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Abstract: Although Western Australia is a reiltively unpopuil ted region, considerable areas o f  native vegeta- 
tion have been modified by agricultural clearing, rangeilnd grazing, urbanization, road construction, and 
mining. Ant  diversity is reduced and community  composition changed by each o f  these land uses. Road con- 
structlon has the greatest long.term effect on the alpha diversity o f  ants, followed by agricultural clearing, 
mining, urbanization, and rangeilnd grazing. We present data on the extent o f  these various land uses in 
each major Western Australian vegetation association. Then, examples o f  ant  diversity and community  com- 
position for  each land use are coupled with geographic information system data on the extent o f  each land 
use in the various vegetation associations to calculate indices o f  "btodiversity integrity." The extent o f  btodi- 
versity integrity in each region concurs with a subjective opinion o f  the condition o f  each unit. Agricultural 
clearing, followed by rangeilnd grazing, were f ound  responsible for  the greatest loss o f  ant  btodiversity integ- 
rity. The findings relate to Australia in general and may serve as a f ramework  for  estimating losses o f  biodi- 
versity integrity in other regions o f  the worm in taxa other than ants. 

El Indice de la Biodiversidad Integt~: Una ilustraci6n utilizando hormigas en Australia ocddental 

Resumen: Si bien Australia occidental es una regi6n reiltivamente deshabitada, dreas constderables de ve- 
getaci6n nativa han sido modificadas por  cilreos agrfcolas, pastoreo de ganado, desarrollo urbano, construc- 
ci6n de rutas y explotaci6n de minas. Cada uno de estos usos de la tierra reduce la diversidad especifica de  
las hormigas y cambia I l  composici6n de I l  comunidad. La construcci6n de rutas tuvo el efecto a largo p i l zo  
rndm grande sobre la diversidad alfa de las hormigas, seguido por  el cilreo agrfcoil, I l  minerfa, el desarrollo 
urbano y el pastoreo de ganado. Presentamos los datos sobre la extensi6n de los distintos usos de la tierra 
para cada una de Ils principales asociactones vegetales de Australia occidental Luego, relacionamos los 
ejemplos de dtversidad de hormigas y I l  composici6n de I l  comunidad para carla uso de I l  tierra con los da- 
tos del ststem a de tnformaci6n gr#flca sobre la extensi6n de cada uso de I l  tierra en Ils  distintas asocia- 
clones vegetales, para calcuilr indices "de I l  biodlversidad integral " El grado de I l  biodiversidad integral en 
cada regi6n coincide con una opini6n subjetiva del estado de cada unidad. Se encontr6 que el cilreo agrf- 
coil, seguido por  el pastoreo de ganado fueron los reponsables de i l  mayor pdrdida de i l  biodiversidad inte- 
gral de las hormigas. Estos resultados se refieren a Australia en general y pueden servir como marco para es- 
t imar las p#rdidas de i l  biodiversidad integral en otras regiones del mundo, en tdrminos de otros taxones 
distintos de las hormigas. 

Introduction 

The concept of biological diversity means different things 
to different groups of  people. Assessment of  biological 
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diversity has tended to focus on species lists for the ar- 
eas of  interest (alpha diversity surveys), and consider- 
able importance is attached to the magnitude of species 
richness at the site and/or to the existence of  threatened 
species (Noss 1990). Consequently, a site or an ecosys- 
tem may become flagged as being of  particular signifi- 
cance if it contains exceptionally high species richness 
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or if one or more rare, vulnerable, or endangered spe- 
cies exist there (World Conservation Union 1980). 

These are undeniably important aspects of biological 
diversity, but we believe that an important feature is 
missed when the conservation of biological diversity is 
reduced to a consideration of these basic statistics. What 
is missing is a consideration of the integrity, or depar- 
ture from the pristine state, of biological diversity across 
the entire landscape. Consider an intact expanse of jar- 
rah (Eucalyptus marginata) forest in the southwest of  
Australia or of mulga (Acacia anura) shrubland in the 
north of  Australia. The quality, or degree of  pristineness, 
of these environments is reduced if the forest is punctu- 
ated with roads, orchards, mine sites, and powerline 
easements, or if the mulga is heavily grazed by" livestock. 
In both cases the full complement of plant and animal 
species may still be present at least somewhere in these 
ecosystems, so conventional measures of diversity may 
fail to portray the obvious changes in the quality of the 
environment. 

Although there is clearly a need to assess biological di- 
versity in selected areas (Noss 1990), its value would be 
enhanced if this was combined with a consideration of 
landscape condition or quality. We propose a measure, 
referred to as biodiversity integrity (BI), that provides a 
statement about the degree of intactness of the original 
biological diversity over a particular land unit. We used 
ants in Western Australia as a demonstration of the use 
of this index because their distribution is well known 
and their response in terms of  biological diversity to ma- 
jor land uses has been the subject of a range of investiga- 
tions. There is no reason why this procedure should not 
be applied to other regions of the world and to many" 
other plant and animal taxa. The index is the product of 
a measure of  diversity for a particular landscape unit and 
the area that unit occupies. The diversity measure could 
be almost any one of the conventionally used diversity 
measures, such as species richness, Shaunon's diversity 
index, or even the number of threatened species within 
a particular area. We used two complementary mea- 
sures: species richness and the quotient of similarity be- 
tween disturbed and control sites. The former provides 
an indication of the biological variety contained within 
the habitat, and the latter indicates the degree of change 
in species composition that has accompanied the alter- 
ation of the habitat. 

Consider a landscape that contains four major habitat 
units. The units are first standardized to the same area, 
because the index attributes equal importance to each 
habitat, whatever the area it occupies. Unit 1 is in a pris- 
tine state, unit 2 contains a mine that occupies 10% of the 
area, and unit 3 contains a mine on 10% of the area and 
farmland covering 45% of the  area. The remaining unit has 
been totally cleared for agricultural purposes. Diversity 
is set at 1 in the pristine state. No weighting is given to 
habitat units that support exceptionaUy low or high diver- 

sity because equal importance is assigned to the biologi- 
cal diversity of each unit when  it is in its pristine state. 

The diversity of a taxonomic group is then assessed 
within each habitat unit and in each type of disturbance. 
In the example given, diversity drops to half its original 
value in the post-mining situation and to a third in the 
farmland. The BI in unit 1 is 100 X 1.0, or 100, which is 
the maximum attainable figure. In unit 2 it is 90 X 1.0 
(pristine) plus 10 x 0.5 (mine), which gives a value of 
95. In unit 3 the BI in the disturbed areas is obtained by 
summing the indices for the pristine area (45 X 1.0) and 
the two types of disturbance (10 X 0.5 [mine] + 45 × 
0.33 [farm]), which gives a value of 65. In unit 4 there 
are no pristine habitats, so the BI is 100 × 0.33, or 33. In 
instances where diversity increases above pristine levels 
due to the presence of species favored by disturbance, 
diversity is still considered to be 1. The rationale behind 
this is that those species favored by disturbance are al- 
ready present somewhere in the habitat unit and also 
that such species tend to be of lower conservation inter- 
est than species that occur under pristine conditions. 
The use of  the complementary measure of species simi- 
larity should provide a better reflection of  how much BI 
has been affected in these circumstances. 

The resulting BI may be used in a number of  ways. It 
can provide numerical data that can contribute to an au- 
dit of the state of biological diversity across the entire 
landscape. Thus, in the hypothetical region mentioned 
above the BI has dropped from a maximum of 400 down 
to 293. It is also possible to report on the habitat units 
where biological diversity is most adversely affected. 
Thus, the BI is lowest in unit 4 (33), followed by unit 3 
(65). The BI in unit 2 is only slightly- lower (95) than that 
in the pristine unit 1. An additional use of the procedure 
is to provide summaries of the impact of different land 
uses on biological diversity across the entire landscape, 
or subsets thereof. This information is obtained by sub- 
tracting the BI value for a particular land use from the 
value that would have been obtained had species diver- 
sity or similarity been 1. Thus mining, which occupies 
10% of each of two units, has caused a cumulative loss of  
10 BI units ([10 X 1.0] - [10 X 0.5] for each unit). 
Farming, on the other hand, occupies 45 and 100% of 
two units and has caused a cumulative loss of 30 + 67, 
or 97 BI traits. 

Methods 

The Study Area 

• The vegetation of Western Australia has been mapped 
by Beard (1990) and, in a coarse-grain sense, can be re- 
duced to three provinces and 21 districts (Fig. 1). These 
phytogeographic regions, and the area they occupy, are 
listed in Table 1. The Darling district in the south-west 
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Figure 1. Phytogeographic regions o f  Western Australia (adapted from Beard 1990). 
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has been divided into four subdistricts because it is here 
that the greatest heterogeneity of vegetation and land 
use occurs. The state occupies a third of the Australian 
continent and supports a population of  about 1.6 mil- 
lion; its revenue is derived mainly from farming and min- 
ing. The major land uses can broadly be described as 
mining (generally with subsequent rehabilitation), agri- 
culture, grazing, urbanization, and roadways. 

Information on the extent of uncleared vegetation, ag- 
ricultural clearing, and rangeland grazing was obtained 
by supe~mposing digital data sets of  vegetation bound- 
aries over land use using the Intergraph ® Microstation 
Geographic Information System Environment. The un- 
cleared land consisted of nature reserves, national parks, 
and vacant government and private land. The digitized 
phytogeographic regions of the southwest of Western. 
Australia were those of Beard (1990), and those for the 
remainder of  the state were the groupings of the West- 
ern Australian Rangeland Monitoring System (WARMS; 
P. Thomas, personal communication). The data from the 
latter part of the analysis were assigned to the Beard 
phytogeographic region to which they most closely cor- 
responded. 

The extent of urbanization was determined from pop- 
ulation figures from the 1991 national census (Castles 
1993). We obtained statistics for the population living in 
each phytogeographic region. Then we obtained from 

maps the area occupied by a range of Western Australian 
townsites. The populations of these townsites were re- 
gressed against area in order to elucidate the area re- 
quirement per capita of  population. The resulting area, 
namely 0.15 ha, was then multiplied by the population 
in each phytogeographic region to estimate the area that 
has been urbanized. 

The roadway area was obtained from data on the 
length of  roadways in each local government area (West- 
ern Australian Municipal Association 1993). These areas 
were assigned to the phytogeographic region in which 
they occurred, and the total length of road was multi- 
plied by the mean width of road plus drainway (10 m) to 
give an estimate of  road area. The road verges were not 
included because these can still support a considerable 
diversity of plants and animals (Keals & Majer 1991~). 

Mining area was obtained by counting the number of 
operating and closed mine sites (Department of Minerals 
and Energy 1993) in each phytogeographic region. It has 
been determined that a total of 1500 km 2 of land surface 
has been disturbed by mining and associated infrastruc- 
ture (Chamber of  Mines and Energy of  Western Australia 
1990), so the area disturbed in each district was ob- 
tained by multiplying this figure by the proportion of  
the total number of mines in each district. This provided 
only an approximation of the true figure because mines 
differ widely in size. But the effect of size differences is 

Table 1. Areas of major vegetation associations in Western Australia, showing proportions of each that have been modified by five broad 
categories of land use. 

II I 

Beard's (1990) 
phytogeographic region Area Percentage of total area modified 

District or occupied Agricultural Rangeland 
Province subdistrict Natural region (km 2) Uncleared Urban Roads Mining clearing grazing 

Northern Dampier Dampierland 84,400 20.98 0.02 0.02 0.03 0.00 78.96 
Hall East Kimberley 50,510 4.65 0.00 0.02 0.05 0.00 95.28 
Fitzgerald Central Kimberley- 83,330 45.51 0.05 0.02 0.02 0.00 54.40 
Gardner North Kimberley 99,100 45.51 0.01 0.01 0.01 0.00 54.46 

Eremaean Eucla Nullabor Plain 148,764 55.40 0.00 0.02 0.00 0.00 44.58 
Helms Great Victoria Desert 209,206 76.78 0.00 0.02 O.00 0.00 23.20 
Austin Murchison 316,239 21.51 0.01 0.04 0.14 0.00 78.31 
Carnarvon Carnarvon 91,046 44.09 0.02 0.03 0.02 0.00 55.84 
Ashburton Gascoyne 181,453 21.51 0.00 0.02 0.02 0.00 78.45 
Keartland Little Sandy Desert 110,314 76.78 0.01 0.01 0.01 0.00 23.20 

• Carnegie Gibson Desert 149,784 76.78 0.00 0.O1 0.00 0.00 23.21 
Giles Central Ranges 60,788 76.78 0.O0 0.01 O.01 0.00 23.21 
Fortesque Pilbara 178,017 57.96 0.04 0.02 0.08 0.00 41.90 
Canning Great Sandy Desert 262,275 76.78 0.00 0.01 O.01 O.00 23.20 
Mueller Tanami Desert 63,934 76.78 0.00 0.02 0.00 0.00 23.20 
Coolgardie South-western Interzone 126,500 72.45 0.05 0.03 0.26 0.00 27.21 

South-western Drummond Swan Coast Plain 14,637 43.00 11.66 1.04 1.10 43.20 0.O0 
Dale Northern Jarrah Forest 19,473 50.00 0.90 0.40 0.16 48.54 0.00 
Menzies Southern Jarrah Forest 26,572 55.00 0.33 0.29 0.07 44.31 0.00 
Warren Karri Forest 8323 72.00 0.16 0.31 0.19 27.34 0.00 
Irwin Northern Sandplains 39,656 30.00 0.16 0.14 0.13 69.57 0.00 
Avon ~Vbeatbelt 93,520 12.00 0.08 0.35 0.09 87.49 0.00 
Roe Mallee 78,957 23.00 O.O1 0.12 0.05 76.82 0.00 
Eyre Esperance Plains 28,702 47.00 0.06 0.15 0.06 52.73 0.00 
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likely to be averaged out by the large number  of  
in most  of  the phytogeographic  regions. 

Impacts of  Land Uses 

Surveys of the impact  of  land uses on the ant communi ty  
have been  carried out using reasonably similar sampling 
techniques at a range of  sites throughout  Western Aus- 
tralia. We selected a series of  studies, representing each 
of  the major land uses, to illustrate the application of the 
biodiversity integrity concept .  In v iew o f  the fact that 
the reactions of  ant communit ies  to disturbance can 
vary in relation to factors such as rainfall (Majer 1990), 
we  selected studies in which  the sites were  likely to rep- 
resent the mid-range of  responses. In the selected stud- 
ies sampling was carried out using transects o r  clusters 
of  pitfall traps run for seven-day periods in disturbed ar- 
eas and, in order to provide a benchmark  for compari- 
son, in relatively pristine controls. In some of  the studies 
referred to, the pitfall traps were  augmented by hand 
collecting, vegetation sweeping, and tree beating using 
the sampling protocol  described in Allen (1989) and Ma- 
jer (1993). 

Data on the impact  of  urbanization were  obtained from 
Majer and Brown (1986), w h o  surveyed the ant fauna of 
33 gardens situated on the coastal plain of  Perth (31°57 ', 
115°51 '). This study did not  report  on ants of  native veg- 
etation, so we  used the four data points obtained by  
Rossbach and Majer (1983) for the original vegetation of  
these gardens, namely tuart-jarrah-marri (Eucalyptus gom- 
phocephala, E. marginata, E. calophylla) open forest 
and jarrah-banksia (Banksia spp.) tall woodland. 

The mine data were  obtained from Majer et al. (1984), 
w h o  surveyed the ant fauna of  30 rehabilitated bauxite 
mines and three jarrah-marri open-forest controls situ- 
ated at Jarrahdale (32020 ', 116007 ' )  and Del Park (32°43 ', 
116°04'), approximately 45 and 90 km south-southeast 
o f  Perth, respectively. A full range of  rehabilitation op- 
tions and ages were  considered, so the data can be re- 
garded as representing the range of responses of  the biota 
to mining and subsequent  rehabilitation. 

Information on the ant fauna in areas cleared for agri- 
cultural purposes  were  obtained f rom Keals and Majer 
(1991), w h o  surveyed the ants in cleared paddocks and 
in remnants  of  open  or closed scrub heath  situated be- 
tween  Wubin (36°06 ', 116°38 ')  and Perenjori (36°26 ', 
116°17'), 200 km north of  Perth. Three areas of  native 
vegetation and three paddocks of lupin stubble were  
sampled. 

Although a number  of  studies have been  carried out in 
Western Australia on the responses  of  invertebrates to 
rangeland grazing, none  have resulted in published lists 
of  ants in grazed and pristine areas. Also, it is extremely 
difficult to find pristine areas because most  of  the rele- 
vant areas have been  grazed by domestic stock at some 
time or other. Greenslade and Mott (1979) have described 

the species richness of  ants in grazed and ungrazed pad- 
docks of E~ea ly#~  woodland over  perennial grasses at 
Manbulloo O4°31 ', 132012 ' )  in the Northern Territory, 
and Greenslade and Smith (1994) have described ants at 
the generic level f rom ".lightly and heavily grazed areas of  
tail, open  mulga (Acacia anura) shrubland at Lake Mere 
(30°11 ', 14.5000 ' )  in New South Wales. These vegetation 
associations are similar to those that occur  in Western 
Australia and may be considered representative of that 
state. In order to provide data that are numerically com- 
parable with the other  disturbances, we  have resorted 
and identified Greenslade and Smith's material to the 
species level. The data represent  replicated samples 
f rom both the lightly grazed (the closest we  can get to a 
pristine area) and heavily grazed areas. 

We did not sample the ant fauna of roadways because 
we  considered it eliminated by construction of the road 
pavement  and associated drainways. 

rata  ma is 

The ant data sets were  first conver ted to presence /  
absence matrices, and the total number  of  species per  
site was summed. The mean value for species richness 
in both  pristine controls (lightly grazed site in the case 
of  the Lake Mere data) and the disturbed site was then 
calculated, and the disturbed-site mean  was converted 
to a proport ion of  the control-site value. 

The similarity be tween  all sites within a data set was 
then calculated by the Systat ® compute r  package using 
Sokai and Sneath's (1963) quotient of  similarity ($3). 
This is calculated by the following formula: $3 = c/(a + 
b), where  a is the number  of  species in site A, b is the 
number  in site B, and c is the number  of  species in com- 
mon. The sites were  then hierarchically clustered using 
the complete  linkage procedure.  In most  cases the con- 
trol sites formed a separate grouping from the disturbed 
sites. The distance along the $3 axis o f  the dendrogram 
was taken as a measure of  the degree of s 'ml i l~ty  be- 
tween the disturbed and control sites. A problem we en- 
countered was that when  large numbers  of  disturbed 
sites were  compared  with the three or four control sites 
used in these studies, the effects of  disturbance were  ac- 
centuated. Consequently, in the case of  the mine site 
and urban data sets, we  randomly selected mine and gar- 
den sites so that equal numbers  of  control and disturbed 
sites were  used in each analysis. This was not  necessary 
for the other two data sets, which were  already bal- 
anced. 

A second problem we  encountered was that the de- 
gree of  similarity of  the ant fauna be tween  control sites 
differed for the four studies. This may be a feature of  the 
ant communit ies  in  the regions where  the studies were  
carried out, although in part  it could also be  an artifact 
of  the sampling procedures.  To allow for this effect we  
measured the similarity level that separated the cluster 
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of disturbed sites from that of the control sites and ex- 
pressed this as a proportion of the similarity level at 
which all the control sites were joined. This procedure 
provided a ratio that could be related to a maximum 
value of  1 (disturbed and control sites exhibit no less 
similarity than the natural variation between control 
sites). 

R e s u l t s  

The percentage of area in each phytogeographic re- 
gion occupied by each land use is shown in Table 1. The 
amount of  land devoted to rangeland grazing is high in 
the northern province, intermediate in most of the Ere- 
maean province, and zero in the south-western prov- 
ince. By contrast, the area cleared for agriculture is high 
in the south-western province, particularly in the Avon 
subdistrict, and no land is cleared in the other two prov- 
inces. The amount of land under urbanization or roads is 
proportionately very low and tends to reflect the distri- 
bution of the state's relatively small population. Urban- 
ization and road values are highest in the Drummond 
subdistrict, which contains Perth, the capital city of 
Western Australia. The other districts or subdistricts of 
the south-west province have experienced some degree 
of land alienation by these two activities and, by com- 
parison, levels in the other two provinces are minute. 
The percentage area of districts disturbed by mining is 
generally small, although higher levels are evident in the 
Austin and Coolgardie districts (gold mines), the Fortes- 
cue district (iron ore mines), the Drummond subdistrict 
(mineral sand and limestone mines), the Dale subdistrict 
(bauxite mines), and elsewhere in the south-west prov- 
ince (mineral sand and limestone mines). 

The mean values of ant-species richness, expressed as 
a proportion of  the mean value in the control area, were 
reduced the most in the areas cleared for roads, fol- 
lowed by agricultural areas, the rehabilitated mines, and 
then the urban areas (Table 2). By contrast, ant-species 
richness in the heavily grazed rangeland was actually 
higher than in the lightly grazed area, a phenomenon 
also noted by Greenslade and Mott (1979) at Manbulloo. 
We therefore record the proportion of the original spe- 
cies richness as 1. 

The dendrograms derived from the four studies all 
produced separate clusters of disturbed and control 
sites. Consequently, we were able to record the similar- 
ity level at which the disturbed sites were separated 
from the control site and to express this as a ratio of this 
value and the corresponding value that combined all 
control sites (Table 2). The higher the ratio (maximum = 
1) the lower the degree of modification of the ant com- 
munity by disturbance. Thus, despite the fact that range- 
land grazing does not result in a reduction of  ant-species 
richness, there is a change in the ant species present. This 

Table 2. Mean ant-species richness in disturbed areas within the 
study areas, and change in ant species similarity between disturbed 
and control areas. 

Land  use 
Proport ional  species Change in a n t  

richness a species b 

Urban 0.51 0.20 
Roads 0.00 0.00 
Mining 0.43 0.38 
Agricultural clearing 0.41 0.32 
Rangeland grazing 1.00 0.71 

aSpecies richness is expressed as a proportion o f  species richness in 
the corresponding control areas. 
b Change in similarity between disturbed and control areas ex- 

pressed as a proportion o f  similarity between control areas. 

land use resulted in the lowest degree of modification of  
the ant community, followed by mining, agricultural 
clearing, urbanization, and finally road construction. 

Interestingly, the rankings of  the five land uses in 
terms of the two measures are not the same, even though 
rangeland grazing caused the least modification of the 
fauna in terms of either measure. This shows that the 
two community measures respond in different ways to 
modification of the habitat. 

When based on species richness, the BI values range 
from 47.95 in the Avon district to 99.99 in the Carnegie 
and Giles districts (Table 3). Although BI values vary 
considerably among the south-western provinces and 
generally reflect the known degree of  habitat change in 
these areas, the differentiation among the districts in the 
Eremaean and northern provinces is small (all values 
greater than 99.80). 

The BI values that are based on species similarity 
range from 40.04 in the Avon district to 93.26 in the Car- 
negie and Giles districts. Although the variance among 
BI values in the south-western province is similar to that 
obtained by the species richness BI measure, the species 
similarity approach produced a greater differentiation 
between districts in the Eremaean and northern prov- 
inces. 

Although there was a significant linear fit between the 
two BI measures for the south-western province ( y  = 
13.497 + 0.86819x, r 2 -- 0.995; Fig. 2), there was no re- 
lationship in the other two provinces. Thus, although 
the two measures may be used interchangeably in the 
south, the BI derived from species richness is not useful 
in the north because of  the insensitivity of ant-species 
richness to grazing. 

D i s c u s s i o n  

The failure of the BI based on species richness to clearly 
differentiate between regions in the northern and Ere- 
maean provinces results from ant-species richness being 
maintained at high levels in rangeland grazed areas, even 
though species composition undergoes some change. 
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Table 3. Biodiversity integrity (BI) values associated with each of the major land uses within each phytogeographic region. 

Ant species richness 

71 

District or Biodiversity integrity values 

subdistrict Uncleared Urban Roads Mining Agriculture Rangeland Total 

Dampier 20.98 0,O1 O.O0 O.01 O.00 78.96 99.96 
Hall 4.65 0.00 0.00 0.02 0.00 95.28 99.95 
Fitzgerald 45.51 0.03 0.00 0.01 0.00 54.40 99.94 
Gardner 45.51 0.00 O.00 O.00 0.OO 54.46 99.98 
Eucla 55.40 0.00 O.O0 O.O0 0.OO 44.58 99.98 
Helms 76.78 0.00 0.00 O.00 0.00 23.20 99.98 
Austin 21.51 0.00 O.00 0.06 0.00 78.31 99.88 
Carnarvon 44.09 0.O1 0.00 O.01 0.OO 55.84 99.95 
Ashburton 21.51 0.00 O.O0 O.01 0 .OO 78.45 99.97 
Keartland 76.78 0.OO 0.O0 O.00 0.OO 23.20 99.98 
Carnegie 76.78 0. OO 0.00 0.00 O. O0 23.21 99.99 
Giles 76.78 0.00 O.00 0.00 0.00 23,21 99.99 
Fortesque 57.96 0.02 0.00 0.04 0.00 41.90 99.92 
Canning 76.78 0.00 O.00 O.00 O.O0 23.20 99.98 
Mueller 76.78 0,00 0.00 0.00 0,00 23.20 99.98 
Coolgardie 72.45 0.02 0.00 O. 11 0.00 27.21 99.80 
Drummond 43.00 5.95 0.00 O.47 17.71 0.00 67.13 
Dale 50.00 0.46 O.OO 0.07 19.90 0.00 70.43 
Menzies 55.O0 O. 17 O.00 0.03 18.17 0.O0 73.37 
Warren 72.00 0.08 0.00 0.08 11.21 0.00 83.37 
Irwin 30.00 0.08 0.00 0.06 28.52 0,00 58.66 
Avon 12.00 0.04 O.00 0.04 35.87 0.00 47.95 
Roe 23.00 0.01 O.OO 0.02 31.50 O.00 54.52 
Eyre 47.00 0.03 0.00 0.02 21.62 0.00 68.67 

Ant species similarity 

District or Biodivers#y integrtty values 

subdistrtct Uncleared Urban Roads Mining Agriculture Rangeland Total 

Dampier 20.98 0.00 O.00 O.O1 0.00 56.06 77.06 
Hall 4.65 0.00 0.OO 0.02 0.00 67.65 72.32 
Fitzgerald 45.51 0.01 O .O0 O .01 0 .O0 38.62 84.15 
Gardner 45.51 0.00 0.00 0.00 0.00 38.67 84.18 
Eucla 55.40 0.00 0.00 0.O0 0.00 31.65 87.05 
Helms 76.78 0.00 O.00 O.O0 0.00 16.47 93.25 
Austin 21.51 O.00 0.00 0.05 0.OO 55.60 77.16 
Camarvon 44.09 0.00 0.00 0.01 0.00 39.65 83.75 
Ashburton 21.51 0.00 0.00 0.01 0.00 55.70 77.22 
Kearfland 76.78 0.00 0.00 O.00 0.00 16.47 93.25 
Carnegie 76.78 0.O0 O.00 O.OO O.OO 16.48 93.26 
Giles 76.78 0.O0 0.00 0.O0 0.00 16.48 93.26 
Fortesque 57.96 0.01 0.00 0.03 0.00 29.75 87.75 
Canning 76.78 0.00 0.00 0.00 0.00 16.47 93.25 
Mueller 76.78 0.00 O.00 0.OO 0.00 16.47 93.25 
Coolgardie 72.45 0.01 O.OO O.10 0.OO 19.32 91.88 
Drummond 43.OO 2.33 O.00 0.42 13.82 0.00 59.57 
Dale 50.00 O, 18 0.00 0.06 15.53 0.00 65.77 
Menzies 55.00 0.07 0.00 0.03 14.18 0.00 69.27 
Warren 72.00 0.03 O.00 0.07 8.75 0.00 80.85 
Irwin 30.00 0.03 O.00 0.05 22.26 0.00 52.34 
Avon 12.00 0.02 0.00 0.03 28.00 0.00 40.04 
Roe 23.00 0.00 0.00 0.02 24.58 0,00 47.60 
Eyre 47.00 0.O1 O.OO 0.02 16.87 O,00 63.91 
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Figure 2. Relationship between biodiversity integrity 
(BI) values based on species richness and species simi- 
larity in the 24 phytogeographic regions. The regres- 
sion line has been fitted to the data from the south- 
west province only; the 16points from the northern 
and Eremaean provinces occur on the top right of  the 
graph. 

Thus, although this measure produces a good differenti- 
ation in the south-western province, where rangeland 
grazing does not occur, it is probably unsuitable for use 
in the grazed areas. By contrast, the BI based on species 
similarity was effective at separating regions in all three 
provinces. 

The BI totals for the phytogeographic regions, espe- 
cially those derived using the index of similarity, appear 
to separate the various regions in terms of  the extent of 
land alienated for the various land uses. In the Western 
Australian State of the Environment Report (Environ- 
mental Protection Authority 1992) a subjective assess- 
ment, based on an overall consideration of many facets 
of the natural and human-made environment, was made 
of the general condition of  the major vegetation dis- 
tricts. The ranking of regions in the south-western prov- 
ince and in the other two provinces derived from the 
present study generally agrees with these subjective 
rankings. 

The procedure takes a coarse-grain approach to sum- 
marizing the extent of modification of ant diversity in 
the phytogeographic regions. It has not included the im- 
pact of  some of  the other, possibly more subtle, pertur- 
bations such as fire, diseases such as Phytophthora cin- 
namomi, or tourist activity. There is the potential to 
include these factors if the relevant data on their impact 
on the ant fauna are available, although an impediment 
to their inclusion might be that the spatial extent of 
these perturbations is not known. 

A major objective of  this paper  is to demonstrate the 
potential for using the procedure with taxa other than 
ants, or in other parts of the world. For the procedure to 
work, however, certain criteria need to be met. First, 

the taxon used should be reasonably species-rich in the 
areas under consideration. In the case of Australian ants 
a large number of species are found in each sampling 
unit within control areas. There is therefore consider- 
able information content within the collections obtained 
from each area. The same would be true for many other 
taxa, such as springtails, mites, beetles, birds, or flower- 
ing plants. The procedure is unlikely to be useful with 
less speciose groups because there would be less poten- 
tial to extract statistical information. 

A second criterion is that the taxon used for deriving 
the BI should be ubiquitous across the study area. This 
criterion is met for Australian ants, although the proce- 
dure may be less robust in the island state of Tasmania, 
where ant diversity is relatively low. Similarly, although 
ants would be suitable taxa to use in Africa, South Amer- 
ica, and tropical Asia, they would have less utility in 
Great Britain, where only 45 species occur. 

The third criterion is that a good data base should ex- 
ist on the distribution of  the indicator taxon and on the 
response of this taxon to disturbance. Alternatively, the 
taxon should be amenable to surveying so that such in- 
formation can be readily obtained. Taxa for which such 
information may already exist in Western Australia in- 
d u d e  birds (Blakers et al. 1984), mammals (Kitchener & 
Vicker 1981), and many groups of flowering plants (Bu- 
reau of Flora and Fauna 1981). 

One limitation of  the coarse-grain approach is that it 
fails to detect variations in intensity of a land use, such 
as grazing, and therefore masks important changes in di- 
versity. This could be rectified by quantifying the impact 
of varying intensities of a particular land use on the indi- 
cator taxon and applying the information to fine-scale 
geographic information system data. Such an approach 
would be quite feasible, although it would be better 
suited to studies of the variation in biological diversity 
over a more restricted area. 

The BI procedure is probably more suitable for envi- 
ronmental auditing at the larger scale. The resulting in- 
formation could be used in map, graphical, or tabular 
form to convey information on the quality of the envi- 
ronment in an easily interpretable form. It may also be 
used to rank sites in terms of BI. This could be particu- 
lariy useful if decisions are to be made on which regions 
might be selected for environmental mitigation. 

A further spinoff of this procedure is that it provides a 
statement on the relative impact of different land uses 
on the BI. This may be considered within a particular 
district or group of districts, or across the whole country 
or state. The state-wide summary for Western Australia 
(Table 4) indicates that agricultural clearing has had by 
far the greatest impact on ant BI, closely followed by 
rangeland grazing (if the loss of BI based on species sim- 
ilarity is used). The lower losses of BI as a result of  
urbanization, roads, and mining puts into context the 
lower impact of these relatively restricted land uses. 
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Table 4. Loss of biodiversity integrity (BI) values in the 24 phytogeographic regions (maximum loss = 2400) as a result of five 
broad land uses.* 

II Illl Ill I Illl 

Land  use 

Biodiversity integrity Agricultural  
based on Urban Roads Min ing  clearing 

Rangeland 
grazing 

Species r ichness  6.64 3.10 1.42 265.50 0.00 
Similarity index  10.84 3.10 1.54 306.00 217.10 

*Loss is calculated by subtracting the BI values shown in Table 3 from the values that would have been produced i f  ant-species richness or sim- 
ilarity values were 1,00 in each of  the land uses. 

A l t h o u g h  t h i s  p r o c e d u r e  w o u l d  b e  o f  v a l u e  in  e n v i r o n -  

m e n t a l  a u d i t i n g ,  i t  m u s t  b e  a p p r e c i a t e d  t h a t  a coa r s e -  

g r a i n  a p p r o a c h  wi l l  n o t  d e t e c t  c h a n g e  a t  t h e  s m a l l e r  

sca le .  A m a j o r  h i g h w a y  m a y  p r o v i d e  a n  o b s t a c l e  t o  t h e  

f r ee  m o v e m e n t  o f  a n d  g e n e t i c  f l o w  w i t h i n  a n i m a l  p o p u -  

l a t i o n s  ( M a d e r  1984) ,  a n d  a m i n i n g  o p e r a t i o n  m a y  

t h r e a t e n  a loca l  e c o s y s t e m .  I t  is  t h e r e f o r e  i m p o r t a n t  t h a t  

t h e  p r o c e d u r e  b e  u s e d  i n  t h e  a p p r o p r i a t e  c o n t e x t  a n d  

n o t  to  p r o d u c e  s ta t i s t i ca l  i n f o r m a t i o n  t h a t  g l o s s e s  o v e r  

i m p o r t a n t  l oca l  c h a n g e .  I n  a d d i t i o n ,  i t  s h o u l d  n o t  b e  

s e e n  as a s u b s t i t u t e  f o r  o t h e r  i m p o r t a n t  m e a s u r e s  o f  b io-  

log ica l  d ive rs i ty ,  s u c h  as s p e c i e s  t u r n o v e r ,  t h e  e x i s t e n c e  

o f  r a r e  s p e c i e s ,  t h e  d e g r e e  o f  e n d e m i s m ,  o r  r e p r e s e n t a -  

t i v e n e s s  o f  c o m m u n i t i e s .  Speci f ica l ly ,  t h e  BI p r o c e d u r e  

is a n  a d j u n c t  to  t h e s e  m e a s u r e s  t h a t  c a n  s y n t h e s i z e  

c h a n g e s  in  t h e  i n t e g r i t y  o f  b i o l o g i c a l  d i v e r s i t y  o f  a geo-  

g r a p h i c a l  r a n g e .  I f  u s e d  in  t h e  r i g h t  c o n t e x t ,  t h i s  p r o c e -  

d u r e  c o u l d  c o n t r i b u t e  to  n a t i o n a l  o r  m o r e  l o c a l i z e d  re- 

p o r t i n g  o n  t h e  c u r r e n t  s t a t u s  o f  b i o l o g i c a l  d ivers i ty .  

Acknowledgments 

W e  w i s h  to  t h a n k  P e n e l o p e  G r e e n s l a d e  f o r  m a k i n g  t h e  

Lake M e r e  a n t  m a t e r i a l  a v a i l a b l e  to  us.  Na ta l i e  Kea l s  

s o r t e d  t h i s  m a t e r i a l  a n d  a s s i s t e d  w i t h  d a t a  p r e p a r a t i o n .  

Nev i l l e  Wal l i s  k i n d l y  p r e p a r e d  t h e  d a t a  o n  r o a d  l e n g t h s ,  

a n d  A lan  A n d e r s e n ,  H a r r y  R e c h e r ,  I an  Briggs,  R i c h a r d  

McKeUar ,  a n d  a n  a n o n y m o u s  r e f e r e e  c o m m e n t e d  o n  a n  

ea r l i e r  d r a f t  o f  t h e  m a n u s c r i p t .  

Literature Cited 

Allen, N. T. 1989. A methodology for collecting standardised biological 
data for planning and monitoring reclamation and rehabilitation 
programmes. Pages 179-205 in J, D. Majer, editor. Animals in pri- 
mary succession: The role of fauna in reclaimed lands. Cambridge 
University Press, Cambridge, England. 

Beard, J. S. 1990. Plant life of Western Australia. Kangaroo Press, Perth. 
Blakers, M., S. J. J. F. Davies, and P. N. Reilly. 1984. The atlas of Austra- 

lian birds. Melbourne University Press, Carlton, Australia. 
Bureau of Flora and Fauna. 1981. Flora of Australia, vol. 1. Introduc- 

tion. Australian Government Publishing Service, Canberra. 
Castles, I. 1993. Census counts for small areas: Western Australia. Aus- 

tralian Bureau of Statistics, Canberra. 

Chamber of Mines and Energy of Western Australia. 1990. Land access 
for mineral exploration: The way ahead, CMEWA, Perth. 

Department of Minerals and Energy. 1993. Western Australia: principal 
mining and petroleum projects. DME, Perth. 

Environmental Protection Authority. 1992. State of the environment 
report. EPA, Perth. 

Greenslade, P. J. M., and J. J. Mott. 1979. Ants of sown pastures in the 
Katherine area, Northern Territory, Australia (Hymenoptera: Formi- 
cidae). Pages 153-156 in T. K. Crosby and R. P. Porringer, editors. 
Proceedings of the second Australian conference on grassland in- 
vertebrate ecology. Government Printer, Wellington. 

Greenslade, P., and D. Smith. 1994. Soil faunal responses to restoration 
by mulching of degraded semi-arid soils at Lake Mere, New South 
Wales. Pages 67-69 in C. E~ Pankhurst, B. M. Doube, V. V. S. R. 
Gupta, and P. R. Grace, editors. Soil biota: management in sustain- 
able farming systems. CS1RO, Melbourne. 

Keals, N., and J. D. Majer. 1991. The conservation of ant communities 
along the Wubin-Perenjori corridor. Pages 387-393 in D. A. Saun- 
ders and R. J. Hobbs, editors. Nature conservation 2: The role of 
corridors. Surrey Beatty and Sons, Chipping Norton, Australia. 

Kitchener, D.J., and E. Vicker. 1981, Catalogue of modern mammals in 
the Western Australian Museum, 1895 to 1981. Western Australian 
Museum, Perth. 

Mader, H. J. 1984. Animal habitat isolation by roads and agricultural 
fields. Biological Conservation 29:81-96. 

Majer, J. D. 1990. Rehabilitation of disturbed land: long-term prospects 
for the recolonization of fauna. Proceedings of the Ecological Soci- 
ety of Australia 16:509-519. 

Majer, J. D. 1993. Costs of biodiversity assessment. Pages 35-39 in A. J. 
Beattie, editor. Rapid biodiversity assessment. Proceedings of the 
rapid biodiversity assessment workshop, blacquarie University, 
1993. Macquarie University, Sydney. 

Majer, J. D., and K. R. Brown. 1986. The effects of urbanization on the 
ant fauna of the Swan Coastal Plain near Perth, Western Australia. 
Journal of the Royal Society of Western Australia 69:13-17. 

Majer, J. D., J. E. Day, E. D. Kabay, and W. S. Perriman. 1984. Recotoni- 
zation by ants in bauxite mines rehabilitated by a number of differ- 
ent methods. Journal of Applied Ecology 21:355-375. 

Noss, R. F. 1990. Indicators for monitoring biodiversity: a hierachical 
approach. Conservation Biology 4:355-364. 

Rossbach, M. H., andJ. D. Majer. 1983. A preliminary survey of the ant 
fauna of the Darling Plateau and Swan Coastal Plain near Perth, 
Western Australia. Journal of the Royal Society of Western Australia 
66:85-90. 

Sokal, R. R., and P. H. A. Sneath. 1963. Principles of numerical taxon- 
omy. W, H. Freeman, San Francisco. 

Western Australian Muncipal Association. 1993, The Western Austra- 
lian muncipal directory 1993-1994. Sampson Publishing, Perth. 

World Conservation Union. 1980. World conservation strategy: Living re- 
source conservation for sustainable development. Gland, Switzerland. 

Conservation Biology 
Volume 10, No. 1, February 1996 


