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Figure 5

The final group consists of one survey area. OYE
lies in the western interior of the study area at a
junction between the Hamersley and Chichester
subregions. It also partly separates survey areas in
the 3¢ and 4" groups.

An MDS plot was also constructed to show the
spatial relationships between the cluster groups
(Figure 5). The placement of the groups is consistent
with their spatial arrangement on a map with the
Fortescue group, running in between the northern
and southern groups, except for OYE which is
placed at the opposing end of the Fortescue group.

The PATN-generated box-and-whisker plots
(Figure 6) identified a combination of PAnn, PCoQ
and Lat as providing the clearest visual separation
between the six groups. This was confirmed by
running PERMANOVA for each of the variables,
using partial sum of squares and unrestricted
permutation of the data (9999 permutations). Of
the PERMANOVA results for the three variables
(Table 1), PCoQ contributed the most to separating
the groups, although Lat does separate out many
of the same groups. The only two groups that these
two were unable to separate were groups 5 and 6.
These two were separated from each other only by
PAnn. Given the unreliability of the climatic data,
it is difficult to put much faith in this separation
between groups 5 and 6 as they are in very similar
geographic positions. It is also worth noting that
PCoQ is highly correlated with longitude (-0.87).

The two-dimensional MDS, with a relatively
high stress of 0.2, clearly shows the gradients for
PCoQ and Lat when plotted as a bubble chart with
vectors (Figures 7 and 8). However, the relationship
between group 6 (OYE), the other groups and
PAnn is not as clear visually with either the two-
dimensional or three-dimensional MDS.

Two-dimensional MDS plot of survey areas, with six group clusters superimposed.

Vicariant patterns

Generic distribution patterns were investigated
for possible vicariance. There were several
examples of clearly restricted distributions, most of
them indicating a break in the landscape dividing
the Pilbara bioregion along the Fortescue Plain,
from the north-west to the south-east. Three
examples of individual species are illustrated
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Figure 6  Box-and-whisker plots showing the relation-

ship between each of the six survey area
clusters for the three variables, precipitation
in the coldest quarter, latitude and annual
precipitation. N = number of survey areas in
each group. Standard devation, mean (bar)
and median (o) values are indicated.



198 B.J. Durrant, M.S. Harvey, V.W. Framenau, R. Ott, J.M. Waldock

in Figure 9, with three very distinct allopatric
examples in Figure 10. The three described species
provided as examples also occur outside the Pilbara
region but their distributions are still consistent
with these patterns.

Species composition

The lack of discrete patterns in species
composition at the quadrat-level could indicate a
number of issues, not the least being limitations
of the sampling protocols. First, it may be that the
local habitat-scale variables (landform and soil
attributes) that were measured during the survey
have little influence on species composition.
As such, a lack of meaningful clustering may
mean simply that we had not measured the most
appropriate variables for the spider groups we were
investigating.

Second, the climatic data, as noted earlier,
should be treated very guardedly and within a
much wider context. At the scale of the individual
quadrat, these data, particularly rainfall, should be
regarded as unreliable and potentially misleading.
Rainfall in the Pilbara can be stochastic at the local
scale and it is largely these rainfall events that
drive the activity of the local fauna. If there is no
rainfall at a quadrat then the chance of effectively
sampling the local invertebrate community is
potentially greatly diminished. This would result in
increased noise in the datasets, through decreased
sampling consistency between neighbouring
quadrats, and would help explain why pooling
the data into their respective survey areas has
produced such a contrasting result. It would also
possibly explain why the spatial autocorrelation
was not significant in a region that has been stable
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Figure 7  Bubble plot of two-dimensional MDS showing precipitation in the coldest quarter (PCoQ) vector.
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Figure 8  Bubble plot of two-dimensional MDS showing latitude (Lat) vector.
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Aname sp.9

Hoggicosa bicolor

'.Lampona sp.2

Figure9  Examples of restricted distributions of com-

monly collected species.

geologically and climatically for such a long period
of time. Unfortunately, local rainfall data were not
collected during this survey so there is little way
of quantifying this effect, but recent terrestrial
invertebrate work in the Pilbara and Midwest
regions by consultants surveying trapdoor spiders
has shown that a single rainfall event can increase
activity and sampling effectiveness by a very
significant amount (G. Humphreys, pers. comm.).

In contrast, the results of the survey area
analysis provide some insight into the broader
compositional patterns in the Pilbara. At this
broader scale, the climatic variables can be viewed
with more confidence because the amount of
noise in the spider sampling data from locally
inconsistent rainfall events is reduced. The
combination of three environmental variables
separated all six survey area clusters.

Precipitation in the coldest quarter (the dry
season in the Pilbara) appears to account for much
of the separation of the survey area clusters. In the

Australutica sp.1

Australutica sp.2

Trichocyclus gnalooma

Trichocyclus warrianga

Masasteron sp.1

Masasteron sampeyae

Figure 10 Examples of allopatry illustrating the break
between the north and south Pilbara. The
distributions shown are based purely on the
Pilbara survey material but the known dis-
tributions of each species are consistent with
the north/south division of the Pilbara.

Pilbara, rainfall in the dry season comes largely
from the south, where the more temperate part
of the state is having winter rain. Consequently,
a gradient of decreasing dry season rainfall runs
from the south-west of the Pilbara to the north-
east, also highlighting the high correlation with
longitude. The increased potential for rain in the
dry season in the south-west of the Pilbara opens
up the potential in this part of the region for more
temperate species to coexist with arid-adapted
Pilbara species. So it may be the presence of species
adapted to temperate/dry season rainfall that
has clustered these southern and south-western
survey areas separately from the areas north of the
Fortescue.

Latitude has been the focus of many species
diversity/richness studies over the years, based
on the principle that diversity decreases from a
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tropical to a temperate climate (e.g. Gaston 2000;
Hillebrand 2004). Despite some arguments for
latitude to be avoided in analysing data from
regional-scale surveys (Hawkins and Diniz-
Filho 2004), its inclusion is warranted given the
exploratory nature of this study. In this survey the
range in latitude is not large, the northernmost
part of the region is not tropical, nor the southern
temperate, so there is only limited potential for
latitude in itself to influence spider composition.
The significant correlation with latitude may be
related to the influence of the Fortescue River,
separating the north Pilbara from the south,
and the separation of the Roebourne Plains into
northern and southern coastal regions. On the other
hand, latitude is highly correlated with several
temperature variables, with distance from the coast
and possibly with other variables that were not
measured.

The third variable used to separate the survey
area groups was annual precipitation (PAnn).
Unlike PCoQ), PAnn does not show a linear gradient
across the Pilbara. Annual rainfall increases from
the edges of the study area, including the coast,
into the interior and reaching high points over the
Hamersley Range, the western part of the Fortescue
subregion and the junction of the Fortescue,
Hamersley and Chichester subregions. OYE, which
on its own constituted group 6, lies in the junction
of the Fortescue, Hamersley and Chichester
subregions, in an area of high annual rainfall
(relative to the rest of the Pilbara). This compares
with group 5 (WYE, WYW, OYW and DRW) which
all have significantly lower annual rainfall, despite
being in the same western section of the Pilbara as
OYE. The difference lies in the combination of wet
season and dry season rainfall. OYE has a high wet
season rainfall compared to OYW, WYE and WYW
and a high dry season rainfall compared to DRW.
Regardless of the time of year, OYE has one of the
highest probabilities of receiving rain.

The survey area clustering conforms to the pattern
of the Pilbara’s subregions. These subregions differ
in geology, soils and vegetation. Harvey et al. (2004)
also found that these broad-scale landscape factors
were reflected in the survey area clustering for
Araneomorphae of the wheatbelt. This, of course,
should be kept in perspective as these patterns
are based on the ‘lumping’ of quadrat-based data,
resulting in the loss of any fine-scale details, and
these broader patterns would likely be driven by a
handful of species.

The survey area results also point to the potential
influence of historical factors. The Fortescue
subregion, which finishes about 100 km from the
coast, comprises the contemporary marshland
and alluvial plains of the Fortescue. Beyond the
subregion, heading towards the coast following the

river, is the ancient floodplain of the Fortescue, now
part of the Chichester and Hamersley subregions
and continuing into the Roebourne. The inclusion
of DRW within the Fortescue group, despite it being
on the coast but still along the ancient Fortescue
floodplain, indicates an historical element to the
patterning. There is, however, no indication of any
historical influence in the taxonomic results.

Winter rainfall also showed a correlation with
araneomorph composition at a broad scale in
the Carnarvon Basin, although some finer-scale
variation was associated with claypans and
vegetation cover (Harvey et al. 2003). The wheatbelt
araneomorph survey revealed potential influence
from summer temperature gradients at broad
scales, as well as from salinity at the quadrat
level (Harvey et al. 2004). The families Salticidae
and Zodariidae were considered separately in
the wheatbelt study and showed contrasting
results. The salticids appeared to be influenced by
temperature, rainfall and salinity at the quadrat
scale, with distinct assemblages that associated
with saltflats. At a broader scale, summer
temperatures had some influence, again correlated
with latitude (Guthrie and Waldock 2004). The
zodariids showed little response to quadrat-level
variables but, at a broader scale, summer rainfall
appeared to influence assemblages (Durrant 2004).
It seems that, at regional scales, both temperature
(correlated with latitude) and rainfall have the
potential to influence spider assemblages in all
three regions.

Techniques for sampling spiders have been
studied regularly over the years (e.g. Uetz and
Unzicker 1976; Curtis 1980; Churchill and Arthur
1999; Brennan et al. 1999), resulting in a greater
capacity for ecological studies to be carried out
more efficiently and more comprehensively. The
biggest limiting factor for pitfall trapping is its
reliance on spider activity. As the activity levels of
individual species can vary greatly, spatially and
temporally, relying on this method for abundance
data should be avoided (Standen 2000). This can
make pitfall trapping potentially unsuitable for
quantitative studies (Topping and Sutherland 1992)
but very good for incidence (presence/absence) and
species richness surveys (Uetz and Unzicker 1976;
Standen 2000). It is this reliance on activity that has
potentially created sampling issues for this survey.
The Pilbara’s inconsistent rainfall, the survey’s lack
of quadrat-based rainfall data and the flora and
fauna’s reliance on rainfall events to “boom’, followed
swiftly by a bust, has meant that any comparison
between quadrats has to be viewed with caution.

Vicariance

The apparent distributional limitations of a
number of species and the high degree of allopatry
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between several pairs of closely related species
help to highlight the broad subregional patterns
that appeared in the survey area analysis. These
distributional patterns consistently indicate a
regional division into a southern and a northern
Pilbara, divided by the Fortescue River and plain.
This division is also seen in Mulga (Acacia aneura)
where the Fortescue Plain is regarded as the
northern limit of this species.
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