











40,000 Year record of food plants in the southern Kimberley Ranges

There is a great range in size in this species; however the
distinctive surface treatment remains the same (CSIRO
#358398 from W.A.; #194658 from New Guinea; K35KM).

Chenopodiaceae Paul G. Wilson

From spits 14 to 23 approximately 108 Chenopodiaceae
seeds were recovered. Seed size is around I mm. One type
from spit 14 has a reticulate surface, capped with waxy reti-
culate particles; another type from spit 15 has a ruminate
surface, indicating possibly two different species. Some of
the comparative materials used are: (KPBG #1765/102/79 —
C. inflatum), (CSIRO #390144 —~ C. auricomum), (CSIRO
#268200, 7910465 — Einadia nutans), (CSIRO #105411 —
Dysphania kalpari), (CSIRO #53648 — Rhagodia eremaea),
(CSIRO #299028 — Atriplex semibaccata), (CSIRO #105431
— Atriplex spongiosa).

Sclerolaena sp. fruits are a fairly large, woody pod (3 mm
in length) with two long horn-like projections (3 mm in
length) (Wheeler et al. 1992:103-5). They occurred through-
out the excavation in low numbers. S. lanicuspis also of
the genus Chenopod is commonly called the Spinach burr, in
recognition of the use of the young green leaves as a spin-
ach substitute. Taken in conjunction with the other related
taxa, and the ethnographic information, it was included
with the Chenopods (KPBG #1723/303/86).

The Amaranthaceae are included with the Chenopodi-
aceae as these closely related genera thrive in similar condi-
tions and are utilised similarly. The archaeological finds are
smooth, lenticular seeds recovered from spit 19 and spit 23.
The archaeological finds are very similar to vouchered col-
lections from the Kings Park Botanic Garden, Perth, of A.
pallidiflorus (KPBG #170/92) and A. interruptus (CSIRO
#301105).

Poaceae
Remains from grasses could be divided into three groups
based on location within the archaeological record.

Plectrachne sp. Henrard

From the lowest spits basal stems or culms from a large-
sized bunch grass believed to be Plectrachne sp. were re-
covered in large numbers. Each stem measures from 6 to
17 mm in length and I to 2 mm in width. Only the culms
were recovered. These are all fairly uniform in length and
thickness. Identification by M. Lazarides, CSIRO. (KPBG
#294/357/89 — Plectrachne pungens) (K10KM).

Unburned seeds of Panicum sp. and a closely allied ge-
nus were recovered from spits 16, 19 and 21. A Triodia sp.
Eragrostoid type — one of the spinifex grasses, was also re-
covered from the mid spits. These are large-seeded grasses
and there are many ethnographic examples showing them to
be utilised for food (Latz 1995; Crawford 1982). From the
upper spits unburned Triodia pungens florets and seed, and
Aristida sp. awns were recovered. There is very little over-
lap between the presence of Triodia spp. inflorescences in
the upper 10 spits, labelled Aristida sp., and Plectrachne spp.
basal stem fragments in the lower spits labelled Plectrachne.

Cyperaceae

Aquatic plant stems were recovered in sizeable numbers
from throughout Square A. They have been identified as
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Cyperaceae or a related family such as Potamogetonaceae
(M. Lazarides, pers. comm.). They are circular in cross-
section, with large xylem elements situated in a ring around
the centre, and smaller phloem elements surrounding these
(Mauseth 1988:113, 130). In a few of the Holocene spits
(5, 7, 8) much larger diameter split reeds were recovered.
These may possibly belong to Typha dominguensis or bul-
rushes.

Two different seeds or nuts of the Cyperaceae family
were recovered identified tentatively as Fimbristylis spp.
(David Albrecht, pers. comm.). Type A has a smooth sur-
face, possibly Fimbristylis tristachya R.Br. Type B, possibly
Fimbristylis depauperata R.Br. with a scalariform surface,
is found growing around swamps, along watercourses and
in seepage areas (Wheeler et al. 1992:1070-5). Another seed
type has been identified as Cyperaceae possibly Cyperus sp.
by the pithy culm and the symmetrical appearance (M.
Lazarides, pers. comm.) (K3KM, K13KM).

Adansonia gregorii F. Muell.

Adansonia gregorii F. Muell. of the family Bombacaceae,
was found in large quantities in spits 8 to the surface, with
isolated finds in spits 23 and 39. The tree grows across the
northwest as far as the Northern Territory. The white pulp
around the seeds is high in carbohydrates, protein and po-
tassium (Miller et al. 1995). The densely hairy pods, 2 to
4 mm thick and from 80-140 x 50-90 mm in size, are very
distinctive, as are the large, thick calyx and stem fragments.
The seeds are large, 10 x 7 mm, black and reniform, thin-
walled and brittle and do not survive well (KPBG #788/86),
(K6KM).

Summary

The majority of the botanical material consists of a
relatively few genera and species dominating the record at
different times (Fig.4). Those which appear first in the
archaeological record, Plectrachne, are perennial tall tropi-
cal grasses which grow in arid regions, many species found
in dune fields; Cyperaceae are small sedges found growing
in wetlands (Latz 1995; Wheeler et al. 1992). The shrub
and grassland taxa Chenopodiaceae/Amaranthaceae, the
perennial grasses (Panicum) and the Cyperaceae seed are
concentrated in the upper to mid section. The deciduous
tree fruits such as Terminalia and Celtis together with vine
fruits Ampelocissus and Vitex, are found in significant num-
bers in the top 9 spits but appear in low numbers in the
lower mid sections.

Some taphonomic considerations

Weights of lithic artefacts from square A indicate a good
correlation between the presence of lithics and botanical
remains. This implies that the bulk of botanical remains
are related to human occupation of the site, either directly,
as food or useful materials brought to the rockshelter, or as
material incidentally brought in with other items.

The selective pattern to burned botanical remains is one
indicator of a cultural and not a natural agent (Minnis 1981;
Murphy 1992). The SEM spectrum analysis test for the
presence of carbon seems to indicate that a low reading repre-
sents an unburned sample. A sample Terminalia seed burned
in the lab shows 20 cps (counts per second). Ampelocissus
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Figure6  Graph comparing bumned seed to unburned seed for all spits.
record in the continuity and abundance of the plant remains,
including carbonised materials.

When a particular taxon or suite of taxa dominate an
environment, extrapolations and inferences may be made
about the environment, using current ecological models. Due
to the economic limits placed on the transportation of large
amounts of food, recovery of items from a site indicates
proximity to that site. Rather than transport large amounts
of food on a daily basis, it may be more acceptable to move
closer to the food source, at least temporarily. This is a
strategy which Australian Aboriginal people are known to
have employed (Cleland and Johnston 1933; Crawford 1982;
Goddard and Kalotas 1985; Latz 1995).

Only a few taxa from Carpenter's Gap meet these criteria;
they are both durable and potentially useful, or food sources,
so as to provide potential cultural information. There are
some observations that can be drawn by evaluating only
the taxa that meet this criteria.

Four peaks in the quantity of botanical remains occur in
spite of an expected steady decrease in quantity with depth
due to taphonomic factors (Fig. 4). The presence of ethno-
graphically useful flora extends through a contiguous series
of spits. On the basis of presence over an extensive time
period the peaks in the quantity of botanical remains may be
interpreted as representing phases of human activity at the
site, assuming the excavation is typical of the site as a whole.
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Phase 1 extends from spits 51 to 39 with a peak of acti-
vity at spit 47. It was characterised by the use of wood, char-
coal and the grassland taxa, Cyperaceae and Plectrachne
stems. Phase 2 encompasses spits 38 to 25. It is character-
ised by Plectrachne and Cyperaceae stems but with some use
of deciduous fruits — Terminalia spp., Ampelocissus acetosa,
and Vitex glabrata. Phase 3 extends from spit 24 to spit 10.
The third phase is characterised by shrub, grass and water
weeds: seeds of Chenopodiaceae/Amaranthaceae, Poaceae
(Panicum species) and Potamogeton spp. There are little or
no Plectrachne and Cyperaceae stems although Terminalia
spp., Ampelocissus acetosa and Vitex glabrata continue in
low numbers. Phase 4, spit 9 to the surface; the lower limit
is defined by the spit at which all taxa show a great increase
in numbers, and, by a shift to more deciduous taxa. It can
be characterised as dominated by broad-leaf deciduous tree
and vine fruits: Ampelocissus acetosa Terminalia spp., Vitex
glabrata, Celtis philippensis. In addition this phase shows
significant presence of Adansonia gregorii (boab pods). Per-
ennial grass, shrub and water weed seeds disappear from
the record.

Plectrachne: Evidence of processing

The Plechtrachne sp. remains are interesting because
they consist only of basal culms of grass stems. These have
been preserved, with perhaps 1% burned (McConnell 1996).
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Similarly, the Cyperaceae stems are short fragments of small
diameter reed or sedge stems, such as might be used in
basket-making (Roth 1984 {1901]). It is not possible to make
a definite identification of the grass type, beyond the fact that
they are the culms from a large hummock grass. Hillman's
work on the process of threshing grains and the remains that
may be expected at each stage of the process, has provided
some insight into the interpretation of the Plectrachne re-
mains (Hillman 1984:1-10). Hillman's study of the hand
processing of wheat, as an ethnographic analogy for under-
standing archaeological finds, shows that a uniform activity
done to a sample of the same taxon will result in a series of
uniform residues that become part of the archaeological
record that can then be interpreted. All remains of spinifex
culms in the site represent the base of the stem above the
roots: the uniform length of remains and the uniform plant
part both indicate that processing has taken place.

This activity would very likely have been processing the
grass for resin extraction. Cleland (1957) and Latz (1995)
include detailed descriptions of the steps of processing. The
stage represented by the culms may be threshing the resinous
stems on a heated rock to extract the resin from the basal
stems which contain the most resin. Gathering and singeing
the upper stems generally occurs in the field, reducing the
carryweight to the most economical portion.

Comparisons with regional climatic records

The Carpenter's Gap site botanical record is the first
direct evidence of environmental conditions during the late
Pleistocene in the southern Kimberley. This record can be
correlated with available palynological records, and vege-
tation studies.

Studies of the Kimberley rainforest formation (Keneally
etal. 1991; McKenzie 1991) suggest that rainforest taxa
extended in much larger communities during the late Pleisto-
cene. Pollen cores show that rainforest angiosperms formed
a large part of the flora prior to 80,000 BP (Kershaw 1986:48;
van der Kaars 1989, 1991).

The late Pleistocene, 40-24,000 BP, has been character-
ised as having constantly higher lake levels than present
with higher levels of dune building than the Holocene, and
temperatures averaging 4°C less than the present {Wasson
and Donnelly 1991; Kershaw 1995). Bowler has proposed
an increase of effective or absolute rainfall to 900-1200
mm/yr or §00/1000 mm/yr (Bowler 1983:5). The Lombok
Ridge data shows Poaceae as the dominant taxon at this
time with roughly equivalent peaks at 52,000 BP, 28,000 BP
and the most recent peak at 17,000 BP (van der Kaars 1991).
Kershaw proposes a sparse woodland cover and presumes
the existence of grasslands (Kershaw 1983:15). This accords
well with the extensive Plectrachne and Cyperaceae remains
recovered at Carpenter's Gap. This perennial hummock
grass grows in arid lands and not as an understorey to wood-
land (Beadle 1981:533, 534; AUSLIG 1990:44). Plectrachne
spp. require 2-300 mm per year so it appears that Bowler's
increase in rainfall is not supported (Beadle 1981:532). How-
ever, the large number of Cyperaceae stems suggest the
presence of extensive stretches of wetlands around the site,
which are not there at present. The large number of Cyper-
aceae stems and the slight increase in Terminalia seed that
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occurred between spits 33 and 25 may be taken as partial
support for an increase in available moisture or a more even
rainfall distribution at this time.

Circa 24-10,000 BP the Lombok Ridge record shows high
amounts of Poaceae reaching a peak at 17,000 Bp. Cyper-
aceae and Chenopodiaceae reach their highest numbers at
26,000 BP (van der Kaars 1991). Chenopodiaceae decline
steadily, but Cyperaceae maintain steady numbers, at about
half that of the preceding phase. The northeastern record
indicates a sparse cover of sclerophyll vegetation and grass-
land with all rainforest gone. Rainfall was less than 1400
mm/yr and probably less than 1000 mm/yr with possible
periodic drying of wetlands (Kershaw 1983:37). Lower tem-
peratures are indicated by the increase in cool weather taxa
(Singh 1983:41).

The Carpenter's Gap site record shows that rainforest taxa
such as Terminalia and Ampelocissus acetosa continue in
low numbers in the northwest and do not die out completely.
At Carpenter's Gap Chenopodiaceae and Poaceae dominate
the record during phase 3, 24-10,000 BP. Both these families
currently grow in interior grasslands that are seasonally dry
with very low moisture requirements ranging around 150-
420 mm/yr (Beadle 1981:497). This may support Kershaw's
claim for periodic drying c. 25-20,000 BP (Beadle 1981:500,
501, 503; Kershaw 1983:37). Chenopodiaceae alliances
require an ambient temperature range of 18-30°C and are
currently confined south of latitude 21° (Beadle 1981:496,
506; Perry and Lazarides 1962). This line runs roughly from
Roeburne to Mackay and through the Great Sandy Desert
(AUSLIG 1990:42, 43). As the site is at S17°25', it suggests
that the range for Chenopodiaceae has shifted south by
350 km since approximately the height of the Last Glacial
Maximum, or 18,000 BP. This does support the cooler tem-
peratures proposed by Singh (1983).

The Holocene is characterised by a brief rise in lake
levels around 8-5000 BP, increased temperature towards to-
day's mean, and minor dune building activity, all signifying
a less stable environment. The Lombok Ridge data shows
that tree taxa and quantity increase during the Holocene, after
9000 BP with a steep rise at 7000 BP. At the same time
there is a decline in Poaceae to around half their previous
numbers afier 6000 BP. Cyperaceae and Chenopodiaceae
drop down to very low counts around 9000 BP and pick up
numbers again in the past 5-4000 ka (van der Kaars 1991).
The surge in tree growth between 9000 BP and 7000 BP indi-
cates that this period was wetter than the present (Schul-
meister and Lees 1995; Schulmeister 1992:113). Jennings'
study of dunes and intertidal flats in the Fitzroy estuary indi-
cates that coastal mangroves may have been more exten-
sive from 7400-6000 BP which would suggest that the region
experienced a significantly longer and heavier rainy season
than now (Jennings 1975:252). The 1 m diameter stumps of
the mangrove, Avicennia marina, suggest a well-established
tall mangrove forest, contrasting with the scrub mangroves
of today. Precipitation of 1500-2500 mm annual rainfall
has been shown to result in such large tree trunks (Jennings
1975:251). Following this, the dating of cheniers along north-
ern Australian coastlines has shown a decrease in fluvial
activity from 2800-1600 BP (Lees and Clements 1987). These
formation processes are not yet well understood: however.
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they appear to be linked to decreased wet season precipita-
tion (Lees and Clements 1987:316).

Pollen evidence from tropical Australia shows the onset
of an ENSO dominated climate at ca 4000 BP (Schulmeister
and Lees 1995). Stratigraphy from Geegully Creek, a tribu-
tary of the Fitzroy River, has been interpreted as indicating
that the monsoon regime was less intense prior to 6500 BP
(Wyrwoll et al. 1992). Stratigraphy of the alluvial deposits
of Geegully Creek indicates that there appears to be no sig-
nificant break in the depositional record over the last 6500 BP
but there is a strong disconformity prior to this suggesting a
major change in precipitation regime, although at present
the deposits have not been reliably dated. Semeniuk (1995)
demonstrates that the disconformity prior to 6500 BP in
Wyrwoll et al.'s data may be interpreted several ways, either
as a sign of increased precipitation, or as a sign of increased
aridity or some variation on this. The current disagreement
surrounding Holocene climate change points to a general
lack of fieldwork in this part of Australia. It is important to
note that nothing is known of the palaoehydrology, basin
dynamics or rainfall/groundwater phase relationships in the
northwest (Wyrwoll et al. 1992; Semeniuk 1995).

At the Carpenter's Gap site tree fruits dominate the record,
particularly taxa associated with vine thicket/rainforest. This
appears to support the increase in rainfall recorded for the
Holocene. Chenopodiaceae and Cyperaceae drop out of the
record completely. The Poaceae genera present change to
Aristida which has a moisture requirement of 70 mm/growing
season, and perennial grasses with higher moisture require-
ments such as Panicum and Plectrachne disappear entirely
from the record (Beadle 1981:541). The brief, dry phase
during the recent Holocene noted by Lees and Clements may
be reflected in the upsurge in dry flora from spits 5 through
3. Aristida spp. are also associated with overgrazing by
cattle (Petheram and Kok 1991:36-47). Cattle stations sur-
round the site.

Today, the Fitzroy River estuary receives 600 mm per
year and supports low scrub mangroves (Bureau of Meteor-
ology 1995). In spite of an effective doubling of rainfall
since the Last Glacial Maximum, the dominant vegetation
formation in the southern Kimberley today is a savannah
composed of ephemeral grasses and Eucalyptus. The con-
tinued shift of vegetation to reflect increasing aridity, in spite
of an actual increase in rainfall, may be due more to the
increased seasonality of precipitation. Thus seasonal stress
and not lack of moisture may be the limiting factor at pres-
ent in the southern Kimberley.

Environmental reconstructions

Environmental changes through the late Pleistocene and
the Holocene can be inferred from the major taxa recovered
from Carpenter's Gap.

The following vegetation reconstruction may, in fact,
reflect a shift in areal focus with each phase. The remains
in Phases 1 and 2 may reflect exploitation of the area im-
mediately around the site. During glacial aridity (Phase 3)
foraging ranges may have been generally more extensive. If
ephemeral sources of surface water were less often available
and were less predictable it could be expected that foraging
would be focussed upon fewer locations at greater distance
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from the shelter, such as the few permanent water sources
in the ranges. During this time the shelter might only have
been used when passing from one permanent water source
to another. This explanation is not inconsistent with either
the small quantity of cultural material deposited during this
phase or the combination of plant materials recovered. The
most recent phase has very likely seen a return to foraging
in close proximity to the site area.

Vegetation models for the Bungle Bungle Ranges derived
from Scarlett (1985) also reflect this pattern of movement.
Tree taxa are concentrated along the range slopes and the
permanent water sources. The grass and shrub taxa are
located in broad areas of intervening savannah. Thus, utili-
sation of wet season taxa would involve restricted move-
ment, while utilisation of dry season grass and shrubland
taxa would involve extensive movement.

The site botanical remains have been combined with the
records of Jennings (1975), Beadle (1981), Kershaw and Nix
(1988), Bowler (1983), Wasson and Donnelly (1991) and
Chappell's (1993) sea level data to create a picture of the
Kimberley region's changing environment during the past
40,000 years (Fig. 7). Figure 7 illustrates the relationship
between available moisture, both precipitation and ground-
water, and the site's distance from the ocean as sea level
rose and fell. Both these factors, in addition to temperature,
affected the vegetation formations which are suggested to
have existed in the southern Kimberley from the late Pleisto-
cene to the present.
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Figure7  Model of effective moisture and vegetation for the southem
Kimberiey region. Compiled from Jennings (1975), Beadle
(1981), Kershaw and Nix (1991), Chappell (1993), Bureau
of Meteorology and the Carpenter's Gap data.

Phase 1

The record shows abundant Plectrachne sp. and Cyper-
aceae from the base of the excavation to spits 51 to 39, 45-
30,000 BP, possibly indicating an arid environment with sand
dunes, but with sufficient surface moisture to maintain size-
able stands of sedges. Tall tropical perennial hummock grass-
land may have covered a more extensive area around the Na-
pier and Oscar ranges. The environment can be reconstructed

Australian Archaeology, Number 45, 1997



as a grassland of perennial tall tropical grasses and sedges
growing around permanent streams and wetlands, with shift-
ing dunes creating inroads in the wetlands. Latz has noted
perhaps the remnants of a similar formation growing in the
northwest of central Australia where Plectrachne sp. grow
on the former lake bed, now covered in sand (Latz 1995:15).

Phase 2

Phase 2, 30-25,000 BP, spits 38 to 25, shows that peren-
nial grassland vegetation continue to dominate the landscape
with an increase in rainforest taxa. This indicates an increase
in moisture sufficient to maintain deciduous trees which have
higher water requirements than grasses. As proposed by
Keneally, Keighery and Hyland (1991) the vine thicket/rain-
forest may have been more extensive at this time. Nutri-
tionally speaking, this phase, with both rainforest taxa and
perennial grassland taxa available may have provided the
most abundant and greatest variety of food plants.

Phase 3

The presence of Chenopodiaceae and Amaranthaceae,
Cyperaceae and perennial grasses in the site record, are the
best current evidence for an arid phase in the southern Kim-
berley ca. 25,000-11,000 BP, spits 24 to 10. The Chenopodi-
aceae/Amaranthaceae and perennial grasses Panicum sp. are
recorded at the site for only a relatively brief period, during
which they dominate the record. The region may be recon-
structed as a shrubland-grassland mosaic extending across a
landscape with increasingly saline and calcareous soils, asso-
ciated with Chenopodiaceae. Available moisture in the form
of precipitation and streams had decreased, as noted by the
decline of rainforest tree taxa; however, sufficient moisture
was still available to support perennial grasses and shrubs.

There are several Chenopod/perennial grass shrubland
formations present today that may provide a modern analogous
formation to the arid maximum vegetation. Mitchell-Flinders
grass extends across the northeast at present, from central
Queensland up to the Northern Territory, where it becomes
disjunct (Whyte 1968; Kershaw 1995). It is described as:

open tussock grassland of perennial species with a
lower but prominent annual component ... Astrebla
spp., Panicum spp. [dominant] with Chenopodium
spp. and Cyperus spp. growing along channels and
depressions. (Whyte 1968:273-4)

The Mitchell grasses (Astrebla spp.) are four species
which may be found growing together and are found grow-
ing in association with Chenopodium spp. and Cyperus spp.
and other perennial grasses (Beadle 1981).

In addition, the Atriplex vesicaria and the A. vesicaria
suballiances Ixiolaena leptolepis and Bassia spp. consist of
various chenopods with Panicum decompositum and Era-
grostis setifolia, all perennials (Beadle 1981:496-500). The
moisture requirements range from 150-240 mm/yr for the
Ixiolaena leptolepis alliance, to 250-410 mm/yr for the Atri-
plex vesicaria alliance.

Evidence of extreme environmental stress may be visible
in the site record for the terminal Pleistocene. Over 95% of
all the Terminalia sp. seeds from spits 22 to 9 are bumed. This
can be interpreted as indicating that cooking was necessary
for processing due to high salinity, or that the surviving spe-
cies needed cooking in order to be rendered palatable.
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Similarly, the Ampelocissus acetosa seed are burned from
only this time period, in addition to the grass and chenopod
seed (Fig. 6).

Phase 4

The most recent remains, phase 4, spits 9 to the surface,
10,000 BP to the present, consist primarily of deciduous
tree and vine fruits with no evidence of perennial shrubs or
grasses. The dominance of tree fruits associated with vine
thicket/rainforest suggests an increase in available moisture,
but surface water is insufficient to maintain notable popu-
lations of sedges and perennial grasses. This indicates a
generally drier environment at present, than during the late
Pleistocene possibly due to an inaccessible water table.
Available records indicate that precipitation has increased,
so the role of subsurface water and seasonality in the arid
northwest remains to be studied further. The increase in
cultural burning may also have caused the rainforest to re-
treat to fire-shadows affording protection, so that, in spite
of an increase in precipitation that might promote the spread
of rainforest as Keneally et al. (1991) and McKenzie (1991)
propose, we actually see a decline in the rainforest cover. A
brief dry phase during the recent Holocene may be reflected
in the upsurge in dry flora from spits 5 through 3.

Conclusion

The Carpenter's Gap site provides botanical evidence for
a continuous cultural presence in the southern Kimberley for
the past 40,000 years. Some indications of long-term shifts
in flora can be extrapolated from the archaeological record.
The evidence in the rockshelter of shifts in environment sug-
gest that alternate plant food procuring strategies occurred as
a response to environmental changes. The record suggests
that the Aboriginal inhabitants did not abandon this region
during the Last Glacial Maximum, but adapted their survival
strategies to cope with a changing environment.
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