information on which conservation

decisions can be based.

Why should a modern "snapshot" of a con-

stantly shifting equilibrium between processes

ofcontinuity and change, species formation and

extinction, be expected to provide a firm basis

for the allocation of conservation resources? Is a

species-poor community from an extreme

environment (or, for example, from an island

with naturally limited diversity) worthy of less

conservation effort than is a highly diverse com-
munity? Inevitably, decisions on relative values

of richness will be partially subjective, leading to

development of more objective ideas, such as

those concerning complementarity and phylo-

genetic measures of taxonomic diversity (e.g..

Vane-Wright et al.. 1991; Faith. 1992; Crozier,

1992; Margules. 1992).

Assessments of biological diversity need not

necessarily be based solely on new survey data. A
considerable physical database, including

invertebrate taxa, exists in the form of museum
and herbarium collections, and significant infor-

mation on distributions, etc, is available in elec-

tronic form. Modelling tools (such as BIOCLIM,
Busby, 1990) can be used to make site or area

diversity predictions from such data, and at least

for some taxonomic groups may substitute par-

tially for new survey work. The current disad-

vantages of scattered repositories and shortage
of electronically-stored data are being addressed
for many taxa, although invertebrates lag behind
vertebrates and angiosperms in coverage. A
rapid field survey by way of testing (ground-
truthing) the predictions of the models will, of
course, still be necessary in all cases, first to cor-

rect for any mis-prediction and second to allow
for anthropogenic or other changes in local con-
ditions since the time at which data on which the
prediction is based were collected.

Acknowledgements

We thank Josephine Mummery and staff at

DASET (now DEST), who arranged funding and
Andrew Bcattie (Macquarie University) who
provided support and assistance at the develop-
mental stage. David Rounsevell (Tasmanian
Parks and Wildlife Service) and rangers at

Mount William National Park kindly organised
access to study sites. Peter Duckworth (Tasman-
ian Forestry Commission) supplied some of the
field equipment and advised on site selection.
Bob Mesibov (Burnie, Tasmania) assisted with a
number of design aspects and provided us with



"INDICATOR" TAW 273

access to important unpublished data. Stephney
Berg! (CSIRO) went out of her wav to get equip-
ment, samples, and people to and from Tas-
mania, and Ron Anderson (Weldborough)
supplied first-class off-site facilities.

Consultant taxonomists Jo Berry (Manaaki
Whenua Landcare Research NZ Ltd, New Zeal-
and), Traccy Churchill (Queensland Museum)
Don Colless (CSIRO), Penny Greenslade
(CSIRO), John Lawrence (CSIRO), Bob Mesi-
bov (Burnie, Tasmania), Laurence Mound (The
Natural History Museum, London), Steve Shat-
tuck (CSIRO), and Charles Taylor (Pioneer.
Tasmania) provided us with species-level identi-
fications and information on taxon rarity and
conservation value. Field support was provided
by Penny Greenslade and Wendy Lee, and lab-
oratory assistance by Wendy Lee. Field equip-
ment and laboratory facilities were made avail-
able by the Division of Botany and Zoology at

the Australian National University, and by the
Australian National Insect Collection. Laurence
Mound and Matt Colloff made helpful com-
ments on this draft.

References

Abbott, I.. 1974. Numbers of plant, insect and land
bird species on nineteen remote islands in the
Southern Hemisphere. Biological Journal of the
Linnean Society 6: 143-152.

Andersen. A.N.. 1987. Ant community organisation
and environmental assessment. Pp. 43-52 in:

Majer. J.I), (ed.). The role ofinvertebrates in con-
servation and biological survey. Western Aus-
tralian Department of Conservation and Land
Management: Perth.

Andersen. A.N., 1990. The use of ant communities to

evaluate change in Australian terrestrial ecosys-

tems: a review and a recipe. Proceedings of the

Ecological Society ofAustralia 16: 347-35?!
Austin. M.P. and Heyligers, P.C., 1989. Vegetation

survey design for conservation: gradscct sampling
of forests in north-eastern New South Wales. Bio-

logical Conservation 50: 13-32.

Beattie, A.J. and Oliver, I.. 1994. Taxonomic Mini-
malism. Trends in Ecology and Evolution 9; 488-
490.

Beattie. A..I.. Majer. J.D. and Oliver. I.. 1993. Rapid
biodiversity assessment: a review. Pp. 4-14 in:

Beattie. A.J, Majer. J.D. and Oliver, I. (eds).

Rapid biodiversity assessment: Proceedings ofthe
Biodiversity Assessment Workshop, Maccpiane
University 1993. Research Unit for Biodiversity

and Biorcsources. School of Biological Sciences.

Macquarie University: Sydney.

Beccaloni, CiAV. and Gaston, K.J.. 1994. Predicting

the species richness of neotropical forest butter-

flics: Ithomiinae (Lepidoptera: Nymphalidae) as

indicators. Biological Conservation 71: 77-86.
Brower, A.V.Z., 1995. Taxonomic minimalism.

Trends in Ecology and Evolution 10: 203.
Busby. J. R., 1990. BIOCLIM — A bioelimale analysis

and prediction system. Pp. 64-68 in: Margules, (

R. and Austin. M. P. (Eds). Mature conservation:
cost effective biological surveys and dam analysis.

CSIRO: Melbourne.

Campbell. I.C., 1 995. Taxonomic minimalism. Trends
in Ecology and Evolution 10: 203.

< ixldington, J. A.. Griswold. C.E.. Silva Davila. D.,

Penaranda. E. and Larcher. S.F., 1991. Designing
and testing sampling protocols to estimate biod-
iversity in tropical ecosystems. Pp. 44-60 in:

Dudley, E.C. (ed.), "I he unity of evolutionary

biology: Proceedings of the Fourth International

t 'ongress ofSystematic and Evolutionary Biology.

Dioscorides Press: Portland.

Colwell, R.K. and Coddinglon. J. A. 1995. Estimating
terrestrial biodiversity through extrapolation.

Philosophical Transactions of the Royal Society of
London B 345: 101-18.

Cranston, P.S., 1993. Rapid biodiversity assessment
in aquatic ecosystems. Pp. 15-20 in: Beattie. A.J.

Majer. J.D. and Oliver, I. (eds). Rapid biodiversity

assessment: Proceedings ofthe Biodiversity Asses 5

mem Workshop, Macquarie University 1993.
Research Unit for Biodiversity and Biorcsources,

School of Biological Sciences, Macquarie Univer-
sity: Sydney.

Cranston. P.S.. and T. Hillman., 1992. Rapid assess-

ment of biodiversity using "biological diversity

technicians". Australian Biologist 5: 144-154.
Cro/.ier, R.H.. 1992. Genetic diversity and the agony

of choice. Biological Conservation 61: 11-15.
DEST (Federal Department of the Environment,

Sport and Territories), 1995. National strategy for

Ihe conservation ol Australia's biological diversity.

Draft. DEST: Canberra.
Disney, R.H.L.. 1986. Assessments using invert-

ebrates: posing the problem. Pp. 271-293 in:

Usher, M.B. (ed.), Wildlife conservation evalu-

ation. Chapman and Hall: London.
Faith. D.P., 1992. Systematica and conservation: on

predicting the feature diversity of subsets of taxa.

Cladisiics 8: 361-373.

Greenslade, P., 1993. Australian native steppe-type
landscapes: neglected areas for invertebrate con-
servation in Australia. Pp. 51-73 in: Gaston, K...L.

New, T.R. and Samways. M.J. (eds). Perspectives
on insect conservation. Intercept Press: Andover
UK.

Greenslade, P.J.M., 1985. Some effects of season and
geographical aspect on ants (Hymcnoptcra: For-
micidae) in the Ml Lofty Ranges, South Australia.

Transactions of the Royal Society ol South Aus-
tralia 109: 17-23.

Hammond. P.M., 1994. Practical approaches to the

estimation of the extent of biodiversity in spc-
ciose groups. Philosophical Transactions of the
Royal Society of London B 345: I 19-136.



>74 PETER S. CRANSTON AND JOHN W.H. TRUEMAN

Holloway. J.D. and Stork, N.E., 1 99 1 . The dimensions

of biodiversity: the use of invertebrates as indi-

cators of human impact. Pp. 37-61 in: Hawk-
sworth. D.L. (ed.). The biodiversity ofmicroorgan-

isms and invertebrates: its role in sustainable

agriculture. CAB International: UK.
Johnson, R.K., 1995. The indicator concept in fresh-

water biomonitoring.. Pp. 11-27 in: Cranston,

P.S. (ed.), Chironomids: from genes to ecosystems.

CSIRO Publications: Melbourne.

Kitching, R.L.. 1993. Towards biodiversity assess-

ment— lessons following studies ofarthropods of

rainforest canopies. Pp. 26-30 in: Beattie, A.J,

Majer, J.D. and Oliver, I. (eds). Rapid biodiversity

assessment: Proceedings ofthe Biodiversity Assess-

ment Workshop. Macquarie University 1993.

Research Unit for Biodiversity and Bioresources.

School of Biological Sciences, Macquarie Univer-

sity: Sydney.

Kremen, C. 1992. Assessing the indicator properties

of species assemblages for natural areas monitor-

ing. Ecological Applications 2(2): 202-217.
Kremen, C. Colwcll, R.K., Erwin, T.L., Murphy,

D.D., Noss, R.F. and Sanjayan, M.A., 1993. Ter-

restrial arthropod assemblages: their use in con-

servation planning. Conservation Biology 7: 796-
808.

Landres. P.B., Verner. J. and Thomas, J.W.. 1988.

Ecological uses of vertebrate indicator species: a
critique. Conservation Biology 2: 316-328.

Longino, J.T., 1 994. How to measure arthropod diver-

sity in a tropical rainforest. Biology International

28: 3-13.

Margules, C.R., 1985. The Wog Wog habitat patch
experiment: background, objectives, experimental
design and sample strategy. Technical Memor-
andum 85/18. CSIRO Institute of Biological

Resources: Canberra.
New, T.R., 1993. Angels on a pin: dimensions of the

crisis in invertebrate conservation. American
Zoologist 33: 623-630.

Noss, R.F., 1990. Indicators for monitoring biodiver-
sity: a heirarchical approach. Conservation
Biology 4: 355-364.

Oliver, I., 1 993. Rapid biodiversity assessment and its

application to fauna conservation in production
forests. Pp. 31-34 in: Beattie, A.J.. Majer, J.D.
and Oliver. I. (eds), Rapid biodiversity assessment:
Proceedings of the Biodiversity Assessment Work-
shop. Macquarie University 199.1 Research Unit
for Biodiversity and Bioresources, School of Bio-
logical Sciences, Macquarie University: Sydney.

Oliver, I. and Beattie, A. J., 1994. A possible method
for the rapid assessment of biodiversity. Pp. 133-

136 in: Forey, P.L., Humphries, C.J. and Vane-

Wright, R.I. (eds). Systematic and conservation

evaluation. Clarendon Press: Oxford.

Pearson, D.L., 1994. Selecting indicator taxa for the

quantitative assessment of biodiversity. Philo-

sophical Transactions ofthe Royal Society ofLon-

don. B 345: 75-79.

Pearson, D.L. and Cassola, F., 1992. World-wide

species richness patterns of tiger beetles (Coleop-

tera: Cicinellidae): indicator taxon for biodiver-

sity and conservation. Conservation Biology 6:

376-91.

Prendergast. J.R.. Quinn, R.M., Lawton, J.H., Ever-

sham, B.C. and Gibbons, D.W., 1993. Rare

species, the coincidence of diversity hotspots and

conservation strategies. Nature 365: 335-337.

Southwood, T.R.E., 1978. Ecological methods with

particular reference to the study of insect popula-

tions. 2nd. edn. Chapman and Hall: London.

Stork, N.E., 1994. Inventories of biodiversity: more
than a question of numbers. Pp. 8 1-100 in: Forey,

P. L., Humphries, C. J. and Vane-Wright R. I.

(eds), Systematics and conservation evaluation.

Systematics Association Special Volume No. 50.

Clarendon Press: Oxford.

Thackway, R. and Cresswell, I.D., 1992. Environmen-
tal regions ofAustralia, a user oriented approach.

Environmental Resources Information Network
(ERIN): Canberra.

Trueman. J.W.H. and Cranston, P.S. 1994. An evalu-

ation ofsome methods ofrapid biodiversity assess-

mentfor estimating arthropod diversity. Report to

the Department of the Environment, Sport and
Territories. 66 pp. Unpublished.

Vane-Wright, R.I., Humphries, C.J. and Williams,

P.H.. 1991. What to protect? — systematics and
the agony of choice. Biological Conservation 55:

235-254.

Weaver. J.C. 1995. Indicator species and scale of
observation. Conservation Biology 9: 939-942.

Williams, P.H. and Gaston. K.J., 1994. Measuring
more of biodiversity: can higher-taxon richness

predict wholesale species richness? Biological

Conservation 67: 211-217.
Wilson, E.O., 1 987. The little things that run the world

(the importance and conservation of invert-

ebrates). Conservation Biology 1: 344-346.
Yen, A.L., 1 987. A preliminary assessment of the cor-

relation between plant, vertebrate and Coleoptera
communities in the Victorian mallee. Pp. 73-88
in: Majer, J. D. (ed.). The role ofinvertebrates in

conservation and biological survey. Western Aus-
tralian Department of Conservation and Land
Management (CALM): Perth.




