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Purpose
This document outlines the content, format, and approval process for an HDR
Thesis by Compilation or Thesis by Creative Works submission.

Procedure
1.

This document is to be read in conjunction with the Research Awards Rules.

2.

This procedure supplements the information provided in the Submission

and Examination of Higher Degree by Research Theses Procedure. Where
information is not varied or detailed in this procedure the Submission and
Examination of Higher Degree by Research Theses Procedure prevails.

Thesis by compilation
Content
3.

A thesis by compilation includes papers (e.g. articles, chapters) where the

student is the sole or joint author that are in the process of being prepared or
approved for publication, have been accepted for publication, or have been
published.
4.

A thesis by compilation contains
a. An introduction to the field of study and the hypothesis or research
questions, how these are addressed through the ensuing chapters, and a
general account of the theory and methodological components of the
research where these components may be distributed across separate
papers/chapters.
b. Linking text to establish the relationship between one chapter and the next,
such as through a foreword to each chapter.
c. A conclusion drawing together the published papers or works in a cohesive
manner, and addresses how the individual publications link to the theory
and methodology adopted and evaluate the contribution that the research in
the submitted publications makes to the advancement of the research area.
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5.

Papers evidenced as in the following categories may be included with each

presented as an individual chapter in the thesis:
a. Published papers
b. Manuscripts accepted for publication
c. Manuscripts submitted and under review by referees;
d. Manuscripts under revision following referees reports; and
e. Manuscripts in preparation for submission.
6.

Unless otherwise approved by the Delegated Authority, a thesis by

compilation consists primarily of published papers and manuscripts accepted for
publication, and not primarily of manuscripts submitted and under review by
referees or manuscripts under revision following referees reports.
7.

A thesis by compilation may also include video recordings, film or other

works of visual or sonic arts, computer software, digital material or other nonwritten material for which approval has been given for submission in alternative
format.
8.

The papers must have been researched and written during the course of the

candidature, except in the case of students admitted to a PhD program as a staff
member under the Research Awards Rules.
9.

The scope and quality of a thesis by compilation is commensurate with the

contribution to knowledge expected of a candidate for the relevant degree. The
numbers of papers that constitute this requirement may vary between a single
long monograph in disciplines such as mathematics to four to five peer*reviewed
papers in other disciplines.

Format
10.

A thesis by compilation includes a signed declaration that specifies:

a. Title, authorship and publication outlet of each paper.
b. The current status of each paper (In press, Accepted, Under Review, In
preparation).
c. The extent of the contribution of the candidate to the research and the
authorship of each paper.
11.

For each paper where the candidate is not the sole author, either:

a. The collaborating authors sign the declaration; or
b. A senior author signs the declaration on behalf of the collaborating authors
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12.

The thesis may also include relevant appendices containing additional

papers that are not related to the main thrust of the thesis, raw data, programs,
questionnaires and other material as deemed appropriate for each discipline.
13.

The thesis is otherwise formatted as per the Thesis in Standard Format

Section in the Submission and Examination of HDR Theses Procedure, although
journal formatting can be preserved for appropriate sections.

Process
14.

Students submitting by compilation will normally obtain endorsement from

their supervisory panel about the format of their thesis more than 12 months prior
to submission, and no later than 6 months prior to submission.
15.

In considering the request the supervisory panel provides the student with

discipline*specific guidance on the appropriate quantity and quality of papers for
submission as a thesis, as well as practical guidance about realistic peer*review
and publication timeframes in their discipline.
16.

Subsequent to endorsement by the supervisory panel, submission of a

thesis by compilation requires approval by the Delegated Authority.
17.

The Delegated Authority may permit the approval of a thesis by compilation

and the composition of that thesis later than 6 months prior to submission in
exceptional circumstances.
18.

Following submission of the thesis the standard ANU examination

procedures will apply.

Other
19.

Students who are undertaking a thesis by compilation ensure publisher’s

agreements do not preclude the inclusion of the published work in their thesis.
20.

Only in exceptional circumstances will approval be given to a candidate for a

Master of Philosophy or Professional Doctorate to submit a thesis by compilation.

Thesis by creative works
Content
21.

A thesis by creative works is an original work which includes one or more of

the following: a multimedia or digital work, a film, an exhibition, a performance, a
musical composition, a novel, a play, a series of poems, creative art work or other
works considered acceptable by the Delegated Authority.
22.

The written thesis accompanying the creative work may be a dissertation or
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an exegesis or a combination of both as approved by the Delegated Authority.
23.

The exegesis details the development of the creative work over the duration

of the course of study, and provides the broad context for the ideas and
precedents which inform the development of the research program. The exegesis
enables the candidate to present an account of the research, demonstrating how
the work addresses the objectives of the approved research project, and how the
topic(s) of the dissertation or coursework have informed the creative work-based
research.
24.

For the dissertation, candidates present a substantial academic essay on a

topic of relevance to the objectives of the creative work-based research project.
The candidate presents a standalone paper or one that supports a lecture recital
that is framed within appropriate academic methods through research,
documentation and theoretical and conceptual discourse in a form that is relevant
to the topic in question.

Length of thesis
25.

In the case of a combined body of a Thesis by Creative Works PhD, the

written work for a PhD must be a substantial work of 30,000 to 60,000 words that
complements the other work submitted.
26.

In the case of the combined body of a Thesis By Creative Works MPhil, the

written work for an MPhil must be a substantial work of 15,000 to 30,000 words
that complements the other work submitted.
27.

The additional material submitted or presented in the form of a public

recital must be:
a. A substantial and genuine contribution to research; and
b. A work of equivalent quality to a written thesis using criteria appropriate to
the particular medium in which it is submitted.
28.

The submission as a whole must be a coherent contribution to the

advancement of knowledge and a pass standard must be achieved in all
components.
29.

In the case of resubmission being required only that component that has

failed to meet the appropriate standard is required to be revised.

Examination of creative work other than a printed thesis
30.

The final outcome of the creative work component of the thesis is presented

for examination in the form of an exhibition, or audio-visual presentation, recital,
lecture recital or in such other form as had been approved by the Delegated
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Authority in the candidate's research program.
31.

The Delegated Authority approves whether artistic practice is examined by a

theoretical dissertation or by creative work and written thesis. If a creative work
and written thesis is approved, they are be examined as an integrated whole.
32.

In cases where the creative work is presented in the form of an exhibition,

audio-visual presentation, recital, lecture recital etc, the written thesis is made
available to the examiners at least one month before the presentation of the
creative work so that the examiners are fully aware of the context of research
which has led to the work in the final presentation. Any additional items such as
video of the performance, visual presentation of artwork, recording, are either:
a. supplied to the examiners with the written thesis; or
b. supplied to examiners as soon as the documentation is available.
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Abstract
The rare recovery of hafting technology from archaeological deposits around the world prevents a clear picture of
Palaeolithic hafting arrangements. Without the recovery of hafted stone tools, our understanding of this technology
is limited to extrapolation from artefact morphology and ethnographic analogy, and such is the case in Australia.
Here we present a direct date of 3160–2954 cal. BP, obtained from resin on a stone point recovered from Carpenters
Gap 1 rockshelter in northern Western Australia. This artefact fits the description of point technology in Australia,
being a retouched flake with converging margins, and provides the first direct date of hafting resin in situ on a stone
tool from the Australian continent. The hafting arrangement of a stone point during the mid- to late Holocene is
archaeologically visible for the first time in Australia. This point was hafted using resin adhesive as well as wound
binding material. This rare artefact is used to discuss the current interpretations of technological change in the
Holocene record of Australia and the direct dating process.

Introduction
Excavation at Carpenters Gap 1 (CG1), a site with
exceptional organic preservation in the southern Kimberley,
Western Australia (McConnell and O’Connor 1997, 1999;
O’Connor 1995; Wallis 2001) (Figure 1), recovered a distal
point fragment with a sizable portion of adhering resin with
imprints of an organic binder. This paper presents the results
of direct dating of the resin and a description of the imprints
and stone artefact. This is the first Australian stone tool to
be directly dated using adhering resin and demonstrates
how this method can be used to provide reliable ages for a
range of Australian composite tools, as well as assist us to
understand hafting technology better.
Unifacial and bifacial points first appear in parts of Australia
in the mid-Holocene (Hiscock 2008:158; Maloney et al. 2014),
although the dating of the appearance of these tools (and
other hafted tools) has not been without contention. Points
are widely identified as retouched flakes with converging
margins (Hiscock 2006:76; Holdaway and Stern 2004:266).
Dating the appearance of this technology has conventionally
relied on dating organics in associated excavation units. In
sandy deposits, however, the assumption of association is
problematic, as bioturbation and other disturbance can lead
to vertical movement of objects up and down the profile (e.g.
O’Connor et al. 2002; Richardson 1992). Direct dating of resin
has the potential to provide reliable ages for the diversity of
hafted tools that appear across Australia in the Holocene.

The impressions preserved in the resin of the CG1 point
also provide evidence of the methods involved in its hafting,
indicating the use of organic binders as well as mastic.
The process of hafting was a crucial technological
development in human evolution. The expansion of
hominid populations resulted in the adaptation of hafting
technologies to a myriad environmental, social and economic
conditions across the globe. A vital component of the toolkit
(Shea 2006), hafted technology is still employed by some
hunter-gatherer groups today (Weedman 2006). Despite the
ubiquity of hafting technology, direct evidence of hafting in
the archaeological record is rare, limiting our understanding
of how this technology was adapted to novel conditions.
Archaeologically, there are three elements that can provide
evidence of hafting: the tool itself, the haft and the binding
agent. The earliest evidence for hafting technology is based
on diagnostic impact fractures on tools, such as those
fractures found on points excavated from the Kathu Pan
1 site in South Africa and dated by association to 500,000
years (Wilkins et al. 2012:943; see also Barham 2002). The
earliest spear shafts were recovered from the Schöningen
site in Germany (Thieme 1997), dated to 400,000 years, but
no lithic projectiles were recovered, prompting the authors
to conclude that the spears were fashioned entirely from
wood. The earliest organic evidence of compound hafting
matrix was identified on Middle Stone Age tools, dated to
70,000 years, from Sibudu Cave in South Africa (Wadley et
al. 2009:9590). Birch tar residues have been recovered on
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Figure 1 Map of north Western Australia showing site location.

stone tools from several European Palaeolithic sites (Boëda
et al. 1996; Mazza et al. 2006; Pawlik and Thissen 2011:1707),
including a birch tar piece with impressions of a stone tool,
a wooden artefact and fingerprints (Grünberg 2002; Hedges
et al. 1998; Koller et al. 2001).
Recovery of early hafting technology throughout Asia has
been rare and few studies demonstrate composite tool use
before the terminal Pleistocene. In Timor Leste, the butt end
of a bone projectile from Matja Kuru 2 (MK2) has been dated
to ca 32,000 cal. BP, by association with radiocarbon dates of
marine shell (O’Connor et al. 2014b:110–111). This artefact
preserves evidence of a complex hafting mechanism, which
employed an organic fibre wrapped around a mastic on the
bilaterally notched butt. At Niah Cave in Borneo several
bone and stingray spine points, with traces of hafting
resin and fibrous binding, have been dated to the terminal
Pleistocene, based on association with charcoal radiocarbon
36

dates (Barton et al. 2009:1708–1709). Hafting of backed
artefacts using resinous mastic was practised in the late
Pleistocene at Jwalapuram Locality 9, in India (Clarkson et
al. 2009:334, 339), but only a few of the recovered artefacts
retained resin, inhibiting a convincing interpretation of the
composite arrangement (Clarkson et al. 2009:339). The only
other direct evidence for early hafting comes from northern
China where use-wear analysis on adzes and projectile
points indicates that these artefacts were used in composite
tools from around 10,000 years ago (Zhang et al. 2009).
The earliest colonisers of Sahul, who employed complex
seafaring technology (Balme and O’Connor 2015), are
likely to have been adept at fibre processing and resin
manufacture and use. On encountering new environments
these early settlers developed new hafting technology and
made edge-ground and waisted axes, since whole axes and
flakes detached from them have been recovered from the
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The mid-Holocene has long been recognised as a period
of dynamic technological and social change across the
continent of Australia, with either new forms of stone tools
or the proliferation of existing stone technologies becoming
widespread. Most of the evidence for hafting technology
has been extrapolated from tool morphology. A generally
small size, pointed termination, elongation and proximal
thinning of many tools have led some archaeologists to
argue that hafting was a central technological requirement
of these tools (e.g. Allen and Barton 1989:121; Clarkson
2007:155, 2008:302; Clarkson and David 1995:22; Flood
2004:225; Hiscock 1994:277; Mulvaney 1969:153; Mulvaney
and Joyce 1965). Innovation in hafting techniques was
hypothesised as an overall explanation for new stone tools
across the continent during the mid-Holocene (Jones
1979:456–457; Mulvaney 1969:153). The implied hafting
of points and backed artefacts was also used to argue for
increased conflict (Flood 1995:236; Smith 1995:40; Smith
and Brockwell 1994:102). Recent explanations of the
development of points and backed artefacts tend either to
support a technological response to foraging risk (Clarkson
2007:155; Hiscock 1994:277; 2011), and/or a social response
to demographic changes (Moore 2013; White 2011). Hafting
features prominently in both scenarios. The foraging risk
model argues that points as standardised implements
allowed continuous hafting and rejuvenation within the
same costly, pre-designed hafting arrangement (Clarkson
2007:155, 2008:302; Hiscock 1994:278). Social signalling
explanations, on the other hand, suggest that points were
hafted as highly visible symbols of identity and social status
(Moore 2013:145).
Points are a likely candidate for hafting as projectiles due
to their shape, although it is also apparent that points were
used for a range of functions both with and without other
hafting arrangements. Limited resin recovery has hitherto
prohibited reconstruction of hafting arrangements. For
example, the only residue analysis of points thus far carried
out yielded two of 42 points with possible traces of hafting
resin but no dating of the resin was attempted (Wallis and
O’Connor 1998:10). Additionally, while hafting is largely
inferred from the morphology, the pointed shape was not
always maintained (Clarkson 2007:112, 114, 117; Hiscock
2009:84–85; Maloney and O’Connor 2014). Macrofracture
analysis of points from the Northern Territory reveals that
mid-Holocene points may rarely have been used as hafted
projectiles (Brindley and Clarkson 2015). Conversely, a few
studies that showcase hafting resins on backed artefacts
were able to confirm that multiple hafting arrangements
were employed (Boot 1993:5, Tables 8–11; Brown 1987:49;
Robertson et al. 2009:249, 297) with projectile tips or barbs
utilised less frequently (McDonald et al. 2007).

Without over-extending the application of ethnographic
analogy (Binford 1972:86), more recent and museum
curated examples of stone tool hafting can be informative.
In northern Australia, ethnographic observation and
collection have provided useful insights into recent forms
of point hafting technology (Akerman 1978:486; Akerman
et al. 2002:21–22; Hardman 1888:64–64; Kaberry 1939:14;
Newman and Moore 2013). For example, Akerman
(1978:486) described the ethnographic hafting of Kimberley
points, which are present in archaeological deposits
around 1000 cal. BP (Maloney et al. 2014). Other forms of
point and blade hafting described by Newman and Moore
(2013:2615, Fig. 1), Spencer and Gillen (1899:652), Graham
and Thorley (1996:78–79), Bindon and Lofgren (1982:119,
Fig. 6), and McCarthy et al. (1946:32), demonstrated that,
in recent times, multiple hafting arrangements were used.
Ethnographers such as Roth (1897, 1904) provided accounts
of hafting a range of stone artefacts, including what would
not be recognised as formal tools (see Khan 1993). There are
also examples of handles created from mastic and binding,
with no incorporated shaft (Newman and Moore 2013:2615,
Fig. 2), and large blades hafted as knives (Akerman 2007).
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earliest levels of some of the oldest sites in northern Australia
(Clarkson et al. 2015:59; Geneste et al. 2012:2; O’Connor
1999:175; O’Connor et al. 2014a:18; Schrire 1982:84, 106–
107). McConnell and O’Connor (1997:24–27) suggested that
the abundance of resinous spinifex culms in the Pleistocene
assemblage at CG1 may indicate early resin production for
hafting. Prior to the CG1 point discussed here, the only
direct dates obtained from manufactured resin in Australia
have been reported from surface assemblages in the Pilbara,
WA (Veitch et al. 2005:60, Table 1), where two spinifex
balls were dated to within the last 1000 years. Despite the
continuing dearth of physical evidence, hafting remains
central to explanations of technological change in Australia.

Sources of Resin in Australia
Ethnographically, resins were observed being extracted
from a range of plant species across Australia (Aiston
1929:45; Boot 1993:5; Latz 1995:341; Maiden 1975; Parr
1999:23; Richardson 1988:58). In the Kimberley, resin
was extracted from Triodia pungens (spinifex), the
roots of Erythrophleum chlorostachys (ironwood), and
Callitris columellaris (native cypress pine) (Akerman
pers. comm. 2014). Other sources of resin include native
bee (Trigona sp.) hives (Akerman pers. comm. 2014)
and ant nests (Akerman 1980:246; Latz 1995:290; Lowe
and Pike 2009; Spencer 1896:69–71), probably produced
by Iridomyrmex rostrinatus (Butler 1966). The use of
ant nests for resin production is possibly a more recent
technological development (Pitman 2010:89–91). Again,
more recently, burnt battery cases and tar from sealed roads
were used in hafting technologies (Akerman 1980:246). In
north Queensland, the young roots of the ironwood tree
Erythrophleum laboucherii were processed for resin
production (Khan 1993:87). In the same area, Roth (1897)
noted dry lumps of gum gathered from the brown cedar or
mackay cedar tree Canarium australasicum, which were
used for joining spear shafts (see Khan 1993:130).
Spinifex resin, a thermoplastic adhesive, is the most prolific
source of plant resin in Australia (Pitman 2010; Pitman and
Wallis 2012). The threshing of spinifex, in order to extract
the resin, was practised across much of the continent where
resinous spinifex occurred (Binford 1984; Brokensha 1975;
Cleland 1966; De Graaf 1967; Gould 1970; Pitman 2010:31–
39; Roth 1904; Sheridan 1979; Tindale 1965). Spinifex grass
was threshed on a hard surface and the resulting resin-chaff
mixture was collected in a container (Binford 1984:161–
171; Gould 1970:39–40; Latz 1995:66, 290). This mixture
was then winnowed, which freed scales of resin from the
leaf bases. The mixture was then heated using a variety of
techniques (Pitman 2010:36) and metamorphosed into a
homogenous cake of resin (Cleland 1957, 1966:122, 146–147;
Roth 1897:101–102, 1904:13).
Inclusions of chaff in resin are a reasonable visual indicator
that the resin source was spinifex grass (Pitman 2010:102;
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Sheridan 1979:67). Other inclusions, such as sediment grains,
ash, charcoal, saliva, animal fat and blood are also possible.
Ochre and bird feather decorations are present on recent
Kimberley points, variably covering the shaft and mastic
(Akerman et al. 2002:23–24; Newman and Moore 2013:2616,
Fig. 3) and have been detected on at least one mid-Holocene
point (Wallis and O’Connor 1998:160, Table 2).
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The CG1 Hafted Point
The hafted stone tool illustrated in Figure 2 meets the
descriptive criteria for point technology based on several
observations. Firstly, the distal portion of the tool can be
observed projecting from the resin, with an intact feather
termination and partial ventral surface, confirming that
the tool is technically a broken retouched flake (Hiscock
2007:203). Secondly, retouch scars initiated unifacially from
the ventral surface are present on the left distal margin,
which, combined with the unretouched right margin, create
converging margins. The marginal angle (approximately
63°) is within the morphological range of other retouched
flakes described as points, such as those found throughout
the Kimberley (Dortch 1977:166, Fig. 5; O’Connor 1999:73–
74, Fig. 5.13, Fig. 5.14; O’Connor et al. 2008:79–80, Fig 4.)
and in Wardaman Country, NT (Clarkson 2006:102). Prior
to breaking, the point was probably very similar to those
recovered from the nearby Windjana Gorge Water Tank
Shelter (O’Connor et al. 2008:79–80, Fig. 4) and Carpenters
Gap 3 (O’Connor et al. 2014a:21, Fig. 10), being less than
4 cm in length and not particularly elongate. None of the

retouch scars are covered by the resin, so it is possible that
the tool was hafted with no retouch and later modified.
The resin adhering to the dorsal surface of the point has been
impressed, resulting in several clearly visible parallel lines
on the proximal left surface (Figure 2). Each impression is
approximately 0.3 mm wide, with the deepest penetration
of the resin observed closest to the proximal edge. These
impressions continue diagonally across the surface of the
resin, with reduced penetration towards the right distal
portion. These impressions were produced by a thin,
fibrous material, which further bound the tool to the haft.
The binding material covered around half of the remaining
resin, and presumably continued over the shaft portion. The
impressions do not intersect.
There are small pieces of plant material within the resin
(Figure 2), which provide reasonable evidence that the resin
was produced from spinifex chaff. Additional inclusions
of small black and red flecks, around 1 mm², are possibly
charcoal and ochre (Figure 2).
A negative flake scar initiated from the left medial margin
propagates through the mid-section of the point and
truncates the resin (Figure 2). This flake scar terminates
before reaching the opposite margin (Figure 2), where resin
can be seen covering part of the right margin. This small
amount of resin is therefore covering a surface that predates
the mid-section break and indicates that the right margin
was contracting towards a probable platform surface. The
implication of this observation is that the proximal portion is

Figure 2 Point from CG1 showing transverse scar across midsection, impressions formed by binding materials and small pieces of plant, probably
spinifex chaff, in the resin (photograph by Tim Maloney).
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The observed resin did not encapsulate the pointed distal
tip. This distal portion of the tool was the only observed
part to have been modified. Therefore, we can be certain
that the point was hafted to utilise the acutely angled
tip with converging margins, and potentially facilitated
drilling, cutting and projectile functions. This assumption,
in conjunction with the binding impressions and the midsection break, was used to produce the hypothetical hafting
arrangement illustrated in Figure 3. Figure 3 also shows
how the binding agent may have increased resistance across
the mid-section of the point, initiating the break (following
Fauvelle et al. 2012:2807, Fig. 5).

Dating
The excavation units (EU) surrounding the point were
formed between 3632 and 2850 cal. BP, based on multiple
radiocarbon dates from charcoal (Table 1). Charcoal was
dated at the ANU lab in the 1990s (laboratory code ANU)
and the resin directly dated more recently (laboratory code
SANU). All dates have been calibrated in OxCal version 4.2
(Bronk Ramsey 2009), using the SHCal13 curve (Hogg et al.
2013), with ranges given at 95.4% probability.
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unlikely to have been much larger than the remaining distal
portion, leading to the estimated shape of the proximal
portion used in Figure 3. It is possible that this scar was
caused from projectile impact, given the resemblance to
transverse scars observed on other hafted points (Ahler
1992:45, Fig. 11; Lombard 2005:225; Lombard et al. 2004). No
other diagnostic impact fractures are evident. This fracture is
perhaps less likely to have been caused during manufacture,
following Ahler (1992:42, 56, Fig. 8), who demonstrated
that transverse snaps observed on manufacturing failures
will typically intersect or truncate retouch scars. This is
not the case on the CG1 point. It is also possible that this
break occurred while the tool was hafted for a non-projectile
function, such as a cutting tool or drill. Given the nature of
the material, crystal quartz, it is equally plausible that an
incipient fracture plain propagated this transverse fracture.

The CG1 point was recovered in Unit 8c, a layer rich in organic
matter including paper bark and other plant materials, and
was removed separately from the surrounding sedimentary
units. This unit produced a date of 3632–3365 cal. BP (ANU10030). The EU immediately above this, EU 8, dates to
3441–3076 cal. BP (ANU-10029). A hearth feature (EU 8b)
truncating EU 8 dates to 3209–2927 cal. BP (ANU-11421). It
is possible that the point comes from the interface of Units
8b and 8c. EU 9, which produced a date of 3557–3165 cal. BP
(ANU-11460), is adjacent to, or immediately underlying, 8c.
EU 10 produced a date of 3463–3164 cal. BP (ANU-11462).
The resin sample produced a calibrated age range of 3160–
2954 cal. BP (SANU-39030) (Table 1). A 5.4 mg piece of
resin, free from visible inclusions, was taken from the right
ventral margin with a scalpel. This sample was subjected to
a very gentle acid-base-acid pre-treatment to remove likely
contaminants: HCl (0.1 M, 30 minutes, room temperature

Figure 3 Hypothetical hafting arrangement and impact forces, based on specimen observations.

Lab No.

EU

Material

Methods

δ13C (‰,
VPDB)

Radiocarbon
date (BP)

Calibrated age (cal BP,
95.4% probability range)
3209–3191 (1.7%)

ANU-11421

8b

Charcoal

Conventional

-

2960±40

ANU-10029

8

Charcoal

Acid wash,
Conventional

-24.0±2.02

3110±60

3441–3431 (0.7%)
3402–3076 (94.7%)

SANU - 39039

8c

Resin on point

Acid-Base-Acid, AMS
(see text)

-18±2.01

2950±25

3160–2954

ANU-10030

8c

Charcoal

Acid wash,
Conventional

-24.0±2.02

3300±60

3632–3365

ANU-11460

9

Charcoal

Acid-Base-Acid,
Conventional

-24.0 ± 2.0

3180±70

3557–3531 (1.9%)
3510–3165 (93.5%)

ANU-11462

10

Charcoal

Acid-Base-Acid,
Conventional

-25.6±0.1

3185–2927 (93.7%)

3160±60

3463–3164

Table 1 Radiocarbon dates from CG1, Square A1. Calibrated in OxCal v.4.2 (Ramsey et al. 2009) against SHCal 13 (Hogg et al. 2013).
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[RT]), NaOH (0.1 M, 45 minutes, RT), HCl (0.1 M, 30 minutes,
RT), with three washes in ultrapure MilliQTM water between
each treatment. The base wash appeared to dissolve the resin,
but also caused the dark resin to turn a pale cream colour, and
highlighted an unidentified black fleck, possibly some form of
charred material. The treatment decreased the sample weight
to 1.32 mg (24% yield). The freeze-dried product, excluding
the black fleck, was combusted in an evacuated quartz tube in
the presence of silver foil and CuO wire at 900°C for 6 hours.
The CO2 was then collected and purified cryogenically
before reduction to graphite with H 2 over an iron catalyst for
measurement in a NEC Single Stage AMS (Fallon et al. 2010).
The sample contained only 16% C, calculated volumetrically
during cryogenic collection. The graphite weight was
correspondingly low (0.21 g), but is within the range of
sample weights routinely dated at the ANU.
Resins are rarely radiocarbon dated, and the ability of this
specific pretreatment method to remove contamination
added in the burial environment from a sample is not
conclusively established. However, resins often give ages in
agreement with other materials. For example, a radiocarbon
date on resin of pine origin from a late 4th century Roman
shipwreck agreed with the date of a coin embedded in the
resin (Beck et al. 1994). Resin on a microlith from Border
Cave (South Africa) (OxA-X-2418-47, 35,750±500 BP) gave
an age in accordance with others from the same context
on other materials without any pretreatment (D’Errico
et al. 2012). In contrast to this Pleistocene example, large
amounts (>1 %) of contamination are required to shift the
Holocene-aged date from CG1 outside of its reported error.
A second problem may relate to the inbuilt age of the resin.
As spinifex resin can be collected from ant nests, it could
have an inbuilt age either from inclusion of old material,
such as old wood charcoal bought into the nest, or from
the use of resin from old ant mounds. On its own, the date
should be treated as a maximum age for the hafting event.
However, given the broad agreement between the dated
resin and charcoal from surrounding contexts, it is unlikely
to substantially overestimate the age of the hafting event.

Discussion
The CG1 point is the first directly dated hafted stone tool
from the Australian archaeological record, providing the
most conclusive evidence for mid-Holocene point hafting
methods to date. The direct dating showcases the potential
to date small samples of resin found on stone tools (5.4 mg)
effectively, which in turn will provide better understanding
of the chronology of hafting technology.
The hafting arrangement of the CG1 point can be
reconstructed from fibre impressions preserved in the resin
and analysis of the mid-section break. The impressions
indicate that the hafting of this point incorporated some form
of binding over the top of the mastic, unlike ethnographic
examples (Akerman 1978:486; Tindale 1985:16, Fig. 1.10),
where fibres were either wound onto the shaft before the
application of mastic, or avoided entirely. Measurements
of the impressions show that the fibre was probably fine
strands of sinew or plant, less than 0.3 mm in diameter, that
were wound around the resin. The resin itself was probably
a spinifex product, given the observation of probable chaff,
implying other technological actions, including spinifex
threshing, and metamorphosis into resin through heating.
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The CG1 point’s mid-section break was probably initiated
by resistance created by the fibrous haft at the mid-section
and was possibly produced by a projectile impact. It is also
possible that applied pressure to the distal end was caused
in any number of other functions, such as cutting or drilling,
and produced a similar breakage. We would like to stress,
firstly, that, while the CG1 point is an evocative example of
projectile technology, it could very probably have had other
functions throughout its use life, and, secondly, this hafting
arrangement should not be used as a standard for the hafting
of all mid to late Holocene points.
What this hafting arrangement can reveal within current
explanatory models of point technology is limited, although
worthy of some discussion. Points first appear in the
Kimberley by at least 5200 cal. BP (Maloney et al. 2014).
Rejuvenation of broken points is more likely to occur when
access to replacement materials is scarce (Andrefsky 2010;
Hiscock 1988), such as forays away from the CG1 site into areas
where suitable point producing material was less available.
Andrefsky (2010:18) noted that the archaeological recovery
of points with impact damage suggests people could afford to
discard the point fragment and replace it with a new point.
The discard of the CG1 point could therefore relate to relatively
low pressures on point rejuvenation at the time. Alternatively,
its discard in proximity to locally available crystal quartz
sources could simply indicate that raw material availability
made rejuvenation of small points unnecessary.
Because the CG1 point is small in size, was only lightly
modified and discarded without rejuvenation, it seems
unlikely that this artefact attained high symbolic value
and information exchange potential (Moore 2013:145). The
small size of this point makes recognition of retouch only
possible by close examination, which suggests that retouch
was unlikely to be a requirement of social signalling via
point technologies. Rather, retouch of pointed forms, with
undoubted potential as social signals, was more likely
focused on working edge and tip maintenance.

Conclusion
The life history of points in Australia during the mid-Holocene
is beginning to be understood better with reduction-based
analyses and experimental use-wear. The central role of
hafting in the explanatory models of technological change
surrounding point technology in the Australian record can only
be expounded by the recovery of rare artefacts such as the CG1
point reported here. The dating and analysis of the mastic on
the CG1 point demonstrates the huge potential of this method
for elucidating the timing and nature of this technology
throughout the world. Complexities of dating residues on stone
tools involve the ability to remove contamination added in the
burial environment, but more particularly the unknown inbuilt
age. For these reasons, the direct date of resin should be
treated as a maximum age for the hafting event.
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ABSTRACT

Aim To reconstruct ecological changes from the fossil record of a unique wetland on the tropical oceanic island of Tahiti, between 44.5 and 38 cal. kyr bp.
Location Vaifanaura’amo’ora, Tamanu Plateau, Punaru’u Valley, Tahiti, Society Islands, French Polynesia (17°380 S, 149°320 50″E).
Methods Fossil pollen, spores, seeds, diatoms and invertebrates were examined from a 3.7 m core consisting of Pleistocene-aged algal sediment overlain
by late Holocene peat.
Results Between 44.5 and 41.5 cal. kyr bp, Ficus trees, sub-shrubs including
Sigesbeckia orientalis L., the C4 grass species Paspalum vaginatum Sw., and
extinct Pritchardia palms dominated the Vaifanaura’amo’ora wetland. This
vegetation association is no longer present in the tropical oceanic Pacific
islands. After 41.5 cal. kyr bp, the climate rapidly became drier and cooler with
grasses, sedges and ferns dominating the vegetation. Algal sediment accumulation ceased after 38 cal. kyr bp due to prolonged dry climate conditions
recorded across the Pacific Ocean. Sediment accumulation recommenced in the
late Holocene.
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E-mail: matthew.prebble@anu.edu.au

Main conclusions The ecological responses identified from Tahiti provide
evidence counter to the prevailing view that the tropical oceans buffered the
ecological effects of abrupt climate changes during the last glacial period.
Keywords
climate change, multiproxy analyses, Pacific Ocean, Pleistocene, precessionforcing, tropical oceanic islands, vegetation change

INTRODUCTION
The relatively young geological age and high endemic biodiversity of tropical oceanic islands make them important for
understanding evolutionary processes (Gillespie et al., 2008).
Endemism on these islands is often thought to have accumulated under stable climate conditions, with some authors
suggesting, for example, that the thermal mass of the oceans
buffered any climatic extremes during glacial periods (Jansson, 2003). The ecological responses of island biota to the
last glacial period (here referring to Marine Isotope Stage 3,
MIS 3 between 60 and 27 ka, van Meerbeeck et al., 2009),
however, are poorly understood, yet this period is perhaps
typical of climate conditions experienced since island emergence (Whittaker & Fernandez-Palacios, 2007). Most of the
tropical oceanic islands in the Pacific Ocean currently lie
2438
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within the Inter-tropical Convergence Zone (ITCZ) and the
South Pacific Convergence Zone (SPCZ), which influence
regional rainfall patterns more than temperature changes
(Leduc et al., 2009). While geochemical evidence has shown
rapid shifts in these globally important climate systems during MIS 3, evidence for ecological responses is limited (Clement & Peterson, 2008).
Most existing MIS 3 records from the tropics are continental and have revealed highly variable ecological responses
to obliquity or precession-forcing. These records may also
have been influenced by internalized continental climate
processes or human activity. In western South America,
high-elevation sites near the ITCZ reveal changes in tree
lines and/or low-latitude glacier advances or retreats that
respond to obliquity forcing. Precession-forcing, however,
may be more important in adjusting the expanse of forest at
ª 2016 John Wiley & Sons Ltd
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low-elevation sites (<1000 m a.s.l., e.g. Bogota-A et al.,
2011). In north-eastern Australia, pollen records from
Lynch’s Crater at ~700 m a.s.l. indicate substantial vegetation change that may signal responses to precession-forcing
or human-induced burning between ~45 and 40 ka (Kershaw et al., 2007; Rule et al., 2012). By contrast, in subtropical Taiwan, at Toushe Basin (~650 m a.s.l., Fig. 1), wet and
temperate deciduous forest (in the apparent absence of
human activity) prevailed throughout MIS 3 with increased
wet periods between ~42 and 37 cal. kyr bp (Liew et al.,
2006).
In order to address the role of MIS 3 climates in shaping
the terrestrial ecosystems of the tropical oceanic Pacific
islands, unaffected by human activity, we present a rare
‘snapshot’ of ecological changes on Tahiti. A unique wetland, 4 ha in size, at 580 m a.s.l., was cored to a depth of
3.7 m revealing MIS 3 and late Holocene-aged sediments.
Using multiple fossil proxies, we compare Tahiti with other
oceanic islands in the region and continental sites at similar
latitude. We also compare this MIS 3 record to the late
Holocene, represented in the upper 85 cm of the core, but
also with a lake core from Vaihiria (Parkes et al., 1992), in
order to better understand the response of key taxa to climate change.

MATERIALS AND METHODS
Study site
Tahiti is 1045 km2 in area and the largest high island in the
Society Islands, French Polynesia (Fig. 1). The island
emerged from a geological hot spot located near the island
of Mehetia, 110 km east of Tahiti by 870 ka (Devey & Haase,
2004; Hildenbrand et al., 2008). Tahiti has since undergone
extensive erosion leading to deep and broad valleys separating sharply ridged mountains that rise to above 2200 m a.s.l.
The ~400 ha surface of the Tamanu Plateau, in the Punaru’u
Valley (Fig. 2) is mostly composed of mid-Pleistocene breccia deposits formed from the remnant flanks of the two main
Tahiti-Nui calderas (Hildenbrand et al., 2008). In situ
cementation processes probably smoothed the relief which
may explain why the plateau, that is no older than 450–500
ka, has a flat surface with a rounded shape in aerial view
(Hildenbrand pers. comm. 2013, Fig. 2).
The climate of Tahiti, particularly precipitation, is strongly
linked to the inter-annual variability of the SPCZ and the El
Ni~
no Southern Oscillation (ENSO). Annual rainfall on the
western leeward coast is ~1500 mm, but averages more than
8 m on the sharp relief of the windward montane valleys,
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and has reached 11 m during extreme years due to strong
orographic precipitation (Wotling et al., 2000; Fig. 2). The
Tamanu Plateau and Vaifanaura’amo’ora (here abbreviated
to Vaifanau), a perennial ombrotrophic mire, is in a more
leeward location, and receives an average annual rainfall of
~3835 mm (TRMM 234B 1998–2012, http://trmm.gsfc.nasa.gov/, Fig. 2).
Most indigenous and endemic flora and fauna on Tahiti
(see Hembry & Balukjian, 2016; Meyer, 2010) are generally
located at high elevation in montane cloud-forests and on
subalpine ridges (see Table S1.1, Appendix S1 for a description of the main vegetation zones), with the remaining endemics persisting in marginal littoral/para-littoral zones that
have escaped the impact of human activities and invasive
species (Meyer, 2004). The Vaifanau mire lies at the interface
between the paralittoral, xeric/mesic and montane cloud2440

forest vegetation, making it an ideal place to explore climatevegetation relationships. Introduced herbaceous weeds,
including Ludwigia octovalvis (Jacq.) P.H.Raven, Commelina
diffusa Burm.f. and Persicaria glabra (Willd.) M.G
omez.,
have infested the mire over the last 30 years, forming rootbound material which has in-filled a small pond (N. Tutavae-Estall pers. comm. 2011).
Sampling and analyses
Sediment cores were obtained from the approximate centre
of the mire in 2011 using a 50 mm diameter Russian DSection corer. Coring continued until an impenetrable mineral layer (not bedrock) was reached at 3.7 m in depth. A
single core (RWMP1211-01) was collected for palynomorph
analyses to determine the baseline vegetation changes, and
Journal of Biogeography 43, 2438–2453
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was sampled at 5 cm intervals. Each 1 cm3 sample was processed using standard procedures (10% HCl, hot 10% KOH
 where necessary, and acetolysis for all samples) described
by Moore et al. (1991). All samples were spiked with exotic
Lycopodium clavatum L. tablets (20,848 spores) to calculate
the palynomorph concentrations. The concentrations of
microscopic charcoal particles (<80 lm), were also counted
from the same palynomorph samples (in proportion to the
L. clavatum spike), as a proxy for regional fire activity
(Whitlock & Larsen, 2002). The core was also sampled every
1 cm3 for macrocharcoal particles (>250 and >125 lm in
size) following Whitlock & Larsen (2002), to reconstruct
local fire activity.
Palynomorph (pollen, pteridophyte and bryophyte spores)
identification was assisted by the examination of reference
material held at the Australian National University (ANU)
and in the Australasian Pollen and Spore Atlas (www.apsa.a
nu.edu.au). All palynomorph names refer to the family or
genus of an extant taxa and their nearest modern affinity
(see Table S1.2, Appendix S1). The percentages of palynomorphs, microcharcoal and total palynomorph concentration data were placed into stratigraphic diagrams (Figs 3 &
5a; Figs S3.1 & S3.3, Appendix S3), as for all fossil data,
using the program C2 data analysis (Juggins, 2005). Zonation of the MIS 3 stratigraphic diagrams for all proxies is
based on the main changes in the palynomorph assemblages
assessed using CONNISS (Grimm, 1987).
In order to determine the hydrological stability of the site,
diatoms (Fig. 3; Fig. S3.2, Appendix S3) were processed from
1 cm3 samples from the same core and sampling depths as the
palynomorph analyses using standard processing procedures
(e.g. hot 10% HCl, hot 30% H2O2, Battarbee et al., 2002). The
taxonomic and ecological affinities were assessed using tropical Pacific Ocean diatom publications (e.g. Foged, 1987), and
by consultation with K. Wolowski (pers. comm., 2013). The
nomenclature is based on http://www.algaebase.org.
Three additional D-Section cores were collected in parallel
with the main Vaifanau core (RWMP1211-02, 03, 04) in
order to derive enough material for macrobotanical and
macroinvertebrate analyses. These analyses contribute information on the localized ecological responses and additional
data on biodiversity changes. The cores were scraped back in
the field, to remove any potential contaminants, and cut into
10 cm long bulk-sediment samples for macrofossil analyses.
The volume of each sample varied but averaged at ~150 mL.
In the laboratory, samples were gently washed through a series of nested sieves (between > 250 lm and > 2 mm) for
sorting. All diagnostic macrofossil remains of both invertebrates and plants were separated under stereomicroscopy and
counted as minimum number of individuals (MNI).
Macroinvertebrate remains (Figs 4 & 5b), including all
arthropods, were identified by comparison with a reference
collection from French Polynesia held at Deakin University,
and images of material from the Bernice P. Bishop Museum,
Honolulu. The concentrations of Diptera mandibles found in
the palynomorph preparations were calculated, as for other
Journal of Biogeography 43, 2438–2453
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palynomorphs, and used as an additional marker of hydrological stability.
Plant macrofossils (Figs 3 & 5b; Fig S3.1, Appendix S3),
comprised mostly of seeds, were identified by comparison to
specimens accessioned at the Allan Herbarium (CHR), Lincoln, New Zealand; the Musee de Tahiti et des Iles (PAP),
Tahiti; and an Asia/Pacific regional reference collection held
at the ANU. Most seeds are within the families Asteraceae
and Cyperaceae and were compared with reference material
from the Australian National Herbarium (ANH); references
on New Zealand plants (e.g. Webb & Simpson, 2001).
The chronology for the Vaifanau sequence was established
using nine accelerator mass spectrometry (AMS) radiocarbon
measurements based on plant macrofossils (Table 2; see
Fig. S2.1, Appendix S2). The calibrated ages were calculated
using the program oxcal 4.3 (Ramsey, 2009) with IntCal13
calibration data (Reimer, 2013). The sediment does not contain carbonates, and the water at the mire surface is slightly
acidic. All except two of the nine radiocarbon samples were
from Sigesbeckia orientalis L. (Asteraceae) achenes retrieved
from the bulk-sediment samples. We used the Poisson-process depositional model in oxcal 4.3 to build a Bayesian age
model for the core (Ramsey, 2008).
Magnetic susceptibility, bulk organic d13C and d15N isotopic measurements were also completed as additional measures of environmental changes (see Fig. S2.2, Appendix S2).
A multivariate analysis comparing late Holocene (including
Vaihiria, Parkes et al., 1992) with MIS 3 assemblages was
also applied to the palynomorph data, in order to approximate Pleistocene climate conditions on Tahiti (see Fig. S3.4,
Appendix S3).
RESULTS AND INTERPRETATION
Stratigraphy and chronology
The core consists of fine brown algal gyttja from 350 to
85 cm with no evidence of coarse grain mineral sedimentation, but some compacted clay is present at the base from
370–350 cm. Organic matter is very high as no hydrofluoric
acid treatment was required to remove mineral content during palynomorph processing. No carbonate or manganese
content was observed in any of the sediments suggesting that
there is limited potential for old carbon effects on radiocarbon dating. Above the algal gyttja sequence, the sediment is
characterized by a sharp transition to dark-brown/black
peaty sediments at ~85 cm in depth, which grades to rootbound material from 40 cm to the mire surface (see
Fig. S2.3, Appendix S2).
Macrofossils, particularly seeds, were prevalent in the core
dated below 85 cm, and we focused on the abundant achenes
of Sigesbeckia due to their assumed reliability for radiocarbon
dating (Figs 3 & 7). In parts of the core, in which fewer achenes were available, bark or twig material (not identified to
taxa) was dated. One date is beyond radiocarbon calibration
(> 45 cal. kyr bp, Reimer, 2013), and the basal date is
2441
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Figure 3 Stratigraphic diagram for the main palynomorphs, macrobotanical remains (MNI = (minimum number of individuals) and
diatoms recorded in the MIS 3 record of the Vaifanau core (RWMP1211-01). The remaining MIS 3 botanical data are presented in
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inverted, thus we excluded these resulting ages from subsequent analyses (Table 2; Fig. S2.1, Appendix S2). The sediment stratigraphy of the core changed from compacted clay
and algal sediments at the base to algal gyttja sediments, and
2442

this may have produced an age inversion as the pond began
to infill. Other Pacific Island sites (e.g. New Caledonia and
Easter Island) have frequent age inversions that may have
resulted from similar sedimentation patterns, but also
Journal of Biogeography 43, 2438–2453
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Figure 5 Stratigraphic diagram for the main palynomorphs and macrofossil remains (plant and invertebrate as MNI) recorded in the
late Holocene record of the Vaifanau core (RWMP1211-01). The remaining Holocene botanical data are presented in Fig. S3.3,
Appendix S3. Taxa are arranged as for Fig. 3. The CONISS analysis of the entire Vaifanau dataset is also presented (right of diagram).
The two zones (right column) are based the Bayesian radiocarbon chronology, with European contact beginning before ad 1800.
Dashed vertical lines represent the maximum percentages of these taxa recorded in MIS 3.

problems with radiocarbon dating bulk organic sediments or
pollen concentrates (Stevenson et al., 2010; Margalef et al.,
2013). The coverage of radiocarbon dates obtained for the
Vaifanau core was sufficient to discount any major disruption in sediment accumulation.
The depositional model provided a basal age for the
record of ~44.5 cal. kyr bp (Fig. S2.1, Appendix S2). The
core chronology overlaps with the Laschamp geomagnetic
excursion at ~41.65–39.77 cal. kyr bp which has been associated with a 10Be–36Cl peak and concomitant peak in Δ14C
recorded in polar ice cores (e.g. Muscheler et al., 2005). Two
AMS dates at ~40 cal. kyr bp suggest that any Δ14C fluctuations are not reflected in the sedimentation pattern.
The age of the sharp transition from algal to peaty sediments at ~85 cm in the Vaifanau core is poorly constrained.
A depositional model, based on a single AMS date at 55.5–
56.5 cm, and fossil markers of known introduced and
anthropogenic taxa, (Fig. 5a; Fig. S2.1, Appendix S2), provides an age of ~1200 cal. ad at ~85 cm (Table 1).

see summary in Tables 2 & 3; Fig. S3.1, Appendix S3). The
record is characterized by a transition from a palm (primarily Pritchardia) and Ficus forest with a Sigesbeckia orientalis
and C4 Paspalum vaginatum Sw. understorey (Zones I & II),
to grassland (Zones III & IV) occurring between ~42 and
41 cal. kyr bp. Two sections (A & B) with high palynomorph
concentrations but lower diversity between ~43 and –42 cal.
kyr bp and at ~40 cal. kyr bp indicate different preservation
conditions. Ferns increase after ~39.4 cal. kyr bp. A number
of abrupt shifts in vegetation composition occur throughout
the record, including at ~40.5 cal. kyr bp when ferns briefly
increase in abundance. A total of 40 palynomorph taxa were
recorded in the MIS 3 period, with the lowest diversity
recorded in the basal Pritchardia palm dominant zone (I),
and the highest diversity occurring in the Poaceae dominant
zone (III). Zone IV is distinct in being dominated by Poaceae pollen and pteridophyte spores, and is the only zone
with consistent charcoal particles of all size fractions.
MIS 3 diatoms and macroinvertebrates

MIS 3 pollen, spores, plant macrofossils and charcoal
particles
Four palynomorph-based zones are described for the MIS 3
period between 44.5 and –38 cal. kyr bp at Vaifanau (Fig. 3,
Journal of Biogeography 43, 2438–2453
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Only seven diatom taxa were identified throughout the
MIS 3 record at Vaifanau (almost no diatoms were
recorded in the late Holocene), suggesting limited hydrological changes (Table 2; Fig. S3.2, Appendix S3). Staurosira
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Table 1 Radiocarbon dates focused on Sigesbeckia orientalis achenes for the Vaifanaura’a mo’ora core (RWMP1211-01). Other materials
are from unidentified taxa.
Lab Code S-ANU#

Sample

Material

%Modern Carbon

Error2a

D14C

Error

14

Error

Depth cm

37035
33728
33727
33726
33725
33116
33113
*33114
33112

VFM10
VFM08
VFM07
VFM06
VFM05
VFM04
VFM02
VFM03
VFM01

charcoal
Sigesbeckia
Sigesbeckia
Sigesbeckia
Sigesbeckia
Sigesbeckia
twig
Sigesbeckia
bark

93.75
1.94
1.00
0.96
1.56
1.33
0.78
0.41
0.81

0.50
0.11
0.11
0.11
0.11
0.10
0.11
0.10
0.10

62.5
980.6
990.0
990.4
984.4
986.7
992.2
995.9
991.9

5.0
1.1
1.1
1.1
1.1
1.0
1.1
1.0
1.0

520
31690
37000
37330
33400
34690
38970
44120
38710

45
450
850
890
550
640
1090
2040
1040

55.5–56.5
90–100
100–110
120–130
180–190
190–200
260–270
260–270
325–326

C age

*Excluded from the Bayesian analysis as exceeds the IntCal13 radiocarbon calibration curve (Reimer, 2013).
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Figure 6 Diagram comparing the key MIS 3 (48–35 ka) geochemical profiles (mainly d18O), from polar ice core and tropical
speleothem records including: Ball Gown (Denniston et al., 2013), Botuvera (Wang et al., 2007), Hulu (Wang et al., 2001), Byrd
(Blunier & Brook, 2001), NGRIP (Svensson et al., 2008), Talos Dome (atmospheric CO2 data, after Buiron et al., 2011), encompassing
two Heinrich events and four Dansgaard-Oeschger events derived from Greenland ice core data. Possible shifts in the SPCZ, possibly
related to shifts in the ITCZ, are indicated by wetdry oscillations between Hulu and Botuvera. Insolation data for four different
latitudes are also presented (Berger & Loutre, 1991), and these link key points of precessional forcing. A percentage summary and
zonation of the palynomorph record is presented to compare the key ecological changes on Tahiti. The main climate inferences for each
palynomorph zone, and the Laschamp excursion, are also indicated. The two sections (A & B) are also highlighted given the
chronological relationship to D/O 11 and 9, as discussed in the text.

venter (Fig. 7) and Stauroneis phoenicenteron dominate with
both taxa considered benthic, but capable of becoming
planktonic, and indicate a permanent water body. Stauroneis phoenicenteron is also considered periphytic and its
abundance may reflect either an increase in aquatic plants
growing at the site or a reduction in pond depth (Foged,
1987). Pinnularia divergentissima, an epipelic species, is
2444

found in relatively high proportions in sections A and B
and may indicate highly seasonal conditions, particularly
pronounced dry seasons.
We note that Vaifanau has the only macroinvertebrate
data, for the period recorded, from the tropical Pacific
islands (Table 2, Fig. 4). Macroinvertebrates have been identified from late MIS 3 sediments (31–26 ka) from
Journal of Biogeography 43, 2438–2453
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Table 2 Summary of the Vaifanaura’a mo’ora core (RWMP1211-01) MIS 3 fossil record.
Zone; Depth (cm);
Calibrated
age range

Pollen & spores (Fig. 3 & S3.1,
Appendix S3, see Table S1.2,
Appendix 1 for the botanical
status of the taxa outlined.

Macro-botanical (Fig. 3 & S3.1,
Appendix S3, also see Table S1.2,
Appendix 1 for botanical status data) /
Macro-invertebrates (Fig. 4)

I;
370–325 cm;
44,000–43,200
cal. yr BP

High percentages of Arecaceae
including Pritchardia and an insertae
sedis type, Ficus, pteridophytes and
Poaceae.

Dominated by Sigesbeckia orientalis,
Paspalum vaginatum (C4) with some
Cyperus polystachyos (C4)/ Invertebrates
are dominated by beetles and
dipteran mouth-parts.
Mecyclothorax cf. balloides is only
recorded in this zone.

II;
325–246 cm;
43,200–41,500
cal. yr BP

Ficus dominates the zone with lower
proportions of Pritchardia. The
highest palynomorph concentrations
are recorded in section A (43,000–
42,400 cal. yr bp), higher than
recorded in Holocene-aged sediments,
indicating different preservation
conditions. Arecaceae type incertae
sedis increases to its highest
proportion at ~42, 250 cal. yr bp, as
Ficus temporarily decreases. The
lowest number of taxa are recorded in
this zone.
Aside from one sample at around
41,000 cal. yr bp, Ficus is replaced by
Poaceae as the dominant taxa.
Arecaceae pollen is almost absent in
this zone. Tree and shrub abundance
and diversity decrease as Cyperaceae,
Poaceae and pteridophytes increase,
indicating more open vegetation.
At ~40,500 Poaceae declines as
Marattiaceae ferns increase to the
highest levels in the record. In section
B (~40,000 cal. yr bp), a peak in
palynomorph concentration indicates
differing preservation conditions. The
highest number of taxa are recorded
in this zone.
Poaceae fluctuates in abundance but are
generally high in this zone.
Pteridophyte percentages increase.
Spikes in charcoal particles are
consistently recorded in this zone. Dry
forest taxa including Macaranga,
Trema and Celtis increase towards the
top of this zone.

Sigesbeckia orientalis and Paspalum
vaginatum increase, as Cyperus
polystachyos declines. Macro-botanical
remains decline in concentration
towards the top of the zone. Macrofossils, like palynomorphs, are recorded
in the highest concentrations for the
record in section A. / A number of
Curcullonid weevils and the
Staphylind beetles Lispinus and
Philonthina are only recorded in this
zone.

III;
246–126 cm;
41,500–39,000
cal. yr BP

IV;
126–85 cm;
39,000–38,000

Staurosira venter and Stauroneis
phoenicenteron dominate the entire
MIS 3 diatom record indicating
consistent pond conditions. An
increase in S. phoenicenteron
towards the top of the zone may
indicate decreased water levels on
the pond.
S. phoenicenteron is represented in
consistently high percentages.
Pinnularia divergentissima (an
epipelic species) is recorded in high
percentages in section A, further
indicating differing preservation
conditions.
nutrient conditions.

Macro-botanical remains are rare in this
zone. Apart from a few Paspalum
vaginatum caryopses the C4 plants drop
out of the record. Sigesbeckia orientalis
achenes increase towards the top of the
zone / Invertebrate preservation is very
poor in this zone. The staphylinid beetle,
Medori-type, the carabid Paratachys
sexuttatus and the weevil
Ampagia are only recorded in this zone.
These may point to a range of
ecological conditions at the site.

A spike in Pseudoschizaea spores
recorded in the pollen count at the
base of this zone may indicate
exposed soil or highly seasonal
conditions. S. phoenicenteron is
found in percentages below 20%
throughout this zone. A peak in
Pinnularia divergentissima
percentages in section B, may again
indicate different preservation
conditions. An increased in
chrysophyte cysts indicates reduced

Apart from Sigesbeckia orientalis achenes,
almost no macro-botanical remains
were recovered from this zone /
Invertebrate preservation is also very
poor. A single carabid, Metacolpodes,
an indeterminate beetle, and some
Dasyhelea (Ceratopogonidae)
mouth-parts (see Fig. 7), are the only
invertebrates recorded in this zone.

S. phoenicenteron is found in higher
percentages in this zone indicating
drier conditions. Chrysophyte cysts
reach the highest levels found in the
record in this zone, and indicate
poor nutrient levels. Spikes in
Pseudoschizaea spores at the base of
this zone again may indicate
exposed soil or highly seasonal
conditions.

subtropical Easter Island in similarly low concentrations and
with an assemblage dominated by Oribatid mites and weevils (Ca~
nellas-Bolta et al., 2012). Around twenty beetle
(Coleoptera) and three wasp (Hymenoptera) taxa, along
with flies (Diptera), and mite remains, were recorded in the
Vaifanau core between 44.5 and 38 cal. kyr bp. Oribatid
mites were most abundant at Vaifanau between 42 and
41 cal. kyr bp. Like the palynomorphs, invertebrate
Journal of Biogeography 43, 2438–2453
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Diatoms (Figs 3; Fig. S3.2,
Appendix S3)

preservation was best in Zone II, especially in section A
(Fig. 4). Although small, the fauna contains components
that occur on the mire surface (e.g. Rhantus sp. and bidessine Dytiscidae, hydrophilids, ceratopogonid midges, the
tachyine ground beetle Paratachys sexguttatus (Fairmaire,
1849), and a small assemblage of species (Mecyclothorax and
Metacolpodes carabids, Ampagia and cossonine weevils, and
a range of Staphylinidae) that are present today in the
2445

M. Prebble et al.
Table 3 Ecological and climate inferences from the Vaifanaura’a mo’ora MIS 3 and late Holocene records.
Zone; Depth (cm);
Calibrated
age range
I;
370–325 cm;
44,000–43,200
cal. yr BP
II;
325–246 cm;
43,200–41,500
cal. yr BP

Climate inference from polar ice core and tropical speleothem
geochemistry / from Vaifanau proxies

Ecological inference
The dominance of aquatic invertebrates and consistency
of diatom taxa suggests that a pond environment may
have remained stable throughout this zone. The pond
was surrounded by palms and Ficus with an
understorey of ferns and grasses.
Continued stable pond conditions, but with Ficus
dominant forest. There is a higher diversity of taxa
recorded which may indicate distinct or improved
ecological conditions.

III;
246–126 cm;
41,500–39,000
cal. yr BP

The pond water level may have fluctuated seasonally in
this zone. Grass dominant ecosystem with lower
numbers of taxa. Invertebrates with a wider range of
ecological tolerances suggest more variable
environmental conditions, but it unclear whether any
of these taxa prefer grassland ecosystems.

IV;
126–85 cm;
39,000–38,000

Grass and fern dominant vegetation surrounding
a shallow pond. Infrequent and low intensity fire
events are recorded.

montane vegetation zone; some of which, like Osoriinae, are
associated with dead wood/bark.
Late Holocene
We suggest that the late Holocene record began to accumulate at Vaifanau as a consequence of human arrival, through
forest clearance, produced hillslope erosion that impounded
the drainage of the plateau. From this record, we describe
two zones: ‘Polynesian’ and ‘Post-European Contact’ (PEC,
post ~ad 1770). The ‘Polynesian’ zone (see Table 4, Fig. 5a
& b; Fig. S3.3, Appendix S3 which also includes a summary
of the archaeology of the Punaru’u Valley) is poorly defined
due to the lack of anthropogenic markers commonly found
in other East Polynesian island pollen records (e.g. Rapa,
Prebble et al., 2013). Macrofossils were poorly preserved in
this zone. Arecaceae (Pritchardia and Arecaceae Type incertae
sedis) pollen initially declines then is extirpated after ~ad
1700, a similar trend recorded elsewhere in East Polynesia
(Prebble & Dowe, 2008). An aleocharine staphylinid beetle,
that may be a pre-European introduction, is first recorded at
this time.
The PEC zone on Tahiti is marked by the presence of
introduced plants and invertebrates, but also unprecedented
concentrations of charcoal particles. Three specimens of Osorius-type (Staphylinidae) beetles were recorded at the base of
this zone, and may represent early European introductions.
Pollen of Commelina, an introduced herb, and the abundant
seeds of Ludwigia octovalvis (Jacq.) P.H. Raven, were
recorded in the upper part of the zone along with spiders
(Lycosidae), Oribatid mites, and a single specimen of the ant
2446

Variable wet and cool climate under higher atmospheric CO2 /
Arecaceae, C4 plant and aquatic invertebrate dominance
indicative of cool and drier climate conditions.

Wetter and warmer climate under lower CO2 / Ficus and C4
plant dominance indicating low light conditions under the
canopy, with a warm and dry climate conditions. Section A
(43,000–42,400 cal. yr BP) corresponds to D/O 11, which may
explain the different preservation conditions (see Fig. 6).
Moderately dry and cold conditions / The abundance of Poaceae
(presumably C3) in this zone also indicate drier conditions.
Due to the poor preservation, it is probable that the
invertebrate assemblages represent drier and or cooler climate
conditions. Section B (~40,000 cal. yr BP) corresponds to D/O
9, which may explain the different preservation conditions
(see Fig. 6).
Variable wet and warm conditions / Pteridophyte spores and
Ceratopogonidae aquatic midges may indicate wetter
conditions, but the abundance of Poaceae probably indicates
drier climate conditions.

Hypoponera opaciceps (Mayr, 1887). All of these taxa, with
the possible exception of the spiders and mites, which have
yet to be identified to species, were most likely introduced to
Tahiti in the twentieth century, and are used here as additional chronological markers in the depositional model (see
Fig. S2.2, Appendix S2).
The multivariate analysis of all fossil palynomorph data
from Tahiti (see Fig. S3.4, Appendix S3) shows that with the
exception of two samples at ~38.4 and ~40.5 cal. kyr bp,
which had a strong affinity with late Holocene Vaifanau
samples dominated by ground-fern spores (e.g. Microsorum
and Pteris), the Pleistocene assemblages are quantitatively
distinct from the late Holocene assemblages.
DISCUSSION
To assess whether the oceanic climate of Tahiti in some way
buffered the effect of abrupt climate changes during MIS 3,
we initially discuss the likely impacts of globally recognized
climate episodes. Secondly, we examine the ecological
imprint of regional climate processes recorded from similar
archives found across the Pacific Islands (Table 5). Finally,
we discuss the main taxa specific indicators of climate-driven
ecological changes recorded at Vaifanau and their implications for understanding evolutionary processes on tropical
oceanic islands.
Global MIS 3 geochemical signatures
In Fig. 6, we compare the key geochemical profiles from
polar ice cores and tropical speleothems from 48–35 ka
Journal of Biogeography 43, 2438–2453
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Table 4 Summary of the Vaifanaura’a mo’ora late Holocene record.

Zone; Depth (cm);
Calibrated age ranges
Polynesian;
84–36 cm;
~ad 1250–1790

Post-European
Contact;
36–0 cm;
~ad 1790–present

Pollen & spores (Fig. 5a & Fig S3.2,
Appendix S3). See Table S1.2,
Appendix 1 for the botanical status of
the taxa outlined.

Macro-botanical / macro-invertebrates
(Fig. 5b, also see Table S1.2,
Appendix 1 for botanical status data) /
diatoms (not presented).

Monolete ferns dominate the
assemblage along with Cyathea spores
with Cyperaceae and Trema. Trema, a
dry/warm forest taxa, is recorded in
higher percentages than in the MIS 3
sequence. Pritchardia pollen is
represented in the base of the zone up
until ~ad 1600 at which time Trema
increases. Charcoal particle counts are
low throughout this zone. Grass
pollen is found in low percentages
(<10%), well below levels recorded in
the MIS 3 sequence.
A marked rise in charcoal particle
concentrations (>all size fractions)
characterises the beginning of this
zone. Poaceae pollen is recorded in
slightly higher percentages than in the
Polynesian zone. Persicaria (P. glabra
an indigenous species) pollen is
relatively abundant in this zone. The
Polynesian introductions Cordyline (C.
fruticosa) and Aleurites (A. moluccana)
are recorded for the first time in this
zone (see Table S1.2, Appendix S1). In
the upper part of the zone, pollen
from cf. Acacia and Commelina,
known to have been introduced in the
twentieth century, are recorded.
Dicranopteris spores show increase at
this time, probably in response to
shift in vegetation cover identified in
the macro-botanical record.

None preserved/ Invertebrate
preservation is poor in this zone.
A few dipteran, probably
Ceratopogonidae mouth-parts, are
recorded along with a single rove
beetle Aleocharinae sp., commonly
found in terrestrial habitats. / Only
a few Achnanthes inflata diatoms,
an epiphytic freshwater species,
were preserved at 60 cm (~ad
1475 +/ 100). No other diatoms
were preserved within the late
Holocene record.
Cyperus polystachyos and Sigesbeckia
orientalis achenes are recorded in
the top of the zone, but their lack
of presence in the modern
vegetation cover of the mire
suggests that they were brought up
from basal MIS 3 sediments during
the coring process. Ludwigia
octovalvis (introduced in the
twentieth century and Persicaria
glabra (an indigenous taxa, as
interpreted from this record) seeds
are recorded in large numbers in
the uppermost sample of this zone
representing a distinct shift in
vegetation cover of the mire/
Invertebrate preservation increases
in this zone, especially towards
the top of the record. Most of
taxa recorded are probably
introduced species.

Ecological and climate inference
Dominance of xeric and mesic
forest taxa and ground ferns with
some evidence for human
disturbance with low intensity fire
events. Indicative of warm and wet
climate conditions.

Modern mire dominated by
introduced species, with frequent
and high intensity fire events.

Table 5 MIS 3 pollen records from similar latitudes to the Vaifanaura’a mo’ora record.
Site

Latitude

Longitude

Elevation
(m)

Annual rainfall
(mm)

Approximate MIS 3 abrupt climate
& ecological changes

Vaifanaura’amo’ora, Tahiti,
French Polynesia

17° 380 S

149° 320 W

580

~3825

This paper

Lynch’s Crater, Atherton
Tablelands, Queensland
Australia
Xere Wapo, Grande Terre,
New Caledonia
Rano Aroi, Easter
Island, Chile

17° 210 S

145° 410 E

770

43 ka: C4 to C3?41.5 ka: Ficus/
Arecaceae forest to poaceae
grassland, increased charcoal38 ka
end of record
41 ka: Araucariaceae to sclerophyll
forest, increased charcoal

22° 170 S

166° 590 E

235

~2000

27° 50 S

109° 220 W

430

1000

45 ka: Araucariaceae decline38 ka:
sedimentary hiatus?
45 ka: C4 to C3?40 ka: Arecaceae
forest to grassland39 ka:
sedimentary hiatus?

(Stevenson &
Hope, 2005)
(Flenley et al., 1991;
Margalef
et al., 2013, 2014)

500–1000

(see Fig. 1), allowing the examination of possible lead-in
and lead-out climatic conditions that may have initiated
and terminated the Vaifanau sequence. The period from 48
Journal of Biogeography 43, 2438–2453
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(Kershaw et al., 2007;
Rule et al., 2012)

to 35 ka encompasses two Heinrich Events (HE: recurrent
catastrophic episodes of enhanced ice rafting), and four
Dansgaard-Oeschger events (D/O: millennial-scale climate
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transitions from cold stadials to warmer interstadials).
These events, which are defined from Greenland ice core
records, may have had global climate impacts from their
influence on ocean-circulation patterns (van Meerbeeck
et al., 2009).
From between 48 and 44 ka, prior to the initiation of the
Vaifanau record, polar ice core records are characterized by
high atmospheric CO2 particularly during HE 5 (~48–47 ka)
followed by D/O event 12 (~46.7–46 ka). Antarctic d18O
records reveal warmer conditions in the Southern Hemisphere at ~46 ka followed by a cool phase between 45 and
44 ka coupled with high atmospheric CO2. Speleothem
records of d18O show that conditions were drier between 48
and 44 ka and became wetter in the Southern Hemisphere
tropics after 44 ka. From these comparisons, we suggest that
the Vaifanau sequence was initiated at ~44 ka during a variable, wet and cold climate.
Speleothem records from Hulu Cave in the Northern
Hemisphere (Wang et al., 2001) show the opposite pattern
to Botuvera in the Southern Hemisphere subtropics after 44
ka (Wang et al., 2007). Wang et al. (2007) suggest that these
records provide strong evidence for pronounced southern
shifts in the ITCZ between 42.5 and 41.5 ka (Zone II) and
between 40 and 38 ka (Zone IV). This same coupling effect
on climate may have also re-oriented the SPCZ, bringing
more precipitation to Tahiti.
The climate systems of both hemispheres may be more
closely coupled during the Southern Hemisphere summer
perihelion (Wang et al., 2007; Clement & Peterson, 2008).
Orbital eccentricity values ebb whereas obliquity values reach
their peak at ~45 ka, as summers in both hemispheres
receive more insolation, and winters receive less. High insolation values favour greater sea-water evaporation, potentially
creating a larger tropical moisture source (Severinghaus
et al., 2009). Conversely, when obliquity decreases, summers
receive less insolation, and winters more. This occurs at
~41.5 cal. kyr bp, when the Vaifanau sequence records the
largest ecological transition from Ficus forest to grassland
(Zone II to III). This abrupt change from wet and warm to
cool and dry conditions, may be driven by precessional forcing and a complex, albeit poorly understood, atmosphereocean feedback process (Clement & Peterson, 2008). As the
precession shifts further away from a summer perihelion, the
impact of HEs may become more pronounced, and it is
likely that the dry HE 4 (Zone IV) resulted in the eventual
termination of the Vaifanau sequence at ~38 cal. kyr bp.
Major shifts in the ITCZ and SPCZ, along with a marked
decline in global sea levels at this time, may have also
reduced precipitation on Tahiti as it did in other parts of the
tropical Pacific, and transformed ocean-circulation patterns
(Chappell, 2002).
We also note that preservation conditions improved
within sections A and B at Vaifanau, highlighted in Fig. 6,
and these correspond to D/O events 11 and 9, respectively.
There is no obvious explanation why these and not other D/
O events may have influenced fossil preservation, but our
2448

data suggest that more seasonal precipitation may have
played a role.
Regional MIS 3 pollen records
Of the MIS 3 records located at similar latitudes to Vaifanau
(Table 5, Fig. 1), the mire within the volcanic caldera of
Rano Aroi on Easter Island reveals the most comparable
record of vegetation change. Margalef et al. (2014) suggest
that an early and late MIS 3 phase can be distinguished at
Rano Aroi. The early phase between 60 and 42 ka is characterized by short and abrupt events of higher sediment delivery, presumably produced by high precipitation.
Palynomorph and d13C data, show an initial dominance of
grasses (presumably C4 species) which were later replaced by
a combination of Asteraceae, Coprosma, Poaceae and ferns
between 51 and 48 ka. Overlaid with the abrupt high precipitation events, the Rano Aroi deposit records a shift in C4 to
C3 plant representation after 48 ka (Flenley et al., 1991; Margalef et al., 2014). In addition, at ~45 ka, the oldest preserved
rhizomes of the large C3 sedge Schoenoplectus californicus
(C.A.Mey.) Sojak (Cyperaceae) from the island were identified (Margalef et al., 2013). The transition from C4 to C3
may also be associated with a drop in atmospheric CO2 and
more consistent precipitation patterns (Fig. 6). A comparable
transition from C4 to C3 occurs within the Vaifanau record
on Tahiti between ~44 and 42 cal. kyr bp demonstrated by
the decline in C4 Paspalum caryopses (d13C data on bulk
organic samples from Vaifanau does not reveal this transition; see Fig. S2.2, Appendix S2). It is plausible that a combination of an abrupt climate transition as well as the
colonization of more competitive C3 plants, like that of S.
californicus for Easter Island (Margalef et al., 2014), may
have led to the reduction in C4 plants at Vaifanau. Alternatively, S. californicus may have survived in small populations
before C4 plants declined.
The late MIS 3 phase at Rano Aroi is characterized by
geochemical evidence for peat oxidation occurring between
~42 and 31 ka. Palynomorph and macrobotanical data indicate that conditions were dry and relatively cold on Easter
Island during that time. Very low sediment accumulation
rates and Poaceae dominance between 31 and 28 ka may
have been due to low temperatures that altered mire growth.
As at Rano Aroi, the Vaifanau record changes abruptly at
~41.5 cal. kyr bp in response to a drier climate.
Lynch’s Crater, in north-east Australia, provides one of
the most well-studied pollen records covering MIS 3 (e.g.
Kershaw et al., 2007). An abrupt transition from Araucaria
rain forest to sclerophyll vegetation, observed at ~45–40 ka,
has invoked considerable debate about the relative contributions of climate-forcing and human activity (Rule et al.,
2012). The Xero Wapo pollen record from New Caledonia
has been directly compared with Lynch’s Crater (Stevenson
& Hope, 2005) although reliable dating of MIS 3 records
from this and other proximate sites remains elusive (Stevenson et al., 2010). Prior to ~45–40 ka, the vegetation
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alternated between rain forest and maquis with fire, an
important disturbance factor, despite the absence of human
colonization. The most compelling aspect of these records is
the matching Araucaria decline at ~45–40 ka. On New Caledonia, this was accompanied by a transition from Araucaria
to Podocarpaceae forest, but also a reduction in natural fires.
We draw on this comparison to suggest that the abrupt
wetdry transition at ~41 cal. kyr bp found at Vaifanau,
again in the absence of human activity, but also with fire as
an important disturbance factor, corresponds to the same
~45–40 ka transition exhibited at Lynch’s Crater and Xero
Wapo. We suggest that Lynch’s Crater may have responded
to climate–forcing differently, not only due to ongoing influence of human activity particularly on fire regimes (Rule
et al., 2012), but also due to the steep altitudinal and seasonal rainfall gradients exhibited in the Atherton Tablelands
of north-east Australia.
Ecological change and taxon responses

Ficus prolixa G.Forst. is indigenous to the tropical Pacific
islands, found across the main archipelagos, but is absent in
the Hawaiian Islands and the subtropical islands, and is now
rare on some islands (Larrue & Meyer, 2013). It has a wide
distribution on Tahiti from near sea level in xeric forests to
montane forest up to 1000 m a.s.l. (Florence, 1997). Ficus
prolixa can also grow as an epiphyte on other trees and on
rocky substrates, thus can be regarded a ‘habitat generalist’.
We associate the abrupt transition in the Vaifanau pollen
record from a palm (with some Ficus) to Ficus dominant forest at ~42–41 cal. kyr bp with a shift from variable to stable,
wetter and warmer conditions. The competitive characteristics of F. prolixa under these climatic conditions may have
prevented Pritchardia from radiating on Tahiti as it did in the
Hawaiian Islands where Ficus is absent. We suggest the low
number of Pritchardia spp. found outside of the Hawaiian
Islands may be due to niche pre-emption (Silvertown, 2004)
on Tahiti by Ficus and other tree species that out-competed
palms under wetter, and maybe warmer climates.

Arecaceae – Pritchardia

Poaceae – Paspalum

Pritchardia is a palm genus comprised of 27 species, primarily
single-island endemics from the Hawaiian Islands (Bacon
et al., 2012). The Hawaiian Pritchardia are found from sea
level up to 2000 m a.s.l. in areas with average annual rainfall
between 1500 and 2000 mm, but they also favour islands or
leeward areas with lower precipitation. Fossil pollen from
Ka’au Crater, O’ahu (463 m a.s.l.; Fig. 1), shows that Pritchardia was locally abundant at ~35 ka, but declined during the
Last Glacial Maximum (Hotchkiss & Juvik, 1999). Pritchardia
also declined during wet phases of the Holocene, perhaps due
to competition from other species, and following human colonization, as has been found on other islands in the archipelago (Hotchkiss & Juvik, 1999; Prebble & Dowe, 2008). We
suggest that Pritchardia on Tahiti probably responded similarly to climate-forcing and species competition.
Only three extant species occur outside of the Hawaiian
Islands including P. mitiaroana J.Dransf. & Y.Ehrh, found on
the raised atolls of Makatea and Niau in the Tuamotu Archipelago, north-east of Tahiti. Late Holocene pollen records,
including from Vaifanau, show that Pritchardia extinctions
occurred on several Pacific Islands following human arrival
(Prebble & Dowe, 2008). The current survival of Pritchardia
and low species diversity on a few Pacific Islands may also
be due to its ‘habitat specialization’, being adapted to low
lying islands, and areas with low annual rainfall, or from
competition with other forest species not present in the
Hawaiian Islands (e.g. Ficus).

Of the Panicoideae species found in the flora of Tahiti (all
C4), Paspalum vaginatum Sw. caryopses hold a close morphological affinity with the fossils from Vaifanau (Fig. 7;
others include: Cenchrus caliculatus Cav., Garnotia stricta
Brongn. and Microstegium glabratum (Brongn.) A.Camus),
but this does not exclude other Panicoideae that may have
been present on the island during MIS 3. The endemic
Hawaiian Paspalum, for example, have similar caryopsis
morphologies. Paspalum vaginatum is a perennial stoloniferous grass currently restricted to coastal habitats on Tahiti
and is tolerant of a wide range of environmental conditions.
It is regarded as an invasive species on most Pacific Islands
and in many parts of the tropics, but its origin is uncertain
(Liu et al., 1994). The fossil association of P. vaginatum with
palm and Ficus forest between 44 and 42 cal. kyr bp at Vaifanau, shows that this grass occupied very different and more
variable habitats from its present-day coastal setting.
Despite the abundance of Paspalum caryopses between 44
and 42 cal. kyr bp, Poaceae pollen is rare in the Vaifanau
record until after ~41 cal. kyr bp. Poaceae pollen, where
abundant in fossil records, is often used as a palaeoclimatic
indicator of cool and dry conditions. However, the representation of Poaceae pollen is influenced by a number of factors, such as the proportion of other plants represented in
the pollen flora that are anemophilous (wind dispersed), and
the size of local wetlands (Bush, 2002). Tropical floras, presumably including Tahiti, are dominated by entomophilous
plants (including Ficus by a wasp mutualism), thus pollen
records from the island are likely to contain an over-representation of Poaceae (Bush, 2002). According to Bush
(2002), very high (50–90%) abundances of Poaceae pollen
provide a strong indicator of grasslands conditions, especially
when combined with other non-forested habitat indicators.
Both conditions are satisfied at Vaifanau during MIS 3 with

Moraceae – Ficus
Many Ficus spp. are adapted to rapid island colonization, as
found on the Krakatau islands (Indonesia), and because of
their small fleshy synconia, are preferentially eaten, and dispersed by frugivorous birds, and bats (Whittaker et al., 1989).
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high Poaceae pollen percentages, but particularly after
~41 cal. kyr bp. In addition, the charcoal records from Vaifanau indicate both increased local and regional fires after ~40
cal. kyr bp, which provide a further indicator of the expanse
of grasslands, that we assume are more flammable (Whitlock
& Larsen, 2002).

Asteraceae – Sigesbeckia orientalis L.
The achenes of the annual Asteraceae sub-shrub Sigesbeckia
orientalis were found throughout the MIS 3 record at Vaifanau (Fig. 7), but are most abundant before ~41.5 cal. kyr bp.
The abundance of achenes between 44 and 41.5 cal. kyr bp
suggests that it prefers consistently wet climate conditions.
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Figure 7 Vaifanau fossils: a-e. Scanning
electron micrographs: (a, b) fossil
Sigesbeckia orientalis achene in longitudinal
view; 310–300 cm (a), base of achene in
oblique view (b). (c) cf. Paspalum
vaginatum caryopsis in longitudinal view;
310–300 cm). (d) Staurosira venter diatom;
295 cm). (e) SEM of a fossil Zanthoxyllum
pollen grain, 250 cm). (f–i) Optical
micrographs: (f) Pritchardia pollen grain;
330 cm. (g) Dasyhelea (Diptera:
Ceratopogonidae) pupal case; 290–280 cm.
(h, i) cf. Allodessus (Coleoptera: Dytiscidae:
Hydroporinae: Bidessini) elytral fragment;
290–280 cm (h), metacoxal plate fragment
230–220 cm (i).

Due to its capacity for long-distance seed dispersal, S. orientalis is regarded as an invasive weed on many of the Pacific
Islands, and is thought to have originated in either Africa or
Asia. As the Vaifanau record confirms that S. orientalis is
indigenous to Tahiti and abundant during MIS 3, we suggest
it may have been indigenous across the Pacific Islands.
Although achenes are preserved throughout the sequence, we
identified no Asteraceae type pollen. Differential preservation
of Asteraceae pollen and achenes may occur due to dispersal
constraints. Vaifanau was a small shallow pond during MIS
3, and we suggest that winds probably dispersed pollen further distances from the pond than the achenes. Sigesbeckia
pollen are highly echinate and adapted for anemophily,
whereas their achenes are presumably adapted for zoochory.
Journal of Biogeography 43, 2438–2453
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Invertebrates
Although the fossil invertebrate record from Vaifanau and
our understanding of the modern ecology of most invertebrates from Tahiti are limited, the presence of montane taxa
such as Mecyclothorax in the palm and Ficus dominant parts
of the record, between 44 and 41.5 cal. kyr bp, is intriguing.
There are 101 Mecyclothorax species recorded from presentday Tahiti, all from above ~1000 m a.s.l. (Liebherr, 2013),
but this genus also inhabited Vaifanau at 580 m a.s.l. during
MIS 3. Modern invertebrate distributions are clearly biased
by substantial human impact in the lowlands (Meyer, 2004),
but isolation of different Mecyclothorax populations between
the steep valleys of Tahiti during the dry, grass dominant
phases of MIS 3 may have provided a pivotal evolutionary
driver for this striking endemic radiation.

within-island phylogeographic pattern. The greater integration of palaeoecological and palaeoclimate records with
molecular evidence will be essential to provide better explanations for the striking endemism found on tropical oceanic
islands.
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People and fish: Late Holocene rock
art at Wulk Lagoon, Arnhem Land
Daryl Wesley, Tristen Jones and Rose Whitau

Introduction
Taçon and Brockwell (1995) made an important contribution to the study of Arnhem Land
archaeology by showing that, in combining rock art with environmental change, archaeological
sequences and artefact assemblages, a multi-disciplinary synthesis for a regional archaeological
narrative could be achieved. A similar approach was taken by David and Lourandos (1998)
in an overview of rock art and archaeology in Cape York Peninsula, northern Queensland. This
chapter proposes to examine the rock art of the Wulk Lagoon area, northwestern Arnhem Land,
by using approaches discussed by Taçon and Brockwell (1995) and David and Lourandos (1998)
to analyse rock art, with a methodology that includes reference to environment, ecology and
climate change along with local archaeological sequences from excavated rockshelters.
The late Holocene archaeological record of Arnhem Land is abundant, owing to high levels
of Aboriginal occupation around the extensive wetlands and on the Arnhem Land plateau.
Investigations of stone artefact assemblages in Australia have utilised approaches such as
manufacturing technologies and proliferation events apparently linked to El Niño/Southern
Oscillation (ENSO) and subsequent responses to risk in a context of environmental change
(see Attenbrow et al. 2009; Clarkson 2002, 2007; Hiscock 2002, 2008, 2011; Hiscock and
Attenbrow 1998, 2005; Lamb and Clarkson 2005; Veth et al. 2011). Residential mobility has
also been assessed through characteristics such as the diversity and abundance of cultural materials
in archaeological assemblages (see Andrefsky 2005, 2009; Kintigh 1984, 1989; Thomas 1973,
1989). In our case, here we try to understand Aboriginal occupation and behaviour in the Wulk
Lagoon area, on the East Alligator River, over the past 1500 years via the distribution of its rock
art (Figure 2.1).
Previous archaeological investigations in the region have usually paid minor attention to the
rock art (see Allen and Barton 1989; Hiscock 1999, 2008, 2011; Schrire 1982). Hiscock (2008)
has repeatedly pointed out that the art encodes valuable information, but identifies current
shortcomings for true archaeological interpretation. Nevertheless, valuable advances in rock
art research elsewhere have drawn on climate and environmental change (see McDonald 2015;
McDonald and Veth 2013), pigment studies (see Huntley 2012; Huntley et al. 2014; Wesley
et al. 2014) and ‘direct’ dating (see McDonald et al. 2014; Smith et al. 2009; Watchman 2000;
Watchman and Jones 2002; Watchman et al. 1997, 2010). Each provides valuable information,
allowing rock art to be better integrated into discussions of Aboriginal pasts.
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Figure 2.1 Location of Wulk Lagoon study area, western Arnhem Land, Northern Territory.
Source: Base map after SD-5301 Geoscience Australia. © Commonwealth of Australia (Geoscience Australia) 2015.
This material is released under the Creative Commons Attribution 4.0 International Licence.
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At Wulk Lagoon, faunal themes are well evident, especially fish. Fish and other animals not
only represent food resources, but also reference points for more esoteric aspects of life, as we
know from ethnography both here and elsewhere. In the East Alligator River region, fish signal
estuarine and freshwater ecologies and the widespread geomorphological changes that took place
during the mid to late Holocene. Wulk Lagoon’s rock art also contains many examples of the
anthropomorphic ‘Energetic Figure’ (Taçon 1989a, 1989b), ‘Complete Figure’, and ‘X-ray’ styles
(see Chippindale and Taçon 1993, 1998) (for descriptions of the various art styles mentioned in
this chapter, see Wesley 2015). The emergence of these rock art styles, or manners of depiction,
their variation and their distributions across the landscape are important for understanding late
Holocene occupation of the region. We thus ask of Wulk Lagoon’s rock art:
• Was it evenly produced across the landscape during the late Holocene?
• To what degree have climate and environment influenced human occupation and mobility,
and how can the art aid us in this quest?
• Through time, did the positioning of rock art change across the landscape?
• What were the major subjects expressed in the art, and did these vary across space or change
through time?
• Within rockshelters, was the rock art produced during occupation, or were the two largely
mutually exclusive?
Significant changes in the environment and ecology of the East Alligator River have previously
been noted for the period following sea level stabilisation c. 6000 years ago (e.g. Chappell 1988;
Chappell and Grindrod 1985; Clark and Guppy 1988; Grindrod 1988; Hope et al. 1985;
Russell-Smith 1985a, 1985b; Wasson 1992; Woodroffe 1988; Woodroffe et al. 1985a, 1985b,
1986, 1987, 1988). Archaeological research nearby has shown the subsequent dramatic impacts
of marine and estuarine change on human occupation and mobility, on the plains and on the
plateau generally (Allen and Barton 1989; Bourke et al. 2007; Brockwell 1989, 1996; Hiscock
1999; Hiscock et al. 1992; Jones 1985; Kamminga and Allen 1973; Meehan et al. 1985; Schrire
1982). The last 6000 years saw new economic strategies develop, presumably to deal with these
environmental changes, but also in response to social conditions. Excavations at rockshelter sites
such as Birriwilk, Ngarradj Warde Djobkeng, Malakunanja II (Madjedbebe), Nawamoyn, PariPari and Jimeri (Jimede) clearly show the changes that occurred in diet, occupation and stone
tool technologies (see Figure 1.1 for site locations) (Allen and Barton 1989; Hiscock 1999, 2011;
Kamminga and Allen 1973; Schrire 1982; Shine et al. 2013). However, these excavations tell us
much less about changes in rock art for that same period of time.
Wulk Lagoon’s rock art appears to be consistent with Chaloupka’s (1977, 1984, 1985,
1993) sequence of major rock art styles that followed post-glacial sea-level rise. But there
are also limitations to attributing, reducing even, stylistic change to environmental change
(see Chippindale and Taçon 1998; Lewis 1988). The late Holocene rock art is diverse and
abundant, even within broad stylistic phases (Chaloupka 1977, 1984, 1985, 1993; Chippindale
and Taçon 1998; Lewis 1988; Taçon 1989a, 1989b), and preservation has played its part.
Nevertheless, it presents a rich opportunity to examine depictive or symbolic aspects of culture
and cultural diversity, and in relation to occupation.

The study area: Wulk Lagoon
To investigate degrees of abundance and diversity in depictive behaviour – how people marked
the land – a 3.5 km2 sandstone outcrop next to Wulk Lagoon was surveyed on the western side
of the East Alligator River’s coastal plain (Figure 2.1). Wulk Lagoon is in the traditional estate of
the Manilakarr clan of the Erre language group. It and nearby palaeo-channels form important
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water features parallel to the northwestern edge of the sandstone plateau. It is in Mamadewerre
Sandstone (part of the Kombolgie Sub-Group), a cross-bedded quartzose sandstone with medium
to very coarse grain, and siliceous sandstone. Outcropping rock is generally found as sandstone
tors, platforms and escarpment features (Duggan 1994; Needham 1984; Senior and Smart 1976;
Sweet et al. 1999). The sandstone outcrop at Wulk Lagoon is bounded by extensive coastal plains
of the East Alligator River, rich in alluvial sediments with large lagoons, palaeo-channels and
Melaleuca sp., Eleocharis dulcis and Oryza rufipogon-dominated swamps and sedge-lands.
The Wulk Lagoon area first came to prominence for its rock art during the 1948 AmericanAustralian Scientific Expedition to Arnhem Land through a number of publications by Charles
Mountford (1956, 1964, 1965, 1975). The outlying sandstone hills next to Wulk Lagoon
were called ‘Inagurdurwil’ by Mountford (1956). This is a name that is not recognised by
Manilakarr Traditional Owners today; Gunn (1992) suggested that it may have been provided
by an Aboriginal informant from Gunbalanya rather than by an Erre speaker. Mountford was
particularly attracted to the detailed hunting scenes in the art, discussing them in detail along
with the greater significance of the rock art seen during the expedition. These scenes and motifs
at the Inagurdurwil galleries include images of running figures and men hunting (see Bühler et al.
1965:209). Mountford (1964, 1965, 1975) discussed techniques, materials and pigments used
to make rock art in the region, using Inagurdurwil as a primary example. He refers to the rock
art of western Arnhem Land as by far the most colourful he had encountered in Australia, again
with specific reference Inagurdurwil (Mountford 1964:12).
Fred McCarthy (1965) was also part of that same 1948 expedition; he provided an overview
of the archaeology. Some of the material he wrote about includes rock paintings from western
Arnhem Land, X-ray and ‘spirit’ paintings, and painted caves at Red Lily (Wulk) Lagoon and
elsewhere on the Manilakarr estate. McCarthy (1965) discusses ‘Mormo’ and ‘Mimi’ spirits, and
reports X-ray paintings from Inagurdurwil, along with descriptions of the purposes of magic,
increase rites and the education of boys, each a significant feature of cultural knowledge for
Manilakarr Traditional Owners. Further research at Wulk Lagoon was later undertaken by Jan
Jelinek. Jelinek (1986) incorporated Inagadurwil in his general schema of western Arnhem Land
rock art, studying rock art sites Inagurdurwil I to VI in particular. His stylistic identifications,
chronological assessments and interpretations of the archaeological significance of these sites
are highly problematic, as they were made without reference to previous research while making
highly improbable stylistic chronologies. Later, in 1990, Gunn (1992) undertook a detailed
survey of surrounding parts of the Manilakarr estate, recording rock art imagery from numerous
sites, including several at Wulk Lagoon. He documented sacred and cultural knowledge relating
to Dreaming images and Spirit-Beings, such as Birriwilk (‘old lady’), Rainbow Serpent (Ngalyod),
barramundi, malevolent spirits (Namarodo and Marlwah), ‘old hairy spirit’ (Djidjnguk) and
‘scarecrow figure’ (Djiworrn Djiworrn).

Western Arnhem Land during the late Holocene
Previous archaeological discussions by Allen and Barton (1989), Brockwell (1989, 1996),
Hiscock (1999), Hiscock et al. (1992), Jones (1985), Meehan et al. (1985), Schrire (1982) and
others all refer to important Holocene environmental transformations for the region. Initial postglacial sea-level rise would have affected Aboriginal economic and, probably, social order, given
the vast exposed landscapes that came to be inundated by rising seas. Since then, the past c. 6000
years saw two major environmental phases along the Alligator Rivers: a major ‘Big Swamp’ phase
(c. 6000 to 4000 BP) followed by ‘Sinuous’ and ‘Cuspate’ phases (4000 BP to present), which,
in due course, came to see a ‘Freshwater’ period of wetland development (1500 BP to present)
(Allen and Barton 1989; Jones 1985; Kamminga and Allen 1973; Schrire 1982). Throughout
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this time, Aboriginal people continued to occupy the region, as indicated by archaeological
deposits in rockshelter sites at and near Wulk Lagoon, including the Birriwilk site a short distance
south (Shine et al. 2013). Shine et al. (2013:72) dated the initial use of the Birriwilk shelter
c. 4865–5065 cal BP, with occupation continuing into the European-contact period.
Archaeological research in late Holocene wetlands of the nearby plains found ecological diversity
to be as important as biomass for Aboriginal settlement (Brockwell 1989; Brockwell et al. 2001;
Guse 1992; Hiscock et al. 1992; Meehan et al. 1985). Resource biodiversity is usually highest
along ecotonal margins between environmental zones. Archaeological studies have demonstrated
that ecotones between coastal plains and sandstone plateaux, such as at Wulk Lagoon, provided
attractive environments for occupation (Allen and Barton 1989; Hiscock 1999; Jones 1985;
Schrire 1982). Such ecotones helped structure resource distributions, and therefore affected
the mobility of resident and visiting groups. Areas of higher ecological diversity and resource
abundance were targeted, forming sustained subsistence-settlement strategies that made their
mark on the archaeological record (Allen and Barton 1989; Brockwell 1989, 1996; Hiscock
1999; Hiscock et al. 1992; Jones 1985; Meehan et al. 1985; Schrire 1982). Archaeological sites
located at such ecotones, and in areas of high biodiversity and resource abundance, have thus
been found to have substantial archaeological records, including rock art. But whereas these past
studies have focused on faunal remains and stone artefacts, here we examine the art on the rocks.

Environmental change during the late Holocene
A number of geomorphological studies have investigated landscape history in the greater Alligator
Rivers region (see above), but there are currently no palaeo-environmental reconstructions
specific to the East Alligator River at Wulk Lagoon. The closest research occurred c. 13 km west,
at Magela Creek, which focused on the ecological history of this backwater swamp and palaeotributary of the East Alligator River (East et al. 1987a, 1987b). Pollen evidence and radiocarbon
dates from mangrove muds and shell middens in the Magela floodplain suggest a longer Big
Swamp phase for the western East Alligator River region than for the South Alligator River,
with Rhizophora forest dominating the pollen record from c. 8000 to 3000 BP (Clark and
Guppy 1988:680–681). The Sinuous phase, which Clark and Guppy (1988:680–681) define as
a transitional period from mangrove forest to freshwater wetland, has a later and slightly shorter
record in the Magela floodplain than in the main South Alligator River region, lasting c. 1700
years from 3000 to 1300 BP. The increase in sedimentation rates during this period, together
with a subsequent phase of levee formation, may also be related to an increase in precipitation
and seasonality (Denniston et al. 2013; Lees and Clements 1987). This transitional period, which
experienced maximum environmental instability, produced the greatest vegetation diversity and
variability of the Holocene (Clark and Guppy 1988:680–681). This has major implications for
understanding changing patterns of Aboriginal occupation.

Climate change during the late Holocene
Faulkner (2009, 2011) notes that across northern Australia, Holocene climate change occurred in
tandem with sea-level rise, and stabilisation strongly influenced coastal ecology. Denniston et al.
(2013) show that past activity of the Indonesian-Australian Summer Monsoon (IASM), InterTropical Convergence Zone (ITCZ) and El Niño/Southern Oscillation (ENSO) may have driven
precipitation variability since at least the mid-Holocene. In particular, the IASM strengthened
during the early Holocene, with enhanced peak rainfall between 8000 and 4000 years ago, with a
possible phase of increasing aridity from 6300 to 4500 years ago. This was followed by a decrease
in IASM strength around 4000 years ago, leading to lower rainfall. Denniston et al. (2013) found
peak aridity between 2000 and 1000 years ago, followed by a strengthening IASM developing
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into the pattern we experience today. There is also evidence from Magela Creek and the Daly
River indicating a significant dry phase lasting c. 160 years from 690 to 530 BP (Wasson et al.
2010:172).
Increasing and decreasing precipitation have major impacts not only on vegetation and faunal
communities, but also on rates of sediment accumulation across the landscape, and on the
evolution of rivers and coastal systems. In contrast to fluctuating climates, studies of plant
species in plateau ravines have revealed that long-lived floristic communities survived all the
major climate changes since the Last Glacial Maximum (LGM), a result of the presence of
permanent water sources and other factors (Russell-Smith et al. 1997). On this basis, it is likely
that fluctuating precipitation driven by ENSO-IASM interactions saw continuity in floristic and
faunal communities in dissected sandstone environments, despite a higher overall aridity. Lower
precipitation rates can have significant impacts on riverine evolution, with reduced water flows
unable to flush out sediments from the sandstone plateau, leading to the siltation of major river
systems, thereby choking mangrove communities and establishing massive floodplains, such as at
Wulk Lagoon (Chappell 1993, 1988; Woodroffe et al. 1993). These late Holocene fluctuations
in IASM precipitation would have aided the proliferation of freshwater swamps and wetlands,
significantly influencing shifts in woodland communities.

Recent rock art research in Arnhem Land
Archaeological research has shown the great length of Aboriginal occupation across the ‘Top End’
of the Northern Territory (e.g. Allen and Barton 1989; Bird et al. 2002; Brockwell et al. 2009,
2011; Clarkson et al. 2017; David et al. 2012; Delannoy et al. 2013; Geneste et al. 2010, 2012;
Gunn and Whear 2007a, 2007b; Gunn et al. 2010a, 2010b, 2011; Hiscock 1999; Hiscock et al.
1992; Jones 1985; Meehan et al. 1985; Roberts et al. 1990; Schrire 1982; Shine et al. 2013). At
Nawarla Gabarnmang, a small piece of quartzite with charcoal lines was retrieved from buried
sediments dated to 27,000–28,000 cal BP, one of the oldest dated painted images in Australia
(David et al. 2012). Around that time, Aboriginal people were actively modifying the shape of
the shelter by knocking down rock pillars to expand the space within (see Chapter 10). Gunn et
al. (2012) further document that, during the late Holocene, rock art at this site included a range
of conventions, including what they termed ‘Northern’, ‘Bula’ and ‘Jawoyn’ styles, indicating
multiple signalling behaviour at a single site. The Nawarla Gabarnmang research demonstrates
how one site or site complex can reshape our understanding of rock art and Aboriginal occupation
of the Arnhem Land region.
At the other end of the time scale, to the north of both Nawarla Gabarnmang and Wulk Lagoon,
in the coastal sandstone of the Wellington Range, major archaeological and rock art results have
also changed our way of thinking: in this case, as it relates to the period of culture contact
between Macassans, Europeans and Aboriginal peoples (Clark and May 2013; May et al. 2010,
2011; Taçon et al. 2010; Theden-Ringl et al. 2011; Wesley 2013; Wesley et al. 2012). Analysis of
painted ships and firearms caused us to rethink the involvement of Aboriginal people in maritime
and terrestrial industries in northern Australia (Wesley 2013; Wesley et al. 2012).
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Methods
Rock art styles as chronologies
As noted above, there has been a significant amount of research on Arnhem Land’s rock art since
the 1960s, leading to the identification of a number of major styles and chronologies (e.g. Brandl
1970, 1980; Chaloupka 1984, 1985, 1993; Chippindale and Taçon 1998; Edwards 1979; Jelinek
1986; Lewis 1988; Taçon 1989a, 1989b). These regional style chronologies have not made much
use of absolute chronometric dates, except in the case of beeswax figures (e.g. Taçon et al. 2004).
Although Rosenfeld and Smith (1997:407) note that using ‘style’ can be problematic for the
definition of chronologies, they also emphasise its value when rigorously applied.
Here we rely largely on Chippindale and Taçon’s (1993, 1998) revised style chronology for
western Arnhem Land. In a study such as ours at Wulk Lagoon, we need to be clear as to how
style, and age, are given to the art, for we are working without absolute dates. Chaloupka (1993),
Chippindale and Taçon (1998), Lewis (1988) and Taçon’s (1988) identifications of late Holocene
art styles, for example, have significantly affected how most, and perhaps all, researchers think
of the sequence of stylistic conventions for this broad period of time (see the chronological table
in Chippindale and Taçon 1998:107). As Chippindale and Taçon (1998) note, the Arnhem
Land sequence has been developed mostly by seriating superimposed classes of painted motifs
(cf. Lyman and O’Brien 2006). This includes both the presence and absence of fauna known,
or thought, to have been associated with particular environmental conditions (Chaloupka
1993) and weaponry (Lewis 1988). These were perhaps the most viable approaches available
to researchers since critical analysis of Arnhem Land rock art began in the early 1970s. Formal
analyses of Rainbow Serpents, ‘Yam’ figures, and X-ray motifs have added to this schema, with
links to climate and environmental change (Chaloupka 1993; Chippindale and Taçon 1998;
Taçon 1994; Taçon and Brockwell 1995; Taçon et al. 1996).
Although each chronological model has its problems and limitations (see Bednarik 2012, 2014a,
2014b), the Arnhem Land style chronologies proposed by the above authors largely converge
towards a broadly acceptable temporal schema (Figure 2.2), with all researchers also recognising
that absolute dates are required to better understand the ‘real’ age of each style.

Survey strategy
Wulk Lagoon provides an important lens for the archaeology of art at the interface of the Stone
Country and the extensive coastal plains. This is a varied landscape, where questions of taphonomy
are important for understanding the frequency of art and of art styles and conventions. To deal
with such questions, a small sample area was intensively surveyed at Wulk Lagoon as a way
of assessing how the larger rock art galleries that preferentially feature in the archaeology, and
focal research areas in the escarpment base, compare to the whole. Also to be considered is the
three-dimensional nature of the rock escarpment. Rock art occupies a complex space in this
landscape, where elevated areas erode and valleys tend to accumulate rocks and finer sediments
(see Chapter 1), so we divide the study area into three major zones: the escarpment base, the
steeply eroded sides and the rocky hilltops. This enables us to provide samples from different
geomorphological, and erosional/depositional, zones. Of particular interest is whether the late
Holocene saw all these zones used for rock art production and occupation. By stratifying the
survey area in this way, we could also test for preservation and occupation bias in the resulting
patterns.
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Figure 2.2 Composite rock art phases.
Source: After Chippindale and Taçon (1998:107), with amendments after David et al. (2012) and Gunn et al. (2012).

terra australis 47

2. People and fish

29

Assessing mobility
A number of analytical techniques have been developed to model mobility and intensities of site
use (e.g. Andrefsky 2005; Baxter 2001; Kaufmann 1998; Kintigh 1984, 1989; Thomas 1973,
1989). Many make use of measures of resource diversity and/or richness in the environment,
or as evident in the archaeological record. Two properties are usually considered: the number of
distinct classes present; and their degree of evenness or uniformity (Kintigh 1989:26). Thomas
(1989:86) proposes that the overall relationship between the number of archaeological classes
and the number of individual items is influenced by ecological, technological, informational
(i.e. ‘traditional ecological knowledge’) and scheduling factors. He describes three types of sites,
distinguished (and measurable) by their archaeological richness: single-use/activity-specific
sites, short-term occupation sites and long-term occupation sites. Frequently occupied sites are
identified by technologically and typologically diverse stone tool assemblages that might have
been used for many purposes, and over long periods of time. Less frequently occupied sites were
usually used for more ephemeral, more specific, even single tasks; they have less diverse stone tool
assemblages than the more frequently occupied sites. Infrequently occupied sites were even more
task-specific, and here stone tool assemblages are the least diverse and least abundant (Thomas
1989:86).
Does this kind of diversity and richness modelling also apply to rock art, and to the rock art
sites of Wulk Lagoon? To explore this, we apply Thomas’s (1989) principles of frequency and
abundance of stone artefacts to the art. The production of rock art involves the use of materials,
and it takes time and energy, much like the production and use of stone tools does. We would
thus expect the greatest diversity and frequency of rock art styles, motifs and elements to occur
also at the most frequented places (Thomas 1989:86). The archaeological classes we use are the
rock art styles, anthropomorphic motif types and elements and zoomorphic motif types. Places
where rock art was frequently produced are predicted to be rich and diverse in their art styles,
motifs and elements; less frequented sites to have intermediate levels of diversity and abundance;
and rarely visited places, low diversity and low abundance. Applying these principles of diversity
and abundance to rock art may provide a new way of investigating patterns of visitation and
engagement, including aspects of occupational intensity not previously considered in Australian
rock art research.

Taphonomy
All archaeological assemblages in Arnhem Land possess taphonomic limitations. Owing to high
rainfall levels associated with the IASM, and the predominantly sandy soils, faunal remains and
other organic materials are usually poorly preserved (see Jones 1985; Schrire 1982). Highly
seasonal climates see annual cycles of drying and wetting, burrowing animals and high levels of
soil mobility and/or soil acidity – all poor conditions for the preservation of organics (see Bourke
2000; Brockwell 2009; Gregory 1998; Guse 2006; Mowat 1994, 1995). Therefore, the potential
for long-term preservation of both on-wall art and buried pigments requires systematic assessment.
At Wulk Lagoon, a number of pigment types have been found, some in reasonable quantities,
during excavations: ferrous oxides and haematite (reds, orange), kaolinite (white), whelwellite
(white), kaolinitic claystone (white, red, yellow, orange) (Chaloupka 1993; Taçon 1989a, 1989b;
Wesley et al. 2014). Claystone, whelwellite and kaolinite pigments are thought not to preserve
well, in part because they are soluble in water. This has often led researchers to assume that
paintings (and motif types) made with such pigments date to the mid to late Holocene, but
not earlier, for surely they would have disintegrated since then. Climatic regimes with annual
wet tropical monsoons will have quickened the dissolution of these soluble pigments, and the
strengthening of the IASM through the mid to late Holocene with increased seasonal rainfall
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would have impacted on the art. The presence of white pigment in Arnhem Land rock art may
not mean a late antiquity, but in more exposed conditions it more likely does, and thus helps in
assigning a time frame.

Results
In 2011, a total of 77 rock art sites were recorded within the 3.5 km2 Wulk Lagoon study area,
providing a mean density of 33.4 sites per km2 (Figure 2.3). In this region, we estimate there
are 13,000 rock art motifs painted on approximately 460 sandstone panels. Eight rock art sites
face the coastal plain, with the remainder 70 sites on the sandstone outlier itself. The majority
of sites were found on the escarpment base, hillside, hilltop or on independent tor outcrops
(Table 2.1). Of the 77 rock art sites, 44 are ‘rock art panels’ (rock art on one to three panels
with no other archaeological features) and 33 are ‘rockshelters’; this differentiation was made
to assess the location of the art relative to the size and nature of its site context. Documented
archaeological features include grinding hollows and surfaces, buried cultural deposits, stone
arrangements, hearths, stone artefacts, stone quarries, faunal remains, human burials, ‘contact’
materials and wooden artefacts. Figure 2.4 shows their distribution at Wulk Lagoon. Table 2.2
indicates that, on average, only two archaeological features are present per site. An archaeological
excavation was undertaken at Minjnymirnjdawabu 5 (MN05); in conjunction with the survey, it
added valuable information regarding the timing of occupation and geomorphological processes
at Wulk Lagoon.
Table 2.1 Geomorphological context of rock art sites.
Context
Bluff face
Boulder
Escarpment base
Hillside
Hilltop
Tor

# of sites
2
3
18
24
16
14

Source: Authors’ data.

Table 2.2 Descriptive statistics for the 77 surveyed rock art sites at Wulk Lagoon.

Mean
Standard
deviation (SD)
Standard error
of mean (SEM)
Lower 95%
confidence limit
Upper 95%
confidence limit
Minimum
Median
Maximum

# of
# of styles/ # of zoomorphic
archaeological
site
classes/site
features/site
2.4
4.5
4.5
2.3
3.9
4.4

# of anthropomorphic
classes and
elements/site
5.1
5.8

# of
# of rock art
motifs/ panels/site
site
167.7
6.0
485.3
13.2

0.264

0.449

0.503

0.665

55.308

1.502

1.85

3.58

3.46

3.75

57.38

2.96

2.90

5.37

5.47

6.40

278.02

8.95

1
2
12

1
3
19

0
3
19

0
3
24

1
15
3000

1
2
100

Source: Authors’ data.
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Figure 2.3 Survey area showing location of rock art sites.
Source: © Google Earth 2014.

Figure 2.4 Types of archaeological materials present at rock art sites (n = 77 sites).
Source: Jerome Mialanes.
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Table 2.2 provides descriptive statistics for the art. There are, on average, 4.5 rock art styles
per site (median = 3; maximum = 19). Zoomorphs and anthropomorphs are evenly represented
(in 84.4 per cent vs 83.1 per cent of sites, respectively, averaging 4.5 vs 5.1 per site). Eighteen
sites have 100 or more images, the largest being RLB032 with c. 3000 (Figure 2.5). The median
of 15 motifs per site is more indicative of the trend, as a high standard deviation of 485.3
shows considerable variation in numbers, which range from one to c. 3000. The average number
of panels per site is skewed by a few sites with high numbers.

Figure 2.5 Distribution of rock art sites, showing number of artworks in each site.
Source: Daryl Wesley.

A broad range of rock art styles is found at
Wulk Lagoon (Figure 2.6). Large Fauna, Large
Human, Simple Figures and Complete Figure
Complex paintings predominate, followed
by X-ray, Early X-ray and Early Decorative
Infill. Energetic Figure and X-ray motifs are
most common in the major site complexes.
Energetic Figures are especially common at the
base of the rock outcrops, whereas X-ray and
Complex Decorative figures are most common
at the two major art complexes on top of the
plateau. These three rock art styles clearly
superimpose most others, indicating that they
are amongst the most recent. Many rock art
panels have multiple layers of superimposition.

Figure 2.6 Proportion of sites with each rock art
style (n = 77 sites).
Source: Jerome Mialanes.
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Zoomorphs
Zoomorphs include dingo, marsupial, echidna, flying fox, macropod, reptile, goanna, frill-neck
lizard, crocodile (freshwater and saltwater), snake, python, long-necked turtle, short-necked
turtle, fish, thylacine and bird. Fish motifs are the most abundant; they are discussed at greater
length below. Macropods, reptiles, birds, goannas and snakes are each present in more than 20
per cent of sites (Figure 2.7).
Paintings of fish occur in 55 sites. Taçon (1988:5) noted that 43 different native fish species are
known from the Alligator Rivers region, with a dozen being consistently depicted in the rock art.
He further found that most X-ray depictions are of barramundi, saratoga, fork-tail catfish, eeltail catfish and mullet. Other depicted species include the freshwater longtom, archer fish, black
bream, boney bream and terapon perches or grunters (Tacon 1988:5).
Here we analyse 385 fish motifs from the art at Wulk Lagoon. Species include barramundi
(Lates calcarifer), saratoga (Scleropages jardini), fork-tailed catfish (a.k.a. ‘boofhead’ catfish)
(Hexanematichthys leptaspis), eel-tailed catfish (Neosilurus hyrtlii), mullet (Liza alata), freshwater
longtom (Strongylura kreffti), archer fish (Toxotes chatareus), toothless catfish (Anodontiglanis
dahli) and black catfish (a.k.a. narrow-fronted tandan) (Neosilurus ater) (Figure 2.8). Additional
to these, many fish depictions could not be identified to species.

Figure 2.7 Proportion of sites with each type
of zoomorph (n = 77 sites).

Figure 2.8 Number of paintings by fish taxa.
Source: Jerome Mialanes.

Source: Jerome Mialanes.

Figure 2.9 indicates the manner in which the fish were painted. The study found 54.5 per cent of
the fish paintings were in a Late Phase–style. Estuarine species are more frequent than freshwateronly species. Fork-tail catfish, and catfish in general, are the most common. Their habitats can
vary from brackish estuaries to only freshwater: for example, Hexanematichthys leptaspis inhabits
both estuarine and freshwater habitats, whereas Neosilurus hyrtlii and Neosilurus ater only live in
freshwater, be it still or flowing in streams, billabongs or pools.
The painted fish at Wulk Lagoon are associated with types of waterways that evolved locally only
after post-glacial sea-level rise c. 8500–8000 BP (Woodroffe et al. 1985a, 1985b, 1986, 1988).
Between 8000 and 3000 BP, the Wulk Lagoon sandstone headland became surrounded by
wetlands, swamps and paleo-channels of the former East Alligator River (Hope et al. 1985:239).
Large backwater swamps and billabongs are thought to have increased in number in the Alligator
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Rivers region after 3000 BP (Clark and Guppy 1988:680–681; Hope et al. 1985:240). Figure
2.9 also shows the distribution of fish paintings by geographic zone at Wulk Lagoon. There is a
preference for sandstone hillsides and hilltops.

Figure 2.9 Painting manner for fish, by topographic zone.
Source: Jerome Mialanes.

Anthropomorphs
At Wulk Lagoon, anthropomorphs include a range of shapes and associated items of material
culture (see Figure 2.10). Human or human-like figures occur in over 80 per cent of art sites.
The majority are males with spears. Many have headdresses and spearthrowers, and a range of
spear types is depicted. There is greater diversity in types of weapons than there is in armlets,
neckbands, aprons, fans and bags. There are also high numbers of scenes where human figures
are engaged in what appear to be ceremony (10.3 per cent), fighting (11.6 per cent) and hunting
(23.3 per cent); most of these are in what are thought to be late Holocene styles. Some scenes are
in the Northern Running Figure style.

The Minjnymirnjdawabu sites:
MN01, MN05 and MN12
A detailed study was undertaken of 65 rock
art panels at three of the Minjnymirnjdawabu
sites (MN01, MN05 and MN12). Here
the art is again mainly in late Holocene
styles. Pigment colours are diverse, many
consisting of hues of red, white, orange or
yellow (Figure 2.11). Many paintings are in
two or more colours, and much pigment was
used. Anthropomorphs and fish motifs are
again common. Fish were painted in three
distinctive patterns: solid infill, outline and
X-ray (Figure 2.12).
Figure 2.10 Proportion of sites with paintings of
anthropomorphs and items of material culture
(n = 77 sites).
Source: Jerome Mialanes.
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The size of art panels appears to have largely been affected by local geology, although there is
a continuum in the area of the wall surface selected for painting (Figure 2.13). Figure 2.14
indicates moderate levels of damage on the 65 art panels.

Figure 2.11 Number of paintings by colour, sites
MN01, MN05 and MN12.

Figure 2.13 Distribution of panel sizes, sites
MN01, MN05 and MN12 (n = 65 panels).

Source: Jerome Mialanes.

Source: Jerome Mialanes.

Figure 2.12 Number of artworks by motif type,
sites MN01, MN05 and MN12.

Figure 2.14 Frequency of impacts on rock art
across 65 rock art panels, sites MN01, MN05
and MN12.

Source: Jerome Mialanes.

Source: Jerome Mialanes.
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Archaeological excavation: MN05
MN05 was selected for excavation because it appeared to have the best potential for datable
occupational deposits (Figure 2.15). This is a rockshelter with a large overhang, 8 m long,
5 m wide, with an average height of 2.75 m from floor to ceiling. The ceiling and walls have
a number of panels with multiple layers of art, including an impressive array of X-ray paintings
of local freshwater fish. The site also contains the famous ‘blue’ contact painting of a sailing ship.
Grinding hollows and surfaces are abundant, attesting to much occupation.
Three 1 × 1 m test pits were excavated: one against the wall (Test Pit B), one just outside the
dripline (Test Pit A) and one outside the overhang to test the depth of sediment drop-off
(Test Pit C). Test Pit A quickly bottomed out on a slab of sandstone. Test Pits B and C were
deeper, providing information on occupation beginning shortly after 1000 cal BP (Table 2.3).
Table 2.3 Radiocarbon dates on charcoal from Test Pits B and C, MN05.
Laboratory code

D-AMS 007849
D-AMS 007850

Test
Pit

Excavation unit

Depth
(cm)

B
C

21
23

47
95

C per
mil

% modern
carbon

–24.2
–24.5

97.95 ± 0.25
88.97 ± 0.24

13

Radiocarbon
Calibrated age
date (BP)
(95.4% probability)
(cal BP)
166 ± 21
165–225
939 ± 22
795–950

Source: OxCal v4.2.3 Bronk Ramsey (2009); IntCal13 atmospheric curve (Reimer et al. 2013).

The deposits contain post-contact objects such as glass flakes and fragments, ceramic sherds,
buttons, bullets, metal fragments and glass beads. Stone artefacts are mostly quartz flakes and
quartzite. There are many red, yellow, orange and white ‘ochre’ fragments. A number of these
are haematite crayons with striations clearly evident. Five beeswax fragments and a nodule of
Reckitt’s Blue were recovered from Test Pit B. Faunal remains include barramundi (Lates calcarifer)
and catfish (Arius leptaspis) otoliths, freshwater turtle bone fragments, varanid (monitor lizard)
teeth and freshwater bivalve shells (Mytilus sp.); highly fragmented, non-diagnostic burnt bone
is abundant. There is evidence of bioturbation of sediments by macropods, introduced feral
animals and human hearth-building.

Figure 2.15 Site MN05.
Source: Photograph by Daryl Wesley.

Excavation and ground penetrating radar (GPR) surveys indicate significant build-up of sands
at the base of the Wulk Lagoon sandstone escarpment. Nott (2003) provides estimates of up to
6 m of accumulated sands from the plateau onto the coastal plains, dating back from Pleistocene
times. In Test Pit C outside the MN05 shelter, 1 m of sand has accumulated in 1000 years.
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Excavations at MN05 and nearby Birriwilk (Shine et al. 2013; see Figure 1.1) show that cultural
deposits have limited depth confined to the last 5000 years at the edge of the Wulk Lagoon
sandstone outlier. Here any evidence of early Holocene or Pleistocene occupation would be
buried under several metres of aggraded sand and flood deposits.

Discussion
Figure 2.16 shows two things for Wulk Lagoon’s rock art by temporal phase: 1) the proportion
of total number of rock art styles; and 2) the proportion of total number of motifs (of any style)
(see Figure 2.2 for details of each phase). There are few sites with Early Phase styles (those that
are thought to be older than c. 8000 BP), and few motifs within those sites that do have them.
Many (58 per cent) of the sites have Middle Phase styles (c. 8000 to 3000 BP), but these contain
a moderate proportion of motifs (only 25 per cent of the overall rock art assemblage). There are
a moderate number (33 per cent) of sites with Late Phase (c. 3000 BP to present) styles, but
these contain the majority of motifs (accounting for 70 per cent of the total assemblage). Most
of the art in the 18 sites with more than 100 images (which together account for 90 per cent of
Wulk Lagoon’s rock art) are in late Holocene styles. At Wulk Lagoon, therefore, during the late
Holocene, rock art becomes very abundant in a moderate number of focal sites; it is less evenly
distributed across the landscape than previously.
Paintings of fish are fairly evenly distributed between the Middle and Late Phases: 45.5 per cent
are in styles of the Middle Phase, 54.5 per cent in those of the Late Phase. This is consistent with
a heightened importance of fish following risen sea levels, coastal infill and the development of
swamps and waterways on the floodplains after c. 6000 BP. At sites MN01, MN05 and MN12,
most paintings are of fish (55.5 per cent) and anthropomorphs (31.5 per cent), and of these
most are in Late Phase (i.e. late Holocene) styles; 71 per cent of rock art scenes at Wulk Lagoon
(i.e. ceremony, fighting and hunting) are also in Late Phase styles (all others are of the Middle
Phase). Here, there is clearly a proliferation of rock art in the Middle and Late Phases when fish,
anthropomorphs and scene depictions predominate.

Figure 2.16 Relative frequency of rock art sites and motifs by temporal phase (number of sites = 77;
estimated number of motifs = 13,000).
Source: Jerome Mialanes.
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Macropods occur in 36.3 per cent of Wulk Lagoon sites, often in Large Naturalistic or Large
Fauna styles. An R2 value of 0.4846 indicates no preferential co-occurrence of zoomorphs with
anthropomorphs. This suggests that in many cases sites were selected to paint zoomorphs or
anthropomorphs, but not both.
Much of Wulk Lagoon’s rock art is found at the top of the sandstone outlier, with fewer sites
along the base of the escarpment (Figure 2.17). Figures 2.18 and 2.19 show the number of rock
art sites and art styles that occur, by geographic zone for each phase (see caption to Figure 2.19
for further description on calculation of number of art styles represented). During the Early and
Middle Phases, the art is most abundant on the hillsides; however, during the Late Phase, it is
fairly evenly distributed across all three zones.

Figure 2.17 Proportion of motifs, panels and sites by topographic zone (number of motifs = 13,000;
number of panels = 459; number of sites = 77).
Source: Jerome Mialanes.

Figure 2.18 Number of rock art sites by phase and topographic zone.
Source: Jerome Mialanes.
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Figure 2.19 Sum of the number of different art styles represented per site, by phase
and topographic zone.
(e.g. if there are two Late Phase sites on a hillside, one site with five paintings of one style and the other with three paintings
of another style, then that site will have two different art styles represented for that phase; to work out how many art styles
are represented in the hillside environment, all such Late Phase site values are summed).
Source: Jerome Mialanes.

These results suggest that during the late Holocene, pretty much all topographic zones of the
Wulk Lagoon sandstone outlier were inscribed with rock art. Taçon and Chippindale (1994),
Taçon and Brockwell (1995) and Hiscock (1999) have argued that the late Holocene saw rich
resource supplies on the floodplains, resulting in population growth and increasing regionalism of
clan estates: social organisation and land tenure systems shifted as clan estates with geographically
based totemic associations changed. This is consistent with the shifting distributions and peak
densities of rock art seen during the late Holocene at Wulk Lagoon. Here small clan estates
with focalised occupation used sites intensively into the ethnographic period, as evident by the
diverse and abundant rock art of the late Holocene. We suggest that this is evidence for lower
levels of residential mobility and greater rock art production than previously. This happened
at a time of increasing precipitation and strengthening of the IASM c. 1000 years ago, when
the East Alligator floodplain developed deep lagoons, shallow lakes and productive Eleocharis
and Melaleuca swamps. Across much of Arnhem Land, X-ray art and the Complete Figure
Complex flourished at this time, and there was a notable increase in the movement of exotic
raw materials for the production of stone artefacts (e.g. Shine et al. 2013). The rock art and
buried archaeological deposits of that time both seem to signal the onset of the kinds of cultural
practices encountered at the time of European contact.
In support of this interpretation, Wulk Lagoon boasts a wide variety of rock paintings we
might consider as scenes (n = 35) (Taçon 1994). May and Domingo Sanz (2010:41) discuss the
significance of rock art scenes as modes of encoding socio-cultural practices. At Wulk Lagoon,
late Holocene scenes have long been a focus of research (e.g. Chaloupka 1993; Jelinek 1986;
Mountford 1956; Moyle 1981), especially those depicting the playing of didjeridus, prominent
in at least eight scenes. The didjeridu is considered by Moyle (1981) to be a late Holocene
musical development in Arnhem Land, because of the rock art styles it is associated with.
Although scenes are also found during earlier phases, their proliferation and increased variability
during the late Holocene may be a reflection of the increasing density of local populations in
the Alligator Rivers region (May and Domingo Sanz 2010). In contrast to the early battle scenes
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reported by Taçon and Chippindale (1994), at Wulk Lagoon those of the late Holocene generally
involve fewer personages. Scenes depicting groups of >10 males engaged in either actual or ritual
combat, or hunting, express individual engagements in social events (see Figure 2.20).

Figure 2.20 Example of complex late Holocene art scene, Wulk Lagoon site RLL004.
Source: Photograph by Paul Brugman.

That people and fish predominate in the rock art of the late Holocene might be linked to
a number of factors. The emergence of freshwater wetlands c. 1500 years ago provisioned people
with an enormous diversity and abundance of resources, driving population numbers and
densities (see Hiscock 1999; Jones 1985). An intensifying IASM after c. 1000 years ago saw
greater precipitation and major flooding events that would have significantly impacted on the
development of freshwater systems in the Wulk Lagoon area (Denniston et al. 2013; Sandercock
and Wywroll 2005; Wasson et al. 2010). Whether regional population densities were a result of
actual population growth or a reorganisation of existing groups from the broader region, mid
to late Holocene rock art production signal increasing occupation intensities in the vicinity of
Wulk Lagoon. With a greater population exploiting newly developed wetland resources came
greater levels of rock art production, increased rates of deposition of food refuse within sites and
increased stone artefact production (see also Allen and Barton 1989; Jones 1985; Schrire 1982;
Shine et al. 2013).
In Arnhem Land, the proliferation of rock art during the late Holocene has been noted in
a number of previous studies (e.g. Chaloupka 1993; Taçon 1989a, 1989b). However, its
significance is often ignored or sidelined in narratives of the past (Hiscock 1999). Alongside
the development of new stone tool technologies, perhaps to manage risks or exploit emerging
environments, the proliferation of late Holocene rock art at Wulk Lagoon is an integral expression
of the reorganisation of human populations in the Alligator Rivers region.
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Abstract
An extensive series of 44 radiocarbon (14C) and 37 optically stimulated luminescence
(OSL) ages have been obtained from the site of Riwi, south central Kimberley (NW Australia). As one of the earliest known Pleistocene sites in Australia, with archaeologically sterile
sediment beneath deposits containing occupation, the chronology of the site is important in
renewed debates surrounding the colonization of Sahul. Charcoal is preserved throughout
the sequence and within multiple discrete hearth features. Prior to 14C dating, charcoal has
been pretreated with both acid-base-acid (ABA) and acid base oxidation-stepped combustion (ABOx-SC) methods at multiple laboratories. Ages are consistent between laboratories
and also between the two pretreatment methods, suggesting that contamination is easily
removed from charcoal at Riwi and the Pleistocene ages are likely to be accurate. Whilst
some charcoal samples recovered from outside hearth features are identified as outliers
within a Bayesian model, all ages on charcoal within hearth features are consistent with
stratigraphy. OSL dating has been undertaken using single quartz grains from the sandy
matrix. The majority of samples show De distributions that are well-bleached but that also
include evidence for mixing as a result of post-depositional bioturbation of the sediment.
The results of the two techniques are compared and evaluated within a Bayesian model.
Consistency between the two methods is good, and we demonstrate human occupation at
this site from 46.4–44.6 cal kBP (95.4% probability range). Importantly, the lowest archaeological horizon at Riwi is underlain by sterile sediments which have been dated by OSL
making it possible to demonstrate the absence of human occupation for between 0.9–5.2
ka (68.2% probability range) prior to occupation.
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1. Introduction
1.1 Dating the colonization of Australia
The time of arrival of early modern humans in Australia is an open question, in large part
because most sites do not contain human fossils. However, an early colonisation is made possible by recent discoveries of Homo sapiens fossils dating to more than 40,000 years in southern
China [1] and Laos [2, 3], alongside increasing archaeological evidence for an earlier migration
out of Africa than previously thought [4–6]. Moreover, genetic clock estimates for the founding
populations in Australia have been estimated variably to be 63 ± 5 ka [7], 58 ± 8 ka [8], and
55 ± 11 ka [9] and most recently, Rasmussen, Guo [10] provided genetic evidence that Aboriginal Australians descended from an early Asian expansion wave some 62–75 ka ago.
In Australia, the oldest human fossils are about 40,000 years old [11, 12]. Earlier archaeological traces are restricted to artefacts buried 45,000–60,000 years ago [13–19]. However precision on age estimates is often in the order of at least ± 5 ka (at 1σ), making interpretation of
these early age estimates difficult. Recent reviews of the chronology of Australian sites coalesce
on an age of no later than 47–48 ka ago [20–22], although many researchers still consider ages
of 50 ka or earlier to be probable [16, 23, 24].
At the heart of the Australian colonization debate lies questions about (a) the accuracy of
the ages obtained using 14C and luminescence-based dating techniques, (b) the precision of the
age estimates and their usefulness in pinpointing the earliest occupation of the continent, and
(c) the reliability of the context and association of the artefacts with the dated materials. The
debate is currently marred by inappropriate consideration of uncertainties, low numbers of
dates hindering application of statistical analyses, and a lack of new systematic dating studies
using the latest dating procedures at the oldest sites.
The aim of this study is to test the accuracy of 14C and single grain OSL ages at Riwi Cave.
High resolution sampling allowed Bayesian chronologies to be created for each method and
then compared. This should establish a benchmark for future within- and between-site comparisons to facilitate improved integration of ages and their associated uncertainties into further debates about the earliest occupation of Australia. Riwi Cave provides an excellent testing
ground since it is one of only a few ‘old’ Australian sites that contain intact Pleistocene hearth
features in a sandy matrix, ideal for both 14C and OSL dating.

1.2 Riwi setting, stratigraphy and archaeological context
Riwi is situated on Gooniyandi traditional land in the south central Kimberley region of Western Australia (-18.69; 126.06) (Fig 1). It is a large (~146 m2), deep and high cave cut into the
base of the west-facing Lawford Range composed of Devonian limestone (Fig 2). In 1999, a 1 m
wide and 50 cm deep test trench was excavated; in one quadrant, excavation proceeded a further 50 cm in depth [15]. Excavation occurred in 5–10 cm spits, except where guided by large
changes in stratigraphy, and all sediment was passed through 5 and 2 mm sieves. In 2013, the
site was revisited with a permit provided by the Department of Aboriginal Affairs (Section 16
permit no. 499). The remaining quadrants of the original 1 m2 test pit (Square 1) were excavated to bedrock and the excavations were expanded by an additional three 1 m2 test pits
(Squares 3, 4 and 5) (Fig 2A and 2B). In squares 1, 3 and 4, located in the center of the main
cave chamber, bedrock was reached at between 100 cm and 130 cm (in most places circa 117
cm). Square 5, located at the mouth of the cave, was excavated to a maximum depth of 65 cm,
when decomposing bedrock was reached. All squares were excavated in arbitrary excavation
units of 2 cm thickness, and in 50 cm horizontal quadrants, and some features, such as pits and
hearths, were removed separately. Excavation of archaeologically sterile sediments near
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Fig 1. Location of Riwi Cave.
doi:10.1371/journal.pone.0160123.g001

bedrock was in 3–5 cm arbitrary units. All excavated materials were dry sieved through nested
5 and 1.5 mm mesh screens.
The stratigraphic sequence observed in squares 1–4 and 3 was divided into twelve stratigraphic units (SUs) (Fig 3A and 3B) that can be grouped in two visually distinct levels: SUs 12–
3, dominated by strong brown sediments and top units SUs2-1, composed of grey-ashy deposits. The strong brown sediments are mainly aeolian in origin with generally more than 50% of
the <2 mm fraction composed of very fine sands (63–125 μm). The rest of the geogenic deposits are composed of fine to coarser sands derived from the in-situ chemical weathering and
physical breakdown of sandstone bedrock and cave walls, especially near the bottom of the
deposit.
The deepest recognizable hearth is at the interface of SU11 and 12. Other clear and in situ
hearths are found in SUs 3, 6, middle and base of 7, top of 10, middle of 11 and top of 12 (Fig
3A and 3B). Artefact numbers drop at the transition between SU12 and SU11. Only 16 stone
artefacts have been recovered below this level. Most were from within 10 cm of the transition
to SU12 and only three were found between 10 and 20 cm beneath the deepest hearth. All were
recovered from Square 4 quad A (N = 4) and quad B (N = 12), where the boundary between
SU12 and SU11 was slightly undulating and where excavation units may have inadvertently
cut between the two SUs. At the top of this package of strong brown sediments is a conspicuous
brown sediment layer (SU3), found in Square 3, at the interface of the underlying red-brown
and overlying grey-ashy sediment.
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Fig 2. Riwi cave. (A) Plan and (B) profile. CAD by Dorcas Vannieuwenhuyse.
doi:10.1371/journal.pone.0160123.g002
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Fig 3. Stratigraphic profile and description of (A) squares 1 and 4, and (B) square 3. The location of OSL samples is marked in red, and the
location of radiocarbon charcoal samples in yellow. Charcoal samples recovered from the sieve are given in italics, and charcoal samples taken from
the section are marked with an arrow. CAD by Dorcas Vannieuwenhuyse.
doi:10.1371/journal.pone.0160123.g003

SUs 2 and 1 represent the grey deposits at the top of the sequence. The sediment is dominated by anthropogenic (ash, charcoal) and biogenic (macrobotanics, coprolites) remains
mixed with a smaller proportion of geogenic sediment. The top part of the sequence has suffered from more intense trampling, bioturbation, and erosional post-depositional processes
than the strong brown sequence beneath. SU2 and SU1 are richer in lithic artefacts than the
deeper strong brown sediments, and numerous types of organic materials (charcoal, seeds,
nuts, fruit, paper bark fragments and wood shavings) are preserved [25].

1.3 Previous chronology
Using six 14C ages on charcoal from the initial excavation, Balme [15] suggested that the upper
package of sediments was Holocene and the deeper strong brown sequence Pleistocene
(Table 1). Major age gaps were recognized in the sequence. Notably, deposits with ages associated with the last glacial maximum (LGM) were absent leading to speculation that humans
were not present in the region, located within the arid zone during this period [15, 26, 27]. Furthermore, a sample collected from a hearth prepared using acid-base-oxidation with stepped
combustion (ABOx-SC) [28] gave an age of 46890–43040 cal BP at 95.4% probability
(41,300 ± 1020 BP, ANUA-13005) [15, 29], one of the earliest dates on a sample directly associated with human activity in Australia.

2. Age Determination by 14C Dating
2.1 Sample collection, pretreatment and measurement
In this study 33 charcoal fragments have been dated by two laboratories—the Australian
National University Single Stage Accelerator (SANU-) and Direct AMS (DAMS-). One sample
from a wooden artefact, most likely a boomerang [25, 32] has also been dated at the SANU.
Charcoal fragments from hearth features were targeted, but were supplemented by fragments
from the matrix, not necessarily associated with any particular archaeological features. The
majority of samples were taken from the section wall, providing excellent stratigraphic control,
whilst the remaining samples were either sampled in situ during excavation or recovered from
the 5 mm sieve (Table 2).
Table 1. Published dates from Riwi [15].
SU

Context

Feature

Pretreatment

Lab code

Radiocarbon date (BP)

Calibrated date (cal
BP, 95.4% probability
range)

2top

SQ1-XU3-10cm

Isolated charcoal

ABA

Wk-7605

5290 ± 60

6200

5910

6

SQ1-XU5-20cm

Charcoal lens

ABA

Wk-7896

29550 ± 290

34200

33040

from

to

7mid

SQ1-XU7-25cm

Hearth

ABA

Wk-7606

31860 ± 450

36730

34770

11 mid

SQ1-XU13-65cm

Hearth

ABOx-SC

ANUA-13005

41300 ± 1020

46890

43040

11 base

SQ1-XU14-70cm

Hearth

ABA

Wk-7607

>40000

12 mid

SQ1-XU16-95cm

Isolated charcoal

ABOx-SC

ANUA-13006

40700 ± 1260

47070

42430

Radiocarbon dates have been calibrated against SHCal13 [30] in OxCal v.4.2 [31]
doi:10.1371/journal.pone.0160123.t001

PLOS ONE | DOI:10.1371/journal.pone.0160123 September 21, 2016

6 / 25

Towards an Accurate and Precise Chronology for the Colonization of Australia

Table 2. New radiocarbon dates from Riwi Cave.
Feature

Collection
method

Genus

%
C

Pretreatment

Lab ID

14

C date
(BP)

Error
(1σ)

5mm sieve

Corymbia sp.
(Type R01)

62

ABA

SANU-38220

18930

50

SU

Context

1 top

SQ4-XU1-QD

1 mid

SQ4-SOUTH-24

scattered in leafy layer

wall section 2012 Not determined

ABA

D-AMS004068 816

1 mid

SQ1-EAST-34

scattered charcoal

wall section 2012 Not determined

ABA

D-AMS004064 956

29

1
base

SQ3 XU8 QC

42

Holocellulose

SANU-43337

670

20

68

ABA

SANU-39505

6385

30

59

ABA

SANU-38221

6445

30

Grevillea/Hakea
sp.
wall section 2012 Corymbia sp.
(Type R01)

27

SU1/3 SQ3-SOUTH-26

scattered

SU1/2 SQ4-XU5-QD

scattered top grey layer 5mm sieve
residue

2 pit

SQ3-WEST-21

scattered in pit cutting
Pleistocene layer

wall section 2012 Not determined

ABA

D-AMS004069 6179

29

2 top

SQ1-SOUTH-36

scattered charcoal

wall section 2012 Not determined

ABA

D-AMS004065 6206

37

2 top

SQ4-XU8-QD

Scattered at base of
grey layer

5mm sieve
residue

ABA

SANU-38223

6245

30

2 top

SQ1-EAST-32

scattered charcoal in
ashy layer

wall section 2012 Not determined

ABA

D-AMS004063 6384

32

Mallotus sp.

Corymbia sp.
(Type R01)

56

2base SQ1-EAST-26

ashy layer (hearth?)

wall section 2012 Not determined

ABA

D-AMS004061 6250

35

2base SQ1-EAST-28

ashy layer (hearth?)

wall section 2012 Not determined

ABA

D-AMS004062 6315

32

2base SQ4-SOUTH-20

scattered at top of grey
layer

wall section 2012 Not determined

ABA

D-AMS004067 6452

34

3

SQ3-XU3-QD

Hearth feature 1?

5mm sieve

Corymbia sp.
(Type R01)

55

ABA

SANU-38225

18390

60

3

SQ3-XU5-QD-Feature 1 hearth feature 1

5mm sieve

Corymbia sp.
(Type R01)

56

ABA

SANU-38226

16930

50

60

ABA

SANU-38814

16850

100

4

SQ3-EAST-32

scattered grey layer

wall section 2012 Not determined

53

ABA

SANU-39509

27280

160

5

SQ3-EAST-30

scattered red layer

wall section 2012 Corymbia sp.
(Type R01)

66

ABA

SANU-39507

30690

220

6

SQ3-EAST-28

hearth

wall section 2012 Corymbia sp.
(Type R01)

63

ABA

SANU-39506

29050

180

62

ABA

SANU-39510

29350

190

6

SQ1-EAST-20

no details

wall section 2012 Corymbia sp.
(Type R01)

69

ABOx-SC

SANU-35907

29790

190

6

SQ3-NORTH-18

hearth

wall section 2012 Corymbia sp.
(Type R01)

59

ABOx-SC

SANU-35920

30110

200

ABA

D-AMS004070 30154

141

51

ABOx-SC

SANU-35916

29720

190

6

SQ3-NORTH-22

hearth

wall section 2012 Not determined

7 top

SQ1-SOUTH-32

scattered charcoal

wall section 2012 Unidentifiable

7mid

SQ4-SOUTH-17

hearth

wall section 2012 Not determined

ABA

D-AMS004066 31888

153

7base SQ1-SOUTH-29

hearth

wall section 2012 Corymbia sp.
(Type R01)

58

ABOx-SC

SANU-35914

33000

280

54

ABOx-SC

SANU-35921

33270

280

70

ABA

SANU-35924

32910

270

58

ABOx-SC

SANU-37707

34450

340

7
base

SQ4-XU12-QD

no details

excavation, in
situ sample

9 top

SQ1-SOUTH-25

scattered charcoal/
hearth

wall section 2012 Corymbia sp.
(Type R01)

60

ABOx-SC

SANU-35913

33850

300

9

SQ1-EAST-16

scattered charcoal

wall section 2012 Corymbia sp.
(Type R01)

75

ABOx-SC

SANU-35906

33560

300

9

SQ3-NORTH-14

scattered charcoal

wall section 2012 Unidentifiable

68

ABOx-SC

SANU-35919

34000

310

hearth

wall section 2012 Corymbia sp.
(Type R01)

73

ABOx-SC

SANU-35918

33340

280

10 top SQ4-SOUTH-12

Myrtaceae sp.

(Continued)
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Table 2. (Continued)
SU

Context

Feature

Collection
method

Genus

%
C

Pretreatment

Lab ID

14

C date
(BP)

Error
(1σ)

10
mid

SQ3-XU19-QB

scattered charcoal

excavation, in
situ sample

Corymbia sp.
(Type R01)

53

ABOx-SC

SANU-37706

36680

420

11
mid

SQ1-SOUTH-12

hearth

wall section 2012 cf. Corymbia sp.

71

ABOx-SC

SANU-35911

41520

750

79

ABOx-SC

SANU-35922

41690

760

11

SQ1-SOUTH-9

scattered charcoal

wall section 2012 Unidentifiable

62

ABOx-SC

SANU-35910

29840

190

12 top SQ1-SOUTH-2

hearth

wall section 2012 Corymbia sp.
(Type R01)

69

ABOx-SC

SANU-35909

41590

760

12 top SQ4-SOUTH-1

charcoal lens

wall section 2012 Unidentifiable

63

ABOx-SC

SANU-35917

42140

810

68

ABA

SANU-35925

41050

710

Radiocarbon dates have been calibrated against SHCal13 in OxCal v.4.2 [30, 31].
doi:10.1371/journal.pone.0160123.t002

An attempt was made to identify all charcoal samples dated at the SANU to genus level [33]
(Table 2). At the SANU, all samples expected to be Pleistocene in age and larger than 50 mg
were subjected to ABOx-SC pretreatment [28]. After physical cleaning and crushing to <1
mm, charcoal was washed in acid (HCl, 6M, room temperature, 1 hr), alkali (NaOH, 2M, room
temperature, 30 min, replaced until solution was colourless) and an oxidizing solution (2M
H2SO4, 0.1M KCr2O7, 60°C, 20 hr), rinsing with MilliQTM water after each treatment. Up to 20
mg of the freeze-dried product was then pre-combusted in oxygen (ultra-high purity, 1 atm,
600°C, 2 hrs).
The more gentle acid-base-acid (ABA) treatment was applied to samples of expected Holocene age, samples smaller than 50 mg, and samples which failed the ABOx-SC treatment
(Table 2). At some sites, an ABA pretreatment is not able remove sufficient young contaminants from Pleistocene-aged charcoal to produce an accurate age estimate [18, 28, 34–36]. To
test whether it was appropriate to apply a more gentle treatment to charcoal from Riwi, two
samples that survived the ABOx-SC treatment were also dated with an ABA protocol. This
consisted of physical cleaning and crushing followed by washes in acid (HCl, 1M, 80°C, 30
min), alkali (NaOH, 1M, 80°C, 1 hr, replaced until solution was colourless) and acid (HCl, 1M,
80°C, 30 min), rinsing with MilliQTM water three times after each treatment or until the solution remained colourless. After the surface was physically removed, ~10 mg of the wooden
artefact was also treated with the ABA protocol described for charcoal, followed by a bleaching
step (1M NaClO2: 1M HCl, room temperature, 15 min).
Charcoal and wood remaining after these treatments was combusted in an evacuated quartz
tube (900°C, 6 hrs, in the presence of CuO wire and Ag foil), and the CO2 generated was collected and purified cryogenically before graphitization over an Fe catalyst in the presence of H2
prior to measurement in a NEC single stage Accelerator Mass Spectrometer (AMS) at the
SANU [37]. Ages have been calculated according to Stuiver and Polach [38] using a δ13C value
measured by AMS. Samples were treated alongside a pretreatment blank of fossil wood charred
at 550°C [34] or coal. A background has been subtracted from each sample based on long term
repeat measurements of coal pretreated with ABA. The smaller number of ABOx-SC treated
blanks are consistent with this correction. Three samples have been pretreated and dated twice
as part of routine laboratory quality assurance protocols.
Charcoal dated at Direct AMS was pretreated with an ABA protocol, modified according to
the preservation of each sample. Samples were graphitized and dated by AMS. Dates have been
calculated according to Stuiver and Polach [38] using a δ13C value measured by AMS.
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2.2 Results
Preservation of charcoal within the Pleistocene levels at Riwi was generally poor. Of 38 samples submitted to the SANU laboratory, 15 found in units dating to the Pleistocene dissolved
during the ABA and/or ABOx-SC chemical pretreatment. Despite this, the 14C ages appear
accurate and are generally consistent with stratigraphy (Table 2). Those samples to survive
the pretreatment had high carbon contents (>50%), suggesting that contamination from, for
example, sediment inclusions [39] was absent. Where individual charcoal fragments were
pretreated in the same way twice, the results are identical, with Chi-squared tests at p<0.05
(Table 2). Moreover, results are also identical where single charcoal fragments were dated
with both ABA and ABOx-SC protocols (Table 2). This suggests that the charcoal at Riwi is
not grossly contaminated, a conclusion supported by the general consistency seen between
14
C ages on different fragments of charcoal from the same context produced at four different
laboratories (SANU, ANUA, DAMS and Wk) using a range of different ABA pretreatment
protocols.

3. Age Determination by OSL Dating
3.1 Sampling for OSL dating
37 samples were collected for OSL dating using small (~2 cm diameter, 10 cm long) stainless
steel tubes. The majority of samples were taken from a continuous column from the eastern
profile of Square 1. A further 3 samples were taken from units not present in this column (SU6
and 7) (Fig 3A).

3.2 Single grain OSL measurement and analysis
3.2.1 Extraction of quartz. Sample tubes were opened under dim red light and quartz
grains extracted using standard preparation procedures [40]. Carbonates were dissolved in
10% HCl, and organic matter oxidised in 30% H2O2. The remaining sample was dried and
sieved to isolate grains of 180–212 μm in diameter, and feldspar, quartz and heavy minerals
separated by density using sodium polytungstate solutions of 2.62 and 2.70 specific gravities,
respectively. Quartz grains were etched with HF (48%, 40 min) to remove the alpha-irradiated rind of quartz grains and destroy any remaining feldspars, rinsed in HCl to remove precipitated fluorides, dried and sieved. Grains retained on the 180 μm diameter mesh were
used for dating.
3.2.2 Measurement. Risø single grain Al discs [41] were used for measurement of the
180–212 μm grains. Each disk was examined under a microscope after measurement to check
that only one grain was present in each hole. All measurements were made in an identical manner and with the same equipment, using the single aliquot regenerative-dose (SAR) procedure
described elsewhere (e.g. [42, 43]). The SAR procedure involves measuring the OSL signals
from the natural (burial) dose (LN) and from a series of regenerative doses (Lx; given in the laboratory by means of a calibrated 90Sr/90Y beta source). Grains from Holocene-age sediments
were given successive regenerative doses of 10, 20, 40, 80, 0 and 10 Gy and grains from Pleistocene-age sediments doses of 40, 80, 160, 240, 0 and 40 Gy. Each regenerative dose is preheated
prior to optical stimulation by an intense, green (532 nm) laser beam for 2 s at 125°C. The
resulting ultraviolet OSL emissions were detected by an Electron Tubes Ltd 9235QA photomultiplier tube fitted with Hoya U-340 filters. A fixed test dose of ~11 Gy, was given after each
natural and regenerative dose, and the induced OSL signals (TN or Tx) used to correct for any
sensitivity changes during the SAR sequence. A duplicate regenerative dose was included in the
procedure, to check on the adequacy of this sensitivity correction, and a ‘zero dose’
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measurement made to monitor the extent of any ‘recuperation’ induced by the preheat. As a
check on possible contamination of the etched quartz grains by feldspar inclusions, we also
applied the OSL IR depletion-ratio test [44] to each grain at the end of the SAR sequence, using
an infrared exposure of 40 s at 50°C.
Lx and Tx values were estimated from the first 0.22 s of OSL decay with the mean count
recorded over the last 0.3 s subtracted as background. Sensitivity-corrected (Lx/Tx) dose
response curves were constructed from these induced Lx and Tx OSL signals, using a single
saturating-exponential function of the form I = I0(1-exp-D/D0). In this function, I is the Lx/
Tx value at regenerative dose D, I0 is the saturation value of the exponential curve and D0 is
the characteristic saturation dose; I0 and D0 are estimated from the data. The sensitivitycorrected natural OSL signal (LN/TN) was projected onto the fitted dose-response curve to
obtain the De by interpolation. The uncertainty on the De estimate of each grain (from photon counting statistics, curve fitting uncertainties, and an allowance of 2% per OSL measurement for instrument irreproducibility) was determined by Monte Carlo simulation,
using the procedures described by Duller [45]. The final age uncertainty also includes a further 2% to allow for any bias in the beta source calibration; this error is added as a systematic uncertainty.
3.2.3 Dose recovery tests. A number of dose recovery tests were conducted on one sample
(Riwi-22) to determine the optimum preheat temperatures. All grains were exposed to natural
sunlight for two days to empty the electron traps, and were then given a known laboratory dose
(~70 Gy). Five preheat (PH) combinations were tried, where PH-1 is that prior to measurement of LN and Lx and PH-2 that prior to measurement of TN and Tx. The combinations
included: (1) PH-1 = 160°C for 10 s; PH-2 = 160°C for 5 s, (2) PH-1 = 180°C for 10 s; PH2 = 180°C for 5 s, (3) PH-1 = 220°C for 10 s; PH-2 = 160°C for 5 s, (4) PH-1 = 260°C for 10 s;
PH-2 = 160°C for 5 s, and (5) PH-1 = 260°C for 10 s; PH-2 = 220°C for 5 s. The results are provided in Fig 4. Although none of the combinations show a >10% deviation from unity, it does
appear that some PH combinations give better results. We used a PH-1 of 260°C for 10 s and
PH-2 of 160°C for 5 s combination for measurement of all samples.
3.2.4 Rejection of grains. Using the measurement conditions described above, a total of
18,500 grains were measured, but it is well-known that not every grain will result in an accurate
estimate of De (e.g. [46, 47]). Aberrant grains were rejected using the quality-assurance criteria
described by Jacobs, Duller [46] and reasons are given in S1 Table. The majority of grains from
Riwi (49.2%) were discarded because they were too dim following a laboratory dose (TN signal<3xBG) or the test dose signal was imprecisely known (>20% error on test dose signal).
Rejecting such grains does not cause any bias in the results, because they do not contribute to
the luminescence signal. Of the 9109 grains remaining, a further ~28% (N = 2606) were
rejected (see S1 Table for details), leaving a total of 6776 grains, or an average of ~185 grains
per sample, for De determination.
3.2.5 Accepted grains–decay curve and dose response curve characteristics. Fig 4A and
4C show a selection of decay curves from one Holocene (Riwi-4) and one Pleistocene (Riwi-27)
sample, following the test dose to the natural signal (TN) of ~11 Gy, and a PH-2 temperature of
160°C for 5 s. They represent the range of sensitivities and shapes and are representative of all
samples measured from Riwi. The decay curve shapes are quite reproducible and decay rapidly
to instrumental background level; less than 5% of the signal remains after 0.2 s of optical stimulation. Fig 4B and 4D show the corresponding dose response curves for the same grains. The
majority of grains have very similar dose response curves up to ~80 Gy (the dose range of interest for samples from Riwi), after which some of the grains continue to grow with increasing
dose and others cease to increase at much lower doses.
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Fig 4. The OSL decay curves for representative samples of grains from (a) Riwi-4 and (c) Riwi-27 that span the
range of luminescence sensitivities (‘relative brightness’). (b) and (d) show the corresponding dose response
curves for those grains shown in (a) and (c).
doi:10.1371/journal.pone.0160123.g004

3.3 Equivalent dose (De) determination and results
Single grain De values for all samples are displayed as radial plots in S1 Fig. All are spread more
widely than can be explained by measurement uncertainties alone, being overdispersed by
between 24 ± 2 (Riwi-32) and 118 ± 6% (Riwi-2) (Table 3). We observed two different types of
De distribution—mixed and scattered. A representative example of both types is shown in Fig
5. Only two samples showed mixed De distributions (Riwi-2 and Riwi-6). Both samples were
collected from the upper-most red-brown sands in SU7 that are unconformably overlain by the
ashy-grey sands of SU2 (see Fig 3A). We were able to fit the finite mixture model (FMM) of
Roberts et al. (2000) to both. This model assumes that grains of discrete dose populations, well
bleached prior to deposition, were mixed post-depositionally. The optimum number of fitted
components was obtained from the smallest Bayesian Information Criterion (BIC) and maximum log likelihood, using the procedure described in Jacobs, Wintle [48]. The fitting details,
De values for each component and the proportion of grains that make up each component are
provided in S2 Table.
The remaining samples display scattered De distributions, probably due to bioturbation and
micro-scale differences in the beta dose rate received by individual grains. To obtain De values
we calculated the weighted mean De using the central age model (CAM) [49] which assumes
the De values for all grains are centered on some average value of De (similar to the median)
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Table 3. Dose rate data, equivalent doses and OSL ages for sediment samples from Riwi.
Sample SU

Depth
(cm)

Water
(%)#

De value (Gy)$

Environmental dose rate (Gy/ka)
Beta

Gamma

Cosmic

Number of
grains*

Overdispersion
(%)&

Age (ka)^

P-value

Total

Riwi-4

2

13

1.8

1.06 ± 0.05 0.63 ± 0.03 0.05 ± 0.01 1.77 ± 0.06 13.0 ± 0.1

268 (214)

28 ± 1

7.3 ± 0.3 (0.2)

Riwi-5

2

17

4.3

0.93 ± 0.05 0.65 ± 0.03 0.05 ± 0.01 1.66 ± 0.06 11.7 ± 0.2

234 (191)

31 ± 2

7.1 ± 0.3 (0.2)

Riwi-2

?

20

3.8

1.11 ± 0.05 0.64 ± 0.03 0.05 ± 0.01 1.83 ± 0.06 49.9 ± 1.7 (53%) 186
15.3 ± 0.8 (27%)

118 ± 6

27.3 ± 1.4 (1.0)
8.4 ± 0.5 (0.5)

Riwi-6

?

20

1.5

1.13 ± 0.06 0.63 ± 0.03 0.05 ± 0.01 1.84 ± 0.06 46.1 ± 0.8 (59%) 217
12.7 ± 0.3 (41%)

71 ± 4

25.1 ± 1.1 (1.0)
6.9 ± 0.3

Weighted mean = 7.2 ± 0.3

Riwi-1

6

22

7.9

0.92 ± 0.05 0.67 ± 0.03 0.05 ± 0.01 1.67 ± 0.06 57.8 ± 1.0

227 (198)

32 ± 2

34.6 ± 1.5 (0.9)

Riwi-7

7

23

1.5

1.09 ± 0.05 0.63 ± 0.03 0.05 ± 0.01 1.79 ± 0.06 63.3 ± 1.2

211 (179)

33 ± 2

35.3 ± 1.5 (0.9)

Riwi-3

7

24

3.2

1.02 ± 0.05 0.64 ± 0.03 0.05 ± 0.01 1.73 ± 0.06 57.4 ± 1.4

179 (146)

64 ± 4

33.1 ± 1.5 (1.1)

Riwi-8

7

26

3.0

1.06 ± 0.05 0.64 ± 0.03 0.05 ± 0.01 1.77 ± 0.06 67.0 ± 1.1

212 (164)

30 ± 2

37.8 ± 1.6 (0.9)

Riwi-9

8

29

2.4

0.98 ± 0.05 0.63 ± 0.03 0.05 ± 0.01 1.69 ± 0.06 64.1 ± 1.4

185 (159)

34 ± 2

Weighted mean = 35.6 ± 1.3

0.21

0.13

38.0 ± 1.7 (1.1)

Riwi-10

8

31.5

5.0

0.97 ± 0.05 0.65 ± 0.03 0.05 ± 0.01 1.70 ± 0.06 69.3 ± 1.4

183 (155)

30 ± 2

40.8 ± 1.8 (1.1)

Riwi-11

8

34

1.8

0.98 ± 0.05 0.63 ± 0.03 0.05 ± 0.01 1.69 ± 0.06 68.0 ± 1.4

207 (185)

27 ± 2

40.2 ± 1.8 (1.1)

Riwi-12

9

36.5

0.6

1.04 ± 0.05 0.65 ± 0.03 0.05 ± 0.01 1.77 ± 0.06 68.9 ± 1.3

203 (167)

29 ± 2

Weighted mean = 39.6 ± 1.5

0.49

39.0 ± 1.7 (1.0)

Riwi-13

10

39

2.4

1.09 ± 0.05 0.65 ± 0.03 0.05 ± 0.01 1.82 ± 0.06 72.9 ± 1.9

198 (175)

36 ± 2

40.1 ± 1.9 (1.3)

Riwi-14

10

42

4.4

1.02 ± 0.05 0.65 ± 0.03 0.04 ± 0.01 1.74 ± 0.06 71.4 ± 1.2

221 (177)

35 ± 2

40.9 ± 1.8 (1.0)

Riwi-15

10

44.5

2.2

0.99 ± 0.05 0.65 ± 0.03 0.04 ± 0.01 1.72 ± 0.06 68.6 ± 1.6

186 (158)

34 ± 2

40.0 ± 1.8 (1.2)

Riwi-16

10

47

1.3

1.05 ± 0.05 0.65 ± 0.03 0.04 ± 0.01 1.78 ± 0.06 68.2 ± 1.3

184 (149)

29 ± 2

38.4 ± 1.7 (1.0)

Riwi-17

10

50

1.7

1.04 ± 0.05 0.63 ± 0.03 0.04 ± 0.01 1.75 ± 0.06 77.4 ± 1.8

173 (144)

33 ± 2

44.3 ± 2.0 (1.3)

Riwi-18

10

52

1.7

0.99 ± 0.05 0.63 ± 0.03 0.04 ± 0.01 1.69 ± 0.06 70.9 ± 1.5

185 (161)

30 ± 2

41.9 ± 1.9 (1.2)

Riwi-19

10

55

1.7

0.99 ± 0.05 0.63 ± 0.03 0.04 ± 0.01 1.69 ± 0.06 72.3 ± 1.5

214 (189)

30 ± 2

42.9 ± 1.9 (1.2)

Riwi-20

10

60

2.0

0.98 ± 0.05 0.63 ± 0.03 0.04 ± 0.01 1.68 ± 0.06 69.2 ± 1.4

203 (182)

31 ± 2

41.1 ± 1.8 (1.1)

Riwi-21

11

63

1.9

1.00 ± 0.05 0.63 ± 0.03 0.04 ± 0.01 1.70 ± 0.06 73.0 ± 2.2

174 (137)

35 ± 2

Weighted mean = 41.1 ± 1.6

0.43

43.0 ± 2.1 (1.3)

Riwi-22

11

66

4.9

0.97 ± 0.05 0.65 ± 0.03 0.04 ± 0.01 1.69 ± 0.06 76.2 ± 1.9

178 (164)

35 ± 2

45.0 ± 2.1 (1.4)

Riwi-23

11

71

5.5

0.98 ± 0.05 0.65 ± 0.03 0.04 ± 0.01 1.70 ± 0.06 73.4 ± 1.8

208 (180)

32 ± 2

43.1 ± 2.0 (1.2)

Riwi-24

11

74

4.0

0.97 ± 0.05 0.64 ± 0.03 0.04 ± 0.01 1.68 ± 0.06 67.7 ± 1.2

258 (221)

34 ± 2

40.2 ± 1.7 (1.0)

Riwi-25

11

77

3.4

0.95 ± 0.05 0.64 ± 0.03 0.04 ± 0.01 1.66 ± 0.06 72.9 ± 1.2

217 (183)

28 ± 2

44.0 ± 1.9 (1.1)

Riwi-26

12

80

1.7

0.87 ± 0.04 0.63 ± 0.03 0.04 ± 0.01 1.56 ± 0.05 66.2 ± 1.3

135 (117)

29 ± 2

Weighted mean = 42.8 ± 1.6

0.58

42.4 ± 1.9 (1.2)

Riwi-27

12

83

3.0

0.90 ± 0.05 0.64 ± 0.03 0.04 ± 0.01 1.61 ± 0.05 68.2 ± 1.5

142 (125)

27 ± 2

42.4 ± 1.9 (1.2)

Riwi-28

12

85.5

4.5

0.94 ± 0.05 0.65 ± 0.03 0.04 ± 0.01 1.65 ± 0.06 71.6 ± 1.8

141 (126)

35 ± 2

43.3 ± 2.0 (1.4)

Riwi-29

12

88

4.8

0.93 ± 0.05 0.65 ± 0.03 0.04 ± 0.01 1.65 ± 0.06 76.8 ± 2.1

130 (113)

37 ± 3

46.5 ± 2.2 (1.6)

Riwi-30

12

91

4.2

0.92 ± 0.05 0.65 ± 0.03 0.04 ± 0.01 1.63 ± 0.06 74.0 ± 1.5

158 (129)

29 ± 2

45.3 ± 2.0 (1.2)

Riwi-31

12

93

0.3

0.89 ± 0.05 0.62 ± 0.03 0.04 ± 0.01 1.57 ± 0.05 76.6 ± 1.6

160 (135)

32 ± 2

48.8 ± 2.2 (1.4)

Riwi-32

12

96

1.9

0.93 ± 0.05 0.63 ± 0.03 0.04 ± 0.01 1.62 ± 0.06 73.3 ± 1.5

156 (135)

24 ± 2

45.2 ± 2.0 (1.2)

Riwi-33

12

99

1.9

0.93 ± 0.05 0.63 ± 0.03 0.03 ± 0.01 1.62 ± 0.06 78.5 ± 1.9

136 (132)

34 ± 3

48.4 ± 2.2 (1.5)

Riwi-34

12

102

2.9

0.90 ± 0.05 0.64 ± 0.03 0.03 ± 0.01 1.60 ± 0.05 69.4 ± 1.9

140 (116)

42 ± 3

43.5 ± 2.1 (1.5)

Riwi-35

12

105

2.4

0.94 ± 0.05 0.63 ± 0.03 0.03 ± 0.01 1.63 ± 0.06 75.8 ± 2.3

117 (110)

29 ± 2

46.4 ± 2.3 (1.7)

Riwi-36

12

108

1.9

0.95 ± 0.05 0.63 ± 0.03 0.03 ± 0.01 1.65 ± 0.06 84.6 ± 1.8

130 (105)

29 ± 2

51.3 ± 2.3 (1.4)

Riwi-37

12

110

3.4

0.94 ± 0.05 0.64 ± 0.03 0.03 ± 0.01 1.64 ± 0.06 80.2 ± 2.3

128 (114)

38 ± 3

48.9 ± 2.4 (1.7)

Weighted mean = 46.7 ± 1.7

0.075

#

Represent the current measured water content of the sediment. A relative uncertainty of ±40% (at 1σ) was assigned to each estimate of water content. A

water content of 5 ± 2% was used for all samples in calculations of dose rate.
$
De values for all samples were obtained using the central age model (CAM), except for Riwi-2 and Riwi-6 where the finite mixture model (FMM) was used.
The De values are those for the two components that represent the highest number of grains and the proportions are indicated in brackets.
*Numbers in brackets represent the number of grains included in the CAM De value after identification and rejection of outlier (nMAD) grains.
&
The OD values are for the De distributions that include all De values, including those identified as outliers. The OD values for the samples where the outliers
were rejected are provided in S1 Table.
^Numbers in brackets represent the random-only error on the age.
doi:10.1371/journal.pone.0160123.t003
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Fig 5. Radial plot of the De distribution for the accepted grains in a (A) mixed (Riwi-6) and a (B)
scattered (Riwi-18) sample. The grey bands in (A) are centred on the weighted mean De determined for
each dose population using the Finite Mixture Model. The grey band in (B) is centred on the weighted mean
De determined using the central age model after the rejection of outliers (shown as open triangles). Radial
plots for all 37 samples are presented in S1 Fig.
doi:10.1371/journal.pone.0160123.g005

and the estimated standard error takes account of any overdispersion (i.e., the greater the overdispersion, the larger the error).
As some grains might have been reworked after deposition, their De values should be
removed before calculating the weighted mean De values. The median absolute deviation is
widely used to screen data for outliers [50, 51]. It is calculated as the median of all absolute
distances from the sample median and attaches equal importance to positive and negative
deviations from the sample median. After converting the De values (in Gy) to natural logarithms [52], we calculated the normalised median absolute deviations (nMADs) using
1.4826 as the appropriate correction factor for a normal distribution, and rejected log De
values with nMADs greater than 1.5 [53]. The outlier De values are shown as open triangles
in each of the radial plots in Fig 5 and S1 Fig, and make up between 3% (Riwi-33) and 23%
(Riwi-8) of the total number of De values in each sample. Ratios of the outlier rejected
CAM De value to the CAM De value with all values included are provided in S3 Table and
range between 0.97 (Riwi-3) and 1.19 (Riwi-5), with an average for all samples of 3 ± 4%. A
consequence of the outlier detection and rejection is that the OD value for each sample is
reduced (S3 Table), and as a result the weighted mean De values are more precise; the standard error on the weighted mean De values for each sample decreases from an average of
2.8 to 2.1%.

3.4 Dose rate determination and results
The total dose rate consists of contributions from beta, gamma and cosmic radiation external
to the grains, plus a small alpha dose rate due to the radioactive decay of U and Th inclusions
inside sand-sized grains of quartz. We have assumed that the measured radionuclide activities
and dose rates have prevailed throughout the period of sample burial. All dose rates were corrected for long-term water contents assuming a moisture content of 5 ± 2% for all samples.
This is consistent with the range of current field values that ranged between 0.3% (Riwi-31)
and 7.9% (Riwi-1) (Table 3), with a median and standard deviation of 2.5 ± 1.5%. In general,
the calculated total dose rate will decrease, and the calculated OSL age will increase, by ~1% for
each 1% increase in water content.
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An internal alpha dose rate of 0.032 ± 0.01 Gy/ka has been assumed for all samples. The
beta dose rates were estimated by low-level beta counting of dried, homogenised and powdered
sediment samples using a GM-25-5 multi-counter system [54] following the procedures
described and tested in Jacobs and Roberts [55]. Allowance was made for the effect of sample
moisture content [56], grain size [57] and hydrofluoric acid etching [58] on beta-dose attenuation. The beta dose rates are provided in Table 3 and range between 0.87 ± 0.04 (Riwi-26) and
1.13 ± 0.06 (Riwi-6).
Gamma dose rates were measured by in situ gamma spectrometry. Counts were collected
for 30 min with a 1-inch NaI(Tl) crystal. The detectors were calibrated using the concrete
blocks at Oxford University [59] and the gamma dose rates were determined using the ‘threshold’ technique [60]. We did not measure the gamma dose rate at each sampling location; the
deposit is only ~ 1 m deep and most samples were collected as a continuous column. Instead,
we obtained measurements at 3 depths down this column (25, 60 and 90 cm below the surface)
and an additional measurement in the sample hole left after collecting sample Riwi-3. The four
results were consistent (0.64 ± 0.03, 0.64 ± 0.03, 0.67 ± 0.03 and 0.65 ± 0.03), so we used the
average (0.65 ± 0.03) as the gamma dose rate estimate for all samples. Small variations (0.62–
0.65 Gy/ka) occurred because we corrected each of the values for the current field water content
at each sample location.
The cosmic-ray contribution was adjusted for the average site altitude (~115 m), geomagnetic latitude (-29.4°), density and thickness of rock and sediment overburden [61]. They range
from 0.05 ± 0.01 to 0.03 ± 0.01 (Table 3) between the top and bottom of the excavated square.
The dose rate results for all samples from Riwi are provided in Table 3. The total dose rates
for all the samples show only a modest amount of variation, ranging between 1.56 ± 0.05
(Riwi-26) and 1.84 ± 0.06 Gy/ka (Riwi-6).

3.5 OSL age estimates
The final ages for all samples are listed in Table 3, together with the supporting De and dose rate
estimates. Uncertainties on the ages are given at 1σ (standard error on the mean) and were derived
by combining, in quadrature, all known and estimated sources of random and systematic error.
We were able to obtain reliable ages for all 37 samples collected from Riwi. The ages range from
~7 ka for samples from SU2 to ~50 ka for samples near the base of the deposit in SU12.

4. 14C and OSL Age Comparisons in a Bayesian Framework
4.1 Construction of Bayesian models
The unusually large number of 14C and OSL age estimates obtained at such high resolution
provides an opportunity to make meaningful comparisons between the techniques. Bayesian
models were built using the OxCal v.4.2 platform (Ramsey 2009a) to reduce the uncertainty of
age estimates for particular events and to allow assessment of the correspondence between ages
obtained using the same and/or different dating methods. In the text, all modelled age ranges
are given at 95.4% probability, unless otherwise stated.
Two separate models were constructed using ages obtained by the two dating methods. All
14
C ages were calibrated against SHCal13 [30] in OxCal v.4.2 [31]. Where two radiocarbon
dates exist on the same sample, the result of the weighted average was calibrated using the function R_Combine. Each OSL age was input as a C_Date in calendar years before 1950 with an
associated 1σ error. OSL ages do not have fully independent uncertainties; many of the errors
are shared among all the OSL ages (i.e., systematic errors). When ages with common systematic
errors are combined, only the random errors (given in brackets in Table 3) should be included,
and so only the random errors were included in the Bayesian model [62].
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For the 14C model, each stratigraphic unit (SU) was modelled as a Phase in which the measured ages are assumed to be unordered and uniformly distributed. In contrast to the radiocarbon dates undertaken on charcoal across the excavated area, the majority of OSL samples were
collected in a continuous column meaning that depth is likely to relate to age. Therefore, each
stratigraphic unit was modelled as a Sequence, assuming that ages from the bottom of the SU
are older than those at the top. A Boundary was placed at the start and end of each Phase or
Sequence. The modelled probability distributions of these Boundaries provide an estimate for
the start and end of a SU. These components were then arranged into a Sequence, assuming
that the lowest context (SU12) is older than those stratigraphically higher. Holocene and Pleistocene models were run separately so that the models converged faster.
For both models, a General t-type Outlier Model [63] was used to assess the likelihood of
each OSL or radiocarbon measurement being consistent. Each date was assigned a prior outlier
probability of 5%. During the modeling process, the posterior outlier probability is calculated
and the date down-weighted accordingly. For example, if the posterior probability is found to
be 5%, the date is included in 95% of the model iterations, but if it is found to be 50% it is
included in only 50% of model iterations.

4.2 The 14C model
The 14C model is shown in Fig 6 and S4 Table. 36 dated charcoal samples were included in the
model, including both the newly obtained (Table 2) and published ages (Table 1). Wk-7607 is
not finite and could not be included in the model. We also omitted one very obvious outlier
from the relatively bioturbated stratigraphic unit SU1 (SANU-38220, square 4, which
decreased the convergence of previous models), and two samples found at the interface
between the two Holocene SUs (SANU-38221 from square 4 and SANU-39505, square 3).
Although not included in the model, these are plotted in Fig 6.
A further six samples were identified as outliers by the model (at more than 80%). Interestingly, all were detrital charcoal pieces found outside hearth features. No charcoal sample collected from a hearth feature was identified as an outlier. It is likely that these outliers suggest
minor movement of charcoal through the sediment. Although the potential for movement of
charcoal through sediments is frequently commented upon, it is rarely observed in contexts
where stratigraphic units and features can be identified. Riwi provides a clear example of this
phenomenon, stressing the importance of sampling from discrete charcoal lenses or hearths.

4.3 The OSL model
The OSL Bayesian modelled sequence is shown in Fig 7 and data provided in S5 Table. 33 OSL
age estimates listed in Table 3 were included in the Pleistocene model. A Holocene model was
not run as only two dates are available. Riwi-2 and Riwi-6 were omitted from the model as they
contained grains from more than one age population (S1 Fig).
The OSL ages are relatively consistent with each other and the stringent stratigraphic priors
applied. The model identified five ages as having more than 10% posterior probability of being
an outlier. However, none of the samples have an outlier probability of more than 18%, samples
are found to be both too old and too young, and the samples were spread throughout the stratigraphy, suggesting that inaccuracies are random and of a small magnitude.

4.4 Comparing the models
The Difference function was used to examine whether the 14C and OSL age estimates produced
consistent age models. This function subtracts one probability distribution function from
another. If zero is included in the 95.4% probability range, the probability distribution
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Fig 6. Bayesian model of the radiocarbon dates from Riwi. Dates have been calibrated against SHCal13 [30]
and modelled in OxCal v.4.2 [31]. Pale probability distributions represent the calibrated, unmodelled date, whilst
dark grey distributions represent the modelled date. The two brackets beneath the distributions represent the
68.2% and 95.4% probability ranges. Prior and posterior outlier probabilities are given in brackets following the
sample name in the form [O: posterior/prior]. A ‘?’ implies the date was not included in the model.
doi:10.1371/journal.pone.0160123.g006

functions are regarded as indistinguishable at 95.4%. It needs to be kept in mind that for OSL
ages to be compared with other independent ages, the systematic errors omitted from individual age uncertainties to run the model, must now be added to the errors on the modelled start
and end dates obtained for each SU.
To estimate the total OSL uncertainty, the mean and standard deviation of each Boundary
within the OSL model was calculated in OxCal. This is reasonable as the probability distributions of the Boundaries within the OSL model approximate a normal distribution (Fig 7). The
average relative systematic error (3.5% of the age estimate), representative for all stratigraphic
units, was then combined with the modeled standard deviation in quadrature providing an
estimate of the total error. The effect of this is illustrated in Fig 8A.
The results of the Difference function are given in Table 4 and Fig 8B. When the systematic
uncertainty of the OSL dates is added to the OSL model Boundaries, the two models are consistent as all Boundaries overlap at 95.4% probability. Uncertainties in the accuracy of the radiocarbon calibration curve around 40 ka [64] are not significant within the typical precision of
the OSL chronology (5000 yrs at 95.4% probability), and it is therefore likely that the agreement suggests both techniques produced accurate dates. As expected, when the systematic
uncertainty is not considered the agreement is not as strong; the Difference between four
Boundaries does not include zero. However, the offsets between the models are not systematic.
At times the radiocarbon model is older than the OSL (Start 11), and at others the radiocarbon
is younger (End 9 –End 8). It should also be noted that no radiocarbon dates were obtained
from SU8 where the strongest deviation occurs.

4.5 The chronology of Riwi
Given the agreement between the 14C and OSL chronologies, the chronology of the deposits at
Riwi can be discussed considering the different types of information provided by each technique. Layer 12 started to form after 50.9–46.0 ka (Boundary Start 12, OSL model). The first
hearth feature was found at or on the top of layer 12. Radiocarbon dates on charcoal from this
feature provide a direct date of human activity. The model suggests that the hearth started to
form at 46.4–44.6 cal kBP (Transition 12 mid/ 12 top, Radiocarbon model), giving the earliest
secure date of human occupation in the cave. Some lithic artefacts were found at a greater
depth, but it is not possible to test whether they are slightly earlier than the hearth feature or if
they were associated with the hearth, e.g. were lying on an uneven surface or pushed to a
greater depth through trampling. However, given the rapid sedimentation at the top of layer 12
as indicated by the OSL dates, the maximum possible age of these is similar to the hearth
feature.
The age estimate for the start of sediment deposition at Riwi (Boundary Start 12, OSL
model) and the first in situ occupation (Transition 12 mid/ 12 top, Radiocarbon model) are
indistinguishable at 95.4% probability (-7340–1230 yrs), and sediment accumulation was
instantaneous within the precision of the models. However, it is likely that there is between
920–5210 yrs (68.2% probability) of archaeologically sterile sediment present prior to the first
arrival of people at Riwi.
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Fig 7. Bayesian model of the OSL dates from Riwi. Only random errors are included. For explanation of
figure interpretation, see Fig 6.
doi:10.1371/journal.pone.0160123.g007
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Fig 8. A comparison of Boundaries generated by the radiocarbon and OSL Bayesian models. (A)
illustrates the Boundaries of the radiocarbon and OSL models, alongside the estimated Boundaries if the
systematic error is included in the OSL model, and (B) the Difference between the Boundaries calculated in
the radiocarbon model and the OSL model with and without the systematic error estimation.
doi:10.1371/journal.pone.0160123.g008

Sedimentation was rapid between SU12 top–SU4, with around 0.5 m of sediment deposited
in 16.8–13.8 cal kyr (68.2% probability; Radiocarbon Transition 12 mid/ 12 top and Radiocarbon End 4). During this period, occupation appears relatively continuous until around 30 cal
kBP, with hearth features (Fig 3A and 3B), lithic artefacts and bone present throughout the
deposit. After this relatively continuous sedimentation, a series of chronological hiatus’ are
present, either due to erosion events, or more likely, a slowing of sedimentation due to the filling of the cave. The hiatus’ occur between c.30–21 cal kBP, between c.21–7 cal kBP and
between c.7–1 cal kBP (Fig 8), and are interspersed with short, discrete pulses in
sedimentation.
Table 4. Difference between Boundaries from the models of the radiocarbon and OSL ages calculated
in OxCal. If zero is included in the probability range the two probability distributions are considered
indistinguishable.
Name

Difference
68.2% probability range

95.4% probability range

from

to

from

to

Difference End 6

-1700

1650

-3370

3310

Difference Start 6

-1480

1450

-2930

2920

Difference End 7

-1160

1900

-2700

3410

Difference Start 7

-1980

1350

-3650

2990

Difference End 8

-3980

-800

-5580

760

Difference Start 8

-3120

-10

-4680

1520

Difference End 9

-3060

0

-4590

1520

Difference Start 9

-3030

130

-4590

1730

Difference End 10

-2400

1250

-4230

2990

Difference Start 10

-1510

2160

-3300

4050

Difference End 11

-250

3310

-2120

5030

Difference Start 11

-30

3340

-1720

5020

Difference End 12

-230

3340

-2000

5140

Radiocarbon—OSL total error

Radiocarbon—OSL random error
Difference End 6

-1240

730

-2160

2380

Difference Start 6

-840

750

-1610

1620

Difference End 7

-500

1280

-1460

2140

Difference Start 7

-1340

760

-2370

1680

Difference End 8

-3110

-1590

-3960

-910

Difference Start 8

-2240

-820

-3040

-150

Difference End 9

-2150

-890

-2810

-270

Difference Start 9

-2170

-820

-2810

0

Difference End 10

-1610

660

-2740

1380

Difference Start 10

-810

1250

-1590

2650

Difference End 11

810

2550

-530

3190

Difference Start 11

1050

2360

310

2960

Difference End 12

770

2410

-130

3220

doi:10.1371/journal.pone.0160123.t004
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Without a sedimentary archive, it is not possible to say whether occupation continued
throughout these hiatus’ at Riwi. Given the earlier hypotheses suggesting that the arid zone was
not occupied during the LGM [15, 26, 27], the pulse in sedimentation dating to the LGM (SU3)
is of particular interest. SU3 is found only in the SE corner of square 3 (Fig 8) where it’s preservation may be related to the presence of mudnest building by mud dauber wasps, which created
a hard capping. In the remaining excavated area, the older Pleistocene sediments (SU7, 6 and
4) are directly in contact with Holocene deposits (SU1 and 2). The preservation of a single
hearth feature dating to the LGM provides a glimpse that people were present during at least
one episode within the major discontinuity, and highlights the old adage that an absence of evidence is not evidence of absence. In this case, without archaeologically sterile sediments dated
to the LGM, it is not possible to say that occupation did not occur.

5. Conclusion
At Riwi, high resolution sampling of sand for OSL and charcoal for radiocarbon dating in the
Late Pleistocene (c.30 – c.50 ka) have enabled Bayesian models for each method to be built and
compared. Agreement between the techniques is excellent, giving confidence that both are
likely to be accurate and have appropriate estimates of precision. Riwi contains ideal samples
for both OSL and radiocarbon. Sediments are rich in clean quartz sand, whilst charcoal, though
poorly preserved, is abundant in hearth features and is not contaminated with young carbon.
Therefore, whilst we have demonstrated agreement between the methods in the best-case scenario, future work comparing the methods in more challenging deposits must continue.
Careful consideration of precision is required when addressing specific archaeological and
palaeoenvironmental questions. Discussions over the earliest colonization of Australia rarely
consider precision of the chronologies, or what precision is required to answer the question
being asked. For example, Allen and O’Connell [65] use the term ‘central tendency(ies)’ nine
times in a review of the age of the earliest colonization, without considering the uncertainties
of several thousand years in each case. At Riwi, we have dated the start of the first occupation
to 46.4–44.6 cal kBP, in accordance with the prevailing view of colonization at or prior to 47–
48 ka. The importance of the age estimate is in its precision; just 1800 cal yrs at 95.4% probability. This is currently the most precisely dated ‘early’ occupation, and able to test the chronology
of the arrival of humans in Australia. As further sequences in Australia and SE Asia are dated
using similar techniques, high resolution sampling and statistical analyses, it will be possible to
compare site chronologies to estimate when people arrived, rates of spread and connections to
palaeoenvironmental changes, and enter these into larger models of early modern human
dispersals.

Supporting Information
S1 Fig. Radial plots of single-grain De values for each of the samples measured from Riwi,
presented in stratigraphic order. The shaded bands are centred on the weighted mean De values determined using CAM or FMM. The De values identified as outliers are shown as open
triangles. The weighted mean De used in final age calculation and the overdispersion values for
each sample are also provided.
(DOCX)
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Appendix C:
Anthracological reference collection: target taxa list
and field notebook

Target taxa list references:
Crawford, I.M. 1982 Traditional Aboriginal Plant Resources in the Kalumburu
Area: Aspects in Ethno-economics. Records of the Western Australian
Museum, Supp. No. 15. Perth: Western Australian Museum
Frawley, S. 2009 Charcoal from Carpenter’s Gap 1: Implications for
Environmental Change in the Last 42, 000 Years. Unpublished Masters
thesis, Department of Natural History and Archaeology, The Australian
National University, Canberra.
Latz, P.K. 1995 Bushfires and bushtucker: Aboriginal plant use in Central
Australia. Alice Springs: IAD Press.
Wheeler, J.R. (ed.), 1992 Flora of the Kimberley Region. Como: Department of
Conservation and Land Management.
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TARGET TAXA REFERENCE CARDS
APOCYNACEAE
Wrightia saligna
BIGNONIACEAE
Dolichandrone heterophylla
BIXACEAE
Cochlospermum fraseri
BORAGINACEAE
Ehretia saligna
CANNABACEAE
Celtis philippensis
Trema tomentosa
CAPPARACEAE
Capparis umbonata
COMBRETACEAE
Terminalia arostrata
Terminalia canescens
Terminalia carpentariae
Terminalia platyphylla
Terminalia platyptera
Terminalia oblongata (subsp. volucris)
EBENACEAE
Diospyros maritima
FABACEAE
Acacia ancistrocarpa
Acacia colei var. colei
Acacia hemignosta
Acacia holosericea
Acacia monticola
Acacia platycarpa
Acacia tumida var. tumida
Bauhinia cunninghamii
Vachellia suberosa
Vachellia farnesiana
HERNANDIACEAE
Gyrocarpus americanus
LAMIACEAE
Clerodendrum tomentosum
Premna acuminata
Vitex glabrata
LECYTHIDACEAE
Barringtonia acutangula
Planchonia careya
LOGANIACEAE
Strychnos lucida
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Adansonia gregorii
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Corymbia grandifolia
Corymbia greeniana
Corymbia polycarpa
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Eucalyptus camaldulensis
Eucalyptus microtheca
Eucalyptus miniata
Eucalyptus tectifica
Eucalyptus tetrodonta
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PHYLLANTHACEAE
Bridelia tomentosa
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PROTEACEAE
Grevillea heliosperma
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Grevillea striata
Grevillea wickhamii
Hakea arborescens
RHAMNACEAE
Ventilago viminalis
RUTACEAE
Harrisonia brownii
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Atalaya hemiglauca
Atalaya variifolia
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Rose Whitau 2013

1

Reference card number: APOwr01
Family: APOCYNACEAE

Species: Wrightia saligna

Common names: Milkwood; Milk-bush; Yellow Wax Flower
Description: Spindly tree or shrub, 1-5 m high. Fl. yellow-cream, Nov to Dec or Jan to Feb or Apr.
Stem Occasionally grows into a small tree but usually flowers and fruits as a shrub about 2-3 m tall.
Leaves Twigs and petioles produce a milky exudate. Leaves many times longer than wide, about 7-12
x 0.4-1.5 cm, petioles about 0.1-0.3 cm long. Lateral veins about 12-18 on each side of the midrib.
Twigs slender, usually reddish brown. Stipules very small and inconspicuous, visible only with a
lens. Flowers Inflorescence shorter than the leaves. Flowers about 12-16 mm diam. Calyx lobes about
1.5 mm long, minutely puberulent on the outer surface. Calyx with ten yellow or orange scale-like
glands on the inner surface, each gland about half as long as the calyx lobes. Corolla tube 2-3.5 mm
long, lobes subovate, obtuse to ovate, 4-7 mm long. Corona yellow, about 2.5 mm long, forming a
crenulate cup around the stamens. Anthers about 4 mm long, fused to form a cone around the style.
Tips and backs of the anthers clothed in pale bristle-like hairs. Pollen white or translucent. Ovaries
glabrous, about 1.5 mm long, connected to one another only at the apex by means of the style. Style
about 2 mm long. Style wider than the stigma, the junction marked by a ring of hairs. Fruit Follicles
10-20 cm long. Seeds about 10-15 mm long with a tuft of white silky hairs about 20-35 mm long at one
end. Embryo about 13-15 mm long. Cotyledons rolled lengthwise, like a cigar. Endosperm scanty or
absent at maturity. Plants often make suckers many metres from the parent tree.
Habitat: Red or grey sand, sandstone & basalt soils. Rocky habitats. Occurs, often in vine thickets in
sand, sandstone or basalt soils, from Mt Trafalgar and Wyndham southwards: WGa, EGa, Fi, Da.
Extends south to islands of the Dampier Archipelago. Also occurs in NT and QLD.
Aboriginal Uses:
References: Wheeler, 1992: 706

2

3

Reference card number: BIGdo01
Family: BIGNONIACEAE

Species: Dolichandrone heterophylla

Common names: Lemonwood; Lawa
Description: Tree or shrub (rarely), 2-9(-12) m high. Fl. white, Feb to Jul. Tree to 9 m high, rarely a
shrub, with grey rough bark, with more or less pendulous branches. Leaves often crowded, axis
glabrous or minutely and sparsely puberulous; leaflets (1)3-11, subsessile, narrowly elliptic to elliptic,
(20)40-150 x 6-55 mm, coriaceous, glabrous, entire, subacute. Flowers fragrant; pedicel 20-45 mm long.
Calyx ovate, 15-25 mm long, long-acuminate. Corolla white, 40-70 mm long; tube 30-50 mm long;
lobes broadly elliptic, 10-25 mm long, undualte and crisped, obtuse. Capsule pendulous, narrowly
linear in outline, 170-500 x 9-15 mm, compressed, glabrous. Seeds transversly oblong, 25-30 mm wide
including the wings. A variable species in the size and number of leaflets. Some specimens from the
Edgar Range are shrubby and have particularly small leaflets.
Habitat: Red sandy soils. Lateritic screes, sand dunes, plains. Fairly widespread from Mitchell Plateau
and Cape Bougainville southwards, particularly south of the Dampier Peninsula and Lake Argyle:
Wga, Cga, Fi, Da, Ha. Extends south almost to the Hamersley Range. Also occurs in NT and QLD.
Aboriginal Uses: Treating sores and ear infections.
References: Wheeler, 1992: 858

4

5

Reference card number: BIXco01
Family: BIXACEAE

Species: Cochlospermum fraseri

Common names: Kapok Bush, Cotton tree
Description: Deciduous shrub or tree, 1-6 m high. Fl. yellow, Mar to Aug. This tree can grow up to
6m and branches out. The bark is smooth and grey, leaves are light green and it has big yellow
flowers. The seed is the shape of a kidney and on the inside you will find long cotton-like hairs. A
very variable species. Most collections are of subsp. Heteronemum. A variant with glabrous branchlets
and leaves, which occurs from the Napier Range south of the Fitzroy River ans aldo on the Dampier
Peninsula, approaches subsp. Fraseri, but differs in its narrowly ovate bracts 2-3.5 mm long. Another
variant from Mitchell Plateau and Kalumburu has glabrous, quite deeply lobed leaves and distinctly
sericeous sepals.
Habitat: Variety of habitats. Occurs in a variety of habitats from Kalumburu southwards to south of
the Fitzroy River and east to Lake Argyle: Wga, Cga, Ega, Fi, Da, Ha. Also occurs in NT.
Aboriginal Uses: The cottony hairs of the fruit are used for decoration, and the bark used for rope.
For some Kimberley Aboriginal people the Yellow Kapok is a calendar plant and indicates, when
flowering, that freshwater crocodiles are laying their eggs and can be collected.
References: Frawley, 2010; Wheeler, 1992: 241

6

7

Reference card number: BOReh01
Family: BORAGINACEAE

Species: Ehretia saligna

Common names: False Cedar; Peach Bush; Native Willow; Peachwood; Coonta
Description: Weeping tree or shrub, 1-6 m high. Fl. white-cream/green, Mar to May or Aug to Nov.
Stem: Occasionally grows into a small tree but usually flowers and fruits as a shrub. Leaves: Leaves
+/- linear-lanceolate, about 10-25 x 0.6-2 cm. Young twigs and petioles puberulent. Flowers: Calyx
lobes erect at anthesis, about 1.5-2 mm long. Corolla overall about 3.5-6.5 mm long. Fruit: Fruits
globular, about 4-5 mm diam.
The flowers are very variable in the lengths of the corolla, stamens and style. Some specimens have
the stamens prominently exserted and the style very short and included, others have the style much
more prominently exserted than the stamens or both style and anthers prominently exserted.
Habitat: Alluvium, sandy & clayey soils. Coastal dunes, along drainage lines, rock outcrops,
claypans. Recorded from a variety of habitats, inclusing rock outcrops and claypans, sometimes with
pindan vegetation. Extends from Bonaparte Archipelago south west to Broome and from Wyndham
south to Flora Valley Station: Wga, Ega, Da. Also occurs in NT and QLD. Altitudinal range in
northern Australia from near sea level to about 200 m. Usually grows in open eucalypt forest but
sometimes found in vine thickets.
Aboriginal Uses: This plant used medicinally by Aborigines, decoction of wood drunk for aches and
pains. Cribb (1981).
References: Wheeler, 1992: 768
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Reference card number: CANce01
Family: CANNABACEAE

Species: Celtis philippensis

Common names:
Description: Shrub or tree, to 15 m tall. Adult leaves elliptic to suborbicular, acuminate, mostly entire,
rounded at base, sometimes oblique; lamina 4–18 cm long, markedly 3-nerved, glabrous to slightly
scabrous above, glabrous to sparsely puberulous below; petiole 2–14 mm long; stipules ovate, 6–10
mm long, peltate. Inflorescence a many-flowered panicle, either male or male and bisexual. Flowers 5partite. Male flowers: perianth lobes ovate-elliptic, 1.5–2 mm long; stamens 1.5–2.5 mm long; anthers
subreniform. Bisexual flowers: perianth lobes ovate-elliptic, 2–2.5 mm long; stamens 1.5–3 mm long;
ovary ovoid-cylindrical, 2–2.5 mm long; stigmatic arms 1–1.5 mm long, bilobed or bifid. Drupe ovoid,
7–15 mm long, orange or red; pedicel 0.3–1.5 cm long.
Celtis philippensis has flat cotyledons. The species is markedly xerophytic in drier habitats. In W.A.
and adjacent N.T. the leaves are the smallest, apiculate, with more-persistent indumentum and often
with toothed margins. In Australia the trees do not reach the sizes reported by E.Soepadmo in Fl.
Males. ser. 1, 8: 62 (1977).
Habitat: Widespread, occurring on a variety of soils, frequently in vine thicket or closed forest,
extending from the Bougainville Peninsula and Cape Londonderry south to near Broome, Geikie
Gorge and south of Halls Creek, also from islands of the Buccaneer and Bonaparte Archipelagos:
WGa, CGa, EGa, Fi, Da, Ha. Occurs in NT and QLD. A widespread tropical species extending from
Africa to south east Asia and Australia.
Aboriginal Uses:
References: Wheeler, 1992: 75
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Reference card number: CANtr01
Family: CANNABACEAE

Species: Trema tomentosa

Common names: Poison Peach, Peachleaf Poison bush
Description: Monoecious, small tree or shrub, (0.5-)1-5 m high, fruits black. Fl. green/white, Oct to
Dec or Jan to Apr. Shrub or small tree, evergreen, young branches pubescent. Leaves ovate to
lanceolate, mostly 2–8 cm long, 10–30 mm wide, light green, scabrous, strongly 3-veined from base,
main veins usually hairy below; petiole 5–10 mm long. Leaf blades about 5-18 x 1.8-6.7 cm. Leaf blade
upper and lower surfaces clothed in hairs which are mainly erect and somewhat twisted and not
obviously prostrate. Upper surface somewhat scabrous. Flowers Inflorescences rather compact and
generally not exceeding the petioles. Flowers about 2.5-3 mm diam. Peduncles short, not at all
obvious. Fruit Infructescences compact, not exceeding the petioles. Peduncles difficult to distinguish.
Fruit ovoid, about 3-3.5 x 2.5-3 mm, perianth lobes persistent at the base. Stone about 2-2.5 x 2 mm,
embryo U-shaped. Drupe globose, to 4 mm diam., shiny black; ripe Feb.–May. Recorded as being
toxic to stock, but it is not usually eaten except under dry conditions.
Habitat: Skeletal soils over sandstone, laterite. Vine thickets, forests, tussock grasslands or near
coastal. Occurs in a varied habitats from vine thickets or forest to tussock grassland, sometimes nearcoastal, extending from Vansittart Bay, Port Warrender and the Ord River south to near Derby and
bungle Bungle National Park: WGa, CGa, EGa, Fi, Da, Ha. Recorded for NT, QLD and NSW. Also
occurs in tropical Africa, India, south east Asia and Pacific Islands.
Aboriginal Uses:
References: Latz, 1995: 306; Wheeler, 1992: 76
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Last image is Trema tomentose var. aspera
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Reference card number: CAPca01
Family: CAPPARACEAE

Species: Capparis umbonata

Common names: Wild Orange
Description: Tree or shrub, 1-10 m high. Fl. white-cream-yellow, Jan to Mar or May to Jun or Sep.
A shrub or small slender tree about 3.5 m high with rough dark bark and weeping foliage. The white
flowers are attractive and fragile, and the fruits, hanging down on long stalks, turn yellow or reddish
at maturity. Fruit most often ripen in February. It is a somewhat fire tolerant species.
Habitat: Alluvium, loam clay, pindan sand. Sandstone ridges, floodplains. Occurring only north of
latitude 23˚30’S, northern wild orange is found in a variety of habitats but is most common on river
flats.
Occurs from Cape Bougainville, Sir Graham Moore Island and Kununurra southwards to Nita Downs
Station and Halls Creek: Wga, Cga, Ega, Fi, Da, Ha. Extends south of the region to the Hammersley
Range and inland to the Southesk Tablelands. Also occurs in NT and QLD.
Aboriginal Uses: Aboriginal people generally consider the fruit of this species to be better than those
of other wild oranges. The green fruit is often ripened in hot sand. A decoction from this plant is used
as a medicinal wash in other parts of Australia.
References: Latz, 1995: 142, 318, 343, 346, 353, 357, 359, 373, 376; Wheeler, 1992: 259

14

15

Reference card number: COMte01
Family: COMBRETACEAE

Species: Terminalia arostrata

Common names: Crocodile Tree
Description: Deciduous or semi-deciduous tree, 4.5-12 m high. Fl. white & orange & red, Jul or Oct to
Nov. Tree to 12 m, deciduous. Branchlets pendulous, pubescent, glabrescent. Leaves sometimes
crowded, obovate, obtuse or retuse, markedly attenuate at base, concolorous, subglabrous; domatia
small, irregularly distributed; lamina 3–10 cm, rarely 13 cm long, usually 1.5–3.5 cm wide, 1.2–4 times
as long as wide; petiole c. 10–60 mm long. Spike open, about as long as leaves. Flowers 5 mm diam.,
bisexual and male flowers 3–8 mm long. Calyx glabrous outside, sparsely villous inside; lobes deltoid,
2–3 mm long and wide. Staminal filaments c. 3 mm long. Disc villous. Style glabrous. Mature fruit
globular, almost or quite beakless, 1.5–2.5 cm diam., succulent, smooth, dark purple or black;
immature fruit beaked, often with 2–7 longitudinal ridges.
Habitat: Heavy soils, alluvium. Seasonal swamps, basaltic plains. Occurs from the eastern Kimberley,
W.A., to north-western Qld. Often in pure stands in heavy soil or in lighter soil on levees. Occurs,
often in savannah woodland, sometimes on the fringes of watercourses, in eastern parts of the region
from near Kununurra south to Gordon Downs Station: EGa, Ha. Also occurs in NT and QLD.
Aboriginal Uses: The kernel of the fruit is edible. The tree is a moderately nutritive and palatable
fodder.
References: Frawley, 2010; Wheeler, 1992: 553
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Reference card number: COMte02
Family: COMBRETACEAE

Species: Terminalia canescens

Common names: Joolal
Description: More or less deciduous shrub or tree, 1-10 m high. Fl. cream-white/white-green, Jan to
Jul or Sep or Dec. Tree to 10 m, ±deciduous. Branchlets appressed pubescent. Leaves variable,
lanceolate, elliptic or obovate, obtuse or acute, contracted into petiole, concolorous, appressed
pubescent to densely sericeous, often glabrescent; domatia small, inconspicuous; lamina 2.5–6 cm,
rarely 8.5 cm long, 0.5–2.5 cm wide; petiole 2–10 mm, rarely 15 mm long. Spike dense, usually longer
than leaves. Flowers c. 4 mm diam., bisexual flowers 5–7 mm long, male flowers 3–4 mm long. Calyx
pilose outside; lobes triangular, 1–2 mm long, 2 mm wide. Staminal filaments 3–4 mm long, glabrous.
Disc villous. Style villous or a few fine hairs at base. Fruit a nut, 2–3 cm long, 1–1.8 cm wide,
including the wing, often misshapen with horns and tubercles, pubescent. The plant known as
Terminalia bursarina which is usually found along stream lines is inseparable from T. canescens
except that its fruit have irregular ridges, horns or tubercles. These 'fruit' are abnormal and are the
result of galling of flowers by some organism. Normal and abnormal fruit can be found on the same
plant. The apparent association of 'T. bursarina ' with stream beds may be the association of the
galling organism rather than the plant'
Habitat: Stony soils, red sand, sandstone, laterite. Variety of habitats. Often in rocky situations
especially in dry stream beds. Occurs throughout the region in a variety of habitats, often in
woodland or shrubland, sometimes associated with watercourses: WGa, CGa, EGa, Fi, Da, Ha.
Extends south of the region through the Pilbara. Also occurs in NT and QLD.
Aboriginal Uses:
References: Frawley, 2010; Paddy et al., 19xx: 30; Wheeler, 1992: 554
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Reference card number: COMte03
Family: COMBRETACEAE

Species: Terminalia carpentariae

Common names: Wild Peach
Description: Spreading shrub or tree, to 10 m high, bark mottled yellow, grey, orange, slightly
fissured. Fl. cream, Oct to Nov. NOTE: hadleyana subspecies carpentariae is now its own species,
following is a description of hadleyana: Tree to 15 m, deciduous. Branchlets tomentose. Leaves ovate,
oblong, obovate or orbicular, obtuse, rarely acuminate, truncate or attenuate at base, concolorous,
tomentose, less dense when old; domatia present; lamina 6–13 cm, rarely to 17 cm long, 3.5–10 cm
wide, 1.1–2.2 times as long as wide; petiole 10–40 mm long. Spike dense or open, usually shorter than
leaves. Flowers 3–5 mm long, 3–5 mm diam. Calyx densely tomentose or glabrous outside, glabrous
or with a few hairs inside; lobes triangular, c. 1.5 mm long and wide. Staminal filaments 2–3 mm long.
Disc villous. Style glabrous. Mature fruit ovoid, with or without obscure angles and short beak, 1.5–
2.5 cm long, 0.8–1.6 cm diam., succulent, glabrous, puberulous or tomentose, yellow-green; immature
fruit prominently longitudinally ridged, beaked. NOTE: carpentariae: Calyx hairy outside, fruit
hairy, Occurs throughout range of hadleyana.
Habitat: Grey sandy clay, brown clay, skeletal alluvial soils, sandstone, limestone. Slopes behind
beach, dry creek beds, flats between creek and cliffs, flood plains, scree slopes. Occurs, usually on
sandstone and often in shrubland or woodland, from Mitchell Plateau, Kalumburu and Kununurra
south to Roebuck Bay and the King Leopold Range: WGa, CGa, EGa, Fi, Da. Also occurs in NT and
QLD.
Aboriginal Uses:
References: Wheeler, 1992: 556
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Reference card number: COMte04
Family: COMBRETACEAE

Species: Terminalia platyphylla

Common names: Wild Plum
Description: Deciduous or semi-deciduous tree, 5-10 m high. Fl. cream-white, Jan or Mar to May or
Oct. Stem: Dead bark layered. Leaves: Leaf blades about 7-22 x 5-14 cm. Oil dots visible with a lens.
Two glands on the upper part of the petiole. Both the upper and lower surfaces of the leaf blade
clothed in tortuous hairs. Terminal buds densely clothed in pale silky hairs. Flowers: Inflorescence
shorter than the leaves, bracts triangular, about 1 mm long, caducous. Perianth tube pubescent
outside, lobes deltoid, about 1.5 x 1.5 mm, glabrous or sparsely villous inside. Staminal filaments
about 4 mm long. Disk villous. Style villous. Fruit: Mature fruits glabrescent, oblong to broadly
spindle-shaped with a distinct beak of varying length, about 20-40 x 7-15 mm overall, including the
beak. Seed about 13 x 3 mm, cotyledons convolute.
Habitat: Sandy soils. Along creeks. Widespread, often in sandy soils associated with creeks, from
Mitchell Plateau and Wyndham southwards: WGa, CGa, EGa, Fi, Da, Ha. Extends south to Wolf
Creek and Billiluna Station. Also occurs in NT and QLD.
Aboriginal Uses:
References: Frawley, 2010; Wheeler, 1992: 557
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Reference card number: COMte05
Family: COMBRETACEAE

Species: Terminalia platyptera

Common names:
Description: Deciduous tree, 5-15 m high. Fl. Oct. Tree to 15 m, deciduous. Branchlets pubescent.
Leaves rectangular or obovate, obtuse or occasionally retuse, cuneate at base, discolorous, pubescent,
upper surface glabrescent; domatia absent; lamina 4–8.5 cm long, 2–5 cm wide; petiole 10–15 mm
long, rarely to 25 mm. Spike open or dense, longer than leaves. Flowers 3–8 mm long, c. 5 mm diam.
Calyx pubescent outside; lobes triangular, 2 mm long, 1.5 mm wide. Staminal filaments 2–4 mm long.
Disc villous. Style villous. Fruit a 2-winged nut, pubescent particularly on body; body 1.5–3 cm long;
wings 4–12 cm wide, with striate venation.
Habitat: Sandy soils. Often growing in deep soil in areas with little topographic relief. Occurs in a
variety of habitats in the eastern part of the region from Wyndham to south of Lake Argyle, with a
possible record from near Tunnel Creek: EGa, Da, Ha. Also occurs in NT and QLD.
Aboriginal Uses:
References: Frawley, 2010; Wheeler, 1992: 559
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Reference card number: COMte06
Family: COMBRETACEAE

Species: Terminalia oblongata (subsp.
volucris)

Common names: Rosewood; Yellow wood
Description: Deciduous, dense shrub or tree, to 20 m high, bark grey with a cream blaze, tessellated.
Fl. yellow/cream/white, Jun or Aug or Oct or Dec. Stem: Dead bark layered. Leaves: Leaf blades
about 3-10 x 2.5-6.5 cm. Oil dots visible with a lens. Terminal buds clothed in white silky prostrate
hairs. Midrib flush with or slightly depressed on the upper surface. Glands usually present on the
underside of the leaf blade at major forks on the lateral veins. Flowers: Inflorescence exceeding the
leaves, bracts narrowly triangular, about 1 mm long, caducous. Perianth tube pubescent, lobes
triangular, about 1.5 x 1.5 mm, pilose outside, sparsely villous inside. Staminal filaments glabrous,
about 2-3 mm long. Disk villous. Style villous in the lower part, glabrous in the upper part. Fruit:
Mature fruits glabrous, 2-winged, body about 10-20 mm long, flattened on one side with a
longitudinal wing on the other. Wings broadly elliptical to rectangular, continuous above or below
the body or both. Wings about 20-70 x 20-30 mm. Seed about 10-12 x 3-5 mm, cotyledons convolute.
Closely related to T. platyptera. There are two subspecies, but collections from the region all belong
to subsp. Volucris. Subsp. Oblongata, which is endemic to eastern QLD, has narrower leaves, a more
or less glabrous calyx and a thinner membranous wing to the fruit.
Habitat: White-pink sand, brown-red skeletal soils, cracking clay, grey sand over sandstone, basalt.
Scattered in a variety of habitats, often in woodland or vine thickets, from Kalumburu and near
Wyndham south to the Dampier Peninsula, Kimberley Downs Station and Bungle Bungle National
Park: CGa, EGa, Fi, Da, Ha. Also occurs in NT and QLD.
Aboriginal Uses:
References: Wheeler, 1992: 557

24

Reference card number: EBEdi01
Family: EBENACEAE

Species: Diospyros maritima

Common names: Ebony; Broad Leaved Ebony
Description: Shrub or tree, 2-15 m high. Fl. cream-yellow, Feb to Mar. Stem: Dead bark almost black,
blaze darkens markedly on exposure. Leaves: Two large flat glands visible on the underside of the
leaf blade near its junction with the petiole. Similar but smaller glands sometimes present elsewhere
on the underside. Leaf blades about 10-20 x 5-8 cm. Midrib grooved or depressed on the upper
surface. Lateral veins curving but forming only indistinct loops inside the blade margin. Flowers:
Male flowers: Flowers about 8-13 mm diam. Outer surface of the calyx and corolla densely clothed in
pale prostrate hairs. Calyx tube about 5 x 3 mm, lobes about 5 mm long, apices obtuse. Corolla tube
about 8 mm long, lobes about 5-7 mm long. Anthers about 3 x 0.4 mm, filaments about 1.5 mm long.
Stamens about 16-22, fused in pairs in two whorls. Female flower features not available. Fruit: Fruits
seated on a truncate or obscurely 4-lobed sericeous persistent calyx. Fruits glabrous, depressed
globular, about 25-30 mm diam. Seedlings: Cotyledons cordate to ovate, about 25 x 15 mm. At the
tenth leaf stage: leaves narrowly elliptic, much paler on the underside, midrib depressed on the upper
surface; terminal bud clothed in dark brown hairs.
Habitat: Variety of soils. Occurs in WA, NT, CYP and NEQ. Altitudinal range from near sea level to
about 30 m. Grows in monsoon forest but is particularly common in beach and similar forests close to
sea level. Also occurs in New Guinea. Occurs in vine thickets, closed forest and woodland on a
variety of soils from Napier Broome Bay south to the Dampier Peninsula and Napier Range, also on
islands of Bonaparte and Buccaneer Archipelagos: WGa, CGa, Fi, Da. Also occurs in QLD and
Indonesia.
Aboriginal Uses:
References: Wheeler, 1992: 273
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Reference card number: FABac01
Family: FABACEAE

Species: Acacia ancistrocarpa

Common names: Fitzroy Wattle; ilarr, irrarr (Alyawarr); pirraru, wartarurru (Warlpiri)
Description: Spreading shrub or tree (occasionally), (0.6-)1-3(-5) m high. Fl. yellow, Mar to Aug
(Florabase).
Shrub to 3 m high, rarely a small tree, with pale grey smooth bark; branchlets terete to slightly
angular, glabrous. Stipules triangular, ca 0.5 mm long, inconspicuous. Pulvinus 1-3 mm long.
Phyllodes alternate, very narrowly oblong-elliptic to linear, 60-145 x 4-11 mm, flat, symmetric, slightly
curved, glabrous, longitudinally veined with the midrib most prominent, apex a blunt callus.
Inflorescence: peduncles 1-4 per axil, 3-15 mm long, glabrous; heads yellow, cylindric, 18-40 x 4-9
mm, axis glabrous. Calyx very shallowly cup shaped, 0.3-0.5 mm long, broad, very shallowly lobed,
glabrous. Corolla 1.5-2 mm long, glabrous, smooth. Pod narrowly oblong, 60-110 x 6-10 mm, straight,
very slightly raised over and constricted between seeds, woody, glabrous, viscid when young,
obliquely striate, margins thickened. Seeds oblique in pod, 7-8 x ca 4 mm, with a hat-like aril
(Wheeler).
A rigid shrub to 2.5 m high with shiny leaves, cylindrical flower spikes and borad pods which
become incurved when dry. It usually reshoots from the base after fire. The seeds, produced in late
spring, are forcibly ejected from the pods when dry (Latz, 1995: 87).
Habitat: Often on red sandy soils. Along creeks, pindan or stony plains (Florabase).
Spinifex sandplains and sandhills, spinifex hills. Occurs, often on red sand in pindan vegetation or
shrubland, from Derby and Nicholson Station southwards, but also recorded for Pentecost Downs
Station and Pentecost Range: Fi, Da, Ha. Extends south as far as Minilya River and into the Gibson
Desert. Also occurs in NT and QLD (Wheeler).
It occurs with spinifex, but it is usually situated in the better-watered portions. (Latz, 1995: 87)
Aboriginal Uses: Walpiri people are reputed to eat the seed. If so, they probably collect them from
around ants’ nests. The leaves are also used to ‘smoke’ babies for diarrhoea (Latz, 1995).
References: Latz, 1995: 87, 312, 339, 344, 355, 377-378; Wheeler, 1992: 293
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Reference card number: FABac02
Family: FABACEAE

Species: Acacia colei var. colei

Common names: Dogwood; awenth, ntyerrm (seeds) (Alyawarr); akerlperr, awenth, ntyerrm (seeds)
(Anmatyerr); awenthe (Eastern Arrernte); pangkwene (Western Arrernte); kunapuka, irrkili,
pangkuna, yirrkili (Pintupi); kunapuka, mulupuka (Pitjantjatjara); kurnarnturu, pangkuna,
wakirlpirri (Warlpiri)
Description: Erect, spreading shrub or tree, 1.5-7(-9) m high. Fl. yellow, May to Sep (Florabase).
A small shrubby tree 3-6 m high with pale corky bark and long greyish-green leaves. The flowers are
pale yellow and the long twisted pods are constricted between each seed. When green, the pods are
difficult to distinguish against the background of the leaves. The seeds are comparatively large,
somewhat hard coated, black, with a large, bright orange aril. A fire tolerant tree, dogwood can
produce a good crop of seed less than a year after being burnt, given favourable seasonal conditions.
Fire does not appear to stimulate seedling establishment as it does the smaller, short-lived acacias
sharing the same habitat (Latz).
Habitat: Frequently along stony or sandy drainage lines, sandplains & stony ridges.
Mostly found on spinifex sandplains but sometimes extends into other habitats. Usually growing
with feather-top spinifex, it is often the dominant tree.
Aboriginal Uses: The regular production of seed by this drought-tolerant tree makes it an important
plant to the Aboriginal people of Central Australia. When the pods are fully formed but still green,
large numbers are collected and lightly roasted, usually on a burning spinifex tussock. This roasting
dries up the bitter juices in the pod, making them easy to open and giving the seeds a pleasant
smoked flavour. Hardened seeds are collected from the pods or picked up off the ground, soaked
until the arils are swollen and then mashed by hand with water to form a kind of milk, which is
drunk. Mature seed may also be roasted and ground into an edible paste, though rarely, as the coat is
very hard and thick. The timber of dogwood is especially favoured for boomerangs, while spears can
be made from the roots. Young dry twigs may be burnt to produce for pituri, and burnt bark is useful
for decorative purposes.
References: Latz, 1995: 9, 52, 93-4, 210, 308, 312, 340, 344, 354, 356-8, 360, 363-5, 367, 369, 374, 376-7,
379

29

30

Reference card number: FABac03
Family: FABACEAE

Species: Acacia hemignosta

Common names: Clubleaf wattle; luwiluwilta (Warlpiri)
Description: Tree or shrub, 1-7 m high, bark corky or fissured. Fl. yellow, Jun to Oct.
A small tree about 5 m high with pale, rough bark and rather long, wide, dull-green leaves. The
flower spikes are globular and produce flat rather papery pods which are swollen over the seeds.
Tree to 7 m high, less often a shrub 1.5-4 m high, glabrous, with brown to grey corky or fissured bark;
branchlets angular, ribbed. Stipules inconspicuous and caducous or absent. Pulvinus 0.5-3 mm long.
Phyllodes alternate, narrowly oblong-ovate, 55-115 x 5-15(30) mm, flat, more or less symmetric,
usually more or less straight, coriaceous, glabrous, often glaucous, with 3 scarcely conspicuous
longitudinal veins, obtuse. Inflorescence: of axillary or terminal racemes of heads; peduncles 1 or 2
per axil, 3-10 mm long; heads yellow, globular, 3.5-5 mm across. Sepals more or less free, linear to
very narrowly spathulate, 0.5-0.7 mm long, glabrous or minutely ciliolate. Corolla of almost free
petals, 1-1.5 mm long, glabrous. Pod narrowly oblong, 65-80 x 5-12 mm, straight, very slightly raised
over but not constricted between seeds, chartaceous, glabrous, margins thickened. Seeds transverse in
pod, more or less circular in outline, 5-6 mm across, exarillate.
Habitat: Variety of soils. Often in limestone areas, fire tolerant. Occurs on a variety of soils, scattered
through much of the region from Admiralty Gulf southwards: Wga, Cga, Ega, Fi, Da, Ha. Extends just
south of the region to Wolf Creek Crater. Also occurs in NT and QLD.
Aboriginal Uses: The seeds are eaten by Warlpiri.
References: Latz, 1995: 101, 312, 344, 353, 374-5; Wheeler, 1992: 307
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Reference card number: FABac04
Family: FABACEAE

Species: Acacia holosericea

Common names: Candelbra Wattle
Description: Often slender shrub or tree, 1.5-6(-8) m high. Fl. yellow, May to Aug.
Shrub or tree to 5 m high, usually silvery, with grey smooth to finely fissured bark; branchlets very
angular, sericeous. Stipules triangular, 1.5-3 mm long, sericeous. Pulvinus 4-8 mm long. Phyllodes
alternate, erect, elliptic to narrowly elliptic, 105-190 x 12-60 mm, flat, sometimes slightly asymmetric,
more or less straight or more rarely slightly curved, usually sericeous, rarely glabrescent or glabrous,
with 3 prominent pale longitudinal ribs which coalesce into the abaxial margin, marginal ribs
prominent, apex obtuse or acute with a blunt glandular callus. Inflorescence: peduncles usually 2 per
axil, 3-5 mm long, sericeous; heads yellow, cylindric, 40-75 x 4-7 mm, axis glabrous or almost so.
Calyx cup shaped, 0.4-0.7 mm long, shallowly lobed, sericeous to villous outside, rarely glabrous. Pod
linear in outline but usually coiled, 30-120 x 2.5-4 mm, raised over and constricted between seeds,
glabrescent, margins paler and thickened. Seeds longitudinal in pod, elliptic to ovate-elliptic in
outline, 3.5-4 x 2-2.5 mm, with a hat-like aril.
A variable species, related to, and sometimes misidentified as, A. pellita but the latter has more or less
terete branchlets, an indumentum of erect hairs, prominent basal glands on the phyllodes, a hairy
spike axis and densely hairy pods. Differs from A. cowleana in its broader straighter phyllodes,
however some collections with narrower slightly curved phyllodes approach A. cowleana. A few
collections have glabrous or almost glabrous flowers and in this respect approach A. cowleana and A.
tropica. A variant of A. holosericea, with unusually long bracteoles, may be worthy of regonition at the
infra-specific level.
Habitat: Variety of soils. Often along creeks & rivers. Widespread in a variety of habitats throughout
the region: Wga, Cga, Ega, Fi, Da, Ha. Extends south to the Hammersley Range and Great Sandy
Desert. Also occurs in NT and QLD.
Aboriginal Uses: Seeds eaten.
References: Frawley, 2010; Wheeler, 1992: 309; Latz, 1995 see A. colei
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Reference card number: FABac05
Family: FABACEAE

Species: Acacia monticola

Common names: Turpentine; gawar; awernng (Alyawarr); errnyengerrny (Anmatyerr); kawuwarrpa
(Pintupi); matatu, murlurrpa, marlarntarrpa (Warlpiri).
Description: Viscid shrub or tree, (0.6-)1-5(-7) m high, bark reddish brown 'minni-ritchi'. Fl. yellow,
Apr to Aug.
A shrub similar in appearance to Acacia lysiphloia but differing because of its globular flower spikes
and broader greyish-green leaves.
Habitat: Red sand, ironstone or lateritic soils, sandstone. Pindan plains, stony plains, low rocky
ridges.
Common on sand, sandstone or laterite in pindan vegetation or savannah woodland from the
Dampier Peninsula and south of Lake Argyle southwards: Fi, Da, Ha. Extends to the Pilbara and
Great Sandy and Gibson Deserts as far south as the Rawlinson Range. Also occurs in Nt and QLD.
It is restricted to hillslopes. Fire tolerance: fire weed.
Aboriginal Uses: Alyawarr people do not distinguish between this species and Acacia lysiphloia and
generally the utilisation patterns of these two shrubs is similar. There is however no information from
the Petermann area, where the plant is fairly rare. The hard wood of this species is particularly prized
by the Pintupi as a barb for hunting spears. The large number of punctured vehicle tyres sustatined
when driving over burnt stubs of this shrub (and Acacia lysiphloia) testify to the strength and piercing
power of its wood. In other parts of Australia this plant is reputed to have mosquito repellant
properties. Seeds are also eaten.
References: Latz, 1995: 109, 314, 340, 343-4, 354, 358, 364, 375; Wheeler, 1992: 314
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Reference card number: FABac06
Family: FABACEAE

Species: Acacia platycarpa

Common names: Pindan Wattle, Ghost Wattle
Description: Shrub or tree, 1.5-6(-10) m high, bark rough or fissured. Fl. white-cream/yellow, Dec or
Jan to Jun.
Shrub or tree 2–6 (–10) m high. Bark rough, grey to red-brown; upper branches normally pruinose.
Branchlets terete, normally glabrous. Phyllodes inequilaterally elliptic, dimidiate to falcate, 9–14 cm
long, 2.5–4.5 cm wide, obtuse, coriaceous, glabrous, with 3 or 4 distant main nerves (some confluent
with lower margin near base), coarsely reticulate; gland basal, 1–3 additional glands in notches along
upper margin. Inflorescences in axillary racemes or terminal panicles; raceme axes 4–25 cm long;
peduncles 9–15 mm long, to 25 mm long in fruit, in fascicles of 2–5, glabrous; heads globular, 5–6.5
mm diam., 31–41-flowered, creamy white to pale yellow. Flowers 5-merous; sepals free to 3/4-united.
Pods flat, to 20 cm long, 2.5–3.5 cm wide, coriaceous to subwoody, reticulate, glabrous; margins
narrowly winged. Seeds transverse, broadly elliptic, 9–11 mm long, dull, grey-brown to brown; aril
large. Erroneously synonymised with the closely related A. sericata by G.Bentham, Fl. Austral. 2: 391
(1864). Some specimens from the Great Sandy Desert region of W.A. are atypical in various ways: (1)
I.J.Bull 55 & 56 (both PERTH) have phyllodes that are scarcely dimidiate, elliptic to obovate, straight
and 6–7 cm long; (2) A.S.George 15568 (CANB, DNA, PERTH) has hirtellous branchlets.
Related to A. convallium , A. dunnii , A. sericata and A. tolmerensis . Similar to A. leptoloba .
Habitat: Red sand, shallow soils over sandstone, quartzite & limestone. Pindan plains, sand dunes,
hills & outcrops.
Occurs, usually on sand, but also reported on sandstone, quartzite and limestone, in woodland or
shrubland through much of the region from Sir Graham Moore Isalnd south to the Edgar Range and
Bungle Bungle National Park: Wga, Cga, Ega, Fi, Da, Ha. Also occurs in Nt and QLD.
Aboriginal Uses:
References: Wheeler, 1992: 320

37

38

Reference card number: FABac07
Family: FABACEAE

Species: Acacia tumida var. tumida

Common names: Pindan Wattle; Sickle-leaf wattle; Wangai; Spear wattle
Description: Open spreading or slender shrub or tree, to 7 m high. Fl. yellow, Apr to Oct.
Openly-branched tree or tall shrub 3–15 m tall. Branchlets orange-yellow or obviously pruinose.
Phyllodes lanceolate-falcate, sometimes sub-falcate, 10–20 cm long, 1–6 cm wide, normally grey-green
to glaucous and pruinose, sometimes glossy green and not pruinose; minor nerves with distinct or
obscure internerve spaces, sparsely to moderately anastomosing. Inflorescences axillary racemes 0.5–
15 cm long or axillary or terminal panicles to 20 cm long; peduncles 2–10 mm long; spikes 2–6 cm
long. Pods +/- terete or slightly flattened, 3–12 cm long, 6–10 mm wide, normally lightly to
moderately pruinose, rarely non-pruinose. Seeds 6–7 mm long, 3–4 mm wide. This subspecies is
superficially similar to A. hamersleyensis which also occurs in the Pilbara region.
Habitat: Red sand, pindan soil, sandstone. Sandplains. Occurs in the Kimberley and Pilbara regions,
W.A., ranging eastward to the NW part of the Victoria River region, N.T. In the Kimberley it extends
to a number of off-shore islands, including those in the Bonaparte Archipelago and Buccaneer
Archipelago. Grows in woodland on sand or sandy loam; it is usually found on depositional or runon habitats, often along drainage lines. It often regenerates prolifically from seed following fires or
mechanical disturbance, and is common along disturbed roadsides where it often forms dense
thickets. Flowers mainly in June-July.
Aboriginal Uses: Variety tumida is capable of relatively fast growth and has recently been cultivated
in a number of countries, notably, Senegal, Yemen and Vietnam, as a source of firewood; it also has
potential for use in revegetation and land reclamation.
References: Wheeler, 1992: 330
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Reference card number: FABba01
Family: FABACEAE

Species: Bauhinia cunninghamii

Common names: Bohemia Tree; Kimberley Bauhinia; Bauhinia; Red Bauhinia; Beantree; Joomoo; Jigal
Tree
Description: Tree or shrub, 1-12(-18) m high, tessellated to fissured bark. Fl. red, Apr to Oct.
Stem
Bark dark brown or almost black when viewed from a distance. Deciduous; leafless for a period in the
dry season.
Leaves
Two leaflets in the compound leaf, each leaflet blade about 20-30 x 10-20 mm, sessile usually with 4 or
5 longitudinal radiating veins. A terminal spine or gland usually present between the leaflets.
Flowers
Calyx and corolla pubescent on the inner and outer surfaces. Calyx tube and lobes coarsely rugose.
Petals clawed. Stamens ten. Staminal filaments red, about 15-25 mm long. Pollen yellow. Ovary
stalked, ovules about 15.
Fruit
Pods flat, about 12-20 x 4-5.5 cm. Seed flat, about 10-12 x 7-10 mm. Cotyledons orbicular, much wider
than the radicle.
Habitat: Red alluvial sand, red-brown sandy loam, sandstone scree over basalt. Creek beds and
levees, edge of monsoonal forests, flood plains. Endemic to Australia, widespread in WA, NT, NEQ
and southwards to south-eastern Queensland. Altitudinal range from near sea level to 500 m. Usually
grows in open forest but also found in monsoon forest and similar closed forest communities.
Aboriginal Uses: Aboriginal usage: The branches were used to make windbreaks in the dry season.
They also make excellent smokeless firewood. Aboriginal people ate the sweet gum and sucked the
nectar from the flowers. They also used the bark and wood to treat headache, as an antiseptic and as a
remedy for fever. Kenneally et al. (1995).
References: Frawley, 2010; Paddy et al., 19xx: 30, 31; Wheeler, 1992: 347

41

42

Reference card number: FABva01
Family: FABACEAE

Species: Vachellia suberosa

Common names: Corkybark Wattle
Description: Tree or shrub (with thorns along branches), to 12 m high, bark pale to dark grey, deeply
fissured. Slender shrub or tree to 14 m high; canopy conical or columner; branches short, horizontal
and sometimes drooping. Bark hard, corky, deeply fissured. Branchlets with longitudinal furrows,
moderately to densely pubescent or pilose especially when young, becoming almost glabrous and
often flaky. Stipular spines 2–13.5 mm long, often diminutive and appearing absent. Leaves up to 7
arising from nodes: petiole mostly 0.1–0.7 cm long, pubescent, mostly with a small gland at base of
pinnae; rachis when present 0.1–0.2 cm long; pinnae 1 (rarely 2) pairs, 0.3–1.8 cm long; pinnules 5–16
(–19) pairs, narrowly oblong to cultrate, sometimes oblong, elliptic or lanceolate, 1.1–4.5 mm long,
0.4–1.3 mm wide, pilose, the hairs often mainly on the margins and sparse on both surfaces .
Inflorescences simple, solitary in axils; peduncles 2–10 mm long, with involucel of bracts c. 1/2 way or
below; heads globular, 4–7-flowered, white to pale yellow. Pods flat except slightly raised over seeds,
4–20 cm long, 7–14 mm wide, coriaceous, pale olive, brown, grey or grey-green, longitudinally striate,
becoming ridged, puberulous to pubescent or velvety. Seeds white-villous though areole often partly
glabrous.
Habitat: Black soils, grey cracking clay, alluvium, basalt, sandstone, ironstone. Floodplains, swampy
sites, cracking clay plains, river levees, rocky hillsides. Occurs in the Kimberley region of W.A. from
Carson R. area (near Kalumburu) and the Mitchell Plateau S to Fitzroy R. and Fitzroy Crossing, and
known from a single collection in the N.T. c. 13 km NE of Oenpelli Mission. Grows often in
grasslands, forming colonies of shrubs or trees which may be dominant or co-dominant with Bauhinia
, sometimes in eucalypt woodland, frequently in grey or black, cracking, clayey soils or occasionally
in sandy loam, on grassed mudflats, floodplains, in creek alluvium or on the fringe of downs in
calcareous soil, sometimes in basaltic soils. Flowers recorded Feb., Apr.–Aug.; fruits July–Sept., Nov.
Aboriginal Uses:
References: Wheeler 1992: 327 (Acacia suberosa)
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Reference card number: FABva02
Family: FABACEAE

Species: Vachellia farnesiana

Common names: Mimosa Bush; Sweet Acacia
Description: Erect, spreading, thicket-forming, thorny tree or shrub, to 4 m high, bark dark grey,
rough; leaves pinnate. Fl. yellow, Jun to Aug. Spreading shrub mostly 1.5–4 m high; bark smooth or
finely fissured, grey-brown; branchlets ± zigzagged, often hairy towards apex, glabrous with age,
with prominent lenticels. Leaves with petiole 0.2–2 cm long, hairy especially above, with a circular to
elongated gland; rachis 0.3–5.5 cm long, hairy especially above, occasionally with a jugary gland at
apex, interjugary glands absent; pinnae 1–7 pairs, c. 1–4 cm long, hairy especially above; pinnules 5–
23 pairs, mostly narrow-oblong, 3–10 mm long, 0.5–2 mm wide, with minute hairs on margin near
base (sometimes towards apex) or glabrous, midvein and lateral veins more visible and slightly raised
beneath; stipules spinescent, usually 5–25 mm long. Heads globose, 33–95-flowered, bright yellow or
orange-yellow, 1–3 or more in axil of leaves; peduncles mostly 3–30 mm long, hairy. Pods cigar-like,
straight to strongly curved, ± terete, turgid, 1.5–8.5 cm long, 8–17 mm wide, dark brown to blackish,
glabrous; seeds transverse or oblique, separated by pith.
Habitat: Stony sandy, clay or loam soils, gravel. Low-lying areas, river and creek banks, disturbed
sites. Recorded from the south of the region, often in disturbed sites, recorded from Kununurra to
Lake Argyle and from Geikie Gorge, the Durack Range and Bungle Bungle National Park
southwards: EGa, Fi, Da, Ha. Also occurs in NT, SA, QLD, and NSW. A pantropical species, probably
native to tropical America, an early introduction to Australia now naturalised in tropical regions.
Aboriginal Uses: Generally the seed of this plant is not eaten but the wood is considered useful for
axe handles, music sticks, and so on. The large spine is also useful for removing splinters from the
skin.
References: Wheeler, 1992: 302 (Acacia farnesiana)
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Reference card number: HERgy01
Family: HERNANDIACEAE

Species: Gyrocarpus americanus

Common names: Helicopter Tree; Coolamon Tree; Gyro Damson; Shitwood; Twirly Whirly Tree
Description: Tree, to 12 m high. Fl. cream, Jan to Mar. Stem: Deciduous; leafless for quite long
periods between June and October. Bark rather shiny brown. Blaze odour noticeable but difficult to
describe. Leaves: Width of the leaf blades approximating or exceeding the length. Leaf blades about
7-24 x 4-21 cm. Petioles about 4-19.5 cm long. Hairs normally visible with a lens on the upper surface.
Flowers: Most flowers male with only occasional hermaphrodite flowers. Male flowers: Flowers very
small, about 2-3 mm diam. Tepals triangular, small, about 0.75-1 mm long. Perianth tube about 1 mm
long. Anther filaments very hairy, about 1-1.25 mm long, anthers about 1 mm long. Hermaphrodite
flowers: Style + stigma about 2 mm long. Style sigmoid. Stigma capitate. Fruit: Fruits usually 2winged, each wing +/- spathulate, about 50-70 x 9-14 mm. Cotyledons much folded. Endosperm
scanty.
Habitat: Sandy, skeletal soils. Alluvial plains, sandplains, rocky outcrops, limestone. Occurring from
Cape Londonderry south to the Edgar Range and east to Bungle Bungle National Park, also occurring
on several islands of the Bonaparte Archipelago: WGa, CGa, EGa, Fi, Da, Ha. Occurs in NT and QLD.
Widespread throughout the tropics.
Aboriginal Uses: The wood gives off an unpleasant odour when burned.
References: Frawley, 2010; Paddy et al., 19xx: 30, 31; Wheeler, 1992: 63
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Reference card number: LAMcl01
Family: LAMIACEAE
Common names:

Species: Clerodendrum tomentosum

Description: Shrub or tree, 1.5-4 m high. Fl. white, Jan or Apr to Sep. Shrub or tree, 1–10 m high,
usually velvety.
Leaves with lamina ovate to elliptic, 4–14 cm long, 2–4.5 cm wide, apex acute or short-acuminate, base
cuneate or rarely rounded, margins entire or coarsely toothed in juveniles, surfaces ± velvety but
sometimes glabrescent with age; petiole 1–5 cm long.
Cymes forming terminal corymbs, compact, many-flowered, usually velvety. Calyx 5–6 mm long, to
c. 12 mm long in fruit, ± hairy; lobes acute to obtuse. Corolla white; tube 2–2.5 cm long; lobes 4–7 mm
long, usually hairy.
Drupe 8–10 mm long, black, seated in the enlarged red fleshy calyx.
The three varieties of this species, var. lanceolatum, var. mollissima, and var. tomentosum, are all
represented in the Kimberley Region and all extend into the Pilbara Region. They are often difficult to
distinguish from one another but differ in leaf shape, as illustrated in Fig. 1G-I (wheeler), and also
show differences in the density of the indumentum on the leaves and flowers.
Habitat: Red sandy soils. Sandhills, plains, dunes, limestone hills. Occurs in a variety of habitatas,
often on outcrops or in gorges of sandstone, laterite or other rocks, sometimes on sandy flats. Extends
from Mitchell Plateau southwards and from Broome east to the upper Ord River: Wga, Ega, Fi, Da,
Ha. Also recorded in the Pilbara Region and at Durba Hills near the Canning Stock Route. Also occurs
in NT, QLD, NSW and New Guinea.
Aboriginal Uses:
References: Wheeler, 1992: 788
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Reference card number: LAMpr01
Family: LAMIACEAE

Species: Premna acuminata

Common names: Ngalinginkal
Description: Spreading tree or shrub, 1-6 m high. Fl. cream/green & orange/brown, Dec or Jan to Jul.
Leaves: Leaf blades about 6-8 x 3-4 cm, petioles about 3-4 cm long, sometimes almost as long as the
leaf blade. Midrib raised on the upper surface of the leaf blade. Leaf bearing twigs puberulent.
Flowers: Panicles approximating or exceeding the leaves. Calyx +/- 2-lipped and four or 5-toothed,
about 1.5-2.5 mm long, pubescent and often somewhat rugose, glabrous on the inner surface. Corolla
pubescent outside, densely villous inside, about 5-7 mm long, tube +/- cylindrical, almost twice as
long as the calyx. Style about 5-6 mm long, stigma shortly 2-lobed. Fruit: Fruits obovoid or +/globose, about 4-6 x 3-5 mm.
Habitat: Sand, clayey sand, loam. Coastal flats, floodplains, rocky slopes. Widespread in the
Kimberley Region, occurring in sand, commonly in forest or vine thickets: WGa, CGa, EGa, Fi, Da,
Ha. Also occurs in the Pilbara Region, NT and QLD.
Aboriginal Uses:
References: Wheeler, 1992: 790
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Reference card number: LAMvi01
Family: LAMIACEAE

Species: Vitex glabrata

Common names: Vitex; Smooth Chastetree; Black Plum; Gentileng; Bihbool; Bush currant
Description: Tree, 3-20 m high. Fl. white/white-blue-purple, Jun to Dec. Stem: Bark finely fissured.
Dead bark layered. Leaves: Leaflet blades about 5-9 x 4-6 cm, non-glandular, midrib depressed on the
upper surface. Lateral veins about 6-15 pairs. Compound leaf petiole ridged on the upper surface.
Flowers: Inflorescence about 10-18 cm long, usually shorter than the leaves, pedicels pubescent, about
1-3 mm long. Calyx cup-shaped, tubular, with five minute teeth at the apex, pubescent outside,
glabrous inside. Tube cylindrical, about 2-3 x 1.5-2 mm lobes about 0.5 mm long. Corolla tubular in
the lower part but 5-lobed and 2-lipped at the apex, pubescent but non-glandular outside, villous
inside but glabrous at the base. Corolla tube +/- cylindrical, about twice as long as the calyx, about 4-6
x 1.5-2.5 mm. Stamens exserted, filaments villous in the lower half, glandular in the upper half, about
3.5-7.5 mm long, anthers +/- orbicular, about 0.5 mm long, locules divaricate at the base. Ovary
globose, glabrous, about 1-1.5 mm diam. Style exserted, glabrous, filiform, about 5-8 mm long, stigma
shortly bifid. Fruit: Fruits obovoid to ellipsoid, about 5-10(-13) x 5-9 mm, calyx accrescent, persistent
at the base of the fruit. Seed enclosed in a stone.
Habitat: Sand, sandstone, laterite. Gullies, foodplains, rocky hills & ridges. Recorded mainly in
sandstone and laterite, often in gullies. Extends from the extreme north of the Kimberley Region
southwards to Dampier Peninsula in the west and Bungle Bungle National Park in the east: WGa,
CGa, EGa, Fi, Da, Ha. Also occurs in NT and QLD.
Aboriginal Uses: The fruit is edible.
References: Frawley, 2010; Wheeler, 1992: 793
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Reference card number: LECba01
Family: LECYTHIDACEAE

Species: Barringtonia acutangula

Common names: Barringtonia, Stream; Freshwater Mangrove; Indian Oak; Itchy Tree; Mango Bark;
Mango Pine; Pine, Mango; Stream Barringtonia;
Description: Tree or shrub, 1.2-25 m high. Fl. pink-red, Jan to Dec (mainly Apr-May). Stem: Blaze very
fibrous. May be deciduous, leafless for a period around June. Leaves: Leaf blades about 7-19 x 2.5-7
cm, petioles about 0.8-1 cm long, margins winged. Marginal teeth small and numerous. Twigs rather
pithy, bark strong and fibrous when stripped. Fine oak grain in the twigs. Flowers: Pedicellate, sepals
free from one another even in the bud. Petals about 6-10 mm long. Anther filaments and styles red.
Fruit: About 2-6 x 1-3 cm, 4-winged when young.
This is rather remarkable as this species grows as a rheophyte or freshwater mangrove along many of
the creeks and rivers in Northern Australia and one would assume that most of the compounds
produced by this tree would already be found in the water.
Habitat: Alluvium, sandy clay. Banks of rivers & creeks, floodplains. Occurs in WA, NT, CYP and
NEQ. Altitudinal range from sea level to 450 m. Grows in gallery forest and is a characteristic species
along major creeks and rivers and on the margins of lagoons across northern Australia. Also occurs in
Asia and Malesia. A shrub to small tree that will grow well beside creeks or dams. Red flowers are
produced in long racemes.
Aboriginal Uses: The roots and other parts of this species can be used as fish poison and this has been
well documented. (Carr 1947).
References: Wallis, 2000; Wheeler, 1992: 235
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Reference card number: LECpl01
Family: LECYTHIDACEAE

Species: Planchonia careya

Common names: Mangaloo; Cocky apple; Billy goat plum
Description: Tree or shrub, 1-15 m high. Fl. white/cream/pink, Jan to Dec. Leaves are egg-shaped or
spatula-shaped, tapering to the base, shiny light green above, dull beneath, softly leathery, margins
having rounded teeth, 2.5-10 cm x 3-6 cm. The leaves turn rusty-orange before falling. Papery
(papyraceous), glabrous, discolorous, glossy above, dull on lower surface, aging red; obovate to
broadly ovate, the smallest leaves spathulate, 50-120 x 28-76 mm; apex emarginate to bluntly
acuminate, tip obtuse; finely crenulate or sometimes almost entuire; base long attenuate; midrib flat
above; lateral nerves in 9-12 pairs, forming indistinct loops inside the blade margin, angled at 60
degress to midrib; petiole 6-32 mm long. Flowers are large, white and fleshy with numerous pink and
white stamens 5-6 cm long. Flowering is quite prolific but not readily apparent as the flowers open in
the evening and usually fall by morning. Flowering period is July to October. Racemes with few, large
flowers; pedicels puberulous, 5-20 mm long. Calyx tube green, 7-15 mm long; largest lobes 6-11 x 4-8
mm, the smallest 4-6 x 3-4.5 mm. Petals white, pink at the base, greenish on the back, 15-32 x 6-14 mm.
Staminal tube 4-11 mm long; filaments ca. (90)120-170 per flower, 25-45 mm long. Style 35-70 mm
long. Fruit: Fruits +/- ovoid to ellipsoid, smooth, about 50-96 mm long (including calyx lobes) x 18-37
mmw ide, calyx persistent. Seeds flat, about 5 x 4 mm, brown, embedded in a fibrous mesocarp. The
fruit is green, egg-shaped and smooth to 9 cm x 4 cm.
Habitat: Sand to clay, sandstone. Edges of creeks & swamps, screes. Grows mainly in open forest but
also found on the margins of rain forest and in monsoon forest. Also occurs in New Guinea. Common
in open eucalypt woodland on sandy soil, sometimes on heavier soils near creeks. Occurs from Cape
Londonderry south to the Dampier Peninsula, extending east to Kununurra: WGa, CGa, EGa, Fi, Da.
Also recorded for NT , QLD and New Guinea.
Aboriginal Uses: Seeds are contained in a fibrous, cheesy flesh and the fruit was popular with
Aborigines. Many parts of the plant were used for a wide range of medicinal purposes. As indicated
by the common names, the fruit is readily eaten by cockatoos and goats. The bark of this species is a
well known fish poison in North East Queensland. The bark of this tree contains saponin, a chemical
which makes a soap-like froth when boiled in, or shaken with, water. Cribb (1981). Bark also used to
make twine. The macerated leaves are reported to cure ulcers.
References: Frawley, 2010; Paddy et al., 19xx: 30; Wheeler, 1992: 236
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Reference card number: LOGst01
Family: LOGANIACEAE

Species: Strychnos lucida

Common names: Strychnine Bush
Description: Deciduous shrub or tree, 1-6(-12) m high. Fl. white-cream/green-yellow, Sep to Dec or
Jan. Leaves: Twigs pale and marked by numerous, paler, circular lenticels. Leaf blades about 2.6-6.1 x
1.7-3.7 cm, much paler on the underside. Leaf shape variable, the blade always distinctly 3-veined.
Midrib flush with the upper surface or slightly depressed towards the base. Flowers: Calyx about 11.2 mm long. Corolla about 10-15 mm long, tube about 7-12 mm long, tube distinctly longer than the
lobes. Stamens inserted in the throat of the tube, filaments short. Anthers about 1.2-1.8 mm long.
Ovary about 1 mm diam., glabrous. Style about 12 mm long. Fruit: Fruits globular, about 20-30 mm
diam. Seeds about 12-15 x 10-12 mm, densely short pubescent.
Habitat: Rocky sandstone rises & ridges, basalt screes, limestone outcrops, coastal. A common species
of the monsoon thickets on a variety of soil types; occasionally in open vegetation, usually in rocky
habitats. Chiefly coastal and subcoastal, extending from King Sound north east to Wyndham: WGa,
CGa, EGa, Fi. Also occurs in NT, QLD, and Malesia.
Aboriginal Uses:
References: Wheeler, 1992: 695
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Reference card number: MALad01
Family: MALVACEAE

Species: Adansonia gregorii

Common names: Boab
Description: Deciduous tree, 5-15 m high, trunk bottle-shaped. Fl. white-cream, Dec or Jan to May.
Habitat: Sandy & loamy soils.
Aboriginal Uses:
References: Wheeler, 1992: 197
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Reference card number: MALbr01
Family: MALVACEAE

Species: Brachychiton diversifolius

Common names: Northern Kurrajong
Description: Tree, 3-18(-25) m high. Fl. green & yellow & red, May to Dec.
Stem
Deciduous; leafless from late July to October. Fine oak grain in the inner blaze.
Leaves
Petioles long, about 4-10 cm, and slender. Leaf blades cordate to ovate-lanceolate, about 6-16 x 4-9 cm.
Midrib raised on the upper surface of the leaf blade. Twig bark strong and fibrous when stripped.
Large mucilage producing pores visible in the twig pith; apex of the leaf blade very long and slender.
Flowers
Perianth about 6-8 mm long, valvate in the bud, densely pubescent outside, glandular-puberulent and
punctate inside. Floral nectaries absent from the inside of the perianth tube.
Fruit
Fruits glabrous outside, about 6-10 x 3-4.5 cm. Seeds about 8-10 x 4.5-5 mm covered with a yellow
mealy layer.
Habitat: Red sandy soils, basalt, limestone. Stony hills, along rivers. Endemic to Australia, occurs in
WA, NT, CYP and NEQ. Altitudinal range from sea level to 650 m. Grows in open forest communities
across northern Australia but sometimes found in or on the margins of monsoon forest and gallery
forest.
Aboriginal Uses:
References: Frawley, 2010; Paddy et al., 19xx: 30, 31; Wheeler, 1992: 183
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Reference card number: MALgr01
Family: MALVACEAE

Species: Grewia breviflora

Common names:
Description: Shrub or tree, 0.4-9 m high. Fl. yellow-orange-green, Nov to Dec or Jan to Feb. Leaves:
Twig bark strong and fibrous when stripped. Leaf blades about 4.5-12 x 2-7 cm. Midrib and main
lateral veins raised on the upper surface of the leaf blade. Small stellate hairs visible with a lens on the
underside of the leaf blade and on the petioles and twigs. Petiole thickened towards the apex close to
its junction with the base of the leaf blade. Fine oak grain in the twigs. Flowers: Inflorescence usually
shorter than the leaves. Peduncle and pedicels densely clothed in stellate hairs. Sepals about 6-7 mm
long, outer surface densely clothed in stellate hairs. Petals about 3 mm long, obovate with a flat gland
(ringed with hairs) at the base. Stamens 70 or more, fused to the gynophore. Ovary 2-locular, about 3
x 1.5 mm densely clothed in long pale hairs. Fruit: Fruit about 5-10 x 8 mm, often 2-lobed, sometimes
reduced to one. Seeds about 5 mm diam. Cotyledons obovate, about 3 mm long.
Habitat: Sandy soils, basalt. Often behind coastal dunes or edges of vine thickets. Extends from Prince
Regent River Reserve southwards to Dampier Peninsula in the west and the Kununurra area in the
east: Wga, Cga, Ega, Da. Also occurs in NT.
Aboriginal Uses: Fruit is edible.
References: Frawley, 2010; Paddy et al., 19xx: 31; Wheeler, 1992: 166
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Reference card number: MORfi01
Family: MORACEAE

Species: Ficus platypoda

Common names: Native Fig; Wild fig
Description: Monoecious shrub or tree, 1-9 m high. Fl. Apr to Oct. Leaves: Young twigs and the
underside of the leaf blade clothed in white hairs. Stipules about 2-3 cm long, pubescent on the outer
surface and tapering to a point at the apex. Leaf blades about 8-13 x 4-9 cm. Petioles channelled on the
upper surface. Flowers: Male flowers dispersed among the fruitlets in the ripe fig. Anthers reniform.
Bracts at the base of the fig, two. Lateral bracts not present on the outside of the fig body. Fruit: Figs
pedunculate, globular, about 10-30 mm diam. Orifice closed by inflexed, not interlocking bracts.
Produced at any time of the year, dependent on rainfall.
Habitat: Sand, alluvium, loam, limestone, sandstone, granite. Cliffs, hills, screes, uplands, granite
rock pockets. Occurs often on skeletal soils or rock faces, often on sandstone, throughout the region:
Wga, Cga, Ega, Fi, Da, Ha. Extends through the Pilbara and Great Sandy and Gibson Deserts as far
south as Dorre Island and Warburton Mission. Also occurs in NT, SA, QLD and Indonesia. Wild fig is
not fire or frost tolerant and is therefore restricted to areas that are usually free of fire and severe frost.
Aboriginal Uses: Important food plant in Central. Uneasten fruits sall to the ground and in the arid
desert environment soon become dry and hard. When other plant foods are scarce these dry fruits are
collected from under the bush, often many months later, and ground into a paste. This is an important
drought food because in normal seasons, large numbers of fruit are produced and thus some escape
predation. Also, the biggest and best bushes are found near permanent waters. The leaves are often
used in women’s leaf games and love magic. This important plant features strongly in mythology. It
is an important totemic plant for the eastern Pitjantjatjara and certain bushes are considered so sacred
that anyone damaging them may be killed. Mountford (1965: 190) describes an increase ceremony for
the wild fig.
References: Frawley, 2010; Crawford, 1982: 46; Specht, 1958: 488; Wheeler, 1992: 82; Latz, 1995: 196,
348

62

Reference card number: MORfi02
Family: MORACEAE

Species: Ficus racemosa

Common names: Stem-fruit Fig; Cluster Fig
Description: Monoecious tree, 3-30 m high. Fl. Apr to Aug. Stem: Not a strangling fig. Deciduous;
leafless for a period in August or September. Exudate turns brown or brownish on exposure.
Leaves: Stipules shortly hairy, about 0.5-2 cm long, semi-persistent, remaining attached to the twig
after each leaf expands. Petioles and twigs produce a milky exudate. Leaf blades about 6-20 x 4-9 cm.
Oil dots sometimes visible with a lens. Flowers: Tepals glabrous, lobed or lacinate-denticulate in the
female flowers, entire in the male. Male flowers produced around the ostiole. Bracts at the base of the
fig, three, persistent in ripe fruits. Lateral bracts not present on the outside of the fig body. Fruit: Figs
produced on special shoots from the trunk and main branches. Figs pedunculate, globular or
depressed pyriform, about 30-35 x 35-40 mm. Orifice closed by interlocking and inflexed bracts.
Habitat: Alluvium, sand, basaltic loam. Along creeks & rivers. Grows in dry rain forest, beach forest
and gallery forest sometimes in areas which are otherwise quite dry and not conducive to rain forest
development. Occurs, frequently along creeks and rivers, from Mitchell Plateau south to near Fitzroy
Crossing and the Elvire River: WGa, CGa, EGa, Fi, Da, Ha. Also occurs in NT and QLD. Ranges from
India through south east Asia to New Guinea and Australia.
Aboriginal Uses: Figs are edible
References: Wheeler, 1992: 82
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Reference card number: MYRca01
Family: MYRTACEAE

Species: Calytrix exstipulata

Common names: Kimberley Heather, Turkey Bush
Description: Shrub or tree, 0.5-4.5 m high. Fl. pink & white, Jan to Dec (usually Mar-Sep). Calytrix
exstipulata is a common plant of tropical Australia and is a shrub or small tree to 4.5 metres high. It
has pine-like leaves and star-shaped flowers about 20 mm in diameter. The flowers are commonly
pink to mauve (occasionally white). In common with most Calytrix species, a feature of the flowers is
the "awns" or fine hairs which extend from the calyx lobes beyond the petals. Flowering time is from
late autumn to spring. The species differs from others in the Kimberley region in that mature plants
lack stipules.
Habitat: Sand to clay. Sandstone or limestone plateaus or outcrops, sometimes along watercourses.
Occurs in sand or sandy clay in a wide variety of habitats, including sandstone plateaus or outcrops,
sometimes associated with watercourses. Extends from the far north of the region southwards to
Lagrange Mission in the west and to the upper Ord River in the east: Wga, Cga, Ega, Fi, Da, Ha. Also
occurs in NT and NSW
Aboriginal Uses: The leaves of Calytrix exstipulata contain oil with therapeutic properties. Indigenous
people use the plant for pain-relief
References: Frawley, 2010; Wheeler. 1992: 501
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Reference card number: MYRco01
Family: MYRTACEAE

Species: Corymbia bleeseri

Common names: Smooth-stemmed Bloodwood
Description: Tree, Height to 20 m high. Bark: Bark persistent on lower trunk to persistent on full
trunk, tessellated and shortly fibrous ("peppermint"), grey to red-brown or orange, dull to glossy,
white to grey or cream (above), shedding in small polygonal flakes. Pith glands present; Bark glands
present. Cotyledons suborbicular. Leaves: Juvenile leaves disjunct from node 3–5, lanceolate to ovate,
hispid with simple hairs and bristle glands, petiolate. Intermediate leaves disjunct early, lanceolate to
elliptic, straight, entire, dull green, petiolate. Adult leaves opposite or disjunct, narrow lanceolate to
lanceolate, falcate, acuminate, basally tapered, glossy, green, thin, discolorous (slightly), 8–15 cm
long, 10–25 mm wide; Petioles narrowly flattened or channelled, Petioles 10–20 mm long. Lateral
veins obscure, obtuse, closely spaced. Intramarginal vein distinct, continuous. Inflorescences:
Conflorescence compound, terminal; Umbellasters 7-flowered, regular. Peduncles terete, 15–30 mm
long. Pedicels terete, 10–15 mm long. Flowers: Buds ovoid to obovoid, not glaucous or pruinose, 9–12
mm long, 5–7 mm diam. Calyx calyptrate; persisting to anthesis. Calyptra hemispherical or conical,
0.33–0.5 times as long as hypanthium, as wide as hypanthium; smooth. Hypanthium smooth. Flowers
white, or cream. Fruits: Fruits cylindrical to ovoid, pedicellate, 4 locular, 15–22 mm long, 10–15 mm
diam. Calyptra scar flat, 0.2–0.5 mm wide. Disc depressed. Valves enclosed. Seeds regular and
laterally compressed, cymbiform or ovoid, shallowly reticulate, dull to semi-glossy, red-brown.
Hilum terminal. Chaff linear, chaff same colour as seed.
Habitat: Skeletal soils. Lateritic or sandstone areas. Occurs mainly in lateritic or sandstone areas,
often associated with E. tetrodonta. Extends from the extreme north of the Kimberley Region south to
Drysdale River National Park and slightly beyond: CGa. Also occurs in NT.
Aboriginal Uses:
References: Frawley, 2010; Wheeler, 1982: 512 (Eucalyptus bleeseri)
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Reference card number: MYRco02
Family: MYRTACEAE

Species: Corymbia cadophora

Common names: Twin-leaved Bloodwood
Description: Straggly tree, 2-8 m high, bark rough, thick, flaky, deeply tessellated. Fl. white-creamred-pink, Jan to Feb or Apr or Jun or Aug or Oct. Habit: Tree or Mallee, Height to 6 m high. Bark:
Bark persistent throughout, tessellated, red-brown or grey-brown. Pith glands present; Bark glands
present. Cotyledons suborbicular. Leaves: Juvenile leaves opposite, lanceolate to ovate, hispid with
"stellate hairs", petiolate. Intermediate leaves opposite, lanceolate to elliptic, straight, entire, dull
green, connate. Adult leaves opposite, broad lanceolate to ovate, not falcate, obtuse to rounded,
connate, dull, grey-green, thick, discolorous or concolorous, 12–25 cm long, 45–80 mm wide. Lateral
veins prominent, obtuse, closely spaced. Intramarginal vein distinct, looped. Inflorescences:
Conflorescence simple, terminal; Umbellasters 7-flowered to 11-flowered, regular. Peduncles broadly
flattened, 12–25 mm long. Pedicels terete, 0–3 mm long. Flowers: Buds pyriform, glaucous or
pruinose or not glaucous or pruinose, 11–18 mm long, 8–10 mm diam. Calyx calyptrate; persisting to
anthesis. Calyptra patelliform or conical (umbonate), 0.33–0.5 times as long as hypanthium, as wide
as hypanthium; smooth. Hypanthium smooth. Flowers white, or cream, or mauve. Fruits: Fruits
ovoid to urceolate, sessile, 4 locular, 30–40 mm long, 20–30 mm diam. Calyptra scar flat, 0.2–0.5 mm
wide. Disc depressed. Valves enclosed. Seeds regular and laterally compressed, cymbiform or ovoid,
shallowly reticulate, dull to semi-glossy, red-brown. Hilum terminal. Chaff linear, chaff same colour
as seed.
Habitat: Sandy soils, clay loam or loam, basalt, dolerite, sandstone, quartzite. Rocky slopes & hills,
floodplains, dunes.
Aboriginal Uses:
References:
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Reference card number: MYRco03
Family: MYRTACEAE

Species: Corymbia confertiflora

Common names: Roughleaf Cabbage Gum
Description: Tree, 3-12(-15) m high, bark rough, tessellated over lower part, smooth white above. Fl.
cream-white, Sep to Dec. Tree 18 m tall, usually deciduous in the late dry season. Forming a
lignotuber. Bark rough, persistent, tessellated and blackish grey for basal 0.5–3 m of trunk, rarely the
whole trunk, then abruptly becoming smooth, white to pale grey, shedding in thin flakes.
Branchlets sometimes have oil ducts visible in the pith; younger branchlets setose to scabrid with
bristle-glands. In this species the bristle-glands usually lack simple hairs, but any are present then few
and short. Inflorescences born on leafless sections of branchlets below new season’s leaf growth,
axillary compound and greatly condensed, the rhachis consisting of a basal internode ca 0.1–1 cm
long, a second internode absent or if present 0.1–0.7 cm long, further internodes sometimes present
and always short (< 0.2 cm); peduncles of variable length within a single inflorescence, 0–1.7 cm long;
buds in umbels of 7 or possibly more than 7 (often difficult to tell especially if peduncles are short or
absent), strongly pedicellate (pedicels 0.7–3 cm long). Mature buds pyriform (0.4–0.7 cm long, 0.4–0.5
cm wide), smooth, scar present (outer operculum shed early), operculum shallowly rounded,
sometimes apiculate, stamens inflexed, all fertile, anthers oblong, dorsifixed, versatile, dehiscing by
longitudinal slits, style long and straight, stigma tapered, locules 3, the ovules not arranged in distinct
vertical rows on the placentae but sometimes appearing to be in ± 5 rows. Flowers creamy white.
Fruit pedicellate (pedicels 1–3.5 cm long), cylindrical to barrel-shape to campanulate, 0.7–1.5 cm long,
0.6–1.2
cm
wide,
thin-walled,
disc
descending
vertically,
valves
3,
enclosed.
Seeds brown, 3–5 mm long, saucer-shaped, smooth, hilum ventral. Very similar to Corymbia
grandifolia but differing in having leaves with a rough texture as a result of the persistent stiff hairs.
Habitat: Sandy loam, skeletal soils over sandstone or basalt. Outcrops, along creeks, gullies. Occurs
mainly on sandy soils, often on sandstone and occasionally on other types of rocks, sometimes
associated with small watercourses. Extends from Bonaparte Archipelago and Mitchell Plateau
southwards to near Broome and Edgar Range in the west and to Bungle bungle National Park in the
east: Wga, Cga, Ega, Fi, Da, Ha. Also occurs in NT and QLD.
Aboriginal Uses:
References: Frawley, 2010; Wheeler, 1982: 515 (Eucalyptus confertiflora)
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Reference card number: MYRco04
Family: MYRTACEAE

Species: Corymbia dichromophloia

Common names: Small-fruited bloodwood
Description: Tree, to 12 m high, bark mainly smooth throughout, white, powdery, sometimes with
thin receding scaly red-brown stocking. Fl. cream-white, Feb to May. Habit: Tree, Height to 15 m
high. Bark: Bark smooth throughout or persistent on lower trunk, tessellated, red-brown to orange,
dull to glossy, white (above), shedding in small polygonal flakes. Pith glands present; Bark glands
present. Cotyledons suborbicular. Leaves: Juvenile leaves disjunct from node 3–5, lanceolate to ovate,
hispid with bristle glands only, petiolate. Intermediate leaves disjunct early, lanceolate to elliptic,
straight, entire, dull green, petiolate. Adult leaves disjunct, broad lanceolate to ovate, falcate
(sometimes), acute or acuminate, basally tapered, dull, grey-green, thick or thin, concolorous, 9–17 cm
long, 20–35 mm wide; Petioles narrowly flattened or channelled, Petioles 10–25 mm long. Lateral
veins obscure, obtuse, closely spaced. Intramarginal vein confluent with margin. Inflorescences:
Conflorescence compound, terminal; Umbellasters 7-flowered to 11-flowered, regular. Peduncles
terete, 7–15 mm long. Pedicels terete, 5–8 mm long. Flowers: Buds pyriform, not glaucous or
pruinose, 5–8 mm long, 4–6 mm diam. Calyx calyptrate; persisting to anthesis. Calyptra patelliform or
conical, 0.25–0.33 times as long as hypanthium, narrower than hypanthium; smooth. Hypanthium
smooth. Flowers white, or cream. Fruits: Fruits urceolate, pedicellate, 4 locular, 13–20 mm long, 10–15
mm diam. Calyptra scar flat, 0.2–0.5 mm wide. Disc depressed. Valves enclosed. Seeds regular or
laterally compressed, cymbiform or ovoid, shallowly reticulate, dull to semi-glossy, red-brown.
Hilum terminal. Chaff linear, chaff same colour as seed.
Habitat: Red or yellow earth, sandstone, granite. Ridges.
Aboriginal Uses:
References:
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Reference card number: MYRco05
Family: MYRTACEAE

Species: Corymbia ferruginea

Common names:
Description: Tree, 3-10 m high, bark rough, tessellated. Fl. white, Dec or Jan to Mar. Habit: Tree,
Height to 12 m high. Bark: Bark persistent throughout, tessellated, grey-brown or red-brown. Pith
glands present; Bark glands present. Cotyledons suborbicular. Leaves: Juvenile leaves opposite,
lanceolate to ovate, hispid with simple hairs and bristle glands, petiolate. Intermediate leaves
opposite, lanceolate to elliptic, straight, entire, dull green, sessile or petiolate. Adult leaves opposite,
elliptic or ovate, not falcate, acute to obtuse or rounded, basally rounded or cordate, dull, ferruginous,
thick, discolorous or concolorous, 8–15 cm long, 20–70 mm wide; Petioles narrowly flattened or
channelled, Petioles 0–26 mm long. Lateral veins prominent, obtuse, closely spaced. Intramarginal
vein distinct, looped. Inflorescences: Conflorescence simple, terminal; Umbellasters 3-flowered to 7flowered, regular. Peduncles terete, 10–15 mm long. Pedicels terete, 1–4 mm long. Flowers: Buds
obovoid to pyriform, not glaucous or pruinose, 10–12 mm long, 5–10 mm diam. Calyx calyptrate;
persisting to anthesis. Calyptra patelliform or conical, 0.33–0.5 times as long as hypanthium, as wide
as hypanthium; smooth. Hypanthium smooth. Flowers white, or cream. Fruits: Fruits globose to
ovoid, pedicellate, 4 locular, 18–32 mm long, 15–18 mm diam. Calyptra scar flat, 0.2–0.5 mm wide.
Disc depressed. Valves enclosed. Seeds regular or laterally compressed, cymbiform or ovoid,
shallowly reticulate, dull to semi-glossy, red-brown. Hilum terminal. Chaff linear, chaff same colour
as seed. Closely related to E. abbreviata, the latter has sometimes been included in this; both species
are unusual in having a double set of lateral veins.
Habitat: Stony and sandy soils, deep sands. Sandstone outcrops or hill, quartzite range, open plains.
Occurs commonly on sandstone outcrops or hills, also recorded on open plains and one record from a
quartzite range. Extends from Kimbolton Station east to near Kununurra and to Tableland Station in
the south: Wga, Cga, Ega, Fi. Also occurs in NT and QLD.
Aboriginal Uses:
References: Frawley, 2010; Wheeler, 1982: 517 (Eucalyptus ferruginea)
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Reference card number: MYRco06
Family: MYRTACEAE

Species: Corymbia flavescens

Common names: Cabbage Ghost Gum
Description: Tree, 3-15 m high, bark smooth, white, shedding in thin scales. Fl. white-cream, Apr to
Jun or Nov. Habit: Tree, Height to 15 m high. Bark: Bark smooth throughout, powdery or dull, white,
shedding in short ribbons or shedding in small polygonal flakes. Pith glands present; Bark glands
present. Cotyledons suborbicular. Leaves: Juvenile leaves disjunct from node 3–5, lanceolate to ovate,
hispid with bristle glands only, petiolate. Intermediate leaves disjunct early, lanceolate to elliptic,
straight, entire, dull green, petiolate. Adult leaves opposite to disjunct, lanceolate to broad lanceolate
or ovate, not falcate, acute or obtuse, basally tapered or basally rounded, glossy, green, thin,
concolorous; Petioles narrowly flattened or channelled. Lateral veins obscure, obtuse, closely spaced.
Intramarginal vein distinct, continuous. Inflorescences: Conflorescence simple, axillary; Umbellasters
7-flowered to 11-flowered, irregular. Peduncles terete. Pedicels terete. Flowers: Buds clavate, not
glaucous or pruinose. Calyx calyptrate; shedding early. Calyptra patelliform, as wide as hypanthium;
smooth. Hypanthium smooth. Flowers cream. Fruits: Fruits cylindrical to ovoid, pedicellate, 3 locular.
Calyptra scar flat, 0.2–0.5 mm wide. Disc depressed. Valves enclosed. Seeds regular and flattened,
patelliform and ovoid, shallowly reticulate, dull to semi-glossy, red or red-brown. Hilum terminal.
Chaff linear, chaff same colour as seed.
Habitat: Red earth soils. Often along drainage lines.
Aboriginal Uses:
References:
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Reference card number: MYRco07
Family: MYRTACEAE

Species: Corymbia grandifolia

Common names:
Description: Tree, 3-15 m high, bark smooth. Fl. white, Sep to Dec. Habit: Tree, Height to 20 m high.
Bark: Bark smooth throughout, powdery or dull, white or grey, shedding in short ribbons or
shedding in small polygonal flakes. Pith glands present; Bark glands present. Cotyledons
suborbicular. Leaves: Juvenile leaves disjunct from node 3–5, lanceolate to ovate, hispid with bristle
glands only, petiolate. Intermediate leaves disjunct early, lanceolate to elliptic, straight, entire, dull
green, petiolate. Adult leaves opposite to disjunct, elliptic to ovate or orbiculate, not falcate, obtuse or
rounded, cordate, glossy, green, thick, discolorous (slightly); Petioles narrowly flattened or
channelled. Lateral veins prominent, obtuse (sometimes2–3), closely spaced. Intramarginal vein
distinct, continuous. Inflorescences: Conflorescence compound or simple, axillary; Umbellasters
more than 11 flowered, irregular. Peduncles terete. Pedicels terete. Flowers: Buds clavate, not
glaucous or pruinose. Calyx calyptrate; shedding early. Calyptra hemispherical, as wide as
hypanthium; smooth. Hypanthium smooth. Flowers cream. Fruits: Fruits cylindrical to ovoid,
pedicellate, 3 locular. Calyptra scar flat, 0.2–0.5 mm wide. Disc depressed. Valves enclosed. Seeds
regular and flattened, patelliform and ovoid, shallowly reticulate, dull to semi-glossy, red or redbrown. Hilum terminal. Chaff linear, chaff same colour as seed.
Habitat: Skeletal sandy soils over sandstone or basalt. Rocky slopes, flats. Recorded from a variety of
habitats including rocky slopes and sandy flats. Extends from Mitchell Plateau south to Edgar Range
and eastwards to the lower Ord River: Wga, Cga, Ega, Fi, Da. Also occurs in NT and QLD.
Aboriginal Uses:
References: Wheeler, 1992: 518 (Eucalyptus grandifolia)
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Reference card number: MYRco08
Family: MYRTACEAE

Species: Corymbia greeniana

Common names:
Description: Tree, 6-15 m high, bark rough tessellated on the trunk. Fl. cream-white, Apr to May.
Habit: Tree, Height to 10 m high. Bark: Bark persistent on lower trunk to persistent on trunk and
larger branches, tessellated or shortly fibrous ("peppermint"), red-brown to grey-brown, dull, grey or
cream (above), shedding in small polygonal flakes. Pith glands present; Bark glands present.
Cotyledons suborbicular. Leaves: Juvenile leaves disjunct from node 3–5, lanceolate to ovate, hispid
with bristle glands only, petiolate. Intermediate leaves disjunct early, lanceolate to elliptic, straight,
entire, dull green, petiolate, 15 cm long, 110 mm wide; leaf petioles to 15 mm long. Adult leaves
disjunct, broad lanceolate to ovate or suborbiculate, falcate, acute, basally tapered or basally rounded,
dull, green, thick, discolorous, 8–15 cm long, 25–70 mm wide; Petioles 13–42 mm long. Lateral veins
obscure, obtuse, closely spaced. Intramarginal vein confluent with margin. Inflorescences:
Conflorescence compound, terminal; Umbellasters 7-flowered, regular. Peduncles terete (thick), 13–18
mm long. Pedicels terete, 4–8 mm long. Flowers: Buds obovoid to pyriform or clavate, not glaucous
or pruinose, 9 mm long, 7 mm diam. Calyx calyptrate; persisting to anthesis. Calyptra conical, as wide
as hypanthium; smooth. Hypanthium smooth. Flowers white, or cream. Fruits: Fruits urceolate,
pedicellate, 4 locular, 16–20 mm long, 13–17 mm diam. Calyptra scar flat, 0.2–0.5 mm wide. Disc
depressed. Valves enclosed. Seeds regular and laterally compressed, cymbiform or ovoid, shallowly
reticulate, dull to semi-glossy, red-brown. Hilum terminal. Chaff linear, chaff same colour as seed.
Habitat: Red/yellow sand, skeletal soil on basalt, red soils of volcanic origin. Possibly endemic to the
Kimberley Region, recorded on red skeletal soil and red soil of volcanic origin, from Pentecost Downs
Station south west to King Leopold Range: Fi. Intergrades with Eucalyptus dampieri in King Leopold
Range.
Aboriginal Uses:
References: Wheeler, 1992: 518
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Reference card number: MYRco09
Family: MYRTACEAE

Species: Corymbia polycarpa

Common names: Long fruited bloodwood
Description: Tree, (3-)5-15(-25) m high, bark rough, tessellated. Fl. white-cream, Apr to Aug. Habit:
Tree, Height to 25 m high. Bark: Bark persistent throughout, tessellated, grey to pale brown. Pith
glands present; Bark glands present. Cotyledons suborbicular. Leaves: Juvenile leaves disjunct from
node 3–5, lanceolate to ovate, hispid with bristle glands only, petiolate. Intermediate leaves disjunct
early, lanceolate to elliptic, straight, entire, dull green, petiolate. Adult leaves disjunct, narrow
lanceolate to lanceolate, not falcate, acute or acuminate, basally tapered, dull, grey-green, thin,
discolorous. Lateral veins obscure, obtuse, closely spaced. Intramarginal vein distinct, continuous.
Inflorescences: Conflorescence compound, terminal; Umbellasters 7-flowered, regular. Peduncles
terete or narrowly flattened or angular (to 3mm wide), 8–25 mm long. Pedicels terete, 5–10 mm long.
Flowers: Buds ovoid to clavate, glaucous or not glaucous or pruinose, 9–13 mm long, 5–8 mm diam.
Calyx calyptrate; persisting to anthesis. Calyptra hemispherical, 0.33–0.5 times as long as
hypanthium, narrower than hypanthium; smooth. Hypanthium smooth and scurfy. Flowers white, or
cream. Fruits: Fruits urceolate, pedicellate, 4 locular, 18–35 mm long, 11–16 mm diam. Calyptra scar
flat, 0.2–0.5 mm wide. Disc depressed. Valves enclosed. Seeds regular and laterally compressed,
cymbiform or ovoid, shallowly reticulate, dull to semi-glossy, red-brown. Hilum terminal. Chaff
linear, chaff same colour as seed.
Habitat: Sandy soils over sandstone, laterite or quartzite, alluvium. Usually low-lying sites. Usually
occurs in rather low-lying sites. Extends from Bonaparte Archipelago east to Drysdale in NT, QLD,
NSW and New Guinea.
Aboriginal Uses:
References: Frawley, 2010; Paddy et al., 19xx: 30; Wheeler, 1982: 524 (Eucalyptus polycarpa)
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Reference card number: MYReu01
Family: MYRTACEAE

Species: Eucalyptus brevifolia

Common names: Snappy Gum, Northern White Gum
Description: Tree, (3-)4-8(-10) m high, bark smooth. Fl. white-cream-yellow, Mar to Aug. Bark: Bark
smooth throughout, white. Pith glands present; Bark glands present. Cotyledons obreniform
(bilobed). Leaves: Intermediate leaves disjunct early, lanceolate to ovate, straight, entire, dull grey
green, petiolate. Adult leaves disjunct, lanceolate or elliptic, not falcate, obtuse or rounded, basally
tapered, dull, grey-green, concolorous. Lateral veins obscure, acute or obtuse. Inflorescences:
Conflorescence simple, axillary; Umbellasters 7-flowered. Peduncles terete. Flowers: Buds ovoid or
clavate, not glaucous or pruinose. Calyx calyptrate; shedding early. Calyptra hemispherical or
conical, 1 times as long as hypanthium, as wide as hypanthium; smooth. Hypanthium smooth.
Flowers cream. Fruits: Fruits hemispherical. Disc flat or raised. Valves exserted. Chaff dimorphic,
linear and cuboid.
A very variable species needing further study. One distinguishing feature is that the disc on the
capsule is often distinctly yellowish.
Habitat: Shallow skeletal soils. Rocky locations, tops or slopes of hills. Mainly recorded in rocky
locations on the tops or slopes of hills. Occurs from Lake Argyle southwards, extending to Edgar
Range in the west and to nicholson Station in the east: Ega, Fi, Da, Ha. Also recorded slightly south of
the Kimberley Regions at Mt Bannerman. Also occurs in NT.
Aboriginal Uses: see E. leucophloia
References: Latz, 1995: see E. leucophloia; Wheeler, 1992: 512
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Reference card number: MYReu02
Family: MYRTACEAE

Species: Eucalyptus camaldulensis

Common names: River Gum; River Red Gum
Description: Tree, 5-20 m high, bark smooth, white, powdered. Fl. white, Jul to Dec or Jan to Feb. A
large tree with a smooth whitish bark (sometimes streaked with red), dull green leaves and creamy
flowers. It is sometimes confused with ghost gum which has bright green, twisted leaves. Bark
smooth, white, grey to red-brown, shedding in short ribbons or flakes. Juvenile leaves disjunct, broadlanceolate to ovate, dull grey-green. Adult leaves disjunct, narrow-lanceolate or lanceolate, 8–30 cm
long, 1–2.5 cm wide, green or grey-green, dull, concolorous. Umbellasters 7–11-flowered; peduncle
terete, 7–25 mm long; pedicels terete, 5–12 mm long. Buds ovoid, 6–11 mm long, 3–6 mm diam., scar
present; calyptra hemispherical and rostrate, longer than and as wide as hypanthium. Fruit globose or
ovoid, 3–5-locular, 5–7 mm long, 5–7 mm diam.; disc raised; valves exserted. Eucalyptus
camaldulensis exhibits considerable morphological variation throughout its range, and consequently
a number of infraspecific taxa have been described.
Habitat: Alluvium, sand, rocky deep red sand. Along watercourses, billabongs. Sandy riverbanks and
watercourses. Occurs along watercourses and around billabongs or other lakes, in clay or in sandy
soils, extending from Drysdale River National Park southwards and widespread in the southern half
of the region: Cga, Ega, Fi, Da, Ha. Widespread in the Eremaean Botnaical Province, also occurring in
the north of the South-west Botanical Province. Occurs in all mainland states. Eucalyptus camaldulensis
commonly grows on riverine sites, whether of permanent or seasonal water (Brooker et al., 2002). It is
most extensive on grey heavy clay soils along river banks and on floodplains subject to frequent or
periodic flooding, preferring deep moist subsoils with clay content (Costermans, 1989). It also lines
the channels of sandy watercourses and creeks (Boland, 1984), commonly forming ribbon stands but
sometimes extending over extensive areas of regularly flooded flats. It can also occur in the higher
reaches of creeks in major valleys of hilly country (Cunningham et al., 1981) and infrequently on the
margins of salt lakes (CAB International, 2000). Eucalyptus camaldulensis is generally dominant in the
community, commonly forming pure open forests or woodlands (Costermans, 1989). On lower levels
of the floodplain, it is usually the only tree species present. On higher areas, it may occur in
association with black box (Eucalyptus largiflorens) in the south or coolibah (E. microtheca) in the north
(Dalton, 1990).
Aboriginal Uses: At certain times of the year the leaves can be heavily infested by a small lerp or
scale insect (?Psylla eucalypti) which feeds off the sap in the leaves. These white, somewhat sweet
scales are plucked from the leaves, often in large numbers, and eaten with great relish. Composed
almost entirely of starch and sugar, this food fills a gap in a traditional diet which is normally quite
low in carbs. The river red gum sheds its bark regularly every year, generally in December. As the old
bark lifts, another small lerp insect often attaches itself to the new, thin bark and is able to suck sap
from the tree’s food-conducting vessels. It also exudes the excess sugars, but in this case it is a honeylike liquid. This drips onto the still loosely attached old bark, which is stripped from the tree and
soaked in water to make a sweet drink (Walpiri people are also reputed to soak the flowers to botain
sweet drink). Edible grubs and larvae found in the tree are also an important part of a traditional diet.
Carrying bowls (coolamons) are made from curved portions of the roots or from boles on the trunk;
hard and durable, they require a great deal of labour to make. Less durable but more easily prepared
bowls or troughs are made from the bark of the tree. Although the dead wood is favoured for
campfires, care is taken to avoid wood carried in floodwaters, as the fine silt from the water blocks the
pores in the wood, adversely affecting its burning qualities. The dry bark, when burnt, provides a
favoured ash for pituri. On a hot day fresh bark, when placed in water, apparently keeps the water
cool in much the same way as a waterbag works. It is also used by children to fashion a crude type of
boomerang; often considerable numbers of these are made and used in mock battles. Crude wheels
are also made from river red gum bark, to be run along the ground and used as moving targets for
their toy spears. Young saplings provide sticks with sufficient whip to be used by the boys as a type
of catapault: clay pellets are stuck onto the end and flicked off with great accuracy during mock
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battles. The leaves are often used by girls and women in their ‘leaf
games’ and in love magic. The seed capsules are often used to adorn
women’s and girls’ hair, Not only decorative, but keep flies from face.
At flowertime numerous yellow flower caps drop onto the ground
below, where they are gathered, usually by children, and threaded
together to make necklaces. Bunches of leaves are often placed in arm
and legbands during ceremonial dances. River red gum branches are
often used in the construction of shelters and to form mats on the
ground on which to place meat and food. The thick shade is
appreciated but care is taken not to camp under them at particular
times of the year when the branches are known to fall. Leaves are
sometimes chewed to hide the smell of a forbidden food or drink on
the breath. Portions of the bark are sometimes steeped in water to
produce a medicinal drink or wash. The use of oils from the leaves for
medicinal purposes is European, rather than traditional. The trees and insects associated with the
river red gum often feature in mythologies.
References: Frawley, 2010; Wheeler, 1982: 513; Latz, 1995: 12, 58-59, 182, 184, 190, 193, 322, 339-42,
348, 353-70, 372, 374, 376, 378-9
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Reference card number: MYReu03
Family: MYRTACEAE

Species: Eucalyptus microtheca

Common names: Coolibah
Description: Tree, 5-10(-20) m high, bark rough, box-type. Fl. white, Dec or Jan to Feb. Tree to 10 m
tall, rarely more, or sometimes a mallee. Forming a lignotuber. Bark rough, whitish grey to dark grey,
box-type, often deeply fissured, coarsely flaky or becoming tessellated, the branches commonly
rough-barked though this feature is variable. Branchlets lacking oil glands in the pith; usually nonglaucous, rarely glaucous. Adult leaves alternate, petioles 0.6–2 cm long; blade lanceolate to falcate,
5–19.5 cm long, 0.6–3(4.5) cm wide, base tapering to petiole, apex pointed or rounded, margin entire,
concolorous, dull, green to blue-green or rarely glaucous, side-veins acute or at a wider angle to the
mid-rib, reticulation very dense, intramarginal vein present, oil glands sparse, intersectional.
Inflorescences terminal, peduncles slender, 0.2–0.9(1.2) cm long; buds in 7s but umbels are sometimes
irregular due to short internode elongation within the cluster, pedicels 0.1–0.3 cm long. Mature buds
pyriform to obovoid or globular, 0.3–0.4 cm long, 0.2–0.3 cm wide, non-glaucous or glaucous, scar
present (outer operculum lost early), operculum rounded and apiculate, rarely conical, stamens
irregularly flexed, all fertile, anthers adnate, cuboid, dehiscing by lateral slits, style long, straight,
stigma blunt, locules 3 or 4, the placentae each with 4 vertical ovule rows. Flowers white. Fruit on
pedicel 0.1–0.3 cm long or, rarely, subsessile, truncate-globose to obconical, usually contracted at the
top, 0.2–0.4 cm long, 0.3–0.7 cm wide, glaucous or non-glaucous, rim narrow, rarely flared, disc
descending vertically, narrow, valves 3 or 4, near rim level or barely exserted. Seeds dark brown, 1–2
mm long, flattened-ovoid, dorsal surface smooth, hilum ventral. Eucalyptus microtheca usually has
rough bark over the whole trunk extending to the branches and a crown of dull green, grey-green or
sometimes glaucous leaves and small fragile fruit with valves at rim level when dehisced.
Eucalyptus microtheca is most closely related to the widespread E. coolabah which is found in similar
but drier habitats to the south and south-east, and to E. victrix which occurs in still drier habitats from
central Australia west to the Pilbara. E. coolabah has rough bark on part or all of the trunk, having
whitish smooth bark on the branches, and has conspicuously exserted valves in the
otherwise shallower hemispherical-obconical fruit. E. victrix has smooth powdery white bark and
similar fruit to E. microtheca with valves at rim level or slightly exserted. It is also closely related to E.
tectifica, both species having rough bark to the small branches. E. tectifica and E. microtheca
are separated by the shape and dimensions of their juvenile leaves, E. microtheca usually being
narrowly lanceolate and E. tectifica normally ovate to broadly lanceolate. The fruit of E. tectifica also
tend to be slightly wider than those of E. microtheca but some overlap in dimensions does occur.
Another closely related member of this group is E. acroleuca from Cape York Peninsula. It differs by
having basal rough bark with a fairly regular "cut-off" about halfway up the trunk and conspicuous
smooth bark on the upper trunk and branches, and very small fruit (0.2–0.3 cm wide only) with
enclosed valves.
Habitat: Clay. Seasonally waterlogged flats, along watercourses, swamps. Most commonly collected
from the Kununurra-Lake Argyle area, its full range unknown but possible extending west to Media
Station: EGa. Also occurs in NT and QLD. A tree of widespread distribution in northern Australia,
found fringing seasonally dry watercourses, swamps, lakes and low-lying areas subject to temporary
inundation. It occurs east from the Ord River in the Kimberley region of Western Australia through
the Northern Territory north from about Newcastle Waters and including the Barkley Tableland (but
see below), to the Roper River and Macarthur River, extending into the Gulf country of Queensland
as far east as western Cape York and as far south as near Mount Isa and Chillagoe.
Aboriginal Uses: see: E. coolabah
References: Latz, 1995 see: E. coolabah; Wheeler, 1992: 521
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Reference card number: MYReu04
Family: MYRTACEAE

Species: Eucalyptus miniata

Common names:
Description: Tree, 6-20 m high, bark rough, fibrous-flaky on trunk. Fl. orange/red, May to Sep. Tree
to 30 m tall. Forming a lignotuber. Soft papery, fibrous rough bark over most the trunk, rough bark
orange-brown to red-brown to yellow-brown to dark grey. Upper trunk and large branches with
white to pale grey smooth bark. Branchlets glaucous with oil glands in the pith. Adult leaves alternate
petioles 1.2–2.7 cm long; blade lanceolate to broadly lanceolate, 7–16(18) cm long, (2)2.5–4.5(6) cm
wide, base rounded to tapering to petiole, discolorous, dull to slightly glossy green, side-veins at a
wider angle than 45° to the midrib, tertiary venation moderate to dense, intramarginal vein present
and very close to the margin, oil glands island and intersectional. Inflorescences axillary single,
peduncles 1–3.5 cm long; buds 7 per umbel, usually pedicellate, sometimes sessile, pedicels 0–0.7 cm
long. Mature buds clavate to rarely broadly fusiform (1–2.3 cm long, 0.9–1.2 cm wide), glaucous,
calyx fused to the corolla and evident as 4 small teeth at the apex of the bud, hypanthium
longitudinally striated or ribbed, operculum rounded to conical, stamens usually inflexed but
occasionally irregularly flexed, anthers oblong, versatile, dorsifixed, dehiscing by longitudinal slits
(non-confluent), style long, hooked or bent beneath the apex of the bud, stigma tapered, locules
usually 3, the ovules usually arranged in 6 distinct vertical rows on the placentae. Flowers orange.
Fruit sessile or shortly pedicellate, pedicels 0–0.2 cm long, cylindrical to barrel-shaped to urceolate,
longitudinally ribbed, 3.3–6 cm long, (1.8)2–4 cm wide, young fruit glaucous, but glaucousness
weathering with age, disc vertically to obliquely descending, valves 3, enclosed. Seed dull dark grey
to black, ± flattened to obliquely pyramidal to ± cuboid, 5–7 mm long, ventral surfaced ribbed, dorsal
surface smooth, hilum ventral, often indented. It is charactised by its rough, papery or fibrous bark
on the trunk and the smooth, white bark on the upper trunk and branches, the discolorous adult
leaves, the glaucous buds, the bright orange filaments of the flower and the large ribbed fruit.
Habitat: Sandy soils over sandstone or quartzite. Plains, rocky hills. A medium-sized to tall tree,
common right across northern Australia from the Kimberley in Western Australia, through the Top
End of the Northern Territory to just across the border into the Burketown region of north
Queensland. E. miniata is most common in open forest or woodlands with deep sandy soils but can
also be found growing in shallow soils on the tops or sides of sandstone escarpments. Commonly
occurs in sandstone areas, sometimes in quartzite areas or in sand, with one record from a lateritic
plateau. Widespread in the northern half of the Kimberley region, extending south to the Dampier
Peninsula in the west and to the lower Ord River in the East: WGa, CGa, EGa, Fi, Da. Also occurs in
NT and QLD.
Aboriginal Uses:
References: Frawley, 2010; Paddy et al., 19xx: 31; Wheeler, 1982: 521
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Reference card number: MYReu05
Family: MYRTACEAE

Species: Eucalyptus tectifica

Common names: Darwin Box
Description: Tree, 3-12 m high, bark rough, box-type. Fl. cream-white, Oct to Dec. Bark: Bark
persistent throughout, fibrous-flaky with whitish patches ("box"), grey, grey. Pith glands present;
Bark glands present. Cotyledons obreniform (bilobed). Leaves: Intermediate leaves disjunct early,
lanceolate to ovate, straight, entire, dull grey green, petiolate. Adult leaves disjunct, narrow lanceolate
or lanceolate, falcate, acuminate or acute, basally tapered, dull, green or grey-green, thin, concolorous;
Petioles narrowly flattened or channelled. Lateral veins obscure, acute or obtuse. Inflorescences:
Conflorescence compound, terminal; Umbellasters 7-flowered. Peduncles terete. Flowers: Buds ovoid
or pyriform, not glaucous or pruinose. Calyx calyptrate; shedding early. Calyptra conical, 1 times as
long as hypanthium, as wide as hypanthium; smooth. Hypanthium smooth. Flowers white, or cream.
Fruits: Fruits hemispherical or ovoid. Disc depressed. Valves enclosed or rim-level or exserted. Chaff
dimorphic, linear and cuboid.
Habitat: Skeletal sandy soils over sandstone, quartzite or basalt, alluvium. Hillsides, along creek.
Occurs commonly in sandy soils, sometimes on sandstone or other types of rocks. Extends from
Mitchell Plateau south west to Dampier Peninsula and eastwards to Kununurra: Wga, Cga, Ega, Fi,
Da. Also occurs in NT and QLD.
Aboriginal Uses:
References: Frawley, 2010; Wheeler, 1982: 526
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Reference card number: MYReu06
Family: MYRTACEAE

Species: Eucalyptus tetrodonta

Common names: Darwin Stringybark
Description: Tree, 9-18 m high, bark rough & stringy. Fl. cream-white, Jun to Sep. Bark: Bark
persistent throughout, stringy, grey, grey, shedding in short ribbons or shedding in small polygonal
flakes. Pith glands present; Bark glands present. Cotyledons reniform. Leaves: Intermediate leaves
disjunct early, elliptic, straight, entire, dull grey green, sessile. Adult leaves opposite or disjunct,
narrow lanceolate or lanceolate, falcate or not falcate, acuminate, basally tapered, dull, grey-green,
thick, concolorous, 999 cm long, 999 mm wide; Petioles narrowly flattened or channelled, Petioles 999
mm long. Lateral veins prominent, obtuse. Inflorescences: Conflorescence simple, axillary;
Umbellasters 3-flowered. Peduncles terete or narrowly flattened or angular (to 3mm wide), 999 mm
long. Pedicels 999 mm long. Flowers: Buds obovoid or pyriform, not glaucous or pruinose. Calyx
reduced to 4 teeth on hypanthium. Calyptra hemispherical, 1 times as long as hypanthium, wider
than hypanthium; smooth, or rugose. Hypanthium smooth. Flowers white, or cream. Fruits: Fruits
cylindrical or campanulate, pedicellate, 999 mm long, 999 mm diam. Disc depressed. Valves enclosed
or rim-level. This species and E. odontocarpa differ from all other eucalypts in the Kimberley Region
in having 4 prominent free sepals surrounding the operculum and persisting in fruit.
Habitat: Sandy soils on sandstone, laterite or quartzite. Flats, plateaus. Occurs commonly in sand,
often on sandstone, laterite or other rock types. Extends from the far north of the regions southwards
to Beverley Springs Station in the west and the Kununurra area in the east: Wga, Cga, Ega. Also
occurs in NT and QLD.
Aboriginal Uses:
References: Frawley, 2010; Wheeler, 1982: 526
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Reference card number: MYRme01
Family: MYRTACEAE

Species: Melaleuca leucadendra

Common names: Paperbark; White Tea Tree; Weeping Teatree; Swamp Tea Tree; River Cadjeput
Description: Tree, 5-30 m high. Fl. green/cream/white, Mar to Aug or Oct. Stem: Bark white or pale.
Dead bark layered. Leaves: Leaf blades more than seven times as long as wide, about 11.5-17 x 0.8-2.1
cm, with five longitudinal veins more prominent than the rest. Pale papery bark usually visible on the
larger twigs but not often on the leafy twigs. Young shoots and twigs clothed in white or silver,
prostrate hairs. Flowers: Inflorescences about 25-30 mm wide. Flowers usually in threes. Stamens
about 10-24 mm long, +/- fused in five bundles opposite the petals. Flowers have a strong sweet
odour. Fruit: Capsules sessile, glabrous, more than 4 mm diam. Cotyledons folded lengthways.
Habitat: Sand, alluvium, sandstone. Along watercourses, swamps. Grows as a rheophyte along the
creeks and rivers of northern Australia, also found in beach forest, swampy rain forest and gallery
forest. Also occurs in the Moluccas and New Guinea. It will withstand very moist and saline
conditions. The numerous pendant cream bottle brush flowers attract a wide variety of birds and
Flying Foxes.
Aboriginal Uses:
References: Frawley, 2010; Wheeler, 1992: 538
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Reference card number: PHYbr01
Family: PHYLLANTHACEAE
Common names:

Species: Bridelia tomentosa

Description: Multi-stemmed shrub or tree, 1-6 m high. Fl. green-white/cream-yellow, Jan to May.
Stem
Usually flowers and fruits as a shrub about 1-4 m tall.
Leaves
Leaf blades about 3.7-9 x 2-6 cm, petioles about 3-6 mm long. Lateral veins about 7-13, curving but not
forming distinct loops inside the blade margin. Stipules short, filiform.
Flowers
Numerous flowers in each fascicle. Calyx lobes about 1.5-2 x 0.5-0.9 mm. Petals small and
inconspicuous, about 0.5-0.6 x 0.4-0.5 mm. Anther filaments about 0.4-0.6 mm long, anthers globose,
about 0.5 x 0.4 mm. Styles about 0.4-0.9 mm long, each style with two stigmatic branches.
Fruit
Fruits globular, about 6-7 x 4-6 mm, calyx persistent at the base of the fruit. Seeds about 3-5 mm long,
+/- hemispherical, enclosed in a bony endocarp. Cotyledons curved, about 2.5-3 mm long, wider than
the radicle. Radicle about 1 mm long.
Habitat: Sandstone, limestone or basaltic soils. Rocky hills, ridges, cliffs, scree slopes, coastal dunes,
near watercourses. Occurs in WA, NT, CYP and NEQ. Altitudinal range from near sea level to 500 m.
Grows in open forest, vine thickets, monsoon forest and the drier types of rain forest. Also occurs in
Asia and Malesia.
Aboriginal Uses:
References: Wheeler, 1992: 594
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Reference card number: PICpe01
Family: PICRODENDRACEAE

Species: Petalostigma pubescens

Common names: Quinine bush
Description: Shrub or tree, 0.7-7 m high. Fl. white-yellow, Oct to Dec or Jan to Feb or May to Jul.
Leaves ovate to ± circular, 2–6 cm long, 1–2.5 cm wide, margins ± entire, upper surface dark green;
lower surface grey and finely pubescent with long and short hairs; petiole 3–8 mm long, hairy. Male
flowers in clusters of 3 or 4, female flowers solitary, creamy-fawn. Fruit 12–17 mm diam., pubescent,
mostly 4-locular, orange-yellow; ripe Apr.-Nov.
Habitat: Sandy soils, sandstone. Creeklines, ridges, rocky slopes, sandplains. Widespread in a variety
of habitats from near Admiralty Gulf, Napier Broome Bay and Wyndham southwards to Derby and
Camballin, also recorded for several off-shore islands: WGa, CGa, EGa, Fi, Da. Occurs in NT, QLD,
and NSW. Also recorded for New Guinea.
Aboriginal Uses:
References: Frawley, 2010; Wheeler, 1992: 617
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Reference card number: PROgr01
Family: PROTEACEAE

Species: Grevillea heliosperma

Common names: Rock Grevillea
Description: Small, spreading, sparingly branched, sometimes lignotuberous, tree or shrub, 2.5-8 m
high. Fl. pink/red, Jan or Mar to Jul or Oct. Habit and leaf form. Trees or shrubs, 3–8 m high.
Branchlets not glaucous. Leaves simple, 80–400 mm long overall. Leaf blade dissected, subpinnatisect,
not further divided (lobes broad with narrow bases; sometimes further divided). Leaf lobes 30–130
mm long, 5–10 mm wide. Margins flat. Hairs straight. Fruit features. Fruit granulose, ellipsoidal or
globose, glabrous, not viscid, 18–35 mm long.
Habitat: Sandy clay, red loam, commonly on sandstone or laterite. Rocky hillsides, plateaus, other
rocky sites. Amongst medium trees, or tall (sclerophyll) shrubland, or low (sclerophyll) shrubland; in
rocky or stony soil, or gravelly soil, or sand; occupying crest of rocky scarp. Occurs in the monsoon
tropics of northern Australia; in W.A. restricted to the northern and central Kimberley; in N.T. N of
the Barkly Tableland and through the 'Top End' N of Katherine, and on coastal islands; in Qld W from
c. 140º E. Grows in open eucalypt forest or woodland, often in rocky situations, in shallow sandy soils
on quartzite, sandstone or conglomerate.
Aboriginal Uses:
References: Frawley, 2010; Wheeler, 1992: 470
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Reference card number: PROgr02
Family: PROTEACEAE

Species: Grevillea pyramidalis

Common names: Caustic Bush ‘caustic’ because the viscid follicles can cause burns to the skin if touched
Description: Tree or shrub, 2-6 m high. Fl. white-cream-yellow, May to Jul. Habit and leaf form.
Trees or shrubs, 2–6 m high. Branchlets not glaucous. Leaves simple, 120–410 mm long overall. Leaf
blade 5–20 mm wide, dissected or undissected, flat, linear, subpinnatisect, not further divided. Leaf
lobes 50–290 mm long, 1–21 mm wide. Margins entire, flat. Hairs straight. Inflorescence and floral
features. Inflorescence axillary, or terminal; a raceme. Flowers white, very irregular. Pedicel 1–2 mm
long. Perianth 3–6 mm long, glabrous, 4 -partite; lobes all free. Stamens 4. Pistil 5–7 mm long,
stipitate; stipe 2–3 mm long. Ovary glabrous. Styles glabrous, white. Pollen presenter conical. Fruit
features. Fruit viscid, obovoid, glabrous, 18–23 mm long.
Habitat: Sand, gravel, loam, skeletal sandy soils on sandstone, laterite, granite. Amongst medium
trees, or low trees, or tall (sclerophyll) shrubland, or low (sclerophyll) shrubland; in gravelly soil, or
sand, or loam, or clay.
Aboriginal Uses:
References: Frawley, 2010; Wheeler, 1992: 473
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Reference card number: PROgr03
Family: PROTEACEAE

Species: Grevillea striata

Common names: Beefwood
Description: Tree or shrub, 3-12(-15) m high. Fl. white-cream/yellow-green, Jul or Oct to Dec or Jan or
Mar. Habit and leaf form. Trees, 9–30 m high. Branchlets not glaucous. Leaves simple, 100–350 mm
long overall. Leaf blade 2–15 mm wide, undissected, flat, linear. Margins entire, flat. Hairs straight.
Inflorescence and floral features. Inflorescence axillary, or terminal; a raceme. Flowers green or
cream, very irregular, bottlebrush. Pedicel 1–2 mm long. Perianth 3–4.5 mm long, simple-hairy, 4 partite; lobes all free. Stamens 4. Pistil 6–10 mm long, stipitate; stipe 1–2 mm long. Ovary glabrous.
Styles glabrous, white or cream. Pollen presenter conical. Fruit features. Fruit granulose, oblong or
ellipsoidal, glabrous, 13–21 mm long.
Habitat: Red sand, loam, clay. Near watercourses, plains. Amongst medium trees, or low trees, or tall
(sclerophyll) shrubland; in rocky or stony soil, or gravelly soil, or sand, or loam; occupying water
courses, shale ridge.
Aboriginal Uses: The Warlpiri are reputed to eat the seed of this tree. The ash from the burnt bark is
mixed with pituri. A dark reddish kino is often found exuding from insect wounds in the trunk.
Heated and mixed with kangaroo dung, it is used by Warlpiri and Arandic peoples as a hafting
cement and to repair implements. Because it is water soluble, it is considered somewhat inferior to the
cement made from spinifex resin, but requires much less work to prepare. Dissolved in water, this
kino is also used as a dressing for sores and burns, having a beneficial drying action. A decoction of
the leaves is also reputed to be used as a medicinal wash by eastern Alyawaa people. Itchy grub nests
are often found on this tree.
References: Latz, 1995: 104, 202, 326, 339-41, 348, 355, 358, 361-363, 366-69, 379; Wheeler, 1992: 474
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Reference card number: PROgr04
Family: PROTEACEAE

Species: Grevillea wickhamii

Common names: Wickham’s Grevillea; Holly Leaf Grevillea
Description: Erect shrub or tree, to 6 m high. Fl. red/pink/orange/yellow, Apr to Oct. Habit and leaf
form. Shrubs, 1–5 m high. Branchlets not glaucous. Leaves simple, 25–90 mm long overall. Leaf blade
20–55 mm wide, undissected, flat, obovate or spathulate. Margins dentate or prickly, flat. Hairs
straight. Inflorescence and floral features. Inflorescence axillary, or cauline; a raceme. Flowers cream
or yellow or red, somewhat irregular. Pedicel 2–9 mm long. Perianth 4–7 mm long, glabrous or
simple-hairy or glandular-hairy, 4 -partite; lobes free and joined. Stamens 4. Pistil 6–8 mm long,
stipitate; stipe 1.5–3 mm long. Ovary glabrous. Styles hairy, yellow. Pollen presenter lateral. Fruit
features. Fruit oblong or ellipsoidal, glabrous, 10–17 mm long.
Habitat: Red sand or loam, stony or skeletal soils, laterite, sandstone, limestone, quartzite. Sand
dunes, plains, rocky hills & gullies, cliffs or ridges, along creeklines. Amongst medium trees, or low
trees, or tall (sclerophyll) shrubland; in rocky or stony soil, or gravelly soil, or sand, or loam, or clay. It
always grows with spinifex.
Aboriginal Uses: A clear gum from its branches is often eaten. Holly grevillea has mythologic
significance for Alyawarr people.
References: Latz, 1995: 204, 326, 342, 348, 355, 358, 363, 367, 371, 374, 377; Wheeler, 1992:
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Reference card number: PROha01
Family: PROTEACEAE

Species: Hakea arborescens

Common names: Arrarruwurra
Description: Tall shrub or tree, 2-7 m high, leaves flat, 1-9 mm wide; flower indumentum: whitepubescent, pedicel and claw, ferruginous on limb. Fl. cream-yellow, Jan to Jun. Habit and leaf form.
Trees or shrubs, 2–7 m high. Leaves alternate, leaves 50–170 mm long overall. Leaf blade 50–170 mm
long, 1–13 mm wide, undissected, linear, flat; margins entire; indumentum absent. Inflorescence and
floral features. Inflorescence axillary, racemose. Flowers pedicellate, white and yellow. Pedicel 3–4 mm
long. Perianth (perigone) 2–4 mm long. Pistil 3–4.5 mm long. Pollen presenter conical. Fruit and seed
features. Fruit 30–55 mm long, 16–30 mm wide; corky tetrahedral projections absent; red-brown and
pale wood zones absent. Seed 21–35 mm long; 7.5–13.5 mm wide; wing discontinuous, apical.
Habitat: Basalt, laterite over basalt, sandstone. Amongst savannah woodland; in sand (granite,
sandstone, laterite). Throughout the Kimberley Region: WGa, CGa, EGa, fi, Da, Ha. Extends south to
Wolf Creek Crater. Also occurs in NT and QLD.
Aboriginal Uses:
References: Frawley, 2010; Paddy et al., 19xx: 31; Wheeler, 1992: 476
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Reference card number: RHAve01
Family: RHAMNACEAE

Species: Ventilago viminalis

Common names: Supplejack
Description: Weeping tree, 4-10 m high. Fl. cream-yellow/green, May to Sep. Tree to 10 m high with
pendent branches; juvenile plants intertwining and ± climbing. Leaves ± lanceolate, 5–12 cm long, 5–
20 mm wide, margins entire, glabrous; petiole 3–7 mm long. Flowers in racemes, yellowish green,
clustered at nodes. Sepals 2 mm long. Petals absent. Nut c. 4 mm diam. with an oblong wing 2–4 cm
long, green turning brown when mature.
Habitat: Red sand or alluvial soils, cracking clay. Occurs on red sand or alluvial soil in southern areas
of the region from the Dampier Peninsula, Mt House and Pentecost Downs Station southwards: Fi,
Da, Ha. Also a record from the Hammersley Range. Occurs in NT, SA, QLD and NSW.
Aboriginal Uses:
References: Wheeler, 1992: 632
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Reference card number: RUTha01
Family: RUTACEAE

Species: Harrisonia brownii

Common names: Thorn Bush
Description: Shrub or tree, 1-4 m high. Fl. yellow/white, Dec or Jan or Apr. Stem: Occasionally grows
into a small tree but usually flowers and fruits as a shrub about 2-4 m tall. Leaves: Terminal buds and
young shoots densely clothed in pale brown hairs. Lateral leaflet blades about 1.5-5.5 x 0.7-3 cm.
Middle leaflet larger than the lateral leaflets, to about 3.5-9 cm long. Middle leaflet usually stalked,
lateral leaflets sessile or with very short stalks. Compound leaf petiole channelled on the upper
surface. Flowers: Calyx lobes about 0.5 mm long. Petals up to 5 mm long. Stamens eight, filaments
with a hairy appendage on the adaxial surface, anthers clothed in minute hairs or glands. Disk
cylindrical, 8-lobed. Styles four, up to 2.5 mm long. Carpels 4-5, fused for about two thirds of their
length. Fruit: Fruits variable in size and shape depending on the number of carpels which develop.
Frequently globose, 4-5 mm diam. but lobed fruits also produced. Fruits black when ripe but the flesh
white or translucent. Embryo with U-shaped, i.e. curved, cotyledons which are much larger than the
radicle.
Habitat: Sand, limestone or basalt. Rocky situations, sand dunes.
Aboriginal Uses:
References: Wheeler, 1992: 661
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Reference card number: SAPat01
Family: SAPINDACEAE

Species: Atalaya hemiglauca

Common names: Whitewood
Description: Tree or shrub, 1.5-10 m high. Fl. cream-white, May to Oct. An erect shrub or small tree
up to 7 m high with scaly grey bark, its leaves are pale green and rather leathery and the flowers are
creamy. The winged fruit, when falling from the tree, float with a spiralling motion and can be blown
for a considerable distance.
Habitat: Sandy or clayey soils. Sandstone ridges, floodplains. Whitewood is found in most of the nonspinifex communities. It is drought resistant and fire tolerant, mainly because of its ability to sucker
from its roots. Widespread throughout the Kimberley region from Mt Casuarina south to Louisa
Downs Station: Wga, Cga, Ega, Fi, Da, Ha. Extends south to the Pilbara Region and also occurs in NT,
SA, QLD, and NSW.
Aboriginal Uses: The trunks and roots of whitewood harbour edible witchetty grubs, and the white
sap often exuding from its trunk is also eaten. The rather soft, white wood is especially favoured to
produce ornaments used in ceremonies. Selected sticks are cut in such a way that the shavings, still
attached to the stick, form small pine-tree-like ornaments (see Stirling 1896: 105). Detached shaving
are also mixed with blood to be used for certain ceremonies. The seeds are often used as toy
helicopters by children.
References: Latz, 1995: 129, 316, 340-1, 345, 354, 357, 360, 362, 378-93; Wheeler, 1992: 647
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Reference card number: SAPat02
Family: SAPINDACEAE

Species: Atalaya variifolia

Common names: Wingleaf Whitewood
Description: Tree or shrub, 2-10 m high. Fl. cream-white, Aug to Dec.
Stem: Usually flowers and fruits as a shrub about 3-5 m tall. Leaves: Leaves very variable, sometimes
simple, sometimes +/- trifoliolate, pinnate or deeply lobed. Leaf bearing twigs longitudinally grooved
or striated and clothed in simple brown hairs. Compound leaf rhachis markedly winged except at the
point of attachment of the leaflets. Leaflet blades about 17 x 1-2 cm, +/- sessile on the compound leaf
rhachis. Terminal buds and young shoots clothed in brown hairs. Lateral veins forming loops inside
or on the blade margin. Flowers: Panicles about 10-24 cm long. Terminal flowers in each branch
appear to be bisexual while the other flowers in each branch appear to be male. Flowers about 12-15
mm diam. Sepals about 2-3.5 mm long, outer surface silky hairy. Petals about 6 x 4 mm, outer surface
silky hairy, margins ciliate. Each petal with two flaps of tissue or a pocket on the inner surface
extending from near the base to about 1/3 the height of each petal. Disk completely surrounding the
base of the ovary. Stamens or staminodes eight, filaments hairy, inserted between the disk and the
ovary. Ovary densely hairy. Fruit: Fruits flat, winged, about 4-5 x 1.5-1.7 cm. Seed about 7-12 mm
long. Embryo +/- filling the seed, one cotyledon curled around the other which is folded over on itself.
Radicle on the edge and much smaller than the cotyledons.
Habitat: Sand, laterite, sandstone. Stony hillsides, outcrops, along creeks. Often near the coast,
extends from Sir Graham Moore Island to Cape Boileau: Wga, Cga, Fi, Da. Also occurs in NT and
QLD. Endemic to Australia, occurs in WA, NT, CYP and NEQ. Altitudinal range from near sea level
to 600 m. Usually grows in open forest but also found in beach forest, vine thickets and monsoon
forest.
Aboriginal Uses:
References: Wheeler, 1992: 648
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Reference card number: SAPdo01
Family: SAPINDACEAE

Species: Dodonaea polyzyga

Common names:
Description: Erect, viscid shrub, 1-3 m high. Fl. Apr to Oct. Andromonoecious or gymnonoecious
shrub to 3m high; branchlets ribbed, sparesly hairy and viscid. Leaves imparipinnate; petiole grooved
above, 9-21 mm long, sparsely hairy; lateral laeflets 28-46, shortly petiolulate, paler below, narrowly
oblong or narrowly elliptic, 8-24 x 2.5-7 mm, decreasing in size towards apex, sparsely hairy, usually
viscid, base oblique, margin entire, apex acuminate, acute or mucronate; terminal leaflet very
narrowly elliptic-ovate, 10-24 x 1.5-6 mm, base attenuate, apex acuminate, otherwise similar to lateral
leaflets. Inflorescence a terminal panicle; pedicles 5-11 mm long, hairy; flowers unisexual or bisexual,
usually viscid. Sepals 4-6, green, ovate, 4-5 mm; anthers with small apical appendage, total length 33.5 mm long, both sparsely hairy. Ovary sparsely hairy. Style twisted, 6-12.5 mm long. Capsule 3winged, red-brown at maturity, depressed obovate in lateral view, 11-19 x 20-30 mm, glabrescent,
usually viscid, septifragally dehiscent; wings 6-12 mm wide, membranous. Seeds lenticular to
globular, 2.5-2-3.5 mm, shiny, translucent membrane completely attached.
Habitat: Skeletal soils. Rocky slopes. Occurs in the southern half of the Kimberley Region from Texas
Downs Station to Fitzroy Crossing: Fi, Da, Ha. Only extends to the Victoria River area in NT.
Aboriginal Uses:
References: Frawley, 2010; Wheeler, 1982: 653
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Reference card number: SAPpo01
Family: SAPOTACEAE

Species: Sersalisia sericea

Common names: Nangi; Wild Prune; Mongo
Description: Shrub or tree, 1-15 m high. Fl. cream-yellow, Jan to Dec. Stem:Exudate slow and meagre.
Cream or pale brown, brittle stripes in the outer blaze. Leaves: Terminal buds and young shoots
densely clothed in rusty brown hairs. Petioles and twigs produce a small amount of milky exudate.
Leaf blades about 2.5-12 x 1.3-6 cm. Flowers: Sepals ferruginously sericeous on the outer surface, but
glabrous on the inner surface. Corolla about 5-8 mm long, ferruginously sericeous outside, but
glabrous on the inner surface, tube about 3.5-5.5 mm long. Stamens attached to the tube up to 4.5 mm
from the base. Staminodes deltoid, about 1-1.5 mm long. Pistil about 6.5 mm long, ovary tapering into
a style about 1 mm long. Ovary densely ferruginously villous. Fruit: Fruits oblong, sessile, about 20 x
10 mm, glabrous except for the base and the persistent style. Sepals persistent. Seed, usually one per
fruit, oblong, about 18 x 7-10 mm. Testa thin and shiny. Hilum about 18 x 2-4 mm, extending most of
the length of the seed.
Habitat: Sandy soils over sandstone or basalt. Along watercourses. Widespread in forest, woodland
or vine thickets, usually on sandstone, from Cape Londonderry south to Cape Bertholet, Mt Hart and
Mt Barnett Stations: WGa, CGa, EGa, Fi, Da. Also occurs in NT and QLD.
Aboriginal Uses:
References: Frawley, 2010; Crawford, 1982: 67-68; Specht, 1958: 498; Wheeler, 1992: 270 (Pouteria
sericea)
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Reference card number: SIMbr01
Family: SIMAROUBACEAE

Species: Brucea javanica

Common names: Macassar Kernels
Description: Shrub or tree, 1-6 m high. Fl. green-white, Nov.
Leaves
Leaflet blades about 4.5-11 x 1.5-5.5 cm, with hairs on both the upper and lower surfaces. Leaflet stalk
of the terminal leaflet much longer than those on the lateral leaflets. Midrib slightly raised on the
upper surface of the leaflet blades. Terminal bud densely clothed in pale, +/- prostrate hairs.
Flowers
Anthers usually red. Disk thick, 4-lobed. Stamens inserted between the lobes under the outer margin
of the disk.
Fruit
Fruiting carpels about 6-8 x 5-6 mm. Endocarp +/- reticulate or wrinkled, but difficult to separate from
the pericarp.
Habitat: Sand. Sandstone hills & boulders. Occurs in WA, NT, CYP, NEQ and southwards as far as
coastal central Queensland. Altitudinal range from sea level to 500 m. Grows as an understory tree in
monsoon forest and beach forest. Also occurs in Asia and Malesia.
Aboriginal Uses: In Chinese herbal medicine, the kernels are prescribed in amoebic dysentery and as
a remedy for intestinal worms. Although there is no record of the kernels being used in Australian
traditional medicine, the leaves and roots were used as an analgesic by Aborigines in north
Queensland. Cribb (1981).
References: Wheeler, 1992: 660
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JULY 2013 COLLECTION
SPECIES
Ficus tinctoria subsp. tinctoria
Gyrocarpus americanus subsp. pachyphyllus
Acacia ampliceps
Sesbania cannabina
Cochlospermum fraseri
Celtis australiensis
Dodonaea polyzyga
Ficus sp.
Grevillea sp.
Corymbia terminalis
Bauhinia cunninghamii
Acacia bivenosa
Senna artemisioides subsp. oligophylla
Vachellia farnesiana
Capparis umbonata
Flueggea virosa
?Acacia sp.
Capparis sp.
Melaleuca lasiandra
Mallotus nesophilus
Dolichandrone heterophylla
Acacia holosericea
Eucalyptus pruinosa subsp. pruinosa
Calotropis procera
Grevillea refracta
Acacia tumida var. tumida
Grevillea wickhamii
Eucalyptus coolabah
unknown
Ficus virens var. virens
Flueggea virosa
Vitex sp.
Myoporum montanum
unknown
Brachychiton viscidulus
Corymbia sp.
Hakea arborescens
Corymbia cadophora subsp. cadophora
Diospyros maritima
Brucea javanica
Santalum lanceolatum
Cajanus sp.
Acacia pyrifolia
?Terminalia sp.
?Terminalia sp.
Melaleuca leucadendra
Eucalyptus camaldulensis subsp. obtusa
Melaleuca leucadendra
Alstonia actinophylla
Vachellia suberosa
Ficus racemosa

REF COLLECTED
LOCATION COLLECTED
1
2/07/2013
Riwi (2-300m NW of Riwi on edge of dry watercourse)
2
2/07/2013Riwi (300m NW of shelter, limestone outcrop adjacent to watercourse)
3
2/07/2013
Riwi (4-500m W of Riwi cave, in dry watercourse next to limestone outcrop)
4
2/07/2013
Riwi (500m NWW of Riwi in dry subsidiary watercourse)
5
2/07/2013
Riwi (197m NWW from Riwi, raised above watercourse)
6
2/07/2013
Riwi (114m E from Riwi, base of limestone scarp)
7
2/07/2013
Riwi (117m E of shelter)
8
2/07/2013
Riwi (100m SE of shelter on limestone outcrop)
9
2/07/2013
Riwi (400m south of cave on limestone outcrop)
10
3/07/2013
Riwi (on access road, SW of rockshelter)
11
3/07/2013
Mimbi (between camp and community, 700m SE of community)
12
3/07/2013
Mimbi (Plain between community and camp, some 600 m SE of community)
13
3/07/2013
Mimbi (Plain between community and camp, some 600 m SE of community)
14
3/07/2013
Mimbi (300-400 m SSE of community, just off access road)
15
3/07/2013 Mimbi (between camp and community, approx 200 m SE of camp)
16
3/07/2013
Mimbi (on road between camp and community)
17
6/07/2013
Mimbi (on road between camp and community)
18
6/07/2013
Mimbi (on road between camp and community)
19
6/07/2013
Mimbi (road between Riwi and Mimbi, 300 m NW of community)
20
6/07/2013
Riwi (grows inside shelter)
21
6/07/2013
Fitzroy (30km SE town, first truck stop)
22
6/07/2013
Fitzroy to Mimbi (50km SE of FC on roadside)
23
6/07/2013
Mimbi (400m NNW from community, plain 150 m from scarp)
24
6/07/2013
Mimbi (road between Riwi and Mimbi, 500 m from Riwi turn off)
25
6/07/2013
Mimbi to Halls Creek (Parking bay c.15km SE of Mimbi turn off)
26
6/07/2013
Mimbi to Halls Creek (parking bay c.15km SE of Mimbi)
27
6/07/2013
Mimbi to Halls Creek (Parking bay c.15km SE of Mimbi turn off)
28
6/07/2013
Mimbi to Halls Creek (3rd parking bay from Mimbi turn off)
29
6/07/2013 Mimbi to Halls Creek (Parking bay c.160 km NW from Halls Creek)
30
13/07/2013
MB (Within excavated rockshelter)
31
13/07/2013
MB (Within excavated rockshelter)
32
13/07/2013
MB (Within excavated rockshelter)
33
13/07/2013
MB (Within excavated rockshelter)
34
13/07/2013
MB (Within excavated rockshelter)
35
13/07/2013
MB (SE of MB rockshelter)
36
13/07/2013
MB (SE of MB rockshelter, top of gully slope)
37
13/07/2013
MB (base of scree slope heading west from MB rockshelter)
38
13/07/2013
MB (on plain, west of shelter)
39
14/07/2013
CG1 (lower terrace east of excavation)
40
14/07/2013
CG1 (lower terrace east of excavation)
41
14/07/2013
CG1 (in rockshelter, below excavated cave)
42
14/07/2013
CG1 (base of slope on edge of plain)
43
14/07/2013
CG1 (On road between CG3 and CG1)
44
14/07/2013
CG1 (On road between CG3 and CG1)
45
14/07/2013
WG (Fishing spot)
46
14/07/2013
WG (Fishing spot)
49
16/07/2013
WG (dry riverbed c. 1.5 km N of WG camp)
50
16/07/2013
WG (south side of gorge, dry bed, some 1.5 km from WG camp)
52
16/07/2013
WG (upper riverbank)
53
16/07/2013
WG (on road 300 m north of Fairfield turnoff)
54
16/07/2013
WG (1km from cam ground, lower riverbank)

APRIL 2014 COLLECTION
SPECIES

REF COLLECTED LOCATION COLLECTED

Cymbopogon ambiguus

55

4/04/2014 CG1 (base of slope)

Harrisonia brownii

56

4/04/2014 CG1 (base of slope)

Ampelocissus acetosa

57

4/04/2014 CG1 (base of slope)

Triodia epactia

58

4/04/2014 CG1 (base of slope)

Tephrosia phaeosperma

59

4/04/2014 CG1 (base of slope)

Triumfetta incana

60

4/04/2014 CG1 (base of slope, in dry creek bed)

Celtis strychnoides

61

4/04/2014 CG1 (mid way up slope, in dry creek bed)

Ficus virens var. virens

62

4/04/2014 CG1 (lower cave from excavation level)

Dodonaea polyzyga

63

4/04/2014 CG1 (lower cave from excavation level)

Melia azederach

64

4/04/2014 CG1 (lower cave from excavation level)

Abrus precatorius

66

4/04/2014 CG1 (vine thicket, lower cave from excavation level)

Capparis jacobsii

67

4/04/2014 CG1 (vine thicket, lower cave from excavation level)

Indigofera linifolia

68

4/04/2014 CG1 (on road near gate into CG1)

Sorghum plumosum var. plumosum

69

4/04/2014 CG1 (on road near gate into CG1)

Ficus coronulata

70

5/04/2014 WG (on track before cave through to river)

Ficus racemosa

71

5/04/2014 WG (on track before cave through to river)

Nauclea orientalis

72

5/04/2014 WG (river bank c.50 m from cave entrance)

Terminalia platyphylla

73

5/04/2014 WG (river bank c.50 m from cave entrance)

Mallotus nesophilus

74

5/04/2014 WG (vine thicket close to limestone)

Clerodendrum tomentosum var. tomentosum

75

5/04/2014 WG (tour operator part of camp ground)

Clerodendrum tomentosum var. tomentosum

76

5/04/2014 WG (tour operator part of camp ground)

Brachychiton diversifolius var. diversifolius

77

5/04/2014 WG (quiet camping area next to shower block)

Vitex glabrata

78

5/04/2014 WG (quiet camping area next to shower block)

Corymbia aff. dampieri

79

5/04/2014 WG (quiet camping area close to shower block)

Corymbia disjuncta

80

5/04/2014 WG (quiet camping area close to shower block)

Corymbia dendromerinx

81

5/04/2014 WG (quiet camping area)

Corymbia aff. dampieri

82

5/04/2014 WG (quiet camping area)

Flueggea virosa var. onelanthesioides

83

5/04/2014 WG - CG1 road (near historic site)

Acacia elachanthra

84

6/04/2014 Fairfield - Leopold road (10km SW of Tunnel Creek)

Hakea arborescens

85

6/04/2014 Fairfield - Leopold road (10km SW of Tunnel Creek)

Grevillea pyramidalis

86

6/04/2014 Fairfield - Leopold road (10km SW of Tunnel Creek)

?Eucalyptus sp.

87

6/04/2014 Fairfield - Leopold road (past TC back towards WG)

Senna timorensis

88

6/04/2014 Fairfield - Leopold road (past TC back towards WG)

Adenia heterophylla var. australis

89

7/04/2014 WG (savannah track at base of range)

Abutilon hannii

90

7/04/2014 WG (savannah track at base of range)

Terminalia hadleyana

91

7/04/2014 WG (savannah track at base of range)

Acacia monticola

92

7/04/2014 Gibb River Rd (tip point on corner with Fairfield-Leopold rd)

Hibiscus meraukensis

93

7/04/2014 Gibb River Rd (tip point on corner with Fairfield-Leopold rd)

Terminalia canescens

94

7/04/2014 Gibb River Rd (tip point on corner with Fairfield-Leopold rd)

Dodonaea hispidula var. avida

95

7/04/2014 Gibb River Rd (tip point on corner with Fairfield-Leopold rd)

Eucalyptus bigalerita

96

7/04/2014 Gibb River Rd (tip point on corner with Fairfield-Leopold rd)

Acacia platycarpa

97

7/04/2014 Gibb River Rd (just past WG turn off heading towards Derby)

Terminalia canescens

98

7/04/2014 Gibb River Rd (parking bay)

Cassytha filiformis

99

7/04/2014 Gibb River Rd (half way between WG and Derby turn offs)

Appendix D:
Anthracological reference collection: anatomical
descriptions and SEM images
The following text is adapted from Chapter 2: Methods, pages 52—54
Following Pearsall (2000), samples were wrapped in aluminium foil, placed in
individual, labelled crucibles within whitewashed brick-layer’s sand, and charred
at 400˚C for 30—60 minutes (until smoke was no longer produced) in a muffle
furnace at the Department of Archaeology and Natural History (ANH) at the
Australian National University (ANU). After charring, samples were organised into
family groups and stored in the ANH Archaeobotany laboratory at the ANU, where
the physical collection will remain. This collection was further supplemented by
12 charcoal samples from the University of Western Australia’s Department of
Archaeology’s Barrow Island, Pilbara, and Weld Range reference material (Dotte
and Byrne 2013; Taylor 2012).
The Bunuba-Gooniyandi reference collection comprises 66 species plus five taxa
identified to genus level, totalling 71 taxa. These 71 taxa are from 33 genera and
22 family groups. Charcoal samples were snapped along the transverse, radial
and longitudinal sections, with the aid of a scalpel where necessary, following
Leney and Casteel (1975). Exposed sections were examined with an Olympus
BH-2 reflected lightfield/darkfield microscope at magnifications of 20—500x,
before closer examination of sub-elemental features, such as intervessel pits,
and imaging with a JEOL JCM-6000 Neoscope Scanning Electron Microscope,
in the ANH Department at the ANU. The anatomical features of a minimum of ten
samples per taxon were described following the International Association of
Wood Anatomists (IAWA) nomenclature (Wheeler et al. 1989), using a template
adapted from Dotte-Sarout’s (2010) anthracological specimen form. Descriptions
of each taxon, which were collated and entered into a Filemaker database, are
presented here, alongside SEM images. Canonical examples of each taxon are
also housed as a physical collection in the Archaeobotany laboratory at the ANH,
The Australian National University
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ANU, with each section embedded in Bostik Blu-Tack on a microscope slide, for
easy reference.
Rose Whitau wrote all of the following descriptions and took all of the images with
a JEOL JCM-6000 Neoscope Scanning Electron Microscope housed in the
Archaeology and Natural History Department at the Australian National
University.
References:
Dotte-Sarout, E. 2010 “The Ancestor Wood”. Trees, Forests and Precolonial
Kanak Settlement on New Caledonia Grande Terre. Unpublished PhD
thesis, Université Paris I Sorbonne, Paris/Australian National University,
Canberra.
Dotte-Sarout, E. and C. Byrne 2013 Archaeobotany (Anthracology-charcoal
Analysis) of the Inland Pilbara. Report Prepared for BHP BIO. The
University of Western Australia, Perth.
Leney, L. and R. Casteel 1975 Simplified procedure for examining charcoal
specimens for identification. Journal of Archaeological Science 2:153–
159.
Pearsall, D. 2000 Paleoethnobotany, a Handbook of Procedures, 2nd edn. San
Diego, CA: Academic Press.
Taylor, C.K. 2012 Charcoals as indicators of ancient trees and fuel strategies.
Unpublished Honours thesis, Centre of Archaeology in the School of Arts,
Humanities and Social Sciences, The University of Western Australia,
Crawley.
Wheeler, E.A., P. Baas and P.E. Gasson (eds) 1989 IAWA list of microscopic
features for hardwood identification. IAWA Bulletin 10(2): 99–145.
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Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fusiform parenchyma
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG52
APOCYNACEAE
Alstonia
actinophylla
in radial clusters
diffuse porous
radial to diagonal pattern
yes
thin walled
present
in narrow bands (up to 3 cells wide)
reticulate
alternate
bordered to scalariform
minute
simple
yes
4 to 24 cells high (mostly 9 to 14)
uni to biseriate
contains only one type of ray
heterogeneous
body ray cell procumbent with several rows of
upright/square marginal cells
similar to intervessel pits

NOTES:
TS: pores in radial groups 2-9 cells long, most common lengths 2-5, but definitely range up
to 9+ and often around 7; pore walls in TS are angular, thin and a bit scruffy; solitary pores
are rare; pore groups sometimes 2 wide; pores arranged in diagonal to radial patterns,
sometimes with almost weak tangential rows; axial parenchyma basically reticulate, in
bands 1-3 cells wide, larger where paratracheal, about the same width as rays, fairly
regularly
spaced;
rays
are
obvious,
1
cell
wide.
LSs: intervessel pits occasionally look vestured?; fusiform parenchyma in strands
generally 1-3 cells long (mostly 2); rays mostly uniseriate or uniseriate with biseriate parts
(also some mostly biseriate rays); procumbent body with 2-4 rows of upright/square; in
RLS vessels have inner-tubes; in TLS, there are little rounded rays with triangular end
cells, quite sizeable at 20x, sometimes have small structures in each corner at 50x.

Alstonia actinophylla, BG52, TS

Alstonia actinophylla, BG52, TS

Alstonia actinophylla, BG52, TLS

Alstonia actinophylla, BG52, TLS

Alstonia actinophylla, BG52, TLS

Alstonia actinophylla, BG52, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Fibre pits
Parenchyma like fibres
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG24
APOCYNACEAE
Calotropis
procera
clusters common (2)
diffuse porous
radial to diagonal pattern
yes
thin walled
rare
apotracheal in aggregates
apotracheal diffuse
alternate
vestured pits
small
simple to minutely bordered
tend to
5 to 21 cells high
uni to biseriate
contains only one type of ray
heterogeneous
all upright/square
sm to m; prolate; sometimes scalariform,
simple to minutely bordered

NOTES:
Invasive weed
TS: pores clusters of 2 dominate, also radial groups 3-4, occasional clusters 3 horizontal
and quite a few solitary; pores radial to diagonal, almost alternate; not much parenchyma
at
all;
rays
obvious.
LSs: fibre pits visible in TLS; vessel-ray pits occasionally look like eyes or with a squiggly
line in the middle. Rays in TLS quite difficult to distinguish where one ray starts and the
other ends as quite often in long chains, quite possible a single ray may be 50 cells long.
In RLS, vessels have inner tubes.

Calotropis procera, BG24, TS

Calotropis procera, BG24, TS

Calotropis procera, BG24, TS

Calotropis procera, BG24, RLS

Calotropis procera, BG24, TLS

Calotropis procera, BG24, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Fusiform parenchyma
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure

BG21
BIGNONIACEAE
Dolichandrone
heterophylla
clusters common (2)
diffuse porous
dendritic pattern
yes
medium thickness
present
in narrow bands (up to 3 cells wide)
paratracheal winged aliform
paratracheal confluent
alternate
bordered to scalariform
minute
simple
simple to minutely bordered
yes
5 to 24 cells high (6 to 11 most common)
uni to biseriate
contains only one type of ray
heterogeneous
mixed cellular composition

NOTES:
TS: clusters of 2 common, otherwise pores are mostly solitary. Pores form tangential
bands with strongly dendritic diagonals in between. A lot of axial parenchyma, mostly
bands 1 to 2 cells wide, increasing in width around pores which take a winged aliform
shape (with confluence within bands). One band observed in sample 4 cells wide. Fibres
alternate
between
medium
and
thick
cell
wall
thickness.

LSs: Inter vessel pits are bordered and sometimes 2-cell-wide scalariform. Parenchyma in
strands generally 3 to 4 cells long. In TLS rays look like caterpillars, there are fat (wide)
individual uniseriate cells/or biseriates of the same width, which are often in the 'head'.

Dolichandrone heterophylla, BG21, TS

Dolichandrone heterophylla, BG21, TS

Dolichandrone heterophylla, BG21, TLS

Dolichandrone heterophylla, BG21, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Septate fibres present
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG05
BIXACEAE
Cochlospermum
fraseri
clusters common (2)
diffuse porous
tangential bands
no
thin walled
present
scanty paratracheal
alternate
bordered to scalariform
small
simple
simple to minutely bordered
yes
6 to 40 cells high
1 to 6 cells wide
uniseriate and multiseriate rays different widths
heterogeneous
mixed cellular composition
small to medium, round to prolate, simple to minutely
bordered

NOTES:
Clusters of 2 pores common, otherwise mostly solitary
Pores in weak tangential bands
Scanty paratracheal axial parenchyma, generally 1 cell wide around pore
In TS, rays are obvious, vary in width
Note sample is a stem and close to pith

Cochlospermum fraseri, BG05, TS

Cochlospermum fraseri, BG05, TS

Cochlospermum fraseri, BG05, TLS

Cochlospermum fraseri, BG05, RLS

Cochlospermum fraseri, BG05, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray height
Ray width
Ray cellular composition
Ray structure
Vessels rays pitting

BG67
CAPPARACEAE
Capparis
jacobsii
clusters common (2)
semi-ring porous
diagonal patterns with areas of higher pore density
more tangential
yes
very thin walled
rare
apotracheal diffuse
scanty paratracheal
Yes
Alternate
bordered to scalariform
changeable
simple
simple to minutely bordered
3 to 8; 8 to 25+ (45) cells high
1 to 2; 3 to 4 seriate
heterogeneous
body ray cell procumbent with row of upright/square
marginal cells
simple, round, super minute! similar to intervessel
pits but simple

NOTES:
TS: strong change in density, diffuse/semi ring porous, diagonal to tangential pore
arrangement with more tangential banding in potentially porous sections. Solitary pores have
loose angular outlines; axial parenchyma very diffuse in aggregates, maybe with the odd 1 or
2 parenchyma cells associated with vessels; rays obvious. Pores are quite dispersed.

LSs: Intervessel pits are changeable between very minute and minute; fibre pits are visible
from RLS; rays in RLS are mostly procumbent with one row of upright either side. A few of the
procumbent cells in body appear more squarish though- tile cells?

Capparis jacobsii, BG67, TS

Capparis jacobsii, BG67, TS

Capparis jacobsii, BG67, TLS

Capparis jacobsii, BG67, TLS

Capparis jacobsii, BG67, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Septate fibres present
Fusiform parenchyma
Ray height
Ray width
Ray type
Vessels rays pitting

BG15
CAPPARACEAE
Capparis
umbonata
in radial clusters
diffuse porous
radial to diagonal pattern
sometimes
thin walled
rare
opposite
bordered to scalariform
minute
simple
distinctly bordered
yes
yes
6 to 20 cells high
uni to triseriate
contains only one type of ray
bordered to scalariform; minute to small;
vestured?

NOTES:
TS: pores are low density; radial groups of vessels often have 1-2 larger and a couple
of smaller pores; >1 pore tend to be angular, solitary occasionally with 1-2 angular
wall(s); can't confirm parenchyma, maybe very scanty paratracheal?; rays are thick and
obvious.
LSs: intervessel pits are mostly bordered and occasionally 2 scalariform; fibre pits
visible in RLS; rays either heterozygous mixed or procumbent with tile cells; vessels
have inner tubes RLS; fibre pits turning into corkscrews.

Capparis umbonata, BG15, TS

Capparis umbonata, BG15, TS

Capparis umbonata, BG15, TLS

Capparis umbonata, BG15, TLS

Capparis umbonata, BG15, RLS

Capparis umbonata, BG15, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG94
COMBRETACEAE
Terminalia
canescens
in radial clusters
diffuse porous
radial to diagonal pattern
no
thick walled
present
paratracheal vasicentric
paratracheal lozenge aliform
scanty paratracheal
alternate
bordered to scalariform
small
simple
3 to 20 cells high
uni to biseriate
contains only one type of ray
heterogeneous
mixed cellular composition
?similar to intervessels

NOTES:
TS: almost semi-ring porous; pores in radial groups of 2 to 4; parenchyma vasicentric to
occasional lozenge aliform, and sometimes only scanty paratracheal, clear distinctions in
cell types; thin, visible cell types.

LSs: intervessel pits are strongly alternate; rays are heterogenous mixed, n.b. narrow
stem

Terminalia canescens, BG94, TS

Terminalia canescens, BG94, TS

Terminalia canescens, BG94, TLS

Terminalia canescens, BG94, TLS

Terminalia canescens, BG94, RLS

Terminalia canescens, BG94, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type

BG98
COMBRETACEAE
Terminalia
canescens
in radial clusters
diffuse porous
weak tangential with diagonal patterns in
between
no
thin to very thick
present
paratracheal vasicentric
paratracheal lozenge aliform
paratracheal confluent
alternate
bordered to scalariform
small
simple
2 to 20 cells high
uni to biseriate
contains only one type of ray

NOTES:
TS: diffuse-porous with a sharp change in fibre diam. from thin to very thick; pores in
radial groups of 2 to 4 and also circular clusters; weak tangential to diagonal patterns
with some short radials; tyloses are abundant; rays are rectangular, visible/obvious. In
bands where fibres are very thick, pores take a more tangential arrangement and
parenchyma is vasicentric to lozenge aliform confluent, forming wavelength-like peaks
and trough bands.

In TLS (and with other sample as well) end ray cells are triangular (particularly
uniseriate chains).

Terminalia canescens, BG98, TS

Terminalia canescens, BG98, TS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fusiform parenchyma
Ray height
Ray width
Vessels rays pitting

BG91
COMBRETACEAE
Terminalia
hadleyana
in radial clusters
semi-ring porous
diagonal patterns with occasional weak
tangential bands
no
thick walled
present
paratracheal lozenge aliform
paratracheal confluent
in large bands (more than 3 cells wide)
in narrow bands (up to 3 cells wide)
opposite
bordered to scalariform
small
simple
yes
3 to 21 cells high
1 to 4 seriate
similar to intervessel pits

NOTES:
Note

that

sample

is

full

of

sediment/fungus...

seems

to

affect

cell

shape?

TS: vessels are in radial groups of 2 to 4; usually two pores with a few smaller in between;
radial groups of two most common; parenchyma is lozenge aliform confluent with occasional
short 'winged bands' from 4 to 2 cells (at taper); rays are visible.
LSs: parenchyma in strands 1 to 3 cells long

Terminalia hadleyana, BG91, TS

Terminalia hadleyana, BG91, TS

Terminalia hadleyana, BG91, TLS

Terminalia hadleyana, BG91, TLS

Terminalia hadleyana, BG91, TLS

Terminalia hadleyana, BG91, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity

BG73
COMBRETACEAE
Terminalia
platyphylla
clusters common (2)
semi-ring porous
diagonal patterns with areas of higher pore
density more tangential
no
medium thickness
present
paratracheal winged aliform
tend to
alternate
bordered to scalariform
small
simple
yes
2 to 14 cells high
1 to 4 seriate
contains only one type of ray
heterogeneous
body ray cell procumbent with row of
upright/square marginal cells
similar to intervessel pits

Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fusiform parenchyma
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting
NOTES:
TS:

Tyloses

abundant;

ray

cells

are

long

and

rectangular,

obvious.

LSs: Vessels have tubes, compartments; parenchyma in strands 2-4 (generally 2) long; rays
have a procumbent body with one row of upright/square either side.

Terminalia platyphylla, BG73, TS

Terminalia platyphylla, BG73, TS

Terminalia platyphylla, BG73, TLS

Terminalia platyphylla, BG73, TLS

Terminalia platyphylla, BG73, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Helical thickenings
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

UWABWI61
COMBRETACEAE
Terminalia
supranatifolia
clusters common (2 to 3)
diffuse porous
diagonal patterns with areas of higher pore
density more tangential
yes
thick walled
present
paratracheal lozenge aliform
paratracheal winged aliform
paratracheal confluent
in narrow bands (up to 3 cells wide)
alternate
vestured pits
small
simple
throughout body of vessel elements
2 to 14 cells high
uni to biseriate
contains only one type of ray
heterogeneous
all upright/square
similar to intervessels, just slightly larger

NOTES:
TS: maybe semi-ring porous? Weak tangential bands with high density pores leading to lower
density diagonal patterns (common trait of Terminalia), not quite a change in vessel size.
Clusters of 2-3 common, otherwise mostly solitary; solitary pores usually have an angular
outline, but not always; absolutely covered in parenchyma, lozenge to winged aliform,
confluent often forming bands 2 to 4 cells wide; rays are obvious, thin.
LSs: two types of intervessel pits, both are small and alternate, one set vestured as listed
above, the other is bordered to scalariform; rays are uniseriate with occasional biseriate parts.

Terminalia supranatifolia, UWABWI61, TS

Terminalia supranatifolia, UWABWI61, TS

Terminalia supranatifolia, UWABWI61, TLS

Terminalia supranatifolia, UWABWI61, TLS

Terminalia supranatifolia, UWABWI61, RLS

Terminalia supranatifolia, UWABWI61, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Fibre pits
Parenchyma like fibres
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure

BG39
EBENACEAE
Diospyros
maritima
in radial clusters
diffuse porous
diagonal patterns
yes
very thin walled
present
scanty paratracheal
in narrow bands (up to 3 cells wide)
alternate
bordered to scalariform
minute
distinctly bordered
yes
1 to 10 cells high
uni to biseriate
contains only one type of ray
heterogeneous
all upright/square

NOTES:
TS: Pores in radial clusters of 2 to 4; solitary pores definitely have an angular outline;
axial parenchyma is 1-2 cells wide around pore, also in bands 1 cell wide that are equal
in
size
to
the
rays,
fairly
regular
spacing;
rays
aren't
obvious.
LSs: Intervessel pits are mostly alternate, quite messy; fibre pits are distinctly bordered to
corkscrew; rays are uniseriate with occasional biseriate parts.

Diospyros maritima, BG39, TS

Diospyros maritima, BG39, TS

Diospyros maritima, BG39, TS

Diospyros maritima, BG39, TLS

Diospyros maritima, BG39, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray height
Ray width
Ray cellular composition
Ray structure
Vessels rays pitting

BG20
EUPHORBIACEAE
Mallotus
nesophilus
in radial clusters
diffuse porous
radial to diagonal pattern
no
medium thickness
present
scanty paratracheal
apotracheal in aggregates
in narrow bands (up to 3 cells wide)
alternate
bordered pits
small
simple
distinctly bordered
7 to 10; 24 to 36
uni to biseriate
heterogeneous
mixed cellular composition
simple to vestured; sometimes scalariform;
alternate; sm to l; prolate

NOTES:
TS: radial groups mostly 2-6 cells long; parenchyma is scanty paratracheal, generally 1 cell
wide around pore, also in aggregates forming short little 1 cell wide rows often between rays
and often on the diagonal; rays are thin, obvious and individual round cells.
LSs: Fibre pits are distinctly bordered to corkscrew; ray cells are very large in TLS, in RLS
they are mixed, but mostly upright.

Mallotus nesophilus, BG20, TS

Mallotus nesophilus, BG20, TS

Mallotus nesophilus, BG20, TLS

Mallotus nesophilus, BG20, RLS

Mallotus nesophilus, BG20, TLS

Mallotus nesophilus,
vessel-ray pits visible

BG20,

TLS,

with

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG74
EUPHORBIACEAE
Mallotus
nesophilus
in radial clusters
diffuse porous
radial to diagonal pattern
no
thin walled
present
in narrow bands (up to 3 cells wide)
scanty paratracheal
yes
alternate
simple
small
simple
5 to 21 cells high
uni to triseriate
contains only one type of ray
heterogeneous
mixed cellular composition
simple to vestured; sm to xl; prolate,
sometimes oval

NOTES:
TS: pores in radial groups of 2 to 7; super messy; parenchyma in 1 cell wide wavy bands?
also paratracheal; rays present, thin, visible.
LSs: vessels have tubes, compartments; ray cells are quite rectangular in TLS, full of some
deposit- small and round when empty.

Mallotus nesophilus, BG74, TS

Mallotus nesophilus, BG74, TS

Mallotus nesophilus, BG74, RLS

Mallotus nesophilus, BG74, RLS

Mallotus nesophilus, BG74, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG11
FABACEAE
Bauhinia
cunninghamii
clusters common (2)
diffuse porous
diagonal to dendritic
no
thick walled
present
in narrow bands (up to 3 cells wide)
in large bands (more than 3 cells wide)
opposite
simple
small
simple
9 to 18 cells high
uni to triseriate
contains only one type of ray
heterogeneous
mixed cellular composition
similar to simple intervessel pits but
minute

NOTES:
TS: medium to low density of pores; clusters of 2 common, otherwise mostly solitary with
occasional radial groups (often with one large and a few little); diagonal to dendritic
arrangement- only because there is a lower density of pores/otherwise diagonal?; fibres
change between thick and very thick; parenchyma in bands 2 to 4 cells wide, evenly
spaced,
greater
than
rays;
rays
obvious
1-2
cells
wide.

LSs: Three types of inter-vessel pits: 1) the simple ones listed above, 2) bordered to
scalariform, minute/small, opposite, 3) polygonal, alternate, small; rays are 1-3 seriate,
mostly biseriate head, uniseriate tail; TLS is particularly confusing because there is such
an abundance of parenchyma, both axial and radial.

Bauhinia cunninghamii, BG11, TS

Bauhinia cunninghamii, BG11, TS

Bauhinia cunninghamii, BG11, TS

Bauhinia cunninghamii, BG11, TS

Bauhinia cunninghamii, BG11, TLS

Bauhinia cunninghamii, BG11, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fusiform parenchyma
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG42
FABACEAE
Cajanus
sp.
clusters common (2)
diffuse porous
diagonal patterns
no
medium thickness
present
in narrow bands (up to 3 cells wide)
in large bands (more than 3 cells wide)
paratracheal vasicentric
paratracheal aliform
Yes
Alternate
bordered to scalariform
Small
Simple
Yes
4 to 22; 40 to 80+ cells high
1 to 2; 3 to 4 seriate
uniseriate and multiseriate rays
different widths
heterogeneous
mixed cellular composition
similar to intervessel pits

NOTES:
TS: vessels are low in density; parenchyma in bands 1 to 5 wide, fairly regularly spaced but
not always continuous across, greater than/equal to ray widths, when there are no bands
parenchyma
is
vasicentric/aliform.
LSs: two types of intervessel pits, one listed above, the other polygonal, small, alternate;
fusiform parenchyma in strands of 4; rays are very messy in RLS and get mixed about at
the edges with axial parenchyma; orderly in TLS.

Cajanus sp., BG42, TS

Cajanus sp., BG42, TS

Cajanus sp., BG42, TLS

Cajanus sp., BG42, TLS

Cajanus sp., BG42, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type
Vessels rays pitting

BG14
FABACEAE
Senna
artemisiodes
in radial clusters
diffuse porous
diagonal patterns with occasional weak
tangential bands
sometimes
thick walled
present
in narrow bands (up to 3 cells wide)
paratracheal winged aliform
paratracheal confluent
opposite
bordered to scalariform
small
simple to scalariform
6 to 23 cells high (6, 8-9, 13 most common)
uni to biseriate
contains only one type of ray
simple, sm to med, prolate, alternate

NOTES:
TS: pores in radial groups, mostly 2 to 4 cells in length; parenchyma paratracheal only when
bands (generally two cells wide) do not cross the pore; rays are obvious in TS.

LSs: perforation plates are simple to 2/3 scalariform; rays are uniseriate with occasional
biseriate parts; too close to pith to confirm cellular composition of rays.

Senna artemisiodes, BG14, TS

Senna artemisiodes, BG14, TS

Senna artemisiodes, BG14, TS

Senna artemisiodes, BG14, TLS

Senna artemisiodes, BG14, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Helical thickenings
Ray height
Ray width
Ray cellular composition
Ray structure
Vessels rays pitting

BG04
FABACEAE
Sesbania
cannabina
in radial clusters
diffuse porous
radial to diagonal pattern
no
thin walled
present
paratracheal vasicentric
alternate
vestured pits
changeable
simple
throughout body of vessel elements
3 to 27 cells high
uni to biseriate
heterogeneous
all upright/square
similar to intervessel pits but slightly
larger (M to L)

NOTES:
In TS, radial groups are generally 2 to 5 cells long. Fibre wall thickness alternates
between thin and medium thicknesses. Rays are obvious in TS.
In LSs, intervessel pits are occasionally scalariform and change between small and
medium sizes. Rays are similar in shape to Senna artemisiodes.

Sesbania cannabinna, BG04, TS

Sesbania cannabinna, BG04, TS

Sesbania cannabinna, BG04, TS

Sesbania cannabinna, BG04, TLS

Sesbania cannabinna, BG04, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Helical thickenings
Fibre pits
Fusiform parenchyma
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG02
HERNANDIACEAE
Gyrocarpus
americanus
clusters common (2 to 3)
diffuse porous
diagonal patterns with occasional weak
tangential bands
Yes
very thin walled
present
scanty paratracheal
opposite
bordered to scalariform
changeable
simple
throughout body of vessel elements
distinctly bordered
Yes
3 to 8 cells high
1 to 4 seriate
contains only one type of ray
homogeneous
all procumbent
vestured; prolate; l to xl

NOTES:
TS: Pores are well-spaced, TS fibre dominated; parenchyma scanty paratracheal, almost in
aggregates;
rays
thin,
obvious.
LSs: Intervessel pits small to medium; fusiform parenchyma 1, 1-2 per strand; rectangular
deposits in parenchyma in TLS; small circular ray groups look like a cluster of berries.

Gyrocarpus americanus, BG02, TS

Gyrocarpus americanus, BG02, TS

Gyrocarpus americanus, BG02, TS

Gyrocarpus americanus, BG02, TLS

Gyrocarpus americanus, BG02, TLS

Gyrocarpus americanus, BG02, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Septate fibres present
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG75
LAMIACEAE
Clerodendrum
tomentosum
in radial clusters
diffuse porous
radial to diagonal pattern
No
medium thickness
Present
scanty paratracheal
Yes
Alternate
bordered to scalariform
Minute
Simple
Yes
5 to 17 cells high
2 to 4 (mostly 3) seriate
contains only one type of ray
Heterogeneous
all upright/square
similar to intervessels but solely
bordered and small/minute

NOTES:
TS: pores arranged in radial groups (2 to 4 cells long); denser pores in tangential
patterns; parenchyma scanty paratracheal, usually one cell wide around pore; rays
obvious,
quite
square
in
TS
LSs: can't really confirm arrangement of intervessel pits; note sample close to pith

Clerodendrum tomentosum, BG75, TS

Clerodendrum tomentosum, BG75, TS

Clerodendrum tomentosum, BG75, TLS

Clerodendrum tomentosum, BG75, TLS

Clerodendrum tomentosum, BG75, RLS

Clerodendrum tomentosum, BG75, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Helical thickenings
Fibre pits
Septate fibres present
Ray height
Ray width
Ray cellular composition
Ray structure
Vessels rays pitting

BG76
LAMIACEAE
Clerodendrum
tomentosum
in radial clusters
diffuse porous
weak tangential with diagonal patterns
in between
no
thin walled
present
scanty paratracheal
apotracheal in aggregates
alternate
bordered to scalariform
small
simple
throughout body of vessel elements
simple to minutely bordered
yes
7 to 60+ cells high
2 to 4 seriate
heterogeneous
mixed cellular composition
vestured; sm to xl; length only width
always sm/m)

NOTES:
TS: occasionally a tangential growth boundary is distinct; radial groups 2-4;
parenchyma scanty paratracheal, maybe diffuse-in-aggregates both apo- and paratracheal?;
rays
present
and
obvious.
LSs: fibre pits visible in RLS

Clerodendrum tomentosum, BG76, TS

Clerodendrum tomentosum, BG76, RLS

Clerodendrum tomentosum, BG76, TS

Clerodendrum tomentosum, BG76, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Septate fibres present
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG78
LAMIACEAE
Vitex
glabrata
clusters common (2)
semi-ring porous
diagonal to dendritic
no
very thin walled
present
apotracheal in aggregates
alternate
bordered to scalariform
small
simple
yes
1 to 27 cells high
uni to triseriate
contains only one type of ray
homogeneous
all procumbent
minute to medium; prolate and rotated oval
(45 degrees); simple/vestured

NOTES:
TS: pores in radial groups 2-4, mostly 2; in diagonal to dendritic patterns, interspersed with
tangential bands; parenchyma diffuse-in-aggregates, mostly apotracheal; rays present, thin.
LSs: intervessel pits bordered to occasionally scalariform; rays 1-3 seriate (only occasionally
with triseriate parts).

Vitex glabrata, BG78, TS

Vitex glabrata, BG78, TS

Vitex glabrata, BG78, TLS

Vitex glabrata, BG78, TLS

Vitex glabrata, BG78, TLS

Vitex glabrata, BG78, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray height
Ray width
Ray type
Vessels rays pitting

BG32
LAMIACEAE
Vitex
sp.
in radial clusters
semi-ring porous
radial to diagonal pattern
no
very thin walled
present
scanty paratracheal
alternate
bordered to scalariform
small
simple
distinctly bordered
4 to 14 cells high
uni to triseriate
contains only one type of ray
oval and rotated oval (45 degrees); sm
to xl; simple

NOTES:
TS: distinct growth boundary with an increase in density and some tangential bands;
pores in radial groups 2-3; pores sometimes have a singular angular side; fibre
dominated
TS;
rays
visible.
LSs: rays 1-2 seriate with occasional triseriate parts; vessel-ray pits in rectangular
pockets stacked 2 high or in circular pockets c. 2-5 high, mostly opposite, occasionally
alternate.

Vitex sp., BG32, TS

Vitex sp., BG32, TS

Vitex sp., BG32, TLS

Vitex sp., BG32, TLS

Vitex sp., BG32, RLS

Vitex sp., BG32, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Intervessel pit arrangement
Intervessel pit size
Vessels rays pitting

BG103
MALVACEAE
Adansonia
gregorii
in radial clusters
diffuse porous
weak tangential with diagonal patterns in
between
no
medium thickness
alternate
changeable
circular to sausage shaped; sm to xl; simple
to minutely bordered

NOTES:
Malvaceae woods are very soft, very poor sample produced. TS: pores in groups of 2-3
mostly radial; fibres medium/thick?; multiseriate rays visible. LSs: intervessel pits changeable
in size between small and medium.

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Vessels rays pitting

BG35
MALVACEAE
Brachychiton
viscidulus
in radial clusters
diffuse porous
radial to diagonal pattern
No
thick walled
Present
in narrow bands (up to 3 cells wide)
in large bands (more than 3 cells wide)
Alternate
Simple
Changeable
circular, prolate; sm to xl; simple

NOTES:
Malvaceae woods are very soft, poor sample produced. TS: pores radial to diagonal with
the odd weak tangential bands; tyloses abundant; fibre walls very thick; parenchyma
banded, couldn't get a decent count average; multiseriate rays visible. LSs: Intervessel pits
changeable between minute and small; rays large multiseriates similar to B. diversifolius.

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray cellular composition
Ray structure

BG77
MALVACEAE
Brachychiton
diversifolius
clusters common (2)
diffuse porous
radial to diagonal pattern
no
very thin walled
present
in narrow bands (up to 3 cells wide)
in large bans (more than 3 cells wide)
alternate
simple
changeable
simple
15 to 50+ cells high
3 to 8 seriate
heterogeneous
all upright/square

NOTES:
Malvaceae woods are very soft, poor sample produced. TS: clusters of 2 common, with also
the odd radial group and quite a few solitary; radial to diagonal pore arrangement with
maybe the odd tangential row?; tyloses abundant; parenchyma in bands? couldn't count
width.
LSs: intervessel pits changeable between minute and small; large multiseriate rays.

Adansonia gregorii, BG103, TS

Adansonia gregorii, BG103, TS

Adansonia gregorii, BG103, TS

Adansonia gregorii, BG103, RLS

Adansonia gregorii, BG103, TLS

Adansonia gregorii, BG103, pitting

Brachychiton viscidulus, BG35, TS

Brachychiton viscidulus, BG35, TS

Brachychiton viscidulus, BG35, pitting

Brachychiton diversifolius, BG77, TS

Brachychiton diversifolius, BG77, TLS

Brachychiton diversifolius, BG77, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Helical thickenings
Fibre pits
Septate fibres present
Fusiform parenchyma
Ray height
Ray width
Ray type

BG03
MIMOSACEAE
Acacia
ampliceps
clusters common (2)
diffuse porous
diagonal patterns with occasional weak
tangential bands
no
thin walled
present
paratracheal lozenge aliform
paratracheal confluent
opposite
vestured pits
small
throughout body of vessel elements
simple to minutely bordered
yes
yes
3 to 20 cells high
uni to biseriate
contains only one type of ray

NOTES:
TS: clusters of 2 pores common, otherwise mostly solitary; pores arranged in diagonal
patterns with higher density areas in weak tangential alignment; rays are thin, wavy,
discontinuous and very visible. LSs: fibre pits observed in both longitudinal sections;
fusiform parenchyma cells are long and skinny, most likely 1 cell per strand; sample very
close
to
pith.
Unusual deposits in parenchyma in TLS, a little corkscrewing
Small round rays in TLS, have to count in 50x (almost could at 20x)

of

fibres.

Acacia ampliceps, BG03, TS

Acacia ampliceps, BG03, TS

Acacia ampliceps, BG03, TS

Acacia ampliceps, BG03, TLS

Acacia ampliceps, BG03, TLS

Acacia ampliceps, BG03, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG92
MIMOSACEAE
Acacia
monticola
clusters common (2 to 4)
diffuse porous
diagonal patterns with occasional weak
tangential bands
no
thick walled
present
paratracheal vasicentric
opposite
vestured pits
small
simple
simple to minutely bordered
3 to 12 cells high
uni to biseriate
contains only one type of ray
homogeneous
all procumbent
similar to intervessel pits

NOTES:
TS: pores in diagonal patterns with occasionally more tangential concentrations; fibre wall
thickness varies between thick and very thick; rays are 1 cell wide, obvious.
LSs: Pits are vestured, might be simple?; rays are small in TLS, quite uniform & circular, they
are uniseriate with very rare biseriate parts.

Acacia monticola, BG92, TS

Acacia monticola, BG92, TLS

Acacia monticola, BG92, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure

BG84
MIMOSACEAE
Acacia
elachantha
clusters common (2 to 4)
diffuse porous
diagonal to dendritic
no
medium thickness
present
paratracheal lozenge aliform
paratracheal confluent
apotracheal in aggregates
opposite
bordered to scalariform
small
simple
1 to 17 cells high
uni to biseriate
contains only one type of ray
homogeneous
all procumbent

NOTES:
TS: Pores occasionally form tangential bands in areas with higher pore density; clusters of
pores are often in circular patterns; rays are obvious in TS.
LSs: rays are predominantly uniseriate, very rarely with biseriate parts.

Acacia elachantha, BG84, TS

Acacia elachantha, BG84, TS

Acacia elachantha, BG84, TLS

Acacia elachantha, BG84, RLS

Acacia elachantha, BG84, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Septate fibres present
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG100
MIMOSACEAE
Acacia
papyrocarpa
in radial clusters
semi-ring porous
diagonal patterns with occasional weak
tangential bands
thin walled
present
paratracheal unilateral
paratracheal confluent
alternate
simple
minute
simple
yes
3 to 9 cells high
exclusively uniseriate
contains only one type of ray
homogeneous
all procumbent
vestured, small, opposite

NOTES:
TS: radial pore groups with 2 to 5 cells most common; fibre walls alternate between thin and
thick; axial parenchyma paratracheal generally unilateral, forming a sort of misplaced
lozenge, with occasional confluence; rays thin and obvious.

LSs: Two types of intervessel pits, those listed above and medium, opposite, polygonal with
vesturing pits.

Acacia papyrocarpa, BG100, TS

Acacia papyrocarpa, BG100, TS

Acacia papyrocarpa, BG100, TS

Acacia papyrocarpa, BG100, TLS

Acacia papyrocarpa, BG100, TLS

Acacia papyrocarpa, BG100, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Septate fibres present
Ray height
Vessels rays pitting

BG22
MIMOSACEAE
Acacia
holosericea
in radial clusters
diffuse porous
diagonal patterns
thin walled
present
paratracheal vasicentric
paratracheal unilateral
paratracheal lozenge aliform
paratracheal confluent
opposite
bordered to scalariform
small
simple
distinctly bordered
yes
5 to 13 cells high (mostly 9-12)
similar to intervessel pits

NOTES:
TS: pores in radial groups, generally 2-3 cells long and arranged in messy diagonal
patterns; some pores have an angular outline; axial parenchyma is very inconsistent,
definitely vasicentric, often quite circular, sometimes unilateral or lozenge aliform,
sometimes confluent; rays are thin (1 cell), obvious. TS quite messy with rubbish and
rogue
cells
everywhere.
LSs: Fibre pits visible in RLS; rays are mostly uniseriate with occasional biseriate parts.

Acacia holosericea, BG22, TS

Acacia holosericea, BG22, TS

Acacia holosericea, BG22, TLS

Acacia holosericea, BG22, TLS

Acacia holosericea, BG22, RLS

Acacia holosericea, BG22, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Fusiform parenchyma
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG12
MIMOSACEAE
Acacia
bivenosa
clusters common (2)
diffuse porous
diagonal patterns with occasional weak
tangential bands
yes
thick walled
present
paratracheal lozenge aliform
paratracheal confluent
opposite
vestured pits
small
simple
distinctly bordered
yes
6 to 17 cells high
uni to biseriate
contains only one type of ray
homogeneous
all procumbent
similar to intervessel pits

NOTES:
TS: beautiful TS where all cell types are patently different. Difficult to distinguish pore
arrangement from parenchyma, quite a few solitary pores have angular outlines (weak, thin)
but not all; pores probably in more of a diagonal arrangement, but low angle and often
forming short tangential sections; rays obvious in TS.

LSs: two types of intervessel pits, those listed above, which vessel-ray pits are similar to, and
polygonal, small, alternate; fibre pits are visible in RLS; parenchyma in strands of 1 to 2; rays
are mostly uniseriate with occasional biseriate parts.

Acacia bivenosa, BG12, TS

Acacia bivenosa, BG12, TS

Acacia bivenosa, BG12, TLS

Acacia bivenosa, BG12, TLS

Acacia bivenosa, BG12, RLS

Acacia bivenosa, BG12, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG97
MIMOSACEAE
Acacia
platycarpa
clusters common (2 to 3)
diffuse porous
diagonal patterns
no
medium thickness
present
paratracheal lozenge aliform
paratracheal confluent
paratracheal unilateral
in narrow bands (up to 3 cells wide)
alternate
vestured pits
small
simple
2 to 12 cells high
uni to biseriate
contains only one type of ray
homogeneous
all procumbent
similar to intervessel pits

NOTES:
TS: axial parenchyma lozenge aliform, often confluent where pores are close enough
together, follow a gradual diagonal line; rays are thin, obvious.
LSs: intervessel pits are occasionally scalariform; rays are mostly uniseriate with
occasional biseriate parts.

Acacia platycarpa, BG97, TS

Acacia platycarpa, BG97, TS

Acacia platycarpa, BG97, TLS

Acacia platycarpa, BG97, TLS

Acacia platycarpa, BG97, TLS

Acacia platycarpa, BG97, intervessel pitting

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Fusiform parenchyma
Ray height
Ray width
Ray type

BG43
MIMOSACEAE
Acacia
pyrifolia
clusters common (2 to 3)
diffuse porous
diagonal patterns with occasional weak
tangential bands
no
thick walled
present
paratracheal lozenge aliform
paratracheal confluent
in large bands (more than 3 cells wide)
alternate
vestured pits
changeable
yes
2 to 9; 15 to 22 cells high
1 to 6 seriate (mostly 2-3)
uniseriate and multiseriate rays of different
widths

NOTES:
TS: solitary pores occasionally have an angular outline, mostly rounded; thick fibre walls
occasionally vitrified; parenchyma is lozenge aliform confluent, sometimes forming bands 6
cells wide; rays are thin, obvious; TS very messy; pore clusters are often tangentially aligned.
LSs: fusiform parenchyma in 3-cell long strands; can't confirm tile cell presence because too
close to pith, uneven cell sizes; only occuring in 3-6 seriate rays; rays can have triseriate
heads and uniseriate tails, unusual for Acacia sp.

Acacia pyrifolia, BG43, TS

Acacia pyrifolia, BG43, TS

Acacia pyrifolia, BG43, TLS

Acacia pyrifolia, BG43, TLS

Acacia pyrifolia, BG43, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Ray height
Ray width
Vessels rays pitting

BG26
MIMOSACEAE
Acacia
tumida
clusters common (2)
diffuse porous
diagonal patterns with areas of higher pore
density more tangential
sometimes
thin to medium
present
paratracheal lozenge aliform
paratracheal confluent
paratracheal winged aliform
opposite
bordered pits
small
1 to 9 cells high
uni to biseriate
small to large; round, vestured

NOTES:
TS: diffuse-porous, almost semi-ring porous; clusters of 2 common and tangential clusters of
3; solitary pores sometimes angular, sometimes rounded; parenchyma mostly lozenge aliform
confluent but sometimes confluence is long and thin 'winged'; rays thin, 1-cell, obvious.
LSs: Rays are mostly uniseriate with biseriate parts; vessel-ray pits similar to intervessel pits
but vestured? Typical little Acacia rays.

Acacia tumida, BG26, TS

Acacia tumida, BG26, TS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Vessels rays pitting

BG14
MIMOSACEAE
Vachellia
farnesiana
clusters common (2 to 3)
diffuse porous
weak tangential with diagonal patterns in
between
yes
thick walled
present
paratracheal lozenge aliform
paratracheal confluent
in large bans (more than 3 cells wide)
opposite
vestured pits
small
simple
9 to 33 cells high
1 to 4 seriate (mostly 1-2)
similar to intervessel pits

NOTES:
TS: pores often in tangential clusters 2-3; pores sometimes angular; parenchyma lozenge
aliform confluent, arced? also in bands >4 cells wide

Vachellia farnesiana, BG14, TS

Vachellia farnesiana, BG14, TS

Vachellia farnesiana, BG14, TLS

Vachellia farnesiana, BG14, TLS

Vachellia farnesiana, BG14, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Helical thickenings
Fusiform parenchyma
Ray height
Ray width
Ray cellular composition
Ray structure
Vessels rays pitting

BG53
MIMOSACEAE
Vachellia
suberosa
clusters common (2)
diffuse porous
weak tangential with diagonal patterns in
between
no
medium to thick
present
paratracheal winged aliform
paratracheal lozenge aliform
in large bands (more than 3 cells wide)
opposite
vestured pits
changeable
simple
throughout body of vessel elements
yes
6 to 30 cells high
1 to 5 seriate
homogeneous
all procumbent
similar to intervessel pits

NOTES:
TS: axial parenchyma winged to lozenge aliform confluent- a lot of parenchyma form bands.
LSs: intervessel pits are quite strongly opposite in some sections, occasionally scalariform.
Note sample is a stem and quite close to pith.

Vachellia suberosa, BG53, TS

Vachellia suberosa, BG53, TS

Vachellia suberosa, BG53, TS

Vachellia suberosa, BG53, RLS

Vachellia suberosa, BG53, RLS

Vachellia suberosa, BG53, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray cellular composition
Ray structure
Vessels rays pitting

BG53
MORACEAE
Ficus
racemosa
in radial clusters
diffuse porous
diagonal patterns
no
thin to very thin walled
present
in narrow bands (up to 3 cells wide)
in large bands (more than 3 cells wide)
yes
alternate
bordered to scalariform
small
simple
18 to 80+ cells high, mostly 31-33
3 to 6 seriate
heterogeneous
mixed cellular composition
c.6 per window; prolate; sm to xl; simple to
minutely bordered

NOTES:
TS: vessel porosity is very dense. Although pore size doesn't change, the density of pores
increases over certain sections creating a pore versus fibre type banding. Pores maintain
a higglety-pigglety diagonal arrangement within these thicker bands. Radial groups of 2-3
common; axial parenchyma in bands 2-4? cells wide, full of pith and difficult to see; rays
form aggregates and tend to congregate around edges of
vessels.
LSs: Vessels rather wide in TLS; ray cells are quite small, had to count in 50x at TLS; end
cells of rays very large with goldish deposit.

Ficus racemosa, BG53, TS

Ficus racemosa, BG53, TS

Ficus racemosa, BG53, TLS pitting

Ficus racemosa, BG53, RLS pitting

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fusiform parenchyma
Ray height
Ray width
Vessels rays pitting

BG71
MORACEAE
Ficus
racemosa
in radial clusters
diffuse porous
diagonal patterns
no
very thin walled
present
in large bans (more than 3 cells wide)
scanty paratracheal
opposite
simple
changeable
simple
yes
6 to 19; 25 to 55+ cells high
1 to 4; 5 to 8 seriate
same as intervessels

NOTES:
TS: pores are diffuse-porous with no distinct growth boundary; axial parenchyma in bands
3-6 cells wide, quite evenly spaced (not always, c.85%), >rays, sometimes scanty
paratracheal where band doesn't cross pore; rays 1-4, variable, obvious, like F.
coronulata,
rays
in
TS
are
long
thin
'bricked'
diagonals.
LSs: intervessel pits are changeable between sm and xl, opposite-ish (very variable), look
like vessel-ray pits; fusiform parenchyma in strands of 4; uniseriates can be difficult to spot
amongst the abundant parenchyma in TLS.

Ficus racemosa, BG71, TS

Ficus racemosa, BG71, TLS

Ficus racemosa, BG71, TS

Ficus racemosa, BG71, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray cellular composition
Ray structure
Vessels rays pitting

UWAPilb.22
MORACEAE
Ficus
brachypoda
in radial clusters
diffuse porous
diagonal patterns with areas of higher pore density
more tangential
no
medium to thick walls
present
in large bands (more than 3 cells wide)
yes
opposite
simple
changeable
simple
6 to 24 cells high
3 to 10 seriate
heterogeneous
body ray cell procumbent with several rows of
upright/square marginal cells
similar to intervessels, in vertical columns

NOTES:
TS: pores in radial groups, 2-3 most common; mostly diagonal with weak tangential in areas of
higher density and a higher frequency of larger pores. Parenchyma in bands generally 4-6 cells
wide, regularly spaced and around the same width as the rays (3-5) forming an almost reticulate
pattern.
LSs: intervessel pits changeable, between m and xl; look like vessel-ray pits

Ficus brachypoda, UWA.Pilb.22, TS

Ficus brachypoda, UWA.Pilb.22, TS

Ficus brachypoda, UWA.Pilb.22, TLS

Ficus brachypoda, UWA.Pilb.22, TLS

Ficus brachypoda, UWA.Pilb.22, RLS

Ficus brachypoda, UWA.Pilb.22, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fusiform parenchyma
Ray height
Ray width
Ray cellular composition
Ray structure
Vessels rays pitting

BG70
MORACEAE
Ficus
coronulata
in radial clusters
diffuse porous
radial to diagonal pattern
no
medium to thin
present
in narrow bands (up to 3 cells wide)
in large bands (more than 3 cells wide)
scanty paratracheal
alternate
simple
changeable
simple
yes
4 to 50+ cells high
2 to 5 seriate
heterogeneous
body ray cell procumbent with row of
upright/square marginal cells
similar to intervessel pits

NOTES:
TS: pores are diffuse-porous with no distinct growth boundary; pores in radial groups 2-4,
often pores in the middle are much smaller; axial parenchyma in bands 2-7 cells wide, vary in
width and distance apart, mostly >rays, rays also vary and there is scanty paratracheal
parenchyma
where
bands
do
not
cross
pores;
rays
variable,
obvious.
LSs: intervessel pits are changeable between sm and l, alternate in pockets; compartments in
vessels, even in TLS; fusiform parenchyma in strands of generally 2-4 cells.
Ficus sp. have characteristic pits and banded parenchyma.

Ficus coronulata, BG70, TS

Ficus coronulata, BG70, TS

Ficus coronulata, BG70, TLS

Ficus coronulata, BG70, TLS pitting

Ficus coronulata, BG70, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Septate fibres present
Fusiform parenchyma
Ray height
Ray width
Ray cellular composition
Ray structure
Vessels rays pitting

BG30
MORACEAE
Ficus
virens
in radial clusters
diffuse porous
diagonal to dendritic
no
thin to medium
present
in large bands (more than 3 cells wide)
yes
alternate
bordered to scalariform
medium
simple
yes
yes
8 to 32 cells high
3 to 5 seriate
heterogeneous
mixed cellular composition
simple to minutely bordered; prolate to
trapezoidal; sm to 2xl

NOTES:
TS: pores in radial clusters, 2-3 common, pores are widely spaced, however, and there are a
lot more solitary pores than other Ficus sp.; parenchyma in bands 4-6 cells wide, evenly
spaced,
slightly
wider
than
rays;
rays
1-4
cells
wide.
LSs: fusiform parenchyma in strands 2-3 cells long; note sample close to pith; tile cells are
similar to those of F. racemosa, with larger end cells.

Ficus virens, BG30, TS

Ficus virens, BG30, TS

Ficus virens, BG30, TLS

Ficus virens, BG30, TLS pitting

Ficus virens, BG30, RLS

Ficus virens, BG30, RLS, pitting

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray cellular composition
Ray structure
Vessels rays pitting

BG01
MORACEAE
Ficus
tinctoria
in radial clusters
diffuse porous
diagonal patterns
no
medium to thick
present
in large bands (more than 3 cells wide)
yes
alternate
bordered to scalariform
small
simple
12 to 40+ cells high
2 to 5 seriate
heterogeneous
mixed cellular composition
simple; sm to xl; prolate

NOTES:
TS: pores in radial clusters of 2-3; parenchyma in beautiful thick bands >10 cells wide,
wider
than
rays,
evenly
spaced;
rays
1-4
cells
wide,
obvious.
LSs: there are two types of intervessel pits, those listed above and polygonal, alternate,
small pits; note that ray heights and widths are not limits; sample close to pith.
TLS quite damaged, 'tile cells' and end cells of rays similar to F. racemosa

Ficus tinctoria, BG01, TS

Ficus tinctoria, BG01, TS

Ficus tinctoria, BG01, TLS

Ficus tinctoria, BG01, TLS pitting

Ficus tinctoria, BG01, RLS

Ficus tinctoria, BG01, RLS pitting

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Fusiform parenchyma
Ray height
Ray width
Vessels rays pitting

BG08
MORACEAE
Ficus
sp.
in radial clusters
diffuse porous
radial to diagonal pattern
no
thin walled
present
in large bands (more than 3 cells wide)
opposite
bordered to scalariform
medium
simple
distinctly bordered
yes
6 to 28 cells high
1 to 4 seriate
circular, rotated oval (45 degrees), heart-shaped;
simple; m to 2xl.

NOTES:
TS: pores in radial groups of 2-4; parenchyma in bands 4-6 cells wide, wider than rays, evenly
spaced;
rays
are
obvious.
LSs: Fibre pits visible in RLS; parenchyma in long strands, some over 15 cells long.

Ficus sp., BG08, TS

Ficus sp., BG08, TS

Ficus sp., BG08, TLS

Ficus sp., BG08, TLS

Ficus sp., BG08, RLS

Ficus sp., BG08, RLS pitting

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Helical thickenings
Fibre pits
Fusiform parenchyma
Ray height
Ray width
Ray type
Vessels rays pitting

BG79
MYRTACEAE
Corymbia
aff. dampieri
clusters common (2 to 4)
diffuse porous
diagonal to dendritic
no
thick walled
present
in narrow bands (up to 3 cells wide)
paratracheal winged aliform
paratracheal confluent
yes
opposite
vestured pits
changeable
simple
throughout body of vessel elements
distinctly bordered
yes
1 to 11 cells high
uni to biseriate
contains only one type of ray
subrounded; sm to 2xl; vestured

NOTES:
Corymbia aff. dampieri, possibly a hybrid between C. dampieri and C. opaca

TS: Pores clusters of 2 to 4 common, tend to circular and diagonal patterns; tyloses are
abundant; fibre walls are very thick; rays are present, 1 cell wide, not readily visible.

LSs: Inter-vessel pits are changeable (small to medium); fibre pits distinctly bordered?
starting to corkscrew; parenchyma cells are in strands of 2 to 4 cells; little ray cells in TLS.

Corymbia aff. dampieri, BG79, TS

Corymbia aff. dampieri, BG79, TS

Corymbia aff. dampieri, BG79, TS

Corymbia aff. dampieri, BG79, TLS

Corymbia aff. dampieri, BG79, TLS

Corymbia aff. dampieri, BG79, TLS pitting

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fusiform parenchyma
Ray height
Ray width
Ray type
Vessels rays pitting

BG82
MYRTACEAE
Corymbia
aff. dampieri
clusters common (2 to 4)
diffuse porous
diagonal to dendritic
no
very thin walled
present
paratracheal winged aliform
paratracheal confluent
in large bands (more than 3 cells wide)
alternate
simple
minute
simple
yes
1 to 17 cells high
uni to biseriate
contains only one type of ray
vestured; egg-shaped; sm to xl

NOTES:
TS: pores in diagonal and circular clusters; fibre walls are very thin; axial parenchyma
more confluent, less banded, in wavy bands of 2-5, highest part of band on either side of
pore; rays are present, not easy to see, thin.

LSs: little round rays in TLS; tubes/compartments in vessels; parenchyma in fusiform
strands of 2 to 4 (maybe more as well, difficult to count due to sediment); might also be
aggregate rays? difficult to tell due to sediment.

Corymbia aff. dampieri, BG82, TS

Corymbia aff. dampieri, BG82, TS

Corymbia aff. dampieri, BG82, TLS

Corymbia aff. dampieri, BG82, TLS

Corymbia aff. dampieri, BG82, RLS

Corymbia aff. dampieri, BG82, RLS, pitting

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fusiform parenchyma
Ray height
Ray width
Ray type
Vessels rays pitting

BG38
MYRTACEAE
Corymbia
cadophora
clusters common (2 to 3)
diffuse porous
dendritic pattern
no
thick walled
present
paratracheal lozenge aliform
paratracheal winged aliform
paratracheal confluent
in large bands (more than 3 cells wide)
opposite
vestured pits
small
simple
yes
3 to 12 cells high
uni to biseriate
contains only one type of ray
vestured; prolate to egg-shaped; sm to xl

NOTES:
TS: clusters of 2-3 pores common, usually radially aligned; fibres thick to very thick;
parenchyma tends to follow the dendritic pattern, lozenge to winged aliform, occasionally
confluent, sometimes forming apotracheal bands 2-3+ cells wide that peter out; rays thin,
short, obvious. Clearly dendritic pore arrangement and definitely diffuse-porous. Note that
the branchs form from areas/bands of high pore density that are arced in shape, in which
areas
pores
still
follow
a
wavy
diagonal
pattern.
LSs: little round rays in TLS; intervessel pits are mostly opposite; fusiform parenchyma cells
in strands of 2-5; rays are uniseriate with occasional biseriate parts; ray composition very
irregular, close to pith.

Corymbia cadophora, BG38, TS

Corymbia cadophora, BG38, TS

Corymbia cadophora, BG38, TLS

Corymbia cadophora, BG38, TLS

Corymbia cadophora, BG38, RLS

Corymbia cadophora, BG38, RLS, pitting

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Fusiform parenchyma
Ray height
Ray width
Ray type
Vessels rays pitting

BG81
MYRTACEAE
Corymbia
dendromerinx
clusters common (2)
diffuse porous
diagonal patterns
no
thick walled
present
paratracheal winged aliform
paratracheal confluent
in large bands (more than 3 cells wide)
alternate
vestured pits
small
tends to
2 to 10 cells high
uni to biseriate
contains only one type of ray
vestured; sm to 2xl; subrounded to circular

NOTES:
TS: Fibre wall thickness alternates between thick and medium; parenchyma follows
diagonal patterns that arc, bands >4 cells wide; rays are present, thin, more obvious in
fibrous
sections.
LSs: parenchyma still quite square, but end strands are triangular, strands vary from 2 to 5
cells in length; little round rays in TLS; vessels full of deposit in TLS

Corymbia dendromerinx, BG81, TS

Corymbia dendromerinx, BG81, TLS

Corymbia dendromerinx, BG81, pitting

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Fusiform parenchyma
Ray height
Ray width
Ray type
Vessels rays pitting

BG80
MYRTACEAE
Corymbia
disjuncta
clusters common (2 to 3)
diffuse porous
dendritic pattern
no
thick walled
present
paratracheal winged aliform
paratracheal confluent
in narrow bands (up to 3 cells wide)
alternate
vestured pits
small
simple
distinctly bordered
yes
3 to 11 cells high
uni to triseriate
contains only one type of ray
vestured, mostly medium eye shaped; sm to xl and
circular

NOTES:
TS: Pores are spaced quite far apart; clusters are mostly radial; parenchyma also takes 'winged
aliform confluent' apotracheally; wavy bands of parenchyma 1-2 cells wide; rays visible
LSs: intervessel pits might be changeable between sm/med, but could just be RLS/TLS
crossover?; fusiform parenchyma cells in strands 2-4 cells long; rays are mostly uni-bi seriate
with occasional triseriate parts; little round rays in TLS.

Corymbia disjuncta, BG80, TS

Corymbia disjuncta, BG80, RLS pitting

Corymbia disjuncta, BG80, TLS

Corymbia disjuncta, BG80, TLS pitting

Corymbia disjuncta, BG80, TS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type
Vessels rays pitting

BG10
MYRTACEAE
Corymbia
terminalis
clusters common (2 to 6)
diffuse porous
diagonal to dendritic
no
medium to thick
present
in large bans (more than 3 cells wide)
paratracheal aliform
paratracheal confluent

opposite
simple to scalariform
small
simple
2 to 9+ cells high
uni to biseriate
contains only one type of ray
vestured; round to egg-shaped; sm to xl

NOTES:
Sample

is

full

of

some

type

of

deposit.

TS: pores are diffuse-porous, but with an increase in density in some parts, while
maintaining wavy diagonals; clusters in circular and diagonal groups; fibre walls medium
to thick, sometimes vitrified; a lot of parenchyma, difficult to see, wavy bands to aliform
confluent;
couldn't
see
rays
due
to
deposit.
LSs: intervessel pits simple/bordered to occasionally scalariform, some also look
vestured? pits opposite-ish; rays might be longer than 9 cell height, full of deposit; little
round rays in TLS mostly 2-seriate heads with uniseriate tails.

Corymbia terminalis, BG10, TS

Corymbia terminalis, BG10, TS

Corymbia terminalis, BG10, TLS

Corymbia terminalis, BG10, TLS

Corymbia terminalis, BG10, RLS

Corymbia terminalis, BG10, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Fusiform parenchyma
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG96
MYRTACEAE
Eucalyptus
bigalerita
solitary
diffuse porous
diagonal patterns with areas of higher pore
density more tangential
no
medium thickness
present
apotracheal in aggregates
paratracheal vasicentric
in narrow bands (up to 3 cells wide)
opposite
vestured pits
changeable
simple
distinctly bordered
yes
2 to 12 cells high
uni to biseriate
contains only one type of ray
heterogeneous
mixed cellular composition
distinctly bordered; prolate; m to xl

NOTES:
TS: diffuse-porous, but a change in pore density, where bands of high density are more
tangential, but still with the odd diagonal set, that are separated by less dense sections that
are fibre dominated; parenchyma is abundant, with vasicentric parenchyma almost in
aggregates too, also forming wavy aggregate bands 1-2 cells wide (occasionally 3 cells
wide);
rays
thin
and
obvious.
LSs: Inter-vessel pits are small to medium; fibre pits visible in TLS and are vestured
looking?, parenchyma in strands of 2 to 5; rays mostly uniseriate; some vessel-ray pits
appear vestured.

Eucalyptus bigalerita, BG96, TS

Eucalyptus bigalerita, BG96, TS

Eucalyptus bigalerita, BG96, TLS

Eucalyptus bigalerita, BG96, RLS

Eucalyptus bigalerita, BG96, RLS

Eucalyptus bigalerita, BG96, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Parenchyma like fibres
Ray height
Ray width
Vessels rays pitting

BG49
MYRTACEAE
Eucalyptus
camaldulensis
solitary
diffuse porous
diagonal patterns
no
medium thickness
present
scanty paratracheal
paratracheal lozenge aliform
apotracheal diffuse
apotracheal in aggregates
opposite
vestured pits
small
simple
simple to minutely bordered
yes
2 to 20 cells high (mostly 2 to 8)
exclusively uniseriate
vestured; sm to xl; egg to prolate, mostly egg

NOTES:
TS: pores are mostly solitary, occasionally clusters of 2; occasionally pore arrangement
appears dendritic, but pore density is generally too high for this pattern; fibre walls change
between thin/medium and thick; rays are thin and wavy.
LSs: intervessel pits are both vestured, opposite, minute, and opposite, polygonal, small.
Fibre pits viewed in RLS. Rays are small in TLS and need 50x to observe.

Eucalyptus camaldulensis, BG49, TS

Eucalyptus camaldulensis, BG49, TS

Eucalyptus camaldulensis, BG49, TS

Eucalyptus camaldulensis, BG49, TLS

Eucalyptus camaldulensis, UWA.Pilb.10, TS

Eucalyptus camaldulensis, UWA.Pilb.10, TS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type
Vessels rays pitting

UWAPilb.10
MYRTACEAE
Eucalyptus
camaldulensis
solitary
diffuse porous
diagonal to dendritic
no
medium thickness
present
scanty paratracheal
apotracheal diffuse
apotracheal in aggregates
paratracheal lozenge aliform
opposite
vestured pits
small
simple
2 to 16 cells high
uni to biseriate
contains only one type of ray
vestured, sm to xl; egg-shaped

NOTES:
TS: pores are mostly solitary with occasional clusters of 2; fibres are medium throughout;
rays are thin, one-cell wide.
LSs: rays are uniseriate with occasional biseriate parts; "corkscrew fibres", tubes within
vessels.

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type
Vessels rays pitting

BG28
MYRTACEAE
Eucalyptus
coolabah
clusters common (2)
semi-ring porous
diagonal to dendritic
no
thick walled
present
apotracheal in aggregates
scanty paratracheal
paratracheal vasicentric
opposite
vestured pits
changeable
simple
2 to 9 cells high
uni to biseriate
contains only one type of ray
vestured; m to xl; prolate, egg, rhomboidal

NOTES:
TS: pores with common clusters of 2, otherwise mostly solitary; fibre walls are very thick
(vitrified); rays are thin, short, not readily visible at 10x without contrast.
LSs: Intervessel pits vestured/simple?; changeable pits small/medium; rays are uniseriate
with occasional biseriate parts.

Eucalyptus coolabah, BG28, TS

Eucalyptus coolabah, BG28, TS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray height
Ray width
Ray type
Vessels rays pitting

UWAPilb.27
MYRTACEAE
Eucalyptus
leucophloia
solitary
diffuse porous
diagonal patterns
no
thick walled
present
apotracheal in aggregates
scanty paratracheal
opposite
vestured pits
medium
simple
distinctly bordered
2 to 10 cells high
uni to biseriate
contains only one type of ray
egg-shaped; m to xl; vestured

NOTES:
TS: pores are mostly solitary with occasional clusters of 2/3; pores are very dense and
dominate TS; weak diagonal patterns (low angle, high density); fibres have very thick walls
(with some deposit, some fibres vitrified?); axial parenchyma in aggregates both para- and
apotracheal, similar to radial parenchyma; rays are thin and are not readily visible.
LSs: definitely biseriate and uniseriate rays.

Eucalyptus leucophloia, UWA.Pilb.27, TS

Eucalyptus leucophloia, UWA.Pilb.27, TS

Eucalyptus leucophloia, UWA.Pilb.27, TLS

Eucalyptus leucophloia, UWA.Pilb.27, TLS

Eucalyptus leucophloia, UWA.Pilb.27, RLS

Eucalyptus leucophloia, UWA.Pilb.27, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Ray height
Ray width
Ray type
Vessels rays pitting

BG23
MYRTACEAE
Eucalyptus
pruinosa
clusters common (2 to 3)
diffuse porous
diagonal to dendritic
no
thick walled
present
paratracheal vasicentric
opposite
simple
changeable
2 to 10 cells high
exclusively uniseriate
contains only one type of ray
vestured; sm to xl; subrounded

NOTES:
TS: pores commonly clustered in groups of 2 to 3, otherwise mostly solitary in circular and
diagonal groups; in strong diagonal patterns to dendritic; fibre walls are very thick and
grated; rays are thin, short, wisteria trickles. Very cute rays in TLS.

Eucalyptus pruinosa, BG23, TS

Eucalyptus pruinosa, BG23, TS

Eucalyptus pruinosa, BG23, RLS

Eucalyptus pruinosa, BG23, RLS

Eucalyptus pruinosa, BG23, pitting

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray height
Ray width
Ray type
Vessels rays pitting

BG87
MYRTACEAE
Eucalyptus
sp.
clusters common (2)
diffuse porous
diagonal patterns
no
thick walled
present
paratracheal vasicentric
apotracheal in aggregates
opposite
vestured pits
changeable
simple
distinctly bordered
2 to 9 cells high
uni to biseriate
contains only one type of ray
subrounded; vestured; sm to xl

NOTES:
TS: diffuse-porous, but there is a change in pore density, with very strong diagonal
patterns in the high density area; fibre walls are very thick; abundant parenchyma, in
aggregates both para- and apotracheally as well as vasicentric; rays are thin, visible.
LSs: Inter-vessel pits are sm to m; fibre pits are visible in both TLS and RLS; rays are
mostly uniseriate with occasional biseriate parts.

Eucalyptus sp., BG87, TS

Eucalyptus sp., BG87, TS

Eucalyptus sp., BG87, TLS

Eucalyptus sp., BG87, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray height
Ray width
Ray type
Vessels rays pitting

UWAPilb.12
MYRTACEAE
Melaleuca
argentea
clusters common (2)
diffuse porous
diagonal patterns
no
medium thickness
present
paratracheal vasicentric
apotracheal diffuse
alternate
vestured pits
minute
simple
simple to minutely bordered
1 to 13 cells high
uni to biseriate
contains only one type of ray
vestured; m to xl; circular, oval; elliptical

NOTES:
TS: pores in diagonal patterns at a low angle; rays are thin and slightly difficult to see with
10x lens without contrast.
LSs: intervessel pits alternate to occasionally opposite; fibre pits visible in RLS; rays are
mostly uniseriate with occasional biseriate parts.

Melaleuca argentea, UWA.Pilb.12, TS

Melaleuca argentea, UWA.Pilb.12, TS

Melaleuca argentea, UWA.Pilb.12, TS

Melaleuca argentea, UWA.Pilb.12, TS

Melaleuca argentea, UWA.Pilb.12, TLS

Melaleuca argentea, UWA.Pilb.12, TLS

Melaleuca argentea, UWA.Pilb.12, RLS

Melaleuca argentea, UWA.Pilb.12, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray height
Ray width
Vessels rays pitting

BG101
MYRTACEAE
Melaleuca
bracteata
exclusively solitary
diffuse porous
weak tangential with diagonal patterns in between
no
thin walled
present
apotracheal in aggregates
opposite
vestured pits
small
simple
simple to minutely bordered
2 to 32 cells high
uni to biseriate
small to large; vestured; subrounded to circular

NOTES:
In TS, pores are arranged in a weak tangential to diagonal pattern (latter with a low angle).
In TS, rays are not obvious except as a space. In LSs, especially RLS, vessels have 'tubes'.

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Helical thickenings
Fibre pits
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure

UWAPilb.8
MYRTACEAE
Melaleuca
bracteata
solitary
diffuse porous
diagonal patterns
no
medium thickness
present
scanty paratracheal
paratracheal unilateral
apotracheal in aggregates
opposite
vestured pits
small
simple
throughout body of vessel elements
distinctly bordered
2 to 12 cells high
uni to biseriate
contains only one type of ray
heterogeneous
body ray cell procumbent with row of upright/square
marginal cells

NOTES:
TS: pores are mostly solitary with the odd cluster of 2; fibre walls vary from medium to thick;
axial parenchyma one cell paratracheal, often unilateral, also diffuse in aggregates tends to
cluster within and around pores of vessels and also apotracheal; rays 1 cell wide, not readily
visible
at
10x
without
contrast.
LSs: tubes inside vessels, fibre pits visible in RLS; rays uniseriate with occasional biseriate
parts; rays have a procumbent body with 1-2 rows of square/upright.

Melaleuca bracteata, BG101, TS

Melaleuca bracteata, BG101, TS

Melaleuca bracteata, BG101, TLS

Melaleuca bracteata, UWA.Pilb.8, TS

Melaleuca bracteata, UWA.Pilb.8, TLS

Melaleuca bracteata, UWA.Pilb.8, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray height
Ray width
Vessels rays pitting

BG39
MYRTACEAE
Melaleuca
lasiandra
exclusively solitary
diffuse porous
radial to diagonal pattern
no
medium thickness
present
apotracheal in aggregates
scanty paratracheal
opposite
vestured pits
small
simple
distinctly bordered
2 to 9 cells high
uni to biseriate
rounded; m/l; simple to minutely
bordered/vestured

NOTES:
TS: pores are relatively well-spaced for Melaleuca, also pores are small and round,
although this could be an effect of the small size of the stem; parenchyma in
aggregates, both apo- and para-tracheal; rays maybe only so visible due to deposit.
LSs: tubes in vessels; fibre pits almost look vestured; individual ray cells seem larger
than other examples of the genus.

Melaleuca lasiandra, BG39, TS

Melaleuca lasiandra, BG39, TS

Melaleuca lasiandra, BG39, TS

Melaleuca lasiandra, BG39, RLS

Melaleuca lasiandra, BG39, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray height
Ray width
Vessels rays pitting

Melaleuca leucadendra, BG50, TS

BG50
MYRTACEAE
Melaleuca
leucadendra
solitary
diffuse porous
radial to diagonal pattern
no
medium thickness
present
apotracheal in aggregates
scanty paratracheal
opposite
vestured pits
small
simple
distinctly bordered
2 to 9 cells high
uni to biseriate
rounded; m/l; simple to minutely
bordered/vestured

Melaleuca leucadendra, BG50, TS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit shape
Intervessel pit size
Ray height
Ray width
Ray cellular composition

BG16
PHYLLANTHACEAE
Flueggea
virosa
Radial chains (2-6)
Diffuse-porous
Radial patterns
very thick
present
abundant apotracheal aggregates
paratracheal aggregates
bordered to scalariform
very minute
2 to 23 cells high
uni to triseriate
tile cells present

NOTES:
TS: radial chains can be up to 8-12 pores long, but typically 4-6.

Flueggea virosa, BG16, TS

Flueggea virosa, BG16, TLS

Flueggea virosa, BG16, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fusiform parenchyma
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure

BG86
PROTEACEAE
Grevillea
pyramidalis
clusters common (2 to 3)
diffuse porous
tangential bands
no
thick walled
present
paratracheal lozenge aliform
paratracheal confluent
in large bans (more than 3 cells wide)
alternate
bordered to scalariform
minute
simple
yes
1 to 18; 15 to 70+ cells high
1 to 3; 5 to 10 seriate
uniseriate and multiseriate rays different
widths
homogeneous
all procumbent

NOTES:
TS: pores 'festooned' with parenchyma in weak tangential arrangement. In TLS,
parenchyma in strands of 1 to 3.

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fusiform parenchyma
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure

UWABWI056
PROTEACEAE
Grevillea
pyramidalis
clusters common (2)
diffuse porous
tangential bands
no
medium thickness
present
paratracheal lozenge aliform
paratracheal confluent
tend to
alternate
bordered to scalariform
minute
simple
yes
1 to 18; 30 to 70+ cells high
1 to 3; 5 to 10 seriate
uniseriate and multiseriate rays different widths
homogeneous
all procumbent

NOTES:
TS: pores are generally clustered tangentially, forming weak tangential bands that are
'festooned' with parenchyma. Fibre cell widths change from medium to thick. In LSs,
parenchyma are in strands of 1 to 3 cells in length.

Grevillea pyramidalis, BG86, TS

Grevillea pyramidalis, UWA.BWI.56, TS

Grevillea pyramidalis, BG86, TS

Grevillea pyramidalis, BG86, TLS

Grevillea pyramidalis, BG86, RLS

Grevillea pyramidalis, BG86, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG25
PROTEACEAE
Grevillea
refracta
clusters common (2 to 4)
diffuse porous
tangential bands
no
medium thickness
present
paratracheal lozenge aliform
paratracheal confluent
in large bans (more than 3 cells wide)
alternate
bordered to scalariform
small
simple
4 to 8; 20 to 80+ cells high
uniseriate; 8 to 12 multiseriate
uniseriate and multiseriate rays different widths
homogeneous
all procumbent
scalariform

NOTES:
TS: pores form weak tangential bands, clusters are mostly tangentially aligned. Bands form
arcs, they are 'festooned' with the parenchyma. Typical Proteaceae TS.

In LSs, inter-vessel pits are similar to Grevillea striata, particularly the way that they are
bordered/scalariform. Occasionally 'tubes' in vessels. Uniseriate ray cells are much wider
than multiseriate.

Grevillea refracta, BG25, TS

Grevillea refracta, BG25, TS

Grevillea refracta, BG25, TLS

Grevillea refracta, BG25, TLS pitting

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Helical thickenings
Fibre pits
Ray height
Ray width
Ray type
Vessels rays pitting

UWAWR018
PROTEACEAE
Grevillea
striata
clusters common (2 to 6)
semi-ring porous
tangential bands
no
thin walled
present
paratracheal unilateral
paratracheal aliform
paratracheal confluent
in large bands (more than 3 cells wide)
alternate
bordered to scalariform
minute
simple
scarse
distinctly bordered
2 to 7; 60 to 100+ cells high
uniseriate; 10 to 12 seriate
uniseriate and multiseriate rays different
widths
scalariform

NOTES:
TS: tangential clusters of 2 to 6 pores; fibre walls are thin; parenchyma festooned
with pores, unilateral paratracheal aliform confluent to banded 4 to 8 cells wide

LSs: intervessel pits also look to be also wholly scalariform; fibre pits visible in RLS
and are very distinctive.

Grevillea striata, UWA.WR.08, TS

Grevillea striata, UWA.WR.08, TS

Grevillea striata, UWA.WR.08, TLS

Grevillea striata, UWA.WR.08, TLS

Grevillea striata, UWA.WR.08, RLS

Grevillea striata, UWA.WR.08, RLS

Grevillea striata, UWA.WR.08, TS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG27
PROTEACEAE
Grevillea
wickhamii
clusters common (2 to 4)
diffuse porous
diagonal patterns with occasional
weak tangential bands
no
thick walled
present
paratracheal winged aliform
paratracheal confluent
yes
alternate
bordered to scalariform
small
simple
simple to minutely bordered
2 to 8; 20 to 80+ cells high
uniseriate; 5 to 10 cells high
uniseriate and multiseriate rays
different widths
heterogeneous
mixed cellular composition
similar to intervessel pits

NOTES:
TS: Pores arranged in diagonal (low) angle to tangential arrangements;
parenchyma winged aliform confluent, festooned; rays two widths, multiseriate
rays
are
quite
large.
LSs: intervessel pits are alternate-ish; tubes in vessels; fibre pits visible in RLS;
uniseriate ray cells larger than multiseriate

Grevillea wickhamii, BG27, TS

Grevillea wickhamii, BG27, TS

Grevillea wickhamii, BG27, TLS

Grevillea wickhamii, BG27, TLS

Grevillea wickhamii, BG27, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Fibre pits
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

BG09
PROTEACEAE
Grevillea
sp.
clusters common (2 to 3)
diffuse porous
tangential bands
sometimes
thick walled
present
paratracheal lozenge aliform
paratracheal confluent
in large bands (more than 3 cells wide)
alternate
bordered to scalariform
minute
distinctly bordered
6 to 8; 55 to 105+ cells high
1 to 2; 11 to 16 seriate
uniseriate and multiseriate rays different widths
heterogeneous
mixed cellular composition
similar to intervessels?

NOTES:
TS: pores in clusters of 2-3 usually tangentially aligned or circular; pores in weak tangential
bands festooned with parenchyma; very thick fibre walls, some vitrification; parenchyma
lozenge aliform confluent to bands >4 cells wide, pretty evenly spaced; large massive
multiseriate rays. LSs: intervessels compartmentalised; vessels with tubes.

Grevillea sp., BG9, TS

Grevillea sp., BG9, TS

Grevillea sp., BG9, TS

Grevillea sp., BG9, TLS

Grevillea sp., BG9, TLS pitting

Grevillea sp., BG9, TLS pitting

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type
Vessels rays pitting

BG37
PROTEACEAE
Hakea
arborescens
clusters common (2 to 4)
diffuse porous
tangential bands
no
thick walled
present
paratracheal unilateral
paratracheal winged aliform
paratracheal confluent
in large bands (more than 3 cells wide)
alternate
bordered to scalariform
minute
simple
4 to 15; 20 to 60+ cells high
1 to 3; 7 to 9 seriate
uniseriate and multiseriate rays different widths
similar to intervessel pits

NOTES:
TS: parenchyma and pores festooned; fibre walls very thick, vitrified; axial parenchyma
unilateral paratracheal winged aliform confluent/banded 3-4 cells wide, although more
parenchyma are associated with pores; rays are large, multiseriate, obvious.

Hakea arborescens, BG37, TS

Hakea arborescens, BG37, TS

Hakea arborescens, BG37, TLS

Hakea arborescens, BG37, TLS

Hakea arborescens, BG37, TLS pitting

Hakea arborescens, BG37, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Helical thickenings
Fusiform parenchyma
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure

BG85
PROTEACEAE
Hakea
arborescens
clusters common (2 to 4)
diffuse porous
tangential bands
no
thick walled
present
paratracheal winged aliform
paratracheal confluent
in narrow bands (up to 3 cells wide)
paratracheal unilateral
alternate
bordered to scalariform
minute
simple
throughout body of vessel elements
yes
6 to 12; 45 to 100+ cells high
1 to 2; 8 to 12 seriate
uniseriate and multiseriate rays different widths
heterogeneous
mixed cellular composition

NOTES:
TS: diffuse-porous, almost semi-ring porous; vessels are in a weak tangential, festooned
arrangement almost with diagonal patterns; fibre walls are very thick; axial parenchyma is
winged aliform to banded (3 cells wide), where 'festooned', mostly unilateral; rays thick
multiseriates, obvious. LSs: fusiform parenchyma in strands of 2.

Hakea arborescens, BG85, TS

Hakea arborescens, BG85, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray cellular composition
Ray structure
Vessels rays pitting

BG72
RUBIACEAE
Nauclea
orientalis
clusters common (2)
diffuse porous
diagonal patterns
yes
thin walled
present
apotracheal in aggregates
apotracheal diffuse
opposite
vestured pits
minute
simple
simple to minutely bordered
heterogeneous
body ray cell procumbent with several rows of
upright/square marginal cells
similar to intervessel pits

NOTES:
TS: clusters of 2 pores common, otherwise mostly solitary; axial parenchyma diffuse-inaggregates, quite scarce; rays are not obvious at 10x without contrast, but there are a lot of
rays,
still
relatively
visible,
but
the
quantity
isn't
obvious.
LSs: fibre pits visible in TLS, appear almost vestured; rays have a procumbent body with >9
rows of upright and occasionally square cells; difficult to tell what is going on with rays in
TLS, large rectangular ray cells in long chains?, also small round rays in short (6-9) chains,
look like clusters of berries.

Nauclea orientalis, BG72, TS

Nauclea orientalis, BG72, TS

Nauclea orientalis, BG72, TLS

Nauclea orientalis, BG72, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure

BG42
SANTALACEAE
Santalum
lanceolatum
exclusively solitary
semi-ring porous
diagonal patterns with areas of higher pore density
more tangential
no
thin to medium
present
apotracheal in aggregates
apotracheal diffuse
opposite
bordered pits
minute
simple
4 to 9 cells high
uni to biseriate
contains only one type of ray
heterogeneous
body ray cell procumbent with row of upright/square
marginal cells

NOTES:
TS: Pores in diagonal patterns with occasional tangential bands before a change in porosity;
rays
are
thin,
still
visible
in
TS.
LSs: rays uni to bi seriate (mostly 2); procumbent body with 1-2 rows of upright/square.

Santalum lanceolatum, BG42, TS

Santalum lanceolatum, BG42, TLS

Santalum lanceolatum, BG42, TS

Santalum lanceolatum, BG42, RLS

Santalum lanceolatum, BG42, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

UWAWR012
SANTALACEAE
Santalum
spicatum
solitary
semi-ring porous
diagonal patterns with areas of higher pore density
more tangential
no
medium thickness
present
apotracheal diffuse
apotracheal in aggregates
opposite
bordered to scalariform
minute
simple
distinctly bordered
1 to 12 cells high
uni to triseriate
contains only one type of ray
homogeneous
all procumbent
oval, prolate; vestured; xl

NOTES:
TS: Pores are mostly solitary, with occasional clusters of 2/3; rays are short, thin, and not readily
visible at 10x without contrast.
LSs: fibre pits are visible in RLS; rays are 1-3 seriate, but mostly biseriate; XL is the only visible size
of vessel-ray pits.

Santalum spicatum, UWA.WR.012, TS

Santalum spicatum, UWA.WR.012, TS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fusiform parenchyma
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure
Vessels rays pitting

UWAPilb.13
SAPINDACEAE
Atalaya
hemiglauca
clusters common (2)
diffuse porous
diagonal patterns
no
thin walled
present
in narrow bands (up to 3 cells wide)
scanty paratracheal
paratracheal vasicentric
opposite
bordered to scalariform
small
simple to scalariform
tends to
3 to 35 cells high
uni to triseriate
contains only one type of ray
heterogeneous
mixed cellular composition
similar to intervessel pits

NOTES:
TS:

Axial

parenchyma

is

very

uneven,

almost

messy,

in

diagonal

rows.

LSs: Perforation plates are simple to scalariform (2 bars); vessels have compartments; intervessel
pits occasionally scalariform; fusiform parenchyma quite blocky in strands of 4; rays mostly
procumbent; ray cells quite small in TLS, had to count with 50x lens.

Atalaya hemiglauca, UWA.Pilb.13

Atalaya hemiglauca, UWA.Pilb.13

Atalaya hemiglauca, UWA.Pilb.13

Atalaya hemiglauca, UWA.Pilb.13

Atalaya hemiglauca, UWA.Pilb.13

Atalaya hemiglauca, UWA.Pilb.13

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width

BG07
SAPINDACEAE
Dodonaea
polyzyga
in radial clusters
diffuse porous
radial to diagonal pattern
sometimes
thick walled
present
paratracheal vasicentric
in narrow bands (up to 3 cells wide)
apotracheal in aggregates
tend to
alternate
bordered to scalariform
minute
simple to scalariform
4 to 20+ cells high
uni to biseriate

NOTES:
TS: pores generally in radial groups 2-5 cells long; fibres are very thick (vitrified); parenchyma
is vasicentric with short wavy bands of 1-2 cells formed by apotracheal aggregates; rays thin,
obvious.
LSs: simple to 2-bar scalariform perforation plates; intervessel pits don't take up the entire
vessel, compartmentalised; while rays can be over 20 cells long, they are more commonly
between 4 to 12.

Dodonaea polyzyga, BG07, TS

Dodonaea polyzyga, BG07, TS

Dodonaea polyzyga, BG07, TS

Dodonaea polyzyga, BG07, TS

Dodonaea polyzyga, BG07, TLS

Dodonaea polyzyga, BG07, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fusiform parenchyma
Ray height
Ray width
Ray type
Vessels rays pitting

UWAPilb.26
SAPINDACEAE
Dodonaea
viscosa
in radial clusters
diffuse porous
radial to diagonal pattern
no
very thick
present
paratracheal vasicentric
scanty paratracheal
in narrow bands (up to 3 cells wide)
yes
opposite
simple to scalariform
changeable
simple
yes
1 to 16 cells high
uni to biseriate
contains only one type of ray
similar to intervessel pits but simple to minutely
bordered

NOTES:
TS: pores in radial groups of 2-3 and occasionally in non-radial clusters of 2-3 with 2 on top
and one underneath; fibres are very thick (vitrified); axial parenchyma vasicentric to scanty
paratracheal
with
bands
1-2
cells
wide;
rays
obvious
with
contrast.
LSs: lumps in vessels, pits compartmentalised; intervessel pits changeable between small
and minute; fusiform parenchyma in strands of 4.

Dodonaea viscosa, UWA.Pilb.26, TS

Dodonaea viscosa, UWA.Pilb.26, TS

Dodonaea viscosa, UWA.Pilb.26, TLS

Dodonaea viscosa, UWA.Pilb.26, TLS

Dodonaea viscosa, UWA.Pilb.26, RLS

Dodonaea viscosa, UWA.Pilb.26, RLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Fibre pits
Ray height
Ray width
Ray type
Ray cellular composition
Ray structure

BG33
SCROPHULARIACEAE
Myoporum
montanum
in radial clusters
diffuse porous
radial to diagonal pattern
no
thin walled
absent
opposite
bordered to scalariform
minute
distinctly bordered
2 to 15 cells high
uni to biseriate
contains only one type of ray
heterogeneous
mixed cellular composition

NOTES:
TS: Pores are relatively small in TS in terms of both diameter length and wall width; in TS,
everything
is
radially
aligned;
couldn't
find
any
axial
parenchyma.
LSs: intervessel pits bordered to occasionally scalariform; vessels are very thin in LSs,
especially in RLS.

Myoporum montanum, BG33, TS

Myoporum montanum, BG33, TS

Myoporum montanum, BG33, TLS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Axial parenchyma arrangement (3)
Axial parenchyma arrangement (4)
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Fibre pits
Fusiform parenchyma
Ray height
Ray width
Vessels rays pitting

BG40
SIMAROUBACEAE
Brucea
javanica
clusters common (2)
ring porous
diagonal patterns with areas of higher pore density
more tangential
no
thin to very thin
present
scanty paratracheal
paratracheal vasicentric
apotracheal diffuse
apotracheal in aggregates
opposite
bordered pits
minute
simple
simple to minutely bordered
tends to
5 to 17 cells high
1 to 4 seriate
similar to intervessel pits; distinctly bordered; sm to
xl; rotated oval (45 degrees)

NOTES:
TS: distinct boundaries, clearly ring porous, tangential pores with very thin fibres (early) to
diagonal patterns with thin fibres (late); axial parenchyma scanty paratracheal to vasicentric
with occasional diffuse-in-aggregates; rays obvious. LSs: intervessel pits compartmentalised;
fusiform? parenchyma in long single strands.

Brucea javanica, BG40, TS

Brucea javanica, BG40, TS

Reference
Family
Genus
Species
Vessel grouping
Vessel porosity
Vessel arrangement
Solitary vessels with square outline
Fibre wall thickness
Axial parenchyma
Axial parenchyma arrangement (1)
Axial parenchyma arrangement (2)
Aggregate rays
Intervessel pit arrangement
Intervessel pit shape
Intervessel pit size
Perforation plates type
Ray height
Ray width
Ray cellular composition
Ray structure
Vessels rays pitting

BG06
ULMACEAE
Celtis
australiensis
clusters common (2)
diffuse porous
radial to diagonal pattern
sometimes
medium thickness
present
paratracheal winged aliform
paratracheal confluent
yes
alternate
bordered pits
minute
simple
8 to 30+ (mostly 13 to 18) cells high
2 to 4 seriate
heterogeneous
mixed cellular composition
simple to minutely bordered; minute to xl; sausage
shaped or circular; in circular/oval pockets

NOTES:
Note that the fertile material was vouchered as Celtis australiensis, but that this name is no
longer current. The taxon must be either Celtis phillipensis or Celtis strychnoides, and is most
likely the latter.
TS: Often 1/2 of solitary pore outline is crinkly, but not angular; rays visible. LSs: intervessel
pits bordered/simple; most rays are upright/square.

Celtis sp., BG06, TS

Celtis sp., BG06, TS

Celtis sp., BG06, TLS

Celtis sp., BG06, TLS

Celtis sp., BG06, RLS

Celtis sp., BG06, RLS

Appendix E:
Palynological reference collection: images
The following text is adapted from Chapter 2: Methods, page 54
The Australasian Pollen and Spore Atlas <http://apsa.anu.edu.au/> (APSA) is
managed by the Archaeology and Natural History Department at the Australian
National University, where the physical material is housed. The APSA database
is extensive, covering a broad range of vegetation communities across Australia,
South East Asia, and the Pacific; therefore, an additional reference collection did
not need to be created for the purposes of this thesis. A list of likely taxa was
created, using botanical survey (e.g. Beard 1979; Wheeler 1992), and online
vegetation mapping (<https://florabase.dpaw.wa.gov.au/>) data. Where images
of taxa were not available on the APSA database, new images of the reference
material were taken using the Zeiss Axiophot microscope and Zeiss Axiovision
imaging software, and uploaded onto the APSA database. The pollen reference
collection is predominantly the cumulative work of the Archaeology and Natural
History department at the Australian National University. While the author of this
thesis has made contributions to this database for both this thesis and research
assistant work, individual contributions are indistinguishable on the database.
The completed reference list is presented here.

References:
Beard, J. 1979 The Vegetation of the Kimberley Area: Explanatory Notes to Sheet
1. University of Western Australia Press, Perth.
Wheeler, J.R. (ed.), 1992 Flora of the Kimberley Region. Como: Department of
Conservation and Land Management.

The Australian National University

FERNS & ALLIES
Family

Species

APSA #

PTERIDACEAE

Adiantum philippense

407-8-1-1 to 9

PTERIDACEAE

Cheilanthes pumilio,
Chelianthes sieberi,
Cheilanthes tenuifolia

407-7-2-1 to 7

Image(s)

MONOCOTYLEDONS
Family

Species

APSA slide #

CYPERACEAE

Bulbostylis barbata

12.12.6

CYPERACEAE

Cyperus javanicus,
Cyperus
microcephalus

12-6-1 to 31

CYPERACEAE

Cyperus squarrosus

12-6-1 to 31

CYPERACEAE

Cyperus viscidulus

12-6-1 to 31

Image(s)

CYPERACEAE

Fimbristylis
microcarya

12-2-1 to 21

PANDANCEAE

Pandanus spiralis

2-1-1 to 9

POACEAE

Cenchrus ciliaris

11-108-5 11-108-1 to 6

POACEAE

Eragrostis cumingii

11-35-14

POACEAE

Heteropogon
contortus

POACEAE

Imperata cylindrica

POACEAE

Panicum
seminudum

11-7-1 to 9

POACEAE

Sorghum
plumosum,
Sorghum
stipoideum,
Sorghum timorense

11-110-2

11-57-1

11-46-1

POACEAE

Triodia intermedia,
Triodia inutilis,
Triodia wiseana

11-65-2

TYPHACEAE

Typha domingensis

1.1.3

DICOTYLEDONS
Family

Species

APSA #

ACANTHACEAE

Dicliptera armata

271-22-1 to 3

ACANTHACEAE

Hypoestes floribunda

271-12-2

ACANTHACEAE

Nelsonia campestris

271-28-1

AMARANTHACEAE

Achyranthes aspera

77-5-3, 3a, 3b

Image(s)

AMARANTHACEAE

Alternanthera pungens

77-7-7
77-7-1 to 8

AMARANTHACEAE

Amaranthus undulatus

77-1-1 to 11

AMARANTHACEAE

Gomphrena canescens

77-8-5

AMARANTHACEAE

Ptilotus capitatus, Ptilotus
corymbosus, Ptilotus fusiformis

77-3-1 to 9a

APOCYNACAEAE

Alstonia actinophylla

251-6-2

APOCYNACAEAE

Alstonia spectabilis

AQUIFOLIACEAE

Ilex arnhemensis

159-1-3

ASTERACEAE

Acanthospermum hispidum

286-100-1

251-6-5

Slide corrupted (old medium)

ASTERACEAE

Blumea axillaris, Blumea tenella

286-23-1 to 3

ASTERACEAE

Pterocaulon serrulatum

286-108-2

ASTERACEAE

Pterocaulon sphacelatum

286-108-1

ASTERACEAE

Tridax procumbens

286-229-1

ASTERACEAE

Wedelia asperrima

286-109-1 to 4

ASTERACEAE

Acanthospermum hispidum

286-100-1

BIXACEAE

Cochlospermum fraseri

197-91-3

BORAGINACEAE

Heliotropium tenuifolium

257-7-1 to 9

BORAGINACEAE

Trichodesma zeylanicum

257-11-1

Slide corrupted (old medium)

CAPPARACEAE

Capparis jacobsii

104-4-15

CAPPARACEAE

Capparis lasiantha, Capparis
lucida

104-4-1

CLEOMACEAE

Cleome oxalidea

104-2-1 to 8

COLEOPHORIDAE

Polycarpaea longiflora

84-11-1 to 5

COMBRETACEAE

Terminalia hadleyana

244-4-1

COMBRETACEAE

Terminalia platyphylla

244-4-2

CONVOVULACEAE

Ipomoea gracilis

254-2-1 to 26

CONVOVULACEAE

Ipomoea polymorpha

254-2-1 to 26

CONVOVULACEAE

Polymeria ambigua

254-16-1

CUCURBITACEAE

Citrullus lanatus

280-12-1

CUCURBITACEAE

Cucumis maderaspatanus

280-3-1 to 4

CUCURBITACEAE

Luffa graveolens, Luffa saccata

280-7-1

DROSERACEAE

Drosera indica

111-1-8

EBENACEAE

Diospyros maritima

245-1-1 to 9

ELATINACEAE

Bergia trimera

191-2-1 to 3

EUPHORBIACEAE

Claoxylon hilii

149-7-1 to 8

EUPHORBIACEAE

Euphorbia drummondii

149-1-14

EUPHORBIACEAE

Euphorbia hirta

149-1-41

EUPHORBIACEAE

Euphorbia schultzii

149-1-39

EUPHORBIACEAE

Mallotus nesophilus

149-37-14

FABACEAE

Abrus precatorius

129-126-1

FABACEAE

Acacia hemsleyi

129-1-1 to 99

FABACEAE

Acacia monticola

129-1-1 to 99

FABACEAE

Acacia neurocarpa

129-1-1 to 99

FABACEAE

Acacia pyrifolia

129-1-82

FABACEAE

Acacia stigmatophylla

129-1-1 to 99

FABACEAE

Albizia lebbeck

129-40-1 to 9

FABACEAE

Alysicarpus muelleri

129-120-1 to 5

FABACEAE

Bauhinia cunninghamii

129-67-12

FABACEAE

Cajanus candicans, Cajanus
reticulatus

129-48-1

FABACEAE

Crotalaria medicaginea,
Crotalaria novae-hollandiae,
Crotalaria ramosissima

129-23-1-30

FABACEAE

Crotaliaria retusa

129-23-1-30

FABACEAE

Indigofera colutea

129-12-1 to 12

FABACEAE

Indigofera hirsuta

129-12-1 to 12

FABACEAE

Indigofera linifolia

129-12-10

FABACEAE

Neptunia dimorphantha

129-72-4
129-72-2

FABACEAE

Rhynchosia minima

129-100-2

FABACEAE

Senna planitiicola

129-210-2 to 5

FABACEAE

Senna venusta

129-210-5

FABACEAE

Sesbania cannabina

129-122-2

FABACEAE

Sesbania formosa

129-122-4

FABACEAE

Sesbania simpliciuscula

129-122-1 to 4

FABACEAE

Tephrosia lasiochlaena

129-84-1 to 11

FABACEAE

Tephrosia rosea

129-84-11

FABACEAE

Vachellia suberosa

129-117-1

GOODENIACEAE

Goodenia armitiana

282-3-1 to 31

GOODENIACEAE

Goodenia odonnellii

282-3-1 to 31

LAMIACEAE

Anisomeles malabarica

259-17-1 to 2

LAMIACEAE

Basilicum polystachyon

259-28-1

LAMIACEAE

Clerodendrum floribundum

258-11-3

LAMIACEAE

Clerodendrum tomentosum

258-11-6

LAMIACEAE

Hyptis suaveolens

259-8-4

LAMIACEAE

Vitex acuminata

258-14-1

LORANTHACEAE

Amyema sanguinea

70-1-1 to 9

MALVACEAE

Adansonia gregorii

179-3-1

MALVACEAE

Abutilon hannii

176-3-1 to 9

MALVACEAE

Brachychiton diversifolius

180-1-8

MALVACEAE

Bracychiton fitzgeraldianus

180-1-1 to 10

MALVACEAE

Brachychiton viridiflorus

180-1-1 to 10

MALVACEAE

Corchorus sidoides

177-15-2

MALVACEAE

Gossypium australe

178-13-1 to 5

MALVACEAE

Hibiscus meraukensis

178-1-17

MALVACEAE

Hibiscus leptocladus, Hibiscus
pentaphyllus

178-1-1 to 19

MALVACEAE

Hibiscus vitifolius

178-1-1 to 19

MALVACEAE

Malvastrum americanum

178-6-2

MALVACEAE

Melhania oblongifolia

180-22-1

MALVACEAE

Melochia pyramidata

180-7-3
180-7-1 to 3

MALVACEAE

Triumfetta incana

177-3-1 to 7

MALVACEAE

Waltheria indica

180-19-2

MELIACEAE

Melia azedarach

MENISPERMACEAE

Tinospora smilacina

92-6-1

MENYANTHACEAE

Nymphoides crenata

250-2-10

142-1-1

MORACEAE

Ficus aculeata, Ficus
cerasicarpa, Ficus coronulata,
Ficus platypoda

61-6-1 to 17

MORACEAE

Ficus racemosa

61-6-11

MORACEAE

Ficus virens

61-6-16

MYRTACEAE

Corymbia bella, Corymbia
cadophora, Corymbia
confertiflora, Corymbia greeniana

225-60-3

MYRTACEAE

Eucalyptus camaldulensis,
Eucalyptus coolabah

225-3-258

MYRTACEAE

Lophostemon grandiflorus

225-61-1 to 3

MYRTACEAE

Melaleuca leucadendra

225-9-19
225-9-1 to 50

NYCTAGINACEAE

Boerhavia coccinea, Boerhavia
dominii

78-8-1 to 9

ONAGRACEAE

Ludwigia octovalvis

227-10-1 to 8

ONAGRACEAE

Ludwigia perennis

227-10-1 to 8

PASSIFLORACEAE

Passiflora foetida

204-1-7

PHYLLANTHACEAE

Bridelia tomentosa

149-40-1 to 4

PHYLLANTHACEAE

Phyllanthus maderaspatensis

149-8-13

PHYLLANTHACEAE

Phyllanthus reticulatus

149-8-1 to 19

PLANTAGINACEAE

Stemodia flaccida, Stemodia
grossa, Stemodia viscosa

262-15-2

PLUMBAGINACEAE

Plumbago zeylanica

243-1-1

POLYGONACEAE

Persicaria attenuata

75-15-4

PORTULACAEAE

Portulaca digyna

82-8-1 to 7

PROTEACEAE

Grevillea pyramidalis

65-1-50

PROTEACEAE

Hakea arborescens

63-9-36

RHAMNACEAE

Ventilago viminalis

172-5-1

RUBIACEAE

Nauclea orientalis

275-35-1

SANTALACEAE

Santalum lanceolatum

65-4-1

SAPINDACEAE

Atalaya hemiglauca

168-15-2

SAPINDACEAE

Atalaya variifolia

168-15-3

SAPINDACEAE

Dodonaea hispidula, Dodonaea
lanceolate, Dodonaea polyzyga

168-5-21

SAPINDACEAE

Ganophyllum falcatum

168-18-1

SIMAROUBACEAE

Brucea javanica

140-6-3

SOLANACEAE

Nicotiana benthamiana

261-3-1 to 9

SOLANACEAE

Physalis angulata

261-1-10

SOLANACEAE

Solanum beaugleholei

261-2-1 to 59

SOLANACEAE

Solanum dioicum

261-2-1 to 59

SOLANACEAE

Solanum echinatum, Solanum
lucani

261-2-1 to 59

STYLIDIACEAE

Stylidium flumenense

284-1-1 to 7

VIOLACEAE

Hybanthus enneaspermus

199-3-6

Appendix F:
Archaeological wood charcoal types: descriptions and
SEM images
Rose Whitau wrote all of the following descriptions and took all of the images with
a JEOL JCM-6000 Neoscope Scanning Electron Microscope housed in the
Archaeology and Natural History Department at the Australian National
University.

The Australian National University

Taxon

Porosity

Vessel elements

Fibres/tracheids Axial parenchyma

Terminalia sp.
COMBRETACEAE

Diffuse

Clusters 2—3
Weak tangential
to diagonal
Bordered to
scalariform
small pits

Fibre walls very1.
thick
2.
3.

Mallotus sp.
EUPHORBIACEAE

Diffuse

Acacia sp.
FABACEAE

Diffuse

Radial groups 26
Radial/diagonal
patterns
Solitary pores
angular outline
Bordered, small
pits
Clusters 2—3
Weak tangential
to diagonal
Vestured pits

Bauhinia sp.
FABACEAE

Diffuse

Erythrophleum sp.
FABACEAE

Diffuse

Vachellia sp.
FABACEAE

Diffuse

Radial groups 24(6)
Radial/diagonal
patterns
Bordered to
scalariform,
small pits

Gyrocarpus sp.
HERNANDIACEAE

Diffuse

Clusters 2-3
Diagonal/weak
tangential

2 pore size
classes
Clusters 2
(large)
Radial groups (1
large, 2-6
smaller)
Weak diagonal
to tangential
Simple, small
pits
Clusters 2-3
Weak tangential
Bordered to
scalariform,
small pits

Paratracheal
confluent
Lozenge aliform
Short bands (2—4
cells wide)
4. Apotracheal
aggregates
5.
Fibre walls thick
6. Abundant
apotracheal
aggregates
7. Paratracheal
aggregates
8. Wavy bands (1-3
cells wide)
Fibre walls thick
1.
2.
3.
4.
5.
Fibre walls thick
6.

Lozenge aliform
Confluent
Winged aliform
Vasicentric

Scalariform bands
(2-4 cells wide)
7. Vasicentric
8. Winged aliform
9. Confluent
Storied strands (2-4
cells long)

Fibre walls very
thick

Lozenge aliform
Confluent
Short, wavy bands
(>4 cells wide)
Diffuse apotracheal
aggregates
Fibre walls thick Paratracheal
confluent
Bands (2-7 cells
wide)
Aliform/lozenge
aliform
Cells are quite
blocky, form
strands (2-4 cells
long)
Fibre walls very1. Paratracheal
thin
aggregates
10. Apotracheal

Radial
parenchyma
Uni to 4seriate
6 to 23 cells
high

Uni to tri
seriate
7 to 35+ cells
high
Heterogenous
Mixed
Tile cells
Uni to bi
seriate
2 to 20 cells
high
Heterogenous
Uni to tri
seriate
2 to 15 cells
high
Storied
Heterogenous
Procumbent
body
1-2 rows
upright/square
Uni to 4
seriate
6 to 23 cells
high

Uni to tri
seriate
2 to 21 cells
high
Tile cells

Uni to tri
seriate
2 to 15 cells

Clerodendrum/Vitex
sp.
LAMIACEAE

Bordered to
scalariform,
minute pits
Plates simple
Diffuse,
Radial groups 23
growth
Tangential
boundary
bands
sometimes Radial/diagonal
distinct
lower density
Bordered to
scalariform,
minute pits

aggregates

Fibre walls thick
1. Scarce
2. Scanty paratracheal

Ficus sp. Type A
MORACEAE

Diffuse

Radial groups 24
Diagonal/radial
Bordered to
scalariform,
small pits
Simple plates

Fibre walls thick
1. Bands >4 cells (4to very thick
10)
2. Bands < 4 cells (24)
3. Scanty paratracheal

Ficus sp. Type B
MORACEAE

Diffuse

Fibre walls very
thick

Scalariform bands
6-12 cells wide
Blocky cells,
strands 6-12 cells
long

Corymbia sp.
MYRTACEAE

Diffuse

Fibre walls thin1.
to medium
2.
Distinctly
3.
bordered pits

Confluent
Winged aliform
Wavy bands (1-3
cells wide)
Strands 2-4 cells
long

Eucalyptus sp. Type
A
MYRTACEAE

Diffuse,

Radial groups 25
Longer chains
with 2 distinct
pore sizes
Diagonal/radial
patterns
Abundant
tyloses
Clusters 2-6
Dendritic to
diagonal
Tyloses
abundant
Vestured,
minute/small
pits
Plates simple
Clusters 2
Strong
diagonals
Vestured,
small/medium
pits
Plates simple
Clusters 2-3
Diagonal
patterns
Vestured,
small/medium

Eucalyptus sp. Type
B
MYRTACEAE

with
abrupt
change in
pore
density
Semi-ring
porous

high

1-4 seriate
6 to 40 cells
high
2 sizes
Tile cells
Heterogenous
Procumbent
body, 2-4
rows of
upright/square
Uni to 4
seriate
6 to 25+ cells
high
Heterogenous
Procumbent
body
1-3 rows
upright/square
Tile cells
Bi to 6 seriate
8 to 40+ cells
high

Uni to
biseriate
2 to 9 cells
high
Homogenous
Procumbent

Fibre walls
1.
medium to thick
Distinctly
bordered pits 2.

Abundant
apotracheal
aggregates
Paratracheal
aggregates
3. Vasicentric

Uni to
biseriate
2 to 9 cells
high

Fibre walls
medium

4. Scanty paratracheal
5. Diffuse apotracheal
aggregates

Uni to bi
seriate
1 to 10 cells
high

Melaleuca sp.
MYRTACEAE

Flueggea sp.
PHYLLANTHACEAE

Grevillea/Hakea sp.
PROTEACEAE

Brucea sp.
SIMAROUBACEAE

Celtis sp.
ULMACEAE

pits
Plates simple
Diffuse
Mostly solitary
Diagonal to
radial
Vestured
changeable pits
Diffuse
Radial chains 26 (8-12)
Radial
Bordered to
scalariform, very
minute pits
Diffuse
Clusters 2
Tangential
(+weak
diagonal),
festooned
Scalariform to
bordered,
minute pits
Plates simple
Porous
Clusters 2-3
Diagonal/weak
tangential
Bordered to
scalariform,
minute pits
Plates simple
Consistently
helical
thickenings
throughout
Diffuse,
Radial groups 23
growth
Diagonal
boundary
patterns
sometimes Bordered to
distinct
scalariform,
small to medium
pits

Fibre walls
1. Scarce apotracheal
medium
aggregates
Distinctly
2. Scanty paratracheal
bordered pits

Uni to
biseriate
1 to 13 cells
high

Fibre walls very1. Abundant
thick
apotracheal
aggregates
2. Paratracheal
aggregates

Uni to tri
seriate
3 to 23 cells
high
Tile cells

Fibre walls thick
1.
to very thick
Simple to
2.
minutely
bordered pits

Festooned,
confluent
Lozenge/winged
aliform
Fusiform
parenchyma cells

Rays of 2
sizes
Uni to
triseriate, 4 to
13 cells high
10-14 seriate,
100+ cells
high

Fibre walls thin

Paratracheal
aggregates
Apotracheal
aggregates

Uni to tri
seriate
2 to 15 cells
high

Fibre walls thin

Confluent
Aliform/lozenge
aliform
Vasicentric
Confluent to
banded (2-4 cell
wide bands)

1-4 seriate
Uniseriate
parts as wide
as
multiseriate
2 to 25 cells
high
Ray cells
heterogenous,
mixed
Tile cells

Terminalia sp., MBII.2B.15, TS

Terminalia sp., MBII.2B.15, TS

Terminalia sp., MBII.2B.15, TLS

Terminalia sp., MBII.2B.15, TLS

Terminalia sp., MBII.2B.15, TLS pitting

Mallotus sp., R4D798, TS

Mallotus sp., R4D798, TS

Mallotus sp., R4D798, TLS

Mallotus sp., R4D798, TLS pitting

Mallotus sp., R4D810, TS

Mallotus sp., R4D810, TLS

Bauhinia sp., R3F26B06, TS

Bauhinia sp., R3F26B06, TS

Bauhinia sp., R3F26B06, TLS

Bauhinia sp., R3F26B06, TLS pitting

Bauhinia sp., R3F26B06, RLS

Bauhinia sp., R3F26B06, RLS

Erythrophleum sp., R3D810, TS

Erythrophleum sp., R3D810, TS

Erythrophleum sp., R3D810, TLS

Erythrophleum sp., R3D810, TLS pitting

Erythrophleum sp., R3D871, TS

Erythrophleum sp., R3D871, TS

Vachellia sp., R3F14D15, TS

Vachellia sp., R3F14D15, TS

Vachellia sp., R3F14D15, TLS

Vachellia sp., R3F14D15, TLS

Vachellia sp., R3F14D13, TS

Vachellia sp., R3F14D13, TS

Gyrocarpus sp., MBII.2C.53, TS

Gyrocarpus sp., MBII.2C.53, TS

Gyrocarpus sp., MBII.2C.53, TS

Gyrocarpus sp., MBII.2C.53, TS

Gyrocarpus sp., MBII.2C.53, TLS

Gyrocarpus sp., MBII.2C.53, TLS pitting

Clerodendrum/Vitex sp., R3F26B1.512, TS

Clerodendrum/Vitex sp., R3F26B1.512, TS

Clerodendrum/Vitex sp., R3F26B1.512, TLS

Clerodendrum/Vitex sp., R3F26B1.512, TLS

Ficus sp. Type A, R4D815, TS

Ficus sp. Type A, R4D815, TS

Ficus sp. Type A, R4D815, TLS

Ficus sp. Type A, R4D815, TLS pitting

Ficus sp. Type A, R4D743, TS

Ficus sp. Type A, R4D743, TLS

Ficus sp. Type B, R4D826, TS

Ficus sp. Type B, R4D826, TS

Ficus sp. Type B, R4D826, TS

Ficus sp. Type B, R4D826, TLS pitting

Ficus sp. Type B, R4D826, TLS

Corymbia sp., R4D201, TS

Corymbia sp., R4D201, TS

Corymbia sp., R4D312, TLS

Corymbia sp., R4D312, TLS pitting

Corymbia sp., R4D705, TS

Corymbia sp., R4D705, TLS

Eucalyptus sp. Type A, R4A222, TS

Eucalyptus sp. Type A, R4A222, TS

Eucalyptus sp. Type A, R4A222, TLS

Eucalyptus sp. Type A, R4A222, TLS pitting

Eucalyptus sp. Type A, R4D1117, TS

Eucalyptus sp. Type A, R3F410D101, TS

Eucalyptus sp. Type B, R4D1603, TS

Eucalyptus sp. Type B, R4D1603, TS

Eucalyptus sp. Type B, R4D1603, TS

Eucalyptus sp. Type B, R4D1603, TS

Eucalyptus sp. Type B, R4D1603, TLS

Eucalyptus sp. Type B, R4D1603, TLS

Melaleuca sp., R3D8130, TS

Melaleuca sp., R3D8130, TS

Melaleuca sp., R3D8130, TLS

Melaleuca sp., R3D8130, pitting

Melaleuca sp., R3D8128, TS

Melaleuca sp., R3D8128, TS

Flueggea sp., R4A311, TS

Flueggea sp., R4A311, TS

Flueggea sp., R4A311, TLS

Flueggea sp., R4A311, TLS pitting

Flueggea sp., R3F14D1.522, TS

Flueggea sp., N11604(Riwi), TS

Grevillea/Hakea sp., MBII.2B.25, TS

Grevillea/Hakea sp., MBII.2B.25, TLS

Grevillea/Hakea sp., MBII.2B.25, TLS

Grevillea/Hakea sp., MBII.2B.63, TS

Grevillea/Hakea sp., MBII.2B.63, TLS

Grevillea/Hakea sp., R4A206, TS

Brucea sp., R3F16DA01, TS

Brucea sp., R3F16DA01, TS

Brucea sp., R3F16DA01, TS

Brucea sp., R3F16DA01, TS

Brucea sp., R3F16DA01, TLS

Brucea sp., R4A31.552, TLS pitting & helical
thickening

Celtis sp., R4D702, TS

Celtis sp., R4D702, TLS

Celtis sp., R4D702, TLS pitting

Appendix G:
Archaeological pollen types: images
Rose Whitau took all of the images with a Zeiss Axiophot microscope and Zeiss
Axiovision imaging software housed in the Archaeology and Natural History
Department at the Australian National University.
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Asteraceae
Blumea Type

Bixaceae

Cochlospermum

Ptilotus

Gomphrena

Amaranthaceae
Chenopod

Cheilanthes

Pteridaceae

Lamiaceae

Premna Type

Malvaceae

Abutilon

Sesbania

Fabaceae
Euphorbia Type

Euphorbiaceae
Capparis Type

Capparaceae
Trichodesma

Boraginaceae

EucalyptusCorymbia Type
C

EucalyptusCorymbia Type
B

Myrtaceae
EucalyptusCorymbia
Type A
Meliaceae

Meliaceae
Triumfetta

Adansonia

Proteaceae
Proteaceae

Sapindaceae

Atalaya

Portulaca

Portulaceae
Flueggea

Phyllanthaceae
Lophostemon
Type B

Lophostemon Type A

Unknown Type 17

Unknown Type 16

Unknown Types
Unknown Type 13

Unknown Type
2
Celtis

Ulmaceae
Dodonaea

Unknown
Type 18

