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Abstract

Systematic archaeobotanical analysis, conducted in conjunction with archaeological
enquiry at Australian archaeological sites, is still rare despite recent developments. It
is rarer still that previously analysed macrobotanical assemblages are revisited over
time. Extending on macrobotanical research conducted by McConnell in 1997, this
paper presents the results of a recent analysis of Carpenter’'s Gap 1 non-woody
macrobotanical remains (seeds, fruits, nuts, and other floristic elements) from the
deepest square with the longest chronology, Square A2. Over 47,000 years of time is
represented in the sequence, and excellent chronological control, coupled with
preservation of carbonised and desiccated macrobotanical remains in the earliest
cultural units, allows an examination of plant exploitation over time and human
responses/adaptations to periods of documented climatic instability. Carpenter’'s Gap
1 macrobotanical remains show that diet, subsistence, and site occupation were
intimately associated with botanical resources derived from ecologically productive
monsoon rainforest environments.

Keywords: Australian archaeology; archaeobotany; macrobotanical remains;
economic resource patterning; monsoon rainforest

Introduction

Macrobotanical remains (here referring to seeds, nuts, fruits, and other floristic
elements but excluding wood charcoal) are often collected from surface and/or
Holocene deposits at Australian archaeological sites (e.g. Atchison 2009; Atchison et
al. 2005; Beaton 1982; Beck 1982, 1989; Clarke 1985, 1989; Cosgrove et al. 2007;
O’Connor 1999; Schrire 1982; Smith 1982). To date, analyses of macrobotanical
remains recovered from Pleistocene deposits are restricted to three archaeological
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sites across Australia’s tropical north (Figure 1): Carpenter’'s Gap 1 (hereafter CG1)
(McConnell 1997), Madjedbebe (Florin 2013), and Riwi (Dilkes-Hall 2014).

[Figure 1]

While the study of wood charcoal macroremains can provide information on fuel use
and palaeoenvironment (e.g. Dotte-Sarout et al. 2015; Whitau et al. 2017), non-
woody remains are the most direct link to subsistence. This paper presents results
from recent analysis of macrobotanical remains from the CG1 rockshelter where
occupation began between 51,000 and 45,000 cal BP (Maloney et al. 2018). Here we
identify economic botanical remains and present an investigation of the history of
plant use at CG1. The macrobotanical record is examined in relation to changes in
other archaeological evidence and environmental change, including the Last Glacial
Maximum (LGM), to determine how food plant selection was influenced over time.

Carpenter’s Gap 1 rockshelter

CG1 is a large north-facing limestone rockshelter on Bunuba country in the Napier
Range, a 350 million year old remnant Devonian limestone reef complex (Playford et
al. 2009), in south central Kimberley, northwest Western Australia (Figure 1). The site
has continuing significance for Bunuba people. The rockshelter is positioned ~25 m
above the savannah plain and is roughly 4 km from a permanent water pool formed
by the Lennard River at Windjana Gorge to the west (Figure 1). CG1 contains a
variety of archaeological evidence spanning a period of around 50,000 years
(Maloney et al. 2018). Alkaline sediments and the protection of the deposit by large
limestone boulders create excellent preservation conditions for organic remains
(O’Connor 1995).

Contemporary climate and vegetation

The area receives 85% or more of its rainfall between November and April (600-800
mm per annum), creating distinct wet and dry seasons (Bureau of Meteorology
1996). The tropical, semi-arid, monsoonal climate of the Northern Botanical Province
(Beard 1979; Gardner 1944), where the Napier Range is situated, affects vegetation
diversity, with CG1 located along the border of two major botanical districts: Dampier
and Fitzgerald. Extensive botanical survey and collection has helped to build a
picture of modern vegetation surrounding CG1 and develop specific
archaeobotanical reference collections (Dilkes-Hall 2014; Frawley 2010; McConnell
1997; Wallis 2000; Whitau et al. 2017). The surrounding vegetation can be divided
into three broad vegetation groups: monsoon rainforest, savannah, and riparian
(Figure 2).

[Figure 2]

The rockshelter itself is devoid of vegetation, a result of limited sunlight and water. A
distinct pocket of monsoon rainforest (also known as dry rainforest or monsoon vine
thicket [Gillison 1987]) is present in a fire shadow less than 50 m west of the
rockshelter. This vegetation group includes Celtis sp. (hackberry), Diospyros sp.
(ebony), Grewia spp. (currant fruit), Ficus spp. (fig), Melia azedarach (white cedar),
Flueggea virosa (white currant), Terminalia spp., and Vitex spp. (black plum). The
savannah plain that extends northwards towards the King Leopold Ranges is



dominated by annual and ephemeral tussock grass species (primarily Enneapogon
spp. [nine awn grass] and Sorghum spp. [sorghum]). Also included in the savannah
group are plants that grow on the gravelly skeletal soils of the talus slope below CG1.:
Adansonia gregorii (boab), Cochlospermum fraseri (kapok), and Triodia spp.
(spinifex) species. The riparian group consists of scattered trees (Corymbia spp.
[bloodwood] and Eucalyptus spp. [Eucalyptus]), Cyperaceae (sedges), Oryza
australiensis (native rice), and Phragmites karka (tropical reed), plants that
predominantly grow in association with waterways and floodplains. Many of these
plants are important to Aborginal people and used for food, fuel, medicine, and plant-
based technologies (e.g. Crawford 1982; Davis et al. 2011; Karadada et al. 2011,
Paddy et al. 1993; Scarlett 1985; Smith and Kalotas 1985; Wightman 2003).

Materials
Excavation

O’Connor and colleagues (O’Connor 1995) excavated five 1 m? squares of
archaeological deposit at the site (Figure 3) over two field seasons in 1993 and 1994.
In 1993 excavation of squares A and B followed arbitrary excavation units (XUs)
approximately 2 cm thick. In 1994 squares AA, Al, and A2 were excavated following
XUs within stratigraphic units (SUs) with hearths excavated separately (Maloney et
al. 2018). All sediments were sieved through 6 mm and 3 mm nested screens.

[Figure 3]
Stratigraphy and chronology

Eight stratigraphic units (SUs) were identified in Square Al with SUs 8-4
representing the Pleistocene and SUs 3-1, the Holocene (Vannieuwenhuyse et al.
2017). Over 100 radiocarbon dates were obtained for CG1 and a Bayesian model
was constructed to produce the six chronological phases (Maloney et al. 2018:216)
summarised in Table 1.

[Table 1]
Previous macrobotanical research at Carpenter’s Gap 1

The year 2017 marked 20 years since research was undertaken on macrobotanical
materials at CG1 by McConnell (1997) who analysed some ~2,500 macrobotanical
remains from Square A. Changes in taxa over the 40,000 years of time represented
were used to construct a vegetation history for the surrounding area (McConnell and
O’Connor 1997:25). McConnell (1997) interpreted changes in taxa over time as a
proxy for vegetation change and, by inference, climate change. Shifts from monsoon
rainforest to arid adapted taxa were interpreted in terms of water availability, thus a
drier environment was inferred for units where arid taxa are recovered (McConnell
and O’Connor 1997:29).

Subsequent phytolith (Wallis 2000) and charcoal (Frawley 2010) analyses at CG1
highlighted the issue of drawing largely palaeoenvironmental conclusions from a
culturally biased sequence in which human agency also influences the presence or
absence of plant remains in archaeological sites. Not only are people highly selective
in their choices of economic plants brought to a site, but they may also transport



plants between different ecological zones. For example, there are records of
Kimberley Aboriginal groups trading botanical resources over long distances for a
variety of economic, social, ceremonial, and medicinal reasons (Blythe and
Wightman 2003; Crawford 1982; Davis et al. 2011; Edgar et al. 1997; Ens et al.
2017; Karadada et al. 2011; Paddy et al. 1993; Scarlett 1985; Smith and Kalotas
1985; Wightman 2003).

McConnell’s (1997:69) taxonomic identification of macrobotanical remains was aided
by a comparative collection compiled from botanical collection fieldtrips around CG1
and vouchered comparative material housed at multiple Herbaria across Australia.
However, in the course of more recent work taxonomic misidentification of some CG1
macrobotanical remains identified by McConnell (1997) has been found (Dilkes-Hall
2014). Access to and development of comparative reference collections has
improved over the past 20 years and reference material collected in recent years
(Dilkes-Hall 2014) has allowed for corrections of some of McConnell’'s (1997)
identifications.

Square A2 has the deepest deposit and most complete chronostratigraphic sequence
at CG1 (Maloney et al. 2018) providing a larger sample of macrobotanical remains
and an additional 10,000 years of depositional sequence to Square A. Using a more
complete reference collection than was previously available more precise levels of
taxonomic assignment and identification have been achieved for a larger sample.

Methods

Square A2 plant macroremains from the 6 mm and 3 mm screens were sorted to
genus level at the Australian National University (ANU) during 1998-1999, with
assignment of taxonomic identifications based on McConnell’s (1997) research
(Lynley Wallis pers. comm. 2017). In 2017 these identifications were verified and,
where possible, refined to higher level taxonomic identifications by Dilkes-Hall.

Following guidelines outlined by Cappers and Bekker (2013), Clarke (1989), and Fritz
and Nesbitt (2014) further sorting was carried out using a low powered (x10)
dissecting microscope. Taxonomic identifications were based on morphological
characteristics using comparative material from vouchered botanical collections
housed at the Western Australian Herbarium, Western Australian Museum (Crawford
1982; Smith and Kalotas 1985), ANU (McConnell 1997), University of Western
Australia (Dilkes-Hall 2014), and the Australian National Herbarium-Commonwealth
Scientific and Industrial Research Organisation (CSIRO). Photographs of
representative/paradigm/type examples (of) macrobotanical materials were taken
using a JEOL JCM-6000 Neoscope Scanning Electron Microscope (SEM).

Taxonomically identified and unidentified macrobotanical material were quantified
using number of identified specimens (NISP) to measure taxonomic abundance
(Grayson 1984:90-92), and weight (Beck 2006; Clarke 1989; Fritz and Nesbitt 2014).
The fragmentary and fragile nature of cf. Triodia culms cause them to break during
sorting and, to reduce damage from over-handling, were weighed only. Unidentified
materials, assigned numerical codes and descriptive names in the laboratory, were
grouped and presented as indeterminate.

Results



Twenty-three taxa from 13 families were identified to varying taxonomic levels. Table
2 presents the identified taxa, separated into desiccated and carbonised material,
expressed by absolute count (NISP), weight, and relative frequency. In some cases,
identification beyond genus was not possible. Recovered fragments of parenchyma
tissue were not identified to any taxonomic level. Less than 1% of macrobotanical
remains were assigned indeterminate status.

[Table 2]

Desiccated and carbonised macrobotanical remains relative to sediment volume
(Figure 4a) and volumetrically adjusted quantities of macrobotanical remains are
presented (Figure 4b) for each XU. Culms of cf. Triodia are presented by weight in
Figure 4c. The primary mode of preservation for macrobotanical material is
carbonisation (52.9%) represented across 14 taxa (Table 2). The greatest number of
carbonised remains is attributed to Vitex cf. glabrata (black plum). Overall, the three
major contributors to the macrobotanical assemblage calculated by NISP are V. cf.
glabrata (n=4,536, 57.8%), cf. Grewia breviflora (currant bush) (n=1,081, 13.8%), and
Terminalia spp. (n=1,010, 12.9%).

[Figure 4]

Figures 5 and 6 present taxonomically identified macrobotanical remains across the
six chronological phases expressed by absolute count and relative percentages (%).
The most abundant identified taxa are monsoon rainforest (Figures 5 and 6).
Identified taxa listed in order of decreasing relative abundance for each phase are
provided in Table 3.

[Figure 5] [Figure 6] [Table 3]

In Phase 1 Terminalia spp. (n=36) and V. cf. glabrata (n=5) are recovered and over
half (59%) of these remains are carbonised. Low quantities of cf. Triodia culms are
present.

In Phase 2 there is a substantially greater number of macrobotanical remains
(n=655) and a comparatively higher botanical diversity than Phase 1. Terminalia spp.
dominate decreasing after XU42 when cf. G. breviflora enters the record. V. cf.
glabrata is present in low numbers. Cyperaceae (stems), Cyperus bulbosus (tunic)
(bush onion), Mallotus nesophilus (yellow ball flower), Melia azedarach, Premna
acuminata (fire stick tree), and parenchyma enter the record in low proportions.
Carbonised remains make up 67.32% for this phase excluding cf. Triodia culms.

In Phase 3 the highest number of macrobotanical remains (n=2,102) from all phases
was recovered. A large proportion (86%) are carbonised and taxon richness
increases. V. cf. glabrata is recovered in greater proportions and is present across 20
of the 21 XUs (Figures 5 and 6). Recovered in abundance throughout cf. G.
breviflora peaks in XU17. Terminalia spp. are fewer and Persoonia falcata (wild
pear), Cyperaceae (stems), and parenchyma are present in low densities. cf. Triodia
culms peak dramatically in XUs 25 and 15 in quantities not observed in any other
XUs.

Macrobotanical remains recovered from Phase 4 total 1,171 and 85.91% are
carbonised. A greater proportion of V. cf. glabrata is recovered, considerably so



when compared to other taxa recovered from this phase (Figures 5 and 6).
Terminalia spp. decreases markedly with the largest amount recovered from the
boundary of Phase 3/4 decreasing towards the Phase 4/5 boundary (Figures 5 and
6). In contrast, V. cf. glabrata was recovered in low densities at the Phase 3/4
boundary and increases towards the top of Phase 4. Celtis spp. appears in the
assemblage and other taxa that make up minor inclusions are shown in Table 3. cf.
Triodia culms are present in lower proportions than preceding phases.

The disproportionate quantity of carbonised remains in Phase 4 relates to two LGM
hearths: XU6b dated to 21,261 — 17,812 cal BP and XU6c dated to 21,560 — 19,840
cal BP (95.4% probability range) (Maloney et al. 2018:213). Looking at these hearths
in isolation, carbonised remains contribute 50.80% and 98.59%, respectively, and the
proportion of V. cf. glabrata in these features is high contributing 82.26% (n=102) and
88.77% (n=253), respectively. The earliest observation of Adansonia gregorii
(nutshell) occurs in these features (Figure 5). In addition, Celtis spp., Terminalia spp.,
and cf. G. breviflora are present in both hearths in low quantities (n=<20), with P.
falcata (n=11) present in only one feature.

Following the LGM, 1,806 macrobotanical remains were recovered from Phase 5.
The proportion of carbonised remains is 27.18% in this phase. V. cf. glabrata is the
most abundant taxa recovered. Taxon richness increases although no other taxa are
recovered in proportions similar to V. cf. glabrata. A small amount of cf. Triodia culms
were recovered and all other taxa occur in low densities (n=<9).

Phase 6 is marked by the highest diversity (Table 3) and the lowest proportion of
carbonised remains (18.68%). Of the 23 taxa identified in this study, only five are not
recovered from this phase: M. nesophilus, M. azedarach, Poaceae (stems), cf.
Buchanania obovata (wild mango), and cf. Heteropogon contortus (speargrass). V.
cf. glabrata, though decreasing slightly in relation to preceding phases, continues to
dominate the assemblage. Greater proportions of A. gregorii (nutshell), Terminalia
spp., and Flueggea virosa are observed. Culms of cf. Triodia were recovered in the
lowest proportion of all six phases.

Establishing the source of the macrobotanical remains

Rodent gnaw marks were identified, as they were in the previous analysis
(McConnell and O’Connor 1999:30-32). Of the 7,846 macrobotanical remains
analysed for this research 114 have observable gnaw marks. Almost all of these
(n=111) are on Terminalia spp. drupes with the remaining three being on P. falcata
(n=2) and V. cf. glabrata (n=1) endocarps. The size of these marks are attributed to
rock-rat species (Zyzomys spp.) (Begg and Dunlop 1980:65). It is difficult to discern
whether the gnawed remains had been brought into the site by rodents or whether
remains discarded by humans were subsequently gnawed by rodents. Given the
restricted range of taxa affected, we argue that the potential introduction of
macrobotanical remains to CG1 by rodents has a negligible effect on the
assemblages’ botanical diversity and an inconsequential effect on abundances over
time.

A variety of evidence suggests that the macrobotanical remains are a result of
cultural activity. First, the distribution of the remains correlate well with lithic, faunal,
and charcoal records (Figure 7). Second, a high percentage of carbonised



macrobotanical remains are consistently present through time (Figure 4a). Third, the
protective rockshelter structure, slope, and the protected location of Square A2,
behind fallen boulders (Figure 3), makes it unlikely that macrobotanical material
entered the site independently. Fourth, lack of water and little access to sunlight
within the rockshelter has inhibited plant growth and no root structures were
encountered during excavation suggesting that modern and prehistoric seed rain (cf.
Minnis 1981) from plants growing within the rockshelter is not a contributing factor to
the formation of the macrobotanical assemblage.

[Figure 7]
Discussion
Taxonomic identification

Vitex cf. glabrata is the most abundant taxon represented in the assemblage followed
by cf. Grewia breviflora. These results differ from those of McConnell’'s (1997)
analysis of Square A in which she identified Terminalia species and Ampelocissus
acetosa (native grape) as the largest contributors to the assemblage. The reason for
this difference lies in McConnell’s lack of reference material leading to the taxonomic
misassignment of V. glabrata to A. acetosa (McConnell 1997:71). A. acetosa and V.
glabrata, belonging to Vitaceae and Lamiaceae respectively, are distinctly different
types of plant, the former a climbing vine and the latter a medium-sized spreading
tree (Wheeler 1992:634, 793). A. acetosa fruits produce 2-4 boat shaped albuminous
seeds per fruit (Jackes 1984:82); perichalaza on the dorsal and raphe on the ventral
surfaces of the seed are defining characteristics of genera belonging to the Vitaceae
family (Chen and Manchester 2007:1535; Jackes 1984:86) (Figure 9b,d,f). V.
glabrata is a drupe fruit that produces one ovoid to subglobose drupe per fruit (Munir
1987). Drupes display rugose longitudinally furrowed surface patterning with four
ovary chambers that divide the stone internally protecting one exalbuminous seed
encased in each chamber (Munir 1987:34) (Figure 8a,c,e).

[Figure 8]

A. acetosa is entirely absent from CG1’s macrobotanical sequence. The absence of
a plant species well documented as an important botanical resource to Aboriginal
groups (e.g. Crawford 1982; McArthur et al. 2000; Scott-Virtue et al. 2011; Smith
1991; Specht 2006; Wiynjorrotj et al. 2005) is curious but explicable by taphonomic
and cultural factors. Preservation of macrobotanical material in CG1 deposits is
extraordinary and fragile culms of Triodia present in the lowest occupation units
suggest little preservational bias across plant species. An explanation for the
absence of A. acetosa seeds from the macrobotanical record may lie in the
phytochemistry of Vitaceae seeds which are oily-albuminous and rich in flavonoids,
including gallic acid, ellargic acid, catechin, and ogliomeric proanthocyanidin, a
powerful antioxidant (Wang et al. 2007:544; Wen 2007:469-470). The soft, oily,
nutritious, and digestible nature of Vitaceae seeds means they are commonly
chewed and ingested. In comparison, the presence of V. cf. glabrata is probably
owing to its robust endocarp that is unlikely to be ingested whole.



This example of taxonomic misidentification highlights the need for further
development of, and accessibility to, comparative botanical reference collections and
the value in publishing images of macrobotanical specimens (Figure 9).

[Figure 9]

Plants identified by this research are commonly recognised in historical
ethnobotanical literature as economically important to Aboriginal groups across the
Kimberley region (e.g. Blythe and Wightman 2003; Crawford 1982; Davis et al. 2011;
Kaberry 1935; Karadada et al. 2011; Love 1936; Paddy et al. 1993; Rose 1984;
Scarlett 1985; Smith and Kalotas 1985; Wightman 2003). Although it is possible that
the roles and uses of plants may have been different in the past, Aboriginal
knowledge of these plants should be considered as an important primary source for
ecological information.

Plant use over time
Phase 1 (51,000 to 38,800 cal BP)

Favourable climatic conditions for the Kimberley region around the time of first
occupation at CG1 are suggested by terrestrial and marine archives (Saltré et al.
2016; Van der Kaars et al. 2006), and the CGL1 phytolith record (Wallis 2001)
indicates that vegetation communities were comprised of a variety of grasses from
moist and arid habitats. Abundance of palm phytoliths indicates readily available
water in the area (Wallis 2001:111-113). Low numbers of macrobotanical remains
coincident with low numbers of stone tools, faunal remains (Maloney et al. 2018), and
charcoal (Frawley and O’Connor 2010), indicate low intensity site use at CG1. Faunal
remains, predominantly comprised of reptile bones, suggest hunting and foraging of
terrestrial fauna from the arid savannah plains and the presence of fish and
freshwater turtle indicate that riparian environments were also exploited (Maloney et
al. 2018:221)

Phase 1 macrobotanical remains represent the earliest subsistence activities at the
site and show monsoon rainforest taxa were important food plants to Aboriginal
groups settling the region. It is unlikely cf. Triodia culms represent food waste and
these remains have been suggested by McConnell and O’Connor (1997:24-27) as
evidence for resin production. Although no traces of resin were found on stone
artefacts during this phase (Maloney et al. 2018:218), flakes from polished axes
suggest hafting in combination with binding. Triodia can be used for a multitude of
tasks including fibre technology (Reynen and Morse 2016:100), a potential aid to
both composite tool production and early fishing activities.

Phase 2 (41,400 to 27,100 cal BP)

Peaks in fluvial activity, observed in palaeohydrological records from the large
Gregory Lakes system, located in the southeast Kimberley, suggest a drier and
cooler climate (Reeves et al. 2013; Veth et al. 2009), but vine thicket and palm
phytoliths at CG1 suggest wetter local conditions (Wallis 2001). Quantities and
diversity of macrobotanical remains increase during this phase. Broader botanical
diversity is observed with the addition of riparian taxa and the monsoon rainforest
category expands with cf. Grewia breviflora and Mallotus nesophilus entering the



repertoire. Parenchyma remains suggest the use of roots and tubers (cf. Hather
2000) and macrobotanical remains demonstrate that people were targeting a variety
of ecological zones (monsoon rainforest, savannah, and riparian) to procure
botanical resources.

Stone artefacts are made from a higher diversity of exploited raw materials but low
artefact discard rates suggest infrequent visitation to CG1 (Maloney et al. 2018:218).
Reduction in fish remains, and increasing frequency of reptile bones and mammal
remains representing small arid adapted mammal species, suggests exploitation of
the open plains away from the limestone range (Maloney et al. 2018:225). An
increase in cf. Triodia culms and the addition of riparian taxa to the macrobotanical
sequence support lithic and faunal evidence demonstrating that people were
adjusting their subsistence strategies to target the open plains and distant riparian
zones.

Phase 3 (29,000 to 21,800 cal BP)

Pre-LGM is characterised by increasing aridity and cooler conditions (Fitzsimmons et
al. 2013; Reeves et al. 2013; Turney et al. 2006; Van der Kaars et al. 2006). A
marked increase in spinifex phytoliths from CGL1 in this phase is argued by Wallis
(2001:112) to be an environmental response to decreasing temperatures and water
availability. Coincident peaks of cf. Triodia culms during this period support a general
trend towards aridity but monsoon rainforest taxa continue to dominate the
assemblage. Higher botanical diversity, with increases within monsoon rainforest,
riparian, and savannah categories, suggest climatic variability leading into the LGM
did not detrimentally affect the availability of local botanical resources which might be
observed in the macrobotanical record as a shift from monsoon rainforest to
savannah taxa.

An increase in mammal and reptile remains suggests an enlarged diet breadth
(Maloney et al. 2018:225) also indicated by the macrobotanical record (Table 3).A
significant restructuring within the monsoon rainforest category is indicated where V
cf. glabrata becomes proportionately higher than Terminalia spp. in terms of
abundance. Broadening of the plant diet and diet alteration may reflect increased
collection of V cf. glabrata for nutritional benefits. On average, Vitex glabrata has
27.9 g of carbohydrate when compared to 17.2 g for Terminalia (T. ferdinandiana
used for comparison) (Miller et al. 1993:188-191). Thus, the increasing presence of V
cf. glabrata may indicate a need by Aboriginal populations to increase carbohydrate
intake.

Phase 4 (22,400 to 17,100 cal BP)

It is generally accepted that cooler and more arid conditions prevailed during the
LGM when extensive glaciation lowered sea levels by 120 m (Fitzsimmons et al.
2013; Reeves et al. 2013; Visser et al. 2003). Phytoliths from species belonging to
the Ulmaceae family, Celtis sp. and Trema tomentosa (native peach), that have high
water requirements, are absent from CG1 deposits during this period suggesting
decreased water availability (Wallis 2001:114). Chenopodiaceae/Amaranthaceae
macrobotanical remains, recovered by flotation from large bulk sediment samples, in
Square A (McConnell and O’Connor 1997:29) coupled with charcoal analysis that
shows an increase in Myrtaceae and Proteaceae taxa in Square A2 (Frawley and



O’Connor 2010) suggests expansion of dry woodlands and grasslands surrounding
CGL1. However, the macrobotanical remains show that monsoon rainforest habitats
were available for exploitation during the LGM and that rainforest taxa were
consistently collected throughout this time. In fact, there is no discernible change
from monsoon rainforest to savannah taxa, which would indicate a shift in
subsistence activities corresponding with unstable climatic conditions and
environmental change associated with the LGM. It should be noted however that no
flotation has been conducted on the sediment samples from Square A2 and
macrobotanical remains used in this analysis were recovered solely from the sieve
fractions which no doubt accounts for the lack of small-sized seeds reoresented in
the present study and the differences in species representation between the two
studies.

Resilience, tolerance, and flexibility are often cited in reference to subsistence
change and technological reorganisation by Aboriginal people in the face of changing
climatic and environmental conditions (e.g. Beaton 1982; Lourandos 1983; Veth et al.
2011; Williams et al. 2008, 2013). Less mentioned is the resilience, tolerance, and
flexibility of plant populations displayed not only through expansion and retreat but
also though adaptability of plant forms and ecological behaviours (Sievers 2006:217)
depending on the severity of climate circumstances. The dominance of monsoon
rainforest fruits during the LGM suggests local water availability and active periods of
rainfall to sustain pockets of monsoon rainforest targeted by CG1 occupants for fruit
collection. This record is supported by the Ball Gown Cave stalagmite time series
data that suggests an active monsoon system between 24 and 20 kya (Denniston et
al. 2013).

Increases in small freshwater fish and mussel shell in the faunal record is interpreted
as people accessing Windjana Gorge, roughly 4 km from CGL1, for reliable aquatic
resources (Maloney et al. 2018). Macrobotanical remains demonstrate the practice of
fruit collection continued during this time. The co-occurrence of monsoon rainforest
taxa with fish bones indicates that people were probably collecting food plants from
the gorge while engaged in other daily economic activities, especially if the monsoon
rainforest patch close to the site was reduced.

The LGM macrobotanical remains have less overall botanical diversity than the
preceding phase but the monsoon rainforest and savannah categories continue to
expand with Celtis spp. and Adansonia gregorii both entering the CG1 sequence
during the LGM. The earliest occurrence of A. gregorii in securely dated LGM hearths
provides a terminus ante quem for the arrival of the plant to the region, its
geographical distribution across the Kimberley recently linked to human migrations
(Bell et al. 2014; Rangan et al. 2015).

Phase 5 (18,600 to 6,500 cal BP)

In the early deglacial period (18-12 ka) evidence for enhanced monsoonal activity at
the late Pleistocene-early Holocene boundary are found in terrestrial (Denniston et al.
2013; Field et al. 2017; Wyrwoll and Miller 2001) and marine (Kuhnt et al. 2015; Van
der Kaars and De Deckker 2002; Van der Kaars et al. 2006) palaeoenviornmental
records that demonstrate an active monsoonal climate with increased precipitation in
the northwest of Australia from ~14,000 cal ka BP.



The very high number of macrobotanical remains almost exclusively dominated by V.
cf. glabrata (Figures 5 and 6) could indicate increase in site use or larger Aboriginal
groups returning to the region after climate amelioration. This evidence together with
the lower numbers of savannah species and higher numbers of riparian species than
in the previous phase suggests wetter conditions and this matches other terrestrial
records that indicate wetter conditions post LGM (Denniston et al. 2013; Field et al.
2017; Wyrwoll and Miller 2001).

Phase 6 (approximately 7,600 cal BP to 300 cal BP)

During the mid-Holocene, prior to 6,300 cal BP, a tropical humid climate with an
intense and predictable summer monsoon has been suggested by McGowan et al.
(2012). After 3,700 cal BP increased climatic variability, decreased effective
precipitation and prolonged drying are linked to the initiation of the current cycle of El
Nifio—Southern Oscillation (ENSO) (Shulmeister 1999; Williams et al. 2010) with a
phase of extreme aridity between 2,400 and 1,300 cal BP, before modern summer
monsoon systems were established (Field et al. 2017).

Phase 6 macrobotanical remains have the highest botanical diversity of all phases.
Large quantities of charcoal (Frawley and O’Connor 2010) and macrobotanical
remains suggest increased site use and wood shavings suggest manufacture of
plant-based technologies at CG1 (Maloney et al. 2018:224). Resin adhesive
recorded on stone tools during this phase is suggested by Maloney et al. (2018:226)
as evidence for the development of new stone technologies, such as hafted points,
and an increase in large macropods in the faunal record supports this view. The cf.
Triodia culms recovered in this phase could be related to the production of resin
adhesive.

Phase 6 is also dominated by seasonally available monsoon rainforest taxa although
to a lesser degree than in preceding phases. Upper XUs indicate a reorganisation of
diet with focus shifting from V. cf. glabrata to include other monsoon rainforest taxa.
Substantial increases in A. gregorii nutshell in the late part of Phase 6 do not
necessarily reflect preservational bias in the macrobotanical assemblage because
the nutshell is robust. Instead, we suggest change in subsistence strategies to
manage inferred foraging risk associated with ENSO, which is often related to
technological adaptation, risk minimisation, and changes in social and economic
strategies (Beaton 1982:56; Veth et al. 2011:7; Williams et al. 2008:256).

Monsoon rainforest

Of the three broad vegetation groups defined for the area surrounding CG1
(monsoon rainforest, savannah, and riparian), monsoon rainforest taxa contribute the
highest proportions of plant macroremains to the CG1 Square A2 assemblage in all
six phases. The three most common taxa recovered, Vitex cf. glabrata, cf. Grewia
breviflora, and Terminalia spp., are fruit-bearing trees that rely on monsoonal rains
for fruit development restricting fruit production and availability of these taxa to wet
months (Nov-April) (Kenneally et al. 1996:88; Wheeler 1992:167, 794). It is likely that
occupation of CG1 followed the pattern identified in more recent historic sources that
relate the spatial location of Aboriginal camps in the Kimberley to yearly climatic
cycles (wet season camps located in caves and rockshelters/dry season camps
situated in the open at locations with permanent water [Scarlett 1985:5]).



Patches of monsoon rainforest are often associated with important Aboriginal cultural
sites and rock art (Karadada et al. 2011; Pickerd 2014; Wunambal Gaambera
Aboriginal Corporation 2010) and, being recognised as primary resources for food
gathering, are protected by Aboriginal groups who fire surrounding grassland to
protect patches from catastrophic fire (Mangglamarra et al. 1991:413). Monsoon
rainforest ecological zones are shown here to be comparatively important to
Aboriginal groups in the past. At CG1 the macrobotanical assemblage demonstrates
diet, subsistence strategies, and site occupation were scheduled around the
availability of monsoon rainforest taxa. Depletion of important botanical resources
was avoided by seasonal scheduling and, perhaps, similar practices used by
Aboriginal groups today were employed to ensure future availability of these
seasonal resources.

Conclusion

Greater chronological resolution, a longer time span represented, a larger analysed
sample, and a better understanding of site formation processes have greatly
improved macrobotanical research at CG1, providing a deeper understanding of
Aboriginal plant use. The vast majority of CG1 Square A2 macrobotanical remains
are taxonomically identifiable and attributable to human food gathering activities.
Identified plant species establish a pattern of resource procurement where Aboriginal
groups occupying CG1 heavily targeted monsoon rainforest ecological zones for food
plants, particularly Vitex cf. glabrata, cf. Grewia breviflora, and Terminalia species.

Decreased water availability during arid phases suggests that monsoon rainforest
probably retreated, but the presence of monsoon rainforest taxa throughout the
deposit indicates that pockets persisted even during periods of major climatic
change, which are associated with changes in the distribution of vegetation
communities. Continued visitation to CG1 during arid phases indicates that the area
was a refugium containing patches of monsoon rainforest and staple faunal
resources from Windjana Gorge (Maloney et al. 2018) providing food security during
periods of climatic instability. This study shows that ecologically productive monsoon
rainforest environments were sustained throughout the LGM and that subsistence
practices were resilient, as indicated by the continued use of monsoon rainforest taxa
from the time the rockshelter was first occupied, some 47,000 years ago.
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