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THE SPATIAL AND TEMPORAL PATTERNS OF STICK-NEST RAT MIDDENS IN 
AUSTRALIA 

Stuart Pearson 1 Ewan Lawson 2 Lesley Head 3 Lynne McCarthy3 John Dodson4 

ABSTRACT. The spatial and temporal distribution of 1.45 radiocarbon dates on 66 Australian stick-nest rat middens 
(Muridae: Leporillus spp.) range from modern to 10,900 ± 90 BP. As in American packrat middens, age frequency follows a 

logarithmic decay, both continentally and at major sites. This is probably a result of natural decay processes. Unlike American 

middens of similar age, relatively few range changes in plant distribution have been detected in Australia. The distribution of 
14C ages and the associated midden materials provide important paleoenvironmental information from the arid interior of 
Australia. The middens record subtle changes in vegetation and dramatic changes in the fauna unlike those interpreted from 

sites on the coastal rim or the southeastern periphery of the arid zone. 

INTRODUCTION 

Stick-nest rats are in eclipse; Leporillus apicalis is extinct, and Leporillus conditor is the subject of 
an intensive recovery program from its refuge on Franklin Island, South Australia (Pedler and Cop- 
ley 1993). However, the stick-nest rat middens have survived on the mainland and are a feature of 
many caves and overhangs in arid Australia. To our knowledge, the first published analysis of fossil 
middens in Australia is that of Green et al. (1983). The materials in the middens, and the distribu- 
tions of the middens themselves, provide useful biological information about the surrounding area. 
This information is readily dated using radiocarbon methods (Berry 1993; Pearson and Dodson 
1993; McCarthy et al. 1996). Head et al. (1998) found that a weak relationship existed between mid- 
den appearance and age, although a stronger relationship existed between appearance and the reso- 
lution of the paleoecological record in the midden. The majority of middens in Australia are found 
in deeply weathered rocks that erode to form shallow caves, rock shelters and overhangs along a low 
cliff-line or breakaway (Copley 1988). Other animals, such as rock wallabies and brush-tailed pos- 
sums, may also be responsible for ancient excretory deposits in rock shelters, although the distinc- 
tive stick-nests discussed in this paper can be attributed to stick-nest rats (Pearson 1997). 

From the sizeable number of conventional and accelerator mass spectrometry (AMS)14C analyses, 
we review the temporal distribution of the Australian midden record. Similar reviews (Mead et al. 

1978; Van Devender et al. 1985; Webb 1986; Webb and Betancourt 1990) on packrat middens in the 
United States have helped focus subsequent efforts in North America. The North American findings 
include: reconstruction of vegetation distributions over the last 40,000 yr (e.g. Betancourt et al. 

1990; Van Devender et al. 1990), isotopic analysis (e.g. Long et al. 1990; Pendall et al. 1999), anal- 
ysis of insect communities (e.g. Elias et al. 1995), vertebrate fauna reconstructions using preserved 
remains (e.g. Mead and Phillips 1981; Mead et al. 1994), protein analysis on desiccated urine (Rog- 

ers and Bendich 1985; Lowenstein et al. 1991), stomatal responses to prehistoric atmospheric 
change (Van de Water et al. 1994), and atmospheric radionuclide production rates (Plummer et al. 

1997). Many of the analyses are possible without the cost of additional fieldwork or 14C dating 
because the material is not destroyed in analysis and much of it is stored in archives. Here we review 

the patterns of stick-nest rat midden dates from Australia, highlight the spatial and temporal extent 
of the record, and discuss new applications to the material that has already been 14C dated. 
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METHODS 

We list all 14C analyses known to us from published and unpublished work of researchers pursuing 
stick-nest rat midden analysis through March 1998. Sample collectors and submitters include San- 
dra Berry, John Dodson, Lesley Head, Lynne McCarthy, Stuart Pearson, Jay Quade, and Robert 
Webb. Table 1 records all known 14C dates; analyses have not been subject to any exclusion criteria. 
For various reasons, not all the sample data we wished to review could be obtained from submitters 
or laboratories. A number of dates have been revised (in all cases by the laboratory). Details of sam- 
ples sent to Beta Analytic Inc. were not available due to confidentiality and the destruction of their 
data warehouse by Hurricane Andrew in 1992. 

The majority of the analyses have been done through the Australian Nuclear Science and Technol- 
ogy Organisation (ANSTO) using AMS. There was good analog evidence from the packrat work 
that this would allow rapid advances in midden analysis by identifying contamination, taphonomic 
processes and direct dates on special material (Van Devender et al. 1985). There is some debate 
about the selection of 14C samples in packrat middens (see Mead and Phillips 1981). In North Amer- 
ica most analyses have dated specific material from plants that are not found in the local area and, 
for the last decade, packrat scats have been dated to save other macrofossil material for analysis 
(Webb and Betancourt 1990). 

The early conventional 14C analyses from stick-nest rat middens were on bulk unwashed material 
and may have included mixtures of non-contemporaneous materials (Green et al. 1983; Berry 1993). 
Pearson (1989) used pads of finely chewed organic material (either grasses or Acacia phyllodes) for 
his conventional analyses. These layers appeared to have been accumulated quickly because they 
lacked a dusty coating or induration by desiccated urine or scats. Compared to larger woody debris, 
this finer material was also less likely to survive long on cave floors or be reworked through depos- 
its. Samples were between 7 g and 20 g dry weight. Pretreatment by Beta Analytic Inc. included: 
examination for contamination such as rootlets, acid soaking to remove carbonates, rinsing to neu- 
trality, drying, and combustion in an enclosed line before benzene synthesis and counting. 

Pearson (1997) used AMS on the scats to date the rodent activity more directly than the analysis of 
other materials that may have been recycled from elsewhere. The usual protocol was for 1 scat (about 
1 g) to be separated for 14C, and 5 other scats, closely associated in the matrix of the dated sample, 
were prepared for pollen analyses. This provided the closest context for interpreting the pollen 
record. Pretreatment of the (AMS) 14C samples was done at the ANSTO ANTARES Facility. Other 
material was pretreated at the NWG Macintosh Centre for Quaternary Dating at the University of 
Sydney, the NSF-Arizona AMS Laboratory at the University of Arizona, and at Beta Analytic Inc. 

The facilities at Beta Analytic Inc. (liquid scintillation counters) and ANSTO report machine back- 
ground contamination levels that would only affect samples older than about 40,000 yr. The correc- 
tion due to contamination from combustion and graphitization was that associated with 2.5 µg mod- 
ern carbon equivalent. 14C ages reported here are determined using the NIST Oxalic Acid I (HOxI) 
standard. Counting errors are quoted to ± 16. The estimation of the 313C correction ratio for samples 
was left to the laboratory and measured b13C corrections are not yet available for many samples. The 
estimated normalized b13C correction ranged from -12%o to -27%o and reflected the expectation 
that the material dated was isotopically similar to wood. The measured corrections that are available 
(n=22) are within this range (-24.7 ± 2.1 %o). The ratio of C-3 to C-4 pathway plants in a sample may 
significantly affect the 13C correction. However, these differences in corrections could, at worst, 
result in a 60-yr change in the age result within the ranges of the age determinations. 
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We separated the dates on specific parts of stick-nest rat middens ("selected dates") from the popu- 
lation of 14C analyses ("all dates") in order to show the different distribution of the 14C samples and 
the middens. Webb and Betancourt (1990) analyzed the patterns of all 14C analyses because selec- 
tion of one date to represent a midden was intractable. However, with the analysis of stick-nest rat 
midden dates, we have been able to select the oldest and youngest dates available from a midden. 
This corrects the number of repeated dates on a few middens and provides information about initia- 
tion construction and abandonment of a specific midden. We will refer to these 3 groups of dates as 
"all dates", "selected maximal dates" and "selected minimal dates". 

Organic material found in the midden is certain to predate, and possibly postdate, the construction 
of the midden. The history of 14C in samples from middens must be carefully considered on an indi- 
vidual basis (Pearson 1999) and is not considered in this summary. Amberat is a black matrix of des- 
iccated urine, including phytoliths (Bowdery 1998), pollen and other midden debris. Presumably it 
contains a range of organic material from many sources; contaminates may make samples appear 
older. Instances of younger contaminates entering the midden have been recognized (Pearson 1997; 
Pearson et al. 1999) and this demands careful consideration of each sample, and greater understand- 
ing of the taphonomy of the deposits (Pearson 1999). The only sampling bias we are aware of is that 
Stuart Pearson avoided middens with no induration because they are likely to be contaminated and 
tend to disintegrate in sampling (Pearson 1989)-this may have resulted in relatively modern mid- 
dens being under-represented in his samples. 

We subtracted 24 yr from the dates older than 100 BP as the Southern Hemispheric offset, assuming 
the offset is unimportant after AD 1850 (Stuiver et al. 1998). We used CALIB 4.0 (Stuiver and 
Reimer 1993, 1998) to calibrate each 14C date with the 1998 atmospheric decadal dataset (Stuiver et 
al. 1998) and created the 16 probabilities of each date. This was done in 2 batches to resolve the 
data-entry limitations of Calib 4.0. The probabilities were summed to show the maximum amount 
of data from the 14C analyses. We did not use a moving average in the calibration curve because the 
material sampled spanned an unknown period. The probabilities of each 14C estimate were summed 
into 10-yr categories then exported into Excel® for graphing. 

RESULTS 

The spatial distribution of stick-nest rat middens is described in Copley (1988). The maximum likely 
midden extent follows the subfossil distribution of stick-nest rats in Australia (Strahan 1995). Mid- 
dens recently found in Queensland (G Medlin and C Dollery, personal communication 1998) extend 
the range of fossil middens. The distribution shows the effects of an extensive search effort across 
central Australia and a concurrent intense effort in the Flinders Ranges and western New South 
Wales. 

Table 1 lists all the 14C analyses on material from stick-nest rat middens. Spreadsheet versions are 
available from the corresponding author-empty cells indicate unavailable information. The tempo- 
ral distribution of all calibrated 14C ages is shown on Figure 1; Figure 2 shows the selected samples 
that show the minimal and maximal ages on middens, and Figure 3 shows the spatial distribution of 
study sites and 14C results. Figure 4 shows the spatial distribution of all 14C ages during 4 periods in 
Australia. The oldest Flinders Ranges dates, 10,000-8000 BP, are based on 2 middens, SAJQ85 
(dated 8 times) and SAJQ79 (dated once). Nine Flinders Ranges middens dated older than 5000 BP. 

Figure 5 shows the summed probability distributions from the maximal and minimal 14C dates for 4 

sites. These sites were graphed because a number of dates were available. At Umbeara Station and 
Gap Range all the middens found were dated. Figure 5 shows the relation between both initial con- 
struction dates (maximal 14C dates) and abandonment (minimal) dates in a variety of locations. 
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Table 1 Radiocarbon analyses on material in stick-nest rat middens 
14C age 

(yr BP ± 16) a code used b C 

10,900 ± 90 A OZA-318 
10,870 ± 80 C ANU-8109 scat 
10,870 ± 80 BETA-67214 Plant 
10,630± 100 C ANU-8138 
10,550 ± 460 A OZA-317 

9473 ± 319 A OZA-319 
9420 ± 80 C ANU-8110 scat 
9060 ± 70 C ANU-8137 
8820± 150 C ANU-7754 
7720 ± 90 A BETA-81092 
7400 ± 90 A BETA-8108 
7310 ± 90 A BETA-81090 
7260± 100 A OZC-6152 
7200 ± 220 A OZA-316 
6930 ± 80 A BETA-81091 
6920 ± 50 A BETA-87302 
6880 ± 50 A BETA-87301 
6800 ± 70 A OZB-292 
6710±80 A OZB -291 
6650 ± 80 A OZB -297 
6610 ± 90 A OZB-296 
6580 ± 60 A BETA-87300 
6520 ± 50 A BETA-87299 
6520 ± 50 A BETA-91808 
6472± 163 A OZA-31 ? 
6470 ± 60 A BETA-91809 
6380 ± 70 C ANU-8136 
6380 ± 70 C ANU-8138 
6360 ± 100 C BETA-89611 
6360± 100 C BETA-89613 
6290 ± 190 A OZB-295 
5790 ± 80 A OZC-047 
5710±90 C BETA-89609 
5690 ± 70 A OZB-294 
5540± 110 A OZA-315 
5340 ± 70 C ANU-8139 
5340 ± 90 C BETA-91810 
5 240 ± 90 C BETA-91807 
5020 ± 70 A OZC-049 
4350 ± 60 A OZC-046 
3790 ± 90 A OZB-300 
3690± 180 A OZB-298 
3670 ± 70 A OZC-6172 
3640 ± 70 A OZB-293 Scat 
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Table 1 Radiocarbon analyses on material in stick-nest rat middens (Continued) 
14C age 

(yr BP ± 1 6) a code used c 

3570 ± 120 A OZB-299 
3500 ± 90 C BETA-23022 
3450 ± 70 A OZA-189 
3430 ± 70 A BETA-89612 
3430 ± 50 A OZB-168 
3350 ± 80 A OZA-1882 
3330 ± 190 A OZA-190 
3310 ± 80 A OZA-1881 
3040 ± 70 C BETA-89606 
2960 ± 100 C BETA-97075 
2950 ± 200 A OZA-309 
2780 ± 100 C A-3990 
2680 ± 60 C BETA-80610 
2430 ± 70 A OZA-308 
2430 ± 80 A OZC-618 
2400 ± 290 A OZA-980 
2380 ± 40 A OZA-963 
2330 ± 120 A OZA-187 
2280 ± 120 A OZA-186 
1950 ± 70 C BETA-67212 
1920± 110 C ANU-7753 
1840 ± 100 C ANU-2385 
1820 ± 40 A OZA-978 
1720 ± 60 A OZA-969 
1700 ± 90 C BETA-23023 
1660± 100 C A-3989 
1610± 50 A OZA-975 
1600± 50 A OZA-310 
1540 ± 110 A OZA-181 
1530± 50 A OZA-182 
1480 ± 140 C BETA-30954 
1470 ± 70 C BETA-76575 
1430 ± 50 A 0ZA976 
1380 ± 60 A BETA-91811 
1310± 60 A 0ZA964 
1300 ± 80 C ANU8140 
1300 ±40 A OZA312 
1280± 70 A 0ZC620 
1150 ± 100 C BETA-30956 
1150 ± 50 A OZA-962 
1140 ±40 A OZA-967 
1130 ± 60 A OZA-183 
1120 ± 50 A OZA-974 
1000 ±70 BETA-62204 Plant -25.0 only 
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Table 1 Radiocarbon analyses on material in stick-nest rat middens (Continued) 
'4C age 

(yr BP ± 16) a code used 

1000 ± 70 A 
961 ± 145 A 
940 ± 60 A 
900 ± 90 C 
900 ± 45 A 
880 ± 75 A 
880 ± 150 A 
800 ± 80 C 
780 ± 80 C 
770 ± 70 A 
710 ± 80 C 

700 ± 95 A 
630 ± 100 BETA-62205 
620 ± 55 A 
610 ± 40 A 
590 ± 55 C 
590 ± 45 A 
590 ± 50 A 
560± 60 A OZC-048 
530± 80 C BETA-86307 
530± 70 A OZA-185 
510± 70 C BETA-59079 
510 ± 50 A OZA-966 
510± 70 A OZA-979 
470 ± 65 A OZC-045 
470± 130 A OZC-619 
460± 90 C BETA-59080 
450± 60 A OZC-043 
430± 35 A OZB-164 
420 ± 50 A OZC-042 
410 ± 165 A OZA-192 
410 ± 40 A OZA-314 
410± 65 A OZC-625 
385 ± 140 A OZC-614 
380 ± 60 C BETA-89608 
360 ± 50 A 0ZA965 
360 ± 75 A OZB 165 
340 ± 40 A 0ZA968 
340± 55 A OZB 166 
310 ± 70 C BETA-59078 
310 ±40 A OZA-961 
300 ± 90 C BETA-30958 
300 ± 50 A 0ZA970 
280 ± 40 A BETA-86305 Wood only 
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Table 1 Radiocarbon analyses on material in stick-nest rat middens (Continued) 
14C age 

(yr BP ± 1 (7) a code used c 

270 ± 40 A BETA-86306 
250 ± 60 C BETA-76573 
230 ± 105 A OZC-6221 
220 ± 70 C BETA-59077 
200 ± 55 A OZA-972 
170 ± 60 C BETA-76577 
80 ± 50 A OZA-968 
80 ± 50 C BETA-76576 
20 ± 80 C BETA-68231 
104.34 A OZC-624 

pMC±0.7% 
101.1 C 

pMC ± 0.7% 
101.55 A OZA-191 

pMC ± 0.4% 
See text A 

RAMS or conventional method 
bCorrections that are estimated rather than measured are shown in italics. 
Interpreted as minimal, only or maximal age (see text) 

cal BP 

Figure 1 Distribution of calibrated dates on stick-nest rat middens 
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cal BP 

Figure 2 Distribution of maximal dates and minimal dates on middens 
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Figure 3 Map showing the distribution of stick-nest rat midden study sites and radiocarbon dates 
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Figure 4 Maps showing the changing distribution of radiocarbon dates on middens 
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Figure 5 Maximal and minimal calibrated radiocarbon dates on middens from 4 sites: Copper Hills, Umbeara Station, 

Flinders Ranges area and western New South Wales 
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DISCUSSION 

Analysis of the spatial and temporal distribution of stick-nest rat midden ages suggests that some 
important issues still need to be addressed by researchers. The advances in midden analysis are 
clearly evident in the changes in the material being dated, the detailed information now available 
about the preservation bias underlying the distribution of middens, the awareness of the ecological 
significance of the midden record, the detailed understanding of the age of individual middens, and 
regional difference between groups of middens at the few sites studied in detail. The direction of 
future research is suggested by these results and through comparisons with North America (Pearson 
and Betancourt 1999). 

The extensive sampling of stick-nest rat middens is remarkable. However, only a fraction of the 
known distribution has been sampled (Pearson 1999). Accessibility by road has played an important 
role in midden collection and possibly in accelerating midden decay. Middens were destroyed by 
subfossil collectors and dingo hunters using access roads and tracks. As a result, the accessible mid- 
dens are possibly the most damaged and also the most sampled. If so, there are likely to be older and 
less disturbed midden deposits in more isolated areas, but they would be very costly to sample. 

14C analyses of stick-nest rat middens (Table 2) have changed from bulk conventional dates of 
unsorted midden material (Green et al. 1983), to AMS dates using small samples (Pearson 1997; 
McCarthy et al. 1996). Stick-nest rat skin and pollen residues have also been dated. The American 
trend has been towards dating scats (21 % by 1985; Webb and Betancourt 1990) and in Australia, 
dates are frequently (38%) on scats. Dating of a single taxon (e.g. most often Juniperus sp., an indi- 
cator of cooler climates when recovered from a fossil midden in low desert thorn scrub) is unique to 
America [Van Devender 1973; Mead et al. 1978]) and accounted for over 41% of all the midden 
dates in 1985 (Webb and Betancourt 1990). Special grants from the Australian Institute for Nuclear 
Science and Education (AINSE) yielded a much higher proportion of AMS dates from stick-nest rat 
middens (66%) than from packrat middens (4%), and Australian researchers have had more control 
on questions of contamination and resolution. 

TABLE 2 Types of material dated from middens 

Australia American 
Material (n=145) (n=1113 )a 

Scat 35% 0% 
Scats 3% 21% 
Plant fragments >25% 38% 
Single taxa 4% 41% 

aWebb and Betancourt (1990) 

Midden analysts use 14C to constrain the age of interesting material by direct dating (e.g. the skin of 
the stick-nest rat), indirectly dating the material by assuming adjacent material is contemporaneous 
(e.g. analyzing selected macrofossils next to a pollen sample), and bracketing samples above (i.e. 
minimal date) and below (i.e. maximal date) the material of interest. All 3 methods have been used 
in stick-nest rat midden research, although packrat researchers have largely used direct dating. Most 
exploratory dates in Australia have used material at the base of the deposit to find the maximum 
length of the record (Table 1; Figure 2), so older samples are possibly over-represented. This is the 
most efficient way to find the oldest materials. Fewer dates have been used to constrain the minimal 
age of the deposits (Table 1). Many middens have been dated once to ascertain if further research 
and dating would be worthwhile. 
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Accumulation rates can be calculated using 14C dates that constrain accumulations of measured 
depth. 14C dates from a number of middens and sites in central Australia suggest accumulation rates 
are about 0.31 ± 0.7 mm per year, so a midden of 300 mm depth may reflect over 1000 yr of accumu- 
lation (Pearson 1997). Flinders Ranges middens have a depositional rate that may be more rapid over 
discrete periods of time. For example, at Brachina Gorge, a midden accumulated a few hundred years 
of material in a depth of 600 mm. Analysts in Australia appear to have routinely explored the stratig- 

raphy of middens in more detail than their American counterparts (e.g. Pearson 1989; Head et al. 

1998). However, it is clear that middens do not accumulate continually or vertically because 14C 

results are anomalous and dusty weathering layers occur throughout the midden. The American pack- 
rat researchers have not used interpolated ages for samples in their analyses; instead each sample is 

selected to avoid layers separated by weathering rinds. The samples are then 14C-dated and assumed 

to be contemporaneous. This difference reflects the ready access to 14C analyses in the United States 

and perhaps the dominantly palynological background of the current researchers in Australia. 

Systematic bias in sampling packrat middens for 14C resulted in a marked bimodal distribution of 
American midden dates (Webb and Betancourt 1990). This is probably the result of an exponential 
decline in midden preservation through time, the abundance and easy identification of extra-local 
species around 8500 BP to 10,000 BP and older, and a lack of ecological change in the late 

Holocene. However, even late prehistoric dominance of and land shrubs may change and be 

detected in late-Holocene middens. Packrat middens older than 8000 BP routinely contain macro- 

fossils of plants that no longer occur at the site, or groups of species that are no longer sympatric. 

These data are used to preselect middens that will address the questions about vegetation composi- 

tion change. Since these changes are ecologically the most interesting, the older middens have 

received more attention reflecting the efficiency of paleoecological sampling when indicator mac- 

rofossils are obvious. This results in a bimodal distribution of packrat midden dates with 2 underly- 

ing decay curves (Webb and Betancourt 1990). Hall (1997) has said that this selective process, along 

with the cliff-edge position of ancient middens, causes distortion in the vegetation reconstructed 
from middens. American researchers have also sought to identify contaminates through dating and 

relating some samples; this tends to further distort the distribution of 14C dates. 

In contrast, the samples in Australian stick-nest rat middens have not been preselected by indicator 

taxa. Instead, middens are dated "blind" because the midden contents appear very uniform regard- 

less of their antiquity. The appearance and shape of middens had been assumed to be poor predictors 
of midden age. However, Head et al. (1.998) suggest a categorization of midden structure to pre- 

select middens for reliable paleoecological analysis in western New South Wales. The decay of mid- 

dens through time is reflected by a monotonic curve of 14C analyses (Figure 1). The pattern is the 

same when maximal and minimal midden ages are considered (Figure 2). Pearson's (1997) Umbeara 

sites and Head et al.'s (1998) Gap Range sites in western New South Wales do not suffer this selec- 

tion bias but the distributions still follow a similar pattern of all the midden dates (Figure 5). 

The existence of middens is predicated on the presence of a population of midden-building animals 

and the availability of suitable and sufficient biomass for midden construction. From the observa- 

tions of midden construction elsewhere, middens will generally be built (and therefore more likely 

found) at times of increased productivity (Betancourt and Van Devender 1981). Factors controlling 

stick-nest rat midden activity include the existence of a viable metapopulation to occupy suitable 

sites, mortality below recruitment, and the satisfaction of nutritional and habitat requirements. Inter- 

pretation of the existence of middens in the landscape must take into consideration all these aspects. 

It is possible that stick-nest rat activity correlates with climatic variables of interest. 
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In the United States, there is a period between 4000 and 8000 BP during which there is a decline in 
the number of 14C analyses available on middens. Webb and Betancourt (1990) suggested that a sin- 
gle cause was unlikely because the phenomenon is widespread across the Chiuahuan, Sonoran and 
Mojave Deserts, as well as the Great Basin and the Colorado Plateau. There is also a dearth of pack- 
rat middens from higher altitude sites (2500 m) at peak aridity (10,000 BP). Low productivity of the 
ecosystems probably makes the survival of packrats or accumulation of organic material unlikely. 
At one site, Betancourt and Van Devender (1981:656) suggested that, "packrat middens measure 
resource availability" and that a lack of middens in a particular age range may indicate a period of 
low productivity. The brief occurrence of rodent middens in the Atacama Desert of Chile reflects a 
small window of Holocene productivity (J Betancourt, personal communication 1999). Although 
gaps in the midden record in Australia may relate to periods of very low productivity, it is unlikely 
that this aspect of the record can be understood from current Australian research due to the extinc- 
tion of stick-nest rats. The record may be partly solved through the continuing work at other sites. 

We believe that there are sufficient 14C samples, selected from a variety of sites including volcanic, 
metamorphic and sedimentary substrates, to show the pattern of midden decay in Australia 
(Figure 1). The spatial distribution of middens is discontinuous and there are sites with caves suit- 
able for midden preservation that do not contain middens. The absence of middens could relate to 
extremely long periods of midden decay or a real absence of stick-nest rats at the sites. Factors that 
may speed the process of midden decay include periods of high humidity, bioturbation, and severe 
fires. Further work needs to be done to compare the distribution of subfossil stick-nest rat bone and 
the midden material to identify where the midden builders have been but the middens have not sur- 
vived. The dearth of Glacial or early Holocene midden dates (Figure 2) may reflect a real lack of 
middens built during this period. Records from the continental margins suggest the arid cores suf- 
fered very low plant productivity and high ecological stress during the Last Glacial Maximum (Ker- 
shaw 1995). If productivity was extremely low, the small rodent population would build few mid- 
dens and those that were built would be unlikely to survive long enough to contribute to our 
understanding of the arid zone's paleoecology. There are patterns in the maximal and minimal dates 
of middens suggesting that periods of accumulation and abandonment may be cyclic (Figures 2 and 
5), although there is no synchronicity in either maximal or minimal dates between sites. 

Most of the paleoenvironmental records and models suggest that Australian ecosystems have prob- 
ably been stable for the last 4000 yr (Markgraf et al. 1992). So, the late Holocene age of most mid- 
dens analyzed in Australia reduces the likelihood of major ecological change being encountered in 
the record. The one midden of late Glacial Maximum age does not appear to record a major environ- 
mental change in either the pollen or the macrofossil record (McCarthy et al. 1996). A comparison 
of northern and central Flinders Ranges middens by McCarthy et al. (1996) indicated more spatial 
variability in vegetation composition and structure between sites after 2000 BP, suggesting that local 
topography may buffer vegetation change. Apart from these middens, and other evidence from the 
arid zone (Smith et al. 1995), this suggests that at some sites the distribution of many arid plants and 
the composition of communities predate the mid-Holocene. 

CONCLUSION 

In Australia, extra-local taxa that would help in building a chronology have not been identified, and 
the age distribution of middens is less distorted by an "early-Holocene push" that characterizes the 
14C results on American packrat middens. We have not been able to identify with certainty any 
major shift in taxa, perhaps because the midden record is currently limited to the late Holocene- 
Modern period. This may be because the changes in the late Holocene are within the natural van- 
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ability of the modern ecosystem or in the small to medium-scale spatial response of the vegetation 
signal. 

Generally, appearance and architecture have not been found to be reliable indicators of stick-nest rat 
midden age, so middens have been dated without effective preselection. This has resulted in a uni- 

modal distribution of 14C ages in Australia rather than a bimodal distribution as in America. In the 

future, that pattern may change with the typologies developed by Head et al. (1998) to identify the 

stick-nest rat middens more likely to hold paleoclimatic records. 

The availability of a paleoecological record determines which research questions can be addressed. 

Midden analysts may now expand from the search for biogeographic changes to study the inertia and 

plastic responses of taxa in the Australian arid zone. Further work using chemical and structural char- 

acteristics of macrofossils, or more emphasis on macrofossil identifications with adequate reference 
material, may be fruitful-particularly given the availability of well-dated midden materials. There 
is certainly still scope for the discovery of middens in areas likely to be sensitive to particular kinds 
of regional changes. The most dramatic finds would be at sites where changes in species composition 
were forced by a variable of interest (e.g. rainfall), and the changes were then recorded in midden 

materials. The search continues for these sites, or records from sites already sampled. The authors 

hope this paper contributes to the greater efficacy of stick-nest rat midden analysis in Australia. 
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