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Abstract

Andcrsen, A.N., 1997. Measuring invertebrate biodiversity: surrogates of ant species rich-
r}lczs in the Australian scasonal tropics. Memoirs of the Museum of Victoria S6(2): 355-
59.

The search for surrogate measurcs of total spccies richness has taken two paths, onc con-
sidering the number of higher-level taxa such as genera or familics, and the other considering
spceies richness within particular target taxa. A previous analysis of Australian ant faunas
indicated that genus richness was often an unrcliable predictor of spccics richness, and that
the richness of particular target genera might be a better surrogate. The data presented here
from the Kakadu region of the Northcrn Territory support this analysis. Correlations
between site species and genus richness gave r-squared values of 0.37 at natural sitcs (n = 22)
and 0.66 at disturbed sites (n = |7). In both cases, correlations with the richness of indi-
vidual target gcncera (the eight richest genera, contributing 110 of the 163 specics recordcd)
gave cquivalent or higher r-squared values — up to 0.46 for Afelophorus at natural sites. and
0.66 for Aelophorusat disturbed sitcs, Stepwisc linear regression using all target gencra gave
r-squared values of 0.92 at natural sites (with six of thc cight gencra contributing to the
modcl), and 0.89 at disturbed sites (with only Aelophorus and Polyrhachis contributing to
the model). The cffort required to obtain data on the richness of targct genera is likely to be
similar to that rcquired for genus richness. making target genera a morc attractive option for
biodiversity surrogacy. The choicc of target genera varies with the spatial scale (regional or
national) of analysis, and diversity relationships among sites representing variation betwecn

habitats are not the same as thosc among sitcs rcpresenting variation in disturbance.

Introduction

There is an increasing demand for robust eco-
logical indicators (McKenzie et al., 1995) for use
in environmental assessment and monitoring
programs. Such indicators are most commonly
rcquired in the context of monitoring for eco-
logical change following habitat disturbanee
(Noss. 1990; Spellerberg 1993), and invert-
ebrates have often been targeted for such use
(James and Evison, 1979; Greenslade and
Greenslade, 1984; Disney, 1986; Rosenberg et
al., 1986; Majer, 1989; Andersen. 1990; Wil-
liams. 1993).

More recent attention has focussed on the
development of indicators of biodiversity per se,
particularly in relation to estimates of species
richness in highly diverse groups, such as invert-
ebrates, where comprehensive species-level sur-
veysare usually not an option (Hammond, 1994;
Oliver and Beattie, 1996). The search for surro-
gates of total species richness has taken two
paths, one considering the number of higher-
Icvel taxa (genera, families, etc.; Gaston and
Williams, 1993; Prance, 1994; Williams and
Gaston, 1994). and the other considering species

richness within particular target taxa (Kremen,
1994; Pearson, 1994; Oliver and Beattie,
1996).

In a previous analysis of Australian ant faunas
(Andersen, 1995a), I showed that genus richness
has limited reliability as a surrogate of species
richness. Genus and species richness were
closely related within a particular region, but the
relationship showed large biogeographie vari-
ation, and was confounded by sampling area and
sampling intensity. On a continental scale, the
richness of particular target genera was more
highly eorrelatcd with total species richness than
was genus richness.

Here, | further explorc indicators of species
richness in Australian ant faunas by comparing
higher-taxon richness with the richness of target
genera as surrogates within a particular region.
When searching for indicator taxa in the context
of ecological change, it is important to differen-
tiate between change across habitats or other
aspects of the biophysical environment on thc
one hand, and ecological change within a par-
ticular environment due to disturbancc on the
other. Taxa providing a good indieation of vari-
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ation between habitats do not necessarily pro-
vide a good indication of the effects of disturb-
ance within a habitat, and vice versa. Similarly,
the best surrogate of between-habitat variation
in diversity may not be the best surrogate for
indicating changes within a particular habitat
due to disturbance. This paper also explores the
effects of disturbance on diversity patterns and
the reliability of surrogates.

Methods

Study Sites

The study was conducted in and around
Kakadu National Park, approximately 250 km E
of Darwin in the seasonal tropics of northern
Australia. Mean annual rainfall in the region is
approximately 1400 mm, almost all of which
falls between November and April (see Taylor
and Dunlop, 1985). Temperatures are con-
stantly high, ranging from overnight minima of
about 15C during July to daytime maxima of
about 40C during October. Soils are predomi-
nantly infertile. sandy clay loams, supporting
savanna woodlands and open forests dominated
by species of Eucalyptus (Mott et al., 1985; Tay-
lor and Dunlop. 1985). The study was restricted
to these savanna vegetation types, and did not
include other regional habitats such as flood-
plains and monsoon rainforest.

A total of 39 sites were sclected forstudy, com-
prising 22 ‘natural’ sites that had been relatively
undisturbed by human activity, and 17 dis-
turbed sites. The natural sites were widely dis-
persed (separated by up to 100 km from each
other), and chosen to represent the full range of
savanna types in the region. The 17 disturbed
sites were all located within approximately 25
km?2, inside the Ranger Uranium Mine lcase
near Jabiru, and were sclected to represent a
range of disturbance levels within a relatively
small area. Ten of these were located adjacent to
the immediate minesite, and represented a range
of disturbance histories indirectly associated
with mining activity. The level of disturbance
ranged from slight (e.g., a roadside strip with
intact vegetation, but subject to edge effects) to
severe (vegetation completely cleared, with
unmanaged regrowth). The remaining seven
sites were located on the mine’s northern waste
rock stockpile (Unger and Milnes, 1992). and
represented a range of stages of revegetation.

Sampling

Local ant diversity is exceptionally highin the
region, with up to 100 or more species occurring
per hectare (Andersen, 1992; Andersen and
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Patel, 1994). Most of these are uncommon, such
that a comprehensive cecnsus of species at a
single site requires a prolonged period of high
sampling intensity. This is obviously not a feas-
ible option within the context of normal biologi-
cal survey programmes. The sampling intensity
used here was designed to be achievable within
the resources of normal survey programmes,
with the aim of providing comparative, rather
than comprehensive, data on site species rich-
ness.

Ants were sampled primarily using pitfall
traps (4 cm diameter plastic specimen jars,
partly filled with ethanol as a preservative),
which have been widely used in quantitative
studies of Australian ant communities
(Andersen, 1995b), and have been shown to pro-
vide a reliable estimate of species composition
inthe Kakadu region (Andersen, 1991). A S by 3
trapping grid with 10 m spacing was established
at cach site, and traps were operated for a 48 hr
period at each site during July and November
1992, and November 1993. Trapping was sup-
plemented by opportunistic, davtime handcol-
lections.

Analysis

Ants were sorted to species, and samples from
different time periods werc combined to pro-
duce a single spccies list for each site. from
whichnumbers of species and genera were coun-
ted. The eight richest of the 32 genera recorded
were selected for target taxa analysis: Monomo-
rium (21 species), Pheidole (16), Melophorus
(135), Iridomnyrmex (14), Rhytidoponera (13),
Meranoplus (13), Camponotus (11) and Polyrha-
chis (7). Together these genera contributed 110
(67%) of the total of 163 species (see Andersen et
al., 1996 for details of species composition).

Pearson correlation coeflicients were calcu-
lated for the relationships between total ant
species richness and (a) genus richness, and (b)
richness of each of the selected target genera,
considering natural and disturbed sites separ-
ately. The relationship between total species
richness and combinations of the richnesses of
target genera was then analysed by stepwise lin-
ear regression, using STATISTIX 4.1, again con-
sidering natural and disturbed sites separately.

Results

Diversity patterns varied markedly between
natural and disturbed sites. At natural sites,
genus richness was rather poorly correlated (r*
= 0.37; Fig. 1) with speciecs richness, and was
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Figure | Relationship between number of ant species
and number of ant genera at natural sites (closed
squares; > = 0.366, p < 0.00 1, n = 22)and disturbed
sites (open triangles (waste-rock sites) and open
squares (other disturbed sites); r? = 0.655, p < 0.001,
n = 17) in the Kakadu region.

therefore not a reliable surrogate. The richness
of the best target genus (Melophorus, r2 = 0.46;
Table 1) provided a better indication of total
species richness. The inclusion of a second genus
(Meranoplus) improved the relationship sub-
stantially (r° = 0.68), with the final step-wise
linear regression model (including six of the
eight richest genera) accounting for 92% of the
variation in total species richness (Fig. 2).

At disturbed sites, species richness showed
continuous variation from the least revegetated
waste-rock sites to the least impacted sites
(Fig.1). Overall, genus richness provided a good
indication (r? = 0.66) of total species richness.
with the relationship being particularly strong

Table 1. Corrclations between total number of
ant species and number of species of selected
ant genera. Data are r-squared values, with
statistical significance indicated as follows: ns
not significant; * p < 0.05; ** p < 0.01; *** p

< 0.001.
Natural Disturbed
sites sites

Rhytidoponera 0.382*** 0.620%**
Meranoplus 0.40] *** 0.391**
Monomorium 0.339** 0.606***
Pheidole 0.260** 0.455%*
Iridomyrmex 0.169* 0.337**
Camponotus 0.073"s 0.339**
Melophorus 0.464*** 0.661***
Polyrhachis 0.134* 0.419**
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Figure 2 Relationship betwecn number of ant species
and numbers of species of sclected ant genera, bascd
on results of stepwise linear regression. The curve
shows the increase in the correlation coethcient (r-
squared) as additional genera are introduced into the
regression.

(r2 = 0.91) at waste-rock sites. The richness of
the best target genus (again Melophorus, r= =
0.66; Tablc 1) also provided a good indication of
total species richness at disturbed sites. The final
step-wise linear regression model included only
Melophorus and Polyrhachis, and accounted for
89% of the variation in total species richness.

Discussion

Comparisons between potential surrogates obvi-
ously need to take into account the effort
required to mcasure them. The effort required to
sample and discriminate species from a site
varies markedly with genus. Thc task is obvi-
ously far easier for genera containing large and
conspicuous species (e.g., Camponotus, Rhytido-
ponera and Polyrhachis) than it is for genera
containing numerous small, inconspicuous and
morphologically similar species (e.g., Monomo-
rium). The effort required to sample a genus like
Melophorus lies somewhere inbetween, and is
probably comparabie to the effort required to
measure genus richness.

Given these observations on sampling effort,
the richness of target genera appears to be more
useful than genus richness as a surrogate of total
speciesrichncss in Australian ant faunas. This is
especially true when considering different habi-
tats, but less so for disturbance-related changes
within a particular habitat.

The choice of target genera will vary substan-
tially. When considering different habitats, an
appropriate target genus for continental-scale
comparisons may not be appropriate for analy-
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ses confined to a particular region. For example,
Camponotiis appears to be an exeellent target
genus for eomparing sites distributed through-
out Australia (r> = 0.83. n = 10; Andersen,
1995a). but was ineffective at the natural sites
described here (r: = 0.07). Further, just as
gcnus-species  relationships  varied between
natural and disturbed sites. so did both the
rcliability and composition of the optimum set
of gcnera for target-taxa analysis.

In addition to identifying potential surrogates
of ant spceies richness, this study has shown that
disturbance and biophysical variation have dif-
fcrent effects on speeies packing. This points to
the need for distinguishing between different
types of ccological change when searching for
ecologieal indicators.

Acknowledgements

The data used in this work werc collected as part
of a consultancy funded by the Environmental
Rescarch Institute of the Supervising Scientist
(ERISS). I thank ERISS for providing technical
assistance, and particularly N. Asthwath fer his
contribution to the project. This is TERC pub-
lication number 933.

References

Andersen, A.N., 1990. The use of ant communitics to
cvaluate change in Australian terrestrial cecosys-
tems: a review and a recipe. Proceedings of the
FEcological Socicty of Australia 16: 347-357.

Andcrsen, AN.. [99]. Sampling communities of
ground-foraging ants; pitfall catches compared
with quadrat eounts in an Australian tropical sav-
anna. Australian Journal of Lcology 16. 273~
279.

Andersen. A.N., 1992, Regulation of ‘momentary’
diversity by dominant species in cxceptionally
rich ant communitics of tropical Australia. dmer-
ican Naturalist 140: 401-420.

Andcrsen, A.N,, 1995a. Measuring more of biodiver-
sity: genus richness as a surrogate of speeies rich-
ness in Australian ant faunas. Biological Conser-
vation 73: 39-43.

Andcrsen, A.N., 1995b. A classification of Australian
ant communities, based on funetional groups
whieh parallel plant life-forms in terms of stress
and disturbanee. Jonrnal of Biogcography 22: 15~
29.

Andersen, A.N., Morrison, S. and Belbin, L., 1996.
The role of ants in minesite restoration in the Alli-
cator Rivers Region of the Northern Terriiory.
Unpublished report to the Environmental
Rescarch Institute of the Supervising Seicntist.
CSIRO Division of Wildlife and Eeology:
Darwin.

ALAN N. ANDERSEN

Andersen, A.N. and Patel. A.D.. 1994. Mcat ants as
dominant members of Australian ant communi-
ties: an experimental test of their intluence on
foraging suecess and forager abundanee of other
species. Oecologia 98: 15-24.

Disncy, R.H.L.. 1986. Assessments using invert-
cbrates: posing the problem. Pp. 271-293 in:
Usher, M.B. (ed), Hildlife conservation evafu-
ation. Chapman and Hall: London.

Gaston, K.J. and Williams. P.H., [993. Mapping thc
world's biodiversity — the higher taxon
approach. Biodiversity Leiters 1: 2-8.

Greenslade, P.J.M. and Greenslade, P., 1984. Invert-
ebrates and environmental assessment. Environ-
ment and Planning 3: 13-15.

Hammond, P.M., 1994. Practieal approaeches to the
estimation of the extent of biodiversity in spe-
ciosc groups. Philosophical Transactions of ihe
Royal Society of London, Series B 345: 119-
136.

James, A. and Evison, L., (eds), 1979. Biological indi-
cators of waier quality. John Wiley: Chichester.

Kremen. C.. 1994. Biological inventory using target
taxa: a case study of the butterflics of Madagascar,
Ecological Applications 4: 407-422.

MceKenczie. D.H., Hyatt, D.E. and Me Donald, V.J.,
1995. Ecological indicators, VolsTand 7. Elsevier:
London.

Majer,J. D.(ed.), 1989. Aninals in primary succession
— therole of fauna in reclaimed lands. Cambridge
University Press: Cambridge.

Mott, J.J., Williams, L., Andrew, M.H. and Gillison.
A.N., 1985. Australian savanna ccosystems. Pp.
56-82 in: Tothill, J.C. and Mott, J.J. (eds). Ecol-
ogy aund management of the world’s savannas.
Australian Academy of Secience; Canberra.

Noss. R.N., 1990. Indieators for monitoring biodiver-
sity: a hierarchical approach. Conservation
Biology 4: 355-364.

Oliver, I. and Beattic, A.J., 1996. Designing a cost-
effective invertebrate survey: a test of some
methods for the rapid assessment of invertebrate
biodiversity. FEcological Applications 6: 594-
607.

Pearson, D.L.. 1994. Selecting indicator taxa for the
quantitative assessment of biodiversity. Philo-
sophical Transactions of the Royal Society of Lon-
don, Series B 345: 75-79.

Prance. G.T.. 1994. A comparison of the eflicacy of
higher taxa and speeies numbers in the assessment
of biodiversity in the neotropies. Philosophical
Transactions of the Royal Society of London,
Series B 345: 89-99.

Rosenberg, D.M., Danks. H.V. and Lehmkuhl, D.M.,
1986. Importanec of insects in environmental
impaet assessment. Environmental Management
10: 773-783.

Spellerberg, 1.F., 1993. Mouaitoring ccological change.
Cambridge Univcrsity Press: London,

Taylor, J.A. and Dunlop, C., 1985. Plant communitics
of the wet-dry tropies of Australia: the Alligator



SURROGATES OF ANT SPECIES RICHNESS IN THE AUSTRALIAN SEASONAL TROPICS 359

Rivers region, Northern Territory. Proceedings of  Williams, K.S., 1993. Use of terrestrial arthropods to

the Ecological Society of Australia 13: 83-128. evaluate restored riparian woodlands. Resto-
Unger, C.J. and Milnes, A.R., 1992. Rehabilitation at ration Ecology 1: 107-116.

Ranger Uranium Mines. Pp. 221-231 in: Moffatt, Williams, P.H. and Gaston, K.J., 1994. Measuring

I. and Webb, A. (eds), Conservation and develop- more of biodiversity: can higher-taxon richness

inent issues in northern Australia. North Aus- predict wholesale species richness? Biological

tralian Research Unit: Darwin. Conservation 67: 211-217.





