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Australia makes up a little under 6% of the total landmass of earth, but its biota is a large and

unique component of the biosphere. Arthropods, particularly insects, dominate terrestrial

ecosystems, and the Australian land arthropod fauna is no exception. In comparison to the

vertebrates and angiosperms, the arthropod fauna of Australia is poorly known. Commonly cited

estimates of insect species-richness refer to the number of described and undescribed species held

in collections. Given the size of the continent, the paucity of sampling and survey work in all but

the east coast and south west, and the narrow endemism displayed by many taxa, these estimates

are at best very conservative. We have surveyed the literature and canvassed taxonomic experts

to derive a new estimate of the number of terrestrial arthropod species in Australia of 253 000,

with almost 205 000 of these being insects. Estimating total species richness for very diverse

groups is difficult, and we rely on a poll of experts and a method that extrapolates from the rate

of species discovery from recent taxonomic research. The largest components of terrestrial

arthropod species richness are in the Araneae (spiders), Acari (mites) and the five largest insect

orders: Hemiptera (true bugs), Hymenoptera (wasps, bees and ants), Diptera (flies), Lepidoptera

(moths and butterflies) and Coleoptera (beetles). These revised estimates provide an indication of

how much more taxonomic research is needed in Australia to describe this fauna, and where large

gaps in our knowledge still lie. An outline estimate of the resources required to describe the

remaining fauna is also presented. We also discuss the reconciliation of our taxonomic estimate

with those suggested by three recent ecological biodiversity surveys.
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Documenting life on earth is one of the great
intellectual challenges facing humanity today
(Wilson 1985, 2000; Wheeler 1995). The scope
of this challenge has only been addressed in
detail recently (May 1986, 1988, 1992, 2000),
beginning with a touchstone paper suggesting that
the number of species on earth was much larger
than previous estimates and most of these species
were insects in the canopies of tropical forests
(Erwin 1982). Estimates of global insect diversity
span the range of a few million to 80 million
(Hammond 1995; Stork & Gaston 1990; Nielsen &
Mound 2000), with a consensus between four and
ten million (Wilson 1988; May 2000). The highest
estimates rely on extrapolations that assume a rate
of host specificity for herbivorous rainforest
insects that is much greater than empirical data
suggests (Novotny et al. 2002).

Australia spans a latitudinal range from the

tropics to the temperate zone, and has a geological
history characterised by isolation that predisposes
it to a high percentage of biotic endemism
(Mummery & Hardy 1994). Occupying almost 6%
of the land surface of the earth, it has a similar
proportion of described species of higher plants,
and some vertebrate and insect taxa (Gaston &
Hudson 1994). In contrast to the vertebrates and
higher plants, Australia’s invertebrate fauna,
including terrestrial arthropods, is poorly
documented (Nielsen & West 1994). We are
discovering that many elements of Australia’s inver-
tebrate fauna are endemic to small geographic
ranges (Harvey 2002), suggesting higher levels of
beta and gamma diversity than for other elements
of the fauna. Australia is the only country with the
combination of first world economy and mega-
diverse fauna (Common & Norton 1992), so it
is here that world leadership in biodiversity
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knowledge and management is possible (Williams
et al. 2001).

There have been a number of previous estimates
of the size of the Australian insect fauna, the largest
component of terrestrial arthropods. Tillyard
(1926) estimated 37 000 species. It is difficult to
interpret how he made this calculation, but it
appears to be based on an estimate of the species
in collections plus an allowance for unknown
species in the very species-rich orders. Waterhouse
(1971) extrapolated a total of  80 000–100 000
Australian species from the 54 000 species known
at that time, a total quite similar to that of Taylor
(1979), who conducted a detailed poll of experts
to arrive at a figure of 108 000. Taylor clearly
distinguished the process through which subsets
of species in nature are accessed to collections,
then a subset of those species in collections are
described in revisions. The Commonwealth
Scientific and Industrial Research Organisation’s
Insects of Australia (CSIRO 1991) also makes an
estimate of the number of species for each insect
family and order, giving a lower grand total for
insects of 84 270 species. However, there are
inconsistencies in the way the number of species
was calculated between chapters. Some authors
report the number of described species (eg
Thysanura), some report the described species,
plus those undescribed species known in
collections (eg Ephemeroptera), while others clearly
add to that number to account for the species in
nature not yet in collections (eg Diptera). An
increase in the size of the fauna was made in Nielsen
and West (1994), who calculated a figure of
140 000, but did not describe the method they used.

Our purpose here is to revise the estimate for
the number of terrestrial arthropod species in
Australia and the proportion that are already
described. Rather than being an esoteric ‘numbers
game’ this information is critical for determining
where the large gaps in our knowledge still lie,
for determining research approaches and priorities,
and for the allocation of finite research funds
by granting bodies.

MATERIALS AND METHODS

Estimates of the total number of species in
an area can be made using a wide variety of
methods, ranging from direct counts of described
species to more indirect and theoretical abstractions

(May 1994). Here we rely on expert taxonomic
estimates (Tables 1 & 2) for the groups under study.
These in turn rely on a knowledge of the number
of described and undescribed species in
collections, and a direct estimate of those additional
species awaiting discovery. This last figure is often
derived using a method that relies on calculating
the rate at which new species are described in
recent revisionary studies, and use of this rate
to estimate the size of the total fauna based on
the current number of described species (Table 3).
We term this the ‘revision multiplier’ approach first
used to our knowledge by Halliday et al. (1997).
We compare estimates by taxonomic experts with
those based only on the revision multiplier method
for the very largest groups: Araneae, Hymenoptera,
Coleoptera, Lepidoptera and Diptera.

Taxa under consideration here are limited to
terrestrial arthropods, comprising the Arachnida,
Myriapoda, Crustacea, Onychophora, and
Hexapods (Insecta, Collembola, Protura and
Diplura). We have included those species that
are largely terrestrial but have an aquatic stage in
their lifecycle (for example Odonata), and entirely
aquatic groups such as water mites. The species
concept we employ is a morphological one,
only including species that can be clearly
identified by discontinuities in morphology of
preserved specimens. We recognise that detailed
analyses will reveal even greater number of
genetic species (see for example Rowell et al.
1995 and Rockman et al. 2001 on Australian
Onychophora), but our understanding of how this
may increase the species’ estimates is not yet clear.
For some groups, the number of described species
has been derived from the Australian Biological
Information Facility (ABIF) web site of the
Australian Biological Resources Study (ABRS)
<www.environment.gov.au/abrs/abif.htm>.

RESULTS

The numbers of described species and estimated
total species are provided separately for the non-
insect groups (Table 1) and the insects (Table 2).
Examples of the multiplication factors derived
from recent revisions in a number of insect groups
and Araneae are given in Table 3. A summary of
the results presented in Tables 1 and 2 is given in
Table 4. In calculating totals, the midpoint of ranged
estimates was used.
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TABLE 1. Current number of described species and estimate for the true species richness for non-insect groups

of Australian terrestrial arthropods by various taxonomic experts (MH = Mark Harvey)

Taxonomic category No. of described Estimated total Reference/Authority

Australian species Australian species

Arachnida

Scorpionida 42 150 MH

Araneae 2399 20 000 Raven, Todd-Davies,

York-Main, MH

Amblypygida 4 10 MH

Schizomida 46 80 MH

Palpigradida 0 5 MH

Pseudoscorpionida 149 750 MH

Opilionida 194 1200 MH

Acarina 2871 20 000 Halliday (1997)

Total Arachnida 5705 42 195

Myriapoda MH

Symphyla 29 200 Greenslade

Pauropoda 40 400 Greenslade

Polyxenida 4 25 MH

Sphaerotheriida 27 100 MH

Chordeumatida 9 75 MH

Polyzoniida 5 100 MH

Siphonophorida 3 75 MH

Polydesmida 122 1000 MH

Spirostreptida 62 300 MH

Julida 8 8 MH

Scutigerida 5 20 MH

Geophilida 30 250 MH

Scolopendrida 50 100 MH

Craterostigmatida 1 1 MH

Lithobiida 25 75 MH

Total Myriapoda 407 2539

Crustacea

Amphipoda 23 100 Friend (1982, 1987)

Isopoda ? 400 MH

Decapoda ? 300 MH

Total Crustacea 23 800

Onychophora 72 250 MH

Hexapoda (Entognathous)

Collembola 322 2000–3000 Greenslade

Diplura 28 38 ABIF

Protura 32 32 ABIF

For two of the five largest groups (Tables 1 & 2)
expert estimates are generally very close to those
derived using the revision multiplier method
(Table 3). For Diptera, taxonomic experts estimate
30 000 species while the revision multiplier method

predicts 30 744 (6432 x 4.78) species; and
for Lepidoptera, taxonomic experts estimate
20 000 while the revision multiplier method
indicates 20 748 (10 586 x 1.96) species. However,
some disparities are also evident, and there
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are possibly taxon-specific reasons for these
differences (see Discussion). For beetles,
taxonomic experts estimate an average of 90 000
species in Australia while the revision multiplier
method predicts 14% more species, viz. 102 596
(22 901 x 4.48). For Araneae, taxonomic experts
suggest there are 20 000 species, however the
revision multiplier method predicts 17% fewer
species, viz. 16 577 (2399 x 6.91). For the
Hymenoptera, this difference is even greater in that
taxonomic experts suggest 43 800 species,
while the revision multiplier method predicts
34% fewer species, viz. 28 766 (8013 x 3.59).

TABLE 2. Current number of described species and estimate for the true species richness for Australian insect groups

by various taxonomic experts

Taxonomic category No. of described Estimated total Reference/Authority

Australian species Australian species

Insecta

Archaeognatha 10 14 ABIF

Thysanura 28 38 ABIF

Ephemeroptera 84 333 ABIF

Odonata 320 330 ABIF

Plecoptera 179 196 ABIF

Blattodea 534 587 ABIF

Isoptera 263 455 Evans

Mantodea 104 114 ABIF

Dermaptera 87 121 ABIF

Orthoptera 1835 2800 Rentz

Phasmatodea 105 115 ABIF

Embioptera 25 28 ABIF

Psocoptera 253 278 ABIF

Phthiraptera 463 648 ABIF

Hemiptera 4453 11 580 Martin, Gullan, Hollis,

Fletcher, Cassis

Thysanoptera 500 1000–2000 Mound

Megaloptera 24 26 ABIF

Neuroptera 551 800 New

Coleoptera 22 901 80 000–100 000 Oberprieler, Slipinski,

Weir, Calder

Strepsiptera 42 58 ABIF

Mecoptera 27 30 ABIF

Siphonaptera 84 92 ABIF

Diptera 6432 30 000 Yeates, Bickel

Trichoptera 588 800 Wells

Lepidoptera 10 586 20 000 Edwards, Horak

Hymenoptera 8013 43 800 Austin, La Salle

Total Insecta 58 491 204 743

DISCUSSION

There has been no previous estimate of the size
of the terrestrial arthropod fauna of Australia,
however the grand total for insects of almost
205 000 is higher than the previous most recent
grand total estimate (Nielsen & West 1994) by
about 32%. It is also much larger than the figures
reported in the Biodiversity theme report of the
Australian State of the Environment Report for 2001
(Williams et al. 2001). Our total falls below the
Australian component of Stork’s (1993) ‘guestimate’
of 400 000 for Australia and New Zealand.
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TABLE 3. Rates of increase of species description for diverse groups of terrestrial arthropods (i.e. ‘revision multipler

estimate’ – see text for discussion).

Group Species before Species after % Reference/Authority

revision revision Increase

Araneae

Nicodamidae 7 22 314 Harvey (1995)

Hersiliidae 4 55 1375 Baehr & Baehr (1987, 1988,

1989, 1992, 1993, 1995, 1998)

Lamponidae 22 185 841 Platnick (2000)

Mygalomorphae 149 348 234 Raven (1994)

Average Increase (%) 691

Hymenoptera

Hyptiogastrinae 31 107 345 Jennings & Austin

 (Gasteruptiidae) (1997a, 1997b, 2002)

Stephanidae 9 21 233 Aguiar (2001)

Braconidae (various genera) 24 76 317 Austin (1990), Austin &

Dangerfield (1992, 1993),

Austin & Wharton (1992),

Austin et al. (1993),

Dangerfield & Austin

(1995), Quicke et al. (1998),

Saeed et al. (1999).

Scelionidae (3 genera) 64 266 353 Austin (1986, 1995), Iqbal &

Austin (2000), Dangerfield

et al. (2001)

Rhapalosomatidae 2 11 550 Austin et al. (in prep.)

Average increase (%) 359

Diptera

Bombyliidae Comptosia 26 138 530 Yeates (1991)

Bombyliidae Docidomyia 5 25 500 Yeates (1996b)

Bombyliidae Neosardus 5 20 400 Yeates (1996a)

Bombyliidae Anthracini 7 28 400 Yeates & Lambkin (1998)

Therevidae Agapophytus 10 40 400 Winterton & Irwin (2001)

Dolichopodidae Sciapodinae 41 264 643 Bickel (1994) & pers. comm.

Average increase (%) 478

Lepidoptera

Fraus 8 25 212 Nielsen & Kristensen (1989)

Paralaea 4 13 225 McQuillan et al. (2001)

Cadra 2 7 250 Horak (1994)

Lophocoronidae 3 6 100 Nielsen & Kristensen (1996)

Average increase (%) 196

Coleoptera

Pselaphinae 400 1600 400 Chandler (2001)

Pseudomorphinae 58 249 429 Baehr (1991, 1997)

Colydiidae 51 172 337 Slipinski (unpublished)

Tenebrionidae Apterotheca 7 44 628 Bouchard (2002)

Average Increase (%) 448
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Given that Australia occupies around 6% of
the land area of the earth, the new estimate is
proportionally compatible with a grand total for
earth of 4–6 million (May 2000; Novotny et al.
2002). Australia does not have significantly large
areas of tropical rainforest, however the small areas
remaining are extremely important foci of species
diversity and endemism in the Australian biota
(Rainforest Conservation Society of Queensland
1986; Moritz et al. 2001; Yeates et al. 2002). South-
western Australia is acknowledged as a globally
significant biodiversity hotspot (Myers et al. 2000)
and there is significant invertebrate endemism in
temperate Australian habitats that we are only just
discovering (Harvey 2002). These findings are
compatible with the notion that global species-
richness is ‘pear-shaped’, with the southern
continents having a greater share of biodiversity
than similar areas in the northern hemisphere
(Platnick 1991; Eggleton 1994).

Revision multiplier methods
There are a number of reasons to believe that the

‘revision multiplier’ method may be inaccurate in
practice, at least for some groups. For example, the
average multiplication rate will depend on the
particular revisions that are chosen as a sample to
derive an average. The examples in Table 3 are
representative of recent revisions, and exclude
those outliers that would give a spurious rate, such
as those that describe an entirely new genus and
species (giving an infinite rate at species level),
those that describe a large number of new species
in an otherwise small genus of 1–2 described
species (giving an overestimate), or those that add
a single species to an otherwise well-known group
such as butterflies or heliothine moths (giving
an underestimate). In addition, there are usually
a number of species recognised in revisionary
works that are not formally named because of the
lack of suitable material. Excluding these unnamed
species underestimates the true rate of discovery.
Further, descriptive research is mostly carried out
as part of externally funded research and/or
postgraduate training. Such studies are often
restricted to groups that can be adequately treated
in a 2–3 year time frame, and these are often not
the highly diverse, problematic groups that require
a longer time commitment. For this reason, groups
that are truly species-rich, such as the Staphylinidae
(Coleoptera), Chloropidae (Diptera) or Eulophidae
(Hymenoptera), are absent from the rate figures

thus tending to underestimate the true rate in some
cases.

The revision multiplier undoubtedly also
generates different biases depending on how many
researchers have studied the group historically.
This may be the reason, at least in part, for the
difference in the apparent under-estimate for the
Hymenoptera compared with the estimates of
taxonomic experts. Historically, there have been
very few taxonomic studies of Australian
Hymenoptera, and those undertaken have mostly
focused on the larger more obvious aculeate wasps,
ants and bees. However, the huge species diversity
within this order exists disproportionately among
the parasitoid families. Most parasitoid families
have been vastly understudied compared with
other insect groups because of their tiny size
(many in the 0.5–2 mm size range). Indeed, the expert
taxonomic estimate for Hymenoptera given
here may still be a significant under-estimate, given
that several studies for other regions of the world
have estimated the species richness of the
Hymenoptera to be much closer to and even
higher than the Coleoptera (La Salle & Gauld 1991).
The biological basis for this huge number of
Hymenoptera, in particular the parasitoid families,
is that: 1) many parasitoids display a relatively
high degree of host specificity; 2) different groups
have specialised in exploiting all host life history
stages; and 3) they have radiated into all available
insect and arachnid groups to exploit as hosts. The
same influences may also affect estimates in
parasitoid dipteran families such as Tachinidae
and Bombyliidae. The discrepancy between the
multiplier effect and the taxonomic experts in
Araneae may be due to the relatively few major
taxonomic revisions on large families undertaken
over the past decade or so. For example, Harvey
(unpublished data) is currently revising the family
Oonopidae, which currently contains only nine
named Australian species. The total fauna is
estimated to contain over 200 new species, thus
producing a multiplier effect of over 2300%. The
inclusion of such data would skew the figures
towards that estimated by the taxonomic experts.

Although the revision multiplier method is
probably inaccurate at least for some groups, it
does provide a snapshot of current taxonomic
research. The figures in Table 3 indicate that, for
the larger terrestrial arthropod groups in Australia,
the rate of increase is still very high, and not
beginning to decrease to a point that would signal



ARTHROPOD SPECIES-RICHNESS

237

that our knowledge is approaching completeness.
Recent discoveries such as the fascinating stygial
groundwater biodiversity of the Australian arid
zone (Humphreys 2001) reinforces how much we
still have to learn about Australia’s invertebrate
diversity.

Scoping the problem
Given that we have described about one in four

Australian terrestrial arthropod species in the last
two hundred years (Table 4), how long will it take
to describe the remaining fauna? Assuming these
numbers are approximately correct, and a similar
rate of discovery (60 000 species in 230 years) is
maintained, we will describe that last new species
of Australian terrestrial arthropod in the year 2700.
Given the rates of deforestation and habitat
degradation in Australia, it is likely that many of
these species will be extinct long before they are
discovered (see for example Regan et al. 2001). This
is clearly an undesirable outcome and one that will
deny us access to important information for
management of our natural heritage and realisation
of potential economic benefits. Current targets from
Environment Australia (2001) propose a 1% per year
increase in the number of taxa described for
invertebrates. For terrestrial arthropod species, this
amounts to around 600 per year, and at that numeric
rate the fauna would be described in 2300. The
actual current rate of discovery of terrestrial
arthropod species in Australia is unknown.

One possible realistic scenario for approaching
the task at hand is to form 20 research teams
dedicated to the project of understanding Aus-
tralia’s terrestrial arthropod biodiversity. These
teams would comprise three people, a research

TABLE 4. Summary statistics for the number of described species for groups of terrestrial arthropods, estimated size of

the fauna (from Tables 1 and 2), and the proportion yet to be described.

Group No. of Total % No. remaining

species described fauna Described to be described

Arachnida 5705 42 195 13.5 36 490

Myriapoda 351 2129 16.5 1778

Crustacea 23 800 2.9 777

Onychophora 72 250 28.8 178

Entognathous Heaxapoda 382 2570 14.9 2188

Insecta 58 491 204 743 28.6 146 252

Terrestrial Arthropods 65 024 252 687 25.7 187 663

systematist, technical support officer and illustrator
(vide Platnick 1999). They would operate in the
areas where need is greatest, in the five largest
insect orders, mites and spiders, and be stationed
in institutions around Australia such as the state
museums, CSIRO and the Universities. Salary costs
with modest overhead components and research
expenses would amount to around $300 000 per
annum for each team. For all 20 groups, the budget
would amount to $6 000 000 dollars per annum.
If each group was to achieve an average annual
output of 200 species, 4000 species could be
described per year across all groups. This output
will require all the efficiencies achievable through
technological advances in data handling,
communication, and imaging. In this way, the entire
terrestrial arthropod fauna could be described
in approximately 45 years. In another sense, this
is a very small insurance premium against
‘bio-ignorance’ of the Australian biota. In a global
context, the aim of the All-Species Foundation
(www.all-species.org) is to discover and describe
all species on earth in the span of a single human
generation, a rate about twice as fast as the one
we propose above.

Describing species is the taxonomic component
of a comprehensive ‘encyclopaedia’ of Australian
life, and is of little use in and of itself, except to
the discipline of taxonomy. However, the process
of discovery we envisage has far greater relevance
to the rest of biology and society. Specimen material
feeding into such a process would be products of
biodiversity survey work for a variety of reasons
and add different kinds of information (Cracraft
1995, 2000), such as discovering areas of endemism
for conservation, the effects of invasive species,
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the native suite of biological control agents,
bioprospecting and the distribution and abundance
of groups providing essential ecological services
such as pollination. In addition, such an
encyclopaedia would include systematic infor-
mation on relationships, that allow us to predict
biological attributes, which we believe will be of
tremendous value to all biologists. Given increases
in knowledge sharing and capacity, taxonomists
will assign the hypothesis they call ‘species’ with
much more information and with much greater
relevance. Biologists will be able to discover
and study biodiversity patterns at many scales with
a greater amount of available distributional data.
Resource managers would back decisions with
more complete and precise information. Further-
more, the general public will have much greater
access to the vast and amazing biodiversity of
this continent.

Ecological Surveys versus Taxonomic Estimates
Some recent broad-scale surveys of invertebrate

faunas for terrestrial habitats suggest a larger total
Australian fauna than our taxonomic estimates
suggest. A three-week survey of arthropods along
a single altitudinal transect in the wet tropics
of North Queensland (Monteith & Davies 1991)
collected an estimated 5100 species of insects,
representing about 2.5% of the fauna of the entire
continent we estimate here. We find it difficult to
believe that such a high proportion of Australia’s
insects could be collected in such a spatially,
temporally and ecologically restricted survey.
Similarly, a canopy fogging survey of arthropods
from four species of Eucalyptus in two localities
(Scheyville, NSW, and Karragullen, WA) found 1500
species (Majer et al. 1994, 2000) of insects,
representing about 0.75% of the total fauna.
Endopterygote larvae were not sorted in these
samples, thereby the species totals are under-
estimates. Given that there are over 500 species of
eucalypt in Australia, it is difficult to rationalise
such a high proportion of the fauna being
discovered in such an ecologically limited survey.

Flight intercept traps and canopy fogging
apprehended 1171 species on a single Australian
rainforest tree species (Basset & Arthington 1992).
This is also an under-estimate given that Acari,
Collembola, and most Hymenoptera, Diptera
and Lepidoptera adults were not sorted to species.

It is a significant challenge to directly compare
the results of these intensive surveys with
estimates generated for broad taxonomic groups
for the whole continent. More detailed information
is required on species distributions and host
specificity (see Novotny et al. 2002), especially
for species-rich families of phytophages and
parasites. Future research might profitably proceed
along two main avenues: 1) determine the level of
host specificity in plant feeding insects in dominant
plant communities; and 2) the level of beta and
gamma diversity in different ecosystems and
different guilds of species.

ACKNOWLEDGMENTS

Keith Houston (ABRS) kindly commented on
the MS, and checked the ABIF figures used in
the MS. This study resulted from discussions with
Ian Cresswell, Director of ABRS, and was directly
or indirectly supported by numerous grants from
the ABRS Partipatory Program, the Australian
Research Council, National Science Foundation
(USA), Schlinger Foundation (USA), Queensland
and Adelaide Universities, and the WA Museum
to the authors over the last 10 years or more. We
are indebted to Dan Bickel, Gerry Cassis,
Ted Edwards, Theo Evans, Murray Fletcher,
Penny Greenslade, Penny Gullan, David Hollis,
Marianne Horak, John LaSalle, Barbara York-Main,
David Martin, Laurence Mound, Tim New,
Rolf Oberprieler, Robert Raven, David Rentz,
Adam Slipinski, Valerie Todd-Davies, Tom Weir
and Alice Wells for providing estimates on
the number of species in specific groups. We
dedicate this article to Ebbe Schmidt Nielsen, who
spent his life for the world’s biodiversity.

REFERENCES

AGUIAR, A. P. 2001. Revision of Australian Stephanidae

(Hymenoptera). Invertebrate Taxonomy 15: 763–822.

AUSTIN, A. D. 1986. A taxonomic revision of the genus

Mirobaeoides Dodd (Hymenoptera: Scelionidae).

Australian Journal of Zooology 34: 315–337.

AUSTIN, A. D. 1990. Revision of the enigmatic

Australasian genus Miropotes Nixon (Hymenoptera:

Braconidae: Microgastrinae), with comments on the

phylogenetic importance of the female ovipositor

system. Systematic Entomology 15: 43–68.



ARTHROPOD SPECIES-RICHNESS

239

AUSTIN, A. D. 1995. New species of the scelionid wasps

(Hymenoptera: Scelionidae: Baeini) from Western

Australia, parasitic on spider eggs. Records of the

Western Australian Museum supplement 52: 253–263.

AUSTIN, A. D. & DANGERFIELD, P. C. 1992.

Synopsis of Australian Microgastrinae (Hymenoptera:

Braconidae), with a key to the genera and description

of new taxa. Invertebrate Taxonomy 6: 1–76.

AUSTIN, A. D. & DANGERFIELD, P. C. 1993. Systematics

of Australian and New Guinean Microplitis Foerster and

Snellenius Westwood (Hymenoptera: Braconidae:

Microgastrinae), with review of their biology and host

relationships. Systematic Entomology 7: 1097–1166.

AUSTIN, A. D. & WHARTON, R. A. 1992. New records

of subfamilies, tribes and genera of Braconidae (Insecta:

Hymenoptera) from Australia, with description of seven

new species. Transactions of the Royal Society of South

Australia 116: 41–63.

AUSTIN, A. D., WHARTON, R. A. & DANGERFIELD,

P. C. 1993. Revision of the endemic Australian Subfamily

Trachypetinae Schultz s.l. (including Cercobarconinae

Tobias) (Hymenoptera: Braconidae).  Invertebrate

Taxonomy 18: 97–119.

BAEHR, M. 1991. Revision of the Pseudomorphinae

of the Australian region. 1. The previous genera

Sphallomorpha  Westwood and Silphomorpha

Westwood.  Taxonomy, phylogeny,  zoogeography

(Insecta, Coleoptera, Carabidae). Spixiana Supplement

18: 440 pp.

BAEHR, M. 1997.  Revision of the Pseudomorphinae of

the Australian Region. 2. The Genera Pseudomorpha

Kirby, Adelotopus Hope, Cainogenion Notman,

Paussotropus Waterhouse, and Cryptocephalomorpha

Ritsema.  Taxonomy, phylogeny,  zoogeography

(Insecta: Coleoptera: Carabidae).  Spixiana Zeitschrift

für Zoologie Supplement 23: 508 pp.

BAEHR, B. & BAEHR, M. 1987. The Australian

Hersiliidae (Arachnida: Araneae): taxonomy, phylogeny,

zoogeography. Invertebrate Taxonomy 1: 351–437.

BAEHR, B. & BAEHR, M. 1988. On Australian Hersiliidae

from the South Australian Museum (Arachnida: Araneae)

supplement to the revision of the Australian Hersiliidae.

Records of the South Australian Museum 22: 13–20.

BAEHR, B. & BAEHR, M. 1989. Three new species of

genus Tamopsis Baehr & Baehr from Western Australia

(Arachnida, Araneae, Hersiliidae). Second supplement

to the revision of the Australian Hersiliidae. Records of

the Western Australian Museum 14: 309–320.

BAEHR, B. & BAEHR, M. 1992. New species and new

records of genus Tamopsis Baehr & Baehr (Arachnida,

Araneae, Hersiliidae). Third supplement to the revision

of the Australian Hersiliidae. Records of the Western

Australian Museum 16: 61–77.

BAEHR, B. & BAEHR, M. 1993. New species and new

records of Hersiliidae from Australia, with an updated

key to all Australian species (Arachnida: Araneae:

Hersiliidae). Fourth supplement to the revision of the

Australian Hersiliidae. Records of the Western Australian

Museum 16: 347–391.

BAEHR, B. & BAEHR, M. 1995. New species and new

records of Hersiliidae from Australia, with an updated

key to all Australian species (Arachnida: Araneae:

Hersiliidae). Fifth supplement to the revision of the

Australian Hersiliidae. Records of the Western Australian

Museum, Supplement 52: 107–118.

BAEHR, B. & BAEHR, M. 1998. New species and new

records of Hersiliidae from Australia, with an updated

key to all Australian species (Arachnida: Araneae:

Hersiliidae). Sixth supplement to the revision of the

Australian Hersiliidae. Records of the Western Australian

Museum 19: 13–38.

BASSET, Y. & ARTHINGTON, A. H. 1992. The arthropod

community of an Australian rainforest tree: abundance

of component taxa, species richness and guild structure.

Australian Journal of Ecology 17: 89–98.

BICKEL, D. J. 1994. The Australian Sciapodinae (Diptera:

Dolichopodidae), with a review of the Oriental and

Australasian faunas, and a world conspectus of the

subfamily.  Records of the Australian Museum

Supplement 21: 1–394.

BOUCHARD, P.  2002. Phylogenetic revision of the

fl ightless  Australian genus Apterotheca Gebien

(Coleoptera: Tenebrionidae: Coelometopinae).

Invertebrate Systematics 16: 449–554.

CHANDLER, D. S. 2001. ‘Biology, Morphology, and

Systematics of the Ant-like Litter Beetles of Australia

(Coleoptera: Staphylinidae: Pselaphinae)’. Associated

Publishers: Gainesville, Florida.

COMMON, M. & NORTON, T. 1992. Biodiversity: its

conservation in Australia. Ambio 21: 258–265.

CRACRAFT, J. 1995. The urgency of building global

capacity for biodiversity science. Biodiversity and

Conservation 4: 463–475.

CRACRAFT, J. 2000. Charting the biosphere: building

global capacity for systematics science. Pp. 374–386

in  ‘Nature and Human Society: The Quest for a

Sustainable World’. Ed. P. H. Raven. National Academy

Press: Washington, D.C.

CSIRO DIVISION OF ENTOMOLOGY. 1991. ‘The Insects

of Australia – A Textbook for Students and Research

Workers’. Melbourne University Press: Carlton, Victoria.

DANGERFIELD, P. C. & AUSTIN, A. D. 1995. Revision

of the Australasian species of Cardiochilinae

(Hymenoptera: Braconidae). Invertebrate Taxonomy

8: 387–445.

DANGERFIELD, P. C., AUSTIN, A. D. & BAKER, G.

2001. ‘Biology, Ecology and Systematics of Scelio:

Wasp Parasitoids of Locust and Grasshopper Eggs’.

CSIRO Publishing: Melbourne, Victoria.

EGGLETON, P. 1994. Termites live in a pear-shaped

world: A response to Platnick. Journal of Natural History

28: 1209–1212.

ENVIRONMENT AUSTRALIA 2001. ‘National

Objectives and Targets for Biodiversity Conservation



D. K. YEATES, M. S. HARVEY & A. D. AUSTIN

240

2001–2005’. Environment Australia: Canberra, ACT.

ERWIN, T. L. 1982. Tropical forests: their richness in

Coleoptera and other Arthropod species.  The

Coleopterists Bulletin 36: 74–75.

FRIEND, J.  A. 1982.  New terrestrial amphipods

(Amphipoda: Talitridae) from Australian forests.

Australian Journal of Zoology 30: 461–491.

FRIEND. J. A. 1987.  The terrestrial amphipods

(Amphipoda: Talitridae) of Tasmania: systematics and

zoogeography.  Records of the Australian Museum,

Supplement 7: 1–85.

GASTON, K. J. & HUDSON, E. 1994. Regional patterns

of diversity and estimates of global insect species

richness. Biodiversity and Conservation 3: 493–500.

HALLIDAY, R. B., O’CONNOR, B. M. & BAKER, A. S.

1997. Global diversity of mites. Pp. 192–203 in

‘Nature and Human Society: The Quest for a Sustainable

World’. Ed. P. H. Raven. National Academy Press:

Washington, D.C.

HAMMOND, P. M. 1995. Described and estimated species

numbers: an objective assessment of current knowledge.

Pp. 29–71 in  ‘Microbial Diversity and Ecosystem

Function’. Eds D. Allsopp, R. R. Colwell & D. L.

Hawksworth. CAB International: Wallingford.

HARVEY, M. S. 1995. The systematics of the spider family

Nicodamidae (Araneae: Amaurobioidea). Invertebrate

Taxonomy 9: 279–386.

HARVEY, M. S. 2002. Short range endemism among the

Australian fauna: some examples from non-marine

environments. Invertebrate Systematics 16: 555–570.

HORAK, M. 1994. A review of Cadra Walker in Australia:

five new native species and the two introduced pest

species (Lepidoptera: Pyralidae: Phycitinae). Journal

of the Australian Entomological Society 33: 245–262.

HUMPHREYS, W. F. 2001. Groundwater calcrete aquifers

in the Australian arid zone: the context to an unfolding

plethora of stygial biodiversity. Records of the Western

Australian Museum Supplement 64: 63–83.

IQBAL, M. & AUSTIN, A. D. 2000. Systematics of

Ceratobaeus Ashmead (Hymenoptera: Scelionidae) from

Australasia. Records of the South Australian Museum

Monograph Series 6: 1–164.

JENNINGS, J. T. & AUSTIN, A. D. 1997a. Revision of

Aulacofoenus Kieffer (Hymenoptera: Gasteruptiidae),

hyptiogastrine wasps with a restricted Gondwanic

Distribution. Invertebrate Taxonomy 11: 943–976.

JENNINGS, J. T. & AUSTIN, A. D. 1997b. Revision of

the Australian endemic genus Hyptiogaster Kieffer

(Hymenoptera: Gasteruptiidae), with a description of

seven new species .  Journal of Natural History

31: 1533–1562.

JENNINGS, J. T. & AUSTIN, A. D. 2002. Systematics,

distribution and biology of world hyptiogastrine

wasps (Hymenoptera: Gasteruptiidae). Invertebrate

Systematics. 16: 735–811.

LA SALLE, J.  & GAULD, I.  D. 1991. Parasitic

Hymenoptera and the biodiversity crisis .  Redia

54: 315–334.

McQUILLAN, P. B., YOUNG, C. J., & RICHARDSON,

A. M. M. 2001. A revision of the Australian moth

genus Paralaea Guest (Lepidoptera: Geometridae:

Ennominae). Invertebrate Taxonomy 15: 277–317.

MAJER, J. D., RECHER, H. F. & GANESH, S. 2000.

Diversity patterns of eucalypt canopy arthropods in

eastern and western Australia. Ecological Entomology

25: 295–306.

MAJER, J. D., RECHER, H. F. & POSTLE, A. C. 1994.

Comparison of arthropod species richness in eastern

and western Australian canopies: a contribution to the

species number debate. Memoirs of the Queensland

Museum 36: 121–131.

MAY, R. 1986. How many species are there? Nature

324: 514–515.

MAY, R. 1988. How many species are there on earth?

Science 241: 1441–1449.

MAY, R. 1992. How many species inhabit the earth?

Scientific American October: 42–48.

MAY, R. M. 1994. Past efforts and future prospects towards

understanding how many species there are. Philosophical

Transactions of the Royal Society of London (B)

345: 13–20

M AY, R. M. 2000. The dimensions of l ife on Earth.

Pp. 30–45 in ‘Nature and Human Society: The Quest

for a Sustainable World’. Ed. P. H. Raven. National

Academy Press: Washington, D.C.

MONTEITH, G. B. & DAVIES, V. T. 1991. Preliminary

account of a survey of arthropods (insects and spiders)

along an altitudinal rainforest transect in tropical

Queensland. Pp. 345–364 in ‘The Rainforest Legacy:

Australian National Rainforests Study’. Eds G. Werren

& P. Kershaw. Volume 2 Flora and Fauna. Australian

Government Publishing Service: Canberra, ACT.

MORITZ, C.,  RICHARDSON, K. S.,  FERRIER, S.,

MONTEITH, G. B., STANISIC, J., WILLIAMS, S. E. &

WHIFFIN, T. 2001. Biogeographical concordance and

efficiency of taxon indicators for establishing

conservation priority in a tropical rainforest biota.

Proceedings of the Royal Society of London  (B)

268: 1–7.

MUMMERY, J.  & HARDY, N. 1994. ‘Australia’s

Biodiversity: An Overview of Selected Significant

Components’. Biodiversity Unit, Department of the

Environment, Sport and Territories: Canberra, ACT

MYERS, N., MITTERMEIER, R. A., MITTERMEIER,

C. G., DA FONSECA, G. A. B. & KENT, J. 2000.

Biodiversity hotspots for conservation priorities. Nature

403: 853–858.

NIELSEN, E. S. & KRISTENSEN, N. P. 1989.  ‘Primitive

Ghost  Moths:  Morphology and Taxonomy of the

Australian genus Fraus Walker (Lepidoptera: Hepialidae

s. lat)’. Monographs on Australian Lepidoptera. 206

pp.  CSIRO Publishing: East Melbourne, Victoria.

NIELSEN, E. S. & KRISTENSEN, N. P.  1996. The

Australian moth family Lophocoronidae and basal



ARTHROPOD SPECIES-RICHNESS

241

phylogeny of the Lepidoptera–Glossata. Invertebrate

Taxonomy 10: 1199–1302.

NIELSEN, E. S. & MOUND, L. 2000. Global Diversity

of Insects:  The Problems of Estimating Numbers.

Pp. 213–222 in ‘Nature and Human Society: The Quest

for a Sustainable World’. Ed. P. H. Raven. National

Academy Press: Washington, D.C.

NIELSEN, E. S. & WEST, J. G. 1994. Biodiversity research

and biological collections: transfer of information.

Pp. 101–121 in  ‘Systematics and Conservation

Evaluation’. Eds P. L. Forey, C. J. Humphries & R. I.

Vane-Wright. Clarendon Press: Oxford.

NOVOTNY, V., BASSET, Y., MILLER, S., WELBLEN, G.

D., BREMER, B., CIZEK, L. & DROZD, P. 2002. Low

host specificity of herbivorous insects in a tropical

forest. Nature 416: 841–844.

PLATNICK, N. I. 1991. Patterns of biodiversity: tropical

versus temperate.  Journal of Natural History

25: 1083–1088.

PLATNICK, N. I.  1999. Dimensions of biodiversity:

targeting mega-diverse groups. Pp. 33–52 in ‘The Living

Planet in Crisis:  Biodiversity Science and Policy

Cracraft’. Eds J. & F. T. Grifo. Columbia University

Press: New York.

PLATNICK, N. I. 2000. A relimitation and revision of

the Australasian ground spider family Lamponidae

(Araneae: Gnaphosoidea). Bulletin of the American

Museum of Natural History 254: 1–330.

QUICKE, D. L. J., AUSTIN, A. D. & CHISHTI, M. J. K.

1998. Revision of Yelicones (Hymenoptera: Braconidae:

Rogadinae) from the Australasian Region. Invertebrate

Taxonomy 12: 897–928.

RAINFOREST CONSERVATION SOCIETY OF

QUEENSLAND 1986. ‘Tropical Rainforests of North

Queensland – Their Conservation Significance’. Special

Australian Heritage Publication Series No. 3. Australian

Government Publishing Service: Canberra, ACT.

RAVEN, R. J. 1994. Mygalomorph spiders of the

Barychelidae in Australia and the western Pacific.

Memoirs of the Queensland Museum 35: 291–706.

REGAN, H. M., LUPIA, R.,  DRIMEN, A. N. &

BURGMAN, M. A. 2001. The currency and tempo of

extinction. The American Naturalist 157: 1–10.

ROCKMAN, M. V., ROWELL, D. M. & TAIT, N. 2001.

Phylogenetics  of  Planipapillus,  lawn-headed

onychophorans of the Australian Alps, based on nuclear

and mitochondrial  gene sequences.  Molecular

Phylogenetics and Evolution 21: 103–116.

ROWELL, D. M., HIGGINS, A. V., BRISCOE, D. A. &

TAIT, N. N. 1995. The use of chromosomal data in the

systematics of viviparous onychophorans from Australia

(Onychophora: Peripatopsidae). Zoological Journal of

the Linnean Society 114: 139–153.

SAEED, A., AUSTIN, A. D. & DANGERFIELD, P. C.

1999. Systematics and host relationships of Austral-

asian Diolcogaster  (Hymenoptera: Braconidae:

Microgastrinae). Invertebrate Taxonomy 13: 117–178.

STORK, N. E. 1993. How many species are there?

Biodiversity and Conservation 2: 215–232.

STORK, N. E. & GASTON, K. J. 1990. Counting species

one by one. New Scientist 127(1729): 43–47.

TAYLOR, R. W. 1979. Some statistics relevant to

Australian insect taxonomy. CSIRO Division of

Entomology Report No. 8: 9 pp. Canberra, ACT.

TILLYARD, R. 1926. ‘The Insects of Australia and New

Zealand’. Angus & Robertson: Sydney, New South Wales.

WATERHOUSE, D. F. 1971. Insects and Australia. Journal

of the Australian Entomological Society 10: 145–160.

WHEELER, Q. D. 1995. Systematics, the scientific basis

for inventories of  biodiversi ty.  Biodiversity and

Conservation 4: 476–489.

WILLIAMS, J. & WHATMAN, G. 2001. ‘Biodiversity,

Australia State of the Environment Report 2001’.

(Theme Report), CSIRO Publishing on behalf of the

Department of the Environment and Heritage, Canberra,

ACT.

WILSON, E. O. 1985. The biological diversity crisis: a

challenge to science. Issues in Science and Technology

2: 20–29.

WILSON, E. O. 1988. ‘Biodiversity’. National Academy

Press: Washington, D.C.

WILSON, E. O. 2000. The Creation of Biodiversity.

Pp. 22–29 in ‘Nature and Human Society: The Quest

for a Sustainable World’. Ed. P. H. Raven. National

Academy Press: Washington, D.C.

WINTERTON, S. L. & IRWIN M. E.  2001. Phylogenetic

revision of Agapophytus Guérin (Diptera: Therevidae:

Agapophytinae). Invertebrate Taxonomy 15: 467–526.

YEATES, D. 1991. Revision of the Australian bee fly

genus Comptosia (Diptera: Bombyliidae). Invertebrate

Taxonomy 5: 1023–1178.

YEATES, D. K. 1996a. Revision of the bee fly genus

Neosardus Roberts (Diptera: Bombyliidae). Invertebrate

Taxonomy 10: 47–75.

YEATES, D. K. 1996b. Revision of the genus Docidomyia

White (Diptera: Bombyliidae). Invertebrate Taxonomy

10: 407–431.

YEATES, D. K., BOUCHARD, P. & MONTEITH, G. B.

2002. Patterns of endemism in the Australian wet tropics

rainforest: evidence from flightless insects. Invertebrate

Systematics 16: 605–619.

YEATES, D. K. & LAMBKIN, C. L. 1998. Cryptic species

diversity and character congruence: Review of the tribe

Anthracini (Diptera: Bombyliidae) in Australia.

Invertebrate Taxonomy 12: 977–1078.




