
Robe son Plateau Rainforest: 
renl'1ants of theYarrawa Brush 

The Yarrawa Brush once covered 
much of the basalt plateau surface 
around Robertson on the Central 
Tablelands of NSW. Early explorers 
described the diversity and dense 
nature of the "brush" while travelling 
across the plateau to tHe coast. Mills 
(1987, 1988) describes the rainforest 
remaining, and illustrates the likely 
extent of the original continuous 
forest distribution. 

The plateau rainforest contains a 
mixture of warm-temp~rate and cool
temperate taxa. Early accounts of the 
flora indicate that some rainforest 
species now mainly restricted to the 
IIlawarra escarpment and coastal 
plains, e.g. Livistona australis, may 
have been more common on the 
plateau surface prior to European 
settlement of the area in the early 
19th century. The fertile krasnozem 
soils and relatively high rainfall in the 
area were ideal for dairying and 
potato growing. It is unknown how 
many rainforest species may have 
been affected by vegetation clearing 
and fragmentation; practices that 
would have altered internal rainforest 
climates and possibly their abilitY,to 
support subtropical elements in the 
flora. Fragmentation has reduced 
protection from cold temperatures, 
frosts, strong winds, fire and weed 
and pest invasions. Clearing may 
have resulted in an increase in the 
incidence of frosts that could have 
suppressed sorrie species from 
regenerating (see Duff and Stocker, 
1989). ' 

The small remnant stands' of 
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Rainforest remnants near Roberis6~'~~' the Central Tabl~lancis. It is unknown how many rainforest 
species have been affeCted by vegetation clearing and fragmentation. Photo: Phillip Kodela 

rainforest throughout the area vary 
in structure and species composition: 
Robertson Nature Reserve is 
relatively undisturbed. and displays 
the best potential of these forests. 
Common canopy trees include 
Doryphora sassafras, Ceratopetalum 
apetalum and Quintinia sieberi. The 

rainforest is characterised by shade 
tolerant secondary layer trees, 
shrubs, tree ferns, erect ground 
ferns, and an abundance of litho
phytic and epiphytic ferns and 
bryophytes. Rainforest on exposed 
hilltops tends to contain fewer 
species and has a single lower tree 
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layer. Many canopy trees are 
multistemmed, possibly reflecting 
adaptation to the seasonally cold 
conditions, as well as evidence of 
regrowth in areas of logging. Table 
One lists plant species recorded from 
rainforest stands located west of the 
IIlawarra escarpment (see Kodela, 
1990). Escarpment species may 
occur in remnants nearer the eastern 
plateau edge. 

Most rainforest remnants are found 
on private land and are often 
exposed to semi-clearing, burning, 
rubbish dumping and trampling by 
stock. Common introduced species 
that penetrate the rainforest include 
Ligustrum sinese, /lex aquifolia, 
Prunus laurocerasus, Cestrum 
elegans and Hedera helix. In highly 
disturbed remnants ground surfaces 
are bare or with pasture herbs 
growing in light gaps. However 
through weeding and careful 
management it is possible for these 
rainforest remnants to be rehabili-

tated. One example is of a property 
near Robertson township where 
animals were fenced-out, weeds 
cleared and runoff redirected from a 
patch of rainforest. After about 15 
years of minimal disturbance this 
stand now has seedlings, the return 
of ground species, resprouting of old 
trees and is expanding over fences. 

The Robertson rainforest patches 
contain an interesting flora of 
scientific and educational value. They 
provide an important habitat for 
wildlife and benefit landowners by 
helping to control erosion, maintain 
water catchments and provide 
natural windbreaks (Anon., 1989b). 
The NSW National Parks and Wildlife 
Service in .1989 published two 
leaflets providing guidelines for the 
removal of weeds and management 
of the rainforest remnants through 
a community effort. Such measures 
are now needed to ensure the 
conservation of Robertson's rain
forest remnants. 

Acknowledgement 

I am grateful for discussions with 
Allan Stiles who is currently investi
gating the ecology of the Robertson 
rainforest remnants. 

References 
Anon., 1989a. Robertson Nature Reserve. 

NSW National Parks and Wildlife Service, 
Hurstville. 

Anon., 1989b. Protecting Robertson's 
rainforest remnants. NSW National Parks 
and Wildlife Service, Hurstville. 

Duff, GA and Stocker, G.C., 1989. The effects 
of frosts on rainforest/open forest ecotones 
in the highlands of North Queensland. Proc. 
R. Soc. Qd, 100:49-54. 

Kodela, P.G., 1990. Modern pollen rain from 
forest communities on the Robertson 
Plateau, New South Wales. Aust. J. Bot., 38: 
1-24. 

Mills, K., 1987. The distribution, character and 
conservation status of the rainforests of the 
IIlawarra district, New South Wales. In: The 
Rainforest Legacy. Special Australian 
Heritage Publication Series No. 7(1 ):71-94. 

Mills, K., 1988. The clearing of the IIlawarra 
rainforests: problems in reconstructing pre
European vegetation patterns. Aust. GeogL, 
19:230-240 . 

. . ',:: ::: .:: '-
·;'il<,;,,;<.,\ 

"...."'-, .Macquarie 
Pass 

...... ',' 

EStt~~~:~r:;~eg~u~h ~ 
Mapped limit of r-, 

Robertson basalt L-J 

Rainforest remnants '. 

Eucalypt forest F>':l 
(undifferentiated) .'::': 

Cleared land above ,; 
the escarpment I/"'I"~ 

/::,. 
N 

Okm. 2 
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Table 1: Plant species recorded from Robertson rainforest patches, remnants of the Yarrawa Brush, N.S.W. 

Mosses 

LEMBOPHYLLACEAE 

METEORIACEAE 

PTEROBRYACEAE 
PTYCHOMNIACEAE 
RHACOPiLACEAE 
THUIDIACEAE 

Ferns 

ADIANT ACEAE 
ASPIDIACEAE 

ASPLENIACEAE 

BLECHNACEAE 

CYATHEACEAE 

DAVALLIACEAE 
DEN NST AEDTIACEAE 
POL YPODIACEAE 

Camptochaete arbuscula 
C. vaga 
Papillaria crocea 
P. ? leuconeura 
Trachyloma diversinerve 
Hampeel/a pallens 
Rhacopi/um cuspidigerum var. convolutaceum 
Thuidium sparsum 

Pellaea falcata 
Lastreopsis acuminata 
L. microsora 
Polystichum proliferum 
Asplenium attenuatum 
A. australasicum 
A. flabellifolium 
Blechnum patersonii 
Doodia aspera 
Cyathea australis 
Dicksonia antarctica 
Arthropteris tenella 
Dennstaedtia davallioides 
Microsorum diversifolium 
M. scan dens 
Pyrrosia rupestris 

Herbs (u- uncommon, found in disturbed sites) 
APIACEAE HydrocOtylf{acutilob~ /4:<: ,/Iorc, 
ARACEAE Gymnostachys anceps 
ASTERACEAE Gnaphalium gymnocephalum 
BORAGINACEAE Cynoglossum latifolium 
CARYOPHYLLACEAE Stella ria flaccida 
CYPERACEAE Carex appressa 
GERANIACEAE Geranium homeanum 
LAMIACEAE *" Prunella vulgaris 
PLANTAGINACEAE Plantago debilis 
POACEAE various pasture species in disturbed areas 
RANUNCULACEAE Ranunculus plebius 
ROSACEAE Acaena sp. 
RUBIACEAE Galium propinquum 
SCROPHULARIACEAE Veronica notabilis 

V. plebeia 
SOLANACEAE Solanum arviculare 

'So chenopodioides 
S. pungetium 

URTICACEAE Australina pusilla 
Elatostema reticula tum 

VIOLACEAE 
XANTHORRHOEACEAE 

Urtica incisa 
Viola hederacea 
Lomandra longifolia 

Sickle Fern 
Shiny Shield Fern 
Creeping Shield Fern 
Mother Shield Fern 
Spleenwort 
Bird's Nest Fern, Crow's Nest 
Necklace Fern 
Strap Water Fern 
Prickly Rasp Fern 
Rough Tree Fern 
Soft Tree Fern 

Lacy Ground Fern 
Kangaroo Fern 
Fragrant Fern 
Rock Felt Fern 

Settler's Flax 

Starwart 
Tussock Sedge 

Self-Heal 

Hairy Buttercup 

Trailing Speedwell 
Kangaroo Apple 

Jagged Nightshade 

Scrub Nettle 
Ivy-leaved Violet 
Spiny Mat Rush 

u 

u 

u 
u 

u 
u 
u 
u 
u 
-to shrub 
u 
-to low shrub 

-to low shrub 

u 
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Trees and shrubs (s-shrub, t-tree) 

AQUIFOLIACEAE '''ex aquifo/ium Holly s,t 
ASTERACEAE Cassinia trinerva Three-veined Cassinia s,t 

O/earia argophylla Musk Daisy-bush s,t 
ATHEROSPERMATACEAE Doryphora sassafras Sassafras t 
CAPRIFOLIACEAE Sambucus austra/asica Elderberry s 
CUNONIACEAE Ceratopeta/um apeta/um Coachwood t 
EBENACEAE Diospyros australis Black Plum 
ELAEOCARPACEAE E/aeocarpus h%peta/us Black Oliveberry 

~ E. kirtonii White Quandong 
ESCALLONIACEAE Po/ysoma cunninghamii Featherwood 

Quintinia sieberi Possumwood 
EUCRYPHIACEAE Eucryphia moorei Pinkwood 
FABACEAE Acacia me/anoxy/on Blackwood 
ICACINACEAE Pennantia cunninghamii Brown Beech 
LAURACEAE Cryptocarya microneura Murrogun 
MELIACEAE Synoum g/andu/osum Scentless Rosewood 
MONIMIACEAE Hedycarya angustifolia Native Mulberry s,t 
MYRSINACEAE Rapanea howittiana Brush Muttonwood t 
MYRTACEAE Acmena smithii Lillypilly t 

Eucalyptus fastigata Brown Barrel t 
OLEACEAE 'Ligustrum sinese Small-leaved Privet s,t 

Notelaea venosa Native Olive s,t 
PINACEAE 'Pinus radiata (Robertson Nature Reserve) t 
PITIOSPORACEAE Citriobatus pauciflorus Orange Thorn s 

Pittosporum undulatum Sweet Pittosporum t 
PROTEACEAE Stenocarpus salignus Scrub Beefwood t 
ROSACEAE • Prunus laurocerasus s,t 
RUBIACEAE Coprosma quadrifida Prickly Coprosma s,t 
RUTACEAE Acronychia oblongifolia Common Acronychia t 
SAPINDACEAE Alectryon subcinereus Native Quince t 
SOLANACEAE 'Cestrum elegans s 
THYMELAEACEAE Pime/ea ligunstrina ssp. hypericina s 
VIOLACEAE Hymenanthera dentata Tree Violet s,t 
WINTERACEAE Tasmannia insipida Brush Pepperbush s 

Climbers 
APOCYNACEAE Parsonsia brownii Mountain Silkpod 

P. straminea Common Silkpod 
ARALIACEAE • Hedera helix English Ivy 
ASCLEPIADACEAE Marsdenia rostrata Common Milk Vine 

Tylophora barbata Bearded Tylophora 
BIGNONIACEAE Pandorea pandorana Wonga Vine 
CAPRIFOLIACEAE • Lonicera japonica Japanese Honeysuckle 
CELASTRACEAE Celastrus australis Staff Vine 
CUNONIACEAE Aphanopetalum resinosum Gum Vine 
DILLENIACEAE Hibbertia scandens Twining Guinea Flower 
GESNERIACEAE Fieldia australis Fieldia 
MENISPHERMACEAE Sarcopetalum harveyanum Pearl Vine 
ORCHIDACEAE Dendrobium pugioniforme Dagger Orchid 
PHILESIACEAE Eustrephus latitolius Wombat Berry 

Geitonoplesium cymosum Scrambling Lily 
RANUNCULACEAE Clematis aristata Toothed Clematis 

C. glycinoides Forest Clematis 
ROSACEAE • Rubus discolor Blackberry, Bramble 

R. hillii Molucca Bramble 
. R. rosifolius ) b ~ Rose-leaf Bramble 
rzt(sp. all. moorei lie 14' of V) Green-leaved Bramble 

RUBIACEAE Morinda jasminoides Morinda 
SMILACACEAE Smilax australis Austral Sarsparilla 

• represents introduced taxa 
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DAY 3. 

Thirlmere Lakes National Park is described at: 
http://www.environment.nsw.gov.au/NationaIParks/parkHome.aspx?id=N0033 

Picton is described at: 
http://www.stonequarry.com.au/towns/picton.html 

Information about the Blue Mountains and Leura is available at: 
http://www.bluemts.com.au/tourist/towns/Leura.asp 

Thirlmere Lakes National Park 

TLNP is a part of the Greater Blue Mountains World Heritage Area (an area the size of 
Belgium!). TLNP contains five reed-fringed freshwater lakes, abundant with waterbirds and 
sUlTounded by quiet patches of forest. This is a hidden gem in Sydney: it is a peaceful place and 
the undisturbed lake systems have enOlIDOUS scientific value. 

Blue Mountains National Park 

Blue Mountains National Park is also a part of the Greater Blue Mountains World Heritage Area. 
It is a very well-visited and much loved park (more than three million people visit every year) 
due to outstanding lookouts, walking tracks and an unusually diverse range of vegetation 
communities. 



o World Heritage Area 

o Waterbodles 

Builtupareas 

Mainland 

Ocean 

I11scribed Oil the 

.JI.eritage List ill 2000 

The Greater Blue Mountains Are a 



The Vegetation History of the Holocene at Dry Lake, Thirlmere, 
New South Wales 

SUZANNE ROSE AND HELENE A. MARTIN 

SCIIOOLOF BIOI.DGrCAL. ENVIP.ONM ENTAL AND EARlll SCIENCE. UNIVEFSITY OF NEW SOU1B WAlES. SYDNEY AUS1RAUA 

2052 (II.M AlmN@UNSW.EOU.AU) 

Rose. S. and Martin, H.A. (2007). TIle vegetation history of the Holocene at Dry Lake, ll1irlmere, New 
South Wales. Proceedings of the Lil1l1con Society of New South Wales 128, 15-55. 

At the beginning of the Holocene, Dry Lake was a lake, with a fringe of cyperaceous reeds. ElIca~vptlls 
and Allocasliarifw were the dominant trees and Asteraceae Tubuliflorae were prominent in the understorey. 
Between 8 ka and 2 ka, the lake became shallower, and the reeds grew over the surface of the developing 
swamp. forming peat. An hiatus in peat deposition between 5 ka and 2ka was followed by the formation 
of a thin layer of diatomite. Eutrophic conditions would be required to allow large populations of diatoms 
and burning seems the most likely way of increasing the nutrient mobility on the poor sandstone soils of 
the catchment. 

By 2 ka, the lake had become a peat swamp. AngophoralCorymbia pollen had increased dramatically, 
most likely representing Angophora on these alluvial flats. The shrub layer had also become more diverse. 
Allocasuar;na did not decrease through the Holocene, unlike the record of many other Holocene sites. 
The likely reasons for this difference are probably related to site~specific environmental conditions. With 
European settlement, all trees decreased dramatically and grasses increased. Today, Dry Lake only contains 
water in exceptionally wet periods. 

Manuscript received 23 January 2006, accepted for publication 18 May 2006. 

KEYWORDS: CasuarinalAllocasuarilltf decline, freshwater sponge, Holocene, palynology, Thirlmere 
Lakes. vegetation history. 

INTRODUCTION 

Dry Lake is one of a series of freshwater lakes 
associated with an incised fonner rivcr valley at 
Thirlmere. TI1C Thirlmerc Lakcs arc rare examples of 
very old, small lakes that have aged very slowly as a 
result of the stable geological nature and small size 
of the eatchment (Horsfall et aI., (988). The initial 
development of the lakes was Tclated to tectonic 
activity associated with the formation of the Lapstone 
Monocline, Kurrajong and Nepean Faults which 
beheaded a river that probably originally flowed 
westwards, leaving the isolated, sinuous channcl that 
now contains the lakes (Timms, I 992). At this time, 
or sometime later, the drainage direction changed and 
today Dry lake drains in a north,easterly direction 
along Cedar Creek and the Thirlmere Lakes drain 
westwards along Blue Gum Creek (Fig. 1). Presently, 
Dry Lake only contains water intennittcntly in wet 
years" when the water depth approximates 60 cm. 

The basal sediments of Dry Lake have been 
radiocarbon dated at about 10,000 years before 

present which approximates the beginning of the 
Holocene when the climate had mainly recovered 
from the peak of the glacial period but thcre was a lag 
in the rccovery of the vegetation. The Holocene thus 

records the establishment of the present vegetation. 
Allocasuarina/Casuarina was usually more 
prominent following the last glacial period but during 
the Holocene, it dcclined and ElIcalyptlls/Col)'mbia 
rose to dominance (Clarke, 1983). 

This paper presents the Holocene history of the 
vegetation at Dry Lake and compares it with Lake 
Baraba, one of the Thirlmere Lakes (Black et aL, in 
press), some 4 km to tl,e south. 

THE ENVIRONMENT 

The fomler river valley that includes Dry Lake is 
incised in Hawkesbury Sandstone, but the stmounding 
higher plateau surfaces retain cappings of Ashfield 
Shale, the lower member of the Wianamatta Group, 
whieh overlies the Hawkesbury Sandstone. Both 
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formations are of Triassic age (Herbert, 1980), station .. Picton. is 820 111m and it is received in two 
Although Hawkesbury Sandstone dominatcs relatively wet periods from January to March and in 

the landforms and soils occurring in the study area, Junc. The median rainfall for each month is greater 
there is a shale outcrop on tile ridge to the east of Dry than 25 mm (BoM, 2005). There is considerable 
Lake (Fig. l). This may be either the Ashfield Shale variation in rainfall and after long dry spells, the 
or a shale lens in the sandstone, as it is very close Thirlmere Lakes dry out. Known dry lake stages 
to the contact between the two fonnations. The soils occurred about 1902, 1929 and 1940 (Rose. 1981). 
developed on the sandstone are unifonll sandy loarns The Thirlmere Lakes were first sighted by 

witll some organic staining in tlle upper horizons. Europeans in 1798. By 1833, many settlers had 
They arc acid, of low nutrient status and low water arrived at the Oaks, north of Thirlmere, and mixed 
retaining capacity, and vary in depth and drainage, fanning flourished. Timber cutters logged mostly 
depending on the topography. EucaZvptus deanei, especially along Blue Gum Creek 

Thirhncrc has wann to hot summers and cool to (Woods, 1980). Most of these activities were more 
mild winters (Bureau of Meteorology website, BoM, intense on the better soils of the shale areas and on the 
2005). The average annual rainfall of the nearest alluvial fiats. Present land uscs consists of residential 
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Figure 2. Dry Lake and environs. 

housing and small fanns, 
Four main vegetation units described by Pidgeon 

(1937; 1941) apply to this arca and they are: 1). the 
ElIca~yptus deanei and ElIca~J'Ptlls elato tall open forest 
in the gullies: 2). the Mixed ElIca~yptlls Association of 
the ridges and slopes; 3), thc Angophol'ajiol'ibllnda! 
Melalel/co linariifolia forest of thc alluvial fans and 
4), the aquatic vegetation of swamps and lakes. The 
mixed Eucalyptus Forest Association constitutes 
the major part of this study area, The National Park 
was completely burnt in 1955 and has suffered 
considerable damage from local fires since then (R. 
Kinntish, pel's. comm.). Dry Lakc has been cleared 
of native vegetation and is predominantly a grassland 
but it is assumed that the native vegetation would 
have been much the same as that in the surrounding 
areas. 

METHODS 

Field work was carried out during 1981 when 
the vegetation survey was undertaken. (Appendix 1). 
Quantitative data on plant distributions were obtained 

Proc. Linn. Soc. N.S.W., 128,2007 

from quadrats along transects (Rose, 1981). The 
vegetation map was prepared using aerial photographs 
and the field survey (Figs 1, 2). 

111e stratigraphy of Dry Lake sediments was 
investigated by auger holes and two pits (Fig. 2) 
which were limited to a depth of 1.5 01 by heavy 
clay. A core, located near the centre of the lake but 
where there was minimal disturbance and away from 
local pollen sources. was chosen for pollen analysis. 
This core was taken using a Hiller corer. Samples 
for radiocarbon dating were taken from the pits and 
analysed by the then Radiocarbon Laboratory of the 
University of New South Wales. All of the samples 
were stored in a 4°C cold room to suppress microbial 
growth until work could proceed. 

Surface samples of soils, mosses and lake 
scdiments were collected (Figs I, 2) to study pollen 
deposition under the present vegetation and assist in 
the interpretation of pollen in the corc. Lake surface 
sediments were sampled using a weighted cylinder on 
a line. 

Sediment samples 2 cm in length and 3 cm apart 
were taken from Pit I for organic matter analysis. 
Duplicated samples were oven-dried (105°C) and 
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ignited in a muffle furnace to 50QOC. During ignition, 
structurally bound water is lost .. but in highly organic 
sediments. the major loss on ignition is from the 
organic matter (Bengtsson and Enell, 1990). 

Pollen preparations from the sediment core were 
spiked with Alnus of a known concentration, treated 
with hydrofluoric acid to remove siliceous material. 
boiled in 10% sodium hydroxide to remove of 
humic acids, disaggregated with ultrasonic vibration, 
followed by standard acetolysis (Moore et aI., 1991). 
Surface samples were treated in the same way, with 
the addition of sieving to remove sand. leaves. twigs 
etc. and omitting the Alnus spike. Reference pollen 
used for identification was only treated with standard 
acetolysis. TIle residues were mounted in siliconc oil 
(viscosity of 2,000 centistokes) or glycerinc jelly, 
using grade 0 coverslips. 

Siliceous fossils were recovered from a 
known volume of sediment using an acid sequence 
(11ydrochloric, nitric and sulphuric acids) and then 
dehydrating the residue in absolute alcohol. The 
residue was made up to a known volume, and with 
constant agitation, a known aliquot was extracted, 
the alcohol allowed to evaporate and mounted in 
Napthrax in toluene (Lacey, 1963). 

Pollen was identified by comparison with a 
reference collection using the x 1000 magnification 
objective. Where it was not possible to identify some 
grains, they are listed as unknowns. The pollen of 
members of the family Myrtaceac is similar and it 
requires a careful analysis of the finer morphological 
features to separate them (Chalson and Mattin, 
1995). In this study, three groups were distinguished: 
Angophora/Corymhia, Eucalyptus and Melaleuca/ 
Leptospermum (Appendix 2). The name on the pollen 
diagram and probable source in tI1C vegetation is 
listed in Appendix 3. 

Pollen was counted using the x 400 objective of 
a Zeiss microscope. Tests to assure an adequate count 
showed 160-200 grains was sufficient. Some samples 
had insufficient pollen for an adequate count, and this 
is indicated on the pollen diagram. 

Counts were made of sponge spiclues on a Zeiss 
microscope, using the x 250 and x 400 objectives. 
Only one species of sponge was present and the 
spicules consisted of megascleres, gemmoscleres 
and fragments of both. Three quarters of a sclere was 
counted as a whole sclere and more than one quarter as 
a fTagment. Counts were made along transects spaced 
evenly across the slide to ensure a representative 
count. Knowing the ratio of the area counted to total 
area of the slide. and the volume of the aliquot to 
total volume of residue, the counts were converted to 
numbers of seleres per volume of sediment. 
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RESULTS 

The Lake Sediments, 
The sequence of sediments in the central part of 

Dry Lake is as follows, from top to bottom (Fig. 3): 

1 )Alayeroflittledeeomposedfibrouspeat.composed 
of rhizomes. root and stems of cyperaceous reeds 
(probably Lepironia articulata). 

2) Well htnnified black clayey peat with abundant 
roots, rhizomes and seeds of cyperacous reeds. 

3) A fine sandy clay, yellowish in colour and with 
sharp upper and lower boundaries. When dry. this 
material was light and powdery. This description 
resembled that of diatomite (Birks and Birks, 
1980) and microscopic examination showed it 
consisted almost entirely of siliceous sponge 
spicules~ diatoms and sand grains. Organic content 
was minimal. 

4) A sandy peaty clay mayor may not be present. 
was usually less than 3 cm thick and had a diffuse 
lower boundary. 

5) A black clay layer with light to medium texture 
appeared highly organic. Boundaries between all 
clay layers were diffuse. 

6) This medium textured clay fanned the bulk of the 
sediment sequence. It was a greyish brown colour. 
with frequent yellowish-red mottles. At certain 
depths, red (iron) streaks or small iron stained clay 
concretions « 3 mm diameter) appeared along 
old roots or root channels. At greater depths, the 
concretions formed continuous blocky structures 
or large single blocks « 2 em diameter). 

7) 11,e clay layer below was distinguished by its 
heavy texture and pallid colour, although the 
transition was diffuse. The clay may be mottled, 
but no concretions were found here. 

Each layer was represented across the whole of 
the lake and only changed significantly at the lake 
margins where the sediments showed alternate layers 
of sand, clay and peat, although some sand was almost 
always present (Fig. 3). 

Loss on ignition was an approximate guide to the 
organic matter content ofthe sediment. The values for 
the peat were high, around 45-60%, but fell to about 
15% in the diatomaceous layer. Values peaked at 25% 
for the sandy peaty clay layer, then declinde to 10% 
in the clay layers and finally dropped to 5-7% in the 
pallid clay (Fig. 3). 

Radiocarbon dates arc shown in Table 1 and on 
Fig. 3. The lowenl1ost date is 8.780 ±160 radiocarbon 
years, which corresponds to 9,791 calibrated years 
BP. the whole of the Holocene. Surface peat was 

Proc. Linn. Soc. N.S.W., 128,2007 
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~ Black clayey peat 

~ Brown fibrous peat 

~ Sandy peal 

~ Peaty sand 
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Figure 3. The stratigraphy of the sediments of Dry Lake. 

Table 1. Radiocarbon dates. Calibrated years has been calculated according to the Radiocarbon 
Calibrated Program Calib Rev5.0.2 (Stuiver and Reimer, 1986-2005) 

Pit 1 

;I..!l -.-1_" 
i!.l-
l!r 

:I;~, 
I-I 

IJ II 

Sample Dcpth (cm) Matcrial datcd Radiocarbon years BP Calibrated ycars BP 

Pit 1 

10-20 
Black claycy pcat (humic 

920±80 (NSW 375) 795 
acid fraction) 

Charcoal 1.120±80 (NSW 381) 986 
22-24 Humic acid in charcoal 1,560±120 (NSW 380) 1,417 

Peat (around charcoal) 1.660±90 (NSW 384) 1.499 

24-32 
Diatomite (humic acid 

2,170±100 (NSW 376) 2.101 
fraction) 

38-45 
Organic clay (humic acid 

5.820± 130 (NSW 377) 6,570 
fraction) 

Pit2 

10 cm length of wood 
8.780±160 (NSW 387) 9.791 

73-83 Wood (humic acid 
8,060±300 (NSW 388) 8.899 

fraction) 
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littoral zone reflects deeper water where 
the dominant process is the settling of 
fine particle sizes. The peat indicates 
organic material accumulated more 
rapidly than it decomposed, reflecting a 
consistently high water table. 

From the beginning ofthe Holocene 
. up to about 6-5,000 years ago. the sitc 

was a lake depositing clay. The pallid 
clay. the deepest layer, the mottling and 
the iron concretions in the layer above 
the pallid clay suggest a fluctuating 
water tablc and the lake may have dried 
out periodically. It is not clear what 
happened in the period 5-2,000 years 
BP, represented by the hiatus in the 
sediments. 

. ~ Closed sedgeland 

pt)!J MaJaleuCAl HnariifolJe 

o MIxed £ucalyptus/Corymbia 
open 10rest 

An explanation for the 5 cm. thick 
diatomite layermustremain speCUlative. 
An explosion in the diatom population 
would require a eonsiderablc quantity 
of nutrients, and it is unlikely that the 
sandstone substrate of the catchment 
could supply these nutrients. Burning 
appears the most likely way of 
increasing the nutrient mobility. 
Unfortunately, an hiatus provides no 
evidence at all. 

~ tow closed or open forest 

P1 Angophora floribunda 
c:.s woodlandlopen forest 

[OJ M'rxcd Eucafypfus/Corymbia 
woodland 

ill Cleared land 

6J GuJlyfore$l 

... Lake 

.L.l...l...Ll. Ridgetop contour 

Figure 4. The vegetation of the Thirlmere Lakes region. 

For the last 2-1,000 years, the 
lake has been shallow enough to allow 
the rooted swamp vegetation. The 
Holocene history is thus the evolution 
of a lake gradually filling up with 
sediments. 

deposited most rapidly, Le .• 24-26 em in 1.100 years 
and thc diatomaceous earth (about 5 cm in depth) 
represents another 1.000 years. There appears to be 
an hiatus in the sediments" representing a period of 
zero or minimal deposition, or a period of erosion, 
between the diatomaceous earth (2,170±100 C j

• 

years, see Table 1 for calibrated years) and the organic 
clay (5.820±130 "years) immediately below it. Wood 
and charcoal dates arc regarded as the most reliable, 
whereas humic acids may move from their place of 
origin and contaminate material elsewhere. Table 1 
reveals that where charcoal and humic acids have 
been dated from the same stratigraphic layer, there is 
relatively little difference. 

Sedimentary history 
The alternation of fine clay, pcat and coarse 

sediments on the lake margin reflects the advance and 
retreat of the I ittora! zone in response to fl uctuating 
water levels. Increasing clay content away from the 
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The Vegetation 
Appendix I lists all the species in the study area 

and Fig. 4 shows the general distribution and extent 
of the vegetation units which are as follows: 

I. Low closed forest with emergent trees dominated 
by ElIca(vptlis deane; (Fig. 5), up to 35 m tall. This 
unit is restricted to the floors and steep-sided gullies. 
Below this tall open forest canopy is a low closed 
forest with a great diversity of small rainforest 
trees, including Pomaderris spp., Backhousia 
myrafolia, Acmena smith ii, DOlypho1'a sassafras, 
Ceratopetalum gummiferuJJ1. c. apetalum and 
StenoCDlpliS salignus. Below this is a closed scmb 
with many sclerophyllous specics. including 
Grevillea n1l1cf'Onata, Leptospernll11J1 tl'inerviuJJ1, 
Pel'soonia levI's and Lomatia silaifolia. Abundant 
twiners are also present, including Smilax 
australis, CiSSliS antarctica and Sal'copetalum 
hal1leyanum. The ground covel' is a closed fern/ 
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<'r:~IF~*9J{ 
greatest exposure to westerly winds and 
excessive drainage and here C. e:dmia and E. 
racemosa arc the main species, with minor 
occurrences of the species mentioned above. 
Small trees of Persoonia levis. P. [;nearis, 
Allocasuarina tOl'ulosa and Xylomelum 
pyre/ormis are occasionally found here. 

TI1e understorey is typically an open 
heath, dominated by the families Proteaceae 
and Fabaceae (especially Acacia spp.). Other 
common species include Pimelea liniJolia. 
Platysace linearifolia and Eriostemon spp. 
The shrub layer is diverse and highly variable, 
due to a complex of environmental factors. At 
sites impacted upon by recent fire, the shrub 
layer has reduced diversity and density. 111e 
main species are Acacia spp .• Indig%ra 
australis and Hibbertia aspera (Fig. 6B). The 
groundcover is a dense sward of Imperata 
cylindrica and Pteridiulll esculentum. 

Figure 5. Low closed forest with emergent Eucalyptus 
species is restricted to the floor of steep gullies. 

The groundcover is generally open 
on ridgetops and steep rocky slopes and 
closed on the footslopes and nearer the lake 
margins. The herbs include Opercularia spp ..• 
Viola betonicifolia. Pratia pwplirascens, 
Gonocarpus tetragynus and climbers Glycine 
clandestina and Kennedia rllbicunda are 
morc impOliant on moister ground. including 
the alluvial areas adjacent to the lakes 
and southern facing slopes. In most other 
situations. grasses and Lomandra species 
predominate. Lomandra ob/iqua is common 
on well drained slopes and ridges and L. 

herb land with Gleichenia microphylla, Blechnum 
nudum, Sticherus flabellatus, Drosera auriculata 
and many orchids. 

The gully is protected from wind and fire, and 
is moist and well shaded. The soils are ofvariable 
thickness and arc highly organic. Other more open 
gullies have some of these characteristics but are 
dominated by sclerophyllous shrubs and do not 
have such a complex stmcture. 

2. Mixed Eucalyptlis/COl)'mbia forest is the most 
extensive unit occupying the well drained slopes 
and ridges. TIle structure of the tree canopy is 
variable. with open forest on the more sheltered 
sites and south-facing ridges, with EuCa(vptlis 
pi peri/a. E. resinifera, E. punctata, C01ymbia 
gummifera and C. eximia (Fig. 6A). Low open 
forest and woodland occupies the steep slopes. 
especially those with a northern or westerly 
aspect and along stony areas of the central ridge. 
Woodlands occur on the most extreme sites with 
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longifolia is abundant on the moister foot 
slopes. 

3. Angophol'a floribunda dominated woodland and 
open forest is found on alluvial fans adjacent to 
and between lakes.A.jloribunda is not common on 
other sites. Other tree species which are common 
at these sites include Eucalyptus resinijera, E. 
piperita and COlymbia gummifel'a. Smaller trees 
include Allocasuarina littoralis. Banksia serrata 
and Persoonia levis. 

The shrub layer of this woodland is an open 
heath similar to that of the Mixed Eucalyptlls/ 
COI)'l1lbia Forest but Banksia spinlllosa and 
Pultenaeavillosa are often important components. 
P. vil/osa is generally restricted to these alluvial 
areas and may be locally dominant. 

Groundcover is usually closed grass/ 
herbland. On the most poorly drained sites, 
Lepidosperma longitudinale. Schoenlls spp. and 
Baloskion gracilis are important. Alluvial fans are 
characterised by deep soils. gentle slopes and the 
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site drainage is moderate to poor. A 
4. Melaleuca linariifolia low closed or low 

open forest is mostly confined to a narrow 
area fringing the lake margins and along 
the swampy parts of Blue Gum Creek. It 
is most extensive on flat, low lying and 
periodically inundated sites adjacent to 
the lakes (Fig. 7). 

The canopy is dominated by M. 
finariifolia, open or closed and 6 to 7 
m high. A. ftol'ibunda is often present, 
usually as saplings on the drier landward 
margins of the unit. A few shrubs occur, 
e.g. Viminaria jllncea, Acacia longifolia 
and Pultenaea vil/osa. At some sites, this 
unit and the A.floribtmda woodland/open 
forest are difficult to distinguish and the 
M linariifolia low open forest gives way 
to Angophora forest as the site becomes 
less subjected to periodic inundation. 

The groundcover is closed or 
open sedgeland with Schoenlls spp., 
Lepidosperma longitl/dinale and JUI1CllS 
spp. The lakes contain occasional dead 
M linariifolia stumps in 2 m of water, 
indicating a period of low water level 
which must have existed long enough for 

Figure 6. Mixed Eucafptus/Corymbia forest. A, more sheltered site. B, a site with a reduced shrub layer 
and a ground cover of Imperata cylitlrica and Pteridill11l esculentlll1l, the result of fire in recent years. 
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Figure 7. Me/a/ellea lillariijolia low closed or open forest at the lake edge. 

M linariifolia to become well established. 
5. A closed scdgc1and occurs as a continuous fringe 

around and between each lake. Aquatic vegetation 
is usually distinctly zoned according to water 
dcpth~ however. there is considerable overlap 
between species distribution as shown on Fig, 8 
and some species may change their distribution 
over time. For example, Vorst (1974) noted that 
Elaeoclwris sphacelata grew on the landwilrd side 
of Lepironia articulata, but it now has a patchy 
distribution on both the landward and lakcward 
sides of L. articulata. This may have been caused 
by the lowering afwater levels since 1974. 

The distribution of aquatic plants, especially 
rhizomatous sedges is probably constantly 
changingwith water level fluctuations and possibly 
competition. Lake 3 of Thirlmere Lakes (Lake 
Baraba) is almost dry and covered by an extensive 
scdgcland of Lepidospel'ma long;tudinale onto 
which Melalellca linar;ifolia is encroaching (Fig. 
9). 

6. Dry Lake. The land around Dry Lake is mostly 
cleared (sec Fig. 2). The vegetation on the slopes 
adjacent to the lake is largely grassland/herbland 
with native species, C.g. Imperata cylindrica, 
Themeda australis, Goodel1;a hederacea. 
Pratia jJw7J1lrescens and Wahlenbergia spp., 
and introduced species, including PaspaluTIl 
dilatatu1J1, Echinopogon spp .• Setaria genicl/lata, 
Hypochoeris radicata, Plantago Ian ceo/ala. 
Cony:=aspp. and Verbena bonariensis. Regrowth of 
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trees and shrubs is occurring over most of the land 
and is most advanced nearest the swamp whore 
the soils are moister. 

Dry Lake itself is a swamp but it has 
surface water in wetter periods. It is surrounded 
by a discontinuous fringe of Leipidosperma 
longill/dinale which appears to be advancing onto 
the swamp (Fig 10). A patchy cover of herbs on the 
lake includes Gonocarpus micranthus. Dichondria 
repens and some grasses. TIle wettest patches are 
almost bare apart from the occasional Po~vgonum 
decipiens and Hypochoeris radreata. In 1981. a 
dead reed, probably Lepironia articulata. covered 
most of the lake basin. Live rhizomes of the reed 
arc abundant in the peat. A channel dug through 
the centre of the basin and containing about 60 
em of water has some Eleocharis sphacelata, 
Patamogeton tl'icarinatus, Persicaria orientale 
and several other sedges. 

Towards the eastern margin of Dry Lake. 
inside the fringe of L. langiludinale, there arc 
a number of old tree stumps.. some of which 
arc quite large (up to 40 em in diameter). They 
are not Melaleuca linariifolia but are possibly 
Euca~lptus/COlymbia or Angophora spp. They 
probably represent a period of reduced moisture 
balance which was long enough and suitable for 
the growth of trees. 
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Figure 8 Aquatic vegetation. 1, Braselliu scltreberi. 2, Lepirol1ia articulata. 3, Melaleuca lillariifolia 
stump. 4, Eleocharis sphaceillfa. 5, Lepidospermu longitudinale. 6, Baloskion gracilis. 7, Sciloelllis bre,';
jolius and S. melalJosfachys. 

Modern Pollen Deposition 
Pollen is produced by the contemporaneous 

vegetation, but a multitude of factors affect the 
representation of pollen in the sediments (Birks and 
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Birks, 1980; Dodson. 1983; Moore ctal., 1991), hence 
it is not possible to relate fossil pollen assemblages 
directly to the vegetation which produced it. 
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Figure 9. An extensive sedgeland on an almost dry Thirlemere lake. 

Samples taken from beneath the present vegetation 
give some infonnation about modern pollen 
deposition which may be used for interpretation of 
the fossil assemblages. Table 2 describes the surface 
sample sites and the associated vegetation growing 
there, and Fig. II shows the surface sample pollen 
spectra. 

Comparison of the representation of the pollen 
with the taxon in the vegetation allows recognition 
of well-represented taxa, where pollen and vegetation 
representation are similar. over-representation, 
where pollen abundance exceeds abundance in the 
vegetation and under-representation.. with pollen 
abundance less than abundance in the vegetation. This 

Figure 10. Dry Lake, showing the central drainage channel and marginal Leiphlosperma IOl1gitudi
mt/e. The sUlTounding slopes are cleared. 
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In summary. the early Holocene vegetation was 
a Euca(vptuslAllocasuarinalCaslIorina woodland! 
forest, with Asteraceae (Tubuliflorae) prominent in 
the understorcy. Gonocmplls was probably common 
around the lake. In the latc Holocene, Angophora 
woodland was present also and there was a diversity of 
shrubs in the understorey. The lake had become a peat 
swamp and Cypcraccac grew on andlor around the 
swamp. After Europeans arrived, the trees decreased 
and. grasses increased markedly. Today, Angophora 
woodland is found on the deeper, moister soils of 
the alluvial fans, hence its development around Dry 
Lake in the late Holocene probably indicates a wetter 
climate at that time. 

Siliceous microfossils 
Treatment for the recovery of siliceous 

microfossils yielded sponge scleres. diatoms, plant 
phytoliths and sand grains. Only sponge scleres 
were studied in detail .. however some observations of 
diatoms or plant phytoliths arc reported here. 

Freshwater sponges occur in most semi
pennanent and pennanent inland waters of Australia. 
Distribution of the species are not unifonn and is 
largely governed by physiochemical properties 
of the environment. Only one species of sponge, 
RadiospongWa sceptroides Haswell is present in the 
Thirlmere Lakes system (NPWS, 1997). This species 
has a wide but scattered distribution east of the 
Dividing Range and has a preference for non-alkaline 
environments (Racek, 1969). R. sceptroides produces 
a vivid green pigment and lives mainly on fallen logs. 
branches and leaves in the littoral zone where water 
fluctuations are most frequently experienced (Raeek, 
1969). It is thought that the relative abundance of 
sponge scleres could be used as an indicator of water 
depth and lake level fluctuations. 

Two surface samples were studied: SS 1 from the 
lake margin and SS 2 from the lake centre (Fig. 13). 
The lake margin had 20 times the megasclere (body 
scleres) numbers than found at the lake centre. The 
lake margin is the habitat ofthe sponge and few scleres 
are apparently transported to the lake centre in this 
low energy environment. There were also appreciable 
numbers of gemmoscleres (carried on the gemmules), 
showing that the sponges were gemmulating in the 
not too distant past. Today, R. sceptroides does not 
fonn gem mules which are produced in response to 
adverse environmental conditions (Racek, 1969; 
NPWS,1997). 

Few scleres were found in the clays at the base 
of the sediments. The lake was probably much larger 
and deeper then and the sponge habitat would have 
been too far away for many of their scleres to be 
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deposited at this site. There are two peaks in the values 
for megasclcres: at 31 cm and a much larger one at 
51 em. the latter at the base of the diatomite. These 
peaks suggest that the lake had become shallower and 
smaller. such that the sponge habitat was close to this 
site. The megasclere content waS moderate through 
most of the profile, declining towards the surface. 

Gemmoscleres were also found throughout 
the profile. and in appreciable numbers. The ratio 
of gemmosclercs to megasclcres is an indicator of 
the harshness of the conditions (Racek. 1969). The 
two surface samples from Thirlmere Lakes have 
extremely small ratios, which indicate that conditions 
today are not often harsh enough to induce the 
sponges to fonn gemmules. The highest ratio of 
gemmoscleres to megascleres were found at the base 
of the diatomite. The ratio of megasclere fragments to 
entire megascleres was quite high, especially in the 
lake margin sample. This ratio may indicate how well 
the sponge remains were preserved in the sediments. 
especially at depth. However, the large number of 
fragmented sponge remains in the shallowest depths 
probably indicate mechanical breakage and being 
silica, the scleres do not decompose. 

The high concentration of megascleres and 
gemmoscleres at the base of the diatomite were 
associated with a high concentrations and diversity of 
diatoms. Phytoliths were abundant also, and all these 
siliceous microfossils, being comparable to sand 
grains which are more common in the littoral zone, 
suggest that tl,e lake was shallow and swamp plants 
were growing on or close to the site. The diatomite 
also contains a higher content of sand grains than any, 
which is indicative of shallow water of the littoral 
zone, the habitat of R. sceptroides. 

In general, high concentrations of phytoliths 
were foood from 50 cm upwards .. or in that part of the 
profile that is organic. This high concentration implies 
that swamp vegetation had colonized the lake surface 
from the 50 em level upwards. Below this level, the 
abundance of phytoliths was low, suggesting that 
little swamp vegetation was nearby and the lake was 
too deep for its growth. 

DISCUSSION 

The history of Dry Lake 
In the early Holocene (from 10 ka). DIY Lake was 

relatively deep, with a calm, low energy environment 
depositing clay. The margins probably supported 
some cyperaceous reeds and GOl1ocmpus, but a fringe 
of paper barks (Me/aIel/co lina,.;;!oria), similar to the 
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Thirhncrc Lakes today, was lacking. The freshwater 
sponge, Radiospongi/1a sceptroides, lived round the 
margin of the lake, amongst fallen debris. Eucalyptus 
spp. and Allocasliarina were the dominant trees in the 
sun-ounding vegetation and Asteraccac (Tubuliflorac) 
was prominent in the l.mdcrstorcy, probably as a shrub. 
Some grasses (Poaccac), Proteaceae, tricolporatcs 
(most likely shrubs) and Chenopodiaceae were also 
present in the early Holocene. Although generally 
high, lake levels must have been very variable and 
the lake probably dried up for extended period(s), 
causing the fonllation of the pallid and mottled clays 
at the deepest parts of the lake. 

Between 8 ka and 5 ka, the lake became shallower 
and the fringing swamp vegetation grew over much 
of the lake surface. In the catchment, density of 
the Eucalyptus and Allocasuarina trees increased 
somewhat. Asteraceae was much reduced and shrubs 
and herbs increased in diversity, with Dodonaea, 
A1onotoca, Pimelea, Brassicaceae and Portulacaceae 
being recorded. 

From 5 ka to 2 ka, there was an hiatus in the 
deposition of the sediment, or the sediments that were 
deposited were subsequently eroded. Unfortunately. 
this means there is no infoffilation for this period. 

About 2 ka, a shallow lake returned, probably 
covered with swamp vegetation and sufficiently 
nutrient rich to support large populations of diatoms 
and sponges. It is not clear how this nutrient rich status 
was achieved, given the nutrient-poor sandstone of 
the catchment. Decaying swamp vegetation would 
increase the nutrient status, but it would require a 
high nutrient status to produce a good plant cover in 
the first place. Burning may also mobilize nutrients. 
Unfortunately, there is no evidence about which is 
the more likely hypothesis in this case. This enriched 
nutrient status did not last long. and the diatom and 
sponge populations decreased to 'normal' levels. 
TI,e lake remained shallow and probably supported 
swamp vegetation over most of its surface. 

After 2 ka, the AngophoralC01ymhia group 
increased dramatically. Today, Angophora dominates 
the alluvial fans and soils adjacent to the lakes, and 
COf)'mhia is more common on well-drained slopes 
and ridges. hence this increase around Dry Lake 
was more likely to have been Angophora. This 
change suggests a somewhat moister environment. 
Euca~vptus and Allocasllarina probably decreased 
slightly. MelalellcalLeptospermllm increased. but not 
sufficiently to indicate a fringe of lvlelaleua around 
the lake. The diversity of shrubs and herbs increased 
further, and there was a considerable increase in 
cyperaceous swamp cover. 

The introduced Pinus, Plantago cf lanceo/ala 
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and Asteraceae (Liguliftorac: probably f/ypochoeris 
radicata) denote the zone of European influence. All 
the trees, viz. EuCa~yptlfs spp, AngophoralC01ymbia 
and A llocasliarina decreased markedly, no doubt the 
result of timber cutting. Grasses and the trieolporates. 
which could include any number of crop plants and 
weeds. would have been the result of agriculture. The 
cypcraceous reeds around the swamp remained .. much 
the same as previously. 

Comparisons with Other Studies 
The history oHhe vegetation from a core in Lake 

Baraba (Thirlmere Lake 3 of this study, see Fig. I). 
has been reported by Black et a!. (in press). Lake 
Baraba is some 4 km south of Dry Lake. Peat began 
forming in the early Holocene, ~8.5 ka, earlier than at 
Dry Lake. Thus in contrast to Dry Lake, Lake Baraba 
had become shallow enough for the growth of swamp 
vegetation. At Lake Baraba, the dominant trees were 
Casuarinaceae which declined in the early Holocene, 
with a concurrent increase in Myrtaceae, thought to 
be the development of the fringing Me/alel/ca forest 
(Black et a!., in press) which is present around the 
lake today. In contrast, at Dry Lake. Allocasuarina 
did not decrease, a fringing lvlelelellca forest did 
not develop, and Angop/tora became prominent by 
ti,e mid Holocene. At Dry Lake, the lake became 
shallow enough to support swamp vegetation and 
peat fommtion about the mid Holocene. later than 
at Lake Baraba. A/locasuarina remained prominent 
at Dry Lake until the European zone, unlike Lake 
Baraba where it remained low through most of the 
Holocene. 

These differences between the two sites may 
be attributed to the differences in local topography. 
Lake Baraba is confined within a relativcly narrow 
valley which is likely to afford some protection and 
provide more favourable moisture relationships than 
the Dry Lake locality, which is more open, in a broad 
alluvial flat. This topographic difference may explain 
why Dry Lake did not develop a fringing Melalellca 
forest. Although these two sites arc only 4 km apart, 
the limited nature of pollen dispersal. where most 
pollen falls close to the source (Birks and Birks, 
1980; Dodson, 1983; Kodela, 1990) ensures that 
these local differences in the vegetation are recorded 
in the sediments. 

A decline of Casuarinaceae, when Eucalyptlls 
replaced Casurarinaceae. may be found in a number 
of Holocene sites in southern Australia and is usually 
dated between 7.5 and 4.5 ka. Importantly. not 
all Holocene sites show this decline (Clark.1983; 
Dodson. 1994; 2001; Lloyd and Kershaw. 1997). It 
has been suggested that anthropogenic fire may have 
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been the cause of this change in dominant species, 
but the charcoal records generally do not support 
this hypothesis (Dodson. 2001; Kershaw et al.; 2002; 
Black at al.. in press). Another likely cause, a rising 
walcrtablc or salinity, may be supported by an increase 
in Chenopodiaceae pollen (Crowley. 1994; Cupper 
ct aI., 2000), but studies in the vegetation show that 
some species of Casuarinaceae arc more salt tolerant 
than certain species of Eucalyptus (Ladd. 1988). The 
anatomy of the branch lets of Casuarinaceae. with 
their restricted photosynthetic tissue. make it a poor 
competitor with broad leaved species. Anatomicaly, 
Casuarinaceae species arc very xcromorphic and in 
comparative studies, Casuarinaceae is more drought 
tolerant than Eucalyptus (Ladd. 1988). 

As the climate ameliorated after the last glacial 
period, the grasslands/shmblands were invaded 

by Casuarinaceae which were in turn replaced by 

Eucalyptus in the Holocene (Clarke. 1983). The 
climate in the last glacial period was much drier, hence 

the change in vegetation parallels the climatic change .• 

viz. the increase in moisture. Casuarinaceae remained 

on poor or harsh sites as it appears to tolerate these 

conditions bettcr than ElIca~vptus (Ladd, 1988). 
At Dry Lake, Eucalyptus and Angohpora/ 

Gm:vmbia increase, but Casuarinaceae does 

not decrease until it was logged by Europeans. 
Casuarinaceae was prized by the early settlers as 

firewood and it was the fuel of choice for bakeries. Its 

timber was in demand for shingles, tool handles, beer 

barrels and many other used (Entwisle. 2005). Indeed. 
the Oaks, some 15 km to the north of Thirlmcre 
(Fig. 1) was so named for the abundant sheoaks 
(Allocasuarina torulosa), When the botanist George 

Caley passed through the district in 1804 .. he saw 'a 
large tract of grazing land abounding with sheoaks' 

(Woods. 1982). 
The Casuarinaceae pollen has not been identified 

further; but it is assumed to be Allocasliarina in this 
study because therc arc only two specics in the area 

today: A. Uttoralis and A. forlilosa. A. Uttoralis is 

an understorey tree in woodland or occasionally tall 

heath, on sandy or otherwise poor soils. A. forlilosa, 
also an undcrstorey trcc~ is found in open forests to 

tall open forests, generally on higher nutrient soils 

and moisture situations than A. littoraUs (Plantnct, 

2005). The alluvial flat around Dry Lake would have 
bcen suitable for A. tortllosa, but at Lake Baraba, in a 

sandstone valley, A. littol'alis seems more likcly. Thus 

the different history of Casuarinaceae at the two sites 

may have been the consequence of different species, 
as well as the different topography and soils. 
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APPENDIX lA 

Species list of plants in the Thirlmcre National Park, compiled from field work and augmented from 
a list prepared by the National Herbarium of New South Wales (*). +, introduced species. 

Life forms: T. tree with single stern, > 8 m tall. S. shrub, woody plant < 8 m tall. H, herbs. non

woody plants. epiH, epiphitic herbs. aqH, aquatic herbs. growing in wet or periodically wet areas. C, 
creepcr, prostratc herb or shrub. TW, twiner, climbing plant. 

Pollination mechanisms (Poll'n Meeh). ITom Faegri and van de Pijl (1971), Dodson (1979), Ann
strong (1979), Ford et al. (1979) and Pyke (1981): A, anemophilous, wind pollinated. E, entomophi10us. 
insect pollinated. O. pollination by other animals" e.g. birds. mammals. S, self pollinated. H. hydrophilous. 
water pollinated. 

Nomenclature follows Harden (1992; 1993; 200; 2002) and Plantnet (2005). 

Species 
Llf"C""""""l'oli 'n ------UCCU-rrence/ 
form Mccb distribution 

MYRTACEAE 

Angophoraf/oriblll1da (Sm.) Sweet T A,E,O Very abundant, lower slopes only 

CO/ymbia eximia (Schauer) K.D. Hill & L. 
T A,E,O Very abundant, esp. ridgetop plateaux 

A. S. Johnson 

C. glllllmifera (Gaertn.) K.D. Hill & L.A. T A.E.O Abundant 
S. Johnson 

Eucalyptus agglomerata Maiden T A,E.O Occasional 

E. bOffyaides Sm. T A,E.O 

E. oblonga Blakely. T A,E,O Occasional, mostly steeper slopes 

E. piperita Sm T A,E,O Very abundant 

E. pUl1ctata DC T A,E.O Occasional 

E. racemasa Cay. T A.E,O Occasional 

E. res;nifera Sm. T A.E.O Rare 

E. sieberi L. Johnson T A.E,O Occasional. esp. ncar ridgetop plateaux 

Leptospernllll1J trinerviulJ1 1. Thompson S A.E. Common. mostly on slopes 

L. polygalifolium Salsb. S A.E Rare, mostly on slopes 

L. juniperillm Sm, S A,E Occasional, mostly lake margins 

Kun::ea ambigua (Sm.) Druce S A,E,O 

Me/aleuca linal'iijolia Sm T A.E.O Abundant. mainly lake margins 

M. thymifolia Sm. S A,E,O Occasional, along lake margins 

PROTEACEAE 

Banksia integrifolia L. f. TorS E,O 

B. serrata L. f. TorS E,O Abundant, mainly lake margins 

s. spinu/osa Sm. S E.O Very abundant 

Grevillea al'enaria R. Br. S E,O. 

G. mucro17uIata R. Br. S E,O Very abundant 

Hakea dactylaides Cay. S E,O Occasional, moist sites 

H. salicifolia (Vent.) B.L. Burtt. S E,O 
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H. sericea Sehrad. & J.c. Wendl. S E,O Rare 

fsopogon onemonifolius Knight S E Occasional 

Lambertiaformosa Sm. S E.O abundant 

Pel'soon;a lanceo/ata Andrews S E 

p. laurina Pers. S E Occasional, esp. ridgetop plateaux 

P. levis (Cav.) Domin S E Occasional 

P. linearis Andrews S E Occasional 

Petrophile pedul1culata R. Br. S E Occasional 

p. p/llchella R. Br. S E 

P. sessilis Sieber ex Schult. S E 

Telopea speciosissima R. Br. S E Occasional 

}(ylomeluTll pyriformis Sm. T E Occasional 

FABACEAE 

1) M1MOSOIDAE 

Acacia declIl'rens Willd. T E Occasional esp. moist gullies/slopes 

A.falcata Steud. S E 

A. falciformis DC. T E 

A. jloriblll1da Willd. S E 

A. implexa Benth. S E 

A. linifolia Willd. S E Abundant 

A. longifolia (Andrews) Willd. S E Abundant esp. after fire 

A. myrtifolia Willd. S E Occasional, ridgetop plateaux 

A. pal'l'amattensis Tindale S E Very abundant 

A. s/laveolens (Sm.) Willd. S E Occasional 

A. terminalis IF. MacBr. S E Occasional ridgetop plateaux 

A. ulici/olia Court S E Abundant 

2) FABOIDAE 

Bossiaea buxifolia A.Cunn. S E Rare 

B. irereropirylla Vent. S E Occasional 

B. lenticularis DC. S E 

B. neo-anglica F. Muell. S E 

B. obcordata Druce S E Occasional 

B. rirombifolia Sieber ex DC. S E Occasional 

Daviesia c01ymbosa Sm. S E Rare 

Desmodium rhytidophyllum F. MueH ex S or E 
Benth. TW 

D. varians (Labill.) G. Don TW E 

DilI"VYlda glaberrima Sm. S E 
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D. parvifolia R.Br. £ Coopemookia barbata (R. Br.) Carolin S E Occasional 

D. phylicoides A. Cunn. sp. complex S £ Abundant Dampiera pUfpurea R. Br. S £ Occasional. moister slopes 

Glycine clandestinQ J.c. WendL TW E Abundant Goodenia hederacea Sm. e £ Occasional, lake margins 

Gompholobium grandiflorul11 Sm. S £ Scaevola ramosissima K. Krause H E Occasional 

G. latifolium Sm. S E CASUARINACEAE 

G. minus Sm. S E Occasional Allacasuarina littoralis (Salisb.) L. Johson T A Vety abundan~ lake margins, 
footslopes 

Hardenbergia violacea (Schnccv.) Stearn C E Very abundant A. torulosa (Aiton) L. Johnson T A Occasional, upper slopes, ridgetops 

Hovea linearis (Sm.) R. Br. S E Occasional EUPHORBIACEAE 

Indigofera australis Willd. S E Abundant Amperea xiphoclada (Spreng.) Druce S E Occaisional 

Kennedia 1'lIbiclIl1da Vent. TW E,O Occasional Breynia oblongifolia Muel!. Arg. S E 

Mirbelia rubiifolia (Andrews) G. Don S £ Phyllanthus gasstroemii Muell. Arg. E Abundant 

Podolobium ilicijoliu111 (Andrews) Crisp & S E Occasional esp. roel)' slopes 
P.H. Weston. 

P. occidenlalis J.T. Hunter & J.J. Bruhl S £ Abundant 

POl'amhel'a ericifolia Rudge S £ 
Pu/lenaeaf/exilis Sm. S £ Very abundant P. micl'ophylla Brongn. H £ 
P. linophylla Sehrad. & J.C. Wend!. S E RUBIACEAE 
P. villosa Andrews. S E Occasional esp. alluvial fans 

Galiuf11 binifolium N.A. Wakefield H A 
Viminariajul1cea (Schrad,) Hoffsgg .. S E Occasional esp. damp sites G. pl'opinquun1 A. Cunn. H A 
RUTACEAE 

Opercularia aspera Gaertn. H A Abundant on lake margin, moist arcas 
Boronia ledifolia (Vent.) J. Gray ex. DC. S E Occasional, esp. rock)' slopes 0. diphylla Gaerln. H A 
B. pO~l'galifolia Sm. S E 0. varia Hook. f. H A Abundant on lake margin, moist areas 
Eriostemon australasilfs PeTS. S £,0 Occasional 

E. hispidula. (Spreng.) Paul G. Wilson S E,O Abundant 
Pomax umbel/ala Benth. Hor A Vety abundant S 
APIACEAE 

ERICACEAE 
Actinotus helianthi Labill. H £ Occasional 

Astra/omo humijusIJIn R. Br. S £.0 Cenlel/a asiatica Urb. C £ 
Epacris pulchella Cay. S £,0 Rare 

Hydrocotyle acuti/aba. N.A. Wakefield H A,E 
Leucopogonlcmceolatus (Sm.) R. Br. vaT. S E Abundant 
lanceolatus 

Ii. laxijlora DC. H A,E 

Lissanthe sapida R. Br. S E Rare 
H peduncularis. A. Rich. H A,£ 

L. stl'igosa R.Br. S £ Occasional 
Platysace lineal'ifolia C. Nonnan S E Abundant. 

MOl1o(oca elliptica R.Br. S £ Occasional 
LAURACEAE 

M scoparia R.Br. S £ Occasional 
Cassytha glabella R. Br. TW 

Slyphelia angllsti(olia DC. S E 
C. pubescens R. Br. TW 

DILLENIACEAE 
Cinnamomum camphara +T. Nees & C.H. T A,E One specimen observed Ebenn 

Hibbertia aspera DC. S £ Very abundant RANUNCULACEAE 
J-l. d[ffifsaDC. S E Occasional 

Clematis aristata R. Br. ex Kcr Gawl. TW E 
H. obstusifolia DC. S E Occasional. moister slopes VIOLACEAE 
Ii. serpyllifolia DC S E Occasional. moister slopes Hybanthus rnonopetalum (Schultes) Domin. H E 
GOODENIACEAE 

Viola betonicifolia Sm. H E OccasionaL moist areas 
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V. hederacea Labill. H E Occasional. moist areas S. viminea Sm. H E 

CRASSULACEAE LORANTHACEAE 

Crassula sieberiana (Schultes & Schultes. Unidentified 0 Rare. host Eucalyptus spp. H E f.) Dmcc 
SANTALACEAE 

DROCERACEAE 
Exocmpos cupressiformis Labill. T A,E Occaisional 

Drosera spathula!a Labill. H E Occasional, damp places 
E. strictus R. Br. T A,E Rare, moist gullies 

POLYGONACEAE 
Leptomeria acida R. Br .. S A,E Rare 

Persicariu hydropiper (L.) Spach. H E 
SAPINDACEAE 

Acetosella vulgaris Fourr. H E Occasional. moist sites 
Dodonaea triquetra Benth. T E Occasional~ moist slopes 

OXALIDACEAE 
LOGANIACEAE 

Oxalis corn;culata f L. H E Occasional, esp. disturbed sites 
Nfitrasacme pO/y/JIOlp/7a R. Br. E Occasional 

GERANIACEAE 
APOCYNACEAE 

Geranium homeanul1I Turcz. H E 
Parsol1sia slraminea F. Muell. TW E Rare 

HALORAGACEAE 
Alarsdenia jlavescens A. Cunn. TW E Rare, moist, shaded positions 

GOl1ocmplIs micranthus Thunb. C E Occasional csp. near lake margins 
!vi suaveolens R. Br. TW E Occasional .. esp. shaded slopes 

G. tetragynus Labill. H E Occasional, moist places 
Tylophora barbata R, Sr, TW E 

lv~yriophyllum variifolium Hook. f .. AqH A 
MENYANTHACEAE 

THYMELEACEAE 
Villarsia exaltata G. Don H H,E *' ncar water 

Pimelea Unifolia Sm. S E.S Very abundant 
CAPRIFOLIACEAE 

PITTOSPORACEAE 
Lonicarajaponica + Thunb. ex Murray TW E 

Bil/ardiel'a scandens Sm, TW E Occasional, shady slopes 
PLANTAGINACEAE 

Bursar;a spinosa Cay, S E Occasional 
Plantago lanceolata + L. H A.E Occasional esp. disturbed sites 

PASSIFLORACEAE CAMPANULACEAE 
Passiflora edulis + Sims TW E One specimen observed 

110hlenbergia graniticola Carolin H E Occasional 
HYPERICACEAE 

T¥. stricta (R. Br.) Sweet H E 
Hypericum gramineufJ1 G. Forst. H E 

W communis Carolin H E 
ELAEOCARPACEAE 

LOBELIACEAE 
ElaeoCGll)lIS reticu/atlls Sm. T E Occasional, only moist gullies 

1sot0111a a.r:i/laris Lindl. 
Tetratheca thymi/olia Sm. S E Rare 

Pratia pwpuJ'ascens (R. Br.)F. Wimmer. C E Occasional esp. moist sites 
MALVACEAE STYLIDIACEAE 
Sida rhombifolia • L. S E 

Stylidium graminijoliufJ1 Willd. H E Occasional esp. open sunny sites 
CUNONIACEAE 

S. laricifolium Rich. H. E 
Ceratopetalllm gUnTmi[erllm Sm. T E Occasional, only moist gullies 

S. lineare Sw. ex Willd. H E 
ROSACEAE ASTERACEAE 
Rubus parvifolius L. S E Bidens pilosa + L. H A,E 
R.jruticoslIs + species complex S E Rare. disturbed sites 

Brachycome aeuleata R. Br. H A,E 
STACKHOUSIACEAE 

B. angusti/olia Cunn. ex DC. H A,E abundant 
Stackhollsia monogyna Labill. H E 
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Cassinio aculeata R. Br. S A.E Occasional. shady slopes LAMIACEAE 

C. Gureonitens N.A. Wakefield S A.E Ajuga australis R.Br. H E 

C. IOl1gifolia R. Br. S A,E Occasional. shady slopes Scutellaria hUJJ1iUs R. Br. H E 

C. quinque/aria R. Br. S A.E POTAMOGETONACEAE 

COI1::YG alNda 1- Willd. ex SprcngcJ H A.E Weed on disturbed sites Potamogeton tricar;natus A. Benn. aqH 

C. pan'Q + Cronq. H A,E Weed on disturbed sites )"'YRIDACEAE 

Coreopsis lanceo/ala + L. H A.E Xyris camp/anGla R. Br. H E Rare in damp places 

Facelis tell/sa t Seh. Bip. H A.E ANTHERICACEAE 

GnaphaliIlnl gymnocephalum DC. H. A.E ArlhropodiulIl lIlili<if/orum (DC) J.F. Macbr. H E 

Helichrysuf11 elatunt DC. H or A.E Occasional esp. gullies. very moist Laxmannia gracilis R. Br H E S slopcs 
H. scofpiodes Labill. H A,E Occasional Tric01)'17e simplex R. Br. H E 

Hypochaeris radicata + L. H A,E Abundant esp. moist disturbed sites PHORMIACEAE 

Lagenophora stipitata (Labill.) Druce H A.E Shady slopcs Dianella caerulea Sims H E Occasional 

O/earia microphylla Maiden & Bctchc S A.E Occasional, mostly shady slopes D. revaluta R. Br. H E 

O. viscidliia Banth. S A.E Stypal1dra glauca R. Br. H E Occasional .. only northern end of park 

Ozonthaml1lJs adnatus DC .. S A.E Thelionema caespitasum (R. Br.) R.J.F. H E Occasional 
O. diosmifolium (Vent.) DC S A,E 

Hend. 

Podo/epis jaceoides Voss H A,E Occasional SMILACACEAE 

Pseudognaphaliulll. luleoalbufll ' (L.) 
Smilax g/yciphylla Sm. TW Occasional, moist slopes 

Hillard & B.L. Burtt H A.E Occaisional 
LUZURIAGACEAE 

Senecio lautus + G. Forst. ex Willd. H A.E Weed~ on disturbed ground Eustl'ephus latijolius Ker Gawl. TW E Occasional, moist slopes 

S. linearifolius A. Rich. H A,E Geitonopiesium cymosum R. Br. TW E Rare. moist slopes only 

S. quadridentalus Labill. H A,E Weed. on disturbed ground IRIDACEAE 

S. velleioides A. Cunn. ex DC. H A.E Patersonia g/abrata R. Br. H E 

Sigesbeckia orientalis L. H A.E P. sericea R. Br. H E 

SOLANACEAE LOMANDRACEAE 

Solanum pungetillm R. Br. H E Occasional. esp. moist areas Lomandra conJertifolia (EM. Bailey) H E Occasional 
CONVOLVULACEAE 

Fahn ssp. rllbiginosa R.T. Lee 

Dichondria repel1s J.R. Forst. & G Forst C E Occasional esp. lake margins 
L. cylindrica RT. Lee H E Occasional 

Po~vmeria calycina R. Br. C E 
L.filiforlllis (Thunb.) J. Brittcn H E 

SCROPHULARIACEAE 
L. glauca Ewart H E 

Veronica plebeia R. Br. H E 
L. gracilis R.T. Lee H E Occasional 

LENTIBULARIACEAE 
L. IOl1gifolia Labill. H E Abundant csp. footslopes 

Utr;cularia australis R. Br. aqH E Rare. floating on open water> 2m deep 
L. multiflora (R. Br.) J. Britten H E Rare 

ACANTHACEAE 
L. obliqlla J.R. Macbr. H E Abundant 

Brunoniella pumilio (R. Br.) Bremek. H E 
XANTHORRHOEACEAE 

VERBENECEAE 
Xanthorrhoea sp. S E Occasional along ridgetop plateaux 

J7erbenea bonariens;s L. H E Occasional. disturbed sites 
HAEMODORACEAE 
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Haemodorum plani/o/ium R. Br. H E 

PHI LYDRACEAE 

Philydf'um lanuginoslIl1r Banks & Sol. 
agH E ex Gacrtn. 

ORCHIDACEAE 

Acianthus coudatus R. Br. H E Occasional, moist slopes 

A, exsertlfs R. Br. H E 

A. Jornicatus R. Br. I-! E Occasional, moist slopes 

Chiiogiotlisjimnicijera FitzG. H E Occasional, only moist placcs 

C. reflexa Druce H E 

COfybas aconitijloJ'lIs K.D. Koenig & Sims H E 

Dendrobiuf11 specioswn Sm. epH E Occasional, shady rock outcrops 

Dim';s macula/a Sm. I-! E 

Liparis reftexa (R. Br) Lindl. H E 

Microtis unijloia (Forst. f.) Reichb. f I-! E.S 

Pterostylis sp. H E 

JUNCACEAE 

Juncu.1i articulatus -I- L. I-! A 

JUI1ClIS COntfl111l1S L.A.S. Johnson I-! A 

J. planijolius R. Br. H A 

J. prismatocGlpUS R. Br. H A 

RESTJONACEAE 

Ba/oskion gracilis (R. Br.) B.G. Briggs 
H A Occasional, lake margins & L.A.S. Johnson 

Empodisma minus (Hook.f.) L.A,S. H A Occasional .• lake margins 
Johnson & D.F. Cutler 

Lepyrodia mulleri Bcnth. H A 

L, scariosa R. Br. H A 

CYPERACEAE 

Baumea (("throphyl/a (Nccs) Broeck H A 

B. leretijo/ia Palla H A,E 

Baumea sp. nov. H A,E 

Bolboschoenujluviatilis (Torrey) Sojak H A,E 

Callstis jle,(lfosa R. Br. H A.E Occasional, rocky slopes. plateau tops 

Cyperlls laevis R, Br, H A,E Occasional, moist sites 

Eleocharis atricha R. Bf H A.E Occasioal 

E. sphace/ala R. Br aqH A,E Abundant, in open water 

lsolepis il1undatus Hook, f. H A,E 
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Lepidosperma laterale R, Br 

L. longitud;,wle Labill. 

Lepironia articulata Domin, 

Schoenus brevifolius R. Bf 

S, melanonstachys R, Br 

S. villoslis R. Br 

CABOMBACEAE 

Brasenia schreber; Gmclin 

POACEAE 

Anisopogon avenaceus R. Bf 

Aristida ramosa R. Br 

A. vagans Cav 

Austrostipa rudis Spreng. ssp. nervosa 
(J. Vickcry) J. Everett & S.W.L. Jacobs 

Briza maxima + L. 

Cymopogon reji'actus (R. Bf) A. Camus 

Dichelachne rara (R. Br) J. Vickery 

Digitaria ramularfs (Trin,) Hcnrad. 

Echinopogon caespitoslls + C.E. Hubb. 

E. ovatus + (G. Forst,) p, Beauv, 

Entolasia marginata (R. Br) Hughs 

E. stricta (R. Br) Hughs 

Eragrosas leptostachya Stcud, 

imperata cylindrica P. Beauv. var. 
major (Nees) C.E. Hubb. 

Micro/aena slipoides (Labill.) R. Br 

Panicium simile Domin 

Paspalidium gracile (R. Br.) Hughes 

Paspalum dilatatllnt + Poir. 

Pselldoraphis paradoxa CR, Br.) Pilger 

Setaria gracilis + Kunth. 

S, pubescens R. Br. 

Themeda australis (R.Br.) Stapf. 

FERNS/FERN ALLIES 

SELAGINELLACEAE 

Selaginela uliginosa (Labill.) Spring 

OPHIOGLOSSACEAE 

Bouychium aus/role R.Br. 
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A,E Occasional 

A,E Abundant, margins of lakes 

A,E Very abundant, mostly open water 

A,E Occasional, lake margins 

A,E Occasional, lake martins 

A.E 

E Occasional, open water only 

A 

A Occasional 

A 

A 

A 

A 

A 

A Occasional esp. footslopes 

A 

A Occasional esp. open areas 

A 

A 

A 

A Abundant esp. after bU111ing 

A 

A 

A 

A Occasional esp. disturbed footslopes 

A 

A Occasional 

A 

A Abundant 

Occasional, damp places 
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D1CKSONIACEAE 

Calochlaena dubio (R.Br.) M. Turner 
&R. White 

CYATHACEAE 

Cyathea sp. 

DENNSTAEDTIACEAE 

Hypolepis muelleri N.A. Wakcf. 

Pteridium eseulentum (Forst f.) 
Coekayne 

L1NDSAEACEAE 

Lindsaea microphylla Sw. 

ADIANTACEAE 

Adiantum aethiopiclIln L. 

A. hispidu/unl Sw. 

SINOPTERIDACEAE 

Cheilanthes distans (R.Br.) Mett. 

e. austl'otenuijolia Quirk & Chambers 

DAVALLIACEAE 

Davallia pyxidata Cay. 

BLECHNACEAE 

Blecknum cartilagineu1J1 Sw. 

Daodio aspera R.Br. 

APPENDIX IB 

Only in very moist gullies 

Rare, moist gullies 

Occasional, moist creek banks 

Abundant. esp. disturbed areas 

Rarc, moist gullics 

Occasional. moist gullies 

Occasional, esp. rock outcrops 

Rare. on rockfaces in moist areas 

abundant .. rock")' .. shaded slopes 

Occasional. moist slopes 

The species in the gully forest (site TS 6, Fig. I). 

Species 

Trees, 10-30 m 
Eucalyptus deanei Maiden 

E. elata Dehnh. 

E. piperita Sm. 

Small trees and shrubs < 10m 
DOlJ'Phora sassafras End!. 

Grevillea mucronata R. Br. 

Hakea salicifolia (Vent.) B.L. Burtt. 

Lomatia silaifolia (Sm.) R. Br 

Persoonia levis (Cav.) Domin. 

P. linear;" Andrews. 
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Family 
Presence outside 

l!ullv 

Myrtaeeae 

+ 

Monimiaeeae 

Proteaceae + 

+ 

+ 

+ 
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P. mollis R. Br. 

StenocClqJUS salignlls R. Br. 

Pitfospof"Um revolutum Dryand. 

ElaeocG'1}IIS reticulatus Sm. 

Lasiopela/umje",-ugineum Sm. var,!errugineum 

Bertya pomaderriodes F. MucH. 

CalficomCl serrati/olia Andrews 

Cel'atopetaium apetalum D. Don 

C. glllnmiferum Sm. 

Acacia decurrens WiIld. 

A. elata Benth. 

A. parramattensis Tindale 

Pultenaea flexWs Sm. 

Acmema smithi; (Poir.) Merr. & Perry 

Backhollsia myrtifolia Hook. f. & Harv. 
rristaniopsis sp aff. laurina (smith) Pctcr G. Wilson 

& Waterhouse 
Leptospermum tl'inervillll1 (Sm.) J. Thompson 

Allocasuarina torulosa (Aiton) L. Johnson 

Pomaderris intermedia Sieber 

Pomaderris sp. unidentified 

ExocalpoS strictus R. Br, 

Correa reflexa Vent. var. refla-ra 

Nematolepis squamewn (Labill.) Eng. 

Dodonaea triquetra J.C, Wendl. 

Astrotricha latifolia Benth. 

Dracophpyllum seclIndum R. Br. 

Leucopogon lanceo/atus (Sm.) R. Br.var. lanceolalus 

Logania albiflora Druce 

Notelea sp, unidentified 

Rapanea variabilis Mez. 

Dampiera purpurea R. Br. 

Cassinia acu/eata R. Br. 

Ground cover, herbs and shrubs < 1 m 
Viola bentonicifolia Sm. 

Drosera auriclilata Backh.ex Planeh. 

Solanum sp. unidentified 

COI),basji-imbl'iatlls (R. Br.) Rehb. f. 
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Pittosporaceae 

Elaeocarpaceae 

Sterculiaceae 

Euphorbiaceae 

Cunoniaceac 

Fabaeeac 

Myrtaceae 

Casuarinaceae 

Rhamnaceae 

Santalaceae 

Rutaceac 

Sapindaceae 

Aralaeeae 

Ericaceae 

Loganiaccac 

Oleaceae 

Myrsinaceae 

Goodeniaceae 

Asteraccae 

Violaeeae 

Droseraceae 

Solonaceae 

Orehidaeeae 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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Gahnia sp unidentified 

Hibbertia obtllsifolia DC. 

Climbers 
Cassytha glabella R. Br. 

Sarcopetalum harveyol1unT F. Mucll. 

Smilax australis R. Br. 

C;ssus antarctica Vent. 

Ells/rephlls latifolius Ker Guwler 

Geifonoplesillln cymosum R. Br. 

Pachycauls 
Cyathea aus/raUs (R. Br.) Domin. 

Ground ferns 
Todea barbara (L.) T. Moore 

Gleichenia microphylla R, Br. 

Stieltel'lIs sp. 

Hymenop/tyllu111 clIpressijorme Labill. 

Caloehlae"a dubia (R. Br.) M. Tumer 

PteridiuflI esculentu111 (Forst.f.) Cockaync 

Adiantum aethopicum L. 

Chef/an/hes GIIstrotenuijolia Quirk & Chambers 

Pyrrosia rupestris CR. Br.) Ching 

Aspeniumflabellifolium Cay. 

Blechman cartUagineuTn Sw. 

B. nudum (LabUI.) Mett. ex Lucrsscn, 

Doodia aspera R. Br. 
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Cyperaceac 

Dillcniaccae 

Cassythaccac 

Mcnispermaceac 

Smilacaccac 

Vitaccac 

Luzuriagaccac 

Cyatheaccac 

Osmundaccac 

Glcicheniaccae 

Hymenophyllaccae 

Cyatheaceae 

Dcnnstaediaceac 

Adiantaeeae 

Sinopteridaceae 

Polypodiaccac 

Aspleniaceae 

Blechnaceae 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

51 

VEGETATION HISTORY OF DRY LAKE, NSW 

APPENDIX 2 

The identification ofpoUen of the family Myrtaccac. 

Fig. 14 illustrates the pollen characters used and Table 3 presents the distribution of these characters amongst 
the species. These morphological characters were insufficient to reliably identify species but they have been 
used to place the species in distinctive groups which are defined thus: 

AngophoralC01ymbia group: Large-sized grains, 26 (30~40) 45 ~lm (mean in brackets), with x (rarely w) 
type pore and a thiek exine .. 2~4 ~m. 
Ellca(vP/lls group: Medium-sized grains, 18 (21-25) 28 flm. with x (rarely w) type pore and medium-thick
ness cxine, 1.5-3.0 l.lln. 
MelalellcalLeplosperlllulII group: Small sized grains. 10 (13-19) 23 fun, with only y and z type pore and thin 
exine, <1-1 /-lm. 
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Figure 14. The morphological characters used to identify pollen grains of Myrtaceae 
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Table 3. Pollen morphological characters used to identify myrtaceous pollen groups. ( ) infrequent 
occurrence. 

Equatorial diameter Type of Exine 
Exme 

Type of Amb Amb 
Species thickness 

Mean (I-lm) Range pole pore angle sides pattem 
(I'm) 

AngopftoralCorymbia pollcn group 

Angophorafloribtmda 30±1.7 (26-33) f(e) a x(w) round straight faint 2-3 

C01ymhia eximia 40.7±2.S (35-45) ". c (f) round straight 2-4 

C. gumm((era 40.0±3.0 (33-45) b, a (f) round convex 2.5 

Eucalyptus pollcn group 

Eucalyptus pUlIctafa 23.8±1.3 (lS-27) w(x) round 
straight & 

1.5-2 

E,piperila 21.0±1.3 (18-24 round 
straight & 

E. tereticornis 23.4±1.3 round straight 1.5-2 

E. globoidea 24,8±2.0 (20-28) x(w) round 
straight & 

1.5-3 
concave 

ftfelalelicaiLeptospel'l1l1ll11 pollen group 

Melalcllca tltymoides 19.6±1.4 (18-23) f(a) round concave to 1 

M, /inariijolia 15.4±1.4 (13-18) round to 1 

Lcptospcrnl1fln 
13.0±I.S (10-19) round concave to 1 

jllnipcr;'11I111 

L. trinervium 13.5±1.4 (12-16) y blunt straight 
coarse, 

granular 
to 1 

Tris/aniopsis sp. 4/ 
14.4±1.1 (12-17) blunt 

straight & 
to 1 

laurina concave 

Acmena smUlli; 14 round 
straight & 

to 1 
concave 

Backllollsia myrtffolia 18.0 (14-21) round concave faint <I 
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APPENDIX 3 
Pollen type name on pollen diagrams and probable source in the vegetation. For full lists of species in each 

genus, see Appendix lA 

Pollen type 
Probable source m present day vegetatIOn 

Pollen lypes found on both surface sample and fossil pollen diagrams. 

Eucalyptus 

Angophora/COIymhia 

MelaleucaILeptospermum 

Myrtaceae 

Allocasuarina 

Pinus 

Cupressaceae 

Dodonaea 

Proteaceae 

Banksia 

lYJol1otoca 

Tricoiporates 

Tricolporate 2 (15 um grains) 

Pimelea 

Acacia 

Poaceae 

Plantago cf lanceolata 

Plantago cfvaria 

Chenopodiaceae 

Caryophyllaceae 

Brassicaceae 

Asteraceae Tubuiifiorae 

Asteraceae Liguliflorae 

Zygophyllaceae 

Polygonaceae 

Gonoca'7}us 

Trilete spores 

Monolctc spores 

Sellaginella 

Hydrocotyle 
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Eucalyptus spp. 

A.ftoribunda, C. eximia, C. gummifera 

Melaleuca spp. and Leptospermum spp., Acmena smithii. 

Tristaniopsis sp., Baekhousia myrtifolia. 

Any other species in the family 

A. tomlosa, A. !ittoralis 

Pinus spp., most likely P. radiata 

Native Callitr;s or other intodl.lced species 

Dodonaea triquetra 

All species in the family, excluding Banksia spp. 

Banksia spp. 

MOl1otoea spp. 

Includes species from Fabaceac (excluding Acacia), Rutaceae, 

Dilleniaceae, Gooden;a hederaceae, Ampera ;typhoclada, 

Violaccae, Bursaria spinosa, Stylidiaeeae 

Mainly E/aeoearpus retielllatus, Ceratopeta/unI spp. 

Pimelea linifolia 

Acacia spp, 

Poaceae species 

Plantago lanceolata (introduced) 

Plantago varia (native) 

Chcnopodiaceae species (not in Appendix 1) probably herbs 

CaryophylJaccae, as above 

Brassicaceae, as above 

Asteraceae species, excluding Hypoehoeris radieata 

Probably only Hypochoeris radicata 

Probably Tribulus terrestris, but the plant was not observed 

PersicQl';a decipiens, P. hydropipel; P orientale 

G0170eaJplls spp. 

C.vathea sp, Ptel'idiulJ1 sp. Adiantum spp. Cheilanthes spp. 

Blec/1I111nt spp., Davallia sp., Doodia sp. 

Sellaginella lI/iginosa 

Hydrocotyle spp. 

Proc. Linn. Soc. N.S.W., 128,2007 



S. ROSE AND H.A. MARTIN 

Rcstionaceac 

Cypcraeeac 

lv~J'r;ophylllll11 

Potomogeton 

Unknown I (inapcrtllratc) 

Unknowns 

Restionaccac species 

Cypcraeeac species 

N~vriophyllllm variifolilllU 

Potomogeton (ricarinatus 

Inaperturate grain with coarse granular pattern~ thin exine, 

20-25 um diameter. 

All other unidentified grains 

Other pollen types on surface sample pollen diagram 

Platysace 

Leucopogon 

Monosulcatc 

Exocmplis 

Goodeniaccac 

Apocynaceac 

Portulacaccac 

Loranthaceae 

Lomandra 
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Platysace linearifolia 

Leucopogon spp 

Liliaccae (sensll. lat) 

Exocmpus spp. 

Scaveola ramossh.;mG 

Parsonsia straminea 

Portulaca oleracea 
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Abstract 

Palaeoenvironmental sequences that desclibe the vegetation of the last glacial maximum (LGM) and of the subsequent climatic 
amelioration arc relatively rare in the Australian, Southeast Asian and Pacific region (SEAPAC region). Here, we present the results of a 
palynological investigation from Lake Baraba, located in eastern Australia, which extends beyond 43 ka, Bands of oxidised sediment 
prior to the LGM suggest lake level fluctuations, however, lacustrine clays continued to be deposited throughout the LGM and into the 
early Holocene when the deposition of peat was initiated. The vegetation, a Casuarina woodland/shrubland with a mixed understorey, 
remained relatively stable from > 43 kyr to the cady Holocene, suggesting that this sclerophyllous vegetation was resilient to changes in 
climate. The vegetation of the LGM at Lake Baraba does not conform to previous descriptions of a treeless south-eastern Australia, and 
it is possible that it was a refugium [or woodland. Myrtaceae expanded at the expense of Casuarinaceae from the early Holocene, with 
charcoal analyses suggesting that fire was an unlikely explanation. There was no apparent relationship between Aboriginal site usage and 
fire activity and hence how Aboriginal people used fire at Lake Baraba remains speculative. 
© 2006 Elsevier Ltd. All rights reserved. 

1. Introduction 

This paper describes a>43,000-year pollen and charcoal 
record from Lake Baraba, located in southeastern 
Australia, which investigates the nature of vegetation and 
fire in the landscape over a period which includes the last 
glacial maximum (LGM) and subscqucnt climatic ameli
oration. This palaeoecological record, compared and 
contrasted wit11 existing studies from southeastern Aus~ 
traJia, enhances our understanding of the history and 
developmcnt of the extant vegetation, Furthcrmore, this 
rccord suggests that the vegetation surrounding the site 
during the late g1acial was unlike previous descriptions in 
southeastern Australia, thereby suggesting a greater 
divcrsity of land-coveL Charactcrising the vegetation of 
various locations during the late glacial period is useful for 
various endeavours including validation of climate and 
earth system models. 

"'Corresponding author. Tel.: +61293858063; fax: +61293853327. 
E~lIIail address: s.l1looney@unsw.edu.:lu (S.D. MOOlley). 

0277-3791J$-see Cront mailer (e) 2006 El..;cvier Ltd. All rights reserved. 
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The climate of the LGM in Australia, ~21-18 ka, was 
inhospitab1e with cooler, drier and windier conditions 
(Markgraf et aI., 1992; Allan and Lindsay. 1998) coupled 
with reduced atmospheric CO2 content (Petit et aI., 1999), 
It is estimated that precipitation levels were about half 
present day values in the mid-latitudes (Allan and Lindsay, 
1998) and mean annual temperatures were up to 10°C 
cooler in southcastern Australia (Kershaw, 1995), Sea 
levels during the LGM were ~120-J35 m lowcr than 
current levels (Lam beck and Chappell, 200 I; Yokoyama 
ct aI., 2001) resulting in Australia being about one-third 
larger than it is today (Markgraf et aI., 1992), 

There arc only 33 sites in the Australian, Southeast 
Asian and Pacific region (SEAPAC region) that have a 
record of vegetation during the LGM (Dodson, 1994; 
Kershaw, 1995; Pickett et a1., 2004), At the peak of the 
LGM, about 20 ka, previous studies indicate the vegetation 
of southern Australia was a semi-arid grassland-steppe, 
dominated by Asteraeeae and Poaceae and with small 
patchcs of mesic communities (Dodson. 1994; Hope, 1994; 
Kershaw, 1995, 1998), More recently, Pickett et a1. (2004) 
have suggested xerophytic shrubs/woodlands characterised 
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the LGM rather than stcppe vegetation, The exposed 
continental shelf of southeastern Australia at the LGM, 
however, was covered in shrub, heath and woodland 
communities dominated by myrtaceous shrubs, Astcraceac 
and Chenopodiaceae (Harle, 1997). 

Palynological studies suggest a relatively rapid climatic 
amelioration following the LGM with increases in arboreal 
taxa (e.g. Eucalyptus, Casflarina) , The Pleistocene
Holocene boundary (~1I ka) has been described as a 
period of rapid climate change with temperatures and 
moisture regimes beginning to reach modern values 
(Kershaw, 1995). Thc re-expansion of vegctation commu
nities dominated by trees also datcs to about this time, 
Changes to the vegetation have been relatively minor 
throughout the Holocene, but this perceived stability may 
be related to palynological invisibility of subtle changes 
within families (e,g, Myrtaceae, Casuarinaceae) (Clark, 
1983). A number of records in south-eastern Australia 
show an increase in Eucalyptus at the expense of Casuarina 
starting from various times during the Holocene (e.g. Ladd 
et aI., 1992; Devoy et a!., 1994; Harle, 1998; Gale and 
Pisanu. 2001), Thc cause of this has been attributed 
variously, but most often to the role of fire. 

The period 7-5 kyr has been described as the prccipita
tion peak, or Holocene Climatic Optimum in Australia and 
the period 4--2 kyr was perhaps cooler and drier (Kcrshaw 
et a!., 2002), Lees (1992) linked the changes to enhanced 
climatic variability from 5.5 kyr onward, suggesting this 
may be associated with sea level stabilisation and conse~ 
quently, ENSO fluctuations, More recently, Gagan et a!. 
(2004) suggested that the onset of modern ENSO 
periodicities, idcntified by palaeo-records from the tropical 

The Sydney Basin 

Pacific, began ,,-,5 kyr with an abrupt strengthening in 
magnitude from ~3 ka. 

The mid~late Holocene is also believed to have been an 
important period of change for humans in south-eastern 
Australia with technological changes in the archaeological 
record perhaps associated with 'intensification' (e.g. 
Lourandos, 1980, 1983), The 'intensification' of Australian 
Aboriginal populations during the mid-late Holocene, 
however, is controversial (e.g, Rowland, 1999) and may 
involve increased archaeological visibility. Often-quoted 
archetypes of technological 'breaks' have recently been 
demonstrated to be less abrupt 'introductions' (Hiscock 
and Altenbrow, 1998) and rising sea levels and the 
subsequent loss of the continental shelf for living space 
must have had an impact on the Aboriginal people 
(Atlenbrow, 2004), The ecological consequences resulling 
from the use of fire by Aboriginal people are uncertain 
(Bowman, 1998), 

2. The environment 

Lake Baraba is one of thc Thirlmere Lakes (34°13'S 
I 500 13'E), located about 100 km to the southwest of Sydney, 
New South Wa1cs (Fig. I), The lakes are an upland fluviatile 
system contained in an entrenched meander (Timms, 1992) 
at an altitude of305 m as1. Tectonic activity beheaded a river 
that probably originally flowed westwards, leaving the 
isolated, sinuous channel that now contains the lakes 
(Timms, 1992), The valley system and the lakes may 
potential1y be up to 15 million years in age which is 
unusually old for such small lakes (Horsfall et aI., 1988), 

Fig, I. Location of Lake Baraba, 
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The flora within Thirlmere Lakes National Park is 
typical of thc Sydncy Sandstonc complex and is particu
larly diverse with over 400 species from 250 genera 
represented (Benson and Howell, 1994; National Parks 
and Wildlife Services (NPWS), 1995), It is predominantly 
dry sclerophyU woodland and forest formations of mixed 
EucalyptllsjCorymbiajCosllorillo. Sydney Peppermint 
(Eucalyptus piperi/o) and Red Bloodwood (Corymbia 
gllmmifera) arc common. The 8 ha Lake Baraba is largely 
infilled and is mostly covered by swamp species dominated 
by sedges. Species found on the swamp surface include 
Pithy Sword-sedge (Lepidospermo IOllgitudinale), Scale
rush (Lepyrodia muelleri) and Zig-zag Bog-rush (Schoenus 
brevifolius) (Fairley, 1978). Aquatic vegetation of the site 
includes Tall Sedgc (Lepirollia articulata), TaU Spike-rush 
(Eleocharis sphacelata), Woolly Frogmouth (Philydrum 
lanuginosum), Water Lily (Brasenia schl'ebJ) and the algae 
Chara fibrosa. The paperbark tree, Melaleuca lillariifolia, 
also grows on the swampy edges of the site. 

The Thirlmcre Lakes experience a warm temperate 
climate with average temperatures ranging from 25 to 
33°C in summer and 5 to 15 °C in winter. The average 
annual rainfall is 804 mm (BoM, 2005). Fire is a rcgular 
event in dry sclerophyllous vegetation and during the 20th 
century at Thirlmere Lakes there has been an average 
of one large and intense wildfire every 7.5 years 
(Noakes, 1998). 

The traditional custodians of Ole Thirlmere Lakes region 
arc the D'harawal and Gundangarra people (NPWS, 
1995). The lakes and wetlands of the Thirlmere Lakes 
would have provided a plentiful supply of food and 
cthnograpl1ic evidence suggests that the Aboriginal people 
of the region frequently applied fire to the landscape 
(NPWS, 1995). Evidence for the earliest occupation of the 
Sydney Basin is from Wentworth Falls, which has been 
dated at ~22,000-yeir BP (Stockton and Holland, 1974). 
Attcnbrow (2004) has suggcsted that the establishment of 
Aboriginal sites increased from 8 kyr with the habitation 
rates of these sites generally increasing until the arrival of 
European people. The Gundangurra and D'harawal 
populations declined in the 1800s largely due to conflict 
with and diseases introduced by European people. 

3. Methods 

A 6.35 m sediment core was extracted from a swampy 
section of Lake Baraba using a Russian D-scction corer 
(Jowsey, 1966) in June 2003. The stratigraphy of the core 
was described using a modified version of the Troels-Smith 
metllOd (Kershaw, 1997) and was photographed. Five sub
samples of the core (147-153, 275-285. 347-353, 464-472 
and 595 .. 601 cm) were submitted for radiocarbon dating. 
Radiocarbon ages were calibratecl with CALlB v5 (Stuiver 
et al., 2005) using the IntCalO4.14c (Reimer et aI., 2004) 
and ShCa104.14c (McCormac et al., 2004) data sets. Where 
ages are reported in the text these arc calibrated ages based 
on a polynomial equation derived from graphing the 

midpoint of the depth of the dated sediment sections 
against calendar ages. 

h1acroscopie charcoal, which is thought to represent 
local or catchment fire events (Whitlock and. Millspaugh, 
1996), was analysed using a modified version of the 
'Oregon sieving method' (Long et aI., 1998) and image 
analysis (Mooney and Black, 2003). Volumetric sub
samples were taken at every 5 em from the core and 
dispersed for 24 h in 8% sodium hypochlorite (bleach) to 
remove the pigment from organic matter and hence aid in 
the identification of charcoal. This material was washed 
through a 250 fun sieve and the collected material was 
photographed in a petrii dish using a digital camera (Nikon 
Cool pix 4500). The area of charcoal was calculated using 
image analysis software (Scion Image Beta 4.02 for 
Windows). 

Pollen samples were prepared using standard palynolo
gical techniques (Faegri and Iverson, 1975). Volumetric 
samples were takcn every 10 cm along the core and at 
every 5 cm between 600 and 635 cm, and exotic pollen 
(Alnus) was added as a spike. The samples were defloccu
lated with hot 10% NaOH and then sieved through a 
150 flm mesh. Silicates were removed using heavy liquid 
(Le. ZnBrz(nq.») separation and organic matter with 
acetolysis. Samples were mounted in silicon oil and the 
palynomorphs were counted at 400 x magnification until 
200 grains were identified. The pollen counts were 
expressed as percentages, with all grains contributing to 
the pollen sum. If the pollen count was very low « 50 
grains) they were omitted from the pollen diagram. The 
pollen data was stratigraphically grouped into different 
zones using the CONISS cluster analysis feature of 
Tilia Graph (Grimm, 1992). Significant changes in 
other analysed parameters were also considered when 
formulating the zones. 

The interpretation of the pollen diagram relies on the 
identification, representation and source habitat for each 
palynomorph, as described in Table 1. 

Loss-on-ignition (LOI) analysis was used to calculate the 
proportion of organic material contained in sediments 
(Bengtsson and EneiL 1986). Sediment samples of a known 
volume were taken at 5 em intervals through the sequence 
and their mass determined. After drying at 105 °C for 24 h, 
the samples were combusted at 550°C for 4h to estimate 
organic content. LOr was expressed as a percentage 
(of oven dried mass) that represents the proportion of 
organic (or combustible) matter in the sample. 

4. Results 

4.1. Core stratigraphy and chrollology 

The lowennost section of the sediment core recovered 
from Lake Baraba, from 410 to 635cm, consisted of dark 
grey organic elays abruptly alternating with light yellowj 
orange clays with each section approximately 50 em in 
dcpth. From 410 to 80cm the corc consisted of dark 
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Table I 
The pollen and spores quantified in the Lake Baraba sediment, and their indicative value 

Pollen or spore 

Myrtaccaell 

Casuarinaceae 

Ballksia 

Acacia 

CheJlopodfoceae 

Poaceae 

Asteraceae 

Pillus 

Cyperaceae 

Restiol1aceae 

Ptel'idiltlll spp. 

Other lliiele spores 
and other ferns 

fIaloragaceae 

Indicative vallie 

• Predominantly shrubs and trees of natural vegetation communities but includes species used ror wind-breaks. 
• Myrtaccac pollen thought to be well or over-represented. 
• Includes Eucalyptus, COl'ymbia and some Melaleuco of which somc species are indicative of wet swampy conditions. 

• Indicates natural vegetation both shrubs and trees in a wide range of habitats. 
• Casuarinaceae pollen generally very over-represented (e.g. in coastal heaths if Casuarinaceae pollen represented> 20'Y., of 

the total count it can be assumed that it was growing locally whereas counts of < I 0<1., suggest that it was locally rare or 
perhaps coming from a regional source). 

• Includes Casuarilla spp. and Allocasuarino spp. 

• Common as an understorcy in prc-disturbed woodland communities and also in hcath formations and probably indicative 
of drier vegctation communities although it includes some swamp growing representatives. 

• Extra-local source and undcr-represented. 

• Generally indicative of drier native woodland communities but some members indicative of moist forests (e.g. A. 
melalloxylol1). Thick stands of young Acacia may be indicative or recent disturbance, including fire. 

• Very poor dispersal characteristics and under-represented. 

• A generally high salt tolerance means that the family is probably indicative of saIt marshes a.round cdge of the lake. 
• It is a well to over·rcpresented pollen type. 

• Of len indicative of open and drier vegetation communities. Introduced pasture also represented by the family. 
• Regional pollen source that is weIl·to·over represented. 
• Includes many species of grasses. 

• Herb and shrub species of more open vegetation communities. 
• The family is a component of regional pollen rain and is over- represented in pollen diagrams. 

• Mostly P. radiata (Monterey Pine), an introduced tree indicating post·European sediments. 
• A weIl to over-represented pollen type. 

• Sedges indicative of wet and swampy areas. 
• Considered to be well to over-represented in pollen diagrams. 

• Herbaceous species of a variety of habitats, however generally swamp tmea. 
• Restionaccae arc often undcr-represented in pollen diagrams.' 

• Wide range of habitats. usually well-drained. Also commonly associated with disturbance, either part of post-fire or old-field 
successionmy sequence. 

• WeB-to-over represented (Dodson, 1983). 

• Generally understorey species indicative of wetter patches in the landscape. 
• These spores are usually well-represented (Ladd, 1979). 

• Either a herb or wetter areas (e.g. fIaloragis spp.) or freshwater aquatic environment (lvlyriophy/lulIl spp.) that is well
represented in pollen diagrams. 

Sources: Dispersal and Representation: Dodson (1983), Ladd (1979). Indicator value: Kodcla. and Dodson (198&). 
ilMyrtaceae pollen was not identified to the component genera since separation is not reliable. 

organic peat, however, a slightly sandier peat was found 
between 130 and 95 cm. The upper 80 cm of the core was 
generally dark in colour, and was a sandy peat. 

LOr values were found to be very low, averaging ~8%, 
between 425 and 635 em. The values increase quite abruptly 
between 390 and 425 em after which they remain very high 
(~90%), with the exception of a drop at 360cm. LOI 
values decrease to an average of ~67% between 95 and 
130 em and between 0 and 95 cm they become variable with 
values ranging between 17% and 100%. 

The resuits of the 14C dating of the deposit suggest that 
the base of the analysed profile is greater than 43,000 yr BP 
(Table 2). Pollen analysis revealed the first appearance of 
the exotic taxon Pinus, representing European occupation, 
atlOcm. 

4.2. Pollen 

Fig. 2 shows the pollen counts and the zones identified. 
Zones 2, 4 and 6 were largely defined on the basis of low 
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Table 2 
Radiocarbon ages und calibrntion for Lake Bnraba sediments 

Sample Dating material and technique I'le dnte BP with Cn!. years BP Lab code 
depth 1(1 error with 20" elTor 
(cm) 

147-153 Bulk sample organic sediment; standard 14C 4130±70 4421--4821 p.186144 
275-285 Bulk smnple organic sediment; standard 1.1C 5950±60 6549-6887 p.192607 
347-353 Bulk sample organic sediment: standard !<le 6750±80 7433-7675 p.186145 
464-472 Bulk sample organic sediment with high clay content; AMS 14C 19411 ± 196 22 541-23 716 NZA·21524 (Wk·15S18) 
595-601 Sieved charcoal; AMS 14C >43630 N/A p.192608 

Calibration results from CALIB v5 (Stuivcr et al.. 2005). The mid.points of calibrated year ranges are used in age-dcpth model calculations. 

pollen concentrations, and serve to separate them from the 
adjoining relatively pollen· rich zones. 

Zolte I (634 em): the one sample in this zone is 
dominated (~SO% of the total count) by an unknown 
palynomorph that may possibly be an algal spore. 
Casuarinaceae pollen makes up ...... 10% of this zone with 
the remainder of the count composed of Halagoraeeae, 
Myrtaceae, Poaceae, Podocarpaceae and Proteaceae. If the 
unknown palynomorph is disregarded, the composition of 
the pollen spectrum is similar to the zones above it. Total 
pollen concentrations arc low in this zone. 

ZOlle 2 (610-{i30cm): of the seven samples examined in 
this zone two were void of pollen (620 and 630 em). There 
were trace levels of Casuarinaceae, monolete spores, 
Podoearpaccae, Poaceac, Myrtaceac, Asteraeeac, Cheno
podiaceae, Cyperaccae and Dodonaea. Total pollen con
centrations wcre very low in this zone and have been 
omitted from the ponen diagram. 

ZOlle 3 (560-610 CI11): this zone was dominated by 
Casuarinaceae (~60%) with Myrtaceae and Halagoraccae 
eaeh representing '""V 1 0°;;, of pollen counted. Poaceae, 
Asteraceae, Acacia spp, and Dodonaea spp. were repre
sented although in small concentrations. The representa
tion of monolete and trilete spores varied considerably in 
this section ( ........ 4% to "-'25%). Several grains of Proteaceae, 
Podocarpaeeae, Fabaceae, Euphorbiaceac, Cyperaeeae and 
Chenopodiaceae were also seen. Total pollen concentra
tions were low in this zone. 

ZOlle 4 (520-560 em): pollen was very sparse and has 
been omitted from the pollen diagram. Casuarinaceae was 
most common, followcd by monoletc/trilete spores, Hala
goraeeae and Podoearpaccae. 

ZOlle 5 (490-520cl11): the pollen spectrum in this zone is 
very similar to Zone 3, with Casuarinaceae dominating, 
although Dodol/aea was absent. Total pollen concentra
tions were slightly elevated in this section. 

ZOlle 6 (460-490 em): pollen was very sparse in this zone, 
however, Casuarinaceae (57%), trilete/monoletc spores 
(10%), Poaceae (9%), Halagoraceac (8%), Myrtaceae 
(6%), Astcraceac (3%), Podocarpaccae (3%) and Cheno
podiaceae (2%) were identified. 

ZOlle 7 (41 0-460 cm): this zonc is charactcriscd by a high 
proportion of Casuarinaceae ("-'60%). Halagoraceae 
representation was high ncar the base, but decreased 

(from ~30% to 1 %) through the zone. Myrtaceae (7.5%) 
and Poaceae (5%) are the only two other palynomorphs 
that are reasonably well reprcsented. Total pollen concen
trations are relatively high. 

Zone S (230-410 em): this zone is characterised by a 
substantial decrease in Casuarinaceae and an increase in 
Myrtaceae pollen. Poaceae concentrations are slightly 
elevated during this zone (~IO%) and Cyperaceae, trilete 
spores and Restionaceae steadily increase through this 
zone, Dodonaea spp" Fabaceae and Halagoraeeae also 
persist throughout this zone although in low concentra
tions. Chenopodiaceae increased through the zone and 
decreased towards the top. Total pollen concentrations are 
decreasing in this zone. 

Zone 9 (170-230 em): there were very high concentra
tions of fungal spores throughout this zone and pollen was 
very sparse and actually absent in samples where fungal 
concentrations were especiaUy high. The samples that did 
contain palynomorphs were dominated by Cyperaceae 
(24%), Myrtaceae (20%), Casuarinaceae (19%), Poaceae 
(1S%) and trilete spores (5%). 

Zone 10 (10-170cm): Casuarinaceae and Myrtaeeae each 
represented ....... 30% of the total pollen counted in this zone. 
Poaceae dccreased from a high of ~50% and Halagoraceae 
increased abruptly to an average of "'30% in the upper 
part of this zone. Cyperaceae representation was generally 
low with the exception of two peaks at 60 and SO cm. 
Trilete and monoiete spores persisted throughout this zone. 
Total pollen concentrations were slightly elevated in the 
lower part of this zone and became very high in the upper 
part. 

ZOlle II (0-10 em): Acacia spp., which is poorly 
dispcrsed (Dodson, 1983), represented ~5% of the total 
pollen sum. There were moderate concentrations of 
Myrtaeeae, Casuarinaceae and Poaceae. Monolete spores 
peak at 10cm representing ........ 35% of the pollen sum. Total 
pollen concentrations were relatively low when compared 
to the upper part of the previous zone. 

4,3. Macroscopic charcoal 

Most of the analysed sediment profile from Lake Baraba 
has low levels of charcoal (Fig. 3), with peaks at 240, 270 
and 400 cm, a series of higher peaks at 230-200 cm and 
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Fig. 3. Macroscopic charcoal curve versus age for the radiocarbon dated 
section of the Lake Baraba sequence. 

minor peaks at 170-130cm. Macroscopic charcoal con
centrations werc extrcmely low bctwecn 470 and 455 cm 
and arc very low until 405 cm. Charcoal is relatively low 
but variable between 405 and 275 cm and then increases 
abruptly and rcmains very high and variable until 200 cm. 
Bctween 185 and 55 cm there is a decreasing trend in 
charcoal concentrations, from being relatively high to 
moderately low, but it remains variablc throughout this 
interval. The upper samples (50-0 em) have very low 
charcoal concentrations with some samples almost void 
of charcoal. There is much less charcoal found in the clays 
when compared to the peat sediment. 

5. Discussion 

5.1. Sedimentary history 

Fig. 4 presents a summary of the scdimentary history at 
the location of the sampled sediment core on Lake Baraba 
and gives the age-depth relationship. 

Sediments deeper than 595-601 em are >43 630 14C 
years in age. The sitc was initially a lake slowly 
accumulating clays (~0.04mm/year). Extrapolation of the 
rate of sedimentation suggests that the base of the analysed 
profile could be 55 kyr or older and hence it is speculated 
that the record may extend well into Marine Isotope Stage 
(MIS) 3 (~59-24ka). MIS 3 is an intcrstadial that 
corresponds with cool and moist conditions in south
eastern Australia suggested by high lake levels (e.g. Bowler, 
1981, 1986; Wasson and Clark, J988). During the latter 

part of the period conditions becamc increasingly drier and 
colder (Allan and Lindsay, 1998) culminating with the 
LGM. 

The yellow/red/orange bands and mottling (605-635, 
510-555 and 410-262cm) indicate oxidising conditions and 
are likely to reflect periodic drying of the lake. Uniform 
dark organic and grey clays (the colour representing iron in 
the ferrous state), however, indicate anaerobic conditions 
and were deposited when the lake was more permanent. 
Pollen is best preserved during permanently wet conditions 
and hence more pollen was recovered from the dark clays 
and very little from the yellow clays up to the LGM 
(Fig. 4). Thus drier conditions alternated with wetter 
periods in the period leading up to the LGM leading to 
pollcn-poor and relatively pollen-rich zones. This means 
that the vegetation record is not continuous, and given the 
resolution of the dating. the pre-Holocene sediment record 
of the site may also include gaps. 

It is difficult to assess just how <dry' or penn anent the 
lake may have been prior to the LGM. During historic 
times the lakes within Thirlmere Lakes National Park have 
been noted to recede significantly during times of drought, 
c.g. 1902, 1928 (NPWS, 1995), so it appears that they are 
hydrologically sensitive. Thus, the sedimentary record of 
Lake Baraba. at a minimum, may indicate no more than 
the variation in moisture balance seen in historical times, 

Reviews of lake levels in southeastern Australia (e.g. 
Harrison, 1993; Allan and Lindsay, 1998) indicate wetter 
conditions prevailed between 30 and 24ka, and drier 
conditions from 24ka, through the LGM until 12kyr 
(Harrison, 1993). Again, it is uncertain as to how 'wer or 
how 'dry' these phases were. Reconstnlcted lake levels in 
the interior of southeastern Australia have also revealed 
mixed results, with some lakes being low and others either 
high or intermediate (Harrison and Dodson, 1993). 

In the early Holocene (~8.5 ka), peat started accumulat
ing at Lake Baraba and the rate of sedimentation increased 
markedly (~0.67 mm/year). This indi,ates that at the site of 
the sampled core the lake had become shallow enough to 
facilitate swamp vegetation and peat formation. Peat 
accumulation has continued until the present althongh 
there was a hiatus, perhaps in response to a dry period, 
between ~6 and 5.2ka, indicated by high levels of fungal 
spores. Harrison (1993) describcd a dry phase between 6 
and 5 kyr and Pickett et al. (2004) reported increased 
moisture stress in the vegetation of the mid-Holocene. 
Chalson (1991) also identified the period ~6.5-5.5 kyr as a 
time of oscillations bctween wet and dry conditions which 
is roughly coincidental with the Lake Baraba record. Allan 
and Lindsay's (1998) synopsis of south-eastern Australian 
lake levels shows a marked drop between 5 and 4 kyr which 
is async11fonous with the Lake Baraba record. 

5.2. The vegetation history 

The pollen profile suggests relatively stable vegetation 
with only one marked change, viz the decrease in 

3010 ]ViP. Black el ai/Quaternary Science Reviews 25 (2006) 3003-3016 

Age-depth relationship with sedimentation rates Sedimentary I Pollen zones 

031 mmJyr 
50 \ 100 

150 (p-1B6144;462U:l: I!lOcal.y~BP) 

200 

250 

E 
~ 300 

"" fr 
0: 350 

400 

450 

500 

550 

0.35 mmfyr 

(p-192607;6720:l:70CLIl.yrBP) 

0.67 mmfyr 

~ (jl-186145;7550:l:7Ocal.yrBP) 

O.67mm/yr 

(Cilnn&C;nsll11lll,(raplly) 

0.04 mmfyr 
(N7A-21524;23060:l:340yrBP) 

units and interpretation 

Peat 

Peal with 
clay 

Peat with 
high clay 

Orgamc clay 

Yellow cl3,v 

Organic clay 

Yellow clay 

Ellror~nn p~"1iod 1LB II 

TLB 10 
Mlud £1,,;nly,,111";/ Casllnmw 
woodland with ~ckrophyn<lu~ 
Unde11'10rq 

Fungal ~I'0re~ 
Spnrr.epollen TLB 9 
Pcd<Hlie drying or ,wnOlp <urface 

l..:!rge~t peak 11\ charcoal 

TLBg 
Decte:l"illgCnsllfm'lfI 
lncre~'in!!£ur:n/)'"I'" 

Mnjorl'eakmchnrcoal 

TLB 7 
CnSfwrlt!tlwondlnn<Vr.hrubland 

Spar~e pollell TLB 6 
CaSfftlr/llt1 woodlilmll~hmhlnnd 

TLB5 
CnSllnn/W wOQ(Il~ndMl!llbland 
Spnrsepollen TLB4 

600 Ca.<tmri"a w[!Qdl~nd!~h!\Ibland 

(P--l9260B:>43630 yrBPj"7 TLB3 

650 . S ar~e llell TLB 2 

10 15 W ~ W ~ ~ ~ ~ 55 @ku 

Fig. 4. A comparison bel ween the rates of sedimentation. sediment type and the pollen zoncs. 

Casuarinaceae and increase in Myrtaceae from the early 
Holocene. However, given the broad classification of the 
palynomorphs there may well have becn undetected 
changes of species within the pollen groups. 

The terrestrial vegetation of zones 2-7, from >43kyr to 
the eady Holocene, was dominated by Casuarinaceae 
woodland/shrub land, at the time that the yellow/brown 
and dark grey clay bands were deposited. Halagoraeeae is 
present in moderate frequencies in the dark clay bands, 
which could indicate the aquatic Myriophyllum in the lake. 
There is little evidence of any swamp vegetation (e.g. 
Cyperaceae and Restionaceae), suggesting that if it existed 
it must have bcen confined to a sman zone around the lake. 
At this level of pollen identification, it appcars that the 
composition of the terrestrial vegetation was much the 
same from >43 kyr through the LGM, until the beginning 
of the Holocene. If shrubby forms of Casuarinaceae 
replaced trees under the harsher climate of the LGM the 
palynology could not detect this. 

Whcn the palynology of the LGM at Lake Baraba is 
compared with other records from southeastern Australia 
the results are at odds with the general perception of 
trceless vcgetation communities. Notably, however, 
Dodson (1975) also described a relatively high proportion 

of arboreal (Eucalytus and Casuarinaceae) pollen in the 
period encompassing ....... 35 to ....... 10kyr at Lake Leake in 
southeastern South Australia. The comparatively low 
representation of Asteraceae and chenopods during the 
LGM at Lake Baraba suggests that the site was not 
covered by steppe grassland and further distinguishes this 
vegetation from the Lake Leake record and elsewhere in 
southeastern Australia (Table 3). The prominence of 
Casuarinaceae and the relatively minor representation of 
Poaceae at Lake Baraba during the late glacial period are 
also unusual. This may reflect the geological environment. 
as Lake Baraba is located on a relatively infertile substrate. 
At Lake Baraba scJerophyllous vegetation domiuated by 
Casuarinaceae appears to have continued to occupy the site 
throughout the late glacial suggesting that the site acted 
as a possible rcfugium. Halagoraceae, dominated by 
Myriophyllum spp., also indicates shallow and fluctuating 
water levels during this time. 

The climatic events that may have been experienced in 
Australia during deglaciation, such as the Antarctic Cold 
Reversal (~12.9-14.5ka) (Blunicl' et aI., 1997), arc not 
evident in the Lake Baraba palaeoecological record. This is 
not to say that they were not experienced at the site but, 
more likely, thc resolution of the record at this time was 
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Table 3 
A comparison between the average percentages for the south~eastern mainland pollen data set for major taxa at selected time~s!ots from Kershaw 
(1995. p. Mll) with the pollen record from Lake Saraba 

Timesiols CaSliarillu Ellca~)'pfll,~ Poaceae Aster<\ccae Chcnopodiaceae MyriophyllulI! Restionaccae 

Prc~Europcan 14 20" 42 28" 19 1 12 32 
6kyr 20 26" 37 ISb 21 7 9 3 12 
9kyr 16 65~ 28 6b 34 10 13 12 4 0 
12kyr 4 54" 17 14h 45 23 15 3 13 
LGM 57" 7 6b 44 35 II 21 8 

Kershaw (1995) used 71 pollen diagrams with only 12 of which covered all time periods. 
Lake Baraba results arc bolded. 

llCasuarillaceae. 
hJncludcs all Myrtaceae species. 

too coarse to register any changes. Furthermore, if the site 
acted as some sort of refugiuJ11 during the LGM it is 
unlikely that smaller changes such as the ACR would 
register in the record. Clark (1983) has previously 
suggested an inability of palynology to detect subtle 
changes in fire~adapted vegetation. 

In southeastern Australia the Holocene generally depicts 
recovery of the vegetation and c1imatc to its present-day 
status. Patterns resembling the modern vegetation began to 
be established from the late Pleistocene/early Holocene, 
when the climate approached that of today (Harrison and 
Dodson, 1993; Dodson, 1994; Kershaw, J998). Dodson 
(1994) suggested that lowland vegetation was largely 
inscnsitive to environmental change during the Holocene, 
and our results concttr with this overview. At Lake 
Baraba, vegetation similar to today began to establish 
from about 8.5 ka. 

From ~8.5 ka, when peat accumulation started, Casuar
inaceae declined and Myrtaceae increased. This change 
could indicate that Eucalylpus. the dominant genus of 
the vegetation today, increased at the expense of 
Casuarinaceae. In southeastern Australia, typical lowland 
forests of the carly Holocene forests were dominated 
by Casuarinaceae (Lloyd and Kershaw, J 997) and a 
decline in Casuarinaceae and increase in Eucalyptus 
(or Myrtaeeac) pollen is a feature of many Holocene 
pollen records (Dodson, 1974; Clark, 1983; D'Costa et aI., 
1989; Ludd et aI., J 992; Devoy e( aI., 1994; Harle, 1998; 
Gale and Pisanu, 2001). The decline ill Casuarinaccae has 
been dated as early as 7.5 kyr (DTosta et aI., 1989; Aitken 
and Kershaw, J993) and as late as 4.5kyr (Hooley et aI., 
J 980). At Lakc Baraba Myrtaccae, most likely eucalypts or 
paperbarks, expanded at the expense of Casuarinaceae 
from ~8.5 ka. 

The reasons for this rise in Eucalyptlls at thc expense of 
Casuarinaceae throughout the Holocene have been de
bated (Dodson, 1974; Hooley ct aI., J 980; Clark, J 983; 
D"Cosla el aI., 1989) with competitive exclusion. increased 
moisture and altered fire regimes most commonly sug
gested (Lloyd and Kershaw, 1997). Crowley (1994) and 
Cupper et al. (2000) have suggested that the Holocene 
decline in Casuarinaceae was linked to soil salinity but this 

is an unlikely reason for the decline in Casuarinaceae at 
Lake Baraba considering the freshwater setting. 

The fire sensitivity of the Casuarinaceae family has been 
controversial (e.g. see Clark, 1983), however, the Casuar
inaceae palynomorph includes species that are fire tolerant 
and those that rely of fire for regeneration (Ladd, 1988). 
Fire activity at Lake Baraba gradually increased from 
~7.5 kyr and abnlptly increased at ~6.7 kyr where it 
remained high until "'-'5.5 kyr. The decline in Casuarinaceae 
and associated rise in Myrtaceae precedes this increase in 
fire activity by ~ 1000 years. This suggests that fire activity 
was a response to the establishment of the more fire-prone 
Myrtaceae and swamp vegetation. rather than the cause of 
this change in vcgetation. 

Ladd (1988) has suggested that the morphology of 
Casuarina species means that they are poor competitors 
with broad-leaved species. At Lake Baraba we suggest that 
the pre-swamp environmental conditions were more 
suitable for Casuarinaceae but this declined as a swamp 
fanned in the early Holocene. The relationship between the 
CasuarinaceaejMyrtaceae ratio and the evolution of the 
lake to a swamp (indicated by the organic content) is 
depicted in Fig. 5. The lake environment corresponds with 
a low MyrtaeeaejCasuarinaceae ratio between "-'20 and 
8.5 ka. Swamp conditions are indicated by a high 
Myrtaeeae/Casuarinaceae ratio from ~8.5 kyr to present. 

Chalson (l991) undertook palynological analysis on 
seven swamps in the Blue Mountains, New South Wales to 
find a trend to wetter conditions from II to 8 kyr with 
maximum moisture from 8 to 6.5 ka. A similar pattern is 
detected at Lakc Baraba with Restionaceae and trilete 
spores, likely to be wet indicators, increasing from ~8.6 kyr 
to a maximum representation at "'-'6 ka. 

The fungal spores of Zone 9 (6-5.2 ka) suggest the 
swamp surface periodically dried alit (Pals et aI., 1980; 
Eisik, 1996) but these dry periods were not severe enough 
to disrupt peat production. This zone follows the two peaks 
of major fire activity, which continued at lower levels 
through the zonc. It is likely that dry spells allowed 
increased fire activity. During this time there was a 
decreased tree eover and Cyperaceae and Poaceae polIen 
are elevated which may reflect this postulated drier c1imate. 
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Fig. 5. A comparison between the Myrtaceae/Casuarinceae ratio and the organic content of the sediment from loss~on~ignition. 

Very high concentrations of charcoal in the latter part of 
Zonc 8 (~6ka) suggest high fire activity, and this may have 
also influenced the tree cover during Zone 9 (6-5.1 ka). 

By 6 kyr and especially after ~5 kyr, the vegetation 
composition is similar to the EucalyptusjCasuarina wood
land that grows on the site presently. The 6 kyr biome 
reconstruction by Pickett ct al. (2004) also implies that the 
broad-scale pattern of Australian vegetation at this time 
was largely similar to the contemporary environment. The 
surface samples that include the European period have 
decreased concentrations of tree pollen (i.e. Casuarinaceae 
and Myrtaeeae) perhaps caused by land clearing and 
logging postdating European colonisation. 

5.3. Fire history 

At Lake Baraba charcoal was found in all parts of the 
analysed profile but varied markedly, implying that fire has 
been a persistent but variable component of the environ
ment. Kershaw et al. (2002) compiled a number of charcoal 
records throughout the Australasian region that cover the 
LGM. When the Lake Baraba record is compared with 
these records it has comparatively little charcoal during the 
LGM (Table 4). Reconciling the general treelcss descrip
tion of the vegetation at the LGM in south-eastern 
Australia with a high charcoal abundance is a task that is 
yet to be completed. It should be noted, however, that 

many of these previous records analysed smaller charcoal 
fractions, perhaps reflecting larger source areas (Clark, 
1988), and this may partially explain this observation. Fire 
was a more significant feature of the Holocene at the site, 
however, the aforementioned changes to the sedimentary 
environment should be considered. The initiation of the 
swamp in the early Holocene means that fire may have 
impacted on thc site itself occasionally, thereby increasing 
charcoal delivery. 

Anthropogenic fire must also be considered since fire is 
often attributed to the presence of Aboriginal people. 
Attcnbrow (2004) recently analysed archaeological data 
from 58 sites in Sydney and the NSW South Coast, 
ineluding the hinterland, to deternline the rate of Abori
ginal habitation establishmcnt and the number of habita
tions used in each millennium. Fig. 6 shows that charcoal 
at Lake Baraba and the number of habitations used in the 
region both gradually increase from the LGM to the early 
Holocene. From .....,,7 to 8 kyr this relationship breaks down, 
with thc number of habitations increasing more rapidly 
whilst charcoal content declines steadily. As site usage is 
only a coarse measure of past population 1cvels, at best 
(Attcnbrow, 2004), the influence of humans on fire in this 
environment warrants further investigation. 

Wang et al. (1999) have suggested the possibility that the 
expansion of Eucalyptus in the mid-Holocene "marks the 
development of fire as a management strategy" by 
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~4 . 
The key Australasian sites that have a record of charcoal throughout the Last Glacial Maximum i\?~:"!(', 

Site 

Lombok Ridge, eastern Indian Ocean 
Banda Sea. west of New Guinea 

Abundance of 
charcoal ll 

Vcry high 
Very high 

Charcoal measure 

Particles/em) 
Particles/cm2/year + mg/cm2

/ 

year 

~ "" '. , Reference 

Wang ct nl. (1999) 
van dcr Kant'S et aL (2000) 

3013 

ODP site 820 offshore. NE Queensland 
(QLD) 

Very low Particles/cm 3 Moss (1999). Moss <lnd Kershaw (1999) 

Lynch's Crater, NE QLD 
Lake George. New South Wales (NSW) 
southern highlands 
Lake Wangoon. western Vietoria 
Egg Lagoon, NW Tasmania (T AS) 
Lake Selina, western TAS 
Darwin Crater, western TAS 
L1.ke Euramoo, NE QLD 
Lake Bamba, Sydney Basin, NSW 
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Very high 
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Very low 
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Surface arca%/unit volume of 
sediment 
Particles/em) 
mm2/cm 3 

Not given 
Not given 
Particles/gm/year 
Area (mm2/cm3

) 

Kershaw (986) 
Singh et aL (1981). Singh and Gcissler 
(1985) 
Edney el aJ. (1990). Harle (1998) 

D'Cosla (1997) 
Colhoun et al. (1999) 
Calhoun and van de Gcer (1988) 
Haberle (2005) 

The scale for abundance of charcoal was based on the ranking of charcoal in thc time periods fonnulated by Kcrshaw ct al. (2002, p. 6). 
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Fig. 6. A comparison between the average charcoal values for Lake Baraba and the number of habitation sites used in the region [or millennial time scales. 
Source o[ archaeological data: Attenbow (2004; Tablc A4/1). 

Aboriginal people associated with intensification. As the 
increase in Myrtaceac at Lake Baraba began from '""8.5 ka, 
Wang et a!.'s (1999) suggestion that the "genetically 
plastic" eucalypts became adapted to Aboriginal fires 

regimes in the mid-Holocene is not supported by the Lake 
Baraba data. 

As an alternative explanation, the gradual increase in 
charcoal at Lake Baraba from the LGM may reflect the 
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likely increase in biomass accompanying climatic ameliora
tion. It is entirely plausible that other changes in fire during 
the Holocene may also be unrelated to human activity. 
Peaks in charcoal appear to be related to times of 
vegetation or environmental change and fires are possibly 
more frequent or intense at times of climatic instability 
(Edney et aI., 1990; Haberle ct aI., 2001; Kershaw et aI., 
2002; Black and Mooney, 2006). As an example, at Lake 
Baraba the increase in fire activity from 6.7kyr may reflect 
the onset of modern ENSO activity, and the decrease in fire 
from about 5.5 kyr the cessation of the response to this 
continuing variability. Notably, Kershaw et al. (2002) 
suggested that 7-5 kyr was a period of less fire in south
eastern Australia. 

6, Conclusion 

The analyses of the Lake Baraba sequence resulted in a 
vegetation, fire and sedimentary history dating to >43 kyr 
and included the LGM and subsequent climatic ameliora
tion. There were abrupt sedimentary changes between 
black organic clays and yellow/orange clays prior to the 
LGM and this is likely to be due to lake level fluctuations. 
Prior to the early Holocene the site was a lake depositing 
clay. Peat formation began from -8.5 kyr indicative of the 
change from a lake to a swamp due to the infilling of the 
site. 

The vegetation remained the same from > 43 kyr to the 
early Holocene, most probably a Casuarina woodland! 
shrubland with a mixed understorey. The sclerophyllous 
vegetation adapted to the relatively infertile substrate of 
the site appears to be relatively resilient to changes in 
climate, or the site was a refugiurn. Myrtaceae expanded at 
the expense of Casuarinaceae from the early Holocene . 
This shift in vegetation preceded any increase in fire and 
hence it is unlikely that this was the cause. 

Fire activity was low during the Pleistocene and 
especially low during the LGM. Fire activity increased 
during the Holocene although the record does not concur 
with the broad pattern of Holocene fire activity described 
by Kershaw et a!. (2002). There was no apparent relation
ship between Aboriginal site usage and fire activity and 
hence how Aboriginal people influenced fire activity at 
Lake Baraba remains speCUlative. Local biotic and abiotic 
factors (e.g. the change in the depositional environment 
from a lake to a swamp) may have been important controls 
of fire activity and charcoal deposition at the site, 
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The Lapstone Structural Complex fonus the most prominent topographic feature in the Sydney region. The complex 
consists of a number of related folds and faults, trending generally north-south, which together form a large south
plunging structure between Kurrajong Heights and Lapstone. The east-facing escarpment of tbe Blue Mountains. 
formerly called tbe upstane Monocline. varies in its character, being sometimes a single monocline, sometimes a 
double monocline and sometimes a normal or high-angle reverse faulL Faulting west ofKurrajong and at Glenbrook is 
part of a series of overlapping en echelon faUlts, west-side down, and sometimes overturned, rather than a single fault. 
This fault system fOnDS the west side of the complex. Significant minor structures associated with major features 
include thrusts, minor folds, joint systems, tectonic breccias, sedimentary injections and igneous dykes. Many of the 
minor structures show 3 marked parallelism with the major structures. 

The main period of deformation forming the complex is believed to have taken place in the Early Tertiary, but the 
overall structure bas a long and complex history. Field evidence suggests that sinistral strike-slip faulting played a part 
in the deformation, particularly ofthe near-surface rocks. Basement block faulting was also significant, producing the 
Cumberland Basin nnd associated structures when the main Lapstone structures were fonned. Basement structural 
control is believed to consist of the northerly extension ot the western edge of the Eden-Comerong-Yalwal Rift 
intersected by clements of the east-trending Lachlan Lineament. 

Key words: basement lineaments, block~fsulting, minor structures, monocline, normal and hjgh~angle reverse faults, 
structural complex, strike-sIip~ 

INTRODUCTION 

The Lapstone Structural Complex, 60 km west of 
Sydney, consists of a number of structures (gener
ally elongated north-south) between Warragamba 
in the south and the Colo River, a distance of some 
50 km (Figs I, 2). One of these structures forms 
the Lapstone-Kurrajong escarpment, the most 
prominent topographic feature in the Sydney 
region. The escarpment marks the abrupt eastern 
edge of the Blue Mountains Plateau where it abuts 
against the Cumberland Plain (Fig. 3). Work by 
Branagan (1969, 1975) and Herbert (in Smith 
1979), demonstrated that the Kurrajong and Glen
brook Faults were separate members of a series of 
en echelon faults, west-side down, situated west of 
the main escarpment, and generally parallel with it 
(Fig. 4). 

Intimately associated with the major structures is 
a variety of small-scale structures. These have 
received little attention previously, but their study 
has proved important in elucidating the defor
mational history of the region . 
. Branagan and Pedram (1982) presented a pre

liminary account of the findings reported in this 
paper, and detailed discussion of some aspects was 
given by Pedram (1983). Some conceptual ideas on 
the faulting were presented by Branagan (1983). 

STRATIGRAPHY 

The Lapstone Structural Complex consists mainly 
of sedimentary rocks of Triassic age, relicts of 
Tertiary gravel, and minor occurrences of igneous 
rocks (mainly dykes and necks) and Quaternary 
sediments. 

Triassic rocks 

The Hawkesbury Sandstone, the major unit ex
posed along the complex, is characteristically cross
bedded. It is overlain in places by up to 6 m of 
Mittagong Formation, consisting largely of lami
nated siltstone. This unit is overlain occasionally by 
Ashfield Shale. When the Mittagong Formation is 
absent, the Ashfield Shale rests disconformably on 
the Hawkesbury Sandstone. 

Post-Triassic Sediments 

Post-Triassic sediments are limited in extent, 
patches of gravel disconformably overlying Ihe 
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Triassic rocks (Fig. 4). Despite their sporadic distri
bution, these deposits give important clues to the 
history of tectonism. 

Generally the gravels can be divided into four 
groups based on their topographic occurrences: 
(1) on the Blue Mountains Plateau; (2) on the limb 
ofthe South Lapstone Monocline (see below); (3) on 
the high-level surface of the Cumberland Plain; and 
(4) in the present Nepean-Hawkesbury River 
drainage system. Gobert (1976) named the third of 
these the Rickaby's Creek Formation, and the 
fourth the Cranebrook Formation. Gobert (1978) 
included the first two with the Rickaby's Creek 
Fonnation as did Pedram (1983) and Bishop 
(1986), but they may be older. Theftrst three groups 
of gravels have a varying degree of cementation and 
those on the plateau and monocline are lateri
tized. 

All four groups contain pebbles derived 
essentially from the same locations - the drainage 
basins of the Cox and Wollondilly Rivers to the 
southwest - and the main source may be the thick 
Pennian fiuvioglacial gravels in that region. Bishop 

representation of the Lapstone 
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Fig.3 Lapstone structure. View towards the north from Cranebrook showing Mount Riverview Fault and 'step back' 
west at Grose River. 

(1986), after studying imbricated structures within 
the Lapstone gravels, thought there had been no 
significant change in the direction of flow of the 
Nepean River system transporting the gravels 
during its long history, 

Although the age of the gravels on the monocline 
is not well defined, all the authors who have studied 
them, for example Branagan and Packham (1967), 

. Taylor (1970), Gobert (1978), Bishop et al (1982) 
and Bishop (1986), suggest a Tertiary age of 
Miocene or possibly older. Gravels of the present 
Nepean-Hawkesbury river system at Cranebrook 
north of Penrith (GR 862270) have been dated at 
45000 years BP (Nanson et al 1987). 

Igneous rocks 

Igneous rocks in the area are confined to a few 
volcanic dykes and necks. They are mainly basaltic 
and are now largely altered to clay. A west-trending 
dyke is exposed at Bellbird Hill, Kurrajong-Heights 
(GR 803862), and one trending 350· is present at 
Glenbrook (GR 812608). In the Grose Valley there 
are three vertical and almost parallel dykes trending 
north-northwest. These dykes follow the trend of 
the nearby Grose Fault. 

Basaltic breccia necks exist at Diamond Hill near 
Kurrajong (GR 833874), at Norton's (GR 798508) 
and Bent's (GR 810427) Basins adjacent to the 

main eastern monocline-fault structure. The Green 
Scrub Basalt north of the area (GR 798942) appears 
to be cut by the Kurrajong Fault and rests on the 
Ashfield Shale. Wellman and McDougall (1974) 
determined the age of this basalt as 18.8 Ma. 

MAJOR STRUCTURES 

The Lapstone-Kurrajong escarpment can be 
divided from south to north into four structural 
zones: the Nepean Fault, South Lapstone Mono
cline, Mount Riverview Fault, and North Lapstone 
Monocline (Fig. 4). 

The Nepean Fault 

This feature is the dominant structure south of 
Mulgoa, The fault is well-exposed at Bent's Basin 
where a zone of sandstone overlain by shale, some 
80 m wide, dips mainly easterly at 80·, but there is 
one exposure of overturned beds dipping 85" to the 
west. The dipping beds abut in the west against 
almost horizontal sandstone. Although there is 
topographic expression of the fault scarp for some 
kilometres to the south, the fault is poorly exposed 
elsewhere and has been only cursorily examined in 
this study. Sherwin and Holmes (1986) indicated 
that it is sometimes a monocline. From field 
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evidence the fault appears to dip nearly vertically or 
steeply east, and the displacement is east-side 
down. 

Interpretation of seismic surveys south of Bent's 
Basin by Herbert (1989) indicates a complex system 
of faults. These are mainly in two separate zones: 
the Nepean Fault system; and, 7 km to the west, th~ 
Oakdale Fault system. The Nepean Fault appears to 
be a high-angle reverse fault dipping steeply west. 

South Lapstone Monocline 

From Mulgoa north to the Old Bathurst Road the 
escarpment follows the South Lapstone Monocline, 
an elongate north-south structure. Its extreme 
southern point lies east of the Warragamba River 
where its dip gradually decreases and its topo
graphic position is taken by the Nepean Fault. The 
general dip of the structure .in the area west of 
Mulgoa and Wallacia is approximately 8' towards 
the east. In this region the structure is 1-1.7 km 
wide. 

Farther north, the Monocline transects the 
Nepean River and Glenbrook Creek. Near Glen
brook Creek the structure consists of two parailel 
and north-south-trending flexures separated by a 
short section of horizontal beds (Fig. 5). The more 
westerly of the two flexures is present north of 
Mount Portal (GR 808596) where the dip is about 
10' eastwards. Within a short distance both south 
and north of Glenbrook Creek these two flexures 
merge and form one monoclinal structure. 

On Mitchell's Pass Road (Fig. 6) two monoclinal 
flexures are again exposed. The smaller of the two 
flexures, between Lennox Bridge (GR 808626) and 
Elizabeth Lookout, has a maximum dip of 14' 
towards the southeast. The main structural feature 
lies east of Elizabeth Lookout (GR 813626). The 
Hawkesbury Sandstone north of the lookout is 
almost flat-lying, but becomes gently tilted (5') 
towards the southeast. Over a horizontal distance of 
300 m the dip gradually increases to 42' and the 
monoclinal structure abruptly becomes strongly 
shattered. The shattered zone lies along the strike of 
the Mount Riverview Fault (see belOW), and is most 
likely related to it. The shattered zone is present in a 
deformed sequence of alternating shale and sand
stone overlain by lateritized gravel. The dipping 
beds are broadly curved to form a sub-monocline, 
and have a maximum dip of 87'. Within a short 
distance eastwards the curved beds regain their 
horizontal position. 

Thus the character of the South Lapstone Mono
cline changes (Figs 5, 6), having considerable vari
ation in the flexuring and amount of easterly dip of 

the monoclinal beds, and also in the width and 
amplitude of the monoclinal zone. 

Mount Riverview Fault 

On the Old Bathurst Road (GR 810636) the dip of 
the monocline decreases substantially (15' to the 
east), but the slope of the scarp remains high (up to 
50'). Slab failure along the foresets in the cross
bedded Hawkesbury Sandstone is generally re
sponsible for the slope ofthe scarp. North ofthe Old 
Bathurst Road as far as the Hawkesbury Lookout 
(GR 822723) the escarpment is formed by a steep to 
vertical fault, named by Pedram (1983) the Mount 
Riverview Fault, which has an east-side down 
displacement of some 200 m. As for the Nepean 
Fault, Herbert (1989) suggests this is a high-angle 
reverse fault, but his very steep structure is placed 
some distance west of the escarpment and his inter
pretation may be complicated by bifurcation of the 
fault. Pedram (1983) postulated such bifurcation 
south of Hawkesbury Lookout, naming the separate 
Hawkesbury Lookout Fault. This fault is exposed 
on the Hawkesbury Lookout Road (GR 821.724), 
sandstones and shales dipping steeply east to over
turned (80' to the west) in a zone nearly 100 m wide. 
The nearly vertical west side of this zone is 
well-defined but the eastern edge is not exposed 
(Fig. 7) .. 

North Lapstone Monocline 

Immediately north of Hawkesbury Lookout the 
escarpment swings northwestwards for some 2 km 
to the Grose River (Figs 3, 4). 

The Grose Valley, Burralow Creek valley and 
Paterson HilI areas (GR 795780) are tectonically 
more disturbed than other parts of the complex and 
contain a series of monoclines, warps, faults and 
anticlinal structures. Whilst all these structures are 
probably the direct result 6ftectonism, the Paterson 
Hill Anticline (GR 795780) could have formed by 
valley bulging (Bryan el aI1966). The amount of dip 
of the monoclinal structure varies in different 
localities in the Grose Valley, attaining a maximum 
dip of 45' towards the north at the junction of the 
Grose River and Burralow Creek; the average dip of 
the monocline in this area is 12' towards 070'. ' 

At the Grose River, the escarpment swings north 
(Figs 3, 4, 8) and continues in this direction to 
beyond the Colo River. In the Grose Vale
Kurrajong area the monocline is 1.6 km wide. 
Exposures of Ashfield Shale along the monocline 
are sporadic, but dips up to IS' towards the east are 
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present. Within this area, topographic evidence, 
such as a noticeable break in slope (Fig. 8), indicates 
a sudden localized increase in dip of part of the 
structure, suggesting the fonnation of several 
monoclinal flexures. North of the Grose River a 
progressively larger area is incorporated in the 
warping, which also has a greater vertical extent 
than to the south. 

In this study the monocline has only been 
examined in detail as far as the Mountain Lagoon 
Fire Trail road (GR 800950), some 7 km north of 
Kurrajong Heights (Fig. I): infonnation on the 
structure farther north has been given by Galloway 
(1965), Branagan (1969) and Henry (1987). De
tailed mapping of this area is still required. 

(v; H) 

~ 
c o 

The En Echelon Faults 

Pedram (1983) referred the series of west-side down 
ell echelon faults west of the main escarpment 
collectively to the Kurrajong Fault System. The 
system runs north-south, nearly parallel with the 
Lapstone Monocline-Fault System. Work by 
Herbert (ill Smith 1979) and the present authors 
established the position of seven faults, named by 
Herbert the Kurrajong, Burralow, Grose, Blue 
Gum, Fraser, Yellow Rock .and Glenbrook Faults 
(Fig. 4). In the absence of key horizons the amount 
of displacement on these faults cannot be measured 
accurately. At Cut Rock, David (1902) assessed the 
throw of the Kurrajong Fault as 423 feet (130 m). 
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Fig. 8 Structure of Kurrajong Heights area. ., 

However the throw of the Grose Fault does not 
exceed 100 m, while the down throw on the 
Glenbrook Fault is approximately 70 m; that is; the 
amount of vertical displacement of the system 
decreases southwards. . 

The Kurrajong Fault is well-exposed on Betrs 
Line of Road at Cut Rock (GR 787884). The 
down throw is to the west but the beds in the fault 
zone (3-4 m wide) are overturned and dip 80" to the 
east. West of the fault zone the beds gradually attain 
a westerly dip and then eventually become 
horizontal. This fault forms a well defined scarp 
north from Cut Rock to Mountain Lagoon, but then 
swings slightly northeasterly and gradually dies out. 
I! has not yet been studied at its northern extremity. 
South of Cut Rock the fault edges towards the west, 
being traced to GR 785852 where it dies out 
(Fig.8). 

One hundred and fifty metres east of the 
Kurrajong Fault at Cut Rock the almost horizontal 
Hawkesbury Sandstone changes its attitude and 
dips west, increasing to a maximum of 50" im
mediately adjacent to the fault. This change is the 
direct result of drag on the fault. Although this small 

monocline seems of local extent (Fig. 8), a similar 
feature is present on the Mountain Lagoon Fire 
Trail some 7 km to the north. Minor faulting 
associated with this drag is discussed below. 

The Burralow Fault is present about I km west of 
the Kurrajong Fault and nearly parallel to it (Fig. 8). 
Displacement of about 80 m (west-side down) has 
produced the Burralow Swamp valley west of the 
scarp. Outcrops of this fault occur in Burralow 
Creek and at GR 777829. The fault zone consists of 
parallel vertical cleavage planes cutting through 
quartz-pebble conglomerate. Inclined slickenlines 
on some surfaces indicate an element of strike-slip 
movement. 

At GR 779776 the northwest-southeast-trending 
Grose Fault crosses the Grose River (Fig. 4). This 
fault forms a prominent westerly facing scarp on 
both sides of the river, but its displacement declines 
markedly towards its southeastern extremity and 
the fault dies out 2 km west of Hawkesbury Look
out. At its northerly end it is the locus of the dyke 
swarm, previously mentioned, which extends 
several kilometres northwest (Crook 1956). The 
spatial relationship between the Kurrajong, 
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Burralow and Grose Faults is clearly visible from 
the south-southwest, from Warrimoo on the Great 
Western Highway (GR 778659). 

The Blue Gum, Fraser and Yellow Rock faults are 
similar in character to the above faults but have 
smaller throws and more limited lateral extent 
(Fig. 4). 

In the Glenbrook Gorge area there are two 
separate faults: the more easterly and minor 
unnamed fault has tilted the strata to dip 29-293", 
while the larger Glenbrook Fault has dragged the 
beds so that they dip 50-251". This fault forms a 
prominent scarp across Glenbrook Creek. North of 
the gorge the scarp swings slightly west and rapidly 
becomes less prominent south of the Great Western 
Highway (Fig. 5). 

The Glenbrook Fault is exposed south of Glen
brook Creek at GR 800586, the rocks being nearly 
vertical over a width of several metres. The fault 
also cuts across the deep gorge of the Nepean River 
at its junction with Euroka Creek (GR 803572), 
where there is a breccia zone, in places recemented 
by a network of quartz veins. The considerable 
degree of local disturbance suggests there were 
possibly several or more separate movements on the 
fault. Crossing the Nepean at Euroka Creek the fault 
shows lessening displacement to the south, as 
indicated by a diminishing west-facing scarp, and 
dies out north of the junction of the Nepean and 
Warragamba rivers. 

MINOR STRUCTURES 

The minor structures are those which have a limited 
extent (up to 50 m) in individual outcrop. These 
consist of folds, a variety of faults, joints, igneous 
dykes and sedimentary injections. Some of these 
structures are believed to have formed during a 
period of westerly directed compression. The folds 
have small amplitudes but comparatively high dips. 
The axes are parallel to the principal structures of 
the area and have generally been formed in the 
vicinity of the main structures. These can be ex
amined nearLapstone Railway Station (GR 816605 
and 815615) and near Glenbrook (GR 8(5588). At 
the first site a bed of consolidated bouldery gravel, 
up to 8 m thick, overlying Triassic sandstone, 
appears to have been involved in the regional 
folding, and is also deformed by several steeply 
dipping faults. 

Numerous high- and low-angle normal faults, 
thrusts and shatter zones are present. At Cut Rock 
(within the Kurrajong 'Monocline') a series of seven 
small steep easterly dipping normal faults crops out, 
immediately east of the Kurrajong Fault (Fig. 9). 

The amount of displacement does not exceed 0.6 m 
and in all faults the eastern blocks are downthrown, 
that is, in the opposite sense to the nearby major 
fault. The direction of movement suggests that 
rebounding has followed the deformation which 
caused the major faulting. 

Small-scale low-angle thrust faults are common 
throughout the region, particularly on the Hawkes
bury Lookout Road (GR 823725), and are present 
within or in the vicinity of major folds or faults. 
Their strikes remain parallel with major structures 
except in Burralow Creek (GR 798782) where 
thrusts within the North Lapstone Monocline have 
a tendency to strike east rather than north, possibly 
because of the nearby Paterson Hill Anticline. 

Overturned beds have been mentioned earlier. A 
tectonic origin is supported by the geophysical 
profiles identifying high-angle reverse faults 
(Herbert 1989). However in some localities 
overturning may have been caused by slumping. 

Zones ofintense shattering are present in massive 
sandstones in the old Lapstone Zig-Zag cutting, just 
west of the Great Western Highway (GR 813613), 
and on Mitchell's Pass Road, where the South 
Lapstone Monocline attains its maximum dip (Figs 
5, 6). These may be part of a single zone extending 
some 1.5 km. Such zones bave been recorded at a 
number oflocalities in the Sydney region (Branagan 
1977, 1985; Norman 1986; Branagan et al 1988; 
Mills et al 1989) and are believed to be mainly 
caused by strike-slip shearing. 

Joint planes are common throughout the region 
and several domains can be recognized. Stereo
graphic projections of poles to jointing are given in 
Pedram (1983) and Norman (1986). Data from the 
Blue Mountains, adjacent to or removed from the 
complex, for example Woodford and Katoomba
Blackheath, were given by Mauger et al (1984). 
Common to all the regions is a northwest-trending 
set. These joints appear to have formed early, 
perhaps by shearing, and are the foci for intrusion of 
dykes at Bellbird Hill, Grose River and at 
Luddenham (south-southeast of Penrith) during a 
later tensional period. East-west- and north-south
trending joints, apparently induced by tension 
during formation of a broad north-south-trending 
fOld, are restricted to the complex. 

At Bellbird Hill, northeast iron-filled joints 
(Norman 1986), are apparently radial tension 
structures caused by monoclinal folding. Planar but 
tight north-northeast- to northeast-trending conju
gate joints cut across the northeast master joints and 
apparently formed subsequent to the main folding 
events. 

In summary, there were probably four periods of 
joint formation: one (by shearing) prior to the main 
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Fig.9 Small-scale normal faults at Cut Rock (within the Kurrajong Monocline). 

period of deformation; two (mainly tensional) 
associated with that event; and a more recent period 
(possibly Shear). 

Clastic dykes are abundant and are mainly 
offshoots of shale beds or lenses associated with 
joint systems; in all cases the shale has been injected 
into overlying sandstone. Thickness of these dykes 
varies from 10 mm to more than 1 m, for example at 
LapstQne Railway Station (GR 817603) and in the 
Hawkesbury Lookout area (GR 822725; Fig. 7). On 
Mitchell's Pass Road (GR 810625) sedimentary 
dykes form an interconnected network. The 
injections are consistent with a sudden release of 
pressure after slow deformation. The shaly material 
became plastic under load but was restrained. 
Following brittle failure of the sandstones, the 
plastic shale penetrated recently formed joint 
openings and other available spaces. 

DISCUSSION 

The general north-south orientation of the major 
structures and many ofthe minor ones suggests that 
the major stress directions were generally the same 
during periods of deformation, even though there 
may have been change from tension to com
pression. However, asymmetries in the regional 
pattern indicate that the deformation history was 
not simple. The Kurrajongportion ofthe complex is 
topographically nearly three times higher than the 
Lapstone part and the width of the disturbed area is 
greater in the north. Furthermore, deformation is 
generally greater on the eastern side. 

Whilst much of the present configuration can be 
attributed to relatively recent movements (probably 
Tertiary) it is believed that some features of the 
complex were inherited from earlier events. 
Broadly, the history of the complex is in three parts: 
(I) tectonism prior to formation of the Sydney 

Basin (i.e. pre-Permian); (2) movements during 
Sydney Basin sedimentation (Permian and Tri
assic); and (3) movements well after sedimentation 
ceased. 

A deep-seated basement .structure is believed to 
be present below the complex (Qureshi 19&4; 
Harrington & Korsch 1985). Ifthe boun'daries of the 
'Eden-Comerong-Yalwal' Rift (McIlveen 1974) 
are extended north from the Shoalhaven River 
beneath the Sydney Basin rocks, the western edge 
runs beneath the Lapstone region (Fig. 10). The 
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Fig. 10 Conjectural relations between basement 
structures and Lapstone Structural Complex. 
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lowest part of the Lapstone complex and the 
adjacent Cumberland Plain are in an area where an 
eastern extension of the Bathurst Batholith and the 
Lachlan Lineament (Scheibner 1974) would inter
sect the north-trending structure (Fig. 10). Such an 
intersection could well be the locus for episodic 
movements during and after basin sedimentation. 

During the sedimentary history of the Sydney 
Basin there was certainly structural control of 
sedimentation, due to basement deformation 
and contemporaneous tectonism (Raggatt 1938; 
Branagan & Johnson 1970). Adjustments in the 
basement during the Early Triassic may have 
initiated the Cumberland Basin and caused the 
restricted area of deposition of the Mittagong 
Formation and the overlying Ashfield Shale 
(Branagan 1969; Herbert 1979). After sedimen
tation ceased, uplift possibly accentuated topo
graphic variation by adjustment along structural 
weaknesses echoing those in the basement. 
Compressive forces continued to act from the 
northeast in Late Triassic times (Branagan el al 
1988; Moelle & Branagan 1988; Mills el al 1989). 
Herbert (1989) believes this was the time of major 
development of the structural complex. 

With the onset of sea-floor spreading in the Late 
Cretaceous, basement weaknesses were reactivated. 
Ollier (1982) implied that the Lapstone structures 
formed at this timeas part of his Great Escarpment. 
Norman (1986) fixed the date offormation as about 
the same time. It is believed that adjustments at this 
time gave the complex its present form. 

Deformation (relative uplift) of the Lapstone 
Complex continued through'the mid-Tertiary but 
was uneven and probably slow, producing the 
southerly plunging, flat-topped anticline with a 
larger east flank (Fig. 2). Uplift may have been 
initiated in the north and proceeded southwards, 
explaining the southerly courses taken by the Grose 
River and Glenbrook Creek which cut through the 
barrier. Movements at this time may have caused 
features such as Thirlmere Lakes (GR 735100), 
suggested by Fanning (1983) as pre-Miocene, and 
Howes Swamp (GR 820490) which has an enig
matic history (Henry 1987). However, Rawson 
(1989) postulates continuing slow movements of 
the whole complex throughout the Cainozoic, as did 
Cotton (1921). 

At some time the stress pattern changed and 
brittle deformation produced the major faults on 
both sides of the complex. A left-lateral deforming 
couple (i.e. west-side south) could have produced 
the present fault pattern, together with the flexure in 
the North Lapstone Monocline in the Grose Valley 
area, as supported by the slickenlines on faults 
surfaces, shatter zones and jointing at Bellbird 
Hill. 

The gravels on the monocline are suggested as 
Miocene in age by Gobert (l978) and Bishop 
(1986), who believed that they predate defor
mation. They are not preserved on the steeper fault 
faces and it is believed that they may have a wider 
spread of age through the Tertiary, and were 
reworked down the monocline during several 
periods of deformation. 

Iron-f:tlled joints formed during tensional de
formation of the eastern monoclinal structure 
(Norman 1986), and the lateritization of some of 
the gravels (Bishop et al1982) may be attributed to 
the same period ofiron migration (?Early Miocene), 
which supports the idea that the gravels may be, in 
part at least, Early Tertiary, and that the main 
deformation may date from that epoch. 

Earthquakes in the region in 1801, 1886and 1919 
(Cotton 1921) indicate that the structure is still 
mildly active. 

To gain a better understanding of the formation 
of the Lapstone Structural Complex the total extent 
of the structure must be mapped in detail and the 
relation between various named structures at the 
southern end of the complex needs to be clarified. 
There is presently no agreement about the nature, 
location, or age of formation of these structures 
(Bunny 1972; Scheibner 1974; Mullard et ai1983; 
Sherwin & Holmes 1986). 

The overall pattern does not fit the strike-slip 
pattern in which a divergent wrench fault is accom
panied by a component of extension (Harding et al 
1985). Rather there is no evidence of major 
extension of the area for the past 40 Ma. Osborne 
(194&) suggested two periods of deformation, 
mainly of compression and shear, with minor 
tension. He believed the main movements forming 
the complex took place early in the Tertiary. This 
suggestion is supported by Will an (1923), Norman 
(1986) and the present work. 

SUMMARY 

In summary the structure is the result of three major 
events: 

(i) Permian and Triassic sediments were draped 
over a well-developed north-trending structure 
intersected by easterly trending structures -
an extensional event. 

(ii) Compression (mainly from the northeast) and 
uplift of both basement and basin sediments 
took place during and immediately following 
cessation of sedimentation. This 'thin-skin' 
type adjustment formed a broad warp. 

(iii) Early Tertiary adjustments to the near-surface 
rocks, caused by compressional strike-slip, 
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formed the elements of the complex visible 
today. 

(iv) Later minor adjustments took place. 
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Abstr:!ct: It is widely believed that Australian Aborigines utilized fire to manage many landscapes: however. 
to what extent this usc of fire impacted on Australia's ecosystems remains uncertain. The late Pleistocene/ 
Holocene fire history from three sites within the Sydney Basin (Goochcs Swamp. Lake Baraba and Kings 
Watcrholc) were compared with archaeological and palaeoclimatic data. The GoodIes Swamp record ap
peared to be most influenced by climate and there was an abrupt increase in fire activity from the mid 
Holocene perhaps associated with the onset of modern El Niilo-dominated conditions. The Kings Watcrholc 
site also displayed an abrupt increase at this time, however there was a marked decrease in charcoal from 
-3 ka, Similarly Lake Baraba displayed low levels of charcoal in the late Holocene, At both Kings Waterhole 
and Lake Baraba archaeological evidence suggests intensified human activity in the late Holocene during this 
period of lower and less variable charcoal. It is hence possible that Aboriginal people strongly influenced 
fire activity in some areas of the Sydney Basin during the late Holocene perhaps in response to the in~ 
creased risk of large intense fires as an ENSO-dominatcd climate became more prevalent. The fire history 
within the Sydney Basin varies both temporally and spatially and therefore it is inappropriate to apply a 
single fire regime to the entire region for landscape management. This work also has implications for fu~ 
ture fire incidence associated with climatic variability under an enhanced Greenhouse elTcct. 

Keywords: Holocene fire history, climate history. archaeological history. Aborigine impacts. eastern 
Australia, 

Introduction 

This study prcsents contiguous charcoal records from three 
sites. Goochcs Swamp, Lake Baraba and Kings Waterhole, 
which arc nIl located within the Greater Blue Mountains World 
Heritage Area in southeastern Australia, Thc aim of the study 
was to untangle the influence of climate and people on the late 
Quaternary fire activity of the region. It is assumcd that the 
three sitcs have experienced a similar climate throughout this 
time and therefore any ditrcfenccs in fire activity may bc attrib
uted to either the ditrercnl anthropogenic influences or local bi~ 
otic or abiotic factors at the various sites, The individual fire 
and vegetation histories of the three siles have previously been 
discussed separately (ie, Black and Mooney. 2006. 2007; Black 
el al .• 2006) howcver this p:Jper aims to compare the three rec
ords and to identify trends across the region, 

Jones (1969) suggested that Aboriginal peoplc used 'firc-stick 
farming' to increasc oj' manipulate biotic resources. 111is has 
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contributed to a popular notion that Aboriginal people con
trolled a fire regime consisting of frequent, low-intensity fire 
used with wen-defined seasons but over small spatial scales (mo
saic or patch burning), There remains much controversy over 
this generalization and also whether this anthropogenic fire 
regime impacted on the species composition, structure and dis
tribution of Australia's vegetation (Bowman, 1998). There are 
those that believe Australian Aboriginal fire regimes had minimal 
or no impact on vegetation (eg, Horton. 1982) while others have 
suggested that the use of fire has profoundly and in-cvcrsibly al
tered vegetation patterns (eg, Singh ef al., 198t Flannery, 1994). 
Clark (1983) and MacPhail (1980) suggested that Aboriginal 
people may not have altered vegetation patterns but their usc of 
fire was responsible fol' the continuation of vegetation zones and 
that they may have aJTected the rate of vegetation change. Head 
(1989) argued that Aboriginal people were trying to maintain a 
balance between the need to fire a landscape for resource ma
nipulation and the need to protect other areas where particular 
plants grew, such as in rainforests. Head (1989) hence argued 
that anthropogenic fire practices contributed to the maintenance 
of a mosaic of vegetation associations. 
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Palaeoecological studies can provide information on past 
vegetation and fire activity and have resulted in a better under
standing of the prehistory of fire (Wasson and Clark, 1987). In 
Australia there have been ambiguities associated with intcrpre~ 
tations of previous charcoal analyses, leading Bowman (1998) 
to suggest that palaeoecological studies do not objectively shed 
light ou the issue of Aboriginal usc of fire, Despite taphonomic 
and other concerns the analysis of charcoal 'remains the best 
palaeoecological tool for reconstructing fire regimes on millen
nial time scales' (Hallett and Walker, 2000: 403), 

The prehistory of fire is of relevance to the management of 
fire in the contemporary environment. As an example, the ar
gument that Aboriginal people applicd a low intensitylhigh fre
quency fire regime to Australia's vegetation is often used as 
a justification for hazard reduction burning (Gill, 1977), Gill 
(1977) has warned against the adoption of simplistic concepts 
of Aboriginal use of fire and generalizations over the entire 
continent. This is demonstrated, as described by Benson and 
Redpath (1997), by many vegetation types (eg, rainforest. wet 
scierophyIJ forest, alpine shntblands and inland chenopod 
shrublands) that would now be rare if they had been bUl'llt fre~ 
quently by Aboriginal people. 

The argument for the application of hazard reduction burn
ing in national parks is often more strongly asserted following 
severe bushfire seasons, Keith (1996) found that frequent wide
spread burning of the Sydney Sandstone flora could be re
sponsible for local extinctions of plant species and that 
recolonization from unafTected sites occurs extremely slowly, In 
New South Wales the application of frequent, low intensity fire 
has also been listed as a 'key threatening process' to biodiver
sity under the Threatened Species COl1servaaoll Act 1995 
(NSW). 

It is impossible to separate whether charcoal in sedimentary 
sequences originated from anthropogenic or natural fire events 
caused, for example. by lightning, However, one possible method 
to resolve this is by comparing charcoal records with al'chaeo~ 
logical data and palaeoclimatic proxies in an attempt to sepa~ 
rate human and other influences, Bowman (1998), for example, 
has highlighted the importance of compating palaeoecological 
and archaeological data to better understand fire history, Here 
the three charcoal records, reflecting local fire activity, wiII be 
compared with each other and nearby archaeological infomla~ 
tion, the latter used as an index of human activity through time. 

The Holocene period, from-11500cal. yr BP is generaIIy de
scribed as a relatively st.:'1ble interglacial. Nonetheless there is in
creasing evidence that the climate of the Holocene contained 
some variability including abrupt changes, at least in the 
Northern Hemisphere (eg, Bond and Lotti, 1995: deMenoeal 
el a1.. 2000; Maasch ef al,. 2003), In southeastern Australia 
Kershaw et a1. (2002) identified the period of 7-5 ka as the 
Holocene precipitation peak (the Holocene Climatic Optimum), 
the period between 4 and 2 ka as a drier and perhaps cooler pe· 
riod, and a return to wetter conditions over the last 2000 years, 

One aspect of Holocene climatic variability that has received 
some attention, and which greatly influences eastern Australia's 
climate (Nicholls. 1985). is EI Nino~Southern Oscillation 
(ENSO) events. ENSO is thought to have progressively 
achieved modern characteristies dUling the Holocene, allhough 
consensus on the timing is yct to emerge (eg. McGlone et ai., 
1992; ShuImcisler and Lees, 1995; Shulmeister, 1999; Rodbell 
et aI"~ 1999; Clement ef ai., 2000; Sandweiss el ai" 2001; Moy 
e[ ai" 2002; Riedinger el af.. 2002; Gagan el aI" 2004). 

Westerling and Swetnam (2003) suggested that the history of 
fire in the Western USA contained climatic signals. Further· 
more, Haberle and Ledru (2001) suggested that periods of 
rapid climate change or climatic variability lead to increascd 

fire activity, Increased fire activity has also been variously 
linked with climatic vatiability associated with ENSO (eg, 
Swetnam and Betancourt, 1990; Goldammer, 1999; Haberle and 
Lcdru, 2001; Haberle ef aI., 2001; Siegert ef aI., 2001; Kitzberger, 
2002; Kershaw e( ai., 2002). 

Habcrle and Lcdru (2001) identified an alignment in the firc 
activity from a number of sites in Indonesia and Papua New 
Guinea, and Central and South America from the mid Holocene 
and attributed this to the intensification of ENSO variability, 

There is a relationship between ENSO and severe fire seasons 
in Australia, sincc EI Nino cvents are generally associated with 
drier and warmer than average conditions, and La Niila events 
with conditions that arc wetter and cooler than average (Lindesay 
e( al .. 2004). Edwards (2002) found a particularly strong link 
bctwcen the Southern Oscillation Index and fire season severity 
in southeastern Australia, 

Site description 

The sites used in this study arc located within the Sydney Basin, 
on the central east coast of New South Wales, Australia, The 
Sydney Basin is a geological province of approximately 3,7 mil
lion ha consisting of a number of discrete physiographic units 
that include the Blue Mountains Platcau to the west, the 
Wollemi-Colo and Hawkesbury Plateau to the north, the 
Woronora Plateau and Southcrn Highlands to the south and 
the central Cumberland Plain (Herbert, 1983) (Figure 1), 

The Sydney Basin is dominated by a temperate climate char~ 
aetedzed by waml summers and no dry season, although a 
subhumid climate pertains in the northern parts of the Basin 
and small areas of Montane climate in the Blue Mountains 
(National Parks and Wildlife Service (NPWS). 2004), Average 
annual rainfall is variable aeroSs the Basin according to altitu
dinal changes and the distance from the coast. Shallow skeletal 
sands are found on the sandstone plateaus and these soils have 
poor waler~holding potential, are very acidic and infertile 
(Herbert, 1983). Elsewhere soils may be metres deep and enriched 
by silt and organic matter, 

The considerable variation in geology, soils and topography 
across the Sydney Basin has resulted in one of the most speeies
diverse botanical divisions in Australia (NPWS, 2004) and in
cludes conm1Ullities of dry and wet sc1erophyllous forests 
and woodlands, warm temperate rainforests, heath, mangroves 
and freshwater swamp conmlUnities (Benson, 1986, 1992). Heath 
and woodland are commonly found on the rocky platforms and 
ridgetops whereas taller open forests occur on the deeper 
plateau soils and on the lower slopes (Benson, 1986, 1992). 
Conmmnities of the sandstonc plateaus surrounding Sydney 
are dominated by Allgophora, Corymbia and Eucalyptus species 
and the understorey often consists of members of the 
Epacl'idaceae, Fabaceae, Mimosaceae, Proteaceae and Rutaceae 
families (Benson, 1986. 1992), 

The sites utilized herein are all organic deposits associated 
with freshwater swamps in sandstone-dominated landscapes, In 
the Sydney Basin freshwater swamp communities are relatively 
small and isolated and occur as hanging swamps on the sand~ 
stone plateaus, as wet depressions where drainage is impeded 
or on poorly drained Quaternary deposits (Campbell, 1983; 
Fairley and Moore, 2000). Floristic composition varies locally 
in relation to soil moisture gradients such that the vegetation 
on these swamps often consists of complex mosaics of sedges, 
herbs and shrubs that can tolerate poorly drained habitats, 

The locations of the tlu-ec sites arc shown in Figure 1. Gooches 
Swamp (-33°27'S, 150°16'£, 960m a.s.1.) is a lWlTOW, elongated 
swamp in a low headwater vaHey locatcd on the Newncs Plateau 



Black et al.: The fire, human and climate nexus in the Sydney Basin, eastern Ausb·alia 467 

aSl11 \ 

/t~ ~\9tone\ (S\" (' 

~~Sydn~)~ 
<;:-<$ / \ 

,,~/ \ 

\ 

.(5.-s'/'\ 

0.'01 / /' \ 
® .(.v"'.! ~~_ 

Mudgee (..o~' / / '< linter 

• ~"v _ / / / Cessnocl(-e Vililey 
yls(one - I! ID-Dt.tle E!,elt Newcastle 

- KingS;Waterhole ' ~- \:iV 
.0 

( I Hornsby [) 
GOOC~S Swamp I \ Plateau 

o I _ • Gosford (0 Bathurst Blue I ,/ , 

\PJateau ,'.g I 

!I' b ,t.~ \ 
Kato9m a / f t{f '- ~. Sydney 

./ \0 / ___ ..... ' ) /\:;, ;;; 
~ / \ ( --- .~ 
o:J J Woranora 

Platea 
u. 
\5 
t.L.. 

",Lake ~arabl 
j ;? "'(Wollongong 

c 
-!!? 

~§ 
.... 0.. 

~ \' .:;;; -l , 

Goulbum " 

Sassafrass ... - 0~ 
. Plateau ~ IJ 

o 20 60 \J.?O- _ j ~ 
Kilometres \ JUliadulia 

Figure 1 The m~jor physiographic units of the Sydncy Basin and the location of the three sites (source: Herbert, 1983) 

in thc Blue Mountains. Kings Watcrhole (33°1 'So 150°4(),E. 280m 
a.s.l.) is a low rc1icf valley infillcd with Quaternary sand and peat 
locatcd within Wollcmi National Park, northwest of Sydney. 
Lake Baraba (34°13'S, 150°l3'E, 305m a.&I.), is an infilled lake 
within an entrenched meander at Thirlmcrc Lakes National Park. 
in the southwest part of the Sydney Basin. More dctailed de
scriptions of the three sites arc given elscwhere (in Black and 
Mooney, 2006, 2007; Black el al., 2006). 

Kings Watcrhole ano Lake Borab;] share similar environ~ 
mental scttings. Average annual rninCall and temperatures, alti
tude and the swamp and sun-ounding vegetation communities 
arc broadly similar, Gooches Swamp is located at an elcvation 
of 960111 and hence expcriences a slightly different climatic 
regime to the other sites. with greater variations in temperaturc 

throughout the year and a higher average annual rainfall. The 
surface of Gooches Swamp is dominated by shrubs (eg, Baeckea 
linifolia, Gre\·iIlea acallfhijolia subsp. acall1ltifolia, Epacris palu
dosa and Leptospermum spp.) and sedges (eg, Restio australis. 
Baloskioll alls/rale, Empodisma minlls. Lepyrodia scariosa and 
Lepidosperma limicola) (Keith and Benson, 1988). The surface 
vcgetation at Lake Baraba and Kings Waterhole is dominated 
by sedges and rushes (eg, Lepironia articulata, Eleocltaris 
spltaceiafa, Philydrum lanugiflosum, Brasenia schrebt). Lake 
Baraba is largely infilled b~lt some open water cxists at some 
distancc from the sitc of sampling. 

The three sites werc inhabited by dilTcrent Aboriginal lan
guagc groups in pre-European times. The landscape surrounding 
Gooches Swamp may have been a place of interaction or a 
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transport cOlTjdor for various Aboriginal groups including the 
Dharug (or Dat-uk) and Gundungurr3 people (Stockton and 
Holland, 1974; Horlon, 1994). Aboriginal occupalion or the 
Blue Mountains is often dCSClibed as spasmodic bccause of 
climatic variations and the altitude, rugged topography and 
limitcd resources (Stockton, 1970; Stockton and Hoiland, 
1974; Flood, 1980). The archaeological hislory or the Blue 
Mountains remains relatively poorly understood with only a 
limited number of sites studied in detail. The em·liest evidence 
of Aboriginal occupation in the Blue Mountains is dated to 
-22.4ka (Stockton and Holland, 1974). 

Bowdler (1981) suggested that Aboriginal occupation of the 
Blue Mountains was sporadic between 14000 and 12000yr BP 
followed by a hiatus and then an intensification from the mid to 
late Holocene. Stockton (2005) suggested that wintcr and cold 
conditions generally may have been less of a constraint on oc
cupation than has previously been forwarded. Stockton (2005) 
also hypothesized that the Blue Mountains may have experi
enced relatively moister conditions dUling the glacial period 
and transition, compared with surrounding regions and may 
therefore have served as a haven for plants and animals, including 
people. Howevcr Hesse el af. (2003) suggested that vegetation 
was severely reduced and sand dUnes were active in the Upper 
Blue Mountains during the last glacial maximum therefore 
making the area inhospitable at this time. 

The telTitory of the Darginung (also wlitten Darkinjung, 
Darkinjang and Darkinung) covered an area south from the 
Hunter River, including portions of the Macdonald and Colo 
Rivers and lower Hawkesbury River at Wisernans Ferry 
(Mathews, 1897; Tindale, 1974; Dharug and Lower Hawkesbury 
Historical Society, 1988; Attenbrow, 2003, 2004). Kings 
Waterhole is situated within this territory. The Darginung were 
believed to be mobile hunter-gatherers, who used several base 
camps as well as many activity locations (eg, sites for hunting 
and gathering, tool manufacture, etc.) and transit or short-telTI1 
camps within their country (Attenbrow. 2003, 2004). 

The traditional custodians of Lake Baraba are the 
D'harawal and Gundangarra people. The lakes and wetlands of 
the Thirlmere Lakes were likely to represent a plentiful supply of 
food and ethnographic evidence suggests that the Aboriginal 
people of the region frequently applied fire to the landscape 
(NPWS, 1995). Allen brow (2004) has suggested that the estab
lislm1cnt of Aboriginal sitcs in the region increased from -8ka, 
with the habitation rates of these sites generally increasing until 
the arrival of European people. 

Methods 

Sediment cores were extracted from Gooches Swamp, Lake 
Baraba and Kings Waterhole using a Russian d-section corer 
(Jowsey, 1966) to depths or 3.55 m, 6.35111 and 5.55 m, respec
tively. Cores were photographed and stratigraphics described 
using a modified version of the Troels-Smith method (Kershaw, 
1997). The sedimentary sequences were dated using both con
ventional radiocarbon dating and Atomic Mass Spectrometry 
(AMS) at Beta Analytical Inc., Florida and Rarler Radiocarbon 
Laboratory, New Zealand. Fout~ five and three radiocarbon 
dales were acquired for the Gooches Swamp. Lake Baraba and 
Kings Waterhole sequences, respectively. These dates were ca1i~ 
braled with CALlB v5 (St~liver el al.. 2005) using the IntCal04. 
14c (Reimcr el aI., 2004) and ShCal04.l4c (McCormac el al., 
2004) data sets. 

Macroscopic charcoal was analyscd llsing a modified version 
of the 'Oregon sieving method' (Long et af., 1998) and image 
analysis (Mooney and Black, 2003). Volumctlic subsamplcs were 

taken from contiguOlls 1 cm sections for the Goochcs Swamp 
core, and at contiguous 2.5 em sections for the Lake Baraba and 
Kings Waterhole sedimentary sequences. The samples were 
placed in 8% sodium hypochlorite (bleach) for 24 h to remove the 
pigment from organic matter and, hence, aid in the identification 
of charcoal. This was then washed through a 250 J.lm sieve and 
the collected material was photographed in a pellii dish using a 
four mega pixel digital camera. The area of charcoal was calcu
lated using image analysis software (Scion Image Beta 4.02 for 
Windows). Results arc expressed as mm2 of charcoal per cm3 of 
sample. The sedimentation rates at Gooches Swamp, King 
Waterhole and the peat section of Lake Baraba were close to linear 
and hence the concentration of charcoal was not re..expressed as 
an influx of charcoal pcr unit area and time. 
'The charcoal curves of the three sites were statistically 

analysed using psimpoll v 4.25 (Bennetl. 2005). Skewness and 
kurtosis were tested and a Runs test was used to assess whether 
the data are showing a trend or just random or nom1alIy dis
tributed values with q values >0.05 indicating random data. 
Three types of correlations (Linear, Spearman's and Kendall's) 
were carried out to test for changes in charcoal representation 
with age. It has been suggested that a negative correlation (ie, 
increased charcoal with younger age) could reflect anthro
pogenic or taphonomic influences. Fourier transformation was 
used in order to detect peaks in spectral density, indicative of 
cyclical changes in the charcoal data and to identify cycles that 
could be associated with known climatic cycles. 

The three charcoal records were compared with local ar
chaeological sequences. The Gooches Swamp record was com~ 
pared with the Capertee 3 archaeological sequence 
(approximately 35km from the site) (McCarthy, 1964~ Hiscock 
and Attenbrow. 1998. 2004; Attenbrow. 2004, 2005); the Kings 
Waterholc record was compared with the Upper Mangrove 
Creek archaeological record (approximately 30 kIn from the 
site) (Attenbrow, 2003, 2004); and the Lake Baraba record was 
compared with a regional summary of archaeological records 
compiled by Attenbrow (2004). 

Charcoal vahlcs for each of the three sites were averaged 
using a 200yr moving window and then compared with palaeo
climatic information including the Moy el af. (2002) proxy 
record of changes in ENSO activity throughout the Holocene; 
seasonality, based on the difference between January and July 
insolation at 300 S throughout the Holocene using the data 
from Berger (1992); and also a general summary of past cli
mates for southeastern Australia (Lees, 1992; Shulmeister, 
1999; Kcrshaw el al., 2002). 

Results 
Stratigraphy and chronology 
The results of radiocarbon dating for Gooches Swamp, Lake 
Baraba and Kings Watcrhole are given in Table 1. The basal 
dates of the three sedimentary sequences are 14.2ka (Gooches 
Swamp). >43ka (Lake Baraba) and 6.1 ka (Kings Waterhole), 
respectively. The sediments of Goochcs Swamp and Kings 
Waterhole both displayed a relatively constant rate of accumu
lation and were composed of humified peat interspersed with 
clay, charcoal and sand. At Lake Baraba, peat was found above 
l72em. a transition layer of peat and clay from 172 to 41Oem, 
which became more clayey with depth, and clay below 410cm. 
The sedimentation rate of the clays at Lake Baraba is much 
lower (ie, 0.04 mmfyr) than within the peat (-0,67 mm/yr). 
Based on thc chronology the sample resolution for Gooches 
Swamp is ...... 40yl~ Lake Baraba is ...... 77yr (betwcen 0 and 410cm) 
and .... 630yr (>410cm) and Kings Waterhole is .... 27 yr, 
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Table J Radiocarbon dates and calibration for Gooches Swamp, 
Lake Baraba and Kings Waterhole sedimcnts 

Silcsample 14C dale BP Cal. yr fir>l' Lab. code 
depth (em) with 10- error (la error) 

(100('l!CS Swamp 
48-53 1760 :':60 1419-1811 ~-169992 
80-90 2450 ::!:60 2333-2708 ~-192605 

150-156 4950:':130 5322-5912 ~-169993 

295-307 10360:': 140 II 646-12737 ~-169994 

Lake }Jumha 

147-153 4130 :':70 4421-4821 ~-186144 
275-285 5950 ::!:60 6549-6887 ~~192607 

347-353 6750 :!:80 7433-7675 ~-186145 

464-472 19411::!: 196 22541-23716 NZA~19260S 

595-601 >43630 N/A ~-192608 

Killgs Warcl'holc 
147-154 2220::!: 60 2003-2327 ~ -186146 
348·-353 3280 :!:70 3269-3635 ~ -186147 
547-553 5560 :':90 6014-6491 ~ -186148 

Calibration results [rom CAUB vS (Stuiver et aI, 2005), The mid~ 
point of the entire calibrated year range is used in age-depth model 
calculations. (Beta Analytieallnc" Florida and Raner Radiocarbon 
Laboratory, Ncw Zealand carried out the radiocarbon dating,) 

Charcoal analysis 
The charcoal records of the three sites arc presented in Figure 2. 
For the purpose of comparison the charcoal record of Lake 
Barabn has been truncated at 14,2ka (430cm) ic, the basal date 
of Goochcs Swamp, At Gooches Swamp macroscopic charcoal 
is relatively high betwcen 250 and 281 cm (-9,8-11,1 ka), 232 and 
244em (-9.1-9.6 ka), 97 and 150em (-3.5-5.7 ka), 67 and 87 em 
(-2.3-3.1 ka) and 0 and 6em (the late European period). There 
arc low levels of charcoal between 325 and 353el11 (-12.9-14ka), 
287 and 315e01 (-11.3-12.5ka). 150 and 232em (-5.7-9ka), 87 
and 97em (-3.1-3.5ka), and from 40 to 25el11 (-1.l--D.5ka) and 
6-13cm (carly European occupation). 

Most of the analysed sediment profile from Lake Bmaba h~s 
low levels of charcoal, with peaks at 240 (-6 ka), 270 (-6.4 ka) 
and 400cm (-SAka), a series of higher peaks at 230-200em 
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(-5.9-5.4ka) and minor peaks at 170-130elll (-5-4ka). 
Macroscopic charcoal concentrations are very low betwcen 430 
and 405 em (-13,6-S.5 ka), relatively low but v<lriable between 
405 and 275em ( ..... S.5-6.5ka) but increase abruptly to remain 
very high and variable until200cm (-5.4k.a), Between ISS and 
55 em (-5,2-1 ,7ka) there is a dccreasing: trend in charcoal con
centrations, from relatively high to moderately low and variable 
throughout this interval. The upper samples (50 to Ocm. past 
-1.5 ka) have very low charcoal conccntrations with some sam~ 
pIes almost dcvoid of charcoal. There was much less charcoal 
found in the elays when compared with the peat sediment. 

Macroscopic charcoal is present throughout the entire se
quence at Kings Waterhole. although the concentrations of 
charcoal vary considerably, Charcoal is initially low betwcen 
555 and 515cm (-6.1 and 5,7ka) bl.lt then ill creases dramati
cally to remain high and variable betwcen 515 and 265cm 
(-5,7ka and 3ka) with the exception of a period of reduced 
charcoal deposition between 470 and 430cm (-5.2 and 4,8 ka). 
Charcoal decreases rapidly at 265 cm ( ..... 3 ka) and remains gen
erally low frol11 this time to the present. Charcoal deposition 
for the top 80em (the past-IOOOyr) is especially low. 

Statistical analysis 
The results of the skewness. kurtosis and runs test arc pre
sented in Table 2, The skewness and kurtosis results of all 
three sites are positive and significant, indicating a common, 
non-normal shape or distribution, The positive kurtosis re
sults reflect the 'peaky' nature of all three records. The q
values at all three sites are <0.05, suggesting that the data arc 
not random, 

The three correlation co~efficients (ie, Linear, Spearman's 
and Kendall's) for the sites arc given in Table 3. Gooches 
Swamp and Lake Baraba display a negative value for all three 
correlation co~efficients, suggesting increasing levcls of char~ 
coal with younger age, Gooches Swamp is the only sitc that 
shows a significant trend, 

A number of significant cycles are identified from the spec
tral analyses (Figure 3), however, some caution is necessary as 
sample resolution and record length can influence the outcome, 
At Gooehes Swamp 41 yr, 1300 yr. 2600 yr and 5900 yr cycles 
were significant, at Lake Baraba a 73yr, 3700yr and SOOOyr 
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Figure 2 The results of the macroscopic charcoal analysis for Goochcs Swamp. Lake Baraba and Kings Waterhole 
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Table 2 Statistical analysis results for the three sites' charcoal data 

Site 

Gooehes Swamp 
Lake Baraba 
Kings Watcrhole 

"'Significant at PsO.05. 

Mean 

119.3582 
46.9872 
44.6821 

Standard deviation 

144,6212 
79.7630 
66.6278 

Table 3 Results of the correlation for the three sites' charcoal data 

Site Linear 
correlation 

Gooches Swamp -0,3442* 
Lake Baraba -0.0654 
Kings \Vaterhole 0.3820 

"'Significant at P S 0.05. 

"I 
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Spearman's 
correlation 

-0.4384* 
-0.0283 

0.5914 

41 

Kendall's 
correlation 

-0.294>1' 
-0.0159 

0.3915 
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Figure 3 The results of the spectral analysis (Fourier's analysis). 
Results arc significant at the Q,05Ievc1 

Skewness 

2,1352'" 
2,5422'" 
2.6908* 

Kurtosis 

5,5980* 
7,0829* 
9.4131' 

Runs (q) 

9.572E-03 
l.96E-1l 
1.03E-11 

eyclc were identified and Kings Waterholc had a 54 yr and a 
6100yr significant cycle, The 41, 54 and 71 yr cyclcs found 
at Gooehes Swamp, Kings WatcrhoIe and Lake Baraba, rc~ 
spective1y, arc associated with the sampling resolution of 
the records and hence arc not relevant to the analyses, 
Similarly the 8000 and the 6100 yr cycles from Lake Baraba 
and Kings Waterhole arc a fl.lnetion of the record length and 
hence also should be ignored, This means the only significant 
cycles are the 3700y1' for Lake Baraba, and the 1300yr and 
2600yr cycles from Gooches Swamp (although the 2600yr 
cycle at Gooches Swamp is likely to be linked to the 1300 yr 
cycle). 

Comparison with archaeological records 
Compatisons of the Gooches Swamp charcoal record with the 
Capertcc 3 archaeological sequence, the Lake Baraba record 
with the sunIDlary of the southern Sydney Basin arehaeologi~ 
cal data, and the Kings Waterhole with the Upper Mangrove 
Creek archacological sequence, are shown in Figures 4, 5 and 
6, respectively, 

At Gooches Swamp discard rates and average charcoal 
concentrations are both relatively low between -9.7 and 6 ka, 
however average charcoal concentrations were high between 
-6 and 3,6 ka whilst discard ratcs remain low, Artefact con
centrations are highest bctween ..... 3.6 and 1,7ka, with the 
layer -3-2.3 ka having the highest discard rates. The latter 
layer corresponds with the very high levels of charcoaL The 
period -1.7ka to present has very low artefact discard rates 
corresponding with relatively high levels of charcoal accu~ 
mulation, 

Charcoal at Lake Baraba and the number of habitations 
used in the region both gradually increase from the last glacial 
maximum ( ..... 21-18ka) to the early Holocene (Figure 6), From 
..... 8 to 7 ka this relationship breaks down, with the number of 
habitations increasing more rapidly whilst charcoal content de~ 
clines steadily, Very high levels of habitation use and establish
ment in the past 4-3 ka correspond with very low levels of 
macroscopic charcoal, 

Macroscopic charcoal levels at Kings Waterhole are rela
tively high and variable betwecn 6,1 and 3 ka and this corre~ 
sponds with low numbers of artefacts. base camps and activity 
locations in archaeological data for the Upper Mangrove Creek 
catchment (Figure 6). At 3 ka there is a dramatic increase in the 
number of artefacts and base camps and this is associated with 
a marked drop in charcoal. Charcoal remains very low to the 
present, whilst the three indices of the prehistoIic presence re~ 
main high, 

Comparison with climatic data 
The three charcoal records arc compared with the frequency of 
ENSO events (Moy et al., 2002), and seasonality based on 
changes in insolation associated with Milankovitch orbital pa
rameters and a climatic summary of southeastern Australia 
(Figure 7). 

The Gooches Swamp charcoal record displays increases 
ill charcoal with the onset of climatic amelioration and the 
Pleistocene/Holocene transition. There arc very low levels of 
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Figure 4 A comparison of the Goochcs Swamp macroscopic charcoal curve with the number of backed and non~backed artefacts from 
Capcrtcc 3 (Hiscock and Attenbrow, 1998,2004) 

charcoal during the Holocene Climatic Optimum ( ..... 9-6 ka) and 
a dramatic increase in charcoal from the mid Holocene when 
ENSO frequencies increased. Charcoal remains high and vari
able from this time to the present under an ENSO~dominated 
climate. The seasonality increases throughout the Holocene 
and begins to plateau from the mid Holocene. The Gooehes 
Swamp macroscopic charcoal record follows this general trend. 
although the changes arc mueh more abrupt. 

Kings Waterhole shows an increase in charcoal associated 
with the onset of an ENSO~dominated climate, however char
coal decreases dramatically at 3 ka whilst ENSO events re
mained relatively frequent. Similarly there is no obvious 
relationship with the degree of seasonality and the Kings 
Waterhole curve. 

The increase in charcoal from ..... 8 ka at Lake Baraba does 
not seem to be associated with any dramatic change in ENSO 
frequency (Figure 7). There is a large decrease in charcoal 
from thc mid Holocene at Lake Baraba and this occurs at the 
same time that ENSO is likely to have began to influence 
southeastern Australia's climate. There is no cIear association 
with the seasonality record and the Lake Baraba charcoal 
curve. 

Discussion 

Therc are key difTerenccs between the three fire records prc
scnted in this study that could, at least on one level. lead to 
questions regarding the underlying assumptions of this re
search, namely that charcoal records from sediment sequences 
arc interpretable in terms of palaeo-fire regimcs. This assump
tion has, however, been tested in a diversity or landscapes 

against historic fires andlor dendrochronology (fire sG.:1.rs), 
demonstrating that macroscopic charcoal does reflect local firc 
events (eg, Whitlock and Millspaugh, 1996; and summarized in 
Whitloek and Larsen, 2001), This suggests that the dilTerenecs 
in the three charcoal records across the Sydney Basin reflect 
real spatia] difference...;; in fire. 

The fire history of Gooches Swamp appears to be most 
greatly influenced by climate. The Gooehes Swamp record dis
plays an increase in fire activity associated with the 
LatcglaciaJJHolocene transition, followed by a decrease asso
ciated with the relatively stable Holocene Climatic Optimum. 
The Gooches Swamp charcoal record also shows an apparent 
relationship with the increased frequency of ENSO events 
from the mid Holocene, suggesting a dramatic change in fire 
activity. During the twentieth century large, intense fires oc
curred approximately every decade in the Blue Mountains 
(Cunningham, 1984): based on the similarities in the charcoal 
curve from the European peliod and the preceding -5000 yr 
we suggest that a similar fire regime was a feature of this land
scape since the mid Holocene. 

Haberle ef al. (2001) constructed a regional cumulative char
coal curve based on ten sites from Indonesia and Papun New 
Guinea. When this is compared with the Gooches Swamp ehar~ 
coal record. smoothed using a 41 point running average to 
match the resolution of Haberle el ol.'s (2001) regional char
coal curve, strong similarities arc apparent (Figure 8). Haberle 
el al. (2001) linked the changes in fire activity in this region 
with the onset of climatic variability during the postglacial 
transition and with the onset of modern ENSO from the mid 
to late Holocene. 

The charcoal record from Gooches Swamp also shows some 
similarity with the seasonality curve (Figure 7), with an increase 
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Figure 5 A comparison of the Lake Baraba charcoal eurve with a summary of the archaeological data from the southern Sydney Basin 
compiled by Attenbrow (2004) 

in fire activity occuning when seasonality increased, although 
the changes at Gooches Swamp were much more abrupt. Here 
fire activity may undcrgo a non-linear change in response to the 
linear forcing in a manner similar to that proposed for African 
climate by deMenoea1 e/ ai, (2000). 

Turney el al. (2004) idcntified a 1490 yr cycJe based on spectral 
analysis of peat humification data from Lynchs Crater in north
ern Queensland. Thcy associated this cycle with changes in pre
cipitation and long-term changes in ENSO. A similar cyclicity in 
palaeo-ENSO has been identified in southern Ecuador (Moy 
el aI., 2(02) and North America (\Vang ef 01.,2000). The 1300yr 
cycle identified in the Gooches Swamp charcoal record may be 
related to these palaeo-ENSO cycles, further suggesting the cli
matic control of fire activity at Gooches Swamp. 

Based on the comparison of the Capertee 3 archaeological 
sequence and the Gooches Swamp charcoal curve there docs 
not appear to bc any clear association between human activity 
and fire. However, as previously discussed, the archaeological 
history of the Blue Mountains is not well understood and it is 
possible that future archaeological investigations may reveal a 
stronger relationship. As an example. archaeological evidence 
from the Sydney region suggests that there were increases in 
Aboriginal activity from the mid to late Holocene. However, 
the evidence at hand suggests that the fire history of the 
Goochcs Swamp landscape is responding predominately to cli
matic controls. 

The variability in charcoal at Gooches Swamp since the mid 
Holocene may also be related to changes in the biotic and abi
olic dynamics of thc swamp. It is plausible that as the sediment 
has built up through time the vegetation on the swamp surface 
has burnt more frequently. This scenario, however, is not sup
ported by the palynology at the site (Black and Mooney, 2006), 
which demonstrates little vegetation change during the 
Holocene that would be expected with any seral development of 
the vegetation. The water-table is likely to have risen concur
rently with the accumulation of sediment, sincc the sediment is 
accl.tn1Ulating as a result of a rock-fall dammed constriction. 

Charcoal values at Lake Baraba are very low during the late 
Pleistocene/early Holocene and increase dramatically at 
-8.5 ka. During this time the number of habitations used in the 
region by Aboriginal people increase also, hence changes in fire 
activity could be attributed to humans. Alternatively the in
crease in charcoal may be rclated to burning of increased bio
mass accompanying climatic amelioration. 

Abiotic influenecs are also likely to have affected the charcoal 
rccord at Lake Baraba since there is a change in the depositional 
environment at .... 8.5 ka. This change, rrom a lake to a swamp en
vironment, would occasionally allow fire to consume the vegeta· 
tion of the swamp surface, thereby explaining why more charcoal 
was found in the peat sediments compared with the lacustrine 
clays of Lake Baraba. There is no clear relationship between 
ENSO frequency and the fire history of Lake Baraba. At this site 
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Figure 6 A comparison of the Kings Waterhole charcoal ellfVC with the archaeological data from the Upper Mangrove Creek catchment 
(Attenbrow. 2004) 

there is a marked decrease in charcoal in the late Holocene as re
gional archaeological indices increase dramatically. 

Charcoal increases abruptly a15.7 ka at Kings Waterholc and 
this is coeval with the increase at Gooches Swamp and hence is 
also likely to be associated with the onset of 'modern' ENSO 
conditions. Charcoal values remain high and variablc from this 
time until 3 ka and this probably reflects intense fires undcr an 
ENSO-dominatcd climate. At 3 ka charcoal decreases dramati
cally and remains low for the rest of the rccord. a trend that 
mirrors that of Lake Baraba. At Kings Waterhole there is no 
evidence of any depositional change nor any major vegetation 
change, as indicated by palynology (Black and Mooncy, 2007), 
to have impacted on the chnrcoal record. This marked change 
at 3 ka is, however. temporally associated with changes in the 
archaeological record or the Upper Mangrove Creek cateh~ 
ment and hence this changc in fire activity is likcly to be asso
ciated with human activity. 

The decreased level of charcoal in the latc I-Ioloeene at both 
Lakc Baraba and Kings Waterhole arc hence thought to indi
cate an anthropogenic change to the lirc rcgime. As to why less 
charcoal was deposited at these sites under intensified human 
activity is perhaps best related to a frcqucnt low-intensity fire 
rcgime associated with the managcment of natural resources 
(eg. Nicholson, 1981: GOlI, 2005). Whillock and Larsen (2001) 
suggested that fire regimes characterized by 'frequcnt and cJli
cient ground flrcs' do not produce much charcoal. Regular low-

intensity fires arc likely to consume less biomass and hence the 
production and deposition of charcoal is low, especially if fires 
within the catchment were relatively small in area. 

Previous Australian studies have atttibuted changes in char
coal to the intensity of fire. Singh ef 01. (1981: 43) argue that the 
'greater amounts of charcoal particles and the large fluctua
tions ... may be consistent with a pattern of intermittent high
intensity fires with considerable accumulation of litter between 
them' from Laslmlars Lagoon. They also suggest that relatively 
small amounts of charcoal with lower variability may reflect 
more frequent and less intense fires but with less accumulation 
of fuel. Hope (1994) also interprets increases in charcoal as re
flecting a change in fire regime from frequent bUll1ing to peri
odic, destructive and intense fires ignited by lightning or the 
occasional human visit..1tion. 

This suggests that during the Jate Holocene at Lake Baraba 
and Kings Watcrhole Aboliginai people may have intcnsively 
managcd the landscape. The data also imply that at these sites the 
swamp surface was not bumt. which is somewhat at odds with 
previous general descliptions (eg. Golt, 2005) but may reOect the 
utility of the vegetation found at both sites. Preventing the burn
ing of the swamp surface, by applying high frequeneyllow inten
sity to the woodland sUlTounding the sites, may have protected 
ccrtain resources, for example food such as turtles and freshwater 
crustaceans, which survivc within these swamps, Perhaps the risk 
of more intense fires under an ENSO-dominaled climate meant 
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Figure 7 (a) Seasonality at 30"S based on the difference in insolation between summer and winter (Berger, 1992). (b) The frequency of ENSO 
events per 100 years based on Moy et 01. (2002). (c) The climatic summary of southeastern Australia (Lees. 1992: Shulmeister. 1999; Kershaw 
e[ al .. 2002). (d) The smoothed Gooches Swamp charcoal record constructed by summing the 200yrvalues. (e) The smoothed Kings Waterhole 
charcoal record constructed by summing the 200 yr values. (0 The smoothed Lake Baraba constructed by summing the 200yr values 

that there was an increased need for Aboriginru pcople to manage 
fire in some landscapes (eg. Lake Baraba and Kings Waterhole) 
and the attendant climatic variability also resulted in changes to 
other management strategies for food procurcment. 

Conclusion 

The three fire records presented here from the Sydney Basin dis
play some key diITerences, however a number of generalizations 
can be drawn from the study. TIle study also has implications for 
a much wider audience, as the separation of human and natural 
causes of environmental change is a significant and global en
deavour. Similarly, the role of indigenous people in prehistoric 
landscapes. how fire responds to climate change and variability 
and the application of palaeoenvironmental infoDltation to con
temporary environmental issues all have wide applicability. 

In southeastern Australia pre· European fire activity is popu
larly associated with Aboriginal people, howevcr at Gooches 
Swamp climate appears to be the dominant control of fire ac
tivity ovcr the last -14200 years, The Gooehes Swamp record 
was most greatly influenced by climate with periods of climatic 
instability, such the Lateglaeial transition and the onset of 
ENSO·dominated climates from the mid Holocene, associated 
with higher levels of charcoal. We suggest that the elevated lev
els of charcoal are due to an increased frequency of intcnse 
fires in the catc1mlent and on the woody. wet heath vegetation 
of the swamp surface. It appears that the Gooches Swamp 
record is responding to a regional climatic signal resulting in 
strong similarities with Haberle et al.'s (2001) charcoal curve 
from the Salmi region. At Gooches Swamp anthropogenic in
fluenccs are not readily disccrnable. based on the current ar
chaeological data from the Blue Mountains. 

At Kings Waterhole an increase in charcoal occurred at about 
the same ~ time as at Gooehes Swamp, also likely reflecting 
ENSO-related climatic variability. However, at Kings Waterhole 
charcoal levels decreased dramatically at the same time as 
Aboriginal activity intensified in the region, This decrease was 

also found at Lake Baraba and an altered regime to small scale, 
less intense but more frequent fires caused by anthropogenic ac
tivity is suggested as a cause. Although humans arc likely to 
have manipulated fire, it is probable that this occurred within a 
framework dictated by the prevailing climate of the time. For 
example, the risk of more intense fires undcr a strengthened 
ENSO-dominated climate may have increased the need for 
Aboriginal people to closely manage fire, especially in these fire· 
prone vegetation conmmnities. This creates a complex nexus be
tween climate and humans, resulting in significant variability in 
fire through time in the region. The charcoal record of Lake 
Baraba was complicated since there was a changc in the deposi
tional environment from a lake to a swamp at -S5ka and this 
had t..1phonomic implications for charcoal representation. 

The spatial and temporal variations in fire activity within the 
small geographical region of the Sydney Basin mean that there 
is not a single pre-European fire management strategy that can 
be applied across the entire region. The conclusions of this 
study minor those of Head (1989: 41) who noted that there is 
a conunon assumption that Aborigines 'had a single ongoing 
impact': this enoneous assumption ignores climatic change 
and human population and cultural changes. Furthermore, the 
predominanec of climate as a control on past fire activity has 
been described by Kohen (1996) and Kershaw ef al. (2002). 
Kohen (1996: 20-21) concluded 'perhaps what we are observ· 
ing in the last few thousand years is the struggle between an~ 
thropogenic fires and climate, with climate seeming to come out 
in front in most situations'. Similarly Kershaw et 01. (2002: 19) 
observed that '(the) relative importance of climate and human 
influence is difficult to assess but evidence, .. suggests that cli· 
mate was the major driving force'. 

This study also highlights the important influences of eli· 
mate change and variability 011 fire activity. At Gooehes 
Swamp fire was not necessarily linked with a drier climate but 
there was an apparent inereasc in fire activity during periods of 
climate change. The longcr temporal perspcetive afforded by 
this study demonstrates that fire appears to be related to ENSO 
through time, however the nature of this relationship requires 
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Information on "Hanging Swamps" is available 
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The Edge 

The Edge is a cinema experience (with a six storey high screen) which purports to explain "the 
story of discovery and conling to terms with the ancient, complex and fragile Blue Mountains". 
It is pitched at the wrong level for this group but contains some absolutely stunning footage of 
inaccessible parts of the Blue Mountains (including the Wollenli pines). 
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The Greatcr Blue Mountains Area has bcen inscribed on the World Heritage list for its exceptionally 
diverse EucalJptus communities. Hanging swamps in this region, listed as 'vulnerable ecological 
communities'. accumulate sediments that contain the palaeoenvironmental record. Seven of these swamps 
have been studied, revealing a history of the vegetation, climate and fire regimes. 

Palynological analysis of each swamp reveals a history of the surrounding vegetation. There are 
similarities and parallel changes between some of the swamps allowing generalities about the climate of 
the Holocene to be made. In the early Holocene, about eleven to nine thousand years ago (11-9 lea), the 
vegetation was more wooded and the climate was probably somewhat wam1er and wetter. By the mid 
Holocene about 6-4 ka, trees were less dominant in the vegetation suggesting that the climate was probably 
drier. By 3-2 ka, wooded vegetation had mostly returned, and after 2 ka, Baeckea, Lepfospermuln, Kun=ea 
and Melaleuca species increased somewhat, with further increases in European settlement time, possibly 
reflecting a reduction or thinning of the wooded canopy. 

Charcoal analysis of the accumulated sediments suggest that there was more fire in the early Holocene 
when trees increased the biomass. There was less fire through the mid Holocene when the biomass was 
lower, but it increased with the return to more wooded vegetation in the late Holocene. In particular. the 
woody shrubs of Baeckea, Lepfospermum, Kunzea and Melaleuca increased with an increase in charcoal, 
probably because these shrubs benefit from a more open canopy. but they also grew on the swamps hence 
could deposit charcoal directly into tile sediments. Charcoal values are particularly high after European 
settlement. It is possible that the disruption of Aboriginal buming practices allowed the increased growth of 
woody shrubs and hence a much greater fuel load. 

ManusClipt received 21 May 2008, accepted for publication 17 December 2008. 

KEY WORDS: Blue Mountains. Climate change, Fire history, Palynology, Vegetation history. 

INTRODUCTION 

The Greater Blue Mountains Area was inscribed 
on the World Heritage List in December 2000. The 
Blue Mountains are a deeply incised sandstone 
plateau rising to over 1,300 m at its highest point. 
This plateau is thought to have enabled the survival of 
a rich diversity of plant and animal life by providing 
a refuge from climatic changes during the recent 
geological history. It is particularly noted for its 
wide representation of habitats, from wet and dry 
sclerophyll, mallee heathlands, as well as localised 
swamps, wetlands and grassland. Ninety one species 
of eucalypts are found in the Greater Blue Mountains 
Area and twelve of these are believed to occur only in 
the Sydney sandstone region (Australian Government, 

Department ofthe Environment and Water Resources,-
2007a). 

The area has been described as a natural laboratory 
for studying the evolution of the eucalypts (Australian 
Government, Department of the Environment and 
Water Resources, 2007a). TIle steep terrain and 
sharp enviromnental gradients have allowed for 
major evolutionary change in some taxa, resulting 
in exceptional biodiversity, particularly within the 
eucalypt communities that dominate the place. 
Importantly, the evolutionary processes underpinning 
this diversity are believed to be ongoing, resulting in 
an evolutionarY 'laboratory' that is exceptional in the 
world (Australian Government, Department of the 
Environment and Water Resources, 2007a). 
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Peat fOlTImtion on sandstone, the substratc of most 
of the Blue Mountains, is very unusual. The hanging 
swamps ofthe Blue Mountains are cspecially notable 
and have lower sediment loads and accumulate 
organic matier more slowly than valley swamps and 
swamps along watercourses. They are also easily 
eroded with any disturbance. The small geographic 

distribution and demonstrable threat has meant that 
thcse. hanging swamps are now listed as 'vulnerable 
ecological communitics' under the NSW Threatened 
Species Conservation Act of 1995 ((Australian 
Govcmment, Department of the Environment and 
Water Resources, 2007b; Sullivan. 2007) 

Seven swamps in an altitudinal sequence in 
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the Blue Mountains (Fig. 1) were chosen for a 
palynological study and are described in Chalson 
and Martin (this volume). A method to identify 
Eucalyptus pollen to species was developed (Chalson 
and Martin, 1995) with the aim of revealing the 
history of the eucalypt communities of the region. 
At the beginning of the Holocene, 10,000 years ago, 
the climate was approaching that of today, but there 
have been changes tln'ough the Holocene (Allan and 
Lindsay, 1998). The history of the Holocene is thus 
the history of vegetation very like that of today. 

THE ENVIRONMENT 

Geology and geomorphology 
The Blue Mountains consist of a deeply dissected 

plateau rising from the Cumberland Plain in the east, 
along the Lapstone Monocline. Elevation is about 
30 m in the east to over 1,000 m in the west. The 
sedimentary rock units are Tliassic in age and curve 
upwards, from east to west, towards the edge of the 
Sydney Basin. In the cast, Wianamatta Shale outcrops 
along thc side ofthe Lapstone Monocline. West of the 
Monocline, the underlying HawkesbUlY Sandstone 
Formation outcrops and further west, underlying the 
Hawkesbmy Sandstone, the Grose Sub-Group of the 
Nan'abeen Group outcrops. TIle Grose Sub-Group 
is divided into a number of formations and thc ones 
encountered in this St11dy are as follows: The Banks 
Wall Sandstone Fomlation, within which is found the 
Wentworth Falls Claystone Member, and the basal 
Bun'a-Moko Head Sandstone Fonnation, which is 
the 1110St pro111inent cliff-fonning unit in the Blue 
Mountains (Bembrick, 1980). 

The plateau surface is tmdulating with small 
creeks fOlming upland valleys. In areas where 
Hawkesbury Sandstone is the underlying rock type, 
the upland valleys progressively increase in gradient 
as they incisc below the plateau sUl"faee and develop 
steeply inclined V-shaped gorges with only minor 
benching in the valley sides. To the west, where the 
Banks Wall Sandstone formation is the underlying 
rock type, the valley sides and floors slope gently 
and the streams do not incise but flow across a series 
of swamps and sandy peat deposits. Eventually, the 
streams cut through a sandstone layer into claystone 
or shale when a nickpoint (often a waterfall) is fomled 
(Langford-Smith. 1976). 

The development of the swamps in these two 
areas varies enonnously. The eastern region supports 
few swamps which are usually associated with large 
streams that have a central channel and flowing water. 
In the westem region, there are more swamps and 
they are developed in broad shallow valleys with no 
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marked central stream but rather experience a general 
slow flow of water across the whole area (Langford
Smith, 1976). 

The climate 
Maxinlum temperatures in the Blue Mountains 

relate strongly to altitude. Average JanuaJY maxima 
are highest at the lower altitudes, 29°C at Riclunond 
and lowest at the higher altitudes, 23°C at Mt. 
Victoria. Average minimum temperatures generally 
decrease from east to west. The July minima range 
fi'om 3.4 °C at Richmond to -0.8 °C at Lithgow 
(Table 1). Temperatures as low as -3°C have been 
recorded from Katoomba (BoM, 2006; Bureau of 
Meteorology. 1979). 

Rainfall pattenlS relate to elevation and distance 
from the coast. TI,e average annual rainfall increases 
from 806 mm at RiclilllOnd to 1424 mm at Newnes 
(Table 1). The driest months are usually July to 
September and the wetres! are Dccember to March 
(BoM, 2006; Bureau of Meteorology, 1979). 

Winds from the west or northwest dominate all 
the year, although there are significant easterly and 
northeasterly winds during the summer months of 
November to April. Fogs fi'equently occur on the 
higher Blue Mountains, with Katoomba and Mt. 
Victoria recording an average of 55 and 90 fog days 
per year, respectively (BoM, 2006). Frosts occur on 
35 to 40 days of the year, mostly between April and 
November. Snow falls most frequently in J1l1y and 
August: Katoomba and Mt. Vicforia have and average 
of 3 and 10 snow days per year, respectively (Bureau 
of Meteorology. 1979). 

Soils 
The quartz-rich sandstones in the area arc low 

in most nutrients, and thus soil aJld alluvium derived 
from sandstones are low in nutrients. The soils are 
mainly lithosols and yellow podzolics with small areas 
of red and lateritic podzolic soils and sandy alluvial 
soils in the valleys. Most of the soils are moderately 
acidic, with pH values of 4.5 to 5. In lUgged terrain, 
rock commonly lies near or at the surface. The soil 
fertility in the valleys may be higher because of the 
accumulation of organic matter (Chalson, 1991) 

Vegetation 
TI,e vegetation is almost entirely dry sclerophyll 

woodland and open forest, the 'Sydney Sandstone 
Complex' (Keith and Benson,1988) with localised 
swamps in the valleys. There are small patches of tall 
open'forest or wet sclerophyll in specially favourable 
habitats, such as protected gorges. Heathlands are 
found in the harshest environments. 
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Table 1. Climatic Averages. Stations are arranged according to altitude. 

Station and altitude (111) 
Mean max. temp. 
hottest month, 
(Jan.) °C 

Mean min. temp, 
coldest month, 
(June or July) °C 

Mean 
annual 
rainfall, 
mm 

'Richmond, 19-20 J 

'Pcnrith, 27 

'Springwood -400 

'Kurrajong Heights, -550 

'Lawson, 715 

'Wentworth Falls, -900 

'Lithgow (Birc1wood St.). 950 

'Katoomba, 1030 

, Mt Victoria, 1064 

'Blackheath PO, 1065 

'Lithgow (Ncwnes Forest 
CcntTe).1050 

29.5 

25.5 

23.1 

23.0 

23.2 

1 From BaM (2007). 2 From Bureau of Meteorology (1979) 

3.4 

0.7 

2.5 

1.7 

-0.8 

806 

786 

1076 

1253 

1260 

1409 

860 

1398 

1061 

1145 

1072 

3 Average of Richmond RAAF and Richmond UWS Hawkesbury 

Open forest with Allgophora costala, Eucalyptlls 
piperita, E. agglomerata and s..W1Ca17)ia gTomul?fera 
dominant is found in sheltered gullies with moist, 
well-drained soils on the Hawkesbury and Narrabeen 
Group sandstoncs. 11,e understorey includes small 
trees of Allocasuarina torulosa and Acacia elata, 
with shubs of Hakea daclyloides, Pliitel1aea flexilis 
and Dodonaea triquelra. Tall open forest is restricted 
to the 1110re sheltered gorges and is dominated by E. 
deanei with Syncarpia glomulffera, Acacia elata, 
Ceratopelalum apelalum, Cal/icollla serratifolia and 
Angophorafloribunda. There is a distinctive riparian 
scrub of Tristal1iopsis laurina and Backhousia 
myrtijolia along the larger watcr courses (Keith and 
Benson, 1 988), 

Woodland and low woodland with COIJ'lI1bia 
gllll1l11ifera, Eucal)7]IUS sclerophyl/a and E. oblongala 
dominant is widespread on ridges and opcn slopes 
on shallow, well-draincd soils of the Hawkesbury 
and Narrrabeen Group sandstones. E. punctata, E. 
piperila and Angophora costala may be present in the 
more sheltered sites. E. sclerophyl/a is particularly 
common on dampcr soils. The understorey is rich in 
shrubs of the Proteaceae, Myrtaceae and Fabaceae 
(Keith and Benson,1988). 

There are other woodlands: the 'Tablelands 
Grassy Woodland Complex' with Eucal)J)11IS dives, E. 
manni/era, E. eugenioides, E. pauc!flora, E. rubida, 
E. aggregata and E. stel/ulata the common species. 
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Thc 'Snow Gum Woodland' has E. pauciflora, E. 
dailJ'lI1pleana, E. rllbida and E. slellulata dominant 
(Keith and Benson, 1988). 

Open heath communities have Eucalyptus 
stricta, Allocasuarina nona and Leptospermum 
trinervilllll. PhyUota squarrosa, Eriastemol1 abovalis, 
Epocris reclinala, Dracophyllum seczmdatum and 
Gleichenia rupeslris dominant. Phy//ola squa17'Osa 
and Eriostemol1 obovalis are common in montane 
heaths whereas Phyllola phylicoides and Erioslemon 
hispidula are common on the Lowcr Blue Mountains 
heath. Many other smaller shrubs are found in these 
hcath communities (Keith and Benson,1988). 

Closed heath or 'Newnes Shrub Swamps' 
have LepfoSpermuJ11 lanigerum, Baeckea li71!folia. 
Grevillea acanthijolia and "\)'ris uslulala dominant. 
They arc found in shallow valleys above 1,000 m 
clevation in swamps. with poorly drained. acid and 
sandy peat soils. There is a ground cover of sedges 
including Baloskiol1 ausf,.ale~ Empodisma minus. 
Lepyrodia scariosa. L. anathria, Lepidospe/'ma 
limicola and small shrubs (Keith and Benson,1988). 

Closed sedgeland, the 'Blue Mountains Sedge 
Swamps'. have GYl11nosc!7oenus sphaerocephalus. 
Lepidosperma limicoia, }(vris uSlulata and Baeckea 
linifolia dominmlt. These sedge swamps are found 
at lower altitudes than the closed heath swamps and 
occupy steep-sided basins (the 'hanging swamps'). 
They arc intermittently waterlogged and have shallow 
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sandy soils. Many sclerophyllous shrubs form an 
open heath (Keith and Benson,1988). 

For a full description of the specific vegetation 
found at cach site, see Chalson and Martin (this 

volume). 

Human Occupation 
The Blue Mountains, especially the lower 

part, was highly favourable to the hunter-gatherer, 
(Stoekton,1993a). Movement was relatively easy on 
the ridges, water was not scarce while flora and fauna 
suitable for food were both plentiful and varied. The 
rivers were also a source of rock types used for tool 

making. 
Campsitcs with an abundance of workcd 

stone were pm1icularly common in the Lower Blue 
Mountains. In the Upper Mountains, there were 
fewer campsites than in the Lower Mountains, but 
their concentration of flaked stone showed that they 
have bcen equally well used. The Central Mountains 
reveal many rockshelter sites where there were fewer 
stone artifacts than the Upper and Lower Mountains. 
However, thcre was a high concentration of rock art, 
engravings, paintings mld axe grinding grooves. This 
suggests that the Upper and Lower Mountains were 
used for survival but the Central Mountains were more 
of religious and ritual significance (Stock-ton,1993a). 

It is generally presumed that the climate in 
the Blue Mountains was too severe for year-round 
occupation during thc ice age. However, protected 
sites such as the rock shelters would have been livable, 
especially if protected from the bitter westerly winds. 

(Stockton, 1993b). 
The oldest signs of occupation in the Blue 

Mountains were found at Kings Tableland, Wentworth 
Falls with the oldest date of 22,240 years BP. Walls 
Cave at Blacldleath and Lyre Bird Dell, Leura both 
yielded dates of more than 12,000 years BP. There 
were other sites, e.g. Hazelbrook, to 7,200 years BP, 
Springwood Creek Rock Sheltcr, from 8,500 years 
BP up to European times and open sites, e.g. Jamison 
Creek. Evidence fro111 the Nepean River, at the foot 
of the Blue Mountains suggests human occupation 
could go back to 40,000 years BP. In all, there were 
over 700 Aboriginal sites in the Blue Mountains 
(Stockton, 1993b; Attenbrow, 2002). 

With the coming of Europeans, both Europeans 
and Aborigines avoided each other and early travelers 
in the Mountains rarely saw any Aborigines. Settlers 
followed the first crossing of the Mountains in 1813 
by Blaxland, Lawson and Wentworth (Breckel!, 1993) 
After some slcimlishes about tlle land the settlers had 
taken, AbOligines and Europemls co-existed, tll0ugh 
not without racist incidents (Smith, 1993). 
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METHODS 

Seven swmnps in an altittldinal sequence were 
chosen for study and they are described in Chalson 
and Martin (this volume). A study of the pollen in 
surface samples from swamps (Chalson and Martin 
this volume) provides insights that assist in the 
interpretation ofthe pollen spectra from the sediments. 
The description of the vegetation at each site is also 
presented in Chalson and Martin (this volume). 
The swamps were systematically probed to identify 
the area where accwllulating sediments were the 
deepest, using a Russian D-corer (Birks and Birks, 
1980). 111e sediments and stratigraphy were described 
using the temlinology of Birks and Birks (1980) 
Samples for radiocarbon dating were taken from a 
pit where possible, otherwise with repeated use of the 
D-corer until sufficient sediment was acquired. The 
standard radiocarbon dates were calibrated using the 
CalPal (Version March 2007) program. 

Samples of sediment were taken from the core 
evcry 10 cm, or where it was thought there could be a 
critical change, every 5 cm. For pollen preparations, 
the core sediments were spiked with Alnus of a 
known concentration, treated with hydrochloric and 
hydrofluOlic acids to remove siliceous material (Birks 
and Birks, 1980), oxidised with Schultz solution (a 
satl.u·ated solution of potassium perchlorate in nitric 
acid), cleared in 10% potassium carbonate and the 
residue was mounted in glycerine jelly (Brown, 
1960). Reference pollen was treated with standard 
acetolysis (Moore et aI., 1991:) and also mounted in 

glycerine jelly. 
Pollen was identified by comparing grains fi'om 

the core with a collection of reference pollen. Special 
attention was paid to pollen of the family Myrtaceae 
which may be identified to species following the 
method in Chalson and Martin (J 995). 

Pollen was counted along transects across the 
slides and tests showed that a count of more tllan 140 
grains adequately sampled the residues. The .counts 
were presented as percentages of the total count and 
pollen concentrations were calculated for the most 
abundmlt pollen groups. Percentages are relative 
and a change in a single pollen group will affect 
percentages of all the other groups, but presenting 
both percentages and concentrations will reveal 
fluctl.mtions in individual pollen groups. 

The abundance of charcoal retained on a ISO fUll 
sieve, ~s part of the palynological preparation, was 
estimated subjectively on a scale of 0 to 8. Counts of 
microscopic charcoal for a swml1p at Kings Tableland 
showed that the two methods gave similar results, 
although the microscopic charcoal was more variable 

(Chalson, 1991). 
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RESULTS 

Burralow Creek Swamp 
Burra10w Creek Swamp, at 33 0 32'S, IS0° 36' 

38"E and 310-330 m altitude, is situated in a narrow 
V-shaped valley and follows the course ofthe creek for 
some 3.S kl1l. The substrate is Hawkesbury Sandstone, 
but Wiananatta Shale outcrops on the sun·ounding 
ridge-tops. The upper rcaehes of Burralow Creek 
drain urban areas and fal11lland areas. An isolated 
farm adjacent to the swamp was incorporated into 
the Blue Mountains National Park. Weed growth 
from this farm is confined to a small area and has not 
spread into the adjacent bushland. 

Stratigraphy: Sediments were recovercd to a depth of 
310 cm. Clayey peat was found down to 10 cm, humic 
clay at IS-SO cm and humic sandy clay at' 60-70 C111. 

Sand was encountered at 80-260 C111 and clay/sand at 
260-310 C111. Thc radiocarbon dates are presented in 
Table 2. 

Swamp vegctation and surfaec pollen: Species of 
Kunzea and Leptospermum were dominant on the 
swamp but Restionaceae, Cyperaceae and Selaginella 
species wcre also present (Chalson and Martin, this 
volume). Surface sample pollen from the swamp 
(Chalson and Martin, this volume) showed appreciable 
Leptospermul11lBaeckea and a considerable amount 
of Restionaceae or Cyperaceae in some samples. The 
fern sporc content was low. 

The pollen record: The pollen spectra from the 
scdimcnts is presented in Figs 2A, 2B and has been 
divided into the following zones: 

310 to 140 em. no pollen recovered. 

Zone E, 130 cm, age? > 1,200 cal yr BP (sce Fig. 3 for 
estimated ages). Angophora jloribllllda, Euca!l'ptus 
spp. and possibly Casuarinaceae pollen werc the most 
abmldant of the possible arboreal groups. There was 

a moderate representation of Poaceae and Selaginella 
(Fig 2A) and other shrubs and herbs were present in 
low frequencies (Fig 2B). 

120-110 em, no pollen recovered. 

Zone 0 100-90 cm age c. 1,200 -1,000 cal vr BP . 
This zone had a very high proportion of Selaginella 
spores and low proportions of everything else, 
including tree pollen. The pollen concentrations 
showed a similar pattem to that of the percentages 
which revealed.achange in the whole pollen spectrum, 
not only reflecting the addition of a large number Of 
Sellaginelia spores to spectra otherwise like that in 
zone E. 

Zone C SO-60 cm age c. I 000-800 cal yr BP The 
Sellaginella content had decreased considerably 
when compared with the zone brlow, There was a 
high proportion of Casuarinaceae and Myrtaceae. 
including Euca(vptus species and the Poaceae content 
was low. 

Zone B, 50-20 cm age c.S700-250 cal yr BP. The 
Casuarinaceae content had increased and was the 
highest for the profile. Eucalyptus species and 
Angophora jloribunda were well represented and 
Leptospemum juniperinum was present in low 
frequencics. There was a moderate content ofPoaccae 
and Cyperaceae, with a diversity of fern spores. 
Sellaginelia content was minimal. 

Zone A, 15-0 em, age c. 25D-present, cal yr BP. 
European Pinus was found in this Zone and there was 
a high content of L. juniperinum. There was some 
change in the Euca!vptus species, Casuarinaceae 
declined. and the Poaceae content was moderate, 
when compared with the zone below. 

Charcoal content was low to moderate through 
most of the profile, with a somewhat higher content at 
the base of Zone A, the zone of European influence. 

Table 2. Radiocarbon ages for Burralow Creek Swamp 

Depth (cm) Material dated Laboratory no. 
Radiocarbon years Calibrated age (cal yr 
(yrBP) BP.) 

15-20 Hnmic clay SUA-2607 250 ±50 348±130 
SO-60 Humic sandy clay SUA-260S 830±60 848±70 

80-90 Sand SUA-2609 1,070±SO 1068±SO 

95-1OS Sand SUA-26 I 0 820±SO 818±SO 
125-135 Sand SUA-26 I I 660±S5 688±SO 
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History of the vegetation: Initially, more than 1,200 

cal yr BP, there was a mixed tree cover of Myrta ceo us 

species and possibly Casuarinaceae with a moderate 

Poaceae understorey. Selagil1elia, was prominent on 

the swamp. A period of possibly a reduced tree cover 

followed, with an expanded swamp area with abundant 

Selagil1ella about 1.2-1.0 cal ka. Alternatively, if the 

swamp area was larger, the trees may have been 

further away, hence they contributed less pollen to the 

spectrum. The tree cover increased and Selaginella 

was much reduced by about ]-0.8 cal ka. At this time, 

the clay content of the sediments increased, perhaps 

indicating a less energetic water flow. Casuarinaceae 

became prominent about 0.8-0.25 cal ka with less 

Myrtaceae, although a diversity of species was 

identified. Simultaneously, Sellagine/la decreased 

while Cyperaceae and Poaceae increased. In the 

European zone, there was some change in Eucalyptus 

species and a big decline in Casuarinaceae while 

LepfOSpel'/l1l1111 jUIliperill11l11 became prominent. 

Fire was a constant factor in the envirornnent, 

especially in the early part of the European zone. 

Warrimoo Oval Swamp 

Wan'imoo Oval Swamp, at 33° 43' 21.44"S, 1500 

36' 58.3S"E and 190-200 m altitude, is situated in a 

V-shaped valley with a stream flowing through it. The 

substrate is Hawkesbury Sandstone, but Wiananatta 

shale outcrops on the SUlTOllllding ridge-tops. 

Substantial urban areas occur within a kilometre from 

the swamp and weed invasion is considerable. 

Stratigraphy: Total depth recovered was 250 

cm. The top 20 cm was peat, thcn sandy peat 

down to 50 cm. A layer of sand was found 

between 50 and 90 cm, then sandy silt down to 200 

cm, then sand down to 250 cm when coring stopped 

(Fig. 4A). The radiocarbon dates are given in Table 

3. 

Swamp vegetation and surface pollen: Species of 

Baeckea, J(ul7zea and Leptosperl11l1111 were dominant 

on the swamp. Cyperaceae, Juncaceae and Gleichellia 

species were also present (Chalson and Martin, 

this volume). The pollen spectra from the surface 

samples (Chalson and Martin, this volume) contained 

appreciable Melaleuca, BaeckealLeptospemulln and 

Gleichenia species. 

The pollen record: The pollen spectra from the 

sediments are shown in Figs 4A, 4B. 

Zone B 250-130 cm, c. 4,700-2,200 cal yr BP (for 

estimated ages, see Fig. 5). Abundant Gleichenia 

denoted this zone, The Myrtaceae content was low, 

with some of the pollen identifiable to genus/species. 

There was a consistent content of Casuarinaceae and 

Haloragis, ~ll1d Poaceac was almost entirely absent. 

Zone A, 120 cm to surface, c. 2,200-present cal yr 

BP. There was very little Gleichenia" together with 

an increase in the Myrtaeeae and Casuarinaceae 

content, when compared with the zone below. The 

Poaceae, Cyperaceae and Restionaceae content was 

higher and the pollen flora considerably more diverse 

when compared the preceding zone. Pinus was found 

down to a depth 0[20 cm, thus denoting the European 

influence, where BaeckealLeptospermwn species 

increased and Casuarinaceae decreased. 

The charcoal contcnt was consistently very low 

in zone B (4.7-2.2 cal ka) and higher in zone A (2.2 

cal lea to present). 

History ofthe vegetation: From about 4.7-2.2 cal ka, 

myrtaceous species and Casuarinaceae dominated 

open vegetation con1l11lmities. The swamp supported 

abundant Gleichenia. About 2.2 cal ka, the tree cover 

of the dryland vegetation increased, with Eucalyptus 

spp and Lepfospermum spp. becoming more diverse 

and abundant. Casuarinaceae was also more abundant. 

Gleichenia declined dramatically, but this change 

was not accompanied by any visible change in the 

sediments. 
Fire appears to have been a rare feature of the 

environment when Gleichenia was dominanc With 

the change to a more diverse flora and increase of 

Leptospemul11 in the swamp community after 2.2 

cal ka, fire was more common, particularly in the 

Table 3, Radiocarbon ages for Warrimoo Oval Swamp 

Depth (em) Material dated Laboratory no. 
Radiocarbon years Calibrated age (cal 

(yr BP) yrBP) 

IS-25 Peat SUA-2603 730±80 738±80 

120-130 Sandy silt SUA-2604 2,190±80 2.248±100 

160-170 Sandy silt SUA-2605 2,880±70 3,088±110 

240-250 Sand SUA-2606 4,060±80 4,668±140 
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European patt at the top of the profile. There would 
have been a greater biomass after 2 cal ka, hcnce more 
fuel to bum, pmticularly on the swamp itself. 

NottsSwamp 
Notts Swamp, at33° 4S' 3S.44" S, IS0° 24'27.66" 

E and about 682 m altitude is located in a shallow 
hanging valley. Below the swamp, Reedy Creek 
flows over a small cliff and follows a steep, narrow 
valley into the Kedumba Valley. The Wentworth Falls 
Claystone Member outcrops near the base of the 
swamp. 

Proc. Linn. Soc. N.S.W., 130,2009 

The lower third of the swamp is used for a 
market garden, but there is no sign of disturbance or 
weed invasion on the upper part of the swamp used 
for this study. There is no indication of Enropean 
activities in the catchment upstream of the study site 
and the nearest settlement is some 7 km to the north
northcast. 

Stratigraphy: The core recovered 130 em of 
sediment. TIlerc was dark brown and greyish brown 
peat with roots down to 50 cm, then black or very 
dark greyish brown clay at 60-100 cm, with dark 
grey or light grey sandy silt at 11 0-130 cm. Pollen 
was recovered throughout the sequence, sometimes 
in very high concentrations. Radiocarbon ages are 
givcn in Table 4. 

The swamp vegetation and surface pollen: Species 
of KUl1zea, Ga/mia and LeptocQlPus tenax were 
dominatlt on the swamp. Species of Gleichenia, 
Seiagine/la,Leptosperl1ZlIl1Z, Cyperaaceae, Juncaceae 
and a number of scJerophylJous shrubs were also 
present (Chalson and Martin, this volume). In the 
surface samples, Myrtaceae, Casuarinaceae and 
Restionaceae were well represented. There was 
appreciable Pinus pollcn also. (Chalson and Martin, 
this volume). 

The pollen record: The pollen spectra from the 
sediments are presented in Fig. 6A, 6B and is zoned 
thus: 

Zone D 110-130 cm, c. 77,300-4,SOO cal yr BP 
(for estimated ages, see Fig. 7). Myrtaceae pollen 
content was low and Casuarinaceae moderate. The 
Sefaginella spore content was appreciable at the 
base, decrcasing through the zone. The Restionaceae 
and Poaceae content was moderate and the lowest 
for the profile. 

Zone C 100-S0 cm, c. 4 SOO-2,400 cal yr BP. The 
Myrtaceae, Restionaceae and Poaceae representation 
increased but the Sefagine/fa content was mucb 
reduced when compared with the zone below, and this 
change coincided with a change in sediments to clay. r 

Gleichenia and other fern spores increased somewhat 
when compared with the zone below. 

Zone B, 70-30 cm, c. 2,400 cal yr BP. to ?modem. 
There were more identifications of the mytaceous 
pollen, an increase in Restionaceae and few Gleichenia 
and othcr fern spores when compared with the zone 
below. The Selagi/lal/a and Cypcraceae content was 
minimal. 
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'b- European Zone r =.: ......... by Restionaceae, the tree 
cover increased somewhat 
and fire bccame more 
common. The vegetation 
remained relatively stable 
until modern times when 
there was a slight decrease 
in Rcstionaccae and an 
increase in Cyperaceae. 
Charcoal abundance was 
higher when the tree cover 
was greater. 
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Ingar Swamp 
Ingar Swamp, at 33 0 46' 

11.65" S. 1500 27' 22.92" E 
and 584m ahitnde, is broad 
with many channels and 
hummocks of Cyperaceae 

250 I .. 

forming ridges. The Banks 
Wan Sandstone Forn1ation 
underlies the swamp and 
there are outcrops of the 
Wentworth Falls Claystone 
Member near the lower 

1 4 
1 Radiocarbon date 

2 Age (kyr) 3 
111 Calibrated date 

Figure 5. Warrimoo Oval Swamp summary diagram. 

ZoncA 20-0C111, modcm. Pinus was found throughout 
the zone, indicating post European settlement. The 
Myrtaceae and CasuaJ~naceae pollen content was 
maintained. Restionaccae decrcased towards the 
top and the Cyperaceac content, although low, is 
the f,'1'eatest for the profile, when compared with the 
zones below 

The charcoal content was very low at the base 
of the profile when Selaginella was prominent on the 
swamp, then incrcased after the decline in Selagie/la 
and was consistently bigh in the European zone. 

History of the Vegetation: About 7-4.5 cal ka, 
Se1agine/la was common on the swamp and the 
snrrounding vegetation was an open woodland, with 
Casuarinaceae prominent. Fire was not comnlon 
then. After about 4.5 cal ka, Selaginella was replaced 

Table 4. Radiocarbon ages for Notts Swamp 

Dcpth (cm) Material dated Lahoratory no. 

25-35 Peat with roots SUA 2653 
75-85 Clay SUA 2654 
120-130 Sandy silt SUA 2655 

88 

margin of the swamp. The 
swamp occupies the floor of 
a shallow hanging valley on 

the p latcau surface. Below the swamp, Ingar Creek 
fOllns a watcrfall where the valley gradient steepens. 

Stratigraphy: The core recovered 155 em ofsedimellt. 
Peat with roots was found at 0-20 cm, then humic clay 
with roots at 25-110 em, sandy humic clay at 120-130 
cm, then sandy clay at 135-145cm, and silty clay at 
150-155 cm. The radiocarbon ages are given in Table 
5. 

The swamp vegetation and surface pollen: Species 
of Leptosperl/lum, Cyperaceae and Restionaceae 
were dominant on the swamp. Gleichenia and 
some sclerophyllous shrubs werc also present 
(Chalson and M3Jtin, this volume). The surface 
samples (Chalson and Martin, this volume) 
showed tbat most of the Myrtaceae pollen was 

Radiocarbon years (yr Calibrated age (caJ. 
BP.) yrBP.) 

1.0 13±0.008x modem Modern «33) 
2,400±70 2,578±130 
5,630±70 6.478±80 
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Table 5. Radiocarbon ages for Ingar Swamp 

Depth (cm) Material dated Laboratory no. Radiocarbon years (yr BP.) 
Calibrated age 
(cal. yr BP.) 

30-40 Hnmic clay with roots BETA 20942 
120-130 Sandy humic clay BETA 20943 

140-150 Saudy clay BETA 20944 

unidentifiable. There was moderate Casuarinaceae 
and Poaceae. 

The pollen record: The pollen spectra from the 
sediments is shown in Fig. 8A, 8B and has been 
zoned thus: 

Zone C 150-130 cm c. 7,000 cal yr BP (see Fig. 9 

8A 

105.1±0.8% modern Modern «43) 
6,460±100 7,428±90 

6,220±100 7J88±90 

for estimated ages). Abundant Restionaceae marked 
this zone. Eucalyptus piperita, other Myrtaceae 
and Casuarinaceae were prominent and there was a 
moderate content ofPoaceae. 

Zone B 120-40 em c. 7,000-?2 200 cal yr BP. There 
was greater diversity here and more of tree/large 
shrub pollen, viz. E. piperita, Al1gophora, Melaleuca 
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sec Appendix. 
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Restionaccae decreased but Cyperaceae, 
Selagieila and Gleichenia increased 
slightly. In the European zone, there 
was a slight decline in Casuarinaccae 
and an increase in the swamp specics 
of Restionaceae and Gleichenia. Fire 
was relatively rare about 6 cal ka, but 
increased through time, to a peak in the 
European period. 

.rf!? ;;r ,~ t:: ,I 
i§' '!!!.1i J,> "",$"& 

\S! e$.g(tft)~<rJ·ft!o~&£f 
fifi'olfl qlfl ~ rfi: ?} ~q; ;:; ~rtJ~,f> /I!.P ~o 

ro".tri ~'!!~:<::: ~ ~ ~;21i'!-.: II 0 
Q ~<J" </)$ ef C<' 0' :f i!J" fJ ~ I{1I ;f """ § 

! J: I Itt ' ~ Zo 

j 

:-- :-20 
,... 

.A - ~ ~ f-t ~ 
~ 

r I l-
I } [ 

40-

601 
80l 
1001 
120 J 

! l ~ r B 

i t 

r ~ t 
140 j f ~ 

Figure 8 continued 

stypitelioides and Casuarinaceae, when compared with 
the zone below. There was a little morc Poaeeae but 
less Restionaceae than in the zone below. Selaginelia, 
and to a lesser extent, Gleichenia, were 

C 
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20% 

ne 

Kings Tableland Swamp 
Kings Tableland Swamp, at 33 0 45' 

47" S, 1500 22' 43" E and about 780-
790 m altitude, is located in the floor 
of a steeply sloping small valley off 
Queen Victo!ia Creek. The valley floor 
steepens abruptly below the swamp and 
a waterfall cascades Over a small cliff. 
The Banks Wall Sandstone Fornlation 
nnderlies the swamp and the Wentworth 
Falls Claystone outcrops near the base 
of the swamp. An area of development 
is found less than 1 km to the west 
whcre exotic conifers have becn planted 
in the gardens. 

Strati£raphy: The core sampled 220 cm 
of sediments which were peat down to 
10 cm, then peaty sand at 15-20 cm, 
humic sand at 30-40 cm, peaty silt at 50 
cm, humic sand at 60-90 em, clay/sand 
at 100-120 cm and sand at 130-220 cm. 
Radiocarbon dates are given in Table 6. 

moderate in the basc of the zone. 

Zone A 40-0 cm, c. 2,200-0 cal yr BP to 
modem. Pinlls was found down to 20 cm, 
marking European settlement. The dryland 
flora was similar to the zone below, but tree 
species declined with European influence. 
Restionaceae and Gleic/zenia were more 
abundant than in the zone below. 

........ European zone ~('" ~ r-- --- --- ~ ~ 

I; ? ~ - - - - - - - z:n:: - ~~~ 

There was very little charcoal in the 
basal zone C, increasing in zone Band 
reaching a maximum in the European zone 
A. 

History of thc vegetation: Before 7 cal ka , 
the vegetation was relatively open, but after 
about 6 cal ka, the tree cover increased, 
especially Casuarinaceae. On the swamp, 

92 

50 ~ -i-E . -f i j ZoneS -i-
100 1,--

~~~ 
150 0 

2 

Age (k yr) 

4 6 
I Radiocarbon date 

" Calibrated date 

Figure 9. Ingar Swamp summary diagram 
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Table 6. Radiocarbon ages for Kings Tablelands Swamp 

Depth (cm) Material dated Laboratory no. 

15-20 Peaty sand SUA 2656 

50-60 Humic sand SUA 2657 

80-90 Humic sand SUA 2658 

155-160 Fine sand SUA 2659 

The swamp vegetation and surface pollen: 
Leplospermum species were dominant, but Gleichenia 
and sclerophyllous shrubs were also found on the 
swamp (Chalson and Martin, this volume). In the 
surface samples, the Myrtaceae content was low bnt 
Casuarinaceae was well represented (Chalson and 
Martin, this volume). The swamp taxa Restionaceae, 
Seiaginella and Gieicitenia were also well represented 
and the introduced Pinus was abundant 

The pollen record: The pollcn spectra from the 
sediments (Figs lOA, lOB) have been zoned thus: 

Zone C 200-90 em c. ?> 12000-3 800 cal yr B P (see 
Fig. 11 for estimated ages). The Myrtaceae eon tent 
was low and Casuarinaceae content moderate (Fig. 
lOA). Sclerophyllous shrubs and Restionaceae were 
well represented (Fig. lOB). Gleichenia and other 
fern spores were moderate. Eucalyptus deanei was 
found in the basal part of the zone and Banksia in tile 
upper part. 

Zone B 80-30 cm, c. 3 800 cal yr BP to modern. This 
zone had some very high pollen concentrations which 
mirrored the spectra of the percentages, suggesting 
that the high concentrations result from slow sediment 
accumulation rather than tbe increased input of any 
one (or more) particular pollen type(s). 

The Myrtaceae pollen proportion remained low 
but the Casuarinaceae representation had increased, 
when compared with the zone below. The proportion 
of Restionaceae and Gleichellia had decreased, 
hut Cyperaceae and Selagiel1a had increased, in 
comparison with tile zone below. Sclerophyllous 
shrubs were also well represented in this ZOne. 

Zone A, 0-25 cm. modern. Pinus was found here, 
delimiting tile European zone. The myrtaceous 
content had increased a little, especially Melalel/ca. 
Casuarinaeeae and Restionaceae decreased somewhat 
but Gleichenia increased considerably, when 
compared with the zone below. 
The charcoal content was low to moderate in zones C 

Proc. Lilll1. Soc. N.S.W., 130,2009 

Radiocarbon years (yr 
BP.) 

1.045±0.008 x 
modern 

1,210±70 

2,410±70 

9,040±80 

Calibrated age 
(ca\. yr BP.) 

Modern « 33) 

l.208±90 

2,578±130 

10.208±130 

and B, and increasing in the modern zone A. 

History of the veaetation: The dearth of myrtaceous 
taxa, predominance of Casuarinaceae and the diversity 
and relative abundance ofthe shrubby taxa suggests a 
heatlliand, given that the two species of Casuarinaceae 
found in the region today, Allocasuarina distyla and 
A. nalla, are shrubs/small trees. The swamp flora 
was dominated by Restionaceae throughout. with 
Gleichenia becoming prominent in modern times. 
Myrtaceae rcmains lownntil modern times, suggesting 
the surrounding vegetation remained relatively open. 
The charcoal content was relatively low until modern 
times, suggesting less fire activity, or lesser fuel to 
bU111, until European times. 

Katoomba Swamp 
KatoombaSwamp, at33°43'03"S, 1500 19'18" 

E and 950 m altitude, is located in a smal), shallow 
valley which is a tributary of Gordon Creek (Chalson 
and Martin, this volume). The Banks Wall Sandstone 
Formation underlies the swamp and tile Wentworth 
Claystone Member outcrops near the base of tile 
swamp, probahly impeding drainage. 

This swamp is surrounded by urban development. 
There is evidence of drainage ditches and a sealed road 
runs across the swamp. Much of it is (or has been) 
used for yards for light industry and horse paddocks. 
Housing extends to the edge of the swamp. _ 

Stratigraphy: Two cores were necessary to recover 
sediments spanning the whole of the Holocene. Cor.e 
1 consisted of (1) dark greyish brown or dark brown, 
silty clay/humic clay/clay with roots, 0-20 cm, then 
(2) dark greyish brown, black, or dark grey silty or 
sandy clay at 25-80 cm, followed by (3) dark grey 
sand at 85 cm, (4) dark grey clay at 90 cm, (5) dark 
greyish brown or dark grey sandy or silty clay at 95-
115 cm, (6) dark grey sand at 120 cm and (7) dark 
grey sandy clay at 125-130 em. 

The stratigraphy of core 2 consisted of (1) dark 
greyish brown, dark grey or dark brown silty clay at 
0-30 cm, then (2) dark grey or dark brown sandy clay, 
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Figure 10 continued 

35-40 em, followed by (3) dark greyish brown sand at 
42-48 em and (4) dark grey clay or sandy clay at 50-
55 em. Radiocarbon dates are presented in Table 7. 

The swamp vegetation and surface pollen: The 
moss Dawsonia, and species of Cyperaceae and 
Juncaceae were dominant on the swamp. Kunzea 
and LeptosperT1lwn species were also dominant and 
many sclerophyllous shruhs were found on the edge 
of the swamp, bnt the natural vegetation was highly 
disturbed here (Chalson and Martin, this volume). 
Poaceae (both native and introduced species) was 
the dominant pollen type in the surface samples, 
reflecting the urbanisation and the disturbance at the 
site. Pinus pollen was also present in appreciable 
amounts. Total Myrtaceae poIlen was moderate 
and Casuarinaceae poIlen was low. The swamp 
taxa, Restionaceae, Cyperaceae, Selagille/la and 

Proc. Linn. Soc. N.S.W., 130,2009 

Gleichenia were present in low propOitions (Chalson 
and Martin, this volume). 

The pollen record: Pollen recovery from the cores 
was good and some very high concentrations-were 
found, especially in the clay (Figs 12A, 12B). The 
cores were zoned thus: 

Core 2 Zone D 55-0 cm c. 12-11,000 cal yr BP (see 
Fig. 13 for estimated ages). The Myrtaceae content 
was low but Eucalyptus O/'eades and E. pauciflora 
had been identified. Casuarinaceae and Poaceae 
representation was llloderate and Restionaceae 
was high (Fig. 12A). AsteraceaelTubuliflorae and 
Ericaceae were prominent amongst the herbs and 
shrubs (Fig. 12B). The charcoal content was moderate 
throughout. 
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Figure 11. Kings Tableland Swamp summary diagram, 

Core 1 zone Co 130-75 cm. c, 6.200-4,000 cal yr 
BP (for estimated agcs, see Fig 13). The Myrtaceae 
representation was vcry low, lower than in the zone 
below, and Eucalyptus species were not recorded from 
most samples. Casuarinaceae representation was low 
also, Poaccae was moderate and Restionaceae high, 
all fairly similar to the zone below, 

Core I. zone B 70-30 cm, c, 3, I 00-?1,500 cal vr BP, 
The Myrtaccac content had increased and Euca~vplus 
oreades was present through the zone, and this was 
the most notable difference when compared with the 
zone below, Casuarinaceae abundance was moderate 
and thc Poaeeae reprcsentation had dccreased when 
compared to the zone below. Restionaccae abundance 
was a little less tllan in the zone below, decreasing 
further towards the top of the zone, Haloragis and 
Grevillea acanthi/alia were prominent amongst tbe 
herbs and shrubs. 

Core 1 zone A 25-0 cm c, ?1,500 cal vr BP to 
present. Pinus was consistently present, denoting the 
European zone, Total Myrtaceae and Casuarinaceae 

Table 7, Radiocarbon ages for Katoomba Swamp 

representation were low, decreasing somewhat from 
the base, but E, areades and A, j1aribunda were 
found throughout the zone. Poaceae pollen increased 
markedly from tbe base of tbe zone but Restionaceae 
was very low at the very base, then virtually absent 
from the rest oflhe zone, Cyperaceae increased a little 
and AsteraceaeiLiguliflorae was present throughout 
the zone, 

The charcoal content was very low in zone C, then 
low through the rest of the core, witb an occasional 
moderate value. 

HistOly of the vegetation: There was an open or 
sparsc tree cover about 11-12 cal ka. By 6-5 cal lea, 
the site appears to have been almost treeless. About 4 
cal lea. E. areades returned to tlle site which became 
wooded once again. Restionaeeae was dominant on 
the swamp and Poaceae was moderately cornmon 
until 3 leyr BP, after which, both declined, In the 
Enropean zone, Poaceae increased dramatically, 
no doubt reflecting urbanisation, At the same tirne 
Restionaceae decreased and almost vanished from 
the swamp, E, O/'eades remained dominant but it 

Depth (cm) Material dated Laboratory 110, 
Radiocarbon years Calibrated age 
(yr BP) (eal. yr BP) 

Core 1,125-130 Sandy clay Bcta 24545 5,450±80 6,288±100 

Core 2,0-5 Silty Clay Beta 24547 11.030±130 12.998±120 

Core 2. 50-55 Sandy Clay Beta 24546 10.570±lOO 12,558±170 
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Figure 12 continued 

decreased, along with Casuarinaceae in the time of 
the Europcans. Fire activity was low to moderate 
through most of the time. 

Newnes Swamp 
Newnes Swamp, at 33° 22' 5T' S, 1500 13'20"E 

and 1,060 m altitudc, is located in a shallow hanging 
valley with pine plantations in close proximity. 
Regular burning maintains fire breaks for the young 
pine plantations. TI,e swamp is underlain by the 
Burra-Moko Head Sandstone Member of the Banks 
Wall Sandstone F omlation which has thin claystone 
interbeds, and it is likely that one ofthese clay layers 
impedes drainage and hence maintains the swamp. 

Swamp stratigraphy: Thc core samplcd 90 cm of 

to 20 em, then sandy clay down to 35 cm, followed 
by sand to 55 cm, then sandy clay with roots down to 
65 cm, then silty clay to 75 cm, and finally sand or 
sandy clay in layers to 90 cm. Radiocarbon dates are 
presented in Table 8. 

The swamp vegetation and surfacepollcn: Banksia and 
KUl1zea were dominant and Baeckea, Leplospermum, 
other sclerophyllous shrubs, Cyperaceae and Poaceae 
were also present on the SWanlP (Chalson and Martin, 
this volume). There was appreciable Myrtaceae 
pollen in the surface samples, but Restionaceae and 
Gleichenia were dominant in the surface pollen 
spectra. Pinus was present but not abundant. (Chalson 
and Martin, this volume). 

sediment. Clay or peat with roots was found down The pollen re.cord: Pollen recovery from the core 
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Figure 13. Katoomba Swamp summa11' diagram. 

was good and there was some exceptionally high 
concentrations, especially in the clay at 60-70 cm. 
The core was zoned thus (Figs 14A, 14B): 

Zone D. 90-55 cm c. 11.000-7.5 00 cal yr BP (see 
Fig. 15 for estimated ages). MY1taceae pollen was 
low, but Eucalyptus paucijlora/rubida had been 
identified. Casuarinaceae was also low at the base of 
the zone. increasing upwards (Fig 2A). Asteraceael 
Tubuliflorae and Chenopodiaceae were prominent 
amongst the herbs and shrubs (Fig. 14B). Poaceae 
and Restionaceae were well represented. 

Zone C 50-40 em, c. 7 500-1,800 cal yr BP There 
was very little M)'Itaceae pollen, with only one 
record of a Eucalyptus species. Casuarinaceae pollen 
increased, Haloragis was moderate and Poaceae and 
Restionaceae were reduced when compared with the 

Table 8. Radiocarbon ages for Newnes Swamp 

Depth (cm) Material dated Laboratory no. 

20-25 Sandy clay SUA 2648 
35-40 Sandy clay SUA 2649 

50-55 Sand SUA 2650 

77-83 Silty clay SUA2651 
87-93 Sand SUA 2652 

Proc. Linn. Soc. N.S.w., 130,2009 

preceding zone. 

ZoneB 35-25cm c.1.800-?1,000calyrBP.Melaleuca 
representation was significant, Casuarinaceae had 
decreased, the s!nubs were well representeli, and 
Poaceae and Restionaceae remained low when 
compared with the previous zone. . 

Zone A, 20-0 cm, ? I ,000 cal vr BP to present. 
Melaleuca continued to be the most significant 
of the Myrtaceae, Styphelia and Haloragis were 
appreciable, Poaceae remained low and Restionaceae 
was somewhat greater 111an 111e zone below. Pinus 
was present throughout the zone, denoting European 
activity. 

The charcoal content was moderate in zone D, 
extremely low in zone C, and moderate to high in 
zones Band A. 

Radiocarbon years Calibrated age (cal. yr 
(yrBP) BP) 

1,090±70 1,098±80 

1,930±70 1,94S±80 

6,650±100 7,588±80 

9,820±90 11.398±130 
9,640±80 11,03S±160 
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Figure 15. Newnes Swamp summary diagram. 

History of the vegetation: The vegetation was open 
Eucalyptus woodland at 11 cal ka, but by about 7.5 cal 
ka, Eucalyptus species had disappeared, Casuarinaceae 
and the sc1erophyllous shmbs increased, suggesting a 
heathland. After 2 ka, Melaleuca became prominent, 
possibly around or on the swamp. Burning was 
moderate to low in the early Holocene, very low in the 
mid Holocene when the vegetation was a shmbland 
or heath and after :I ka, it was moderate to high, when 
Melalel/ca had colonised the swamp. 

DISCUSSION 

Stratigraphy 
All of the swamps chosen for this study are fOlmd 

associated with small streams in valleys of the mgged 
ten-ain of the Blue Mountains. While such sites 
may not be the first preference for palynology, they 
allow study in an area where the luore favoured sites 

are rare. These small valley swamps rely on some 
barrier, often a clay substrate, to impede drainage and 
maintain the swampy conditions. The root mats of 
the vegetation stabilise the sediments and slow down 
the water flow, but if the vegetation is disturbed, then 
the sediments are prone to erosion. The swamps dry 
out occasionally but not seasonally. The vcgetation 
can withstand mild or short droughts, but prolonged, 
severe droughts such as has been experienced in 
recent years destabilise the commnnities as some 
species die and others replace them. The swamps then 
become very vulnerable to fire, human trampling or 
even the next major rainfall event. Elimination of the 
vegetation cover over even a small area of the swamp 
leaves it vulnerable to subsequent erosion. 

If the vegetation is destroyed and there is erosion, 
channelised water and higher energy flows deposit 
coarser grained sediment, such as sand. Eventually 

Proc. Linn. Soc. N.S.W., 130,2009 

the vegetation re-establishes and stream flow slows 
down and finer particles, such as silt and clay are 
deposited. 

It has been assumed that the sediments were 
deposited at a uniform rate: however, the resolution 
of dating does not allow this to be tested. Uniform 
rates of sedimentation are probably not the case at 
finer scales of resolution. 

The peat layer at the top of the swamp is usually 
only 20 cm or less in thickness. While roots of the 
present vegetation may penetrate to a considerable 
depth, a discrete layer with roots at depth in some 
profiles suggests former peat or vegetation layers that 
have been buried, and the decay of most of the organic 
matter as the sediments accumuJated. Also, there may 
be an appreciable humic content of the sediments at 
depths in the profile, a further indication of decayed 
vegetation. 

Using the above description of the dynamics 
of the swamps, the sediments are interpreted as 
follows: 

Burralow Swamp: There is only some 1.2 cal ka 
represented here, with sand at depth, then grading to 
clay and peat atthe top. The rate of accumulation of the 
sand was rapid, with the clay and peat accumulating 
much slower (from Fig. 3). It is likely that the whole 
of this profile post-dates an erosive event. 

The two basal two dates are puzzling, given that r 

they do not conform to the unifonn sedimentation 
rate discussed above. They are within the sand 
layer, which was carbon poor, and it is possible 
that groundwater carrying humic acids could have 
contaminated the sediments with younger organic 
matter, overwhelming the small quantities of older 
carbon. 
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Warrimoo Oval Swamp: A basal sand layer dating to 
about 4.7 cal ka grades into sandy silt, then another 
sand layer at about 1.2-1.5 cal ka. The sediments then 
became increasingly peaty towards the top. Deposition 
of the basal sand layer probably followed an erosive 
event, and the sand layer at 50-90 em probably 
represents another erosive evcnt. This latter layer 
may con-elate with the basal sand layer in Burralow 
Creek (from Figs 3 and 5), bnt this hypothesis rcquires 
additional dating control to test it. 

Notts Swamp: About 7 cal ka are recorded here (Fig. 
7). The basal sandy silt layer is overlain by clay, with 
peat with roots abovc it. The profile appcars to reflect 
a low energy depositional environmcnt throughout. 
The stratigraphy snggests that the lower and upper 
laycrs may have accumulated at a somewhat faster 
rate than the clay in the middle. 

Ingar Swamp: This profile also rcpresents about 7 cal 
ka (Fig. 9). Sandy clay formed the basal sediments, 
with clay with roots above it, then peat with roots 
forming the top most layer. 

Kings Tableland. Over lOcal ka, the majority of 
the Holocene is represcnted here (Fig. 11). There is 
a basal sand layer, then a complex stratigraphy of 
clay, sand, silty peat, sand and sandy peat above it. 
This suggcsts that conditions of deposition would 
have fluctuated, and in which casc is unlikely that the 
sequence is continuous. 

Katoomba Swamp. Over 6 cal ka are represented in 
core 1 and 10-12 cal ka in core 2 (Fig. 13). There are 
no large sand layers similar to those seen in sedimcnts 
at some of the other sites, but a complex stratigraphy 
of finer scdiments, often with a sandy component. 

Newnes Swamp. About 12 cal ka is recorded here 
(Fig. 15). The sediments are sand then sandy or 
silty clay in a complex stratigraphy at the base of 
the profile. Above this, there is a prominent sand 
layer, then sandy clay and peat with roots at the top. 
Superficially, it appears that the sand laycr in the 
middle of the profilc accumulated very slowly (Fig. 
15), bnt another interpretation is possible. TI,e date 
at the top of this sand layer is abont 1.3 ka, which 
approximates the date of the top of the sand layers 
seen in Warrimoo Oval Swamp and Burralow Creek 
Swamp. Ifthe sand layer does represent the aftermath 
of an erosive event, then a section of the sediment 
profile is likely to have been lost. The roots in the 
sandy clay at ti,e base of the sand layer may indicate 
the base of a pcat or vegetation layer that was buried 
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by the accumulating sand. 
Each swamp thus has its own history of 

sedimentation. Sandy layers in three of the swamps 
suggest erosion after disruption of the vegetation, 
sand deposition, then stabilisation sometime about 
1.2-1.6 ka, with subscquent re-establishment of the 
vegetation and deposition offinc-grained sediments. 

If fire was the cause of this erosion, then we 
could expect evidence of it in the charcoal record, but 
there is no evidence of increased charcoal at this time. 
Absence of charcoal cannot be taken as evidence of no 
fire, as erosion may well have removed the charcoal, 
along with some ohhe sediments. Fire is not the only 
likely canse: as discussed, prolonged drought could 
also destabilise these systems. Minor tectonics along 
fault lines in the Blue Mountains (Bembrick et ai, 
1980) would also accelerate erosion. 

The three swamps which have this sand body 
are Newnes, Burralow Creek and Wan'imoo Oval. 
Newnes and Bnn'alow Creek are the two most 
northerly swamps and Bmmlow Creek and Warrimoo 
Oval are the two most easterly swamps. Whatever 
the cause of this disturbance, it seems to have come 
from or been concentrated in the nOlth east (see 
Fig. I). That Bun-alow Creek Swamp has only I ka 
of sediment suggests that it may have suffered the 
greatest disturbance and erosion. 

History of the vegetation 

The swamp vegetation. The survey of the vegetation 
(Chalson and Martin, this volU1l1e), shows that 
species of Restionaceae, Cyperaceae, Gleichenia, 
Selaginella, Baeckea, KUl1zea and Leptospermum 
dominate the vcgetation cover of these swamps. 
Many of the common sclerophyllous shrubs have 
been recorded on the swamps, tllOugh not dominant, 
as well as in the dryland vegetation (Chalson and 
Martin, this volnme). Poaceae has both dryland and 
swamp species (Sainty and Jacobs, 1981). 

In the pollen diagrams, Gleichellia and 
Selaginella are found predominantly where the 
sediments are sandy and Restionaceae is dominant on 
the clayey sediments. There is vcry little Cyperaceae 
here, unlike otl,er sites, e.g Lake Baraba (Black et a!., 
2007), Dry Lake, (Rose and Martin, 2007), Mountain 
Lagoon (Robbie and Martin, 2007) and Penrith 
Lakes (Cha1son and Mattin, 2008) which have more 
Cyperaceae than Restionaceae. The swamps of this 
study, however, are more ephemcral and wllike the 
others with more Cyperaceae, which are lakes or 
lagoons where the water would be more penl1anent. 
Indeed, there arc many species of Cyperaceae that are 
aquatic (Sainty and Jacobs, 1981) whereas species of 
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Restionaceae are found more in damp and swampy 
places. TIms Cyperaceae flourishes in the more 
penl1anently wet swamps and Restionaceae is more 
abundant in these swamps subjected to irregular 
dlying. Species of both families may be found in the 
dry1and vegetation but the pollen record is heavily 
dominated by the wetland species. 

Baeckea, Kuzea and Leptospermum species are 
present in the pollen diagrams of the swamps, but 
mainly towards the top and especially in the European 
zone. There is very little pollen of these taxa at depths 
in the profiles. Some Melaleuea pollen is present and 
it shows mneh the same trends. Although ti,e trend 
to more of these shrubs started before European 
settlement, it appears that these woody shrubs, 
which are often dominant on the swamps today, 
have probably been fiuther encouraged by European 
activity, probably by ti,e altered fire regime (Kohen, 
1995). 
The swamp vegetation thus reflects the sediment 
substrate and hydrological conditions, with some 
changes due to European activity. 

TI,C dryland vegetation. The sites are examined in 
a time sequence to determine if therc has been any 
synchronous changes in the vegetation across tl,e 
Blue Mountains. 

Three sites record the early Holocene of 10 ka 
to 6 ka: Kings Tableland, Katoomba and Newnes 
Swamps. Abont lOcal ka, Eucalyptus species were 
present at all three sites, bnt there was very little at 
Kings Tableland. Casnarinaceae, the otl,er group 
which could be either trees or shrubs was present 
also. Thus all tltree sites appear to have been wooded 
in the early Holocenc, with Kings Tableland probably 
more open than the other sites. By 6-4 cal ka, the mid 
Holocene, there were virtually no Eucalyptus in any of 
the sites. The vegetation had become more open and 
probably more ofa sclerophyllous shrub land or heath. 
Eucalyptus returned to the Katoomba site about 3 cal 
ka, but very little is recorded in Newnes and Kings 
Tableland up to the present. The Katoomba swamp 
is located in a nan'ower and steeper valley than the 
other two sites, and this shelter may have produced 
better moisture retention and hence tree regeneration. 
Melaleuco became cstablished at Newnes about 1.3 
cal ka. 

Two sites date from about 6 cal ka, the mid
Holocene: Notts and Ingar Swamps. Species of 
Eucalyptus and Angophara were present at both 
sites, hence tI,ey wcre probably wooded at the time 
that Kings Tableland, Katoomba and Newnes were 
dominated by shrubs. Wanimoo Oval datcs from 
about 4 cal ka, and ti,e relatively low frequencies of 
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Euca~yptus and Angophora indicate it was an open 
woodland at that time. 

In the period 4-2 cal lea, there was little change 
from the previous peliod at Notts and Ingar Swamps. 
At Kings Tableland, Casuarinaceae increased but there 
was still no Eucalyptus. At Katoomba, Eucalyptus and 
Angophora species reappeared, as this site probably 
gained an overstorey of trees again. At Newnes, the 
4-2 cal ka period was similar to that before, with 
very little Eucalyptus. Burralow Swamp dated from 
I cal ka was initially very open, with the tree cover 
increasing about 0.8 cal ka. Except for an increase in 
Melaleuca or Leptospermum species in some of the 
swamps, there was relatively few changes after 2 cal 
ka until the European period, 

In the European zone, there was minimal or no 
decline in the Eucalyptus and Angophora content. 
Casuarinaceae content declined noticeably at all 
the sites. At Burralow, WarrinlOo Oval and Kings 
Tableland, the woody shrubs Callisteman, Baeckia, 
Leptospemum and Melaleuca increased. The Poaceae 
content remains unchanged in all swamps except for 
Katoomba, where there is a dramatic increase. 

There is thus relatively little change in the 
palynology after European settlement in all of the 
sites, except at Katoomba. This perhaps reflects the 
relatively minor European changes to the sites, with 
the exception of Katoomba where ti,e swamp itself 
has a history of use for various urban activities. 
AgIicultmal development has been minimal, reflecting 
the poor soils. The general litck of decline in tree 
species is unexpected, bnt European development has 
largely been confined to the ridgetops and extensive 
natural vegetation is a feature of the Blue Mountains. 
The wood of Casuarinaceae was prized by Europeans 
as the firewood of choice for bakeries and the timber 
had many uses (Entwisle 2005), hence it may have 
been sought out more than the Eucalyptus species. 

Each site has its own distinctive history, as 
are the dominant Eucalyptus species at each site 
(Chalson and Mmtin, this volume). TI,ere is limited 
synchronicity of change between the swamps. The 
three swamps at tile highest altitude are the oldest,· 
dating to tile beginning of the Holocene. They were r 

wooded in tile early Holocene, but became very open 
or almost treeless by the mid-Holocene. The sites at 
the lower altitudes, however, were wooded during the 
mid-Holocene. By the late Holocene, all of the sites 
had become wooded, although the tree layer may 
have been very open in some of them. Clearly, the 
interplay of many envirOll1l1ental factors, not the least 
of which is altitude, have influenced the vegetation at 
each site. 

Other sites in the Blne Mountains also present 
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unique histories when compared with those of this 
study. At Mountain Lagoon (Robbie and Martin, 
2007), the proportion of Casuarinaceae pollen is 
substantial at the beginning of the Holocene, then 
declincs tllroughout thc Holocene. Allocasuarina 
torulosa is more common at Mountain Lagoon than 
at any of the sites of this study. Pollen of swamp 
plants increase through the Holocene at Mountain 
Lagoon as the site developed from a lake in the early 
Holocene to a peat swamp in tile mid-late Holocene. 
The Myrtaceae species identified are mainly different 
to the species of this study and the proportion of pollen 
remains much the same throughout tbc Holocene and 
only declines after European settlemcnt. The specics 
identified at Mountain Lagoon are often prized for 
timber (Robbie and Martin, 2007). The physical 
environment of MOlUltain Lagoon is totally different 
to that of the Blue Mountain sites: it is a small basin 
on Wainamatta Shale. in a particularly sheltered 
location. 

Kings Waterhole, part of the Mellong Swamps 
in the Wollemi National Park, at 280 m altitude, has 
a 6 ka history (Black and Mooney, 2007). Myrtaceae 
(excluding Melaleuca spp.) and Casuarinaceae are 
promincnt until about 4-3 ka, when Casuarinaccae 
begins to delinc. At the same time, Restionaceae 
increases. After 3 ka. there is minimal Casuarinaceae 
and Rcstionaceae declines. but Melaleuca and Poaceae 
increase. After 1 ka, Myrtaceae decreascs somwhat 
and Poaceae is prominent (Black and Mooney, 2007). 
This decline of Casuarinaceae after 3 ka is not seen in 
any ofthe sites of this study. 

AtGooches Crater Swamp on the Newnes Plateau, 
between 900 and 1,200 m altitude (Black and Mooney, 
2006), thcre is a 14 ka history of the vegetation. 
There is a moderate level of vaIiability in the pollen 
assemblages, and the swamp vegetation varied from 
a wet heath with semi-permanent to pennanent water 
to a fern swamp. The Myrtaceac and Casuminaceae 
content is appreciable and continuously variable. 
The Asteraceae contcnt is considerable (Black and 
Mooney, 2006), unlike the sites of this study, although 
the Newnes site has the greatest Asteraceae content of 
all the sites of this study. 

Penrith Lakes on the Cumberland Plain just 
east ofthe Lapstone Monocline has 6 ka of Holocene 
history. The tree cover was veJY open in the mid 
Holocene, becoming somewhat more wooded in the 
late Holocene (Chal~on and Martin, 2008), mirroring 
the findings of this study. 

The rugged terrain ofthc Blue Mountains would 
have provided some isolation to each site so that 
each has its own scdimentary and vcgetation history. 
Any climatic change or other regional event should 
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imprint in these deposits, especially in the more 
envir<!nmentally sensitive sites. 

Climatic change 
The decline of the trees from the early Holocene 

to the mid Holocene in the sites at the higher altitudes, 
viz. Newnes, Katoomba and Kings Tableland, suggests 
that the climate had become drier. A detailed analysis 
of the climatic requirements of the Eucalyptus species 
also suggests a wetter early Holocene (Chalson, 
1991). 

Climatic trends in the mid Holocene are 
uncertain, for while the sites at higher altitudes 
were not wooded. sites at lower altitudes, i.e. Notts 
and Ingar Swamps, were wooded at this time. Trees 
returned to Katoomba about 3k yr, suggesting til at the 
climate had become wetter. As discussed previously, 
the Katoomba catclU1lent is narrower and steeper
sided, hence the most sheltered of the three higher 
altitude sites. Newnes and Kings Tableland, however, 
remained open with few trees, suggesting that if 
there was an improvement in the rainfall, it had not 
retumed to the early Holocene levels. These uncertain 
trends continued into the late Holocene. About 2 kyr, 
there was an increase in the wooded vegetation, with 
more Eucalyptus at Warrimoo, more Casuainaceae 
at Kings Tableland and more Melaleuca at Newnes. 
The other sites, however, remained much the same. 
There probably was an increase in rainfall. but it was 
slight. The detailed analysis by Chalson (1991) came 
to similar conclusions: climatic changes in the mid 
and late Holocene are equivocal. 

The climatic changes deduced from the this 
study are in general agrecment with other sites in the 
Blue Mountains. TIle early Holocene is regarded as 
a climatic optimtun when it was wanner and wetter 
(Allen and Lindesay, 1998). Evidence for the mid 
and late Holocene is variable, some indicating wetter, 
some drier conditions. Evidence suggests that the 
EI NiIio,Southem Oscillation (ENSO) phenomenon 
came into operation about 5 ka, with increasing 
seasonality. Thus from the mid Holocene, the climate 
became more like that of today, with more vmiability 
(Allen and Lindesay, J 998; Moy et a!., 2002; Donders 
et aI., 2007). 

Fire history 
Charcoal has been found in all of the sites and 

throughout all of the profiles. In the early Holocene, 
the charcoal content was low to moderate in Kings 
Tableland, Katoomba and Newnes. By mid Holocene. 
tile quantity of the charcoal had declincd in Katoomba 
and Newnes: there had been a change in the vegetation 
from more wooded in the early Holocene to less 
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wooded in the mid Holocene, hence there may have 
been less fuel to burn. 

In the mid Holocene at Notts, Ingar and Wanimoo 
Swamps, there is very little charcoal. All of the sites 
would have been wooded to some degree but not as 
much as in the late Holocene. The charcoal content 
increases at each site as the tree cover increased. 
In the late Holocene, charcoal content is vmiable, 
but mainly greater than in the mid Holocene. In tile 
European zone, charcoal content is consistently high 
and the highest for the profile, with the exception of 
Katoomba. It may be that because of urban nse of the 
swamp at Katoomba, fire was excluded. Within these 
trends, there nlay be the occasional single high value, 

but they do not fonn any pattern. 
The interpretation of a charcoal record is 

problematical because so many factors are involved, 
e.g. fire fi'equency, intensity and transport of charcoal. 
The results of this study suggest that the greater the 
biomass, the more fuel there is to burn hence the more 
charcoal in tile sediments. 

The higher charcoal content of the European 
period suggests that fire regimes were changed with 
settlement. If Aboriginal people regularly bnrnt off 
the undcrgrowtll and suppressed the shrubs, tben 
the fuel load would be kept down. With European 
settlement and the cessation of traditional fire 
practices, it is possible that the woody shrubs 
became more common (Kohen, 1995; Ward et aI., 
2001). Under these conditions, the fuel load would 
increase. Today, species of Baeckia. Kunzea and 
Leptospel11uln are dominant on all of the swamps 
(Chalson and Martin, this volume). There is a trend 
for Leptospermu11l and Kunzea species to increase 
slightly in the late Holocene, with a further increase 
in ti,e European Zone. These woody species would 
have had the capacity to produce more charcoal when 
burnt and be incorporated in the sediments, especially 
when growing on the swamp, when compared with 
the smaller sedges and reeds. 

At Mountain Lagoon (Robbie and Martin, 2007), 
fire activity was low through the Holocene, until about 
3-2 ka, when it increased. This pattern is similar to 
those of this study. 

At Gooches Crater the charcoal content and 
hence firc activity fluctuates between 14 ka and 9 
ka, then follows a period of low fire activity until 
about 6 ka, then a period of dramatic increase in fire 
activity in tile late Holocene (Black and Mooney, 
2006). Fire activity reaches unprecedented levels in 
the post-European period (Black and Mooney, 2006). 
Thc increase in fire activity in the mid Holocene 
is attributed to climate, in particular to the greater 
seasonality associated with the onset of the EI Nifio-
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Southem Oscillation (ENSO) phenomenon (Black et 
aI., 2007). TIlis pattem offire activity is similar to that 
seen in the sites of this study. 

At Kings Waterhole Swmnp (Black and Mooney, 
2007), the fire activity was low about 6 ka, then 
increased between 5-3 lea, after which it decreased to 
low levels to the present. This pattern of fire activity 
is quite unlike that of this study. It is thought that 
the decline in fire activity after 3 ka represented 
an alteration to Aboriginal management strategies 
associated with increasing population and/or the 
increased risk of conflagration in an ENSO-dominated 
climate (Black and Mooney, 2007). 

Black et al. (2007) examined the charcoal record 
together with the archaeological record in an attempt 
to assess the likely effect of Aboriginal burning on (he 
ecosystem. At Gooches Crater Swamp, the charcoal 
content appeared to be most influenced by climate, 
with an abrupt increase in the mid Holocene, perhaps 
associated with the onset of the modern ENSO
dominated conditions. Kings Waterhole also showed 
the abrupt increase in the mid Holocene, but there was 
a marked decrease in charcoal from about 3 ka. Lake 
Baraba also showed similar low levels of charcoal in 
the late Holocene. The archaeological records of all 
three regions showed increased activity/habitation in 
the late Holocene. It is thus possible that Aborigines 
strongly influenced fire activity in some places in the 
Sydney Basin during the late Holocene to prevent the 
risk of large intense fires as t~e ENSO,dominated 
climate became more prevalent (Black et a!., 2007) 

CONCLUSIONS 

Seven swamps were studied and each had its 
own distinctive histOly. Where the Eucalyptus species 
were identified, the dominant species were different 
at each site, as they are today. 
Similarities in the histories could be seen beW/een 
some of the sites and are as follows: 

In the early Holocene, the vegetation was more 
wooded, i.e. woodland or forest, which suggests a 
wanner wetter climate. Only the three sites at the 
highest altittldes had sediments of early Holocelle 

age. 
In the mid Holocene, the vegetation was less 

wooded in the three highest sites when the vegetation 
was probably shrub lands and heaths, and tllis suggests 
a dIier climate. Other sites at lower elevations were 
wooded in the mid Holocene. 

The Eucalyptus species return to the less 
wooded sites towards the late Holocene. There is 
also a tendency for an increase in Baeckea, KZlI1zea, 
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Leptospermum and Me/a/euca, the woody shrubs. 

These woody shrubs arc dominant on the swamps 
today. 

There is some decline in Casuarinaceae in the 
European period but the Euca!vptus species are 
maintained at about the same level as in the late 

Holocene. The woody swamp shrubs increase in the 
late Holocene and European period. 

The charcoal levels suggest that there was moderate 

fire activity in the early Holocene when the vegetation 

was more wooded, decreased fire in the mid Holocene 

when the vegetation was more open, with increased 

fire in the late Holocene and a further increase in the 
European peliod. 

It is thought that the altered fire regime under 

European sett1ement encouraged the increase in 
woody shrubs on the swamps (and elsewhere) which 
in turn produced more charcoal. 

These swamps on sandstone are highly erodable 
and a sand body at about 1.2-1.6 ka in the three most 

northerly and easterly swamps suggests they may 

have suffered an erosive event about that time. The 

destabilising event(s) which triggered this erosion is 
Ullceltain. 
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APPENDlXA 
Pollen type name on the pollen diagrams and th~ probable SOurce in the vegetation. 

Name of pollen type. Major 
pollen groups (A diagram) 

PodoCa/7Jl/S 

Pinus 

AngophoralCOI)'l11bia 

Euca~vp/usIMelaleuca 

Melaleuca st),pizelioides 

LeptospermumlBaeckea 

Trislaniopsis 

Unidetified Myrtaeeae 

Casuarinaceae 

Poaccae 

Resti onaecae 

eyperaceae 

Selaginella 

Gleicizenia 

Other fern spores 

Probable source in the vegetation and ecological inference. 
From PlantNet (2007) 

Probably Podoca/plis spinuloslIs: sclerophyllous sluub/small tree 

Pinus sp(p). Introduced: Pollen input from urban/forestry areas. 

Spccies within the two genera: sc1erophyll woodland 

Species within the two genera sclerophyll woodland/forest 

Me/alellca styphelioides: moist stream bank habitat 

Species within the two genera: ?mainly swamp communities 

Tristaniopsis spp : moist habitats in sclerophyll communities 

All pollen types not identifiable fmther 

Casuarina, A llocasuarina spCp): A. distyla and A. nCilla in this study 

Native and exotic species in the family: open situations. dryland 
and swamp species 

All species in the family: swamp and dry land species 

All species in the family: swamp and dly land species 

All species in the genus: damp sites. edge of swamp 

Gleichenia spCp): damp sites, edge of swamp 

Other ferns: many possible species 

Names of shrubs and herbs (B diagrams) 

Grevillea acanthi/olia 

G. ;phacelata 

Grevillea 

Hakea 

Persoonia pinifolia 

Persoonia 

Symphionema montanum 

Banksia 

Other Proteaceae 

Acacia 

StypllClia 

Mon%ca 

Other Ericaceae 

Rutaceae type 

Pil17elea 

Plantago 

Haloragis 

Other tricolporatc grains 

PodocO/pus 

AIicrantheum 

MyriophyllulIl 

Asteraccae/Liguliflorae 

AsteraceaefTubuliflorae 

Chenopodiaeeae 
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Shrub: swampy areas. sand or peat 

Shrub: heath, dry sclerophyll forest 

Grevillea sp(p): sclerophyllous understorey 

Hakea spCp): sclerophyllous understorey 

Shrub: heath, dry sc1erophyll forest 

Persoonia spCp): sclerophyllous understorey 

Shrub: heath or dry sclerophyll forest, wet or dry situations 

Banksia sp(p): sc1erophyllous understorey 

Other taxa in the family: scIerophyllous understorey 

All species in the genus 

S(vphelia sp(p): selerophyllous understorey 

Mon%ca sp(p): scIerophyllous understorey 

Other taxa in the family: scIerophyllous understorey 

All taxa in the family sclerophyllous understorey 

Pill7elea spCp): sclerophyllous understorey 

Plalltago spCp): native and introduced herbs 

Haloragis/GonocO/plis sp(p): Damp sites, sclerophyllous understorey 

Probably sluubs and herbs 

Probably Podocmpus spinuloslls: selerophyllous slu'ub/small tree 

Shrub: heath and my sclerophyll forest, sandy infertile soils 

Mainly aquatic herbs. also on damp ground around water bodies 

Fenestrate-grained taxa in the subfamily Ligulifiorae: herbs 

Echinate-grained taxa in the subfam. Tubuliflorae: shrubs and herbs 

Ruderals, salt tolerant 
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APPENDlXB 
Myrtaceae Pollen type name on the pollen diagrams and the probable source in the vegetation. 

Name orithe pollen 
diagrams 

Angophora costata 

Angophora floribunda 

A. eostala x floribul1da 

Angophora 

BaeckealLeptospermum 

Callistemol1 

Eucalyptus deanei 

E. eugenioides 

E·fibrosa 

E. oblonga 

E. oreades 

E. paucifloralE. ',Ibida 

E.piperita 

E. racemosa 

Eucalyptus type B 
Eucalyptus type C 

Eucalyptus type D 

Eucazvptus type K 
Euca~vptus type M 

EucalyptuslMeialeuca 

Kunzea 

Leptosperl11ul11 
jUl1iperil1wl1 

L. polygalifoliw71 

Melaleuca ericifolia 

M s/yphelioides 

Melaleuca type B 

Melaleuca type C 

lYielaleuea 

Myrtaceae type C 

Myrtaceae type D 

Unidentified Myrtaceae 

Probable source in the vegetation and ecological inference. 
From PlantNet (2007) 

Deep sandy soils on sandstone 

Usually on deep alluvial soils 

Some species in swamp/moist habitats, also dryland species 

Dry sclerophyll communities, some swamp species 

Tall wet forest, sheltered valleys, deep sandy alluvial soils 

Dry sclerophyll or grassy forest, on deep soils 

Wet or dry sclerophyll forest, on shallower, somewhat infertile soils 

Dry sclerophyll woodland, on extremely infertile. sandy soils 

Wet or dry scleropnhyll forest, on poor skeletal or sandy soils 

Grassy or dry sclerophyll woodland, on cold flats. 

Dry sclerophyll forest/woodland, moderately feliile, often alluvial 
sandy soils 

Dry sclerophyll woodland, on shallow infetiile soils 

) 
) 
) For definition of Eucalyptus pollen types, see Chalson (1991) 
) 
) 
Species within the two genera: sclerophyll woodfandlforest 

Understorey sclerophyll forest, moist depressions 

Swamp, heath and sedgeland, on sandy peat soils 

Dryland habitats and moist depressions 

Heath and dry sclerophyll forest, streambanks and coastal swamps 

Moist situations, often stream bartle habitats 

) For definition of pollen type, see Chalson (1991) 

For definition of Me/alel/ca pollen types, see Chalson (1991) 

For definition of pollen types, see Chalson (1991) 
All mYliaeeous pollen types not identifiable further 
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the floristic composition of the vegetation to provide a means of interpreting the assemblages of fossil 

pollen retrieved from the swamp sediments. 
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allow discrimination of them from their modern pollen assemblages. 
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INTRODUCTION 

Pollen is deposited in sediments by the 

contemporaneous vegetation, but a number of factors 

affect the representation of each taxon in the sediments 

so that it is not possible to relate a fossil pollen 

assemblage in a deposit directly to the vegetation 

that produced it. Pollen productivity, dispersal and 

preservation are the main factors that influence 

representation of a taxon, and each of these factors 

are in turn influenced by the local envirolm1ental 

conditions. Pollen deposited from under known plant 

conullunities, however, may be used to charactelize 

that conmmnity and hence assist in the interpretation 

of pollen spectra recovered from swamp sediments. 

The nature of pollen deposition of individual tiL'{a 

may also be deduced from the surface pollen spectra. 

Sites for a study of the history of the vegetation 

were chosen from swamps in an altitudinal sequence 

in the Blue Mountains (Fig. I). These sites are situated 

on a relatively uniform substrate, sandstone, within 

dry sclerophyll woodland/opcn forest. Observations 

of modern pollen deposition are repotted in this 

paper, and the Holocene history of the vegetation 

from the swamps is reported in Chalson and Martin 

(this volume). 

THE STUDY SITES 

The Blue Mountains are a deeply dissected 

plateau lising from the Cumberland Plain in the 

east. The plateau surface is undulating and small 

creeks form upland valleys. Where the underlying 

rock type is Hawkesbury Sandstone, the upland 

valleys become incised and develop into V-shaped 

gorges. In tbe west where rock type is Banks Wall 

sandstone, the valley sides and floors slope gently 

and the streams flow through a series of swamps 

(Chalson,1991). 
The swamps chosen for study are as follows 

(see Fig. 1) and the species found at each site are 

listed in Appendix 1: 

Burralow Creek Swamp, at 330 32'S, 1500 38'E and 

310-330 m altitude, is a narrow swamp that follows the 

creek for some 3.5 km. The upper end of the swamp 

is 2 k111 southeast of Kurrajong Heights. The core site 

is 1 Ian downstream from tbe northern end. There are 

few cleared areas near the swamp, the nearest being 

over 2 km away. 
The vegetation around Burralow Creek is open 

forest, woodland and swamps (Keith and Benson, 
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1988). Angophora bakeri, A. costata, COIJ'mbia 
exhnia, Euca~vptus eugenioides, E. l1luiticaulis, E. 
pauciflora and E, radiala are locally dominant with 
a few kilometers of the swamp, The surface of the 
swamp supports an open heathland of LeptospermZlIll 
pO(l'galifolium, L. trinerviull1 and Eleocharis 
sphacelata. Nomenclature follows Harden (J 992; 
1993; 2000; 2002) and PlantNet (2006) 
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Warrimoo Oval Swamp, a\33° 43' 21.44"S, 1500 36' 
58.35"E and 190-200 m altitude, is approximately 1.5 
km east of Warrimoo Post office and 0.4 km south 
ofWarrimoo OvaL There are substantial urban areas 
within a kilometer of the swamp and weed invasion 
is considerable. 

The vegetation is mainly woodland with 
some open forest and swamp communities (Keith 
and Benson, 1988). Locally, Angophora bakeri, 
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Eucalyptus pauciflora and E. radiata are dominant. 
The swamp surface supports an open heathland with 
Leptospermwl1 spp. 

Notts Swamp, at 33° 48' 35.44" S, 1500 24' 27.66" 
E and about 682 m altitude is approximately 12 km 
south-southeast of Wentworth Falls and to the west of 
Notts HilL The lower third of the swamp is used as a 
market garden, but there is no sign of disturbance or 
weed invasion at the study site. There is no indication 
of European activities in the catchment upstream of 
the study site and the nearest settlement is some 7 km 
to !he north-northeast. 

The major plant community is open woodland 
and there is a little open forest and some swamps 
(Keith and Benson 1988). Eucalyptus eugmioides, E 
multicaulis. E. piperita. E. racemosa and E. sieberi 
are locally dominant. The swamp supports a closed 
sedgeIand of Gymnoschoenus sphaerocephalus, 
Leptospe1711l1ln trinerviul11 and Balosldon austra/e. 

Ingar Swamp, at 33° 46' 11.65" S, 1500 27' 22.92" E 
and 584m altitude, is approximately 8 km southeast 
of Lawson. European settlement is some five km to 
the nOltheast, along the highway, and includes some 
very large, old conifer trees. 

The vegetation is mainly woodland with 
Corymbia gummifera, Eucalyptus oblongata, E. 
piperita, E. pauciflora, and Angophora costata 
dominant locally. Open forest in gorges along 
the creeks is dominated by E. eugenioides, E. 
sclerophylla, Ti-istania neriifolia and Angophora 
costala. The swamp community is a closed sedgeland 
of Gynmoschoenus sphaerocephalus, Leptocwpus 
tenax, Bal/mea sp., Chorizandra sp., Baloslaon 
australe and, towards the edge, Hakea teretifolia, H. 
daetyloides and Leptospenl1um lanigerum. 

Kings Tablelands, at 33° 45' 47" S, 1500 22' 43" Eand 
about 780-790 m altitude, is located in small valley 
off Queen Victoria Creek. It is about 0.6 km east of 
Queen Victoria Memorial Hospital near Wentworth 
Falls. An urban area is found less than I km to the 
west where exotic conifers have been planted in the 
gardens. 

The vegetation is mainly open forest around the 
study site, with woodland on the ridges and closed 
sedgelands in the swan1ps (Keith and Benson, 1988). 
Locally, Eucalyptus dives, E. oreades, E. sieberi 
and E. piperita arc dominant in the open forest and 
COlymbia gummifera, E. racemosa and E. sieberi are 
dominant in the woodland. On the exposed platean 
to the northeast, the dominants in an open heathland 
are Allocasuarina distyla, E. liguslrina, E. stricta, 
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Ballksia serrata and Hakea teretifolia. The dominants 
on the swamp are Leptospermum jllniperil1l1l11 and L. 
grandiflorum. 

Katoomba Swamp, at 330 43' 03" S, 1500 19' 18" E 
and 950 m altitude, is I km east northeast ofKatoomba 
Post Office and 1 km west of Leura Post Office. This 
swamp is surrounded by urban activity, with drainage 
ditches and a sealed road running across the swamp, 
Much of the swamp is (or has been) used for yards for 
light industry and horse paddocks. Housing extends 
to the edge of the swan1p . 

Most of the area around the swamp has been 
cleared but there are a few remnant pockets of 
Sandstone Plateau Forest (Keith and Benson, 1988) 
remaining. Eucalyptus acmel1oides, E. oreades, E. 
stel/ulata, E. oblongata and E. sieberi are dominant. 
The understorey is problematic as the renmant stands 
are heavily weed infested . 

Little remains of the original vegetation over 
the swamp surface and species of Poaceae are 
predominant. A small pateh of swamp edge vegetation 
f0I111S a dense thicket of Leptospermul1l jzmiperil1unt 
and L. scopariulII. 

Newnes Swamp, at 330 22' 57" S,150° ]}' 20" E and 
1,060 m altitude, is within a forestry area with pine 
plantations. Regular burning maintains fire breaks. 

Woodland commtmities arc found around the 
swamp (Benson and Keith, 1990) but the shrub layer 
has been much reduced by frequent burning.' Shrubs 
remaining on the swamp include Lepfospermu171 

trillel"ium and GreviIlea acanthi/olia. A ground cover 
of grasses is found in all but the wettest areas where 
Juncaceae and Restionaceae arc dominant. 

METHODS 

The vegetation units at each site were detem1ined 
from maps in Benson (1992), Keith and Benson 
(1988) and Benson and Keith (1990). Each sIte was 
visited, the vegetation checked with the maps and as 
many species as possible were identified in each of 
the vegetation units. Since palynology cannot reveal . 
the sttucture of the vegetation, the focus of survey 
was on the species list. Donlinance was detennined 
subjectively from the abundance of the species 

Samples from the surface of the soil, or where 
possible, from moss polsters, were collected from the 
centre of the swamp, the swamp edge and the plant 
conununities adjacent or local to, the swamp sites. 
Samples were taken from at least 100 m away fi'om 
community boundaries where possible. The sample 
types and vegetation are listed in Table 1 and the 
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Table 1 Surface samples used for pollen spectra presented in Figs 2 and 3. Codes for vegetation 
map units arc from Keith and Benson (1988). 

Surface 
Vegetation Vegetation 

Sample material saml2le no. maQunit 

Burralow Creek 

Open sedgeland mid-swamp 28a Soil 
2 Open sedgeland mid-swamp 28a o cm core 
3 Swamp fringe 28a Soil 
4 Low Woodland 10ar Soil 
5 Open forest lOag Soil 

Wan'imoo Oval 
6 Closed sedgeJand mid-swamp 26a Soil 
7 Closed sedgeland mid-swamp 26a o em core 
8 Closcd sedgeland swamp fringe 26a Soil 
9 Low woodland I Oar Soil 

Notts 
10 Closed sedgcland mid-swamp 26a Soil 
11 Closed scdgeland swamp fringe 26a Soil 

Ingar 
12 Closed sedgeland mid-swamp 26a Soil 
13 Closed sedgeland swamp fringe 26a Soil 
14 Low woodland 10ar Soil 
15 Low woodland 10ar Soil 

Kings Tableland 
16 Closed sedgeland mid-swamp 26a o cm core 
17 Closed sedgcland swamp fringe 26a Soil 
18 Low woodland lOar Soil 
19 Low woodland I Oar Soil 
20 Open forest 9i Soil 
21 Open forest 9i Soil 
22 Opcn heath 2][ Soil 

Katoomba 
23 Closed sedgeland mid-swamp 26a Soil 
24 Closed sedgeland swamp fringe 26a Soil 
25 Open forest 9i Soil 
26 Open forest 9i Soil 

Newnes 
27 Closed heath mid-swamp 20a Moss 
28 Closed heath swamp fringe 20a Moss 
29 Woodland 1 Of III a Moss 
30 Woodland IOfllla Moss 
31 Woodland IOfllla Soil 
32 Woodland 10filla Soil 
33 Open heath 21d Soil 
34 Open heath 21e Soil 
35 Forest 10f Soil 
36 Forest IOf Soil 

Murphys Glen 
37 Tall open forest 6c Soil 
38 Tall opcn forest 6e Soil 

Wolgan 
39 Open woodland 11a Soil 
40 Open woodland 11a Soil 

Wood Nymphs Dell 
41 Open forest lOag Soil 

MedlowBath 
42 Open forest 9i Soil 
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study sites are shown in Fig. I 
Six to ten sub-samples were taken fi'om each 

plant community over a transect of approximately 20 
m. The sub-samples were mixed together to reduce 
thc possible over-representation of anyone species 
due to close proximity to an individual plant (Chalson, 
1991). 

The samples were treated with hydrochloric and 
hydrofluoric acids to remove siliceous material (Birks 
and Birks, 1980), oxidised with Schultz solution (a 
saturated solution of potassiun1 perchlorate in nitric 
acid), cleared in 10% potassiun1 carbonate and the 
residue was mounted in glycerine jelly (Brown, 
1960). 

Pollen was identified by comparing the grains 
with reference pollen treated with standard acetolysis 
(Moore et aI., 1991). Grains were counted along 
transects across the slides and tests showed that a 
count of 140 grains adequately sampled the residues. 
The counts of each pollen type were presented 
as percentages of the total count on the pollen 
diagrams. 

RESULTS 

Fig. 2 presents the pollen spectra from vegetation 
on the swamp surface and at the edge of the swamp. 
and Fig 3. presents spectra from the dry-land 
communities in the surrounding vegetation. Table 2 
presents the name on the pollen diagram, the probable 
source of the pollen in the vegetation and ecological 
inference. 

Preservation, although adequate, was not 
good enough for the identification of Eucalyptus 
species beyond broad groups (Chalson and Martin, 
1995). The pollen from moss polsters may be better 
preserved than that from the soil, but moss polsters 
were not common and usually dried out severely 
in the forest environment; hence soil samples were 
usually collected in all but the dampest areas. 

Exotic Pinus is present in all samples (Figs 2A, 
3B) and values are highest at sites near urban areas 
(Kings Tableland, Katoomba). Surprisingly, Pinus 
values are not high at Newnes, in the forestry area 
with pine plantations, but the pines were very young 
at the time of this study. 

Al1gophoralCoT),mbia and EucalyptuslMelaleuca 
have been identified in low freqnencies in some of 
the samples which were better preserved. Melaleuea 
styphelioides has been identified in some of the 
swamp samples (Fig. 2A) where counts may be high. 
M styphelioides was not found during the survey of 
the vegetation, but it may be grown in gardens. The 
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highest count at Warimoo Oval Swamp is close to 
substantial urban areas. Leptospel1numlBaeckea has 
been identified from some swan1p samples (Fig. 2A) 
where counts may be considerable. Leptospermum 
spp. are often dominant in the swamp communities 
(see Appendix 1) 

The unidentified Myrtaeeae group is larger than 
the other groups of Mytaceae and counts fi'om the 
swamp samples are the lowest of all. The woodland 
or forest samples from the borders of the swamp (Fig. 
2A) all have higher counts than the swamp samples. 
Frequencies in san1ples from the dry-land vegetation 
(3A) are much higher than those from swamps. Lack 
of specific identification was generally due to poor 
preservation. 

Casuarinaceae frequencies are usually low, with 
a few higher values. The highest value (Fig. 3A) 
comes from heathland vegetation. 

Poaceae fi'equencies are generally low and the 
high values are associated with urbanisation and 
disturbance (Katoomba, Fig. 2A). 

Restionaceae ii-equencies are variable but most 
of the high values are found in the swamp samples. 
Cyperaceae has not been recorded from many samples, 
and where it is present, fi'equencies are generally low, 
with the few higher frequencies being found in the 
swamp samples. 

Selaginella is present in a few samples and 
appreciable frequencies may be recorded in some 
swamp samples. Gleichenia may be present in 
appreciable frequencies in same swamp samples 
also. Other fern spores are usually recorded in low 
frequencies and are more common in the dry-land 
samples. 

Table 2 also lists the likely environmental 
indication of the pollen groups on the diagrams, 
but this is difficult, given that a group may include 
many possible species. For example, the families 
Restionaceae and Cyperaceae include both swamp 
and dry-land species, but the species in the vegetation 
and patterns of high pollen frequencies on- the 
diagrams may indicate the nature of the environment 
when considered together. Thus the species of 
Restionaceae and Cyperaceae found in the local 
vegetation (Appendix I) are ahnost entirely species 
of swamps or damp places (Table 2). 

DISCUSSION 

There are many indications that the pollen 
recovered from the surface samples was 
produced mainly by the local vegetation and 
thus the pollen spectra can indicate the type of 
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Figure 2B. The pollen spectra from plant communities associated with swamps 
within low frequency taxa. The Sample number (extreme left hand side) refers 
to the sample in Table 1 

vegetation from which it came. For example, the 
Myrtaceae pollen content (Figs. 2A, 3A), is lowest 
from swamp sites, intermediate from the dry-land 
communities bordering the swamps and highest from 
the woodland and forest sites away from the swamps, 
thns infelTing a parallel approximate tree cover. 

of eyperaceae probably indicate swamps which are 
more pennanently waterlogged than swamps with 
high fTequencies of Restionaceae. Both Selagillella 
and Gleichel1ia are found in wet places, on the edge 
of swamps and streams (PlantNet, 2007). 

Swamp samples contain much higher pollen 
frequencies of Restionaceae and/or Cyperaceae than 
the dry-land sites, although both of these families 
contain swamp and dry-land species. The species of 
Restionaceae recorded in the vegetation (Appendix I) 
are found on wet and poorly drained soils and in damp 
to wet heaths (PlantNet, 2007). Most of the species 
of Cyperaceae, on the other hand, are found in fresh 
water swamps and swampy areas (Sainty and Jacobs, 
1981; PlantNet, 2007). although one dry-land species 
is also recorded (Appendix 1). Thus high frequencies 
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The pollen of sclerophyllous shrub taxa (Figs 
2B, 3B) are usually found sporadically and in very , 
low frequencies, indicating under-representation and r 

very localised distribution. 
These findings are in accord with other studies 

of surface pollen assemblages which indicate very 
localised distribution of pollen (Dodson, 1983; 
Kodela, 1990). Kershaw and Strickland (1990) found 
that, in a 10 year pollen trapping experiment, most 
pollen came from within 10 m of the trap. 
These study sites are all contained within small 
valleys where some barrier impedes drainage of the 
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Figure 3B. Pollen spectra associated with dry-land plant com
mnnities within low frequency taxa. 1 The sample nnmher 

refers to the sample in Table 1. Codes for the vegetation map 
units are from Keith and Benson (1988) 

stream and maintains the swamp (for a full description 
of the sites, sce Chalson and Martin, this volume). It 
may be argued that pollen can be transported a long 
distance by a stream, to be depositcd with the local 

assemblage. While this may happen, it has been found 
that very little pollen is transported into the site so 
that the assemblage tmly reflects the local vegetation 
(Chmura and Liu, 1990). 
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Table 2, Pollen type 113me on the pollen diagrams (Figs 2, 3) and the probable sonrce in the vegetation. 

Name on the pollen diagrams 
2Aand3A 

Podoempus 

Pinus 

AngophoralCol}'mbia 

Euca~vptuslMelaleuea 

Mela/ellco styphelioides 

LeptospermumlBaeckea 

r,'istaniopsis 

Unindetified MY11aceae 

Casuarinaceae 

Poaceae 

Restionaceae 

Cypcraceae 

Se/aginel/a 

Gleichenia 

Other fern spores 

Names on 2B and 3B 

Grevillea Cleal1fhi/olia 

Grevillea 

Hakea 

Persoonia 

Symphiollema 1110ntallum 

Banksia 

Proteaceae 

Acacia 

Styphe/ia 

MOl1otoca 

Ericaceae 

Rutaceae 

Pime/ea 

Plantago 

Ha/oragis 

Asteraeeae/Liguliflorae 

Asteraccae/Tubuliflorae 

Chenopodiaeeae 

120 

Probable sourcc in thc vegetation and ecological inference. 
From Plantnct (2007) 

Probably Podoearpus spint/losus: sc1erophyllous slmlb/small tree 

Pillus sp(p), Introduced: Pollen input from urban/forestry areas. 

Species within the two genera: sclerophyll woodland 

Species within the two genera: sclerophyll woodland/forest 

Mela/euea styphelioides: moist stream bank habitat 

Species within the two genera: ?mainly swamp communities 

Tristalliopsis spp : moist habitats in sclerophyll conununities 

All pollen types not identifiable further 

Casuarillo, Alloeasliorina sp(P): A distyla andA. /1ana in this study 

Native and exotic species in the family: open situations, dryland 
and swamp species . 

All species in the family: swamp and dry land species 

All species in the family: swamp and dry land species 

All species in the genus: damp sites, edge of swamp 

Gleichenia sp(P): damp sites. edge of swamp 

Other ferns: many possible species 

G. aeallthi/olia: sclerophyllous understorey 

Grevillea sp(p): scleropbyllous understorey 

Halcea sp(p): sclerophyllous understorey 

Persoonia sp(P): scJerophyllous understorey 

S. 111011101111/11: heath or dry sclerophyll forest 

Banksia sp(P): sclcrophyllous understorey 

Other taxa in the family sclerophyllous understorey 

All species in the genus 

Styphe/ia sp(p): scJerophyllous understorey 

Monotoea sp(P): sclerophyllous understorey 

Other taxa in the family: sclerophyllous understorey 

All taxa in the family: sclerophyllous understorcy 

Pime/ea sp(p): sclerophyllous understorey 

Plantago sp(P): native and introduced herbs 

HaloragislGol1ocOIplls sp(P): Damp sites, sclerophyJlous 
understorey 

Fenestrate-grained taxa in the subfamily Liguliflorae: herbs 

Echinate-grained taxa in the subfam. Tubuliflorae: shrubs and herbs 

Rudcrals, salt tolerant 
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It is unfortunate that the Myrtaceae species 
cannot be identified in most cases, since the vegetation 
units are defined on tbeir species ofMyrtaceae. Most 
Myrtaceae grains are small and thin-walled (Chalson, 
1991; Chalson and Martin, 1995) and the preservation 
may not be good cnough to preserve this fine detail 
which would distinguish the species. The result is 
that there are large counts of unidentified Myrtaceae. 
The alternate wetting and drying at the soil surface in 
these scleropbyll forests are not ideal conditions for 
pollen preservation. 

The forests, woodlands and heaths defined by 
Benson (1992), Keith and Benson (1988) and Benson 
and Keith (1990) are structural units within one 
major vegetation forn1ation and share many species, 
although the abundance of a particular species may 
vary. The pollen assemblages cannot denote structure 
of the vegetation and the floristics of these units are 
too similar to allow any differentiation, especially 
as the Myrtaceae pollen is so poorly preserved. For 
practical purposes, the surface pollen assemblages can 
denote major vegetation forn1ations (Birks and Birks, 
1980; Moore et a!., 1991), morelless catchment tree 
cover, swamp and/or adjacent dry-land enviroIUllents 
and local floral diversity. 
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APPENDIX. Species found in the vegetation on and around the swamps. Nomencla-
ture follows Harden (1992; 1993; 2000; 2002) and Plantnet (2006). Vegetation map 

Elaeocarpaceae 
units are from Keith and Benson (1988) D, dominant. .., introdnced species. 

ElaeocGlpus reticulatus + 

Open Wood- Edge Mid Tetratlteca thymifolia + 
BURRALOW CREEK SWAMP 
Species 

forest land swamp swamp Ericaceae 
lOar lOag 28a 28a Epacris paludosa + 

BRYOPHYTES E. pulchella + + 
Sphagnaceae Leucopogol1 hookeri + + 
Sphagnum sp. + Euphorbiaceae 

PTERIDOPHYTES AND ALLIES Ampera xiphoclada + 
Adiantaceae Phyllanthus hirtellus + + 
Adiantum aethiopicum + + Fabaceae, Faboideae 

Blechnaceae Bossiaea obcordata + 
Bleclmum ambiguum + Dillwynia jloribunda + + + 
B. cartilaginum + D. retorta + 
Dennstaediaceae Gompholobium huegelii + + 
Pteridium esculentum + + + Pultenaea tuberculata + 
Gleichcniaceae Fabaceae, Mimosoideae 

Gleichenia dicG/pa + AcaciaJalcifonnis + 
G. microphylla + A. myrtifolia + 
Osmundaceae A. obtusata + + 
rodea barbara + A. ptycltoclada + + 
Selaginellaceae A. terminalis + + 
Selaginella uliginosa + Goodeniaceae 
ANGIOSPERMS. DICOTYLEDONS Danzpiera stricta + + 
Apiaceae Goodenia dil1l0/pha + 
Platysace ericoides + G. heterophylla + 
P. lanceolata + G.ovala + 
P linearifolia + + Lamiaceae 

Xantltosia pilosa + + Prostanthera via/acea + 
Apocynaceae Lauraceae 
Parsonsia straminea + Cassytha melantha + 
Araliaceae Lobeliaceae 

Po~vscias sambucifolia + + Pratia pUipurascens + 
Asteraceae Loganiaceae 

Cassinia aculeata + Mitrasacme pilosa + 
C. Qureonitens + Meliaceae 
Casuarinaceae * Melia azedarach var. australasica + 
Allocasuarina nana + Menyanthaceae 
Ceratophyllaceae Villarsia exaffata + 
Ceratophyllum demersum + M yrsinaceae 
CUlloniaceae Rapanea howittialla + + 
Callicoma serratifolia + Myrtacae 
Dilleniaceae Angopltora bakeri D 

Hibbertia acicularis + A. costata D 
H. bracteala + A. jloribunda + + 
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Baeckea linifolia + Baumea sp. + + 
COl]lJ71bia eximia D Chorizandra sp. + + 
Eucal)ptus eugenioides D Eleocharis sphacelata + + 
E. multicaulis D Lepidosperma longitudinale + 
E. paueiflora D D Schoenus sp. + 
E. radiata D Lomandraceae 
Kunzea capitala + D Lomalldra glauca + 
Leptospermum po~vgal!rolium + L. longifolia + 
L. trinervium D Phom1iaceae 
Melaleuea linari!folia D D Dianella caemlea + 
Tristania neri!folia D Restionaceae 
Oleaeeae Leptocwpus tenax + 
*Ligllstrum sinense + Baloskion fimbriatum + 
Note/aea longifolia + + Smilacaceae 
Pittosporaeeae Smilax australis + 
Billardiera seandens + S. g(vciphylla + 
Proteaceae 

Ballk,ia erieifolia + 
B. serrata + Open Edge Mid 

WARRIMOO OVAL SWAMP 
Hakea teretifolia + + Species 

farest swamp swamp 

Lambertia formosa + + 
lOar 26a 26a 

Persoonia lourina + PTERIDOPHYTES AND ALLIES 

P'levis + Adiantaceae 

P. linearis + Adiantum diaphanum + 

P. mollis + Dennstaediaccae 

P. oblongata + Pteridiul11 esclilelllum + + 

Petrophile pulche/la + Gleicheniaceae 

Ranunculaceae Gleichenia dicwpa + + 

Clematis arislata + ANGIOSPERMS, DICOTYLEDONS 

Rhamnaeeae Apiaceae 

CIJptGndra amara + Acf;'1OtUS minor + 

Rutaceae Plalysace lanceo/ata + + 

Eriostemon hispidulus + + P linearifolia + 

Sapindaceae Ericaceae 

Dodonaea pinnata + Brachylol11a daphnoides + 

D. triquetra + Dracophyllum secundum + 

Stackhausiaceae Epacris paludosa + + 

Stackhousia vil'ninea + Fabaceae, Fabaideae 

Thymclacaeeae Bossiaea helerophylla + + 

Pimelea ligustrina + *Cytisus scoparius + 

Vialaeeae Daviesia ulicifo/ia + + 

1'1010 hederacea + Dillwynia phylicoides + 

ANGIOSPERMS, MONOCOTYLEDONS Gompholobiul11 huegelii + + 

Cyperaeeae G. latifolium + 

Bawneajuncea + Hovea linearis + 
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Mirbelia rubifolia + ANGIOSPERMS, MONOCOTYLEDONS 

Fabaceae, Mimosoidcac Cyperaceae 

Acaciafalciformis + Baumeajuncea + 
A. ptychoc/ada + Eleocharis sphace/ata + 
A. rubida + Juncaceae 

A. terminalis + JUl1CUS remotijlorus + 
Goodeniaceae Lomandraceae 

Da117piera stricta + + Lomandrafiliformis ssp coriacea + 
G.ovata + L. longifolia + 
Lobeliaceae L. obliqua + 
Pratia purpurascens + Phonniaceae 

Myrtacae Dianella caerulea + 
Angophora hakeri D D Restionaccae 

Baeckea linifolia + + Leptocarpus tenax + + 
Elicalyptus notabilis D 

E.paucifiora D 

E. radiata D NOTTSSWAMP 
Open Mid 

KUl1zea capitala + D Species 
forest swamp 

Leptospermum grandifolium D 
I Oar 26a 

L. poZvgalifolium + D PTERlDOPHYTES AND ALLIES 

L. trhlervium + + Dennstaediaceae 

Polygalaceae Pteridium esculentum + 

Comesperma defoliatllm + Gleicheniaceae 

C ericinhlll1 + Gleicltenia dicmpa + 

Proteaceae Selaginellaceae 

Banksia ericifolia + + Selaginella uliginosa + 

B. oblongifolia + ANGIOSPERMS, DICOTYLEDONS 

B. serrata + + Apiaceae 

Grevillea laurifolia + + Actinotus forsythii + 

G. mucrol1.ulata + Plarysace lanceolata + 

G. phylicoides + + P linearifolia + 

Hakea salicifolia + + Ericaceae 

lsopogon anethifolius + + Epacris pailldosa + 

1. prostratlls + + Lissanthe sapida + 

Persoonia laurinG + Euphorbiaceae 

P. myrtilloides + Poranthera microphylla + 

P.pinifolia + Fabaceae, Faboideae 

Rutaceae Bossiaea heterophylia + 

Boronia microph.vlla + + Phyllota sqllarrosa + 

Thymclaeaceae Platylobiul1l fOrl110SU111 + 

Pimelea glauca + F abaceae, Min10soideae 

p. ligllstrina + Acacia meianOJ,.)'lo/1 + 

Violaceac A.obtllsata + 

[;70Ia hederacea A. obtusifolia + 
A. stricta + 
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Myrtacae Dennstaediaceae 

Eucalyptus aggregata + Pteridium esculentum + + 

E. dives D Dicksoniaceae 

E. ligustrina D Calochlaena dubia + 

E. pauciflora D Gleicbeniaceae 

E.piperita D Gleichenia dicmpa + + 

E. sclerophylla D G. microphylla + 

Kun;;ea capitata D Osmundaceae 

Leptospermull1 juniperi17um + Todea barbara + 

Proteaceae Selaginellaceae 

Banksia oblong!folia + Selaginella uliginosa + 

B. serra/a + ANGIOSPERMS, DICOTYLEDONS 

Grevillea phylicoides + Apiaceae 

Hakea teretifolia + Actinatus forsythii + + 

[sopogon proslralus + Platysace lanceolata + + + 

Persoonia law'ina + P. linearifolia + + 

P. linearis + Casuarinaceae 

Petrophile pedUl1culata + Allocasuarina distyla + 

Rutaceae Cunoniaceae 

Boronia microphylla + + Bauera rubioides + 

ANGIOSPERMS, MONOCOTYLEDONS Callicomo serratifolia + + 

Cyperaceae Ceratapetalum apetalum + 

Baumea rubiginosa + Dilleniaceae 

Cara sp. + Hibbertia acieliloris + 

Gahniasp. D Elaeocarpaceae 

lridaceae Elaeocmpus reticulatus + 

Patersonia sericea + Ericaccae 

Juncaccae Brachylama daphnoides + 

Juncus remolijimnis + Dracophyllum secundum + 

Phonniaceac Epacris paludosa + + 

Dianella caerulea + Leucopog017 esquamatus + 

Poaceae L. hookeri + 

Enlo/asia marginata + L. lanceo/atlls + 

Paasp. + Lissanthe sapida + 

Restionaceac Euphorbiaceae 

Baloskiol1 australe + Ampera xiphoclada + 

LeptocGlpus tenax (Labill.) D Fabaeeae. Faboideae 

Bossiaea heterophylla + 

B. obcordata + 

INGAR SWAMP 
Open Wood- 6c TaU Edge Mid Daviesis aZata + + 

Species 
forest land open swamp swamp D. ulicifolia + 
lOar lOag forest 26a 26a Dillwynia philicoides + 

PTERIDOPHYTES AND ALLIES D. retorta + 

Adiantaccae Glycine clandestina + 

Adiantum aethiopicull1 + Hovea linearis + 
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Phyllota phylicoides + Proteaceae 
p. squarrosa + Banksia ericifolia + 
Platylobium formosum + B. oblongifolia + + 
Puitenaea dil'aricata + B. serrata + + + 
P.f1exilis + Grevillea aspleniifolia + 
P. incurvata + G. laurifolia + 
P. tuberculata + + G. phylicoides + D 
Pabaccae, Mimosoideae Hakea propinqua + 
Acacia echinula + + + H. sericea + D 
A. melano.\J'lon + H. teretifolia + + + 
A. obliquinervia + [sopogon prostratus + + 
A.obtusata + + Lambertfa formosa + 
A. obtusifolia + + Lomalia myricoides + 
A. stricta + + + Persoonia acerosa + 
A. suaveo!ens + + P. laurinG + 
Goodeniaceae P'levis + 
Dampiera SfT';eta + P. linearis + + + 
Goodenia bellidifolia + P. pinifolia + 
G. dimOlpha + Petl'Opizile peduncu/ata + 
G. ovala + Ranunculaceae 
Haloragaceac Clematis aristata + 
GOl1ocarpus chinensis ssp l'errUCDSllS + Rhamnaceae 
G. longifolius + + CTyptandra amara + 
Myrtacae Rutaceae 
Angophora bakeri D D + BOl'Onia micl'Ophylla + 
Backhousia myrtifolia + Thymelaeaceae 
Baeckea diosmifolia + Pimelea ligust";nQ + 
Corymbia eximia D ANGIOSPERMS. MONOCOTYLEDONS 
Eucalyptus agglomerata D Cyperaceae 
E. dabympleana D Sal/mea rubiginosa D 
E. dives D Carex sp. + + + 
E.obliqua D Chorizandra cymbaria D 
E.oreades D Eieocharis sphacelata + 
E.pauciflora D D Ga/mia sieberana + + 
E. radiata D Galmia sp. D 
E. siebed + Gymnoschoenus sphaerocephalus + 
KUl1zea capitola + + Lepidosperl7la longitudinale D 
Leptospermu/ll grGlldtfoliztll1 + lridaceae 
L. juniperinum D Patersonia sericea + 
L. pa(J'gai!foliulI1 + + JUllcaceae 
L. scoparium + JUl1CUS remoriformis + 
L. trinervium + Luzuriagaceae 
Melalel/ca linariifolia D Eustrepizus latifalius + 
S),ncOIpia gloll1ulifera D Ph01l11iaceae 

Dianella caemlea + 
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Poaccae Myrtacae 

Entolasia marginata + COlymbia eximia D 

Poa sp. + C. gumm ijera D 

Restionaceae Eucalyptus deanei D 

Baloskion aus/rale + E.oblonga D 

Empodisl11a minus D E.paucifiora D 

Leptocmpus lenax D D E. piperila D 

Smilacaceae E. sclerophylla D D 

Smilax australis + E. stellulata D 

E. stricta + 
KU/1zea capitala + + 

lUNGS TABLELAND SWAMP 
Wood- Open Open Edge Mid K. ericoides + 

Species 
land forcst heath swamp swamp Leptospel7num grandijoliul11 + 
lOar 9i 21f 26a 26a L. juniperinum D 

PTERIDOPHYTES AND ALLIES L. polygalijolium + D 
De1l1lstaediaceae Olacaccae 
Pteridiurn esculentum + Olax s/ricta + 
Gleicheniaceae Proteaceae 
Gleichenia dicmpa + Banksia ericijolia + + + 
GYMNOSPERMS B. oblongijolia + D 
Cupressaceae B. serrata + + + 
Callitris muelleri + B. spil1ulosa + 
ANGIOSPERMS, DICOTYLEDONS Grevillea phylicoides + + + 
Apiaceae Hakea dactyloides + 
Actinotlls forsythii + H. salicifolia + + 
Platysace lanceolata + + + H. sericea D -+ 
Casuarinaceae Isopogol1 anemonijolius + 
Allocasuaril1a dislyla + D 1. prostratus + + + 
Allocasuarino l1ana + Lomalia silaijolia + 
Ericaceae Persoonia laurinG + + 
Dracophyllum secundum + Petrophile pedul1culata + + 
Epacris paludosa + Thymelaeaceae 
Fabaceae, Faboideae Pimelea ligustrina + 
Bossiaea heterophylla + + ANGIOSPERMS, MONOCOTYLEDONS 
Daviesia alata + + Lomandraceae 
D. ulicifolia + Lomandra glauca + 
Hovea linearis + 
Phyllota squarrosa + 
Pultenaea divaricata + Open Open Edge Mid 

KATOOMBA SWAMP 
Fabaceae, Mimosoideae Species 

forest forest swamp swamp 

Acacia obtusata + Upper 9i Lower 9i 26a 26a 

A. sV'icta + BRYOPHYTES 

A. suaveo/ens + + Dawsoniineae 

A. terminalis + Dmvsonia sp. D 
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PTERIDOPHYTES AND ALLIES 

Blechnaccae 

Blechnun7 cartiiagiman 
DenJ1staediaceae 

PferidiUI11 eseulentllm 

Gleicheniaceae 

Gleichenia dicarpa 

Lycopodiaceae 

Lycopodium deuterodensum 

ANGIOSPERMS, DICOTYLEDONS 

Araliaceae 

Polyscias sambueifolia 

Asteraceae 

A rrheneehthites mixta 

Braeteantha braeteata 

CUDoniaceae 

Callieoma serratifolia 

Ericaccae 

Epaeris paludosa 

Fabaceae, Faboideae 

Bossiaea rhombifolia 

Daviesia latifolia 

Fabaceae, Mimosoideac 

Acacia obtusata 

A. suaveolens 

Myl1acae 

Callistemon citrinus 

EucalJptZls obliqua 

E. oblonga 

E. scleropl~vlla 

E. squamosa 

Kun::ea capitala 

K. ericoides 

Leptospel7l1UII1 polygalifolium 

L. trinervium 

Oleaceae 

*Ligustrum sinense 

Polygonaceac 

*Acetosella vulgaris 

*Rumex obtusifolius 

Proteaceae 

Banksia spillulosa 

Grevillea mucrol1ata 

Isopogol1 prostratus 

Lamatta myrica ides 
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+ 

+ + 

+ 

+ 

+ + 

+ 
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D 

D 

D 

D 
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D 

D 
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Persaonia law-ina + 
Petrophile pedul1eulata + 
Rutaceae 

Boronia mierophylla + 
ANGIOSPERMS. MONOCOTYLEDONS 

Cyperaceae 

Caustis jlexllosa D 

JUllcaceae 

Juncus remotiformis + D 

Lomandraccae 

Lomandra obliqua + 
Phormiaceae 

Dianella cael~"ea + 
Poaceae 

Poa sp. + 

NEWNES SWAMP 
Open Wood- Edge Mid 

Species 
forest land swamp swamp 
9i 11a 20a 20a 

PTERIDOPHYTES AND ALLIES 

BI echnaceae 

BlecJmum cartilaginum + 
Dennstaediaceae 

Pteridium esculentum + 
Gleicheniaceae 

Gleiehellia dicalpa + + 
ANGIOSPERMS. DICOTYLEDONS 

Apiaceae 

Platysaee lalleeolata + 
Asteraceae 

Arrhenechthites mixta + 
Helic111Jlsulll scolpioides + + 
Olearia sp. aff. ehl)ISophJplla + 
Casuarinaceae 

Allocasuari/la /lana + 
Dilleniaceae 

Hibbertia dentala + 
Ericaceae 

Braehyloma daphnoides + 
Epacris ob!usifolia + 
E.paludosa + + 
Lissan!he sapida + + 
Monotoca scoparia + 
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Euphorbiaeeae 

Ampera xiphoclada + 
Fabaeeae, Faboideae 

Daviesis cOlymbosa + 
D. lIlicifolia + 
Gompholobium grandiflorum + 
G. latifoliul11 + 
Phyllota phvlicoide.1 + 
P squarrosa + + 
Platylobiul11 /ormo.1ul11 + 
Fabaeeae, Mimosoideae 

Acacia elata + 
A.lillifolia + 
A. /of1gifofja + 
A. melanoxylon + 
A. suaveolens + 
Goodeniaeeae 

Dampiera stricta + + 
Myrtaeae 

Baeckea dio.1mifolia + + 
EUCa(lptus aCl7lcnoides D 
E. aggregata D 
E. dcanei D 
E. notabilis D D 
E. oreades D D 

Santalaceae 

ExocQlPos strictus + 
Thymelaeaeeae 

Pimeiea glauca + 
P. liglfstrinG + 
ANGIOSPERMS, MONOCOTYLEDONS 

Cyperaeeae 

Lepidosperma laterale + + 
Iridaeeae 

Patersonia sericea + + 
Juneaeeae 

JUIlCUS remotiformis + 
Lomandraceae 

Lomalldrafiliformis ssp coriacea + + 
L.filiforl71is sspfiliformis + 
L. glauca Ewart + 
Phonniaceae 

Dianella caerulea + 
Poaceae 

Entolasia marginata + 
Poa sp. + 
Restionaceae 

Empodisma minus + 
LeplocQ/pus lenax + + 

E. racemosa D 
E. sclerophyl/a D 
Kun=ea capitala + D 
Leplospermu!11 jZl17iperil1u!11 + + 
L. poZvgalifohum + 
Proteaceae 

Banksia spbwlosa + D 
Grevillea acanlhifolia + 
G. asplelliifoIia + + 
G. phylicaides + 
Hakea salicifolia + 
H. teretifolia + 
Petrophile pedunculata + + 
Ranunculaccae 
Clel17at;s aristala + 
Rhamnaceae 

Ci)7Jtandra al11ara + 
Rutaceae 

Boronia micl'ophvlla + 
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The History of the Vegetation from the Last Glacial Maximum 
at Mountain Lagoon, Blue Mountains, New South Wales. 
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Robbie, A and Martin, H.A. (2007). The history of the vegetation from the last glacial maximum at 
Mountain Lagoon, Blue Mountains, New South Wales. Proceedings of the Linnean Society of New SOllth 
Wales 128, 57-80. 

Mountain Lagoon in the Blue Mountains west of Sydney provides a sedimentary record of23,000 years, 
thereby including the Last Glacial Maxinll1m. Initially. the site was a lake where clay was being deposited 
and the vegetation was probably shrubland/herbfields. About 13-19 kyr. the lake became shallow enough 
for sedgeJands and peat fomlation. At this time, pollen concentrations were high and both Casuarinaceae 
and Myrtaceae are prominent. In the early Holocene, about 10 h.-yr, the swamp became a lake again, perhaps 
because of some minor movement of tile fault-line which could have caused a burst ofacce1erated erosion 
and clay deposition. The lake surface was re-colonized by the sedgelands again about 7-8 kyr, when the 
vegetation was woodland/forest. 

TIle vegetation surrounding the site was scleropbyllous throughout the last 23 h.J'T. as would be 
expected on these low nutrient soils. In contrast to the likely marked climatic changes during this period, 
the pollen spectra show remarkably little change in the major taxa. However. variations of some of the 
Myrtaceae pollen show that there were species changes, although some ta;xa were present the whole time. 
Casuarinaceae was prominent throughout and did not decline until European settlement. 

Manuscript received 3 July 2006, accepted for publication 18 October 2006. 

KEYWORDS: Blue Mountains. Holocene, last glacial maximum, Mountain Lagoon. 
palynology, vegetation history. 

INTRODUCTION 

Mountain Lagoon (Fig. 1).. in a small enclosed 
basin, was fonned following subsidence along the 
Kurrajong Fault line and the subsequent disruption 
to the established drainage patterns. Thc sediments 
extracted for this study record at least 23,000 years 
of deposition. which includes the Last Glacial 
Maximum (LGM) period at about 18.000 years ago. 
Estimates of the LGM from other records indicate that 
temperatures were some 4_8°C lower than today and 
the climate was also more arid (Dodson 1994) with 
up to 50 % less precipitation (Thom et a!. 1994). The 
site stands at just over 500 m elevation today. but with 
lowered sea levels during the glacial period .. it would 
have been about 100 m higher in elevation at that 
time. Hope (1989) estimates tllat this altitude would 
have been ncar or at the treeline during the last glacial 
period. Studies of the glacial period in southeastern 
Australia show that the vegetation of the time was 

more open, with few trees and more grasslands and 
shrublands (Dodson 1994; Hope 1994), but Pickett 
et al. (2004) think that xerophytic woods and scrubs 
were more extensive in south-western and south
eastern Australia. 

There arc few histories of the vegetation 
extending back beyond the last glacial period in the 
Sydney Basin. Chalson (1991) found that the Penrith 
Lakes Swamp (Fig. 1) provided a 33,000 year record 
and Black et al. (2006) present a >43,000 year history 
at Thirlmere Lakes, but these are both lowland sites. 
At Readhead Lagoon. a coastal site (Fig. I). Williams 
et al. (2006) record a history that goes back welJ 
before the LGM. Chalson also presents a number of 
other sites in the Blue Mountains which are all 11.000 
years or younger in age and Black and Mooney (2006) 
present a 14.000 year history of Gooches Crater on 
the Newnes Plateau. Mountain Lagoon thus provides 
a record of the changes in the vegetation through 
the glacial period to the present at a relatively high 
altitude in the Blue Mountains. 
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Figure 1. Regional locality map showing study site and place names discussed in text. 

THE ENVIRONMENT 

Geology 
Mountain Lagoon is a shallow, swampy lake in 

a smalJ basin-shaped valJey (Ryan et al. 1996) 14 km 
north-east of Bilpin in the eastern Blue Mountains 
(St. Albans G.R. 663966), It was described by Grady 
and Hogbin (1926) as resembling an 'over-turned 
saucer", and therefore all sediment within the basin 
is derived from within its own catchment area which 
measures approximately 2 km2• The lagoon lies on 
top of a small, thin lens of Wainamatta Shale which 
is underlain by the Triassic Hawkesbury Sandstone 
(Grady and Hogbin 1926).1t is a tectonic lake (Timms 
1992) abutting the Kunajong Block, and was fonned 
following the subsidence of the land to the west of the 
Kunajong Fault (David 1902). The Kurrajong Block, 
which rises some 120 m above Mountain Lagoon on 
its eastern side and stretches south approximately 25 
km to Glenbrook (David 1902), is believed to have 
impeded the north-eastern progress of a small stream 
whose waters pooled at this barrier and fonned the 
lagoon (Grady and Hogbin 1926), possibly in the late 
Tertiary (Branagan 1969). 
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Climate 
Wedged between the coastal ranges, and the 

Upper Blue Mountains and Great Dividing range. 
the St Albans region is mostly in a rainshadow and 
is a relatively dry part of the Hawksbury-Nepean 
catchment. Rainfall is generally over 900 01111, but 
Bilpin, some 7-8 km WSW of Mountain Lagoon. 
seated in front of Mount Wilson, experiences higher 
orographic rainfall, and receives 1300 0101 p.a. (Ryan 
et al., 1996). Records kept by a landholder at Mountain 
Lagoon for the period 1952-1994 show an average 
annual rainfall of 1257 mm, with January-February 
the wettest months .. with an average of 157-181 mm 
per month, and August-October the driest months. 
with an average of 51-70 mOl per month (Hungerford 
1995). 

Average maximum temperature for January is 
28° C and average minimum temperature for July is 
2-3'C (Ryan et a!. 1996). 

The Vegetation 
Prior to historic land clearance for forestry 

and agriculture. the rich, moist soils of the shale 
lens supported a tall open forest dominated by 
Eucazvptus deanei, E. cypellocmpa and Syncmpia 
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glomulifera, specimens of which have survived 
in small patches of forest which remain in the area 
(Ryan at al. 1996). Two significant species with very 
restricted distribution arc found in these forests, viz. 
Acado pubescel1s and Atonia endlicheri. The lagoon 
itself supports a freshwater reed swamp dominated 
by sedges, with a main canopy of Lepidospermo 
longill/dinale and a fringing Me/alel/ca linariffiJUa 
forest The sheltered western slope of the KUlTajong 
Block supports a Sydney Sandstone Gully Forest 
dominated by Angophora costa/a, Eucalyptlls 
piperi/o, E. agglomerata and Syncmpia glomI/Ii/era. 
On the exposed ridges at the top of the KUlTajong 
Block, CO/Jlmbia e:dmia. Angophora bakeri, C. 
gummijel'o, A. costala and Eucalyptus }June/ala arc 
dominant (Ryan et a!. 1996). 

Three small patches of basaltic soils at Green 
Scrub to the south of the lagoon support a wann 
temperate rainforest (Floyd 1989). Prior to European 
arrival the forest was most likely dominated by 
Dorifera sassafras. Acmena smith ii, Toona ciliata 
and Cera/opetalum spp.. but repeated firing and 
logging have greatly altered the forest and continue 
to threaten the floral composition of this forest (Floyd 
1989). 

Human history and land use 
Archaeological evidence tends to suggest that 

Aboriginal people first settled in the region from 
20.000 to 14,000 years before the present (BP) and 
that many sites may have been abandoned at 12,,000 
years BP, to be followed by 'a more intensive phase of 
occupation' beginning around 10.000-5,000 years BP 
(Conyers 1987). Accounts by early European settlers 
suggest the region was well known to the Dharruk 
and possibly Wiradjuri groups, who had traditional 
names for prominent landforms such as Mt. Tomah. 
and advised on the more accessible routes over the 
mountains The area is culturally significant to the 
DharnJk and the raised area to the immediate west 
of the lagoon was used as a bora ground as late as 
the 1890s (Hungerford 1995). The region is encircled 
by sites with rock engravings. cave paintings and axe 
grinding sites (Stockton 1993). 

Europeans such as Mathew Etheringham and 
the botanist George Caley began exploring the 
mountains from Kurrajong Heights around the turn 
of the 19· Century (Hungerford 1995). The existence 
of Mountain Lagoon was known to Europeans before 
1830 and the area was frequented by shooters. Later 
timber extraction and milling became important in 
the area with the removal of 'wattle barks. blue~gum 
and other hardwoods'. and it is likely that the lagoon 
formed part of a stock route linking the Hunter region 

Proc. Linn. Soc. N.S.W., 128,2007 

with Bathurst. ll1e land to the west of the lagoon was 
first squatted and was later purchased in 1868. and 
a mixed orchard of oranges. lemons, cherries, and 
apples waS established, along with maize .. oats and 
potatoes. Orchards spread in popularity across the 
region throughout the 201h century. and strawberries 
were introduced in the area in the early 19705. 
Orchards have largely disappeared from the area 
since 1975, and the land surrounding the lagoon 
supports mostly cattle grazing with some citrus and 
apple growing (Hungerford 1995). 

METHODS 

Six sites, each within different environments 
in the vicinity of the lagoon (Fig. 2) were chosen to 
detelmine the major variations in vegetation, using 
aerial photographs and onsite inspections. A full list 
of species at Site 6 (Green Scrub rainforest) was 
obtained from P. Hind of the Royal Botanic Gardens, 
Sydney. 

In tile latter part of the 1980s the lagoon was 
greatly modified in the hope that it would become a 
pennanent source of water for cattle. Sediment was 
excavated from the northeastern end of the lagoon 
and deposited towards the south-western end (Fig. 3). 
The results of the excavation were obvious in 1991 
when the original core was taken, (Mr. C. Myers~ pers. 
comm. 1996) and an undisturbed site was chosen. 

The stratigraphy along two transects at right 
angles was evaluated using a Hiller corer and the 
sediments were described using the Troels-Smith 
method for sediment description (Moore et al. 1991). 
Two cores for further analysis were taken from a place 
as close as possible to the original site (cored by C. 
Myers), using a Livingstone type corer (Livingstone, 
1955) with modifications (Neale and Walker 1996). 

Two peat sediment samples taken at depths of 
33~38 cm and 59-68 cm from the original core were 
radiocarbon dated by the Beta Analytic Company in 
1991 (Table 1). The top 15 em of the original core was 
discarded in the belief that this section was disturbed. 
Two samples from the clay extracted in later cores. at 
depths of 60-70 em and 90-100 em were dated by the 
Accelerated Mass Spectrometry method at ANTSO 
(Table 1). 

Organic matter was estimated on oven-dried 
(I05'C) samples fired to 550'C, at 10 em intervals. 
During ignition. stnlcturally bound water is lost also, 
but in highly organic sediments. the major loss is 
from the ignition of organic matter (Bengtsson and 
EncIl 1990). 

The saturated isothermal remnant magnetism 
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Figure 2. Vegetation survey sites (numbers) and 
map of the vegetation types. 

(SIRM) was measured on sub~samples taken at half 
centimetre intervals from the original core. The 
sediment was dricd at 50°C .• ground and treated in 
a magnetic field of 1.0 Tesla (Thompson 1990) and 
measured with a Molspin Magnetometer. 

For pollen extraction. sediment samples 
of 1 cm3 were taken at 10 em intervals along the 
second core and were spiked with an exotic pollen 
suspension (Alnus rhombifolia was used) of known 

60 

concentration (Birks and Birks 1980). Humic acids 
were removed with cold 10% potassium hydroxide 
and mineral matter was removed using hydrochloric 
and hydrofluoric acids. The residue was treated with 
acetolysis to clear remaining humic material (Moore 
et al. 1991). The residues were mounted in glycerine 
jelly. using No. 0 covers lips. 

Pollen was identified by comparison with modern 
reference pollen. A minimum of 180 pollen grains 
were counted along traverses on the slides of the 
fine sediment residues. Where there was insufficient 
pollen to count 180 grains, those pollen types present 
were scored as 'present'. The number of the exotic 
Almls grains encountered along the traverses were 
counted also, allowing calculation of the pollen 
concentration. The abundance of each pollen type was 
expressed as percentages and as pollen concentration. 
Confidence limits for percentages were calculated 
following Maher (1972). 11,e amount of charcoal in 
each preparation was detennined as the area of the 
slide it covered, following the point count method 
(Clark 1984). 

RESULTS 

The vegetation 
Six vegetation units in the vicinity of the lagoon 

were defined and a list of species found in each is 
presented in Appendix 1. The vegetation units are 
shown in Fig. 2 and were defined as follows: 

1. The swamp vegetation of the lagoon itself is a 
fen which becomes dry periodically. The centre 
of the lagoon is dominated by Bawnea articulata. 
with Nymphoides geminata and Myriophyllum 
variijoUum at the margins. 

2. The lagoon fen is ringed by a JvJelaleuca swamp 
forest, c. 5m tall, with a 50% cover of Melaleuca 
UnariifoUa and an understorey of Leptospermum 
po/yga/ijolium and Acaciafilicifolia. The ground 
cover consisted of Lepidosperma longiludinale, 
Sphagnum sp. and Viola hederacea. North~east 
of the lagoon, the vegetation has largely been 
cleared for grazing and in this area. small M 
linariifolia emerge above an understorcy of 
Acacia longijolia and L. polygalifoliuT11. The 
ground cover in this area consists of Gleichenia 
dicmpa, Hypolep;:, muelleri and r<" hederacea on 
Sphag1111111 peat. 
The fen and Melaleuca swamp forest together 
make up the Lepidosperma longitudinale
Melaleuca linariifolia Sedgcland (Ryan et aI., 
1996) which is related to other low nutrient 
wetlands. such as the Thirlemerc Lakes. 
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Table 1. Radiocarbon dates. Calibrated years has been calculated according to the Radiocarbon 
Calibrated Program CaJib RevS.O.2 (Sttliver and Reimer, 1986-2005) 

Depth (em) Sample number 

33-38 Beta 43680 

59-68 Beta 43681 

60-70 OZD666 

90-100 OZD667 

3. TI,e tall forest has a 60-70% 
canopy cover of Eucalyptus deane; 
and a sub-canopy of SyncOlpia 
glomulifera and PiftospoJ'um 
unduiatun1. Leucopogon spp. and 
climbers such as Smilax fonn 
much of the undcrstorcy in this 
forest and a variety of ferns fonn a 
thick ground covcr. In the cleared 
areas to the north-cast of the 
lagoon, a few E. deanei and some 
Eucalyptus piperita were found 
on the drier soils ncar the lagoon. 
There was no understorey in this 
area. The ground cover consisted 
largely of introduced grasses .• with 
Pteridium esculentum growing 
close to the lagoon. 

Technique 

Standard C!4 

Standard CJ4 

AMSCJ' 

AMSC14 

100m 

20 

40 4. On the exposed, rock.)'cscarpmcnt 
of the Kurrajong Block, the 
well drained soils support an 
open woodland dominated by 
a 40-50% cover of Eucalyptus 
pi peri/a. ElIca~yptus agglomerala 100 

and Syncarpia glomulifera. TI1C 

Age (Radiocarbon 
years) BP 

9.040± 90 

18,660 ± 150 

19.350 ± 220 

19,700 ± 390 

iTI1~lIvntkJn 
o Dopo61tlon 

• CoresttD 

Calibrated years BP 
(cal. yr) 

10.079 

22,230 

23.036 

23,484 

m 12)) i 40 

so 

80 

., 100 

~ 

30m 

NE 

• Corl'l!uto 
!orsllJdy 

ITIIIIll HerbaceOUS 
peat 

00 LlIkemlJd 

Delay 

CJsnnd 

understorey components are 
chiefly selerophyllous species, e.g. 
Banksia spinulosa and Telopea 
speciosissima with Acacia elata 
quite common. 

Figure 3. Mountain Lagoon, depicting disturbed sites, strati~ 
graphic transects and the site of the core for this study. 

5. The protected gully of Gospcrs 
Creek. the outlet of the lagoon, supports a closed 
Turpentine (SyncaJ1Jia glomulifera) forest with a 
canopy cover of greater than 70%, It has both 
mesic and xeric components and is dominated by 
S. glo1J1ulijera, Angophora coslala and E, elata, 
The undcrstorey is dominated by tall Banksia 
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serrata andPittosporunt revolutllfJl. with Lomatia 
silaijolia,Leucopogonjuniperinlls,L.laJ1ceolatlis 
and Xanthorrhoea arborea. The ground cover 
consists of VIola hederacea. Dianello caeI'll/eo 
and Echil1opogol1 ovall/s. See Ryan et al. (1996) 
for further descriptions of gully forests in the 
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Depth 

(em) Sediment type 

C14 0 ~ a C14 
~-::::...,.. dates 
,~ 

~ -;::: Black moss peat 

dates 

t-~ 

20 

18,660" 150 

Black herbaceous peat 

Dark brown herbaceous peat. 
minor lake mud 

Ught brownish clay 

Black clay, minor lake mud 

Dark grey herbaceous peat, 

trace of clay 

Dark reddish brown herbaceous 

peat 
19,3500220 

Dark greyish brown herbaceous 

peat and !ake mud 

in the north has been excavated and the spoil 
dumped in a patch on the western side. Only the 
north-western half of the SW-NE cross section of 
the lagoon is regarded as undisturbed, Sediment 
descriptions of the core are shown in Fig. 4. 

A layer of moss peat covers the lagoon to a 
depth of about 15 cm in most areas (Fig. 3). There 
are minor patches of herbaceous peat on top of 
the moss peat. but they are associated with the 
disturbed areas, Herbaceous peat underlies the 
moss peat in the study core (Fig. 4) but it is not 
evident in the cross sections. A layer of brownish 
clay is found across the whole of the lagoon, 
underlain by black clay and/or lake mud over 
part of the lagoon. A relatively thick layer of 
herbaceous peat underlies the clay, with a layer 
of lake mud (vel)' fine organic matter), and at the 
base, clay. There is some mottling in the deepest 
layers of the basal clay layer. Traces of sand are 
found in some of the deeper clays and lake muds. 

Table I presents the radiocarbon dates. 

Dark grey lake mud, trace of sand 

Assuming continuous sedimentation (Fig. 5), the 
Holocene extends down to about 40 cm in the 
study core, to the base of the upper clay layer 
(Fig. 4) and the overall rate of sedimentation 
approximates 4 cm per k caL yr, The height of 
the last glacial period (18 k cal. yr) is recorded at 
about 60 em depth, hence during the time from 
the last glacial rna"(imum to the beginning of 
the Holocene. the rate of sediment accumulation 
was about 2.5 cm per k cal. yr. This latter rate 
continues till about 22 k cal. yr, after which rate 
of sediment accumulation, was rapid, about 10 
cm per k cal. yr, 1~O I F 

.... l 

l "" 
l .... l 

19,7000,360 

Greyish brown clay 

Greyish brown mottled clay 

Figure 4. The sedimentary column. Standard C14 
dates are on the left and AMS C14 dates are on the 
right. Dates arc given in radiocarbon years. For cali
brated ages, see Table 1. 

region. 
6. Green Scrub, on a small lens of basalt soils in 
a protected gully south of the lagoon. supports 
wann temperate rainforest and is dominated 
by DOlyphora sassafi·as. Acmena smithii and 
Sync01pia glomulifera. See Appendix 2 for a full 
list of species. 

Stratigraphy 
The stratigraphic transects and cross sections of 

the lagoon are shown in Fig. 3. Part of the lagoon 
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The SIRM. microscopic and macroscopic 
charcoal content and carbon content of the 
sediments is shown on Fig, 6. Peak values for all 
of these factors are found in the peat and values 

are lower in the clay. 

Sedimentary hlstory 
Initially, Mountain Lagoon was a lake with 

water too deep for rooted vegetation, Clay is 
usually an indication of a low energy environment, 
but at this location, the Wainamatta Shale weathers 
to produce predominantly clay. Moreover, with 
the lagoon situated at the base of the escarpment 
of the Kurrajong Fault .. any tectonic movement or 
vegetation disturbance, even if only slight. could cause 
instability, and the accelerated erosion may contribute 
to the deposition of clay in the lagoon. It is thought 
that some instability of the fault escarpment probably 
contributed to the rapid rate of clay accumulation at 
the base of the profile. 
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lithologic symbols, see Fig 4. Dates are given in radiocarbon years. For calibrated ages, see Table 1. 
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The mottled clay at the base ofthe profile indicates 
a fluctuating water table and occasional dry periods in 
the earlier part of the glacial period. Towards the end 
of the peak glacial period. the lake became shallow 
enough to allow rooted vegetation and the production 
and preservation of peat. 

At the beginning of the Holocene, there is a layer 
of light brown clay, which is unusual when compared 
to other sites. The colour is also unusual, for if clay 
is deposited slowly under the anaerobic conditions of 
a lake or swamp, it would become grey or black. It is 
possible that some instability of the escarpment may 
have triggered a short burst of intensified erosion and 
deposition of this material. With a return to stability, 
the vegetation recolonized the swamp surface and the 

deposition of peat continued through the rest of the 
Holocene. 

It has been suggested that the model of 
continuous deposition adopted above may not apply 
and the basal clay may have been deposited in the 
glacial period, with an hiatus from about 17 kyr to 
the Holocene, when peat deposition commenced. It is 
difficult to rule out the discontinuous model with only 
four dates, but it is harder to accommodate the dating 
into a discontinuous model. The two dates of 18.660 
and 19,350 radiocarbon years (22,230 and 23, 036 
calibrated years, respectively, see Fig. 4) both come 
from within the base of the peat/lake muds, which the 
discontinuous model assumes is Holocene. Further 
implications of the two models are discussed below. 

Charcoal is found in all of the 

Table 2. The identification of Myrtaceae pollen in Mountain 
Lagoon sediments, The unidentified Myrtaceae types are depicted 
in Fig. 7. 

samples, suggesting that buming 
could have Dccuned at any time. 
Charcoal content, however, is higher 
in the peat, when the vegetation 
growing on site may have burned 
and deposited charcoal directly into 
the sediments. When the lagoon was 
a lake and depositing clay, charcoal 
would have to be transported into 
the site, either by wind or water. The 
higher macroscopic charcoal contcnt 
ofthe peat probably indicates woody 
shrubs were growing very close to 
the site of deposition. 

Depth (em) in profile 10 

Acmena smith;; 5.9 + 

Angophora costala 3.9 + 

COIymbia gummifera + 

EucaZvptus creba 29.4 + 

E.pU17ctata 5.9 + 

E. deane; 7.8 30.3 

E.piperata 

E. haemostoma 9.1 

Syncmpia glomulifera + 

LeptospermulJ1 spp 5.9 6.1 

M ytyaeeae type I + 

M ytyaceae type II 6.1 

M ytyaeeae type III 13.7 6.1 

Myrtaceae type IV + 

Mytyaeeae type V + 

Unidentified Myrtaceac 21.6 18.2 

64 

20 

4.9 

4.9 

42.6 

16.4 

8.2 

11.5 

11.5 

50 70 

+ 

+ + 

+ 

7.4 4.0 

8.8 

36.8 + 

12.0 

8.0 

+ 

7.4 16.0 

14.7 24.0 

19.1 32.0 

The SIRM values of the 
sediments closely parallel the 
charcoal input and both are higher 
in the peat. Commonly, high SIRM 
values correspond to a high mineral 
content in the sediment (Thompson 
and OJdfi e1d 1986) but fire has been 
found to increase the soil magnetism 
to some extent (RummefY 1983). In 
these sediments, fire seems to have 
had a greater influence on the SIRM 
values than the mineral content. 

Pollen Analysis 
In an attempt to identify the 

myrtaceous pollen, a reference set 
of cleven species from the study 
area was examined in detail, using 
the method outlined by Chalson and 
Martin (1995). Ten of the species 
could be identified specifically 
in the profile (Table 2) but five 
common types (Fig. 7) found in 
the profile were not amongst the 

Proc. Linn. Soc. N.S.W., 128,2007 



A. ROBBIE AND H.A. MARTIN 

reference set. Specific identification of fossil grains 
was often limited by distortion, poor preservation 
or being obscured by extraneous matter, hence the 
high proportion of unidentifiable Myrtaeeae pollen. 
Specific identification is time consuming hence only 
a few levels of the profile have been studied in this 
detail (Table 2). Appendix 3 presents the name of 
the pollen type on the pollen diagram and the likely 
source of the pollen in the vegetation. 

The pollen diagram (Fig. 8) shows the percentages 
of total pollen count, pollen concentrations for the 
most common spccifie pollen types and total pollen 
concentrations. 1110 profile has been divided into four 
zones based on pollen content and concentrations: 

Zone A: 100-85 em, c, > 23 k cal. yr (sec Fig. 
S for approximate dates). Pollen concentration 
is very low. with a moderate representation of 
Casuarinaceae and Myrtaccae. T. pieistoceniclis 
Martin 1973. a 'spineless' Asteraceae, ef. 
Cassinia arcllala. Calomeria and possibly others 
(Macphail and Martin 1991). has the highest 
percentage for the profile, which. however., 
is not much. Other shrubs arc restricted to 
Monotoca and Hakea. and the herb group is well 
represented. The aquatic group of Cyperaceae 
and !I~vriophyllum have low representation. 

Zone B: 85-35 cm, c. 23-10 k cal .. VI: Pollen 
concentration is the highest for the profile (except 
for the very top). Casuarinaceae and Myrtaceae 
havc low perccntages but thc concentrations are 
high. Shrubs arc well represented in the lower 
part of the zone and the herb content is slightly 
higher than the other zones. The aquatic group 
has high percentages and concentrations. There 
appears to be a negative correlation between 
Cyperaceae and A1yriophyllum. 

Zone C: 35-10 cm, c. 10 kca1.yr-? present. Total 
poJlen concentration is low and percentages for 
Casuarinaceae and Myrtaceae arc high. There 
is a poor representation of shrubs and aquatic 
percentages and poIlen concentrations are low. 

Zone D: 5 em, ? present. Total pollen concentration 
is exceptionally high and Casuarinaceae and 
Myriophyllum have the highest concentrations. 
Shrubs arc poorly represented, and herbs arc 
diverse. 

From the glacial period to the present, trees would 
have been almost entirely species of Casuarinaceae and 
Myrtaceae. Both of these families. however, contain 
shrubby species and even the same tree species may 
assume a shrubby habit under harsh conditions. e.g. 
Euca(vplus strie/a is a malice and both Eucalyptus 
pulverulenta and COIJlmbia gummifera may be a 
tree or mallee in the Blue Mountains today (Plantnet 
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Figure 7. Common, unidentified Myrtaceae pollen 
types. 

2006). The habit of the species cannot be detemlined 
from the pollen. but since Mountain Lagoon is likely 
to have been at or above the treeline during the glacial 
period (Hope 1989), shrubby species arc a possibility. 
By the time of the Holocene. when the climate was 
more like that of today. they were probably trees. 

Taxa within the family Casuarinaceae are generally 
not identifiable from their pollen. Casuarinaceae was 
not found in the survey of the vegetation (Appendix 
I). but the pollen is wiud distributed and some of it 
may travel a long way. Today, Allocasllarina torll/osa 
is most likely in this region (Ryan et aJ. 1996). 
Casuarinaceae pollen is present throughout the profile, 
with higher percentages in the Holocene. 

Percentages of Myrtaccae pollen in Zone B, 
the period between the glacial maximum and the 
Holocene. are modcrate, increasing in the Holocenc. 
and decreasing to the present Concentrations in 
Zone B, however, are very high, and during this time, 
Eucalyptus deanei. E. piperita and Myrtaceae type III 
were prominent in the vegetation. In the I-Iolocene, E. 
deanei was still the most prominent, but Eucalyptus 
ereba is the most common in the top of the profile. 
Pollen of !vIelaleuea linarii/olia was not identified 
in this study. but Rose and Martin (this volume) 
found that it was indistinguishable from pollen of 
Leptospermul1l spp. and> 15 % in surface samples 
was recorded where M linairifolia was dominant 
in the vegetation. In this study, lv!. linairifolia and 
Leplospermlll11 spp. arc included in the Myrtaecae 
group. 

Shrub taxa arc most diverse in the lower part 
of zone B, and being low pollen producers. only 
their presence is recorded for most of theln. T. 
pleistoeenicus. (Cassinia arcuata. Ccrlomeria and 
probably others) is found throughout the profile and it 
may be common in some glacial and older sediments 
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of percentages). The low pollen concentration of 
aquatics in Zone C, the early Holocene. is probably 
the result of the change of habitat caused by the 
clay dcposition~ making it unsuitable for aquatics. 
Towards the prescnt. the scdgcland vegetation was 
Te-established. 

Freshwater algal spores of species of 
Zygncmataccac were found in the sediments and 
Debm)'Q sp .. cf. Mougetia viridis~ cf. /vi. elegatula. 
Spyrogyra sp. and Zygnema sp. were identified. 
BotlYOCOCClIs braunii and spores of Cyanobacteria 
(Churchill 1960) were also present. Characeae 
oospores were found at 5 em in sieved material, before 
treatment with acids. An unidentified dinoflagellate 
was also common in the sediments. 

In the clay of Zone A, algal spores were 
moderately represented. BOlfyococcus, cf. MOllgetia 
viridis and cf. M elegantula were common in the 
shallower margins of the lake. In Zone B. all of the 
algal types increased at 70 cm depth, where Zygnema 
and Debarya were at their most abundant. Very few 
algal spores were found at 60 em, and Debmya and 
Spirogyra were not found in this zone above 60 COl. 

The remaining Zygnemataceae and the unknown 
dinoflagellate increased in abundance at 40 cm. 
Bottyococcus remained abundant throughout Zone 
B with high amounts at 50 em. Cyanobacteria were 
abundant at 70 em and 40 em, 

In Zone C, Zygncrnataceae spores were low at 30 
ern, in the clay, increasing to high levels at 20 cm, with 
the exception of Debmya. Zygnema was particularly 
high in abundance at 20 em, and high amounts of this 
alga were maintained into Zone D. BotlyococclIs was 
present in very high amounts at 30 em and amounts 
remained relativcly high to the top of the core. The 
abundance of Cyanobacteria was moderate at 30 cm. 
increasing to a peak at 20 cm and remaining high to 
the top of the of the core. Oosporcs ofCharaceae were 
common in Zone D. 

History of the Vegetation 
During the late glacial period, the vegetation 

was probably a shrubland with a diversity of species. 
Wl,en clay was being deposited and the lagoon was 
a lake. the sedgcland would have becn confined to a 
fringe around the lake. "When the water depth became 
shallow enough. the sedgelands encroached on the 
surface of the lake. Peat was forming at 23-22 k cal. 
yr, prior to the height of the glacial period, hence lhe 
lake had become shallow enough for a sedgeland at 
this time (Fig. 5). 

During the period preceding the Holocene. the 
sedgeland flourished and it was probably comparable 
with the sedgeland there today. Myrtaeeae was 
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also abundant, and it may have been similar to the 
lvlelaleuca and LeptospermllfJI swamp forest seen 
there today. Herbs were well represented also. In the 
early Holocene, the lagoon reverted to a lake and the 
sedgelands were once again restricted in extent .. but 
they returned latcr in the Holocene. Casuarinaceae 
and Myrtaceae were relatively the most abundant and 
they were probably trees. 

Algal spores are present through the profile and 
are abundant at some levels. Zygnemetaceae are found 
in oligotrophic waters, and shallow, stagnant pools 
of mesotrophic waters, less than half a metre deepl 
induce spore formation in spring (Van Geel 1978; van 
Geel and Grenfell 1996). Of the Charaeeae, Chara is 
typically found in hard waters, and secretes lime, but 
Nitella grows in soft water (Pentecost 1984). These 
water conditions could occur, even if for only a short 
time, given the right combination of fresh water input 
and evaporation. 

At this level of identification of the pollen, there 
appears relatively little change in the ta'{a present. but 
where a more precise identification is possible, e.g. 
with some Myrtaceae grains, changes at the species 
level were detected. Some species of Eucalyptus 
have been present the whole time. The major dryland 
vegetation type, viz. sclerophyllous shrublandsl 
woodlands/ forests, with both Casuarinaceae and 
Myrtaceae prominent, seem to have occupied the site 
for the whole ofthe time recorded here. On these poor 
nutrient soils, substantial grasslands arc unlikely, even 
with climatic change. 

Climatic Implications 
A climatic interpretation for the changes at 

Mountain Lagoon is somewhat uncertain. A lake 
implies water too deep for rooted swamp plants. It 
is estimated that rainfall would have been up to half 
of the present values during the: last glacial period 
(Thorn et al. 1994; Allan and Lindsay 1998) and 
the wannest month was up to 9 °C less than today, 
(Galloway 1965; Allan and Lindsay 1998). With 
a lower rainfall and less evaporation, and if the 
dominants were shrubs, evapotranspiration would be 
less also, then free water may have been available for 
the lake. Mottling indicates a fluctuating water table 
and there were probably dry spells when the lake 
dried up, but probably not long enough for sedgelands 
to become established. Perhaps water balance was 
too variable for the development of sedge lands. 
However. sedgclands colonized the lagoon surface 
during the glacial period, inferring that the water 
balance had become favourable or stable enough for 
rooted vegetation. at a time that other sites record dry 
and cold conditions for southern Australia. Moreover, 
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the sedgelands may havc persisted from the height of 
the glacial period to the beginning of the Holocene, 
and the pollen concentration and amount of organic 
matter suggest a quite productive ecosystem. 

The climatic tolerances of most ofthe myrtaceous 
species identified aTe presented in Table 3 and it can 
be seen that the ranges of mean annual precipitation 
under which these species are found is quite large. If 
the rainfall of Mountain Lagoon is halved, as would 
have been likely during the glacial maximum, then the 
site would have been at or close to the lower limits for 
all of tile AngophoralCorymbialEuca(vptlis species. 
Consequently, all of these species could have been 
present throughout the glacial period. Unfortunately, 
temperature data are not available for a similar 
analysis since the closest meteorological stations are 
at such different altitudes. 

In reviewing the studies of dune building in 
southeastern Australia, Thorn et a1. (1994) found that 
extensive aeolian deposits in the Shoalhaven River 
Catchment were dated to two periods of dune building 
between 19,000-6,000 yr BP, with a period of stability 
between 18,000 and 14,000 yr BP. This evidence 
implies an increase in vegetation cover during this 
period, and there may have been fluctuations in 
climate within the overall general trends. Mountain 
Lagoon data would SUppOlt this view. 

DISCUSSION 

There are three other sites in the Sydney Basin 
with a vegetation histOlY going back to the last 
glacial period. Lake Saraba, one of the Thirlrnere 
Lakes (Fig. 1), is an upland fluviatile system 
contained in an entrenched meander (Timms 1992). 
Here, Casuarinaceae was dominant from >34 kyr 
to the Holocene, when the sediments were clay. 
Myrtaceae became co-dominant about 8 kyr. when 
peat formation began (Black et al. 2006). In contrast, 
both Casuarinaceae and Myrtaceae are prominent 
tllrough the glacial period and the whole of the time 
at Mountain Lagoon. Sclerophyll communities with 
minimal Poaceae were present at Lake Baraba the 
whole time. just as they are at Mountain Lagoon. 

11,e second site, Penrith Lakes (Fig. I ), was an 
abandoned meander in the flood plain of the Nepean 
River (Chalson 1991). Clay was deposited from 
>33 kyr, changing to peat only about 3 kyr. During 
the glacial period. there were minimal Myrtaceae 
and Casuarinaceae.. some Poaceae and relatively 
abundant T. pleistocenicus, the Cassinia arcuata type. 
The shrubby C. arcuata may become abundant on 
disturbed mineral soils, and this habitat was probably 
common on the floodplain, which would have been 
a shrub land at the time of the glacial period. Some 

Table 3. Climatic tolerances of Myrtaceous species identified in sediments from Mountain Lagoon 
(Boland et al. 2002) and climatic data for the closest meteorological stations. Richmond (average of Un i
versity o[Western Sydney and RAAF base), Katoomba (BoM 2006) and Mountain Lagoon (Hungerford 
1995. The altitude for the meteorological stations is included. 

Species 
Mean max. hottest Mean min. coldest Max. fToSt Mean annual 

month ("C) month ("C) days/year ppt(mm) 

Acmena smithii 26-32 5-15 few 1000-2000 

Angophora costata 25-35 0-8 0-50 600-1200 

C01J'mb;a gummifera 24-32 1-8 0-30 700-1800 

Euca~vptus crebe 26-36 0-17 0-50 550-2000 

E. punctala 26-33 1-6 0-40 700-1200 

E. deanei 25-30 0-5 0-50 750-1500 

Richmond, alt. - 20 m 24 10-11 800-810 

Mt. Lagoon, alt - 500 m 1257 

Katoomba, alt. - 1040 m 16.6 7.9 1400 
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Myrtaccac and Casuarinaceae arc found during the 
upper Holocene, and Poaccae became prominent, 
unlike Mountain Lagoon. 

The third site, Redhead Lagoon (Fig.!), a now 
ncar-coastal site south of Newcastle (Williams et a1. 
2006) has a long record. During the height of the 
glacial period, there was a very high Casuarinaceae 
pollen content with lesser amounts of Angop/tora/ 
Corymbia. and Eucalyptus. The environment was not 
treeless, although it is possible that the Casuarinaceae 
may have been small trees or shrubs. It is thought 
that local conditions may have enhanced the moisture 
relationships (Williams et al. 2006). 

The rapid rate of clay deposition during the glacial 
period at Mountain Lagoon is an unusual feature, 
but it is recorded in at least one other site. Burraga 
Swamp on the Barrington Tops (Sweller and Martin 
2001) is situated at the base of Mount Lumeah hence 
has a topographically similar situation to Mountain 
Lagoon. Therc, from from 38-21,000 years BP .. the 
rate of sedimentation was low. Then followed a much 
higher rate of sedimentation during the height of the 
glacial period. attributed to catchment instability 
caused by periglacial activity. Mountain Lagoon was 
probably at or above thc treelinc during d,e glacial 
period (Hope 1989) and if the vegetation covcr was 
disruptcd by the harsh climate of thc glacial period. it 
may have caused somc instability of the easily eroded 
Wainamatta Shale escarpment, with a consequent 
higher rate of sedimentation in the lake. Movement 
along thc Kurrajong Fault line, even if slight, would 
be another cause of instability that could occur 
at any time and contribute to an increased rate of 
sedimentation. 

TIle deposition of peat during the glacial period 
is also unusual. As discussed previously. clay was 
being dcposited at bod, Penrith Lakes (Chalson 
1991). and Thirlmere Lakcs (Black ct aJ. 2006), and 
silt at Redhead Lagoon (Williams ct aJ. 2006). the 
only othcr sitcs in the Sydney Basin with rccords 
going back to the last glacial ma.ximum. Further 
afield, at Lakc George (Singh and Geisslcr 1985) 
and Burraga Swamp on the Barrington Tops (Sweller 
and Martin 200 l)~ inorganic sediments were being 
dcposited during thc last glacial period. On thc 
Barrington Tops, the change from inorganic to peat 
sedimentation occurred at least close to or during the 
Holocene (Dodson 1987). Mountain Lagoon must 
have been particularly favourable for plant growth 
during the glacial period. Perhaps its location on 
the western side of the Kurrajong block. which may 
have provided some protection. was advantageous. 
The lagoon would have received nm-off from the 
surrounding slopes, and the warming of the Block by 
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the afternoon sun may have meant that temperatures 
were less extreme. In any case, a comparison of the 
range of precipitation where the dominant species arc 
found today and the probable precipitation during thc 
glacial period show that they could have been present 
at Mountain Lagoon tl,rough the height of the glacial 
period. albeit at the lower end of their range. 11,e 
shrubs and herbaceous species found at Mountain 
Lagoon are mainly widespread taxa and the results of 
this study would suggest that they too existed at the 
site through the glacial maximum. 

A decline in Casuarinaceae and its replacement 
with Myrtaceae about mid Holocene time may be 
found in a number of sites~ and likely causes for this 
feature have been suggested. as discussed in Rose 
and Martin (this volume). Mountain Lagoon does 
not show any decline in Casuarinaceae and both 
Casuarinaceae and Myrtaceae were well represented 
the whole time. Casuarinceae was not found in the 
survcy of the vegctation for this study, hence its only 
decline would have been the result of logging by 
European settlers. The wood of Casuarinaceae was 
prized by Europeans for firewood. building and tool 
making (Entwisle 2005). 

The history of the vegetation at Mountain Lagoon 
suggests very little change in the vegetation from the 
glacial period to the present and even some to the 
Euca~vptlls species arc found throughout the profile. 
Unfortunately, thc palynology cannot detClmine if 
a species assumed a different lifeform during the 
glacial period. The only change in the vegetation is 
associatcd with the change from lake to sedgelands 
(Fig. 5), controllcd by hydrological changes. Even 
these changes do not fit the traditional view ofa harsh 
glacial climate, slowly improving to a climate like 
the present about the time ofthe Holocene. Mountain 
Lagoon may either have been a rcfugium or there 
was more variation in the vegetation during the last 
glacial period than previously thought. As discussed 
previously, evidence from 'coastal' dunes during the 
last glacial period (Thorn et al. 1994) suggested that 
there was a ' ... greater concentration of forests in more 
discrete~ protected sites along the eastern escarpment 
than was previously considered by palaeoecologists', 
and this view may be applicable to other regions such 
as the Blue Mountains. 

In a study of aeolian dunes on the Newnes 
Plateau in the Blue Mountains (altitude 1000 m). 
Hesse et al. (2003) came to the conclusion that 
unrealistically drier conditions were necessary to 
allow wind transport at this site. They have suggested 
that it would require additional impediments to 
plant growth, such as lower temperatures and lower 
atmospheric carbon dioxide concentrations during 
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the height of the glacial period to disrupt the sparse 
vegetation and allow the necessary conditions for 
dune fonnation. This interpretation is at odds with the 
story from Mountain Lagoon. Today, periodic drought 
will disrupt the vegetation and allow inactive dunes to 
become mobile, and this could have happened during 
the height of the glacial period also. The two sites 
are not comparable: palynology requircs sites which 
remain pennanently wet and are thus probably the 
most hydrologically favourable in thc landscape. in 
contrast to sites that allow aeolian transport, such as 
an exposed plateau. There must have been a mosaic of 
environments during the glacial period, just as there 
is today and these two studies have sampled different 
environmental settings. 

CONCLUSIONS 

The rapid accumulation of clay in the lake at 
22-23 k cal. yr is thought to have been caused by 
vegetation and soil instability, the result of the harsh 
climate at the height of the glacial maximum. 

Sedge lands colonized the lake surface about 22 k 
cal. yr and then followed peat deposition from what 
must have been a productive ecosystem. comparable 
to today~ until the Holocene. 

The Lagoon reverted to a lake and clay deposition, 
c. 10-8 k cal. yr, probably because of slight instability 
of the fault-line and a burst of aecelerated erosion. 

Scdgelands re-colonized the lake surface again 
and remained to the present day. 

The dryland vegetation appears remarkably 
similar through the whole time: it was sc1eropbyllous 
shrublandlwoodlandlforest. 

When Myrtaceae gniins are identified to species. 
they show that there has been change in the species. 
but some species have been present the whole time. 

11,e species found in the locality today could 
have been present through the glacial period, albeit at 
the lower end of their range ofprecipitaiton. 

Both Casuarinaceae and Myrtaceae are prominent 
the whole time, and Casuarinaceae only declines with 
European settlement. 
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APPENDIX 1. 

Mountain Lagoon species lists obtained from the vegetation survey. Sites: 1, Lagoon. 2, Melaleuca forest. 3, 
Tall forest. 4, Exposed escarpment (full species list not obtained and omitted here. For vegetation description, 
sec text). 5. Protected escarpment. For site 6, the Green Scrub rainforest, see Appendix 2. For a full list of 
specics in the region, see Ryan ct al. (1996). Nomenclature follows Hardcn (1992; 1993; 2000:; 2002) and 
Plantnct (2005). 'Indicates introduced species. 

Species 

BRYOPHYTA 

Sphagnum sp. 

FERNSIFERN ALLIES 

Adiantaceae 

Adiantum aethiopicum L. 

BIechnaceae 

Blechnum cartilagineum Sw. 

Dennstaedtiaceae 

Hypolepis meulleri N .A. Wakef. 

Pteridium esculentum (Forst. f.) Cockaync 

Gleichcniaceae 

Gleichenia dicwpa R.br. 

Pteridaceae 

Pteris tremlila R. Br 

Schizaeaceae 

Schi::.aea dichotoma Sm. 

DICOTYLEDONS 

Apiaceae 

Hydrocotyle pedlll1cularis A. Rich. 

Araliaceae 

Polyscias sambucifolia HamlS 

Apocynaceae 

Tylophora barbata R. Br. 

ConvoIvulaceae 

Cusclita allstralia R. Br. 

Cunoniaceae 

Ceratopetalum apetalum D. Don 

DiIleniaceae 

H;bbertia dentala DC. 
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Site I Sitc 2 Site 3 Site4 Sitc 5 

+ 

+ 

+ 

+ + 

+ + + 

+ 

+ + 

+ 

+ 

+ 

+ 

+ 

+ + 

+ 
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H. hermanniifolia DC. + B. spinulosa Sm. + 

Ehlcocarpaceae Lomatia si/aifolia (Sm.) R. Br. + 

Tetratlleca ciliata Lindl. + + Persoon;a laurina PeTS. + 

Ericaceae Telopea speciosissimQ R. Br. + 

Leucopogon ericoides R. Br. + Santalaceae 

1. juniperinlls R. Br. + + ExocaJ1JUS strictus R. Br. + 

L. lanceolatlls (Sm.) R. Br. + + + Sapindaceae 

Fabaceae - faboideae Dodonaea triquelraJ.C. Wend!. + + 

DiIlwynia retOl'ta Druce + Violaceae 

Gompl1%bium latifolium Sm. + Vio/a hederaccae Labill. + + + 

Pultenaea flexilis Sm. + 

P. linophylla Schrad. and J.C. Wend!. + MONOCOTYLEDONS 

Fabaceae - mimosoidcaea Alismataceae 

Acacia elata Bcnth. + + Alisma plantago-aquatica L. + 

A. ftlicifolia M.B. Welch. Coombs & McGlynn + DamasoniuT11lJ1inus Buchcnau + + 

A. longifolia (Andrews) Willd. + Cyperaceae 

Haloragaceac Baumea articulata (Nees) Broeck. + 

A1yriop/tyllulJl latifoltuIn F. Mucll. + Lepidosperma laterale R. Br. + 

Myriophyllum cf Ai. variifolium Hook. f. + L. longitudinale LabiU. + 

Menyanthaceae Schoenus melanostachys R. Br. + 

Nymphoides geminata CR. Br.) Kuntze + Juncaceae 

Myrtaceae Juncus lIsUatus L.A.S. Johnson + 

Angophora costata Britten + Lomandraceae 

Eucalyptus agglomerata Maiden + Lomandra longifolia LabilI. + 

E. deanei Maiden + Luzuriagnaceae 

E. elata Dehnh. + Eustrephus latifolius Ker Gawl. + 

E. piperila Sm. + + Phormiaceae 

E. saligna Sm. + Dianella longifolia R. Br. + + 

Leplospermu11l pO~l'galifolia Salib. + + D. caerulea Sims + 

Melaleuca linariifo/ia Sm. + Poaceae 

SynCQI1Jia glomulifera (Sm.) Nied. + + + * Echinopogol1 caespitoslls C.E. Hubb. + + 

Pittosporaceae *E. ovatus (G. Forst.) P. Beauv. + + 

Billardiera scandens Sm. + Enlo/asia marginata CR. Br.) Hughs + 

Pittosporul11 revolutll111 Dryand. + Micro/aena stipoides (LabiII.) R. Br. + 

P. undlliatum Vent. + '" Paspalunt dist;chum L. + 

Prote'lceae Smilacaceae 

Banksia serrato L. f. + Smilax austalis R. Br. + 
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S. g/yciphylla Sm. 

Xanthorrhoeaceae 

Xanthorl'hoea arborea R. Br. 
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APPENDIX 2 

Species found in Green Scrub Rainforest. Site 6 (P. Hind, pel's. eomm.). Nomenclature follows Harden (1992; 
1993; 2000:; 2002) and Plantnet (2005) .• denotes an introduced species. 

FERNS/FERN ALLIES 
Adiantaceae 
Adiantum aethiopicum L. 
A. diaphol1uf11 Blume 
A·formosum R. Br, 
A. hispidu/um Sw. 
A. silvaticum Tindale (R. Br.) F, e 
Pellaeafaicata (R. Br.) Fee 
P. nana (Hook) Bostock 

Aspleniaceae 
Asplenium attenuatum R. Br. 
A. GlIstralasicunI (1. Sm.) Hook. 
A. flabelilifolium Cay. 

Athyriaceae 
Diplazium Gus/role CR. Br.) N.A. Wakcf. 

Blechnaceae 
Blecl1l1um ambiguum (C. Pres!.) Kaulf. ex C. Chr. 
B. cartilagineum Sw. 
B. nudum (Labill.) Mett. ex Luerss. 
B. patersol1ii (R. Br.) Mett. 
B. wattsii Tindalc 
Daodio aspera R. Br. 

Cyatheaceae 
Cyathea australis (R. Br.) Domin. 
e. leichhardtial1a (F. Muell.) Copel. 

Davalliaceae 
Arthl'Opteris tenella (G. Fors!.) 1. Sm. ex Hook. f. 

Dennstaedtiaceae 
Denl1staedtia davailioides (R. BL) T. Moore 
Histiopteris incisa (Thunh.) 1. sm. 
Pteridium escu/entllT1l (G. Forst.) Cockaync 

Dicksoniaceae 
Ca/och/aena dubia (R. BL) M.D. Tumcr& R.A. 
White 

Dryopteridaceae 
Lastreopsis aeuminara (HouIston) c.v. Morton 
L. decomposila (R. Br.) Tindale 
L. microsora (Engl.) TindaIe 
Polystkhum allstl'aliense Tindale 
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Gleicheniaceae 
Slicherusfiabellatus (R. Br.) H. St John 

Grammitaceae 
Grammit;s billardieri Willd. 

Hymenophyllaceae 
Hymenophyllu111 australe Willd. 
H. cupressijol'me LabiII. 

Lindsaeaceae 
Lindsaea micropltylla Sw. 

Osmundaceae 
Leptopterisjraseri (Hook. & Grev.) C. Pres!. 
Todea Barbata (L.) T. Moore 

Polypodiaeeae 
Platycerium bifurcatum (Cav.) C. Chr. 
Pyrrosia rupestris (R. Br.) Ching 

Pteridaceae 
Pteris treml/fa R. Br. 
P. umbrosa R. Br. 

Schizaeaceae 
Cheilanthes distans (R. Br.) Mett. 
e. sieber; Kunze 

Tmesipteridaceae 
Tmesipteris truncala (R. Br.) Dcsv. 

DICOTYLEDONS 
Amaranthaceae 
Deel'ingia amal'anthoides (Lam.) Merr. 

Aphanopetalaceae 
Aphanopetalum resinosum Endl. 

Apocynaceae 
Melodinus australis (F. Mucll.) Pierre 
Mal'sdeniaflaveseens A. Cuon. cx Hook. 
ParsDl1sia stl'aminea Pichon 
Ty/ophora barbata R. Br. 

Araliaceae 
AS/I'D/delta loti/olio Benth. 
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Polyscias 1J1urayi (F. Mucll.) Hanns. 

Asteraceae 
'Con:a albida Wi lid. ex Spreng!. 
Olearia lomentosa (J.C. Wendt.) Bcnth. 
Senecio IineariJolius A. Rich. 

Bignoniaceae 
Pandorea pandorana (Andrews) Stcenis 

Boraginaceae 
Ehretia aCliminata R. Br. 
AIIstroeynoglosslI/n latifo/iu/n (R. Br.) R. Mill. 

Caprifoliaceae 
SambuclIs australasicus (Lindl.) Fritsch 

Caryophyllaeeae 
Stellariaflaccida Hook. 

Chenopodiaceae 
Einadia hastata (R. Br.) 1. Scott 

Convolvulaceae 
Calystegia marginata R. Br. 
Dichondra repens 1. Forst. & G. Forst. 

Cunoniaceae 
Callicoma serratifolia Andrews 
Ceratophyllurn apetalum D. Don 
C gummijerum Sm. 
Schizomeria ovata D. Don 

Dilleniaceae 
Hibbertia dentata R. Br. ex D,C, 
Hibbertia sp. 

Ebenaceae 
Diospyros australis (R, Br,) Hicm 

Elaeocarpaceae 
Elaeocarpus retielilatlls Sm. 

Ericaceae 
Aerotriche divaricata R. Br, 
Tl'ococmpa laurina R. Br. 

Euphorbiaceae 
Breynia oblongifolia F. MueIl. 
Claoxylon australis Baill. 
Omalanthlls populi/olills Graham 

Eupomatiaceae 
EUjJomatia laurina R, Br. 
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Fabaceae 
Desmodium varians (LabilL) C. Don 
Glycine c/andestina J.C. Wendl. 
Indigo/era australis Willd, 
Kennedia rubictll7da Vent. 
Pultenaeaflexilis Sm, 

Gesneriaceae 
Fie/dia australis A, Cunn. 

Geraniaceae 
Geranium homeanum Turcz. 

Goodeniaceae 
Goodenia ovata Sm. 

Lamiaceae 
Chloanthes stoechadis R. Br. 
Plectrant/1lIs parviflorus Willd. 
Prostranthera rhombea R, Br. 
Teuerium cOfymbosll1J1 R. Br. 

Malvaceae 
Abutilon O)')'cOl]JUm (F. Mue1!.) F. Muell. ex Bcnth. 
Howitha trUoeularis F. MuelL 

Meliaceae 
Toona ciliata (F. Mucl1.) Hanns 

Menispermaceae 
Sarcopetalum harveyanum F. MuelL 
Stephaniajaponica (Thunb.) Miers val', discolor 
(Blume) Fonnan 

Mimosaceae 
Acacia elata Benth, 
A. implexa Bcnth, 
A. maidenii F. MucH. 
A. oxycedrus Dieber ex DC. 
A. parramattensis Tindale 
A. saUciformis Tindale 

Monimiaceae 
Doryphora sassafras Endl. 
HedycaJ)la angustifolia A, Cunn. 
Palmeria scandens F. MueH, 
Wi/kiea huegeliana (Tu!.) A. DC. 

Moraceae 
Ficus coronata Spin 
F. rubiginosa Desf. ex Vent. 
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MYl'sinaceae 
Rapanea howittiana Mcz. 
R. variabiiis (R. Br.) Mez. 

Myrtaccae 
Aernena smithii (poir.) MelT, & L.M, Perry 
Angophora costata Britten 
Backhollsia myrtifolia Hook. & Harv. 
Eucalyptus agglomerata Maiden 
E, pipel'ata Sm, 

E. saligna Sm. 
Rhodamnia rllbeseens (Benth.) Miq. 
Syncarpia glomlllifera (Sm.) Nied. 
Tristaniopsis laurina (Sm.) Peter G. Wilson & J.T. 
Waterh, 

Oleaceae 
Notolea ovata R. Br. 
N. venosa EMuell. 

Passiftoraceae 
Passiflora cinnabarina LindL 
P. herbertiana Ker. GawL 
>I< P. subpeltata Ortega 

Pittosporaceae 
Bursaria spinosa Cav. 
Pittosporum multiflorum (A. Cunn. ex Loudon) L. 
Cayzer, Crisp & I. Telford 
P. revolutum Dryand. 
P. undulatum Vent. 

Plantaginaceae 
Plantago debiUs R, Br. 

Proteaceae 
Persoonia levis (Cav) Domin, 
p. linearis Andrews 
P. pinifolia R. Bf 
StenocGlpus salignus R. Br 

Ranunculaceae 
Clemaas aristida R, Br ex Ker. GawL 

Rhamnaceae 
Alphitonia excelsa (Fcnz!.) Benth. 

Rosaceae 
Rubus moluccGnus L. var. trUobatus A.R. Bean 
R,/'Osifolius sm, 
Rubus sp. aff. R, moore; F. Mull. 

78 

Rubiaceae 
Galium binifoliu111 N,A, Waker. 
G. propinquum A, Cunn. 
NJorinda jasminoides A, Cunn. 
Psychotria lonicero;des Sieber ex DC, 

Rutaceae 
Melicope microccoca (F. Mucll.) T.G. Hartley 

Sapindaceae 
Guioa semiglauca R. Br, 

Scrophulariaceae 
Jreronica plebda R, Br. 

Solanaceae 
Solunum aviculare G. Forst. 
S. americanu1Jl Miller 
S. stelligef'ulJ1 Sm. 
Solanum sp, 

Thymelaeaceae 
Pimelea latifalia R, Br. var. Mrsuta (Meissner) 
Thfelfall 

Ulmaceae 
Trema aspera (Bmngn.) Blume 

Verbenaceae 
Clerodendrum tomentosum R, Sr, 

Violaceae 
Hymenanthel'a dentata R. Br, ex DC. 
Viola hederacea Labill. 

Vitaceae 
Cayratia c1ematidea (F. MuelL) Domin 
Cissus antarctica Vent. 
e. hypoglauca A. Gray 

Winteraceae 
Tasmannia insipida R. Sr. ex DC. 

MONOCOTYLEDONS 
Araceae 
Gyml10stachys anceps R. Br, 

Arecaceae 
Livistol1ia australia (R, Br.) Mart, 

Asteliaceae 
COl'dyline strieta (Sims) Endl. 

Proc. Linn. Soc. N.S.W., 128,2007 
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Commelinaceae 
Commelina cyanea R. Br. 

Cyperaccac 
Carex appl'essa R. Sr. 
Cyperlfs imbicillis R. Br. 
Go/mia aspero (R. Br.) Spreng. 
G. me/anoca!7JG R. Br. 
G. sieberiana Kunth. 
Gymnoschocl1lfS sphaerocephalus CR. Br.) Hook. f. 
Lepidosperma laterale R. Br. 
L. uropho1'lln1 N.A. Wakcf. 

Lomandraceae 
Lomandl'o longtfolia Labill. 
L. man/ana (R. Br.) L.R. Frazer & Vickery 

Luzuriagaceae 
Eustl'ephus lali/oUus Kef. Gawl. 
Geitol1opies;uIJI cymoSIIJ11 R. Br. 

Orchidaccae 
Bu/bophy"um shepherdii (F. Mucl!.) F. MueU 
B. e"\,;iguum F. MucH. 
Cymbid;;ul1l suave R. Br. 
Dendrobiul7I aemulu1J1 R. Br. 
D. pugionijol'me A. Cunn. 
D. specioslI1J1 Sm, 
D, strio/aluln Rchb. f. 
D. teretifolium R. Br. 
Liparis reftexa (R. Br.) Lind!. 
P1eclorrhiza /riden/ala (Lind!.) Doekrill 
Ptcl'ostylis curta R. Bf. 
P. grandiflora R. Br. 
p. longifolia R. Br. 
P, nutans R. Br. 
p. ob/llsa R. Br. 
p. pedullculata R. Br. 
Sarcochilils fa/catus R. Br. 
S. hi/Iii (F. Muell) F. Muell. 
S. olivaceus Lindl. 

Phormiaccac 
Dianella caerulea Sims 

Poaceae 
*Echinopogon ovatus (G. Forst. P. Beau. 
Entolasia stricta (R. Sr.) Hughes 
impera/a cylindrica var major S.W.L. Jacobs & C.A. 
Wall 
Oplismenus aemu!us (R. Br.) Roem. & Schult. 
O. imbecilfis (R. Br.) Roem. & Schult. 
Jvficrolaen{l slipoides (Labill.) R. Br. 
Panicum pygmaeum R. Br. 

Proc. Linn. Soc. N.S.W., 128,2007 

Ripogonaceac 
Ripoganum album R. Br. 

Smilacaceae 
Smilal: australis R. Br. 
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Appendix 3 

Pollen type name on pollen diagram (Fig. 8) and probable source in the vegetation, taken from the vegetation 
survey and Ryan et al. (I 996). 

Pollen type on pollen diagram 

TREES AND SHRUBS 

Casuarinaceae 

Myrtaeeae 

PodoCa1plls 

}Vlol1otoca 

Other Ericaceae 

Banksia 

Hakea 

Acacia 

Asleraccac T. pleistoceniclIs 

HERBS 

Aster.ceae (Tubuliflorae) 

Gonocmpus 

Chenopodiaceae 

Poaceae 

Brassicaceae 

Caryophyllaeeae 

AQUATICS 

Cyperaceae 

JvJyriophylluf11 

Restionaceae 

Potamogeton 

?Convolvulaceae 

FERNS AND ALLIES 

Trilete/monolete spores 

Unknowns 
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Probable source in the vegetation 

CaslIar;na and AllocaslIal'ina. A. tOl'lIlosa most likely 

All species in the family. For identifications and proportions) 
sec Table 2 

Probably Podocmpiis spinulosus 

Probably }vianotoca scoparia 

Otller species in tlle family 

All species in the genus 

All species in the genus 

All species in the genus 

A 'spineless' Asterccae~ thought to be a Cassinia 

All species in the Tubuliftorae 

GonocaJpuslHalOl'agis 

All species in the family 

All species in the family 

All species in the family 

All species in the family 

All species in the family 

All species in the genus 

All species in the family 

All species in the genus 

?Convolvulaceae 

All ferns and their allies 

Unidentified pollen types 

Proc. Linn. Soc. N.S.W., 128,2007 
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Information on Hawks Nest is found at: 
http://www.teagardenshawksnest.com/ 

Myall Lakes National Park is described at: 
bttp://www.environment.llsw.gov.auiNationaIParks/parkHome.aspx?id=N0026 
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The Response of Aboriginal Burning 

Practices to Population Levels and El 

Nino-Southern Oscillation Events during 

the mid- to late-Holocene: a case study from 

the Sydney Basin using charcoal and pollen 

analysis 

MANU P. BLACK & SCOTT D. MOONEY, University of New South 

T¥'&[es, Australia 

ABSTRACT Pollen and macroscopic charcoal have been analysed from a sedimentmy 

sequence representing approximately 6100 years from a site within IVollemi National Park. 

This is located to the north-west of Sydney and fon1ls a part of the Greater Blue 

Mountains Wbrld Heritage Area. The ovel'all aim of the work was to examine the 

prehistoric interrelationships between vegetation, fire and human activity. 77,ere were 

relatively minor changes ti, the vegetation over the last ~ 6000 years, perhaps reflecting the 

climate- and fire-resilient nature of the sderophyllous vegetation found on H awkesbwy 

Sandstone throughout the Sydney Basin. Casuarinaceae declined in the late Holocene, a 

trend that has been detected in numerous palaeoecological studies thl'oughout south-eastem 

Australia. 77,is decline was unrelated to fire, which has been a persistent feature at the site 

over the entire analysed sequence. The fire regime at the site changed from 5. 7 ka, which is 

interpreted as reflecting the onset of increased climatic variability associated with El Niiio

Southern Oscillation (ENSO) events. Another dramatic change in the fire regime 

occurred at 3 ka, which was coeval with archaeological changes in the region. It is possible 

that the change in fire activity from 3 ka represented an alteration to Aboriginal 

management strategies associated with an increasing population and/or the increased risk 

of conflagrations i11 an ENSO-dominated climate. 

KEY WORDS Fire history; Holocene; Sydney Basin; charcoal; palynology; impacts of 

Aborigines. 

Introduction 

The Holocene environmental history of the Wollemi region and elsewhere in the 

Sydney Basin is poorly understood, although a number of studies provide 
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comparative records which have offered some insights into the Holocene vegetation 

history. Selected studies from the Sydney region are listed in Table 1 and their 

locations are shown in Figure 1. Rodela and Dodson (1988) suggest that the 

sclerophyllous vegetation that grows on Sydney sandstone lithology is relatively 

resilient to climate change, fire and other disturbances. 

The fire history of the Sydney Basin is unclear, with questions concerning the 

importance of human activity and climatic changes on fire activity. Aboriginal 

people utilised fire for a number of purposes, including hunting, but the ecological 

impacts and effects on vegetational patterns of this use of fire are uncertain. Martin 

(1994) suggests that human occupation over the past 5 ka at Rurnell Peninsula had 

little impact on the vegetation composition, through their use of fire, but cautions 

that the concept of Aboriginal people as 'careful custodians of the land' may have to 

be re-evaluated and suggests that low popUlation numbers have been 'more 

important than care' (Martin 1994). Fire was a persistent feature over the past ~6 

ka although there was a decline in tire activity, indicated by a decline in charcoal, 

over the past 200 years at Ru-ring-gai Chase National Park, and this was attributed 

to the arrival of Europeans and the displacement of Aboriginal people and their 

burning practices (Rodela & Dodson 1988). Johnson (1994) attributes most of the 

variations in microscopic charcoal concentrations to changes in Aboriginal people's 

use of tire during the late Holocene at the Rurnell Peninsula. Mooney et ai. (2001) 

found consistently low levels of macroscopic charcoal during the Aboriginal (or 

pre-European) period, with only one large conflagration occurring during the 

analysed 1600 years. They suggest that it may have been unnecessary for the coastal 

Aboriginal groups that occupied the site to burn the catchment, considering the 

abundance of marine resources. 

TABLE 1. The key palaeoenvironmental records of the Sydney Basin 

Author Type of record Time spana Location 

Chalson (1983) Pollen 4500 years BP Jibbon Swamp, Royal National 

Park 

Kodela and Dodson Pollen and 5000-6000 Ku-ring-gai Chase National Park 

(1988) charcoal years BP 

Chalson (1991) Pollen 32 ODD years BP Blue Mountains (eight sites) 

Dodson and Thom Pollen and 9.1 ka Hawkesbury Valley 

(1992) charcoal 

Johnson (1994) Pollen and 2.4 ka IZurnell Peninsula 

charcoal 

Martin (J 994) Pollen and 8 ka IZurnell Peninsula 

charcoal 

Johnson (2000) Pollen and 0.82 ka Hawkesbury Valley 

charcoal 

Mooneyet al. (2001) Pollen and 1.6 ka Jibbon Swamp, Royal National 

charcoal Park 

Black and Mooney Pollen and 14 ka Gooches Swamp, Blue Mountains 

(2006) charcoal 

Black et al. (2006) Pollen and >43000 BP Lake Baraba, Thirlmere Lakes 

charcoal National Park 

Note: 
a years BP =uncalibrated years before present; ka = calibrated thousand years before present; 

BP = radiocarbon years before present. 
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The Sydney Basin 

FIGURE I. Location of Kings Waterhole Swamp, Mellong Swamp, Wollemi National Park. The location of the key palaeoecological sites of the Sydney Basin are numbered (I = Chalson (1983); 2 = Kodela and Dodson (1988); 3 =Chalson (1991); 4 =Dodson and Thorn (1992); 5 =Johnson (1994); 6 =Martin (1994); 7 =Johnson (2000); 8 =Mooney et al. (2001); 9 =Black and Mooney (2006); 10 =Black et al. (2006)). 

The Wollemi National Park region of New South Wales has recently become the focus of archaeological research with the fmding of new rock art sites within Wollemi National Park. Prior to these finds only 120 Aboriginal sites had been recorded within Wollemi National Park (NPWS 2001). The park has an area of over 487 000 ha and hence the area was not thought to have supported an intensive or permanent human popUlation. It is now thought that the Wollemi region became a 'wilderness', void of people, only after the arrival of Europeans (Tayon 2005; Ta90n et al. 2005). This may be evidenced by changes in fire and plant responses. This study presents a record extending beyond 6000 years of vegetation change and one of the few contiguous fire records from the Sydney Basin region. The site, Kings Waterhole Swamp, is found within Wollemi National Park, which protects the largest wilderness area remaining in New South Wales (NPWS 2001) and forms a part of the Greater Blue Mountains World Heritage Area. The Holocene fire history of the Wollemi region has repercussions for present-day management of the area since an understanding of how climate and humans have affected fire in the past can give insights into how to manage for the future. The vegetation and fIre record of the site was investigated to provide some insight into how to appropriately manage the poorly conserved Mellong Swamp plant communities of which ICings Waterhole Swamp is a part. The ecological importance of applying appropriate fire regimes to Sydney sandstone communities has been well documented (e.g. Clark 1988; Cary & Morrison 1995; Conroy 1996). Furthermore the NSW National Parks and Wildlife Service (NPWS 2001) has expressed concern mat tile recent high frequency of fire may impact on the long-term biodiversity of Wollemi National Park. 
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Site description 

Kings Waterhole Swamp (33' l' S, ISO' 40' E, 280 m asl) is an occasionally flooded graminoid fen that extends along Mellong Creek. The site, located 100 kIn north-west of Sydney (see Figure 1), is on the eastern boundary of Wollemi National Park which forms the northern and western edge of the Sydney Basin. Kings Waterhole is one of several large swamps, known as the Mellong Swamps (Ryan et al. 1996), and is approximately 51 ha in area. Mellong Creek has a catchment area of approximately 50 kIn2
, and drains into the Colo River via Wollemi Creek. 

The landscape surrounding Kings Waterhole is dominated by Hawkesbury Sandstone, which forms the ridges and the plateaux, but valleys are formed on the Narrabeen Group sandstones and shales (Ryan et al. 1996). Quaternary deposits of sand, clays and peats have infilled many of these shallow valleys. Kings Waterhole is one such example of a low relief valley that has been infilled with Quaternary alluvial deposits and peat. A geophysical survey of the Mellong area by Riley and Henry (1987) describes late Holocene vaHey development on the Mellong Plateau as one of aggradation combined with colluvial and alluvial deposition. Kings Waterhole is located in a slight rain-shadow between the Great Dividing Range and the upper Blue Mountains to the west and the ranges towards the coast (Ryan et al. 1996). The nearest climate station to the site, Richmond (33 0 36' S, 150° 47' E), is approximately 70 kIn south and probably receives slightly more rainfall than Kings Waterhole. At Richmond the mean annual rainfall is 810 mm with a distinctly summer-dominated rainfall, meaning that February is the wettest month (105.6 mm) and July the driest month (35.9 rnm) (BoM 2005). Riclunond is warm and temperate Witll an average maximum temperature range of 29.6°C in January to 17.2°C in July, and average minima of 17.4'C and 5'C in January and July, respectively (BoM 2005). 
At Kings Waterhole, the fire season extends from late spring to late summer when low relative humidity and high temperatures occur. Although the highest rainfall occurs during summer, high evaporation at this time results in reduced water availability (NPWS 2001). Documentation of fires for the Mellong Swamps area began in 1943 and since this time there have been 14 bushfires that have affected the area, averaging one every 4 years (NPWS 2001). Ryan et al. (1996) describe four major vegetation communities in the study area. Mellong Woodlands are found on a range of poorly- to well-drained soils on the plateau, Mellong Swamps are found in waterlogged soils, Sydney Sandstone Ridgetop Woodlands occur on the northern facing slopes of Hawkesbury Sandstone and the Sydney Sandstone Gully Forests are found on southern-facing slopes and gullies (Ryan et al. 1996). The woodland communities are dominated by CorymbialEucalyplUs (e.g. Corymbia gummifera (redblood), C01ymbia eximia (yellowblood), Eucalyptus sclerophylla (scribbly gum)), Angophora bakeri (narrowleaved apple) and Allocasuarina torulosa (forest oak). The major species on the swamp surface include Lepyrodia scariosa (sedge), Schoenus brevifolius (bog-rush), Carex appressa (tall sedge), Gonocmpus micranthus (creeping raspwort), Goodenia paniculate (branched goodenia), Persicm-ia decipiens (slender knotweed), Dichondra repens (kidney weed), Triglochin procera (water ribbons) and Selaginella IJiginosa (swamp selaginella). In wetter patches Triglochin procera is dominant and Eleocharis sphacelata (tall spike rush) surrounds the open water of Kings Waterhole. Stands of 
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Callistemon citrin us (crimson bottlebrush), Melaleuca linariifolia (flaxleaf paperbark) 
and Acacia rerinoides (swamp wattle) surround the swamp. 

Moore (19S1) suggests that Aborigines have been using Wollemi National Park 
from ~ 12 000 years BP, with others suggesting establishment of habitation from 
10000 to 5000 years BP. The remoteness and ruggedness ofWollemi National Park 
has, until recently, prevented much archaeological investigation of the region. 
Recent discoveries of rock art sites have led to renewed speculation on the intensity 
and antiquity of Aboriginal occupation within the region. Attenbrow (2003) 
suggests that the region may have belonged to a range of bands associated with the 
Darginung language group. The Windradyne, Wanaruah, Darkinjung and Dharug 
Aboriginal Land Councils are currently involved in the management of the 
Aboriginal heritage within Wollemi National Park (NPWS 2001). 

Methods 

A 5.55 m sediment core was extracted from ICings Waterhole in October 2003 
using a Russian D-section corer (Jowsey 1966). This core was recovered 16.0 m 
upstream from the open water of the actual IZings Waterhole, in the centre of the 
infilled valley. The stratigraphy of the core was examined using a modified version 
of the Troels-Smith method (Kershaw 1997) and was photographed. Two samples 
of organic sediment and one wood sample from three sections of the core (147-
154, 34S-353 and 547-553 cm) were submitted for radiocarbon dating to Beta 
Analytic, Florida, USA. These sections were chosen for dating because they are 
from roughly regular intervals along the core and more likely to provide an accurate 
age-depth curve. The organic sediment and wood were pre-treated with acid 
washes and acid/alkali/acid (AAA) washes. The radiocarbon ages were calibrated 
using the SHca104.14C data set (McCormac et al. 2004) in CALIB v5 (Stuiver 
et al. 2005). 

Macroscopic charcoal was analysed using image analysis (Mooney & Black 
2003). Volumetric sub-samples (2 cm3

) from 2.5 cm contiguous intervals were 
taken from the core and dispersed for 24 hours in dilute (~6%) sodium 
hypochlorite (bleach) to remove the pigment from organic matter and hence aid 
in the identification of charcoal. The material was then washed through a 250 filll 
sieve with the aim of collecting macroscopic charcoal > 250 !lm in size. Digital 
images of the collected material were obtained using a 4 megapixel Nikon Coolpix 
4500 digital camera and these images were analysed with image analysis software 
(Scion Image Beta 4.02 for Windows) to calculate the area of charcoal in each 
sample. Charcoal was expressed as a concentration (mm2Icm3

); given the near
linear rate of sedimentation these data were not re-expressed as an influx (per unit 
area per unit time). 

Pollen samples were prepared using standard palynological techniques (Faegri & 
Iverson 1975). Sediment samples were taken fi'om 1 cm depth increments every 10 
em along ti1e core, giving a total of 56 samples. The samples were deflocculated 
with hot 10% NaOH to remove organic acids and then sieved through a 150 >lm 
mesh. Silicates were removed using heavy liquid (i.e. ZnBr2(aq.)) separation and 
organic matter with acetolysis. Samples were mounted in silicon oil and the 
palynomorphs were counted at 400 x magnification until 200 grains were 
identified. Nineteen different palynomorphs were quantified, chosen to represent 
the major taxa currently growing on or around the site. Pollen of Melaleuca spp. was 
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separated out from other members of the family Myrtaceae. The pollen counts 
were expressed as percentages, with all grains contributing to the pollen sum. The 
pollen data were stratigraphically grouped into different zones using the CONISS 
cluster analysis feature of Tilia Graph (Grimm 1992). 

Results 

Stratigraphy and dating 

The stratigraphy of the core revealed that peat and clays have been deposited for 
the majority of the time period represented by the sampled sediment core, although 
occasional bands of sand suggest periods of higher energy. The upper 70 cm of the 
core consisted of peat with fibrous roots. Pinus pollen was found to a depth of 20 
cm and this was interpreted as the time of the first pine plantations in the region 
from ~AD 1920. 

The results of the radiocarbon dating are shown in Table 2. The calibrated 14C 
ages were used to formulate a linear age-depth curve (calibrated age in years BP = 
10.S7x+ 100, where x = depth in em, R2 =0.97S5). This relationship was used to 
estimate the age of various features in the following discussion. Extrapolation of the 
age-depth curve suggests that the basal age of the analysed core was approximately 
6.1 ka. This is slightly less than, bur not widely different from, the calibrated basal 
date in Table 2 (i.e. 6250±240 cal. years BP). 

Palynology 

Figure 2 shows the results of the palynological analysis oOCings Waterhole Swamp. 
The cluster analysis revealed four major pollen zones labelled as KWI (555-360 
em), KW2 (360-lS0 cm), KW3 (ISO-SO cm) and KW4 (SO-O cm) on the pollen 
diagram. Although there were statistically significant changes throughout the pollen 
spectra, all major pollen taxa persisted throughout the entire analysed sedimentary 
sequence. Of the pollen types analysed only Myrtaceae (including Melaleuca spp.), 
Casuarinaceae, Restionaceae, Haloragaceae, Poaceae and Dodonaea spp. changed 
significantly. 

Zone KWI (555-360 cm, ~6.I-4.0 ka) 

This zone was dominated by approximately equal proportions of Myrtaceae (~ 
31 % of total pollen sum) and Casuarinaceae pollen (~2S%). Restionaceae (~ 
9%), Poaceae (~9%), Haloragaceae (~7%) and Dodonaea spp. (~2%) were the 
next best represented pollen types. There were low levels of ferns and mosses, 

TABLE 2. Radiocarbon dates and calibration for Kings Waterhole Swamp. Calibration results 
from CALIB v5 (Stuivcr et ai. 2005). The mid-points of calibrated year ranges are used in 

age-depth model calculations. BP: before present (i.e. from AD 1950) 

Depth (cm) 

147-154 
34S-353 
547-553 

14C date BP (Is error) 

2220±60 
32S0±70 
5560±90 

Cal. years BP (2s error) 

2165±160 
3450 ± ISO 
6250±240 

Lab code 

P 186146 
P IS6147 
P 186148 
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Banhsia spp. and .Melaleuca spp. and only traces of Pteridiu11l spp., Acacia spp., 
Chenopodiaceae and Asteraceae (tub.). Cyperaceae, Proteaceae, Asteraceae (fen.) 
and Juncaginaceae were not identified within this zone. 

Zone KW2 (360-180 cm, -4.0-2.1ha) 

Myrtaceae was the most well-represented pollen type in this zone with levels similar 
to that of the preceding zone (- 32%). There was a decrease in Casuarinaceae 
pollen (-19%) but an increased proportion of Restionaceae pollen (-16%). 
Poaceae pollen representation remained stable at -9%. Chenopodiaceae and 
Haloragaceae were present throughout this zone, although at low levels. There were 
very low levels of Dodonaea spp., Asteraceae (tub.), Juncaginaceae, Banhsia spp., 
Pteridium spp., Epacridaceae, Cyperaceae, ferns and mosses. Asteraceae (fen.), 
Proteaceae and Acacia spp. were not identified within this zone. Melaleuca spp. 
pollen increased towards the top of this zone. 

Zone KW3 (180-80 cm, -2.1-1.0 ha) 

Myrtaceae (-40%) continued to be the dominant pollen type represented in this 
zone, followed by Poaceae which increased to -14% of the total pollen sum. 
Melaleuca spp. and Pteridium spp. increased in this zone. There was a major 
decrease in Casuarinaceae pollen (-4%) and also a decrease in Restionaceae (-
6%) and Haloragaceae (-1.5%). There were low levels of ferns/mosses, Banhsia 
spp. and Chenopodiaceae. There were very low or trace levels of Epacridaceae, 
Juncaginaceae, Proteaceae, Asteraceae (tub.), Dodonaea spp. and Cyperaceae 
(although there was one significant peak of Cyperaceae at 150 cm depth with -
41 % of the total pollen sum). Acacia spp., Asteraceae (fen.) and Epacridaceae were 
not identified in this zone. 

Zone KW4 (80-0 cm, -1.0 ka to present) 

This zone is characterised by high levels ofPoaceae, with -24% of the total pollen 
sum. Myrtaceae decreased slightly to an average of -28%. Casuarinaceae 
remained low with the exception of a peak of -25% at 20 cm. There were low 
levels of Restionaceae, Haloragaceae, ferns/mosses, Pteridium spp. and Asteraceae 
(tub.). There were trace levels of Epacridaceae, Banksia spp., Acacia spp., 
Juncaginaceae, Chenopodiaceae, Proteaceae, Asteraceae (fen.) and Dodonaea 
spp. There were very low levels of Cyperaceae, with the exception of the surface 
sample that had -45% of the total pollen sum. The first appearance of Pinus sp. 
pollen was at 20 cm. 

Macroscopic charcoal 

Macroscopic charcoal was present throughout the entire sedimentary sequence of 
Kings WaterhoIe Swamp, although the concentrations of charcoal did vary 
considerably (see Figure 3). Charcoal was initially low between 555 and 515 cm 
(-6.1 and 5.7 ka) and subsequently increased dramatically. Charcoal generally 
remained high and variable between 515 and 265 cm (-5.7 and 3 ka) with the 
exception oflow charcoal levels of deposition between 470 and 430 cm (-5.2 and 
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F,GURE 2. Results of the palynological analysis of Kings Waterhole Swamp. 

4.8 ka). Charcoal decreased rapidly at 265 cm (-3 ka) and remained generally low 
from this time to the present. Charcoal deposition for the top 80 cm (thought to 
represent the past -1 ka) was especially low, although this may be associated with 
the 'dilution' of the charcoal concentration due to very high levels of organic matter 
deposition. 

Discussion 

vegetation history and climatic implications 

The mixed Eucalyptus-Casuarina woodland, with a sclerophyllous shrubby under
storey, which currently surrounds Kings Waterhole, is believed to have existed for 
the entire analysed sequence (the past -6.1 ka), although there have been changes 
in the ratio of these dominant woody taxa. Myrtaceae and Casuarinaceae had 
approximately equal representation between -6.1 and 2.1 ka with -32% and -
24% of the total pollen sum, respectively. At -2.1 ka there was a dramatic decline 
in Casuarinaceae and levels remained generally low to the present. Myrtaceae 
decreased only slightly in the past -1 ka. The relatively small shifts in the flora over 
the past - 6 ka at Kings Waterhole indicate that there was little climate change or 
that the sclerophyllous vegetation that occupies the site is relatively resilient to 
environmental changes. 

The representation of swamp indicators (Restionaceae, Cyperaceae and Hal or
agaceae) in the vegetation was highest between 5 and 2.1 ka and this may reflect a 
period of high moisture and perhaps a larger swamp. The past -2.1 ka saw a 
decrease in swamp indicators Restionaceae and Haloragaceae and an increase in 
grasses (Poaceae) (especially in the past 1000 years), paperbarks (Melaleuca spp.) 
and bracken (Pteridium spp.). The increase in Poaceae and MelaZeuca spp. from 2.1 
ka may be representative of grasses and paperbarks, respectively, encroaching on 
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the swamp surface during times of periodic drought. Distinct changes to ti,e 
vegetation of the swamp surface have been witnessed during the 2001-05 drought 
(pers. observation) and this has included increased colonisation of the swamp 
surface by Cyperaceae and grass species. The swamp taxa, such as Restionaceae 
and Haloragaceae, had a reduced representation during the past ~2.2 ka which 
further supports the interpretation of a relatively drier period. A grassy understorey, 
represented by high concentrations of Poaceae, increased from ~2.2 ka and there 
was a decrease in woody taxa (Myrtaceae) from ~ 1.1 ka. The surface sample at 
Kings Waterhole is characterised by very high levels of Cyperaceae (~45%) and 
Poaceae (~21 %). This is most likely associated with the encroachment of this 
vegetation onto the swamp surface during the recent severe droughts experienced at 
the site. 

Comparisons with other sites 

The vegetation surrounding I<:ings Waterhole Swamp did not change greatly over 
the past ~6.1 ka and this is supportive of Kershaw's (1995) and Pickett et al.'s 
(2004) suggestion that most of the characteristics of south-eastern Australia's 
vegetation were established by ~6 ka. Furthermore, Dodson and Thorn (1992) 
suggest that there have been no significant responses within the Sydney sandstone 
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flora since the climatic shift of the Holocene Climatic Optimum between 7 and 5 ka 
(Kershaw 1995). 

Kershaw (1995) suggests that during the late Holocene there was an opening up 
of forest canopies throughout south-eastern Australia and attributes this to climatic 
variability or the intensification of prehistoric human populations. At Kings 
Waterhole Swamp a grassy understorey increased from ~2.1 ka and there was a 
decrease in woody tlL'Ca (Myrtaceae) from ~ 1 ka. These trends are suggestive of the 
opening up of the canopy, although attributing a cause is difficult. Kodela and 
Dodson (1988) also describe a decline in Eucalyptus in the late Holocene. Chalson 
(1983) attributes a similar late Holocene decline in Eucalyptus at Jibbon Swamp to 
hydrological evolution and ecological succession. The vegetational changes 
wimessed in the late Holocene at I<:ings Waterhole Swamp may be related to 
hydrological and successional changes associated with the infilling of the swamp 
with sediment, but this is unlikely considering the physical setting of the site. 

Chalson (1991) identifies an approximately coeval wet period from 5.5 to 2.5 ka 
from the nearby Blue Mountains. Chalson (1991) and Kodela and Dodson (1988) 
identify the past 2000 years as a period of generally drier climate in the Sydney 
region. Kershaw et al. (2002), however, suggest that south-eastern Australia was 
relatively dry and cool between 4 and 2 ka and the past 2000 years saw the return to 
wetter climatic conditions. This contradiction could perhaps reflect real spatial 
differences across south-eastern Australia during the past 2000 years, with a 
concurrent wetter southern and a drier northern section. These conditions could 
result, for example, from the southward deflection of the cold fronts that are often 
associated with precipitation in south-eastern Australia. 

Kodela and Dodson (1988) recorded no major changes over the past ~6000 
years in the vegetation from Ku-ring-gai Chase National Park, some 80 kill south
east ofI<:ings Waterhole Swamp. Notably their site was also surrounded by Sydney 
Sandstone Complex vegetation and dominated by Hawkesbury Sandstone. Kodela 
and Dodson (1988) suggest that the sclerophyllous vegetation that dominates 
Hawkesbury Sandstone is resilient to fire and that low-nutrient sandy soils, 
exposure to high insolation and drought means that the vegetation was probably 
insensitive to minor environmental changes. Black et al. (2006) also suggest that the 
sandstone vegetation surrounding Lake Baraba was resilient to climatic change 
based on relatively little change in the palynology over the last >43 ka, a period 
which notably includes the last glacial maximum. 

The decline in Casuarinaceae during the Holocene, as found at I<:ings Waterhole, 
has been widely reported throughout south-eastern Australia and is often 
associated with an increase in Eucalyptus (e.g. Ladd et al. 1992; Gale and Pisanu 
2001). At Kurnell Peninsula, a coastal site just south of Sydney, Casuarina 
woodland was established by 8 ka, but Eucalyptus increased and by 5.3 ka 
Eucalyptus exceeded Casuarina as the dominant vegetation at the site (Martin 
1994). Dodson and Thom (1992) describe a general trend of increasing Eucalyptus 
and decreasing Casuarina throughout the Holocene from Mill Creek on the 
Hawkesbury River, approximately 40 kill soutll-east of Kings Waterhole Swamp, 
and attribute this change to a decline in upper saltmarsh communities and 
increasing sclerophyll and woodland cover. 

At Kings Waterho1e Swamp, Myrtaceae remained relatively constant and hence 
Eucalyptus is unlikely to be associated with the decline in Casuarinaceae at this site. 
The substantial decline is coincident with the dry period inferred from the reduced 
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swamp cover and possible encroachment of grass onto the swamp surface. This 
suggests that the decline in Casuarinaceae at Kings Waterhole Swamp reflects 
either climatically or edaphically driven hydrological changes at the site. 

Fire histOlY oj Kings Water-hole Swamp 

The analysis of charcoal at Kings Waterhole Swamp suggests that fire was a 
persistent fearure of the local landscape throughout the past 6.1 ka and that there 
were some major changes in fire activity. Charcoal deposition was initially low 
between ~6.1 and 5.7 ka and then increased markedly at ~5.7 ka to remain high 
and variable until 3 ka, with the exception of a low period between ~5.2 and 4.8 
ka. At 3 ka charcoal concentrations decreased abruptly in the absence of any major 
changes in the sediment or rate of sedimentation. It is likely that climates in south
eastern Australia became more variable from the mid-Holocene, as numerous 
studies have dated the onset of 'modern' El Nino-Southern Oscillation (ENSO) 
events to this time (e.g. Shulmeister 1999; Rodbell et al. 1999; Sandweiss et al. 
2001; Moy et aI. 2002). The onset of climatic variability and times of vegetational 
change have been linked to increases in charcoal quantity due to more frequent or 
intense fire activity (e.g. Edney et ai. 1990; Haberle et ai. 2001; Kershaw et aI. 
2002; Black & Mooney 2006). Since the Kings Waterhole Swamp record does not 
extend past ~6.1 ka it is not known whether the increase in charcoal at 5.7 ka 
marks the end of an early Holocene period of low charcoal accumulation. 

Notably, Black and Mooney (2006) also found a rapid increase in fire activity at 
~5.7 ka from Gooches Swamp in the nearby Blue Mountains. They suggest that 
increased climatic variability associated with the onset of 'modern' ENSO events 
(e.g. Moy et ai. 2002) resulted in a distinctly different fire regime compared to that 
of the early to mid-Holocene. Significant increases in burning after 5 ka in all 
vegetation types across Australia (except the wet forests) have been associated Witll 
climate change (Kershaw et al. 2002). The accumulation of larger charcoal 
particles is often associated with high-intensity fires (Ward & Hardy 1991). We 
suggest that an ENSO-dominated climate resulted in an increased frequency of 
intense fires at Kings Waterhole Swamp between ~5.7 and 3 ka and perhaps large 
intense fires encroached onto the swamp surface and deposited charcoal in situ. At 
Kings Waterhole there was a marked decline in charcoal from ~3 ka, and after this 
time charcoal remained relatively low. 

Attenbrow (2003) examined the past habitation and land-use patterns of 
Aborigines in the Upper Mangrove Creek catchment, which is approximately 30 
km east of Kings Waterhole Swamp. Attenbrow (2003) analysed 30 excavated 
archaeological deposits from rockshelters in the region and presented several 
indices including rate of habitation establishment and number of habitations used 
per millennium to quantify how use of the catchment changed over time. The 
results of tllis study suggest that habitation patterns and subsistence organisation 
changed over the past 11 ka, including an unprecedented level of change occurring 
from 3 ka with a substantial increase in base camps. Attenbrow (2003) hypothesises 
that the changing habitation distribution patterns reflect 'a re-organisation of 
mobility patterns ... relating to camp life and subsistence activities took place in the 
catchment at frequent intervals and even more frequently and dynamically in the 
last four thousand years' (2003, p. 29). 
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Comparison of the archaeological data from the Upper Mangrove Creek and the 
Kings Waterhole Swamp charcoal curve (see Figure 4) suggests that the reduced 
charcoal concentration from 3 ka at Kings Waterhole Swamp is perhaps associated 
with human activity in the region. The fire regime of Aborigines is generally 
associated with resource manipulation and is described as being frequent but of low 
intensity (e.g. Jones 1969; Kohen & Lampert 1987; Gott 2005). Aborigines may 
have manipulated fire and/or fuel loads in the Kings Waterhole Swamp landscape in 
various ways which resulted in lower concentrations of charcoal in the sediment 
after 3 ka. Whitlock and Larsen (2001) suggest that fire regimes characterised by 
'frequent and efficient ground fires' do not produce much charcoal. This could 
imply a change from high-intensity natural fire to more frequent, low-intensity 
anthropogenic fire from ~3 ka. We suggest that Aborigines may have begun 
intensively managing fire during the late Holocene to reduce fuel loads, in response 
to the risks associated with living in a fire-prone environment under an ENSO
dominated climate. 

In their study in the nearby Hawkesbury Valley, Dodson and Thorn (1992) 
suggest that lower charcoal input to the sediment could have resulted from a more 
frequent but a lower intensity burning regime. Other studies have also attributed 
changes in charcoal to the fire intensity (e.g. Singh et ai. 1981; Hope 1999). 
Previous studies in the Sydney Basin have found various changes to charcoal during 
the European period, with some sites recording increases in quantity (e.g. Johnson 
2000; Mooney et ai. 2001) and others showing a decrease (e.g. Kodela & Dodson 
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1988). Very low quantities of charcoal were found in the sediments of the European 
period at Kings Waterhole Swamp, which is surprising considering the relatively 
high frequency of intense bushfires that have occurred in the landscape in recent 
times. The unexpected lack of charcoal in the European period may be attributed 
to the very high levels of organic matter accumulation in the recent sediments at 
Kings Waterhole Swamp, such as living roots from the swamp vegetation, diluting 
the charcoal concentrations. A detailed chronology (e.g. using 137CS or 21°Pb) 
could resolve the matter of the influx of charcoal during this European period. 

Comparison of charcoal and pollen data 

Statistically significant changes in vegetation occurred at 4, 2.1 and 1 ka based on 
the cluster analysis of the pollen data. These changes did not correspond to any 
major fluctuations in the charcoal record. This suggests that changes in fire activity 
at Kings Waterhole Swamp did not have a significant impact on the overall 
vegetation composition at the site. This does not preclude, however, vegetational 
changes at the species level which are not visible in the results due to the broad 
classification of the palynomorphs (i.e. pollen types were chosen at either the 
'family' or 'genus' level). 

Although there appears to be no relationship between the overall vegetational 
changes of the site and fire activity when individual pollen curves are examined, 
there are some broad relationships. Hopbush (Dodonaea spp.) often becomes more 
abundant during periods of high fire activity (Wilson & Scott 2002). This 
vegetational response is evident at Kings Waterhole Swamp with higher concentra
tions of Dodonaea pollen between 5.7 and 3 ka when charcoal accumulation was 
high. In this setting, Dodonaea spp. appears to be a good indicator of disturbance 
associated, perhaps, with intense fire activity. The representation of bracken 
(Pteridium esculentum) , which also thrives on the disturbance following a fire 
(Benson 1992), does not appear to be related to charcoal abundance. In fact, 
during periods of high charcoal concentrations there were very low concentrations 
of bracken pollen whilst during the last 3 ka, when charcoal was low, there were 
higher levels of bracken. The proportion of Dodonaea spp., Asteraceae, Banksia 
spp. and Haloragaceae declined, whilst Poaceae and Juncus spp. increased, at 3 ka 
when charcoal declined substantially. 

Dodson (1986) had previously noted little association between pollen and 
charcoal curves and suggested that either: (1) fire had no impact at the level of 
pollen identification; (2) there were significant differences between the spatial 
sources of the pollen and charcoal; or (3) the fire-sensitive species had already been 
eliminated from the environment by the time the site started recording the 
environmental history and that a fire-vegetation equilibrium had already been 
established. 

Conclusions 

There have been only slight changes in the vegetation composition during the past 
~ 6.1 ka from Kings Waterhole. The mixed Eucalyptus -Casuarina woodland with a 
shrubby sc1erophyll understorey, which currently surrounds the swamp, is believed 
to have existed for the entire sequence. Kershaw (1995) and Pickett et al. (2004) 
have previously suggested that most of ti,e characteristics of south-eastern 
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Australia's vegetation were established by ~ 6 ka. Furthermore, the resilient nature 
of the Sydney Sandstone flora may mean that it is relatively insensitive to minor 
climatic changes. 

The record displays a decreased representation of Casuarinaceae throughout 
the mid- to late-Holocene and this decrease has been described from several 
studies in south-eastern Australia (e.g. Ladd et al. 1992; Gale & Pisanu 2001). 
Macroscopic charcoal abundance increased abruptly at 5.7 ka at Kings Waterhole 
Swamp and this is likely to be associated with the onset of an ENSO-dominated 
climate when more intense natural fires became a feature of the landscape. At 3 
ka there was a major decrease in charcoal abundance, which corresponds with 
archaeological information suggesting altered Aboriginal activity in the region. It 
is therefore likely that from 3 ka low-intensity anthropogenic fires were a feature 
of the landscape. 
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A Comparison of Charcoal and 
Archaeological Information to Address the 
Influences on Holocene Fire Activity in the 
Sydney Basin 

S. D. MOONEY, M. WEBB & V. ATTENBROW, University of New 
South ~fides, Australia; University of New South w:ales, Australia; Australian 
Museum, Sydney, Australia 

ABSTRACT The influence of Aboriginal people on fire activity and hence the vegetation 
of Australia has long been debated. This study aimed to document the local fire activity of 
the Holocene in the catchment of a small freshlOater reed slOamp located in the Sydney 
Basin and to compare this lOith nearby archaeological evidence; including artefact discard 
rates and the number of base camps and activity locations used thmugh time. This 
archaeological evidence lOas used as an index of human activity through time to assess 
anthropogenic influences on fire activity_ Charcoal (>250 l11n) lOas quantified in a 
radiocarbon-dated sediment core from Griffith SlOamp covering ~ 6000 calibrated years 
BP. A substantial increase in fire activity lOas found from ~ 3000 years BP and a lesser 
increase approximately 700 years ago_ The change infire activity at ~3000 years BP lOas 
approximately coeval lOith changes in archaeological evidence from Upper Mangrove 
Creek, suggesting either greater human presence in the landscape or altered subsistence and 
land-use strategies_ Fire frequency in the catchment of Griffith SlOamp peaked at about 
eight episodes per century, perhaps in response to environmental change that promoted both 
increased human activity and a higher natural fire frequency. This study provides an 
extended temp07-al perspective on fi,-e and humans in this landscape, demonstrating holO 
palaeoecology can provide practical information for the contemporary management of such 
fire-prone ecosystems. 

KEY WORDS Holocene fire activity; Sydney; charcoal and archaeological evidence; 
A boriginal activity_ 

Introduction 

Knowledge of past fIre regimes is critical to successful natural resource manage
ment and for meeting the ideals of conservation of biodiversity and sustainability. It 
is especially important in temperate Australia where many native species are reliant 
upon fIre for regeneration and/or germination (Gill 1981). European explorers 
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often noted Aboriginal people using fire or connected smoke with them: this 
ethnographic record has led many to argue that Aboriginal people regularly burnt 
much of the Australian landscape (Jones 1969; Flannery 1992; Kohen 1996; Gott 
2005). Some doubt has been cast on these ideas, however, with Benson and 
Redpath (1997) presenting arguments of selective and biased quoting of the 
ethnographic record. Gill (1977, p. 24) had also previously suggested that the 
observations of explorers 'perhaps influenced Aboriginal behaviour' and that more 
recent Aboriginal practices were 'perhaps influenced by European customs'. 

The debate concerning prehistoric fire in Australia is also confused by the 
interpretation of an increase in charcoal in sediments as evidence for the ingress of 
Aboriginal people into naive Australian ecosystems (e.g. Singh et al. 1981; Kershaw 
1986; Turney et al. 2001). Further, at - 50000 years BP, the confluence of several 
contentious but approximately coeval events have added momentum to the idea of 
significant Aboriginal impacts on the Australian environment. These 'events' have 
included the arrival of Aboriginal people, as determined by re-dating of the Mungo 
human remains (Bowler et ai. 2003), vegetation change (Turney et al. 2001), 
extinction events (Miller et al. 1999; Roberts et al. 2001) and postulated climatic 
responses to anthropogenic fire-induced vegetation changes (Miller et al. 2005). 

Perhaps the most widely cited author to question paradigms concerning 
Aboriginal influences on the Australian landscape is Horton (1982, p. 237) who 
argued that Aboriginal people 'observed and made use of an existing natural fire 
regime in Australia, they did not attempt to develop a new one'. 

In Australia it is likely that the use of broad-acre fire by Aboriginal people would 
have varied across almost all spatial scales, with some ecosystems being more 
favoured for utilisation and others more resilient (Clark 1983; Clark & McLoughlin 
1986; Head 1989; Bowman 1998). The use of fire may also have changed through 
time, with shifts in climate, vegetation and population and with changes in 
technology and other cultural factors (Clark 1983; Head 1989). 

Previous palaeoecological investigation at Royal National Park (Mooney et al. 
2001) and Myall Lakes National Park (Mooney & Maltby 2006), both coastal 
locations of south-eastern Australia, found little evidence of regular landscape fire 
as one would expect from 'fire-stick farming' (Jones 1969). While this may be 
related to the availability of resources associated with nearby marine or coastal 
ecosystems in these study areas, it also brings into question some of the central 
tenets of the paradigm of Aboriginal use of fire in the landscape. In the Blue 
Mountains, to tile west of Sydney, Black and Mooney (2006) have also recently 
argued that Holocene fire activity primarily reflected climatic ratller than 
anthropogenic controls. 

The history of fire in the humid environments of south-eastern Australia has 
significant implications for tile contemporary management of these landscapes. 
Recent conflagrations (e.g. Sydney in 2002; Canberra and ACT in 2003) have 
often resulted in demands for increased prescribed fires for fuel management and 
hazard reduction (e.g. the House of Representatives Select Committee on the 
Recent Australian Bushfires, CoA, 2003). The underlying assumption is that high
frequency prescribed fire reintroduces prehistoric regimes. Generalisations about 
Aboriginal use offire are also interwoven with the debate concerning contemporary 
land clearing in NSW, with some arguing that clearing represents removal 
of regrowtll associated with the cessation of Aboriginal fire (e.g. Ryan et al. 
1995). The prehistoric use of fire by Aboriginal people also has socio-political 
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ramifications (Head 1989): active management of land by Aboriginal people 
through the use of fire is a challenge to the notion of Terra nullius and thereby 
influences the debate about Aboriginal land rights. 

Bowman (1998) emphasises that in order to advance our understanding of 
Aboriginal landscape burning the coupling of archaeological research with 
palaeoenvironmental analyses must be undertaken. This project thus aimed to 
compare changes in Holocene archaeological sequences against a palaeoecological 
record of fire activity from a site in the Sydney Basin, with a view to examining the 
controls on fire activity. 

The archaeological literature of the Sydney Basin was reviewed to determine 
which studies were sufficiently detailed to be compared with potential palaeoeco
logical work. Upper Mangrove Creek has been surveyed extensively by Attenbrow 
(I982a, b, 2003, 2004) and is one of the most detailed archaeological records in 
south-eastern Australia. Based on 30 excavated archaeological deposits, all in 
rockshelters, Attenbrow (2003, 2004) describes four indices of habitation site 
abundance and artefact numbers: rates of habitation establishment per millennium; 
numbers of habitations used per millennium; artefact accumulation rates for 
individual deposits/habitations; and artefact accumulation rates for the upper 
Mangrove Creek catchment as a whole. Attenbrow (2003, pp. 21-2) proposes that 
the habitation and artefact indices reflect 'how use of the catchment changed over 
time'. 

Topographic maps were examined for sedimentary deposits (namely lakes or 
swamps) in the vicinity of the Upper Mangrove Creek archaeological sites. This was 
constrained to locations that would have been within a day's wallting distance of the 
archaeological sites. Potential palaeoecological sites were examined in greater detail 
using aerial photographs, and reconnaissance trips investigated the most promising 
sites. Eventually, Griffith Swamp was selected to be compared to Upper Mangrove 
Creek, as shown in Figure 1. 

The envirOflIIlentaI setting 

Griffith Swamp is located on Wellums Creek, a tributary of the Macdonald River, 
at 33' IT S, 150' 60' E, and approximately 15 m above sea leveL Wellums Creek 
drains a catchment of 43 km2 (Korup & Busche 2000) and the swamp surface 
covers an area of -0.25 km2

, as shown in Figure 1. In wet years (e.g. 1992) surface 
water covers at least half the swamp surface; however, at the time of coring (2004) 
only a small pond covered the southern end of the swamp. Griffith Swamp is close 
to Yengo National Park and approximately 20 km from the archaeological sites of 
the Upper Mangrove Creek. 

Griffith Swamp is located on a floodplain consisting of Quaternary alluvium, 
gravel, sand, silt and clay (Department of Mines 1966). Jones and Dodson (1997) 
describe the stratigraphy of the nearby Wrights Creek valley as consisting of an 
uppermost unit of approximately 50 cm of silty organic sediments overlying a silty 
clay to a deptll of at least 2.5 m. Radiocarbon dating, palynology and comparison 
with other Hawkesbury-Colo sites suggests tl,at the lower clayey unit represents the 
gradual replacement of saline conditions, perhaps after a mid-Holocene higher sea 
level, until freshwater communities dominated since about 3350 BP, The slopes 
surrounding the floodplain consist of tl,e Triassic Narrabeen Group, while the 



I'
o 
o 
N 

U; 
::> 
OJ 
::> « 

i=::; 
(j) 
o 
;..: 
o 
;i 
Ui' 
(1) 

ro 
5 
'§ 
o 

(f) 

~ z 
b 
:c 
'§ 
(1) 

> 
'c 
2-
;,:, 
ro 
'0 
Q) 
'0 
(\J 
o 
C 

~ 
o 

180 S. D. Mooney et al. 

/'-,-) ') .~ 
) <}-, ,.-., _J\~~~cohe 
L'1. ... \,,~ ,-_;,,) Geawega!\ 

.~ 1'1.\ The Sydney '~a~) 
~ MVd~~~ ~.'(~) WOl)ar~~ __ >. ___ 

~ R~s:olle 
\.~.- ) 

" .c 
~ ,_ Bathurst 

3: 

(' <2 

U~'N . , 
\. 

Kalogmba Dharug 
" 
I 

GlI{I~ 
1/ fJnglirra 
r::..J 

Archa£'ology:5ites ) 
"I - Upper Mangrove creti< 
'"2· (apertee 3 ( 

\ 
(~~;ltl!lfrl , 

N 

FIGURE I. Sydney Basin map showing swamp site locations, archaeology site locations, 
Aboriginal territories, major rivers and cities. 

I'-
0 
0 
N 

u; 
:J 
OJ 
::> « 
I'-
N 
(j) 
0 
;..: 
0 

<C 
Ui' 

'" ro 
5 
;; 
::> 
0 
(f) 

:;: 
Q) 

z 
b 
:c 
.~ 

(1) 

> 'c 
2-
;,:, 
ro 
'0 
Q) 

" (\J 
0 
c 
:;: 
0 
0 

A C011lpm'ison of Charcoal and Archaeological [nfonnation 181 

ridges, forming a part of the Hornsby Plateau, are dominated by Triassic 
Hawkesbury Sandstone. 

The palaeoecological site, Griffith Swamp, is a complex of freshwater reed 
swamp and open-sedgeland dominated by Eieocharis sphaceiata, Juncus usitatus and 
Persicaria hydropiper. The surrounding slopes are vegetated with Sydney Sandstone 
Ridgetop Woodland or low open woodland (Ryan et ai. 1996), dominated by 
CorY11lbia eximia, C. gummifera, Angophora bakeri, A. coStata and Eucalyptus 
punctata. The floodplain has largely been cleared and currently supports pasture 
grasses and cattle grazing. At the time of coring, the surface of the swamp was 
unfenced and cattle had disturbed the site to a depth of ~ 15 cm. 

The Holocene is generally portrayed as a period of relatively stable climate . 
Sclerophyll vegetation in eastern Australia was largely established by the early 
Holocene and palynological studies in the Sydney Basin (e.g. Kodela & Dodson 
1988; Jones & Dodson 1997) have found relatively little vegetation change during 
the last 6000 years. How relative sea level has behaved during the Holocene is a 
contentious issue; however, Baker et 01. (2001) describe a mid-to-Iate Holocene 
high stand of approximately + 1.7 m from 4300 to 2800 years BP and of about + 
1.0 m from 2800 to 1500 years BP (both periods are corrected for marine reservoir 
effects). 

This part of the Macdonald River Valley has a slight summer maximum in 
rainfall and on average receives ~900 mm of rainfall per annum (Bureau of 
Meteorology 2004). The low rainfall and high temperatures of spring and early 
summer make this the most fire-prone period for the region (NPWS 1999). 

At the time of first British settlement, the Macdonald River area and Upper 
Mangrove Creek were part of the territory of a language group now known as the 
Darginung (also written Darkinjung, Darkinjang and Darkinung). Darginung 
territory covered an area extending south from the watershed of the Hunter River, 
including portions of the Macdonald and Colo Rivers and lower Hawkesbury River 
at Wisemans Ferry (Mathews, 1897, p. 1; Tindale 1974, p. 193; Dharug and Lower 
Hawkesbury Historical Society 1988, p. 4; Attenbrow 2003, 2004). Thus both 
Griffith Swamp and the Upper Mangrove Creek archaeological sites were in 
Darginung country_ On the basis of the archaeological and historical evidence, 
Attenbrow (2004) proposes that these people were relatively mobile hunter
gatherers, who used several base camps as well as many activity locations (e.g. 
sites for hunting and gathering, tool maintenance, etc.) and transit or short-term 
camps within their country. 

European settlers began moving into the lower Hawkesbury in ad 1794, and by 
1796 settlers were established in the Macdonald River Valley (Dharug and Lower 
Hawkesbury Historical Society 1988). Sim (1969) provides a more conservative 
estimate, reporting that the larger valleys of the Macdonald and its tributaries were 
settled by approximately 1840. 

The recent fire history of the region surrounding Griffith Swamp was obtained 
from a GIS database maintained by the National Parks and Wildlife Service 
(NPWS). This database stretches back to 1964, during which time four fires have 
been recorded in the Wellums Creek catchment: these were 2002-03 (burning 
248.8 km2

), 1997-98 (3.23 k(2
), 1990-91 (10.32 km2

) and 1990-91 (7 k(2
). At 

least two of these fires (1990-91,2002-03) burnt on or around Griffith Swamp 
and a fire in 1997/98 burnt the upper reaches of the Wellums Creek catchment 
(NPWS 2004). 



r-
o 
o 
N 

U; 
::> 
0> 
::> 

<>: 
r-
N 
m 
o 
~ 
o 

~ 
ID 
Q) 

~ 
.c 
"'5 
o 

(fJ 

~ z 
13 
.c 
.~ 

Q) 

.2: 
c 
2-
>. 
to 
10 
Q) 

1J 

'" o 
C 
~ o 

182 S. D. Mooney et a1. 

Methods 

Preliminary exploration of bodl the depth and sediment type of the swamp was 
used to idcntify the most organic and deepest part of the swamp, which was then 
selected as the coring site. Coring was undertaken using a Russian D-section corer 
Uowsey 1966) to a depth of 355 cm and the sediment was immediately wrapped, 
secured in a cradle and transported to dle lab. The cores were immediately 
photographed and described using Kershaw's (1997) modification of the Troels
Smith (1955) method, and then refrigerated (at 4°C). Following usual procedure, 
one of these cores was selected for detailed analysis. 

The charcoal content of the Griffith Swamp sediment core was initially analysed 
at 5 cm intervals. To better define the record, ilie upper 250 em was subsequently 
contiguously sub-sampled using 1 cm increments. This resulted in the analysis of 
charcoal in 271 sub-samples of sediment. 

The macroscopic (>250 J.lffi) charcoal content of the sediment was analysed 
using a modification of the 'Oregon Sieving Method' (Millspaugh & Whitlock 
1995; Long el al. 1998; Gardner & Whitlock 2001). This method consists of 
dispersing sub-samples of sediment of known volume and mass in bleach (6.5%) 
for 19 hours. The sediment was ilien washed through a 250 ~lm sieve and ilie 
captured material was transferred into a Petri dish and a high-resolution 
(4 megapixel) digital image captured. The area and number of charcoal particles 
in each image was determined using the Scion Image program (Mooney & Radford 
2001; Mooney & Black 2003). 

Bulk sediment samples (120-130,200-210,320-330 cm) from Griffith Swamp 
were radiocarbon dated at Beta Analytic Radiocarbon Laboratory, Florida, USA, 
aftcr a pre-treatment consisting of acid washes. The conventional radiocarbon ages 
were subsequently calibrated to calendar years using the INTCAL98 database 
(Stuiver el al. 1998). To supplement ilie I·C determinations, exotic pollen present 
in ilie sediment core was used to estimate the depth at which European influences 
began at the site. Pollen slides were initially prepared at 10 cm intervals and then 
further samples were taken at 2 cm increments to find ilie deepest record of exotic 
pollen. 

Pollen preparation procedures were undertaken as outlined in many standard 
texts (e.g. Birks & Birks 1980; Faegri & Iversen 1975). This consisted of an alkali 
treatment (using 10% NaOH in a water baili), sieving (150 fim) to remove coarse 
material, acetolysis to hydrolyse the cellulose, and mounting of ilie material on 
microscope slides in silicon oil. Transects of the pollen slides where then 
undertaken in search of exotic pollen. 

Fire activity in the catchment of Griffith Swamp was better characterised by 
converting the concentration of charcoal in the sediment sub-samples to a charcoal 
accumulation rate (CHAR). CHAR was calculated using the average rate of 
sediment deposition which was derived from ilie radiocarbon dates. The Charcoal 
Analysis Programs (CHAPS) of Long el al. (1998) were used to interpolate £i'om 
ilie raw data a set of values regularly spaced in time and to divide the CHAR record 
into two components, namely a low-frequency background component and a 
higher frequency peak component. The former represents secondary charcoal 
which may be introduced into a deposit over a period of years after a fire (Whitlock 
& Millspaugh 1996) and the latter is a better record of fire episodes (Long el al. 
1998). 
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TIle CHAPS program decomposes the raw time series by using a locally 
weighted (moving) average to define the background component and assigns a 
ilireshold to separate the background from the peak component (Long el al. 1998). 
The width of the averaging window controls the smootImess of tIle resulting 
background component and can be selected by visually comparing ilie resulting 
background component wiili ilie CHAR time series (Long el al. 1998). The CHAR 
ilireshold can also be calibrated using the historical record to specify at what level a 
peak is indicative of a fire (Hallett & Walker 2000). 

The CHAPS programs are designed for contiguously sampled data and high
resolution analysis (Carcaillet el al. 2002). Hence, only the contiguous 1 cm 
charcoal data from the uppermost 250 cm from Griffiili Swamp was analysed wiili 
CHAPS. A d1reshold value of 1.1 was used, as it closely resembles the peak to mean 
ratios of previous studies using CHAPS. 

Results 

Figure 2 depicts the sediment profile from Griffiili Swamp, revealing the clayey 
nature of the analysed sediments. The results of radiocarbon analyses from Griffiili 
Swamp are presented in Table 1. Exotic pollen was scarce in the prepared slides but 
Pinus pollen was found to a depth of 26 cm. These data resulted in a chronology of 
sedimentation for the core site. A highly significant (,-2 =0.996) second-order 
polynomial, used to describe iliis age-depth relationship as shown in Figure 3, 
justified interpolation between these dates. 

The primary data provided charcoal concentrations, eiilier as a count (no. of 
charcoal particles greater ilian 250 f1II1/cm3

) or as an area (mm2/cm3
) against depth 

in ilie core, as displayed in Figure 4. This figure also shows ilie influx of charcoal 
(CHAR) for Griffiili Swamp, using the deposition time calculated using the rate of 
sediment accumulation (Figure 3). 

The record at Griffiili Swamp reveals a high influx of charcoal from ~6300 to 
5200 cal. years BP and a low influx from 5200 to 2500 cal. years BP. This period of 
low charcoal is especially apparent between 4000 and 2500 cal. years BP. A 
substantial increase in charcoal influx occurred at ~2500 cal. years BP, and from 
this time until 500 cal. years BP the charcoal influx was generally high. During this 
period ilie highest influxes of charcoal were centred on ~700 cal. years BP. The 
charcoal influx remained low in the last 500 years. No evidence of the recent fires 
for the area surrounding Griffiili Swamp were obvious in the charcoal record of ilie 
uppermost sediments, aliliough a small peak estimated to have occurred ~25 years 
ago may represent ilie 1990/91 fires. 

Matching charcoal peaks to historical fires is a useful method for the selection of 
criteria wiiliin CHAPS, including ilie window width for the weighted mean 
calculations and ilie peak to mean ratios (e.g. Hallett & Walker 2000). As it was not 
possible to match individual charcoal peaks to historical fires in this study, the data 
were analysed using a variety of window widths (see Figure 5). As noted, only the 
uppermost 250 em of the Griffiili Swamp core was analysed contiguously; however, 
this spans the last ~4000 cal. years BP (see Figure 3), which is the period of most 
recorded archaeological change in the Yengo National Park region (e.g. Attenbrow 
2003, 2004). The varying window widths resulted in similar trends, witll the 
frequency of fire episodes increasing substantially at approximately 2500 cal. years 
BP. 
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F,GURE 2. Griffith Swamp sediment profile with 14C dates calibrated to years BP. 

Discussion 

Attenbrow's (2003, 2004) archaeological investigations in Upper Mangrove Creek 
indicate significant changes in land-use patterns during the late Holocene, 
including reorganisation of habitation, subsistence and manufacturing activities. 
For her study Attenbrow calculated the number of habitations that were established 
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F,GURE 3. Age-depth relationship for Griffith Swamp sediment core. 

and used in each millennium over the II 000 years for which archaeological 
evidence was recovered. To document changing use of the landscape, she also 
divided the catchment into topographic zones (based on valley bottoms, slopes and 
ridgetops). The habitation sites were divided into base camps (with a greater 
amount and range of archaeological materials) and activity locations or transit 
camps (with a much smaller amount and range of archaeological material). 

In summary, Attenbrow (2003, p. 27) proposes 'that the number of activity 
locations/transit camps used in the catchment gradually increased until 3000 BP 
and then, after 2000 BP, there was a dramatic increase in number associated with 
the use of topographic zones not previously or only infrequently used'. Base camps 
were first established in the II th millennium BP, but the number did not increase 
until the 4th millennium BP, with the greatest increase occurring in the 3rd 
millennium BP. Artefact production rates also increased dramatically in the 3rd 

TABLE 1. Radiocarbon ages and calibrated years before present (BP) for the dated sediment 
samples from Griffirh Swamp 

Measured 
Depth 14C age 2cr calibrated Intercept of 14C age with Laboratory 
(em) (years BP) years (BP) calibration curve (years BP) nun1ber 

120-130 1620±60 1660-1690 1530 ,8-194617 
200-210 3080±60 3140-3400 3330 ,8-194618 
320-330 4960±60 5800-5890 5660 ,8-194619 
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F,GURE 4. Griffith Swamp charcoal data, graphed against depth. 

millennium BP (Attenbrow 2004). These changes in the 3rd millennium BP were 
of an unprecedented scale and nature in the 11 000 year record of Upper Mangrove 
Creek (Attenbrow 2003, p. 26). 

In Figure 6 the Upper Mangrove Creek archaeological data are compared against 
the influx of charcoal at Griffith Swamp over the last 6500 years. The late Holocene 
increase in charcoal from ~2500 cal. years BP can seemingly be related to 
increased human intensity of land use. Similarly, the decreased artefact accumula
tion rates demonstrated at many individual sites in the last millennium, and in the 
catchment as a whole, apparently corresponds with reduced charcoal influx over 
the last 500 years, although from the CHAPS analysis the frequency of fires does 
not also decrease. 

This is the second use of CHAPS on Australian charcoal data (cf. Mooney & 
Maltby 2006). It should be emphasised that CHAPS were developed for analysing 
North American charcoal records where fire frequencies are naturally much lower 
than those supported by many Australian environments. A review of four recent 
North American studies (Long et al. 1998; Hallett & Walker 2000; Millspaugh 
et al. 2000; Hallett et al. 2003) found that the inferred fire frequencies of the 
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F,GURE 5. Results of the CHAPS analysis of the Griffith Swamp charcoal data. (a) Results 
of using long window widths (the locally weighted mean window width for calculating the 
background influx was 750 years and the locally weighted window width for calculating peak 
frequency was 2000 years). (b) Results of using short window widths (with a background 

influx window width of 140 years, and peak frequency window width of 375 years). 

studied sites never exceeded 15 fires per 1000 years and rarely rOse above 10. In 
these North American studies peaks in the charcoal influx also often matched 
recorded historical fires, suggesting that the sub-sampling frequency was high 
enough to record each fire as a distinctive charcoal peak. The fire frequency of the 
recent historic period at Griffith Swamp greatly exceeds any of these examples: To 
separate peaks into individual fires at this site would require sub-sampling at 
unrealistically fine depth increments. These caveats demand some caution; 
however, the relative changes in the frequency of fire episodes can be considered 
as an index of fire activity through time. 

Increases in the influx of charcoal and presumably fire activity near the base of 
the analysed record at Griffith Swamp, representing ~6500 to ~5200 cal. years 
BP, does not correspond to any archaeological changes in the Upper Mangrove 
Creek catchment (see Figure 6). However, two excavated sites in the Macdonald 
River catchment, Mt Yengo shelter (McDonald 1992) and Macdonald River MRil 
near St Albans (Moore 1981), both have initial occupation dated to around 6000 
years BP. This may indicate an increased use of the valley at this time; however, the 
absence of any systematic survey and excavation in tl1e Macdonald River catchment 
does not allow any certain conclusions. 

Palaeoenvironmental analyses from Indonesia and Papua New Guinea (Haberle 
& David 2004) and from Gooches Crater in the Blue Mountains (Black & Mooney 
2006) have described increases in fire activity after approximately 5000 years BP. 
This has been linked to the initiation of modern periodicities and amplitudes of 
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FIGURE 6. Charcoal influx from Griffirh Swamp and archaeological data from Attenbrow 
(2003), summarising the Upper Mangrove Creek sites. 

ENSO (El Nino-Southern Oscillation) phenomena (e.g. Gagan et al. 2004; 
Rodbell et al. 1999; Shulmeister 1999). This shift perhaps simultaneously allowed 
the accumulation of greater fuel loads (La Nina) and periodic drought (El Nino) or 
influenced some other climatic control of fire such as the increased frequency of 
lightning strikes. Haberle and Ledru (2001) suggest that this climatic reorganisa
tion may also have stimulated agricultural intensification. 

By 5000 cal. years BP fire activity decreased substantially at Griffith Swamp, 
although it should be noted that, despite this reduction, fire appears to have been a 
persistent feature in ti1e landscape. This period of lower fire activity at Griffith 
Swamp spans ~5200 to 2500 years BP, and overlaps a suggested period of colder 
climates and drier summerS in Australasia from 5000 to 3000 years BP (McGlone 
et al. 1992). CHAPS analysis revealed very low fire frequencies (between 5 and 10 
fires per millennium) in the period between 4000 and 2500 years BP. This result is 
at odds with variation in the Gooches Crater Right charcoal at this time (Black & 
Mooney 2006); however, the Griffith Swamp record receives broad support from 
Jones and Dodson (1997). 

Differences between palaeoecological sites within the Sydney Basin could be 
explained by site-specific influences or perhaps to ti1e anthropogenic influences of 
different Aboriginal groups or practices. Notably, at Griffith Swamp, the charcoal 
data follow changes in the sedimentology of the core, with lower charcoal found in 
the peaty clay from about 300 to 160 cm. This section of the core corresponds well 
with the period of higher relative sea level from about 4300 to 2800 years BP 
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(corrected for marine reservoir effects) surmised by Baker et al. (2001). Jones and 
Dodson (1997) describe how estuarine mud dominated the Wrights Creek valley 
prior to about 4000 years ago, with increasing freshwater deposits after this time. It 
is possible that the changing depositional environment andlor trap efficiency of the 
deposit, associated with changes in the relative sea level, have influenced charcoal 
concentration at the site; however, this seems unlikely in the quiet depositional 
environment as indicated by the clay content. 

At Griffith Swamp a relatively abrupt increase in fire activity is found at ~ 2500 
cal. years BP. One possible explanation for these changes is a relatively abrupt 
increase in the frequency and magnitude of ENSO described at ~3000 years BP 
(Clement et al. 2000; Sandweiss et al. 2001; Riedinger et al. 2002; Gagan et al. 
2004). This implies that increased fire activity at Griffith Swamp may have been a 
result of increased climate variability. 

This abrupt increase in fire activity at Griffith Swamp is also approximately 
coeval witi1 a sudden increase in artefact number, which occurred between 2000 
and 3000 years BP and continued until ~ 1000 years BP in Upper Mangrove Creek 
(Attenbrow 2003, 2004). Simultaneously Attenbrow (2003) describes the largest 
increase in base camps in the record and a slight reduction in the number of activity 
locations used. Attenbrow (2004) argues that relating these archaeological indices 
to population changes is not straightforward and instead she proposes that some 
other change took place in the culture, technology or socio-economics of the 
people. 

Attenbrow (2004) links ti1e changes in artefacts to changes in faunal assemblages 
and proposes that they were, in part, a response to variations in subsistence risks, 
linked to climate changes through changes in vegetation and thus macropods. 
Notably, while Jones and Dodson (1997) describe changes in the abundance of 
rainforest elements through the mid- to late Holocene in the nearby Wrights Creek 
valley, they found a general decrease in rainforest and expansion of sclerophyll 
communities from about 4000 years ago, pre-dating these archaeological changes. 
Greater chronological control in these studies is needed to explore these relation
ships fully. 

The highest influx of charcoal at Griffith Swamp occurs at ~700 cal. years BP, 
which is approximately coeval with the Medieval Warm Period (MWP). While the 
geographic extent and cause of the MWP is controversial (e.g. Bradley et al. 2003; 
Broecker 2001) recent evidence increasingly supports a global warm period 
followed by a cooler phase, the Little Ice Age (LIA) , over the last 1000 years 
(e.g. Moberg et al. 2005). These climatic oscillations appear to be reflected in fire 
activity of the Griffith Swamp catchment, witi1 increased fire activity during the 
MWP and then reduced fire activity during the LIA. It is possible that climate 
change may have altered vegetation or resources, thereby requiring different 
strategies of fire use by Aboriginal people. 

The period of high fire activity at Griffith Swamp at ~700 cal. years BP also 
corresponds to reduced artefact numbers and substantially increased numbers of 
activity locations for the last millennium in Upper Mangrove Creek (see Figure 6). 
The relationship between archaeology and fire in this period is ti1e reverse of that of 
2500 years BP, where high fire frequency is apparently linked with increased 
artefact numbers and slightly reduced activity locations. This lack of correlation 
may be due to the relatively low resolution of the archaeological data for the Upper 
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Mangrove Creek catchment as a whole, which cannot resolve relatively short
duration environmental changes like the MWP and LIA. 

It should be noted that the archaeological changes evident in Upper Mangrove 
Creek are often represented in sites across the Sydney Basin. As an example, 
Hiscock and Attenbrow (2004, 2005) describe changes in artefact production rates 
at the Capertee 3 archaeological site (location indicated in Figure 1) during the 
Holocene that are similar to those from Upper Mangrove Creek. Similarly, at the 
Springwood Creek site a substantial increase in artefact density found from ~2500 
years BP (Attenbrow 2004, p. 362) milTors the charcoal record from Griffith 
Swamp. Similar archaeological changes are known from otller Blue Mountains sites 
including Shaws Creek and Capertee 3. It therefore seems likely that these changes 
occurred at a regional scale. While this could perhaps be used to support a climatic 
influence, it could also be argued tI,at ideas, cultural changes or technological 
developments spread rapidly between Aboriginal groups. 

Conclusions 

The fire regimes of Griffith Swamp changed dramatically throughout the mid- to 

late Holocene. This is at odds with generalised depictions of one pre-European fire 
regime (e.g. Pyne 1991). The findings from this palaeoenvironmental study suggest 
that changes in fire activity coincided with regional (or larger spatial scale) climate 
changes but that some of the changes were also approximately coeval with 
archaeological changes. 

Tension between behavioural explanations (e.g. Lourandos 1983) and 'environ
mental determinism' (e.g. Rowland 1999; Hiscock 2002; Attenbrow 2004) has 
been a persistent feature of archaeological discourse: nonetheless, it is likely that 
environmental change provided a series of options from which people made 
choices. This potentially reflects a complex nexus between climate, people and fire 
in ti,e landscape. Given the limitations of the palaeoecological and archaeological 
records it is unlikely that these components can be further disentangled without 
finer resolution analyses and well-structured experimental design allowing the two 
hypotlleses (climate and people) to be tested independently. 

Previous palaeoenvironmental studies (Kershaw et al. 2002; Genever et al. 2003; 
Black & Mooney 2006) have argued that changes in fire activity during the 
Holocene in humid Australian environments appear to be related to climatic 
controls. This study suggests that increased fire activity could be linked either to 

climate or human behavioural change and tile most parsimonious explanation is 
that Aboriginal people burnt the landscape but did so in response to the prevailing 
climate. 

The ethnographic record suggests Aboriginal people used fire at the very least on 
some areas of the landscape (Nicholson 1981; Kohen 1993). This study, however, 
provides no evidence to support the central tenets of the fire-stick farming 
hypothesis at this site beyond 2500-3000 years BP and even within tllis timen'ame 
the reconstructed fire frequencies are lower tl,an commonly hypothesised and fire 
activity appears to have varied through time. It should also be emphasised that at 
Griffith Swamp ti,e fire n'equency of ti,e recent post-European period is higher than 
at any time in the past ~ 6500 years. 
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Introduction 

The arrival of Europeans into Australia 
I saw va.c;t areas cleared by the settlers to 
make way for pasture and crops and to 

provide timber for building and fuel 
(Adamson & Fox 1982: AUSTLlG 1990; 

Kirkpatrick 1994). This clearing, combined 
with poor land management practices and 
the introduction of domestic animals, 
caused major changes to the flow regimes, 
water quality and geomorphology of many 
rivers in agricultural areas (e.g. Warner 
1991). In particular, the destruction of 
riparian plant communities to increase 
pasture area, facilitate crop production 

and to allow stock access to water has con· 
tributed to major problems; notably bank 
erosion, siltation and, in many cases, a sub· 
sequent redtlction in stream productivity 
and general river and catchment health, 

Gregory ef al,(1991; p540) defined the 
riparian zone as 'the interface between 

terrestrial and aquatic ecosystems'. Ripar
ian zones represent a critical linkage 

Summary A palynological investigation was conducted on sediments from three 
small floodplain swamps on upper Wollombi Brook in the Hunter Valley NSW in order to 
reconstruct pre-European riparian vegetation composition and community structure. Pre~ 
European riparian plant communities on upper Wollombi Brook were characterized by wet 
sclerophyll forest associations with rainforest elements {most likely close to the channel>. 
Major changes in both the nature and extent of riparian vegetation have been associated 
with European settlement. The pre~European pollen spectra assists the identification of a 
suite of native taxa potentially suitable for use in riparian revegetation operations, particu. 
larly in highly cleared stream bank sites where protection of water quality and aquatic 
habitat is an important goal but where insufficient local remnants are available to indicate 
pre-existing plant species. The research emphasizes the use of palaeoenvironmental evi
dence as a tool for contemporary environmental management. 

Key words Hunter Valley, NSW, palynology, revegetation, riparian, streambank stabilization. 

between streams and the catchments they 
drain and the important ecological roles of 
plants in this terrestrial/aquatic interface 

(e.g. streambank stabilization; contribution 
to aquatic habitat) are well documented 
(Likens & Bormann 1974; Peterjohn & 

Correll 1984; Bunn 1986, 1993; Gregory 

et al. 1991;]ackson 1993). TIle protection 
of in-stream values, including the main
tenance of water quality and a habitat for 
aquatic biota, undoubtedly hinges on the 

protection of riparian zones. 
The rehabilitation of degraded riparian 

zones represents a major challenge. A start
ing point in any vegetative rehabilitation 
strategy should be the establishment of a 

baseline, which approximates the original 
vegetation community (Benson & Howell 
1993), Benson and Howell (1993) extrapo
lated information from existing remnant 
plant communities to formulate a strategy 
for the rehabilitation of the riparian vege
tation of the Hawkesbury~Nepean River, 
New South Wales. An alternative method is 
the use of various historical records and 

accounts that describe the vegetation of 
an area before European impact cre~ms 
1978; Benson & Howell 1993; Davis & 

Finlayson 1999; Starr 1999), 
Palaeoecological studies are another 

source of information applicable to the 
rehabilitation of human altered systems, by 

defining the predisruption conditions of 
the area or ecosystem. A considerable 
body of literature has expounded the 
benefits of applying information from 
palaeoecological studies to present day 
management issues (e.g. \Vasson & Clark 
1985; De Deckker et al. 1988; D'eosta 
ef at, 1989; Clark 1990; Birks 1993; Davis 
1994; Huntley 1996). Palynological studies, 

which are primarily aimed at the recon
struction of past plant communities 
(Faegri & IVerson 1975), offer considerable 
scope to revegetation programmes. but 
this potential has largely been unfulfilled. 
As an example we are aware of four Aus~ 
tralian studies: D'Costa et al. (1989); Kelly 
(1984); Kenyon et ai, (1996) and Kenyon 
and Rutherford (1999), 
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Aims and objectives 

The present study aims to reconstruct the 
pre-European riparian and floodplain vege
tation for three sites on upper \V'oUombi 
Brook using palynology. This reconstruc· 
tion aims to contribute to revegetation 

strategies by making inferences about 
species composition and community struc
ture of the pre-European vegetation. Fur
thermore, the study allows documentation 
of the changes in riparian and floodplain 
vegetation on upper \Vollombi Brook from 

prehistorical to historical times) to fill in 
gaps from available historical information. 

The study region 

Wollombi Brook is located in central 
eastern NSW in the sOllthern region of the 
Hunter catchment, as shown in Fig. 1. Wol~ 
lombi Brook is the main southern tributary 
of tile Hunter River and its catchment area 
of approximately 2000 km2 includes the 
relatively steep topography that forms 
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the southern rim of the Hunter River Figure 1. The Hunter River catchment, showing the location of the Upper Wollombi Brook. 
catchment. 

Upstream of Wollombi township the 
Brook is referred to as the upper Wollombi 
Brook and the particular section examined 
in this study, known as 'Murrays Run', 
o..1:ends upstream from the Fernances Creek 
Junction (Fig. 2), TIle Brook originates to the 
south in an area of relatively high relief on 
the border of the Hunter and Hawkesbury~ 
Nepean catchments, and is a well-defined 
channel before '\V'ilI"()·Wyn' (Fig. 2). 

The Brook occupies a relatively narrow 
valley, which contains sediments derived 
mainly from the Triassic sandstones and 
occasional shales that characterize the 
geology of the region (Hanlon et af. 1953; 
Nashar 1964). The mean annual rainfall of 
upper \Vollombi Brook is approximately 
900 mm, with precipitation decreasing in 
an east to west gradient across the catch~ 
ment (Erskine 1986). 

TIle upper Wollombi Brook floodplain 
is now largely vegetated with introduced 

agricultural grasses such as Couch 
(C)'l1odon dactylol1) and Kikuyu (Pen

nisetu111 c/.andestitlum). Most trees now 
growing on the banks of Murrays Run are 
e..-..:otic species such as willows (Salix spp.) 
and poplars (Populus spp.) or species 
such as wattles (Acacia spp.) characteds-
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Figure 2. Study sites on the upper Wollombi Brook. 
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tic of disturbed sites (Story 1963). Contin
ued grazing is preventing any significant 

natural regeneration. Little has been de
ciphered from historical records of the 

pre-European riparian vegetation commu

nities of upper Wollombi Brook. 
Vernon (1994) carried out a vegetation 

survey of remnant riparian vegetation in 

the Wollombi vaHey. Remnant vegetation 

occurs mainly as small, isolated patches on 

the occasional rod.), banks of some parts 

of Wollombi Brook. The species composi
tion of these sites is not likely to be rep

resentative of the deep alluvial soils of 

the stream bank and floodplain. Some sig

nificant remnant vegetation has been iden

tified in the upper Wollombi system, 
especially in the upper reaches of tribu

taries, such as Wat.'lgan Creek and Dairy 

Arm. Some sections of Watagan Creek are 

vegetated with likely approximations of 
the original riparian associations: these are 
dominated by Water Gum (Tt·/...<;ta11-iopsis 
lattrlna) and Lilly Pilly (Acmena smitbit), 
although they have been invaded by 
introduced species such ~l..<; Blackberry 

(Rubu .. <; spp.). 

The history of European 
settlement and land use in 
the Wollombi Valley 

The completion of the Great North Road 

between Sydney and Maitland in 1830 
stimulated the rapid settlement of the \Vol

lombi Valley in the 1830s (Walker 1910). 
Initial land use concentr.tted on wheat 

production, with supplementary income 

derived from tobacco and vegetable crops 

(Parkes 1979).ln tlle late 1860s,fungal dis
eases forced the virtu:tl abandonment of 

wheat production in the area (Rees 1994) 
and the increasing domination of dairy 

farming. Although dairy farming is still 
employed on sections of the Brook, the 

importance of the valley as an agricultural 
centre has greatly diminished and 'hobby 

farms' now dominate. Grazing is, however, 

still commonplace. 

Stream bank stabilization 
and native revegetation on 
WoJlombi Brook 

In early land surveys Wollombi Brook is 
depicted as a smaIl, sinuous stream with 

POLLEN AND REVEGETATION AT WOLLOMBI 

occasional large pools (Mitchell 1829 as 

cited in Erskine 1986). The situation today 

along most of the lower Brook is markedly 
different, with extensive bank erOSion 

and channel widening. Sections of the 

upper Brook have also been Significantly 
degraded. Apart from the loss of the 

majority of the native riparian vegetation, 
a large incised channel e.xists upstream of 
\Vollombi township (Erskine 1986). This 

incised reach extends from Fernances 

Creek upstream to Hungry Creek and a 

downstream depositional zone stretches 

from Fernances Creek to the Watagan 

Creek junction at L'lguna (Erskine 1986). 
The section of the Brook examined in this 

study jUst upstream of Hungry Creek is still 

relatively geomorphica11y intact. Although 

the riparian vegetation has been removed, 
the channel in this location is generaUy not 

incised (Erskine 1986) and recent observa

tion from the authors has confirmed that 
bank erosion and geomorphic disturbance 

is minimal. 
Stream bank revegetation on Wollombi 

Brook and the larger Hunter Valley has 
until recently involved the planting of 

willows and poplars, both exotic genera. 

Responding to an increased interest in the 

use of native vegetation in stream bank 
revegetation the (now) Department of 

Land and Water Conservation established a 

trial planting site on Wollombi Brook, at 
Broke, approximately 20 km downstream 

from WoBombi township. Only three of 
the nine species trialled were indigenous 

to the area. Both Price (1997) and \Vebb 

(1997) have investigated the success of 

trial plantings in the Hunter Valley with 
\Vebb (1997) reporting that a trial at 

Broke was characterlzed by poor survival 

rates attributed to poor species selection 

and inadequate planting strategies. This 
failure highlights the need for greater con~ 

side.ration of restoration goals and species 

selection. 

Methods 

In any palaeoecological study, site selec

tion is critical to provide the best data to 

answer the aim of the research aacobson 
& Bradshaw 1981). The aim of the present 
study required sites accumulating sedi
ment dose to the river channel. Kenyon 

and Ruthetford (1999) have emphasized 

that pollen records from floodplains are 
unlike those from lacustrine settings in 

that they directly reflect floodplain vegeta
tion rather than regional vegetation. 

Investigation of maps and aerial photo
graphs and a subsequent field inspection 

identified a number of floodplain swamps 

along the section of upper Wollombi 
Brook. The three sites chosen are shown in 

Fig. 2. All were relatively small floodplain 

swamps located within 25 m of the 

current channel with fringing vegetation 

consisting of Bull-rush (Typba orientalis), 
Smartweeds (Persicarla spp.) and Jun
caceae and Cyperaceae species. 

A Russian D-section corer Gowsey 
1966) was used to sample the sediment 

from the centre of the three floodplain 

swamps studied. An overlapping sequence 

of cores, including replicates, were taken 
from ead1 of the sites, with the final depth 

reached dependent on the difficulty of 
penetration into the stiff, heavy clays. In 

the laboratory, the sediment cores were 
photographed and fully described using 

basic field observations and the Troels

Smith (1955) method of description of 

unconsolidated sediment. 

The cores were subsampled at 5 cm 
intervals. Standard pollen preparation 

techniques, as described by Faegri and 
Iverson (1975) and Moore and Webb 

(I 978) were used. 
Pollen counts were undertaken at a 

magnification of x400. A minimum of 200 
grains were counted per slide (with an 

average of 220 grains), using a method of 

random transects across the slide. Target 
taxa were established during the early 

stages of counting in order to highlight 

changes in the major components of the 

vegetation through time. The pollen types 

targeted and counted are listed in Appen~ 

dLx I along with other related information 
such as the likely species represented by 

these taxa at the sites. their Ufe form and 

their typical habitat and ecology. The 

pollen counts were expressed as percent~ 
ages of total pollen and spores in separate 

percentage pollen diagrams for each of the 

three sites. 
The !trst appearance of pollen from 

introduced ta.xa in the pollen record has 
been used to approximate the boundary 
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between historical and prehistorical sedi

ments. 
A number of palynological slides were 

examined in detail from depths l'epresen

tative of the undisturbed vegetation in an 

attempt to better characterize the numer~ 

ous Myrtaceae pollen grains to a genus or 

species level. Reference slides from the 

ponen herbarium at the University of New 

South Wales and published accounts of 

Myrtaceae pollen morphology (pike 

1955; Gadek & Martin 198I;Chalson 1991; 

Chalson & Martin 1995) were used to 
confirnl identifications. An examination of 
current riparian plant communities on the 

upper Wollombi Brook and its tributaries 
(induding possible remnants) and 

research into the species of Myrt.'lceae that 

could have been present at the sites before 
European settlement (based on physio

graphic and environmental characteris
tics) allowed elimination of possibilities 

and thus assisted in identification. 
Nomenclature in the present paper 

follows Harden (1990-1993). 

Results 

Descriptions of the sediment from sites 

Wollombi 1, WoUombi 2 and Wollombi 3 
are presented in Fig. 3. The upper 30 cm of 

diagrams for each of the three sites 

(Fig. 4a-c). The presence of Pinus pollen is 
traditionally used to separate historical and 

prehistorical sediments in Australian paly

nology (Kodela & Mackillop 1988;Dodson 
et a!. 1994a, 1994b, 1994c, 1995; Mooney 
et al. 1997).Pinus, however, was extremely 

rare in the pollen record at all three sites. 

TIU1S, the boundary between the historical 

and prehistorical zones waS approximated 

using the first appearance of pollen from 
other introduced ta.xa (e.g. Lamb's Tongue, 

Plantago lanceolata). This also indicates 

differing rateS of sedimentation between 
the three swamps. 

The pre-European record at all three 
of the WoUombi sites is characterized by 

an extremely high representation of 

Myrtaceae pollen. Myrtaceae undergoes a 
sharp and subst.'lntiaJ decline at the bound

ary between the prehistorical and his
torical sediments and, at the same time. 

a dramatic increase in Poaceae is evident. 
Poaceae constituted only 2-5% of the total 

pollen sum in tile prehistorical period, yet 
its representation rises to over 20% in the 

historical period. 
The focused analysis of the pre

European pollen identified that, on 

average, approximately 80-85% of the 
total Myrtaceae count was Eucalyptus-

the deposit at WoUombi 3 was unrecover- type pollen. The remainder of the Myr-
able, due to a dense herbaceous root mat. taceae pollen consisted of Angopbora 

The results of the pollen analysis are type, Melaleuca type, Tristalliopsis type, 
expressed in separate percentage pollen Acmena type and SYllcatpia type. A small 
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Figure 3. Sediment description of the analysed cores from the upper Wollombi Brook. 
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number of Leptospermum.-type pollen 

grains were also observed. 
All of the sites also display a pro

nounced decrease in the representation of 

Casu.arina from the prehistorical to the 
historical period; however, Casum'illa 

then remains relatively stable in the histor~ 
ical period. Acacia pollen is more abun

dant in tile historical zone at all three sites. 

At both Wollombi 2 and 3 the increase in 

the representation of Acacia seems to 
slightly predate the approximated bound

ary of this period. 

At Wollombi 1 (Fig. 4a) the representa
tion of Lauraceae is relatively consistent 

in the prehistorical zone but generaIly 
decreases in the historical pollen record at 
all three sites. The record of Lauraceae at 

Wollombi 3 is similar to that of WoUombi 
1; however, it is also represented in the 

historical record (poorly). 
At Wollombi 1 and 3 the prehistorical 

period is characterized by a relatively 
higher representation of fern spores 

(both monolete and trilete). Pteridiu1n, 
however, appears to follow an opposite 

trend, with a slightly higher representation 

in the historical period. Although \Vol

lombi 2 has the highest representation of 
fern spores in the earliest analysed pre

historical period, in contrast to the other 
sites, a general increase in fern spores is 
observed in the historical period. As with 

the other Sites, however, Pte,idium is 
poorly represented in the prehistorical 

period. 
At all the investigated sites Chenopodi

aceae exhibits a similar pattern of occur~ 

rence, with an irregular representation 

most evident in the historical period. Simi

larly, a subst.'lntial increase in Cyperaceae 

is evident at all three sites in the historical 

period. 
Changes in the herbaceous taxa at 

Wollombi 1 are not as marked as those 

exhibited by the tree/shrub and grass taxa. 
Above a depth of 20 cm the polten of 

introduced taxa all display an increase into 
the historical period. With the exception 

of Poaceae, at Wollombi 2 the poUen of 

herbaceous taxa is dominated by Aster~ 
aceae (rub.), which increases substantially 

in the historical period. In the historical 
period at \Vollombi 2 (Fig. 4b) pollen 

from the introduced taXa display an initial 
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Introduction 

The arrival of Europeans into Australia 
I saw vast areas cleared by the settlers to 

make way for pasture and crops and to 
provide timber for building and fuel 
(Adamson & Fox 1982; AUSTLIG 1990; 

Summary A palynological investigation was conducted on sediments from three 
small floodplain swamps on upper Wollombi Brook in the Hunter Valley NSW in order to 
reconstruct pre-European riparian vegetation composition and community structure. Pre~ 
European riparian plant communities on upper Wollombi Brook were characterized by wet 
sclerophyll forest associations with rainforest elements (most likely dose to the channel), 
Major changes in both the nature and extent of riparian vegetation have been associated 
with European settlement. The pre~European pollen spectra assists the identification of a 
suite of native taxa potentially suitable for use in riparian revegetation operations, particu~ 
larly in highly cleared stream bank sites where protection of water quality and aquatic 
habitat is an important goal but where insufficient local remnants are available to indicate 
pre-existing plant species. The research emphasizes the use of palaeoenvironmental evi· 
dence as a tool for contemporary environmental management. 

Key words Hunter Valley, NSW, palynology, revegetation, riparian, streambank stabilization. 

between streams and the catchments they 
drain and the important ecological roles of 
plants in this terrestrial/aquatic interface 
(e.g. streambank stabiliz:ltion; contribution 
to aquatic habitat) are well documented 
(Likens & Bormann 1974; Peterjohn & 

Correll 1984; Bunn 1986, 1993; Gregory 

accounts that describe the vegetation of 

an area before European impact Geans 
1978; Benson & Howell 1993; Davis & 

Finlayson 1999; Starr 1999). 
Palaeoecological studies are another 

source of information applicable to the 
rehabilitation of human altered systems,by 

Kirkpatrick 1994). This clearing, combined et ai. 1991; Jackson 1993).l1le protection defining the predisruption conditions of 

with poor land management practices and of in-stream values, including the main· the area or ecosystem. A considerable 
the introduction of domestic animals, tenance of water quality and a habitat for body of literature has expounded the 

caused major changes to the flow regimes, 
water quality and geomorphology of many 
rivers in agricultural areas (e.g. \Varner 
1991). In particular, the destruction of 
riparian plant communities to increase 
pasture area, facilitate crop production 

aquatic biota, undoubtedly hinges on the 
protection of riparian zones. 

The rehabilitation of degraded riparian 
zones represents a major chaIlenge.A start~ 
ing point in any vegetative rehabilitation 
strategy should be the establishment of a 

benefits of applying information from 
palaeoecological studies to present day 
management issues (e.g. \Vasson & Clark 
1985; De Deckker et al. 1988; D'Costa 
et al. 1989; Clark 1990; Birks 1993; Davis 
1994; Huntley 1996). Palynological studies, 

and to allow stock access to water has con· baseline, which approximates the original which are primarily aimed at the recon· 

tributed to major problems; notably bank 
erosion, siltation and, in many cases, :t sub· 
sequent reduction in stream productivity 

and general river and catchment health. 
Gregory et al.(1991; p.540) defined the 

riparian zone as 'the interface between 
terrestrial and aquatic ecosystems'. Ripar· 
ian zones represent a critical linkage 

vegetation community (Benson & Howell 

1993). Benson and Howell (1993) extrapo
lated information from e..'Cisting renmant 
plant communities to formulate a strategy 
for the rehabilitation of the riparian vege· 
tation of the Hawkesbury-Nepean River, 
New South \Vales. An alternative method is 
the use of various historical records and 

struction of past plant communities 
(Faegri & IVerson 1975), offer considerable 
scope to revegetation programmes, but 

this potential has largely been unfulfilled. 
M an example we are aware of foul' Aus~ 
tcaHan studies: D'Costa et al. (1989); Kelly 
(1984); Kenyon et al. (1996) and Kenyon 
and Rutherford (1999). 

ECOLOGICAl MANAGEMENT & RESTORATION VOL 4 SUPPLEMENT FEBRUARY 2003 S69 

P. BENNETT AND S. D. MOONEY 

Aims and objectives 

The present study aims to reconstruct the 
pre·European riparian and flOOdplain vege
tation for three sites on upper \VoUombi 

Brook using palynology. This reconstl'Uc· 
tion aims to contribute to revegetation 
strategies by making: inferences about 
species composition and commtU1ity struc· 
ture of the pre-European veget.1.tion. Fur~ 

thermore, the study allows documentation 
of the changes in riparian and floodplain 
veget.'ltion on upper Wollombi Brook from 

prehistorical to historical times, to fill in 
gaps from available historical information. 

The study region 

\Vollombi Brook is located in central 
eastern NS\V in the southern region of the 
Hunter catchment, as shown in Fig. 1. Wol~ 
lombi Brook is the main southern tributary 
of tile Hunter River and its catchment area 
of approximately 2000 km2 includes the 

relatively steep topography that forms 
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the southern rim of the Hunter River Figure 1. The Hunter River catchment, showing the location of the Upper Wollombi Brook. 
catchment. 

Upstream of Wollombi township the 
Brook is referred to as the upper Wollombi 
Brook and the particular section examined 
in this stUdy, known as 'Mucrays Run', 
o.."tends upstream from the Fernances Creek 
Junction (Fig. 2). TIle Brook originates to the 
south in an area of relatively high relief on 
the border of the Hunter and Hawkesbury· 
Nepean catchments, and is a well-defined 
channel before '\ViIl-Q-\Vyn' (Fig. 2). 

TIle Brook occupies a relatively narrow 
valley, which contains sediments derived 
mainly from the Triassic sandstones and 
occasional shales that characterize the 
geology of the region (Hanlon et al. 1953; 
Nashar 1964). The mean annual rainfall of 
upper \Vollombi Brook is approximately 
900 mm, with precipitation decreasing in 
an east to west gradient across the catch· 
ment (Erskine 1986). 

The upper Wollombi Brook floodplain 
is noW largely veget.1.ted with introduced 

agricultural grasses such as Couch 
(Cynot/ol1 dactylon) and Kikuyu (Pen· 

nfsetum clandestil1-um). Most trees now 
growing on the banks of Murrays Run are 
e..'\:otic species such as willows (Salix spp.) 
and poplars (Populus spp.) or species 
such as wattles (Acacia spp.) characteris-

33"06' 

- - - Murrays Run ROlld 

e CoreSite$ 

Kilometres 

151"10' 

Figure 2. Study sites on the upper Wollombi Brook. 
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tic of disturbed sites (Story 1963). Contin
ued grazing is preventing any significant 
natural regeneration. Little has been de
ciphered from historical records of the 
pre-European riparian vegetation commu

nities of upperWollombi Brook. 
Vernon (1994) carried out a vegetation 

survey of remnant riparian vegetation in 
the Wollonlbi valley. Remnant vegetation 

occurs mainly as small, isolated patches on 
the occasional rocky banks of some parts 
of Wollombi Brook. The species composi
tion of these sites is not likely to be rep

resentative of the deep alluvial soils of 
the stream bank and floodplain. Some sig
nificant remnant vegetation has been iden
tified in the upper Wollombi system, 
especially in the upper reaches of tribu

taries, such as Watagan Creek and Dairy 
Arm. Some sections ofWatagan Creek are 
vegetated with likely approximations of 
the original riparian associations: these are 
dominated by Water Gum (Trtstaniopsis 

lau-rlna) and Lilly Pilly (Acmena smitbii), 

although they have been invaded by 
introduced species such as Blackberry 
(Rub,", spp.). 

The history of European 
settlement and land use in 
the Wollombi Valley 

The completion of the Great North Road 
between Sydney and Maitland in 1830 
stimulated the rapid settlement of the \Vol
lombi Valley in the 1830s (Walker 1910). 
Initial land use concentrated on wheat 

production, with supplementary income 
derived from tobacco and vegetable crops 
(parkes 1979).ln the late 1860s,fungal dis
eases forced the virtual abandonment of 

wheat production -in the area (Rees 1994) 
and the increasing domination of dairy 

farming. Although dairy farming is still 
employed on sections of the Brook, the 
importance of the valley as an agricultural 
centre has greatly diminished and 'hobby 
farms' now dominate. Grazing is, however, 

still commonplace. 

Stream bank stabilization 
and native revegetation on 
WoJlombi Brook 

In early land surveys Wollombi Brook is 
depicted as a SOlan, sinuous stream with 
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occasional large pools (Mitchell 1829 as 
cited in Erskine 1986).1l1e situation today 
along most of the lower Brook is markedly 
different, with extensive bank erosion 
and channel widening. Sections of the 

upper Brook have also been Significantly 
degraded. Apart from the loss of the 

majority of the native riparian vegetation, 
a large incised channel exists upstream of 
Wollombi township (Erskine 1986). This 

incised reach extends from Fernances 
Creek upstream to Hungry Creek and a 
downstream depositional zone stretches 

from Fernances Creek to the Watagan 
Creek junction at Laguna (Erskine 1986). 
The section of the Brook examined in thiS 
study just upstream of Hungry Creek is still 
relatively geomorphically intact. Although 
the riparian vegetation has been removed, 
the channel in this location is generally not 
incised (Erskine 1986) and recent observa
tion from the authors has confirmed that 
bank erosion and geomorphic disturbance 
is minimal. 

Stream bank revegetation on Wollombi 
Brook and the larger Hunter Valley has 
until recently involved the planting of 
willows and poplars, both exotic genera. 
Responding to an increased interest in tlle 
use of native vegetation in stream bank 
revegetation the (now) Department of 
Land and Water Conservation established a 
trial planting site on WoHombi Brook, at 
Broke, approximately 20 km downstream 
from Wollombi township. Only tluee of 
the nine species trialled were indigenous 
to the area. BOtll Price (1997) and Webb 
(1997) have investigated the success of 
trial plantings in the Hunter Valley with 
Webb (1997) reporting that a trial at 
Broke was characterized by poor survival 
rates attributed to poor species selection 
and inadequate planting strategies. This 
failure highlights the need for greater con
sideration of restoration goals and species 

selection. 

Methods 

In any palaeoecological study, site selec
tion is critical to provide the best data to 
answer the aim of the research Gacobson 
& Bradshaw 1981). The aim of the present 
study required sites accumulating sedi
ment dose to the river channel. Kenyon 

and Rutherford (1999) have emphasized 
that pollen records from floodplains are 
unlike those from lacustrine settings in 
that they directly reflect floodplain vegeta
tion rather than regional vegetation. 

Investigation of maps and aerial photo
graphs and a subsequent field inspection 

identified a number of floodplain swamps 
along the section of upper Wollombi 
Brook. The three sites chosen are shown in 

Fig. 2. All were relatively small floodplain 
swamps located within 25 m of the 
current channel with fringing vegetation 
conSisting of Bull-rush (Typba orientalis), 

Smartweeds (Persicaria spp.) and )un
caceae and Cyperaceae species. 

A Russian D-section corer Qowsey 
1966) was used to sample the sediment 
from the centre of the three floodplain 
swamps studied. An overlapping sequence 

of cores, including replicates, were taken 
from each of the sites, with the final depth 
reached dependent on the difficulty of 
penetration into the stiff, heavy clays. In 
the laboratory, the sediment cores were 
photographed and fuUy described using 
basic field observations and the Troels
Smith (1955) method of deSCription of 
unconsolidated sediment. 

The cores were subsampled at 5 em 
intervals. Standard pollen preparation 
techniques, as described by Faegri and 
Iverson (1975) and Moore and Webb 
(1978) were used, 

Pollen counts were undertaken at a 
magnification of x400. A minimum of 200 
grains were counted per slide (with an 
average of 220 grains), using a method of 
random transects across the slide, Target 
taxa were established during the early 

stages of counting in order to highlight 
changes in the major components of the 

vegetation through time. The pollen types 
targeted and counted are listed in Appen
dix I along with other related information 
such as the likely species represented by 
these ta.xa at the sites, their life form and 

their typical habitat and ecology. The 
pollen counts were e..xpressed as percent
ages of total pollen and spores in separate 
percentage pollen diagrams for each of the 
three sites. 

The fIrst appearance of pollen from 
introduced taxa in the pollen record has 
been used to approximate the boundary 
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between historical and prehistorical sedi
ments. 

A number of palynological slides were 
examined in detail from depths represen
tative of the undisturbed vegetation in an 

attempt to better characterize the numer
ous Myrtaceae pollen grains to a genus or 

species level. Reference slides from the 
pollen herbarium at the University of New 
South Wales and published accounts of 

Myrtaceae pollen morphology (pike 
1955; Gadek & Martin 1981;Chalson 1991; 

Chalson & Martin 1995) were used to 
confirm identifications. An examination of 
current riparian plant communities on the 
upper Wollombi Brook and its tributaries 
(including possible remnants) and 
research into the species of Myrtaceae that 
could have been present at the sites before 

European settlement (based on physio
graphic and environmental characteris
tics) allowed elimination of possibilities 
and thus assisted in identification. 

Nomenclature in the present paper 

follows Harden (1990-1993). 

Results 

Descriptions of the sediment from sites 
Wollombi 1, Wollombi 2 and Wollombi 3 
are presented in Fig. 3. The upper 30 cm of 
the deposit at Wollombi 3 was unrecover
able, due to a dense herbaceous root mat. 

The results of the pollen analYSis are 
expressed in separate percentage pollen 

Wollombll 

black (IOYR 212) 
orClnk:el~y 
(Agil/a./<'O/od~.fJ 

Wollombl2 

duk (10YR Jll) 
or,l:anieellY 
(T"rfah~rba~~a1 

ASma s/~a/adtsJ 

diagrams for each of the three sites 
(Fig. 4a-c).The presence of Pimts pollen is 
traditionally used to separate historical and 

prehistorical sediments in Australian paly

nology (Kodel. & M.ckillop 1988;Dodson 
et al. 1994a, 1994b, 1994c, 1995; Mooney 
et al.1997).Pinus, however, was CA'tremely 
rare in the pollen record at all three sites. 

Thus, the boundary between the historical 
and prehistorical zones waS approximated 

using the first appearance of pollen from 
other introduced taxa (e.g. Lamb's Tongue, 

Plantago lanceolara). This also indicates 
differing rates of sedimentation between 
the three swamps. 

The pre-European record at all three 
of the Wollombi sites is characterized by 
an extremely high representation of 
Myrtaceae pollen. Myrtaceae undergoes a 
sharp and substantial decline at the bound
ary between the prehistorical and his
torical sediments and, at the same time, 
a dramatic increase in Poaceae is evident. 
Poaceae constituted only 2-5% of the total 
pollen sum in the prehistorical period, yet 
its representation rises to over 20% in the 
historical period. 

The focused analysis of the pre
European pollen identified that, on 
average, approximately 80-85% of the 
total Myrtaceae count was Eucalyptus
type pollen. The remainder of the Myr
taceae pollen consisted of Angopbora 
type, Mefaleuca type, Tristaniopsf-s type, 
Acmeno type and Syncarpia type.A small 

Wollombi3 

brown (IOYR !.m gadinlPo 212» 
h.:rb:aecoIlSpe4I(T"ifahubaet!u) 

he<>vyduy 
(Agif(a.rtta/,Hiu) 40 

btown(IOYRJtJ) 
day(A.gjl/as/~arnd~j 70 

d:Ilt.(IOYR;'.tl) 
hc::~vyd~yfmud 65 
(Axilla.<fr,,/otlcs) 

6ark(lOYR2IL) 
cIaY(IICl/fasf~aro<ks} 

lighl"f{lOYR4I1} 
he3vyd~y 
(Agilla sI~alad~.,) 

6~rt.(IOYR2I2!:r.tding'o51;!J 

organic (Turf a hubaecal 
gntdinglo 
heavy day (AK/Il" fltDfadcsJ 

grcy(IOYR5fl) 
hCllvycl/ly 
(llgil/u5/tollfdcs/ 

Figure 3. Sediment description of the analysed cores from the upper Wollombi Brook 
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number of Leptospermum-type pollen 
grains were also observed. 

All of the sites also display a pro
nounced decrease in the representation of 

Casullrina from the prehistorical to the 
historical period; however, Casuartna 

then remains relatively stable in the histor
ical period, Acacia pollen is more abun

dant in the historical zone at all three sites. 
At both Wollombi 2 and 3 the increase in 

the representation of Acacia seems to 
slightly predate the approximated bound

ary of this period. 
At Wollombi 1 (Fig, 4a) the representa

tion of Lauraceae is relatively consistent 
in the prehistorical zone but generally 
decreases in the historical pollen record at 
all three sites. The record of Lauraceae at 
Wollombi 3 is similar to that ofWoIlombi 
1; however, it is also represented in the 
historical record (poody). 

At Wollombi 1 and 3 the prehistorical 
period is characterized by a relatively 
higher representation of fern spores 
(both monolete and trilete). Pteriditt1rl, 

however, appears to follow an opposite 
trend, with a slightly higher represent.'ltion 
in tlle historical period. Aldlough \Vol
lombi 2 has the highest representation of 
fern spores in the earliest analysed pre
historical period, in contrast to the other 
sites, a general increase in fern spores is 
observed in the historical period. As with 
the other Sites, however, PteridiU1n is 
poorly represented in the prehistorical 

period. 
At all the investigated sites Chenopodi

aceae exhibits a similar pattem of occur
rence, with an irregular represent.1.tion 
most evident in the historical period, Simi
larly, a subst.1.ntial increase in Cyperaceae 
is eVident at all three sites in the historical 

period. 
Changes in the herbaceous taxa at 

Wollombi 1 are not as marked as those 
exhibited by the tree/shrub and grass taxa. 
Above a depth of 20 cm the pollen of 
introduced taxa all display an increase into 
the historical period. With the exception 
of Poaceae, at Wollombi 2 the pollen of 
herbaceous taxa is dominated by Aster
aceae (rub.), which increases substantially 
in the historical period. In the historical 
period at Wollombi 2 (Fig. 4b) pollen 
from the introduced t.1.Xa display an initial 
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0) Wollombl 1 

Anotytl: Paul BOllllol! 

b) Wollombi 2 

] 
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AMlytt: Pout Bann .. n 

c) Wollombi 3 

~ 

! 

AMly~f: Paul 80rlO"n 

Figure 4. (a-c) Results of the palynology from the three sites. 
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increase in the historical period after 

which Rumex and Asteraceae (Lig.) stabi~ 
lize; in contrast, Plantago generally contin~ 
ues to increase. 

Herbaceous ta..xa are poorly repre~ 

sen ted throughout the Wollombi 3 record. 

Asteraceae (Tub.) and Chenopodiaceae are 

generally higher in the historical period. 
Ra1luflculus was absent up until the top 

5 cm of the record and Gonocatplls was 
only recorded in the historical period, 

Counts for these pollen types were very 
low, due to the dominance of Myrtaceae 

and Casum"illa. in the prehistorical period 

and Poaceae in the historical period. 

Myriopbyllw1J- also generally increases in 
the historical period. 

son & Bradshaw 1981; Prentice 1985; 

Sugita 1993). 
The study sites used in the present 

study were small swampy depressions, 

implying that the majority of pollen falling 

onto the swamps would be derived from 

local sources (Le. riparian and floodplain 
vegetation), particularly as the results indi

cate that forest stands were present. In his

torical times, the upper catchment and 
up-slope vegetation ofWollombi Brook has 

suffered far less disturbance compared to 

the valley floor: the marked historical 

changes in the pollen diagrams, therefore, 
suggest that the majority of pollen is 

derived from the vegetation of the valley 
floor. Nonetheless, there is undoubtedly 

Brook, Large quantities of River Oak 
needles have been observed in sediments 

from a 1949 cut-off on Murrays Run 
(Wayne D. Erskine, pers, comm., 1994), 

further suggesting the importance of this 

particular species in past riparian plant 

communities on upperWoliombi Brook. 
Turpentine (Syncarpia glomulifera), 

was also likely to have been present in the 
overstorey, although its represent;ltion in 

the pollen record was poor. TIlis species 
is commonly found in places transitional 

between Eucalyptus forest and rainforest 

(Robinson 1991). It probably grew flU·ther 

away from the banks as it is generally asso

ciated with valley sides in the Wollombi 
area (Good 1953), 

In summary, the results of the pollen representation of some non-riparian The pollen record shows the past pres-

analysis show major changes in the types species in the pollen spectra. ence of both Tt-tsta1'liopsislauri1'la and, to 
and relative proportions of pollen taxa The palynological investigation of a lesser extent, Lilly Pilly.Water Gum is still 

between the prehistorical and historical 

periods. A number of important similari
ties are exhibited by the three pollen 

diagrams including a major decline in 
Myrtaceae and Casuarina in the historical 
period and a decline in total fern spores. 
In contrast to the prehistorical zone 

Wollombi 1 suggests that the pre-European 

riparian/floodplain vegetation surround
ing this site was characterized by a wet 

sderophyll forest association with a signif
icant rainforest element characterized by 
Water Gum, Lmy PiIly, Lauraceae species 
and ferns, \.Vater Gum and Lilly Pilly are 

Lauraceae is largely absent in the historical commonly found growing in association 

present on upper Wol1ombi Brook, in the 
readles above 'Will-O-Wyn' and just below 

the Watagan Creek junction. Lilly Pilly was 
not recorded on \.Vollombi Brook by 
Vernon (1994); however, it is present on 
nearby Watagan Creek. These two specie..<; 
are characteristically riparian (usually in 

closed forest associations) and they are 
often co-dominant on riverbanks (Melick 
1990a, 1990b), Their low representation 
in the pollen record does not necessarily 

reflect a low representation in the pre
European riparian plant community, as 

Kodela (1990a, 1990b) has found that 

Acmena is generally poorly represented in 

period at the three sites. A number of taxa on stream banks (Melick 1990a, 1990b), 
generally increase in the historical period, The floodplain vegetation is likely to 
the most obvious being Poaceae and the 

recognized introduced taxa. Acacia, 

Asteraceae (rub.), Cyperaceae, Ptel"idium, 

Chenopodiaceae, unidentified pollen 

grains and, to a lesser degree, Myriopby{
fum also follow this trend. 

Discussion 

An important consideration in the inter

pretation of palynological records is the 

source area of the pollen Oacobson & 

Bradshaw 1981;Sugita 1993). It is evident 
that the pollen of the majority of Aus

tralia's taxa has relatively poor dispersal 

capabilities (Dodson 1977, 1983, 1988; 
Dodson & Myers 1986). It has also been 

found that pollen deposited within forest 
st.1.nds is generally highly local (rauber 

1967; Dodson 1983; Kodela 1990a). The 
size of the sedimentary deposit from 
which a record is derived can also deter
mine the source area of the pollen, with 

smaller basins containing largely local 
pollen types (Dodson 1977, 1988; Jacob-

have been dominated by Eucalyptus spp., 

Paperbacks (Mela/euca spp.) and Rough

barked Apple (Angopbot·a. f101'ibullda) 

further awa-y from the channel. Rough

barked Apple, Prickly leaved Tea Tree 
(Mefaleuca stypIJeloides) and Melaleuca. modern pollen spectra. Water Gum is also 

Iinarlljolia still occur on scattered sec~ likely to be a low pollen producer, due to 
tions of upper Wollombi Brook, with the 

latter occupying poorly drained sites. The 

pollen record also indicates that CaS1l41'

ina was represented in the community, 
with River Oak (c. cll1mingbamiana) 

probably occupying the banks and the 
immediate floodplain. 

The palynological results also provide 

evidence that the natural vegetation of the 

upper Wollombi Valley has been greatly 

a predilection for vegetative reproduction 

as exemplified by their growth form, char

acterized by multiple coppicing stems. 

Species from the family Lauraceae, 
probably ]ad."Wood (C1'yptocarya glat/.

cescens) and possibly Endial1dra spp., 

were also likely to have been present 

in the riparian vegetation community at 
Wollombi 1. Vernon (1994) identified 

.lad. wood growing on nearby Congewai 
modified since European settlement. Little Creek. Typically a rainforest family, the 
of the otiginal vegetation remains, particu- counts of Lauraceae pollen grains were 
lady on the floodplain, as a result of early very low, but again, this probably does not 

clearing for agriculture. Associated with 
the clearing of the floodplain vegetation, 
the European period has witnessed the 

almost complete removal of River Oak 
from the banks of the upper Wollombi 

indicate that they were uncommon in the 
community. Numerous modern pollen rain 

studies (Kershaw & Hyland 1975; Ladd 

1978, 1979a, 1979b; Dodson 1983; Kodela 
1990a, 1990b; Dodson & Thorn 1992) have 
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empha...<;ized that pollen production from 
rainforest species is very low compared 
to sclerophyll vegetation. Furthermore, 

pollen production and effective dispersal 
from EucalYjJtlls spp. can result in the over~ 

representation of this genus in pollen 
records from communities with a rainforest 

dement (Kodela 1990a, 1990b). Together, 
this means that even a slight presence of 
rainforest pollen in the record can indicate 

a significant rainforest component. 
High representation of monolete and 

trilete fern spores atWollombi 1 in the pre~ 
European period suggests a significant 
fern component in the understorey. 
This suggests moist conditions and is 
usually indicative of wet sderopbyU forest 
(Dodson 1983; Dodson & Thorn 1992), as 
the dosed canopy creates a more humid 
microclimate conducive to mesic vegeta
tion. The consistent levels of monolete and 
trilete spores recorded into the historical 
period may be due to the fact that a domi
nant overstorey is not present allowing the 
ferns surrotmding the swamps to be over
represented in the ponen record. 

Poaceae and herbaceous taxa such as 
Asteraceae (Tub.) are likely to have been 
present as ground cover in the pre~ 

European period; however. their signifi~ 

cance in the pollen record was low. 
This low significance may have also been 

the result of high Eucalyptus, Casuartna 

and fern represent.'ttion suppressing the 
herbaceous component in the percentage 
pollen diagrams. 

The palynological results from \Vo)

lombi 2 and 3 (Fig. 4b.c) are Similar and, 
hence, the sites will be discussed together. 
The prehistorical riparian vegetation at 
Wollombi 2 and 3 appears to resemble the 
reconstruction for Wollombi 1; however, 
the abundance of the various taxa appears 
to be Slightly different_ Castlarina pollen, 
likely to represent River Oak growing 
close to the Brook, had a greater represen~ 
tation at these sites compared to Wollombi 
1_ Pre-European representation of Poaceae 
and herbaceous taxa such as Asteraceae 
(Tub.) appears to have been higher at 
these sites suggesting perhaps a slightly 
more open canopy compared to the \'101-
lombi 1 site. 

Poor representation of\Vater Gum and 
Lilly Pilly at\Vollombi 2 and 3 suggests that 
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these species were not as significant in 
this vicinity, compared to \Vollombi 1. 

At both sites, however, and particularly at 

Wollombi 3, tile inclusion of Lauraceae 
pollen, likely to be significant given tilat 

they are generally underrepresented in 
pollen records, suggests that rainforest 

species were present at these sites. 

Native revegetation on 
Wollombi Brook and other 
management issues 

The palynological investigation of upper 
Wollombi Brook not only allows the recon· 
struction of the pre-European vegetation 
communities and documents the changes 
associated with European transhumance, 
but can be used for identifying a suite of 
native ta..,a widl potential for local stream 
bank revegetation operations. Table 1 is a 
summary of the taXa recommended for 
triaIling based on both the pollen records 
described and some subsequent field 

investigation of scattered remnant patches 
of native vegetation present on the 

Brook. Trial planting operations using local 
propagules (Benson & HoweU 1993; 
Daniell 1993) and an effective monitoring 

programme should be used to tcst the 
viability of these particular species for 
stream bank revegetation. 

The present study also emphasizes 
the variable nature of plant communities 

over relatively short distances. The pre
European vegetation at Wollombi 1 

appeared to be slightly different from the 
other two sites located only 2-3 km 
further downstream. Changes in environ~ 
mental variables, such as rainfall, soil sub
strate and valley width, vary significantly 
with distance along the Brook (Erskine 
1986) and dlese are major controls on veg
etation type, Thus, the results of this study 
are most appHc.'tble to the upperWollombi 
Brook. Furthermore, many of the species 
recommended from the pollen record are 

Table 1. Summary of the species suggested for inclusion in trial plantings on upper Wollombi 
Brook. grouped in terms of the landscape position 

Landscape position 

On the bank toe and slope 

On the top of banks and immediate floodplain 

At the terrestrial! aquatic interface 

Species suggested 

Acmena smithii 
Casuarina cunninghamiana 
Leptospermum polygafifolium 
Melaleue8 linariifolia 
M. styphefioides 
T ristaniopsis laurina 

Acacia decurrens 
A. f10ribunda 
A. parramattensis 
Angophora floribunda 
Casuarina eunninghamiana 
Eucalyptus agg/omerata 
E. deanei 
E. maeulata 
E. saligna 
E. tereticomis 
E. viminalis 
Melaleuca linariifofia 
M. styphelioides 
Syncarpia glomulifera 

Carex appressa 
Efeocharis sphacelata 
Juncus prlsmatocarpus 
Juncus usitatus 
Lepidospermalimico/a 
Lomandra longifolia 
Paspa/um distichum 
Phragmites australis 
Schoenoplectus validus 
Typha orlentalis 
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rainforest species, However, there is con
siderable scope for applying palynological 

investigations elsewhere if conditions 
have allowed the preservation of pollen in 
sediments_ 

Conclusion 

The present study demonstrates the poten

tial application of palaeoenvironmental 
information to present day environmental 
rehabilitation projects. The analysis of 
pollen and spores preserved in sediments 
from three floodplain swamps on upper 
Wollombi Brook has provided an insight 
into the pre-European riparian vegetation 
communities, apparently characterized by 
moist, largely closed, eucalypt forest asso
ciations, widl some rainforest elements. 

The study depicts major changes in 
bodl the nature and extent of riparian 
vegetation communities associated with 
European settlement and identifies a suite 
of native species with potential for local 
riparian revegetation projects. It is recog
nized that hydrological and geomorphic 
conditions have been drastically altered 
on eroding sections of upper Wollombi 
Brook, placing some doubt on the viability 
of pre·European riparian vegetation associ~ 
ations under present day conditions in 

these areas. However, the sections of the 
Brook examined in this study are not yet 

incised and erosion is minimal. TIlerefore, 
in these areas, the inclUSion and evaluation 
of the recommended species from the 
original vegetation community in trial 
planting operations will advance stream 
bank revegetation projects on upper 
Wollombi Brook. 

Furthermore, this study provides a 
method applicable to the wider field of 
vegetation restoration. In most situations, 
practitioners use remnant species Within 
an area or adjacent undisturbed catch
ments for species selection or to set the 
goals of any restoration. TIle use of palyncr 
logical techniques may, however, find its 
greatest application in more degraded land· 
scapes where remnants are not available. 
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Appendix I. Taxa recorded in the palynology of the upper Wollombi Brook and their likely taxonomy, life form and habitat 

Taxa recorded Family likely species life form Likely habitat and ecology 
Acacia Mimosaceae A. decurrens Small tree Open forest 

A. floribunda Tree Open or closed forest. Mainly on rivers. 
A. parramettensis Shrub Woodland 

Acmena Myrtaceae Acmena smithii Tree Closed forest/rainforest, usually in sheltered 
gullies and along watercourses. 

Angophora Myrtaceae Angophora floribunda Tree Open or closed forests. Alluvial flats. 
Asteraceae (JigJ Asteraceae Many species'" Forbs Common in disturbed areas, especially 

agricultural areas, 
Asteraceae (tub,) Asteraceae Many species Forbs Wide habitat 
Casuarina Casuarinaceae Casuarina cunninghamiana Tree Common on riverbanks 
Chenopodiaceae Chenopodiaceae Einadia spp. Herbs Open forest and rainforest gullies 
eyathea Cyatheaceae Cyathea australis Treefem Gullies. in closed forest and rainforest 

Cyathea cooped 
Cyperaceae Cyperaceae Many species Sedges and rushes Marshy ground. Associated with swamps and 

watercourses. 
Eucalyptus type Myrtaceae Many species Trees Forest and woodland 
Gonocarpaceae Haloragaceae Gonocarpus micranthus Forb Marshy areas 

G, teucrioides Forb Marshy areas and closed forest 
Lauraceae Lauraceae Cryptocarya glaucescens Tree Rainforest and sandstone gullies 

Endiandra spp. Trees Rainforest and wet, closed forest 
Leptospermum Myrtaceae Leptospermum phylicoides Shrub Open forest and along streams 

L. po/ygafifolium Shrub Moist woodland and along streams 
L. lanigerum Shrub Closed scrub along streams and marshes 
L. brevipes Shrub Open forest and along streams 
L. emarginatum Shrub Always near streams 

Mela/euca Myrtaceae Melaleuea linarfifolia Tree Open and closed forest. Marshy areas 
M. styphelioides Tree Swampy places, near creeks 

Monolete spores Fem families Many species Ferns Generally assOCiated with moist areas 
Myriophyllum Haloragaceae Myriophyllum aquaticum* Aquatic herbs Swamps and water edges 

M. variifolium 
Plantago Plantaginaceae Plantago lanceo/ata" Forb Moist forest, grassland and usually many 

other species associated with agricultural 
pasture 

Poaceae Poaceae Many species Grasses Wide habitat 
Pteridium Dennstaedtiaceae Pteridium esculentum Fern Invasive, wide habitat. often colonizing 

disturbed sites 
Ranunculaceae Ranunculaceae Ranuncu/us plebeius Forb Damp. marshy environments 

R. lappaceus Forb Damp, marshy environments 
R. inundatus forb Aquatic 
R. repens'" Forb Marshy environments 

Restionaceae Restionaceae Many species Rushes Wet places, usually associated with swamps 
and riverbanks 

Rumex Polygonaceae Many species* Herb Swamps or dry land 
Syncarpia Myrtaceae Syncarpia glomulifera Tree Moist forest, particularly in tranSition zone 

between Eucalypt forest and rainforest. 
Trilete spores Fern families Many species Ferns Mostly associated with moisture 
Tristaniopsis Myrtaceae Tn'staniopsis laurina Tree Riverbanks. Often with Acmena smithii 

"'Indicates that the species in question is Introduced. 
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Two proxy records revealing the late Holocene fire history 
at a site on the central coast of New South Wales, Australia 

SCOTT. D. MOONEY* AND EMMA L. MALTBY 
School of Biological, Earth & Environmental Sciences, University of New South IWtles, Sydney, NSW 
2052,Australia (Email: s.mooney@unsw.edu.au) 

Abstract: The local fire history of a coastal swamp catchment in New South Wales was reconstructed using two 
pro::-..'Y records of fire: sedimentary macroscopic charcoal and tire-scar analyses of Xanthorrhoea jolmsoni£. The 
charcoal analysis provided a record of fire activity spanning the last 2800 years, while the .tYanthorrhoea record 
covered the last approx. 300 years. The ability of each method to accurately record fire events was verified by cross 
referencing against the recent (post 1968) historic fire record. Fire history was then eAlrapolated beyond the 
historic record, to reveal an unprecedented level of fire activity in the last 35 years, which coincides with increased 
hwnan activity in the area. In the prehistoric period charcoal and fire scars are comparatively rare, which is most 
parsimoniously ascribed to little fire activity, but perhaps represents skilful fire manipulation, as is often attributed 
to Aboriginal people. The comparatively minor fluctuations in macroscopic charcoal during the prehistoric period 
were approximately coeval with previous evidence of late Holocene environmental change in south-eastern 
Australia, suggesting that fire frequency at the site responded to climatic variability. The longer temporal 
perspective of this palaeoenvironmental approach provides information for the contemporary management of fire 
in this conservation reserve. 

Key words: charcoal, coastal New Somh Wales, fire history, fire-scar analysis, Holocene. 

INTRODUCTION 

Altered fIre regimes are one of a multitude of adverse 
environmental impacts associated with European set
tlement (Adamson & Fox 1982) and fire is a fun
damental tool of conservation and management in 
the Eucarypnts-dominated vegetation communities of 
south-eastern Australia. The management of fire is 
also one of the most contentious environmental issues 
in Australia, with conflict stemming from perceptions 
of the history and role of anthropogenic fire in Aus
tralia, and the divergent objectives of conservation and 
risk minimization tlrrough hazard reduction burning 
(Morrison et al. 1996). 

It is widely believed that Aboriginal people fre
quently used small, low-intensity fires within a defined 
fire season in south-eastern Australia Gones 1969; 
Recher & Christensen 1981; Horton 1982; Clark & 
McLoughlin 1986; Pyne 1991; Kohen 1996; Bowman 
1998; Gott 2005). The 'fire-stick farming' thesis devel
oped by Jones (! 969) described that broadcast fire was 
primarily used to increase the availability of resources, 
either by manipulating vegetation or as an aid for 
hunting animals (Nicholson 1981). Whether the use 
of fire by Aboriginal people resulted in lasting vegeta
tion change is a contentious issue (Bowman 1998). 
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Fire~stick farming is a popular, but largely 
untested, paradigm. Gill (1977) cautioned that the 
idea that Aboriginal people used fire frequently 
'should not be generalized over the whole continent'. 
Horton (1982) also questioned whether fire does in 
fact increase resources in many Australian ecosys
tems. Benson and Redpath (1997) argued that per
ceptions concerning Aboriginal burning practices are 
inaccurately based on e).:trapolated and biased evi
dence. Others have emphasized that Aboriginal activ
ities operated within the wider conte"-."ts of climate 
change, other environmental constraints and varied 
due to changes in population density and technology 
(Clark 1983; Head 1989; Williams & Gill 1995; Black 
& Mooney 2006). 

Ideas about prehistoric anthropogenic fire in Aus
tralia have also permeated natural resource manage
ment with suggestions that high-frequency fires are 
required to re-create grassy, open-woodland vegetation 
communities that they propose were widespread 
in humid Australia prior to European settlement 
(Flannery 1994; Ryan et al. 1995; Jurkis 2000). This 
argument has also been subsequently applied by 
land managers to support claims for land-clearing 
(Henderson 1999; National Association of Forest 
Industries 2003). 

The Australian flora has developed a wide range of 
responses to fire over evolutionary time periods such 
that fire is essential for regeneration and germination 

for many Australian species (Gill 1981; Hodgkinson 
et al. 1984; Keith 1992; Bradstock et a1. 2002). Gill 
(1977) first proposed that vegetation is not simply 
adapted to fire, but rather is adapted to a specific fire 
regime, consisting of the type (peat or above-ground), 
intensity, frequency and season of occurrence of fire. 
The post-fire response of a community is determined 
by the cumulative effects of the interdependent com
ponents of a fire regime (Bradstock et aI. 1995, 1998; 
Keith 1996; Morrison et al. 1996). Observations sug
gest that a heterogeneous fire regime at the landscape 
scale is optimal for the conservation of species and 
community diversity (Gill & Nicholls 1989; Bradstock 
et al. 1997). 

Fire ecology studies are fundamental to the devel
opment of appropriate fire regimes, but as they are 
limited to observational and short-term experimen
tation, their contribution to understanding pre
European fire regimes, variability and long-term 
change are limited. A longer temporal perspective is 
most commonly achieved by either tree-ring analyses 
or, more commonly in Australia, by way of charcoal 
analyses of lake and swamp sediment cores (Kershaw 
et al. 2002). Whereas previous reviews have highlighted 
ambiguities (Bowman 1998), advances in methods 
and statistical procedures have significantly enhanced 
the information derived from the analysis of sedimen
tary charcoal (Clark & Royall 1995; Whitlock & 
Millspaugh 1996; Long et al. 1998; Rhodes 1998; 
Millspaugh et al. 2000; Carcaillet et al. 2001; Gardner 
& Whiclock 2001; Hallett et a1. 2003). 

Despite several limitations to the use of dendrochro· 
nology for the elucidation of fire history in Australia 
(Ogden 1978) studies using members of the family 
Xanthorrhoeaceae suggest considerable potential. 
.t'{anthorrhoea is a monocot genus with some arbores
cent species. They are often common across Australia, 
considered fire tolerant and resprour after fire (Gill 
1981; Bradstock etal. 1997). Using a known prepon
derance to flower after fire, Lamont and Downes 
(1979) and Bulow-Olsen et al. (1982) reconstructed 
fire histories from patterns of flower scars on the cau
dex of Xamhorrhoca preissii and Xanthorrhoea johnsollii, 
respectively. Ward et al. (2001) and Colangelo et al. 
(2002) extended this usefulness by describing the 
preservation of black bands (hereafter 'fire scars') 
associated with the passage of fire in popUlations of 
X preiss':i in south-western Australia. 

This study investigated the late Holocene fire his
tory of a catchment on the central NSW coast. Two 
methods were investigated, the quantification of char
coal in a dune swamp and the detection of tire-induced 
scars on Xanthorrhoea in the catchment of this swamp. 
To test these methods, the results were compared with 
the known fire history of the area. The overall objective 
was to examine the recent history of fire against a 
longer temporal perspective. 

© 2006 Ecological Society of Australia 
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SITE DESCRIPTION 

Myall Lakes National Park (MLNP) is located on the 
central coast of NSW, approximately 230 km north of 
Sydney (Fig. 1). The study site, located at 32°31'S, 
152°20'E, is a previously unnamed perched dune 
swamp and its catchment, herein referred to as Worimi 
Swamp, named after the original inhabitants of the 
area. It is found at 377033 on the Bombah Point 
1:25 OOOTopographic mapsheet at approximately 8 m 
a.s.!. (LP! 2001). 

This section of the NSW coastline is characterized 
by Pleistocene (Inner) and Holocene (Outer) age 
sand barriers, associated with sea level rises during 
the Last Interglacial and Post-glacial Marine Trans
gression, respectively (Thorn er al. 1981, 1992). 
Worimi Swamp is located at the eastern edge of the 
Pleistocene inner barrier of the Eurunderee coastal 
embayment. 

Vegetation on the sands of the inner barrier is con
trolled by edaphic conditions, influenced by age, mode 
of origin and topography, drainage, nutrient status 
and degree of podzolization (Myerscough & Carolin 
1986; Thorn et a1. 1992). Drier AngophoralEucalypt
dominated forest occurs on the better-drained sands 
of the ridge crests, and swamp forest and wet heath 
frequently occur in swales and flatter areas. The vege
tation communities covering over 60% of MLNP are 
highly pyrogenic (National Parks and Wildlife Service 
(NPWS) 2002a) and fire regimes influence commu
nity structure, floristic composition and species rich
ness (Fox & Fox 1986; Myerscough & Carolin 1986; 
Fox 1988; Hunter 2000). 

Worimi Swamp occupies a deflation hollow and is a 
permanently waterlogged Lepl:ronia swamp, fringed 
with Melaleuca quillquenervia: Its catchment is small 
(approx. 0.5 km') and the low-relief, leached dunes 
are vegetated with sclerophyll open forest dominated 
by Angophora costata, EucaIytpus gunl1J1ijicra, Eucalyt
pus p1'lularis and Euca£vtpus robusta (Timms 1982; 
Myerscough & Carolin 1986; Thorn et al. 1992). Xan
thorrhoea johnsonii (Lee 1966) (possible hybrid with 
Xa.nthorrhoea latifolia) occurs as scattered individuals 
in the catchment. 

MLNP has a humid temperate climate. Although 
more than 70% of all recorded bushfires have 
occurred in spring, the fire season may e}."tend to 
March depending on rainfal1. The most extreme fire 
weather occurs from August to October, when 
strong westerly winds correspond with the driest 
time of the year (NPWS 2002a). MLNP occurs in 
Fire Region 11, which has a fire interval of 5-
15 years. Inappropriate fire regimes and high fire fre
quency have been identified as significant threats to 
biodiversity in the area to the east of Myall Lake, 
which encompasses Worimi Swamp and its catch-
ment (NPWS 2002b). . 
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Fig. 1. The location of\Vorimi Swamp and the study sites at Myall L'lkes National Park. 

The Worimi people were the original inhabitants of 
the MLNP region (Garland & Wheeler 1982). Abun
dant natural resources, a favourable climate and per
manent freshwater probably supported a relatively 
large Aboriginal community (Garland & Wheeler 
1982; Hunter 2000; NPWS 2001). Abundant evi
dence of their occupation includes campsites, ceremo
nial sites, middens, canoe trees, stone arrangements, 
several wells, a fish trap, rock carving and quarries 
(NPWS 2002b). 

The use of fire has been suggested to be a funda
mental aspect of the Worimi people's lifestyle (Hunter 
2000; NPWS 2002b) and the MLNP Plan of Man
agement states that the Worimi 'altered their natural 
environment through the use of fire' (NPWS 2002b). 
Hunter (2000) suggested that their intermittent firing 

of the landscape increased the abundance of several 
species of grasses. This is a common interpretation of 
Aboriginal fire management and subsequent vegeta
tion change but in reality the nature and consequences 
of their management of fire is poorly known. Our 
understanding ofWorimi culture is primarily based on 
early European ethnographic records, which occurred 
during a period of significant disruption. 

The first Europeans in the MLNP region were 
escaped convicts and timber getters, the latter arriving 
from Newcastle in 1816 (Garland & Wheeler 1982). 
By the 1820s the extraction of commercial timbers was 
causing significant vegetation change (Wright 1991; 
NPWS 2002b). The population of Gloucester Shire 
doubled during the 18305 and at about the same time 
the traditional lifestyle of the Worimi people ended in 
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what is now the southern section of MLNP (Garland 
& Wheeler 1982; NPWS 2002b). 

Timber milling, fishing, boat building and small 
scale farming continued in the region from the 19th 
and into the 20th century. Sand mining operations 
began in 1957 on the barrier system east of Myall 
Lake (NPWS 2002b) and coupled with the earlier 
timber gathering led to a network of unofficial tracks 
and roads in MLNP (York 1989; Wright 1991; 
Hunter 2000). The ecological, scientific and recre
ational value of the Myall Lakes region were officially 
recognized in 1972 when 15000 ha on the eastern 
side of the Myall Lake (encompassing Worimi 
Swamp) was gazetted as National Park. Mining oper
ations ceased entirely in 1986 and subsequent land 
acquisitions have added to the still expanding 
National Park (NPWS 2002b). 

METHODS 

Worimi Swamp and its catchment are suitable for the 
purposes of this study as it was inhabited by a relatively 
large Aboriginal population and has not witnessed sig
nificant disturbance in the post-European period. Fur
thermore, the catchment is small, no watercourses 
flow into or out of the site, and the vegetation is 
primarily composed of shallow rooted sedges. These 
factors suggest that the swamp's sedimentary proflle 
should primarily reflect changing land management 
practices from the Aboriginal to European periods. As 
Xamhorrhoea are also located in the catchment, the 
site provided an opportunity to compare the results of 
a fire-scar analysis with the sediment record, without 
compounding influences caused by distance. 

Several short sediment cores of less than 1 m were 
extracted using a Russian D-section corer (Jowsey 
1966) from two locations on the swamp (Location I 
(Ll) and Location 2 (L2) on Fig. I). Each core was 
described (Kershaw 1997) and digitally photo
graphed. Two depth intervals, 31-36 and 60-65 cm, 
from the Ll site, were submitted for radiocarbon dat
ing and the results were used to estimate the rate of 
sediment accumulation. 

The organic proportion of continuous l-cm inter
vals of a core from site L2 was quantified using 10ss
on-ignition (LOI) as outlined in Bengtsson and Ene11 
(1986). Variations in the organic versus inorganic 
proportion of sediment at Worimi Swamp generally 
reflects stability or disturbance of the catchment 
(Mackereth 1965, 1966) with the organic fraction a 
measure of autochthonous primary productivity and 
the inorganic material resultant from wind or water 
transported sand. Subsamples were oven-dried (at 
105°C for 24 h), then placed in a muffle furnace (at 
550°C for 2 h) and LOI calculated as grams of organic 
content lost per gram of oven-dried sediment (g g-I). 
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The abundance of sand in the sediment at site L2 was 
also estimated using an ordinal scale. 

Charcoal analyses, using a modified Oregon Sieving 
Method (Long etal. 1998; Mooney & Radford 2001; 
Mooney & Black 2003) were conducted using contig
uous 1 em sUbsamples of sediment from both site LI 
and L2 on Worimi Swamp. Volumetric subsamples 
from site LI were placed in a 12% solution of bleach 
for 18 h and those from L2 were similarly treated with 
6% bleach (following Rhodes 1998; Carcaillet et aZ. 
2001). The samples were then wet-sieved using a 250-
!Jm mesh and high-resolution digital images of the 
collected material taken. The abundance (no. cm-3), 

area (mm2 cm-3) and maximum area (mm2
) of char

coal in each sample were calculated using Scion 
Image (Mooney & Black 2003). As only core Ll was 
(radiocarbon) dated, charcoal accumulation rates 
(cm:> cm-2 year-I) were calculated for that core. 

The Charcoal Analysis Program (CHAPS), described 
by Long et at. (1998), was used to estimate fire fre
quency through time. CHAPS uses charcoal influx from 
evenly spaced time intervals (CHAR) and identifies 
catchment fires as peaks above a threshold. CHAR 
below this threshold does not reflect specific fire events 
but is washed into a sedimentary proflle with other 
allochthonous material. Details of the historic fire 
record, obtained from the NPWS GIS database for 
MLNP, were used to calibrate peaks in the charcoal 
influx data with actual fire events, a method based on 
Hallet and Walker (2000). A locally weighted mean 
width of 3 x 25 years was selected for calculating the 
background component of the charcoal accumulation 
data and a threshold of 1.1 was selected for determin
ing influ.'X peaks. This meant that any 3-year average 
influx value that exceeded the 75-year background 
influx by more than 1.1 was identified as a fire event. 

The Xallthorrhoea fire-scar analysis was undertaken 
on 14 individual specimens in the northern part of 
the Worimi Swamp catchment (Fig. 1). These were 
chosen on the basis of single, relatively straight cau
dexes. Using methods described by Bulow-Olsen et aZ. 
(1982) and Ward etal. (2001), the outer caudex was 
cleaned to expose a series of dark bands identified as 
'fire scars' and reddish, resin-filled areas identified as 
'flower scars'. These were measured on each Xallthor
rhoea. specimen as distance down from the base of the 
living leaves at the crown as this represented a com
mon age among the analysed specimens. 

From the field measurements, scar graphs were 
produced for all 14 specimens, depicting the location 
and width of all identified fire and flower scars. The 
fire and flower scar data for the entire sampled pop
ulation were then collated onto a master diagram. 
To reduce the potential influence of differing growth 
rates between individuals, these population data 
were combined into (fire and flower) scar frequency 
over contiguous 3-cm height intervals and then 



686 S. D. MOONEY AND E. L. MALTBY 

expressed as a percentage of the total number of 
specimens. This method accounts for the fact that as 
distance from the crown increased the number of 
specimens decreased (Le. tall specimens were rela
tively rare). Where the frequency of fire scars across 
the population was high, this was more confidently 
interpreted as a fire-event. Bivariate correlations 
using Spearman's rho correlation coefficient were 
calculated using the statistical package SPss (Version 
11.0 for Windows, SPSS Inc., Chicago, IL, USA), to 
better characterize the relationship between distance 
from the crown and the frequency of scars (fire, 
flower and combined). 

In Xanthorrhoea, height is a function of age (Gill & 
Ingwersen 1976), and hence to provide an estimate of 
the age (and frequency) of past fire-scaring events it 
was necessary to develop an age-height relationship. 
Six samples for Accelerator Mass Spectrometry 
(AMS) radiocarbon analyses were e::-..1:racted from two 
specimens from known distances down the caudexes. 
Three samples were taken from Specimen East A at 
4S-51, S3-S5 and 116.S-11S.S cm and three samples 
from Specimen !l?,;st 15 at 251-253, 315-31S and 
370-372 cm. These samples were submitted to the 
Australian Nuclear Science and Technology Organiza
tion (ANSTO) Environment Laboratory in Sydney for 
AMS radiocarbon dating. 

The ANSTO 14C results, in radiocarbon years BP, 
were subsequently calibrated to calendar years using 
the ThlTCAL 98 calibration program (Stuiver et al. 
1998). When graphed, a relationship was derived for 
the age-height data. This method assumes a constant 
growth rate within and between the 14 individuals 
which is unlikely to be entirely valid, suggesting some 
caution in assigning ages to individual fire scars. 

RESULTS 

Recent (historic) fire records 

Since 1968) bushfires have occurred within MLNP 
every fire season with an average of 6.4 fires burning 
on average 1691 ha each year (NPWS 2002b). Arson 
and unknown causes accounted for 81 % of ignition 
for non-prescribed fires. Prior to 1984) landholders, 
graziers, timber-getters and fishers deliberately lit fires 
in the area (NPWS 2001). Since then the NPWS have 
conducted 32 controlled burns mainly in autumn 
(NPWS 2002a). 

Ten fires have occurred within a 1-km radius of 
the catchment of Worimi Swamp in the last 36 
years (Table 1), seven of which have burnt within the 

Table 1. The recent (1946-present) historic fire record for Worimi Swamp and its catchment as recorded on the National 
Parks and \Vildlife Service (NP\VS) fire database (NP\VS 2003) 

Fire Season Area burntt (ha) -_ ... _ ..... -... _._----_._.-.... _ ...... __ .. -._._ ..... 
1968-69 10809 

1974-75 3039 

1977-78 279 and 293 

1980-81 566 

1981-82 313 

1985 52 

1987 778 

1990 1472 

1994 1743 

1997 4176 

Location and comments 

A wildfire that burnt the entire Barrier System* on the eastern side of Myall Lake from 
Bombah Broadwater to Seal Rocks. This fire burnt in the catchment of \Vorimi Swamp 
and should have impacted upon the sampled Xanthorrhoea. 

A wildfire that burnt from northern perimeter of\Vorimi Swamp to Seal Rocks. This fire 
did not directly impact on the catchment of\'Vorimi Swamp. 

These two wildfires burnt near \Vorimi Swamp, however, while fire probably occurred in 
the catchment, the sampled Xanthorrhoea popUlation may have been unaffected. 

This wildfire burnt the \'\Torimi Swamp catchment and the sampled Xanxhorrhoea 
population. 

This wildfire burnt an area to the north-east of\Vorimi Swamp and so did not directly 
impact the study area. 

This was a prescribed fire located to the east of Seal Rocks Road, approximately 1 km north 
of\'Vorimi Swamp. 

A wildfire that burnt to the north-east of\\7orimi Swamp on the eastern side of Seal Rocks 
Road. 

\'Vildfires burnt the Barrier System west of Seal Rocks Road and other areas of the park. 
This fire burnt in the catchment of\'\Torimi Swamp and the sampled XanthorrllOea. 

Extensive wildfire on the Barrier System from Mungo Brush west to Bombah Point and 
north to Palmers Bay. This fire burnt both the catchment of\'<!orimi Swamp and the 
sampled Xanthorrhoea. 

Extensive wildfire that consumed the vegetation of the entire Barrier System, including the 
catchment of\'Vorimi Swamp and the sampled Xanthorrhoea. 

t<Area burnt' refers to the burn areas affecting \'Vorimi Swamp and its catchment. The area of coincident burns in the Park 
are not reported here. 

:I:<Barrier System' refers to the Dual Barrier System Geomorphology Unit on dl'= eastern side of Mynll Lake ([hom e.x af. 
1992). 
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catchment, and the X. joll1lsollii population has burnt 
at least five, possibly six times over this time period. 
The catchment scale fire interval of this historic period 
ranges from 3 to 10 years, with an average frequency 
of 5 years. 

Sediment analysis and chronology 

The sediment cores used in this study had a similar 
composition. They were relatively homogenous with 
diffuse boundaries and little stratification. The surface 
of the sediment from L1 contained fine root and other 
organic material and visible charcoal bands at 3-4 
and 4.5-5.5 cm. Fine organic material was present 
throughout each core but decreased with depth as the 
bulk density, humification and sand content increased 
CFig.2). 

The results of the 14C dating analyses (fable 2) were 
used to construct the age-depth relationship of the 
sediment (Fig. 3). Where ages are reported in the text 

{a} {b} 

Fig. 2. The loss-on-ignition (a) and the sand content of 
core L2 (b) from \'Vorimi Swamp. The material lost on igni
tion approximates the organic content of the sediment. 
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they are based on a quadratic polynomial fitted 
through these data and the surface of the sediment. 
This age-depth model suggests that the 95 cm 
analysed in core L1 represents approx. 2816 calibrated 
lllC years. The age-depth model implies that the 
accumulation rate of the sediment increased 
from 0.017 cm year-I at the base of the core (approx. 
95 cm) to approx. 6.8 em year-1 at the surface, mean
ing that the temporal resolution of the analyses 
increased markedly towards the surface of the sedi
ment. For example, the depth 94-95 em represented 
60 years of sedimentation, 44-45 em represented 
28 years and 1-2 cm represented O.S year of sediment 
accumulation. 

Charcoal analyses 

The trends in the concentration of charcoal (expressed 
as mm2 cm-.3) for the cores extracted from different 
locations on the swamp were similar although differ
ences in abundance were apparent (Fig.4a,b). At 
Worimi Swamp the changing sedimentation rate meant 
that charcoal was best expressed as an accumulation. 

Calendar Year (AD) 

W16194: 

Depth (cm) 

Fig. 3. The age-depth relationship of the sediment at 
\'\Torimi Swamp. 

Table 2. The results of the 14C dating analyses of the sediment from Worimi Swamp 

Depth Radiocarbon Intercept of l~C age with Laboratory 
(em) years (±SE) BP calibration curve (lcr calibrated results)t 

... -.--~-.. -------.----.-------... - ............ _._,-_ .. _ .......... _--_._ ... _-._ .. -_._ ........ -.. _ . 
31-36 260 (±60) AD 1650 (AD 1525-60, 1630-65) ~-181941 

60-65 1260 (±50) AD 765 (AD 685-795) ~-181942 

tSamples were calibrated to calendar years using Stuiver ct al. (1998). 
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Fig. 4. Various measures of the fire history of the \Vorimi Swamp catchment: (a) Charcoal expressed as a concentration (using 

no. cm-j
) from core L2 prepared using 6% bleach; (b) charcoal expressed as a concentration (using no, cm-3

) from core Ll 

prepared using 12% bleach; (c) the concentration of charcoal in core Ll, expressed as an area Cmm2 cm-3
); Cd) the maximum 

particle area of charcoal (mm2) for core Ll; and (e) charcoal expressed as a rate of accumulation (mm cm-2 year-I) for core 

Ll. The line shows the same data with a 20x exaggeration. 

The influx of charcoal was generally low in the core 

with the exception of the uppermost 11 cm (Fig.4e), 

which represented the period since AD 1966 (Fig. 3). 

Although charcoal influx was relatively low below a 

depth of 11 cm, it was slightly elevated in the core 

between 37 and 61 cm and above 30 em (Fig.4e), 

representing c. AD 825-1570 (380-1125 calibrated 

years BP) and after c. AD 1720, respectively (Fig. 3). 

When the inferred fire frequency was calculated 

using the CHAPS program for core Ll the resulting 

frequency covering the last 35 years exceeded six fires 

per 99 years (Fig. 5) which is less than, but not 

strongly divergent from the known frequency (NPWS 

2003). Notably, the inferred fire frequency of the 

period post-dating c. AD 1970 exceeded any other 

period of the analysed approx. 2800 years (Fig. 5). 

Other periods of higher fire frequency were inferred 

between about AD 1500 and 1600, AD 1113-1213,AD 

798-898, AD 204-304 and in the first century AD. 

Where the fire frequency was zero, between AD 404 

and 746 and in the analysed BC period (1-866 BC), 

fire-free periods were inferred. 

Xanthorrhoca age and fire-scar analysis 

The AMS dating of the X. johnsonii caudexes 

confirmed that the Worimi Swamp population is long-

lived (Table 3). As conversion of these ages to calendar 

years resulted in multiple intercepts with the radiocar

bon calibration curve, we used the principle of super

position (greater distances down the caudexes must 

have been older) and previous estimates of Xamhor~ 

rhoea growth rates (Gill & Ingwersen 1976; Lamont & 

Downes 1979; Bulow-Olsen et al. 1982) to determine 

which were probable. 
As the growth rate of Xanthorrhoea is likely to vary 

over time in response to fires and flower production, 

the relationship between height and age was described 

using a polynomial (Fig. 6). Given the relatively large 

errors associated with the dating results (Table 3), 

this method provides only a coarse estimate of the age 

at any distance down the caudexes. Based on the 

height-age relationship the tallest specimen analysed 

(292 em) was approx. 304 years old. 

The cleaned Xanthorrhoea caudexes revealed 

numerous fire scars, usually of approx. 1 em, which 

became more obvious with some minor enhancement 

of the digital images. Flower scars were also obvious, 

varied between 1 and 5 cm in width and were often 

located below a bend in the caudex. A high proportion 

of fire scars (44 of 118, or 37%) was found within 

40 cm of the crown (representing the last approx. 

40 years) with the majority of the analysed specimens 

recording few scars in the lowermost 40 cm (Fig. 7). 

Very few fire or flower scars were recorded below 2 m; 
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however, it should be noted that only five of the 14 

specimens attained this height. The lower sections of 

these taller specimens were often weathered and fur

rowed making identification of scars difficult. 

fir.: (re-Qut'ncy ([1.0:99 year:\o'i 

500 
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Fig. 5. The inferred frequency of fire through time. 
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Higher incidences of fire scars occurred at 12-

30 em (about 1973-91),39-42 em (about 1961-64), 

48-57 em (about 1946-55), 60-63 em (about 1940-

43), 69-72 em (about 1931-34), 75-78 em (about 

1926-29) and 114-116 em (about 1844-48) (Fig. 7). 

The pattern of scarring on individual specimens 

between 12 and 30 cm and 48-63 cm suggested mul

tiple fires in those corresponding time periods. Flower 

scars were more frequent at 39-42 cm (about 1961-

64), 51-54 em (about 1949-52), 66-69 em (about 

1934-37), 81-84 em (about 1920-23), 99-102 em 

(about 1902-05), 114-117 em (about 1844-48), 126-

132 em (about 1827-34), 168-171 em (about 1788-

90) and 213-216 em (about 1748-51). 

Although there was a weak correlation between the 

incidence of fire and flower scars along the caudex 

(r~;;: 0.147, P ~ 0.01), the patterns of fire and flower 
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Fig. 6. The age-height relationship in the sampled popu

lation of Xanthorrhoea. The y-a.'Xis ('Distance') represents the 

distance down the caudex from the lowest green leaf. 

Table 3. The results of the 14C Accelerator Mass Spectrometry (AMS) dating analysis of the samples from the XanthorrllOca 

caudexes 

Specimen Distance down Radiocarbon years Calibrated calendar Laboratory 

ID caudex (cm) (BP) (±SE) years (lcr)t code 

-----_._---------_._-_._----_ ... .---------
East A 48-51 Modern Post 1950 OZG569 

East A 83-85 125 (±40) 1920 (1872-1953) OZG570 

East A 116.8-118.8 130 (±40) 1810 (1802-1891) OZG571 

\'{!est 15 251-253 130 (±40) 1729 (1676-1764) OZGS06 

\V'est 15 315-318 125 (±40) 1728 (1677-1760) OZG807 

\'{!est 15 370-372 180 (±40) 1673 (1662-1685) OZG808 

tSamples Were AMS radiocarbon dated at Australian Nuclear Science and Technology Organization Laboro.tories in Sydney 

(see Lawson ct al. 2000) and calibrated using Stuiver et al. (1998). 
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Fig. 7. The cumulative incidence of fire and flower scars 
in the sampled Xanthorrhoca. 

scars were often not synchronous (Fig. 7). For exam
ple, the high frequency of flower scars at 81-84 em 
and 126-132 em were not associated with fire scars, 
but between AD 1844-48, 1949-52 and 1961-64 fire 
scars corresponded with flower scars. Of particular 
notc, the upper sections of the analysed caudexes 
revealed very few flower scars, despite numerous fire 
scars. As an example, 37 fire scars were found in the 
upper 30 em (since c. 1973) of all specimens, but only 
two flower scars were revealed over the same section 
(Fig. 7). 

DISCUSSION 

In this study two methods were employed to recon
struct fire history in the catchment ofWorimi Swamp: 
(i) quantification of macroscopic charcoal from a sed
iment core extending back approx. 2800 years; and (ii) 

analysis of fire and flower scars on the caudexes of 
X johllsonH adjacent to the swamp spanning approxi
mately 300 years. 

Verification of the charcoal and Xanthorrhoea 
records 

Comparing recent historic fires with the proxies 
derived from the sedimentary charcoal and the Xan
thorrhoea fire scars allowed verification of the methods 
and facilitates interpretation beyond the historic 
record (Edwards & Whittington 2000). This was ham
pered, however, by the short interfire intervals of the 
historic record (Table I) and the resolution of the 
analysis. 

Nonetheless, the recent charcoal accumulation in 
the sediment ofWorimi Swamp and the frequency of 
fire scars in the Xamhorrlzoea population of the catch
ment shared a distinct overall pattern. In the period 
since about AD 1970 fire appears to have increased in 
frequency. The dramatic increase in charcoal accumu
lation from a depth of 11 cm in core Ll also corre
sponded well with the fire of 1968-69. The fire-free 
period of the 1980s was also associated with a dip in 
the accumulation of charcoal (centred on approx . 
6 cm) and the most recent fires (1990-91, 1994-95 
and 1997-98) corresponded to e)."tremely high maxi
mum charcoal particle areas and the highest charcoal 
accumulation, evident between 2 and 5 cm in core Ll. 

The peaks in the Xanrhorrhoea fire-scar data were 
also associated with historic fires. As an example, the 
peak in fire scars at 39-41 cm corresponded to 1961-
64 using the height-age model and so may have rep
resented the 1968 catchment fire. The decrease in fire 
scars between 30 and 39 em correlated well with the 
recorded 10-year fire-free period between 1968 and 
1977 (NPWS 2003) and subsequent fire-scar peaks 
fitted the 1977-78 (27-30 cm), 1980-81 (24-27 cm), 
1990-91 (18-21 cm), 1994-95 (15-18 cm) and 
1997-98 (12-15 cm) fires. This suggested that the 
height-age model used overestimated the age at any 
height in the recent past by 5 or 6 years. 

These results suggested that both the fire-scar anal
ysis of X. jolmsollii and the sediment charcoal record 
accurately revealed recent fire events at Worimi 
Swamp. 

The late Holocene fire history at \Vorimi Swamp 

During the prehistoric period fire activity in the 
Worimi Swamp catchment appeared to be relatively 
low, with fire frequencies rarely greater than four 
events per century. Furthermore, this fire may not 
reflect anthropogenic activity, as two fires have been 
attributed to lighming in MLNP since 1968 (NPWS 
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2002a), suggesting that lightning alone could explain 
the prehistoric fire frequency. 

As the rationale for the use of broadcast fire by 
Aboriginal people is most often ascribed to the manip
ulation of resources, the characteristics of these at a 
site are of paramount importance. Broadcast fire is 
most commonly associated with the hunting of larger 
animals such as macropods or emus (Flood 1987) 
although Gott (I982, 2005) also highlighted the use 
of fire to encourage the growth of various plant 
resources. At Worimi Swamp it is possible that the 
infrequent burning regime of the Aboriginal period 
may reflect the abundant marine and freshwater food 
resources from the nearby lakes and coastal areas. This 
suggestion was also forwarded by Mooney e[ al. (2001) 
when discussing the relative rarity offire in the prehis
toric period at a coastal location in Royal National 
Park to the south of Sydney. 

It is also plausible that the low influx of charcoal to 
Worimi Swamp during the prehistoric period may have 
resulted from Aboriginal cultural practices such that 
fire may have been confined to relatively small patches 
within the catchment at anyone time or even to indi
vidual Xamhorrhoca. In this case the charcoal record 
may reflect the spatial extent of fire, with 'mosaic' or 
'patch' fires represented by little charcoal accumula
tion in the prehistoric period and large conflagrations 
in the historic period represented by much greater 
charcoal accumulation. It should be emphasized, how
ever, that only charcoal larger than 250 ~ was quan
tified herein which should predominantly reflect fire 
at small spatial scales. Several overseas studies have 
related the size of charcoal particles (but not the quan
tity) to the distance between the fire and the deposition 
site (Clark & Royall 1995; Millspaugh & Whitlock 
1995; CarcaiIlet ct aL 2001). Nonetheless, this hypoth
esis warrants further testing in Australian settings. 

Although the accumulation of charcoal was low dur
ing the prehistoric period, there was more flre activity 
in the early AD period, and in the eighth, 12th and 
early 16th centuries AD. More frequent or intense fire 
may reflect climatic instability (Green 1982; Edney 
et al. 1990; Jenkins & Kershaw 1997; Haberle et al. 
2001), or changes in Aboriginal population density, 
technology or their land management practices near 
Worimi Swamp. As a further complication, changes 
in fire activity may also have been a respmL~e from 
the Aboriginal population to any climatic change, 
reflecting, for example, vegetation change and hence 
changed resource availability or flammability. 

At Worimi Swamp there was evidence for a period 
of increased fire activity between the very late Be 
period and c. AD 450, seen most clearly in the maxi
mum particle area between 70 and 80 cm (Fig. 4d) 
and the peak in fire frequency (Fig. 5). Environmental 
change between approx. 2000 and 1700 BP has been 
suggested in previous palaeoecological studies in 
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south-eastern Australia, including from Tasmania 
(Cook etal. 2000), Victoria (Dodson 1974; De 
Deckker 1982; D'Costa er al. 1989; McKenzie & 
Kershaw 1997; Mooney 1997), Barrington Tops in the 
northern tablelands ofNSW (Dodson et al. 1986) and 
from Sydney (Kodela & Dodson 1989). 

It is also of interest to note that fire activity in the 
Worimi Swamp catchment was generally high in the 
1O-15th cemuries followed by low fire activity from 
the 15th to early 18th centuries. This change is remi
niscent of the general temperature trends of temperate 
regions during the last 1000 years, \Vith a warmer first 
half followed by more frequent below average values 
after AD 1520 (Hughes & Diaz 1994). 

Fire activity in the Worimi Swamp catchment was 
generally higher in the period c. AD 785-1500, which 
is approximately coeval with above average tempera
tures identified in a Huon Pine dendroclimatological 
sequence from Tasmania (Cook e[ al. 2000). Further
more, fire activity at Worimi Swamp was highest in the 
AD 12th century during the most favourable climates 
of the Medieval Warm Period (MWP) (Williams & 
Wigley 1983; Grove 1988). Evidence for a global 
MWP is equivocal (e.g. Grove 1988; Bradley & Jones 
1993; Hughes & Diaz 1994; Jones et al. 1998); how
ever, environmental change has been described during 
this time period in Australasia by Cook et al. (1991, 
1992, 2000, 2002) and Mooney (1997). 

At Worimi Swamp a period of relatively low fire 
activity was found between c. AD 1570 and 1720, 
which is a period that overlaps with the Little Ice Age 
(LIA). Like the MWP, the temporal and spatial extent 
of the UA on a global scale is debated (Williams & 
Wigley 1983; Bradley & Jones 1993; Grove & Switsur 
1994; Hughes & Diaz 1994; Jones et al. 1998) but it 
has been reported in the Southern Hemisphere in 
Peru (Thompson et al. 1986), New Zealand (Salinger 
1976), the western Pacific (Nunn 1998; Hendy et al. 
2002) and in Africa (Stager et al. 1997; Holmgren 
eral. 1999). Equivocal results regarding the UA have 
been recorded in Antarctic 3180 ice-core records 
(Mosley-Thompson 1996) and although Cook et al. 
(2000) found little dendroclimatological evidence for 
the UA in Tasmania, they did fmd 'reduced multidec
ada! variability' in the period AD 1500-1900. 

These results tend to support the view that the pre
historic fire activity at Worimi Swamp was climatically 
controlled, with periods of warmer temperatures asso
ciated with increased fire frequency and colder and 
perhaps more climatically stable intervals associated 
with lower fire activity. 

Fire in the post-European period (after AD 1820) 

The first fire recorded in the database for MLNP was 
in 1968 (NPWS 2003). The fire-scar analysis of the 



688 S. D. MOONEY AND E. L. MALTBY 

(0) (b) 

90 

95Jr 
'00 200 300 400 300 600 900 1200 

no.lcnf no.lCnT 

(0) 

200 400 600 

mm2/cnf 

(d) 

10 
mm:! 

(0) 

20 2000 4000 

mm2/crrrlyr 

Fig. 4. Various measures of the fire history of the Worimi Swamp catchment: (a) Charcoal expressed as a concentration (using 
no. cm-J

) from core L2 prepared using 6'Y., bleach; (b) charcoal expressed as a concentration (using no. cm-3
) from core Ll 

prepared using 12'1<', bleach; (c) the concentration of charcoal in core LI, expressed as an area (rom:! cm-3
); Cd) the maximum 

particle area of charcoal (mm2
) for core Llj and (e) charcoal expressed as a rate of accumulation (mm cm-2 year-I) for core 

Ll. The line shows the same data with :l 20x exaggeration. 

The influx of charcoal was generally low in the core 
with the exception of the uppermost 11 cm (Fig.4e), 
which represented the period since AD 1966 (Fig. 3). 
Although charcoal influx was relatively low below a 
depth of 11 cm, it was slightly elevated in the core 
between 37 and 61 em and above 30 em (Fig. 4e), 
representing c. AD 825-1570 (380-1125 calibrated 
years BP) and after c. AD 1720, respectively (Fig. 3). 

When the inferred. fire frequency was calculated 
using the CHAPS program for core Ll the resulting 
frequency covering the last 35 years exceeded six fires 
per 99 years (Fig. 5) which is less than, but not 
strongly divergent from the known frequency (NPWS 
2003). Notably, the inferred fire frequency of the 
period post-dating c. AD 1970 exceeded any other 
period of the analysed approx. 2800 years (Fig. 5). 
Other periods of higher fire frequency were inferred 
between about AD 1500 and 1600, AD 1113-1213, AD 

798-898, AD 204-304 and in the first century AD. 
Where the fire frequency was zero, between AD 404 
and 746 and in the analysed BC period (1-866 BC), 
fire-free periods were inferred. 

Xanthorrhoea age and fire-scar analysis 

The AMS dating of the X. Jolmsollii caudexes 
confirmed that the Worimi Swamp popUlation is long-

lived (Table 3). As conversion of these ages to calendar 
years resulted in multiple intercepts with the radiocar
bon calibration curve, we used the principle of super
position (greater distances down the caudexes must 
have been older) and previous estimates of Xamhor
rhoea growth rates (Gill & Ingwersen 1976; Lamont & 
Downes 1979; Bulow-Olsen eeal. 1982) to determine 
which were probable. 

As the growth rate of Xanthorrhoea is likely to vary 
over time in response to fires and flower production, 
the relationship between height and age was described 
using a polynomial (Fig. 6). Given the relatively large 
errors associated with the dating results (Table 3), 
this method provides only a coarse estimate of the age 
at any distance down the caudexes. Based on the 
height-age relationship the tallest specimen analysed 
(292 em) was approx. 304 years old. 

The cleaned Xanthorrhoea caudexes revealed 
numerous fire scars, usually of approx. 1 em, which 
became more obvious with some minor enhancement 
of the digital images. Flower scars were also obvious, 
varied between 1 and 5 em in width and were often 
located below a bend in the caudex. A high proportion 
of fire scars (44 of 118, or 37%) was found within 
40 cm of the crown (representing the last approx. 
40 years) with the majority of the analysed specimens 
recording few scars in the lowermost 40 cm (Fig. 7). 
Very few fire or flower scars were recorded below 2 m; 
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however, it should be noted that only five of the 14 
specimens attained this height. The lower sections of 
these taller specimens were often weathered and fur
rowed making identification of scars difficult. 

fir\! (requ(:'\KY :no/99 yei'H:>! 

500 
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t500 
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Fig. 5. The inferred frequency of fire through time. 
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Higher incidences of fire scars occurred at 12-
30 em (about 1973-91),39-42 em (about 1961-64), 
48-57 em (abour 1946-55), 60-63 em (about 1940-
43), 69-72 em (abour 1931-34), 75-78 em (abour 
1926-29) and 114-116 em (abour 1844-48) (Fig. 7). 
The pattern of scarring on individual specimens 
between 12 and 30 cm and 48-63 em suggested mul
tiple fires in those corresponding time periods. Flower 
scars were more frequent at 39-42 cm (about 1961-
64), 51-54 em (about 1949-52), 66-69 em (about 
1934-37), 81-84 em (abour 1920-23), 99-102 em 
(about 1902-05), 114-117 em (about 1844-48),126-
132 em (about 1827-34), 168-171 em (about 1788-
90) and 213-216 em (about 1748-51). 

Although there was a weak correlation between the 
incidence of fire and flower scars along the caudex 
(r,::;:0.147, P:;0.01), the patterns of fire and flower 
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Fig. 6. The age-height relationship in the sampled popu
lation of Xa1llhorrhoca. The y-axis ('Distance') represents the 
distance down the caudex from the lowest green leaf. 

Table 3. The results of the 14C Accelerator Mass Spectrometry (AMS) dating analysis of the samples from the Xanthorrhoea 
caudexes 

Specimen Distance down Radiocarbon years Calibrated calendar Laboratory 
lD caudex (cm) (BP) (±SE) years (lcr)t code 
----,------,-------_._-----------,,---_. __ .. _------_._--------_. 
East A 48-51 Modern Post 1950 OZG569 
East A 83-85 125 (±40) 1920 (1872-1953) OZG570 
East A 116.8-118.8 130 (±40) 1810 (1802-1891) OZG571 
\Vest 15 251-253 130 (±40) 1729 (1676- 1764) OZG806 
West 15 315-318 125 (±40) 1728 (1677-1760) OZG807 
West 15 370-372 180 (±40) 1673 (1662-1685) OZG808 

tSampJes were AMS radiocarbon dated at Australian Nuclear Science and Technology Organization Laboratories in Sydney 
(see Lawson el al. 2000) and calibrated using Stuiver el al. (1998). 
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Fig. 7. The cumulative incidence of fire and flower scars 
in the snmpled Xanthorrhoea. 

scarS were often not synchronous (Fig. 7), For exam
ple, the high frequency of flower scars at 81-84 em 
and 126-132 em were not associated with fire scars, 
but between AD 1844-48, 1949-52 and 1961-64 fire 
scars corresponded with flower scars. Of particular 
note, the upper sections of the analysed caudexes 
revealed very few flower scars, despite numerous fire 
scars. As an example, 37 fire scars were found in the 
upper 30 em (since c, 1973) of all specimens, but only 
two flower scars were revealed over the same section 
(Fig. 7). 

DISCUSSION 

In this study two methods were employed to recon
struct fire history in the catchment ofWorimi Swamp: 
(i) quantification of macroscopic charcoal from a sed
iment core extending back approx. 2800 years; and (ii) 

analysis of fire and flower scars on the caudexes of 
X johnsollii adjacent to the swamp spanning approxi
mately 300 years. 

Verification of the charcoal and Xa1lthorrhoea 
records 

Comparing recent historic fires with the proxies 
derived from the sedimentary charcoal and the Xall
thorrhoea fire scars allowed verification of the methods 
and facilitates interpretation beyond the historic 
record (Edwards &Whittington 2000). This was ham
pered, however, by the short interfire intervals of the 
historic record (Table I) and the resolution of the 
analysis. 

Nonetheless, the recent charcoal accumulation in 
the sediment ofWorirni Swamp and the frequency of 
fire scars in the Xanthorrhoea population of the catch
ment shared a distinct overall pattern. In the period 
since about AD 1970 fire appears to have increased in 
frequency. The dramatic increase in charcoal accumu
lation from a depth of 11 cm in core Ll also corre· 
sponded well with the fire of 1968-69. The fire-free 
period of the 1980s was also associated with a dip in 
the accumulation of charcoal (centred on approx. 
6 em) and the most recent fires (1990-91, 1994-95 
and 1997-98) corresponded to ex"tremely high maxi
mum charcoal particle areas and the highest charcoal 
accumulation, evident between 2 and 5 em in core L1. 

The peaks in the Xamhorrhoea fire-scar data were 
also associated with historic fires. As an example, the 
peak in fire scars at 39-41 cm corresponded to 1961-
64 using the height-age model and so may have rep
resented the 1968 catchment fire. The decrease in fire 
scars between 30 and 39 cm correlated well with the 
recorded 10-year fire-free period between 1968 and 
1977 (NPWS 2003) and subsequent fire-scar peaks 
fitted the 1977-78 (27-30 em), 1980-81 (24-27 em), 
1990-91 (18-21 em), 1994-95 (15-18 em) and 
1997-98 (12-15 em) fires. This suggested that the 
height-age model used overestimated the age at any 
height in the recent past by 5 or 6 years. 

These results suggested that both the fire-scar anal
ysis of X. jolmsol1ii and the sediment charcoal record 
accurately reveaJed recent fire events at Worimi 
Swamp. 

The late Holocene fire history at Worimi Swamp 

During the prehistoric period fire activity in the 
Worimi Swamp catchment appeared to be relatively 
low, with fire frequencies rarely greater than four 
events per century. Furthermore, this fire may not 
reflect anthropogenic activity, as two fires have been 
attributed to lightning in MLNP since 1968 (NPWS 
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2002a), suggesting that lightning alone could explain 
the prehistoric fire frequency. 

As the rationale for the use of broadcast fire by 
Aboriginal people is most often ascribed to the manip
ulation of resources, the characteristics of these at a 
site are of paramount importance. Broadcast fire is 
most commonly associated with the hunting of larger 
animals such as macropods or emus (Flood 1987) 
although Gott (1982, 2005) also highlighted the use 
of fire to encourage the growth of various plant 
resources. At Worirni Swamp it is possible that the 
infrequent burning regime of the Aboriginal period 
may reflect the abundant marine and freshwater food 
resources from the nearby lakes and coastal areas. This 
suggestion was also forwarded by Mooney et aI. (2001) 
when discussing the relative rarity of tire in the prehis
toric period at a coastal location in Royal National 
Park to the south of Sydney. 

It is also plausible that the low influ.x of charcoal to 
Worimi Swamp during the prehistoric period may have 
resulted from Aboriginal cultural practices such that 
fire may have been confined to relatively small patches 
within the catchment at anyone time or even to indi
vidual Xa1lthorrhoea. In this case the charcoal record 
may reflect the spatial extent of fire, with Imosaic' or 
Ipatch' fires represented by little charcoal accumula
tion in the prehistoric period and large conflagrations 
in the historic period represented by much greater 
charcoal accumulation. It should be emphasized, how
ever, that only charcoal larger than 250 )..tm was quan
tified herein which should predominantly reflect fire 
at small spatial scales. Several overseas studies have 
related the size of charcoal particles (but not the quan
tity) to the distance between the fire and the deposition 
site (Clark & Royall 1995; Millspaugh & Whitlock 
1995; Carcaillet et aL 2001). Nonetheless, this hypoth
esis warrants further testing in Australian settings. 

Although the accumulation of charcoal was low dur
ing the prehistoric period, there was more fire activity 
in the early AD period, and in the eighth, 12th and 
early 16th centuries AD. More frequent or intense fire 
may reflect climatic instability (Green 1982; Edney 
et al. 1990; Jenkins & Kershaw 1997; Haberle et aZ. 
2001), or changes in Aboriginal population density, 
technology or their land management practices near 
Worimi Swamp. As a further complication, changes 
in fire activity may also have been a response from 
the Aboriginal population to any climatic change, 
reflecting, for example, vegetation change and hence 
changed resource availability or flammability. 

At Worimi Swamp there was evidence for a period 
of increased fire activity between the very late Be 
period and c. AD 450, seen most clearly in the maxi
mwn particle area between 70 and 80 em (Fig. 4d) 
and the peak in fire frequency (Fig. 5). Environmental 
change between approx. 2000 and 1700 BP has been 
suggested in previous palaeoecological studies in 
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south-eastern Australia, including from Tasmania 
(Cook et al. 2000), Victoria (Dodson 1974; De 
Deckker 1982; D'Costa et al. 1989; McKenzie & 
Kershaw 1997; Mooney 1997), Barrington Tops in the 
northern tablelands ofNSW (Dodson et al. 1986) and 
from Sydney (Kode1a & Dodson 1989). 

It is also of interest to note that fire activity in the 
Worimi Swamp catchment was generally high in the 
10-15th centuries followed by low fire activity from 
the 15th to early 18th centuries. This change is remi
niscent of the general temperature trends of temperate 
regions during the last 1000 years, 'with a warmer first 
half followed by more frequent below average values 
after AD 1520 (Hughes & Diaz 1994). 

Fire activity in the Worimi Swamp catchment was 
generally higher in the period c. AD 785-1500, which 
is approximately coeval with above average tempera
tures identified in a Huon Pine dendroclimatological 
sequence from Tasmania (Cook et at. 2000). Further
more, fire activity at Worimi Swamp was highest in the 
AD 12th century during the most favourable climates 
of the Medieval Warm Period (MWP) (Williams & 
Wigley 1983; Grove 1988). Evidence for a global 
MWP is equivocal (e.g. Grove 1988; Bradley & Jones 
1993; Hughes & Diaz 1994; Jones et af. 1998); how
ever, environmental change has been described during 
thls time period in Australasia by Cook etaZ. (1991, 
1992, 2000, 2002) and Mooney (1997). 

At Worirni Swamp a period of relatively low fire 
activity was found between c. AD 1570 and 1720, 
which is a period that overlaps with the Little Ice Age 
(LIA). Like the MWP, the temporal and spatial extent 
of the UA on a global scale is debated (Williams & 
Wigley 1983; Bradley & Jones 1993; Grove & Switsur 
1994; Hughes & Diaz 1994; Jones eta!' 1998) but it 
has been reported in the Southern Hemisphere in 
Peru (Thompson et al. 1986), New Zealand (Salinger 
1976), the western Pacific (Nunn 1998; Hendy et al. 
2002) and in Africa (Stager et aZ. 1997; Holmgren 
ex ai. 1999). Equivocal results regarding the UA have 
been recorded in Antarctic 8180 ice-core records 
(Mosley-Thompson 1996) and although Cook et al. 
(2000) found little dendroclimatological evidence for 
the LIA in Tasmania, they did find 'reduced multi dec
adal variability' in the period AD 1500-1900. 

These results tend to support the view that the pre· 
historic fire activity at Worimi Swamp was climatically 
controlled, with periods of warmer temperatures asso· 
dated with increased fire frequency and colder and 
perhaps more climatically stable intervals associated 
with lower fire activity. 

Fire in the post-European period (after AD 1820) 

The first fire recorded in the database for MLNP was 
in 1968 (NPWS 2003): The fire-scar analysis of the 
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Xanthorrhoea population at Worimi Swamp suggests 
that fire events also occurred in c. 1845, in the late 
1920s, in the early 1930s, at about 1942 and between 
1946 and 1955. Fire scars also occur between these 
times, although in relatively low frequencies. The 
analysis of the Worimi Swamp sediment revealed a 

slight increase in the influx of charcoal after c.AD 

1890, another slight increase between 1943 and 
1951, and a dramatic increase in the period since AD 

1966. 
European presence in the Myall Lakes region began 

in appro::-.;mately AD 1820 with the initiation of timber 
getting, minor agricultural activity and settlement 
(Garland & Wheeler 1982). At Worimi Swamp the 
charcoal record of the 19th century implies that the 
prehistoric fire regime did not undergo significant 
change until approximately AD 1890. This suggestion 
is collaborated by a higher incidence of fire scars at 
c. AD 1893 in the Xanthol'rlzoea record. 

Both the analysed proxies depict a marked increase 
in fire activity atWorimi Swamp since the late 1960s 
and the maximum fire frequency over the last 
2800 years is inferred during this time. This increase 
in fire activity occurs at a later date than in other 
south-eastern Australian studies (e.g. Boon & Dodson 
1992; Gell etal. 1993; Mooney etal. 2001) and rep
resents arson by locals and increased human presence 
as tourism has increased since the 1960s. 

Fire and flowering of Xanthorrhoea at 
Worimi Swamp 

Prolific flowering after fire has been documented for 
many species of Xanthorrhoea, yet fire does not neces
sarily stimulate flowering. Flowering may also occur 
in the absence of fire, in response to cryptic aspects of 
a fire regime (such as seasonality, intensity, flame 
heights, fire interval), or may be related to smoke or 
the reproductive stage of the plant (Gill & Ingwersen 
1976; Gill 1977; Lamont & Downes 1979; Bulow
Olsen etal. 1982; Curtis 1996; Taylor etal. 1998; 
Lamont eT aI. 2000). 

These observations help explain the weak correla
tion (r,=0.147, P5':O.Ol) between the incidence of 
fire and flower scars along the caudexes of the sampled 
Xanthorl'hoca in the Worimi catchment. This relation
ship between fire and flower scars is weakest in the 
uppermost 30 cm of the caudexes, representing the 
time since c. AD 1970 when four or five fires have 
burnt in the catchment. Although the primary juvenile 
period in Xanthol'l'hoca is short (Gill 1977), there is 
evidence to suggest that the time required by an adult 
plant to achieve the first post-fire reproduction (vi.:::. 
the secondary juvenile period) is substantially longer, 
for example, up to 30 years in Xamhol'rhoca resil1ijcra 
(Keith 1996). Hence, it is possible that the recent fire 

regime has affected the reproductive capacity of the 
studied Xanthorrhoea popUlation. 

CONCLUSIONS 

1. Cross-referencing sedimentary macroscopic char
coa1 and fire scars in X. jolmsonii demonstrated 
that both proxies reveal fire activity at the site, 
although limitations were identified for each. The 
proxies used in this study probably best reveal 
large and intense fires. 

2. The use of fire scars on Xanthorrhoea appears to 
provide an important prQ} .. -Y of past fire frequency, 
but detecting fire scars in older sections of the 
caudexes proved to be difficult due to their weath
ered nature and secondary growth. This means 
that it is probably limited to the last few hundred 
years, which nonethe1ess allows examination of 
the late prehistoric and historic periods in Austra
lia. Importantly, the method may provide a pro::-.-y 
of past fire frequency in drier environments where 
sediment-based records do not exist. 

3. The macroscopic charcoal and 4Yamhorr!zoea 
analyses revealed that a substantial shift in the 
nature of the fire regime has occurred at Worimi 
Swamp but only during the 20th century. Rates 
of charcoal accumulation since about the mid- to 
late 1960s are unprecedented in the late 
Holocene. 

4. In the prehistoric period at Worimi Swamp the 
paucity of evidence for past fires indicated either 
little activity or the skilful use of fire, such that 
charcoal was not delivered to the lake sediments 
and fire scars were not formed. These alternatives 
need to be evaluated using carefully crafted exper
iments in south-eastern Australia. 

5. Increased fire activity in the prehistoric period at 
Worimi Swamp appears to be related to periods 
of warmer climates and cooler or less variable 
times with less fire. This implied that prehistoric 
fire regimes were climatically controlled, although 
whether human activity was also involved remains 
speculative. If climate was the dominant control 
on fire activity this has implications for the future 
under probable anthropogenic climate change. 
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ABSTRACT: We present a reconstruction of the vegetation history of the last glacial-interglacial DCQJ'~ 
cycle (ca. 75 k cal. yr BP-present) at Redhead Lagoon, an enclosed lake basin in coastal, eastern New 
South Wales, Australia. The sequence of vegetation change at the site is broadly comparable with the 0 
pattern of cl'tmatically induced changes observed in many other polJen records in southeast Australia. 
Open woodland-herb land and woodland-forest communities correspond with glacial and inter-
glacial periods respectively, with an additional change towards a more open understorey vegetation 
assemblage over the last 40 000 yr. The driest conditions appear to have occurred during the height of Journal of Quaternary Science 
the last glacial (some time between 30 and 20 k cal. yr BP). This is consistent with other records from 
southeast Australia, and provides support for a poleward shih in the subtropical anticyclone belt and, 
less certainly, for the thesis that the Southern Hemisphere westerlies intensified dur'lng this period. In 
n1arked contrast to most sites in southeast Australia, Casuarinaceae dominates the pollen record 
through the height of the last glaCial period and into the Holocene. The postglacial climatic 
amelioration is accompanied by the general reappearance of tree pollen in the record, by the 
disappearance of severa! open and disturbed environment indicator taxa, by increases in organic 
sediment deposition and pollen taxon diversity, and by higher water balances. While climate appears 
to have been the major control on patterns of vegetation change at this site throughout most of the last 
glaCial-interglacial cycle, changes in depositional environment and hydrology have also played a 
role. Significantly, substantial increases in the rate and magnitude of many indicators of environ-
mental disturbance since European settlement suggest that humans are now the most important 
mechanism for environmental change. Copyright © 2006 John Wiley & Sons, Ltd. 
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Introduction 

Many of the driving mechanisms of global environmental 
change are located in the Southern Hemisphere. Yet little is 
known of the long-term operation of these factors or their impact 
on the environment. This is largely due to the paucity of 
environmental sequences that span the last glacial-interglacial 
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cycle, coupled with a lack of chronological resolution for many 
records. 

Australia is of particular significance '10 this context s'lI1ce 
very few sites across the continent are capable of preserving 
long and detailed records of environmental change. The limited 
number of continuous and well-dated sequences has resulted in 
an incomplete understanding of the environmental response to 
changes in climate and human activities through a full glacial
rntergladal cycle. 

As well as being limited temporally, there are large gaps in 
the spatia! record of the Australian Quaternary. Apart from Lake 
George, for example, there is no published sequence from New 
South Wales that spans the entire last glacial cycle. Moreover, 
despite its significance, the Lake George record contains 
significant hiatuses (Singh et al., 1981), and both the causes 
attributed to the palaeoecological changes recorded at the site 
and their chronological interpretation have been the subject of 
criticism (Horton, 1982; Wright, 1986; McEwan Mason, 19911. 
Yet regional studies are crudal to understanding the nature of 
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environmental change. Low sputial resolution data tend to 
encourage oversimplified interpretations of the nature and 
mechanisms of environmental change and, as Croke et al. 
(1996) have argued, the precise relationship between environ
mental shifts and climatic (orcing mechanisms is often obscured 
at large scales of interpretation. For example, evidence for a 
poleward shift in the subtropical anticyclone belt and a possible 
strengthening of the Southern Hemisphere westerlies during the 
last glacial maximum is based on a sparse set of records from 
Australia and New Zealand (Harrison and Dodson, 1993; 
Shulmeister et al., 2004). Filling the spatial gaps in this dataset is 
of critical importance in efforts to confirm and refine this model. 

This paper outlines a reconstruction of the vegetation history of 
the last glacial-interglacial cycle at Redhead Lagoon, an enclosed 
lake basin in coastal, eastern New South Wales, Australia. This 
record is uniquely placed to contr',bute to our understand'lOg of 
past climatic change and the impact it has had on the Australian 
environment. It not only fills an important temporal gap, by 
providing a record of environmental change through the last 
glacial period, but also a vital spatial gap through its location on 
the central region of coastal eastern Australia. 

Site description 

Internally-draining lake basins, often known locally as lagoons, 
represent one of the few geomorphic features found in Australia 
in which sediments of Quaternary age may be trapped and 
preserved. Redhead Lagoon (32'" 59' 5,151"43/ E), located to 
the northeast of Lake Macquarie in coastal, eastern New South 
Wales, lies approximately 66 m above sea level in a depression 
on a coastal headland (Figs 1 and 2). The lake covers an area of 
0.11 km 2

, with a catchment of 0.59km1
• Lake levels have 

varied by at least 2 m over the last 10 years. Under dry 
conditions, the shallower northern basin of the lake is 

1S1030·E 

transformed to a swamp. From our observ<ltions over the last 
decade and from the evidence of aerial photographs dating 
back to 1940, however, the southern basin appears to support 
permanent open water. 

The northern part of the catchment is underbin by Permo
Triassic sandstones and conglomerates. These form steep slopes 
reaching elevations of up to 128 m f\HD (Australian Height 
Datum). The southern section of the catchment is of lower relief 
and lower altitude, with vegetated, deeply leached, aeolian sand 
dunes blanketing the bedrock surface (Til11ms, 1976). Although 
most of the northern catchment is urbanised and has been cleared 
of native vegetation, much of the southern part is covered by dry 
sderophyll woodland. Melaleuca quinquenervia and Euc.alyptus 
robusta form a narrow fringe around most of the perimeter of the 
lagoon; the shallower, northern part of the lake supports 
seclgelands of Eleocharis sp., Juncus sp. and Typha sp. 

The basin appears to be a sandstone karst feature (e.g. 
jennings, 1983; Young and Wray, 2000) developed by the 
seepage of surface waters into the underlying aqUifer. The 
focussing of chemical activity along fractures would have 
opened the depression and the fall in sea levels during 
Quaternary cold stages would have lowered water tables and 
enhanced vertical seepage. Support for this thesis is provided by 
the close match between the lake's morphology and the 
disposition of faults and dykes in the sandstone. 

Redhead Lagoon experiences a humid, subtropical climate, 
with moist, warm to hot summers and cool to mild winters. It 
has a mean annual precipitation of 1142 !TIm, predominantly 
occurring between March and June. The annual mean daily 
maximum temperature is 21.3"'C and the mean daily minimum 
temperature is 14.3°C (Bureau of Meteorology, 1995). 

Land use in the catchment has changed dramatically through 
time. The site was originally a camping ground for the Awabaka! 
Aborigines (Dyall, 1972). Following European settlement in the 
18605, vegetation was cleared for agricultural activities such as 
market gardening ar:'d the cultivation of orchards. A coal mine 
was established in the northwest of the catchment in the late 

Jf 
NewcaStie/ 

33000'S 

:--:-. ..,..-,'c-,-..,-' r 
Figure 1 The location of Redhead lagoon in coastal, eastern New South Wales, Australia 
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1880s, leading to the rapid growth of the mining village of Dudley 
along the northern margins of the basin. Although the m'lne 
closed in 1939, Dudley has continued to expand and now 
functions largely as a suburb of the city of Newcastle. 

Methods 

In order to establish the detailed pattern of sedimentation in the 
lake basin, cores were taken from 43 stations across Redhead 
Lagoon, with up to three cores (coded a, band c) recovered from 
several of the sites. Sampling was based on a 50~m grid aligned 
along the main axis of the lake (Fig. 2(b)). With two exceptions, all 
the cores were taken using 56 mm or 89 mm external diameter 
polyvinyl chloride tubing. The remaining two cores (E12b and 
E12c) were recovered using a 51 mm external diameter barrel 
vibrocorer, with the cores extruded into plastic sleeving on-site. 
The use of plastic liners allowed downcore variations in volume
specific magnetic susceptibility to be measured without extruding 
the cores from their sleeves. Measurements were taken at 20-mm 
intervals along each core following procedures similar to those 
described by Gale and Hoare (1991). 

The downcore measurements of magnetic susceptibility 
were used to trace stratigraphic features from core to core to 
provide an understanding of patterns of sedimentation across 
the entire lake basin. On this basis, three cores were selected for 
detailed study. Core F4c was chosen to provide a detailed 
record of the middle and late Holocene and, particularly, the 
pertod since European contact. Core E12b was investigated to 
extend the record back into the Pleistocene. Core E12c was 
taken from within 2 m of E12b to supplement and check the 
E12b record and to extend the sequence as far back as available 
coring techniques allowed. 

Cores E12b (5.80m) and F4c (2.66m) were carefully removed 
from their plastic sleeves and sliced into a series of cylinders, each 
40mm thick. Core E12c (7.30m) was subsampled by e>.tracting 
1000 mm3 cylinders of sediment at 25-mm intervals between 

(a) 

LEGEND 

CJ Ory sdo:rophyU 
woodland 
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1.470 and 1.745 m, and at 30-mm intervals between 1.84 and 
2.14 m. The cores were logged to provide a record of bed 
thickness, bed contacts, texture, organic content, colour, weath
ering phenomena, and sedimentary and pedogenic structures. 

Subsamples (of 0,5-1.0 g dry mass) from cores E12b, E12c 
and F4c were prepared for pollen analysis using the standard 
methods of potassium hydroxide digestion, hydrofluoric acid 
treatment and acetolysis (Faegri et al., 1989). A known quantity 
of Lycopodium spores was added to each sample prior to 
processing to enable the estimation of absolute abundances of 
pollen, expressed as grains per gram of dry sediment. Every 
40 mm subsample from core E12b was processed down to a 
depth of 1.20 m; alternate subsamples were taken between 1.20 
and 4.20 m; and every fourth sample was analysed between 
4.20 m and the base of the core. This gave a total of 77 samples. 
Twenty-two samples from between 1.47 and 2.14 m in core 
E12c and 18 samples from between 0.30 and 2.60m in core 
F4c were prepared for analysiS. Palynological residues were 
mounted on microscope slides in silicon oil and counted using 
a transmitted light microscope under x400 and x60Q 
magnifications. Where possible, a minimum of 200 dryland 
pollen grains per sample was counted. In some instances, 
extremely low pollen concentrations and poor preservation 
prevented this target from being achieved. 

Identifjcation of pollen grains was carried out using local 
reference material, Australian reference collections, image 
databases and a range of taxonomic texts (Boyd, 1992; Chalson 
and Martin, 1995; Pickett and Newsome, 1997; Shimeld et al., 
2000; Hopi er al., 2001; Macpha'rI and Hope, 2003). Nine 
types of Myrtaceae were identified using the classifications 
of Pike (1956) and Chalson and Martin (1995). These 
included Acmena, Angophora/Bloodwood eucalypts, Baeckea, 
Callistemon, Calytrix, Eucalyptus, Euca/yptus/Melaleuca type, 
Leptospermum and Melaleuca. Three morphological classes of 
Asteraceae were recognised-a fenestrate type (Asteraceae tribe 
Liguliflorae), and two Asteraceae tribe Tubuliflorae types (A and 
B). Asteraceae type B has a distinct blunted to spineless pollen 
morphology that is common in many Australian Pleistocene 
assemblages and has been interpreted as an Indicator of glacial 

" t o~' -,~oo-~,6om (b) 

Figure 2 (a) The catchment of Redhead lagoon in coastal, eastern New South Wales, Australia, (b) The pattern of coring sites in Redhead Lagoon 
Copyright © 2006 John Wiley B, Sons, Ltd. 
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conditions (Edney et al., 1990; Kershaw et al., 1991; Harle, 
1998). Two size classes of Casuarinaceae «23 /-lm and >23 jl.m) 
were distinguished based on the diameters of the individual 
grains (Kershaw, 1970; Dodson, 1975, 1977a). 

The taxa identified were classified into the following broad 
vegetation categories: rainforest trees and tree ferns, other trees, 
smal! trees and shrubs, woody and herbaceous taxa, herbac
eous taxa, ground ferns, aquatic taxa and sedges, and exotic 
and unknown taxa. 

In order to reconstruct changes in regional vegetation patterns 
and to allow comparison with silTliiar studies elsewhere in 
Australia, the pollen sum used in this study consists of pollen taxa 
known to have region-wide dispersal; that is, all dtyland types 
with the exception of those taxa such as Melaleuca, Acacia, 
Leptospermum, Chenopodiaceae and ground ferns, whose 
pollen is only locally dispersed (Dodson, 1977b, 1983; Macphail, 
1979; Kodela, 1990a, 1990b, 1996; Kershaw et al., 1994). 

Pollen incidences were calculated and pollen diagrams were 
prepared using Tilia and TGView (GrimITI, 1991) respectively. 
The pollen data are displayed as both percentages of the poUen 
sum and as absolute values of individual pollen taxa (Figs 3-6). 
Pollen zonation is based on a stratigraphically constrained cluster 
analytical procedure using the program CONIS5 (Grimm, 1987) 
and employing only the ta.'(a selected for the pollen sum. 

Results and interpretation 

Chronostratigraphy and lithostratigraphy 

A chronology of deposition in Redhead Lagoon extending back 
approximately 75 000 yr has been established on the basis of 20 
radiocarbon ages and four optically stimulated luminescence 
(OSL) ages (Table 1). lithostratigraphic and magnetostrati
graphic linkages between individual cores have been 
employed to construct a composite stratigraphy and a 
composite chronology for the lake sediments, allOWing the 
results of analyses from the various cores to be placed in a single 
stratigraphic and chronological sequence. The depths are 
normalised to the stratigraphy recorded at site E12 (Williams, 
2005). 

The composite lithostratigraphy is made up of three primary 
lithological units (Figs 3-7). The basal unit (6.13-4.33 m) 
consists of gray (10YR 6/1) to very dark gray (10YR 3/1) 
moderately sorted silty sands composed mainly of quartzose 
medium sand. This displays a sharp contact with the overlying 
sequence of black (10YR 2/11 to very dark gray (10YR 3/11 
coarse silts (4.33-3.33 111). These contain rare quartz sands and 
fragments of charcoal and plant organic matter, whose 
incidence increases up the sequence. The upper unit (3.33-
0.00 m), which exhibits a gradational contact with the 
underlying bed, consists predominantly of black (10YR 2/11 
plant organic-rich silt, with occasional to common fragments of 
charcoal and plant organic matter. 

The pollen record 

Over 80 different taxa were identified in the Redhead Lagoon 
pollen record. Percentage and absolute po/len diagrams for the 

composite sequence are presented in Figs 3 and 4. Five distinct 
pollen assemblage zones were distinguished in the composite 
record. In stratigraphic order, these are RH5 (6.13-4.33 m), 
RH4 (4.33-1.69111), RH3 (1.69-1.25111), RH2 (1.25--D.82111) 
and RH1 (0.82-0.00 m). RHl has been further divided into 
subzones RHl c (0.82--D.54 111), RH1 b (0.54--D.24111) and RH1 a 
(0.24-0.00 ml. Pollen subzone RH1 a was analysed in particular 
deta'll and the percentage and absolute diagrams corresponding 
to this section of the sequence have been reproduced in Figs 5 
and 6 for greater darity. 

Pollen zone RH5 (early glacial: ca. 75 k cal. yr BP) 

This pollen assemblage zone lies within the basal sand unit of the 
lake sediment stratigraphy and is characterised by extremely low 
pollen concentrations and low levels of taxonomic diversity. 
Most of the pollen in the zone is heavilydegraded, TIle low pollen 
concentrations are probably the result of a combination of poor 
preservation conditions (the sands were depos'lted as aeolian 
dunes characterised by aerobic conditions deleterious to pollen) 
and high sedimentation rates. It is thus likely that the pollen 
assemblage is biased to those pollen types that were either 
originally present in large numbers or were sufficiently robust to 
resist destruction, Little can be said, therefore, o( the nature of the 
regional or local vegetation at this time. That fossil pollen that has 
been preserved, however, indicates the presence of an open 
woodland-herbland vegetation association, with myrtaceous 
types and the glacial indicator taxon Asteraceae type B 
dominating the assemblage. 

The highest ratios of dryland to aquatic taxa in the entire core 
are attained in zone RHS at around 75 k cal. yr SP. A high 
proportion of dryland to aquatic taxa indicates either open water 
or, far more likely in this part of the core, an absence of water. A 
high level of aquatic taxa, by contrast, is generally indicative of 
dosed (or shallow) water conditions (Kershaw, 1979). During the 
early part of the glacial period, it appears that Redhead Lagoon 
was devoid of aquatic taxa, and small amounts of Rorippa, 
Haloragaceae, Myriophy//wn and Restjonaceae pollen begin to 
appear only towards the top of the sand unit. This is interpreted as 
indicating an absence of permanent water in the basin until 
relatively shallow water conditions were initiated with the start of 
organic-rich silt deposition in pollen zone RH4. 

Pollen zone RH4 (early to middle glacial: 
ca. 75--40 k cal. yr BP) 

Pollen zone RH4 reveals a dramatic change in the pollen 
assemblage. Pollen concentrations and taxonomic d'iversity 
increase significantly, while the relative incidence of degraded 
pollen decreases. These changes are probably the result of a 
shift in the nature of the depositional environment to more 
favourable pollen preservation conditions associated with the 
switch from sand to organic-rich silts. Casuarinaceae (>23 JJ.m), 
Angophora/Bloodwood eucalypts and Eucalyptus are the 
predominant taxa throughout this zone, although the degraded 
Myrtaceae that dominated the previous pollen zone continues 
to persist throughout this zone. Small trees and shrubs, and 
woody and herbaceous types expand to their greatest levels in 
the sequence within this zone. Apiaceae, in particular, reaches 

-------------------------------------------------------~ Figure 3 The composite chronostratigraphy, lithostratigraphy and selected percentage pollen incidence of the sediments of Redhead lagoon, coastal, eastern New South Wales, Australia. The depths afe normalised to the stratigraphy recorded at site E12 
Copyright © 2006 John Wiley & Sons, ltd. 
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Table 1 The composite chronostratigraphy of the sediments of Redhead lagoon, coasli'll, eastern NewSoulh Wales, Australia. Thedepths are normalised to the stratigraphy recorded at site E12. Depth ranges represent the 
thickness of each sample. The radiocarbon ages are calibrated to calendar ages using the Cologne Radiocarbon Calibration and Paleoclimate Research Package CalPal200S SFCP. Ages are expressed with;m uncertainty of 
± 1 standard deviation 

Core Dating method Laboratory code Mean normalised depth (m) Sample materia! 813C (~w) Modern c;uhon (%) 14C age (BP) Calendar age (cal. BP) 

F4c Radiocarbon Wk-8572 0.094 ± 0.002 Macroscopic charcoal -27.6=0.2 66.4=0.5 3290±6O 3529 = 69 
Radiocarbon OZE080 0.156±0.002 Macroscopic charcoal -27.57 48.57 ±0.31 5800=60 6&OO±72 
Radiocarbon OZE081 0.188 ± 0.002 Macroscopic charcoal -27.21 44.34 ±0.31 6530±60 7436±61 

E12b Radiocarbon OZG350 0.220 ± 0.020 Macroscopic charcoal _25.0a 41.42±0.22 7080±50 7910±45 
Radiocarbon OZG777 0.380 ± 0.020 Microscopic organic matter ~24.4 32.38 ±0.22 9060 ± 60 10231 ±36 
Radiocarbon OZG352 0.380±0.020 Macroscopic charcoal -2S.0a 32.28=0.17 9080 ±50 10245±31 

E12c Radiocarnon OZG349 0.536 Macroscopic charcoal _2S.0a 31.47 :::0.17 9290 = 50 10478=77 
Radiocarbon OZG786 0.706 Microscopic organic matter _25.0a 27.37±0.53 10410± 160 12255=288 

OJ Radiocarbon OZG783 0.742 ±0.020 Microscopic organic matter -27.10 13.17:::0.19 16280= 120 19520=279 
E12c Radiocarbon OZG787 0.786 Microscopic organic matter -25.5 11.65=0.14 17270::::100 20838 ± 434 
03 Radiocarbon OZG784 0.791 =0.020 /v\icroscopic organic maller _2S.0a 45.33 ± 0.44 6360=80 7296 ± 90 
E12c Radiocarbon OZG348 0.906 Macroscopic charcoal _25.03 8.57':::0.10 19740±100 23563 :::::356 

Radiocarbon OZG788 1.066 tvticroscopic organic matter -31.3 5.20±0.09 23750=-140 28679= 341 
E12b Radiocarbon OZG351 1.354 ± 0.020 Macroscopic charcoal _25.0J 1.S0±0.06 33750= 320 39600 ± 1217 

Radiocarbon Wk·8571 1.434 ±0.020 Macroscopic charcoal -24.2 =0.2 1.4;:1;:0.1 34020::: 340 40160=868 
Radiocarbon Wk-8574 1.474 ± 0.020 Macroscopic charcoal -25.8=0.2 1.8=0.1 32350::::280 37809=fl02 
Radiocarbon Wk-7702 1.634 ± 0.020 Macroscopic charcoal -25.1 ='0.2 1.2±0.1 35660:::: 790 40896;:1;: 982 
Radiocarbon Wk·7703 2.154 = 0.020 Macroscopic charcoal -24.5 ±0.2 0.7±0.1 39530= 1320 43696 =902 
Radiocarbon Wk-7704 2.194±0.020 Macroscopic charcoal -25.6±0.2 0.7±0.1 40200±1450 44183= 1108 
Radiocarbon Wk·7705 2.234 ± 0.020 Macroscopic charcoal -26.3 ± 0.2 1.1 :::0.1 36060=830 41171 =937 

Core Dating method Laboratory code Mean normalised depth em) Sample material Total dose rate (Cy ka- 1
) Equivalent dose (Cy) luminescence age (a) 

E12b OSL GL02096 4,534 :!:: 0.120 Sand (quartz grains) 0.88 =0.05 61.7=2.6 70000=5000 
OSl CL02097 5.174±0.120 Sand (quartz grains) 0.75 = 0.04 57.5::::2.4 76000= 5000 
OSl GL02098 5.654 ± 0.120 Sand (quartz grains) 0.87=0.05 66.0=3.5 75OO0±6000 

E12c OSL WLL264 5.890 = 0.11 0 Sand (quartz grains) 0.70:::::0.04 55.1 =1.1 79100= 5200 

a These values of ol3C are assumed. 
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levels of over 20% in the lower part of this zone. Elsewhere in 
southeast Australia, the presence of Apiaceae has been 
interpreted as indicating annual mean temperatures at least 
6T lower than those of today (Kershaw and Bulman, 1996). 
Traces of the alpine herb Astelia in this zone also indicate a cool 
dimate. The other herbaceous types present (for example, 
Goodeniaceae, Chenopodiaceae and Aizoaceae) all generally 
prefer well-drained and open situations. The increase in these and 
other non-arboreal taxa, and the relatively low dryland taxon 
diversity suggest the presence of an open woodlancl-herblancl 
landscape existing under cool and possibly dry climatic 
conditions throughout the early to middle last glacial period. 
However, traces of Pomaderris, Rutaceae, Me/aleuea, ground 
ferns such as Caloch/aena (Cu/CiraJ and rainforest pollen such as 
Acmena in this zone indicate the existence of sheltered, moist 
places in woodland and periods of improved water balance. 

The aquatic taxon record suggests shallow and possibly 
fluctuating water levels and an abundance of colon ising 
aquatic taxa, with Haloragaceae (probably Ha/oragis) and 
Myriophyllum dominating the aquatic vegetation throughout 
this period. Haloragis is often found in moist swampy ground 
and Myriophyllum is an aquatic genus consisting of generally 
submerged aquatic plants, usually found in fresh to slightly 
brackish water up to a metre deep (Sainty and Jacobs, 1994). 
Some species of Myriophyllum flower in response to falling 
water levels (Orchard, 1985), An increase in this taxon may 
thus represent a decrease in water levels during its summer 
florescence (Gell et a/., 1993). 

Pollen zones RH3-RH2 (middle glacial: ca. 40--20 k caL yr BP) 

Zone RH3 marks the start of a significant increase in both 
absolute and relative values of Poaceae, along with declines in 
absolute values of woody and herbaceous taxa such as 
Apiaceae, Dodonaea triquetra, Gooden iaceae and Astelia, 
These trends imply a shift from an open woodland-herbland to a 
grassland-dominated environment heading into the latter stages 
of the last glacial period. Within the upper part of zone RH3 there 
are increases in Melaleuca, Cyperaceae and Triglochin, 
suggesting water levels in the lake basin became more variable 
from around 40 k cal. yr in association with increasing aridity. 

Zone RH2 spans the height of the last glacial period and is 
marked by high total pollen levels and a dominance of 
Casuarinaceae, which makes up over 70% of the pollen sum. 
The rainforest taxa of the early glacial are absent, sugg
esting the onset of drier conditions. Other taxa present 
during this period include AngophoralBloodwood eucalypts, 
Eucalyptus, Asteraceae (types A and 8), Chenopodlaceae 
and Poaceae. A decline in Melaleuca, Cyperaceae and Trigl
ochin, along with an increase in Myriophyllum, may indicate 
shallow water levels and hence increased aridity during this 
period. 

Pollen subzone RH1c (late glacial: ca. 20-10k cal. yr BP) 

Casuarinaceae (> 23/-un) is overwhelmingly the dominant taxon 
in RH1c, both relatively and absolutely, reaching values of 
<Iround 80% of the pollen sum through most of the subzone. The 
low percentage representation of many of the other taxa in this 
subzone is not replicated inthe absolute diagram and is probably 
an artefact of the high Casuarinaceae values. 

There are increases in the absolute numbers of Casuarina
ceae, Monotoca, Proteaceae, Asteraceae type Band Chen 0-
podiaceae in the initial part of this subzone. Both Melaleuca 
and rainforest taxa are absent for most of this period. The 
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environment appears to have been characterised by Casuar· 
inaceae-dominated open woodland, with a Poaceae and 
Asteraceae understorey. 

The Casuarinaceae pollen that dominates subzone RH1c is 
largely made up of grains >23/l-m in diameter. The only 
Casuarinaceae spedes currently found within the catchment of 
Redhead lagoon, Allocasuarina littora/is and A. torulosa, both 
have pollen >23/l-m. However, a significant number of 
aberrant Casuarinaceae grains was found in this subzone. 
Grains were classed as 'aberrant' if they possessed either two or 
four or more apertures, rather than the usual three. Kershaw 
(1970) recognised that a particular group (the Castlarina 
disty/a group) was characterised by high variation in pore 
number. He suggested that this variation may be the result of 
polyploidy (the posseSSion of multiple sets of chromosomes), as 
species known to contain polyploid members show wide 
variation in pore numbers. One member of this polyplOid 
Casuarinaceae group is A. liuora/is. It seems likely, therefore, 
that this species was present in the region during this period. 
The occurrence of normal grains in this part of the sequence 
and the overlap in the size ranges of A. littoralis and A. toru/asa 
mean that the presence of A. torulosa cannot be ruled out. 
Nevertheless, the large number of aberrant grains in this zone 
indicates that the majority of Casuarinaceae pollen was derived 
from A. littoralis and that the contribution of A. toru/osa is likely 
to be minor. Allocasuarina toru/osa usually takes the form of a 
small tree and grows in moister situations than A. littoralis 
(Robinson, 1994). AllocasLiarina littoralis has a range of forms 
(tree, small tree or shrub) depending on habitat. The majority of 
the increase in Casuarinaceae at this time may therefore 
represent small tree or shrub forms of A,littoralisthat were able 
to find a source of water around the lake basin. 

The aquatic vegetation during this period consisted pre
dominantly of Myriophylillm, suggesting shallow and possibly 
fluctuat'lIlg water levels at this time. The pollen assemblage as a 
whole is indicative of a harsh, dry environment, charad· 
erised by less complex vegetation communities than those of 
today. 

Pollen subzone RHl b (early interglacial: ca. 10-8 k cal. yr BP) 

Taxa from the 'other trees' category dominate the pollen 
assemblage throughout this subzone, attain'lIlg combined 
values of over 80% of the pollen sum. Although still the 
dominant individual taxon, Casuarinaceae percentages fall to 
around 50% from a maximum of close to 80% through most 
of the previous subzone. Absolute values of Casuarinaceae are 
also significantly less than in RHlc. There are increases 
throughout this subzone in the absolute incidence of several 
'other tree' taxa, such as Angophora/Bloodwood eucalypts, 
Eucalyptus and Melaleuca. Poaceae attains its highest absolute 
representation in the record and Amaranthaceae makes its first 
and only appearance in the sequence within this subzone. 
Significantly, subzone RH1 b marks the end of the abundance of 
Asteraceae type B, with only rare traces of this type found above 
the base of this unit. In addition, there is a significant decrease 
in Chenopodiaceae following elevated levels in the previous 
two zones. The total number of indeterminable and unknown 
grains also decreases dramatically through this subzone, to its 
lowest level in the entire sequence. 

Subzone RHl b marks the end of the primacy of Haloragaceae 
and Myriophyllum, the dominant aquatic taxa 'In all the preceding 
zones. Their role is taken instead by Cyperaceae (including 
E1eoeharis), with support from Trig/ochin, Restionaceae and 
Typha. This may reflect hydroseral succession processes, 
including the development of a fringing Cyperaceae·dominated 
community around the lake edges. 
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Moist environment indicators such as Pomarlerris and 
Rutaceae are e'lther absent or near-absent during the early 
Holocene. This, in conjunction with a general decrease in the 
relative abundance of aquatic taxa for most of this period, may 
reflect lake shallowing, possibly a result of increased 
sedin1entation and lower water balances. The deteriorating 
water balance Illay have been caused by an increase in 
evapotransp'lraflon as a result of rising ten1peratures during this 
period of rapid climatic amelioration. 

Pollen subzone RH1 a (middle to late interglacial; ca. 8 k cal. 
yr BP-present) 

The middle Holocene is characterised by highly organiC 
deposition, and by increases in pollen diversity and in the 
overall abundance of small trees and shrubs, woody and 
herbaceous taxa, and rainforest types. Trees such as Casuar
inaceae, Angophora/Bloodwood eucalypts, Eucalyptus and 
Melaleuca are dominant throughout most of this subzone, 
although there is a decrease in the relative abundance of 
Casuarinaceae, apparently a result of the concurrent rise in 
absolute values of taxa such as Eucalyptus and Me/aleuea. 
MeJaleuea quinquenervia was separately identified within the 
Melaleuca pollen count. This species reaches its highest levels 
in the entire sequence during the middle to late interglacial, 
culminating in the current dominance of this swamp- and 
marsh-loving taxon along the lake margin. 

The rainforest taxa identified within this subzone include 
trees and ferns such as Cyathea, ElaeocarpLls, Nothofagus 
moorei and Acmena.lncreases in these rainforest and tree fern 
taxa, along with increases in Rutaceae, fern spores, and the wet 
sclerophylJ forest 'mdicator, Pomaderris, point to the develop
Illent of more sheltered, moist conditions in the middle 
Holocene. The dryland pollen counts are thus indicative of 
open woodland and wet scJerophyl! forest coexisting with a 
grassland understorey, with taxa such as Casuarinaceae, 
Eucalyptus, Melaleuca and small myrtaceous trees and shrubs 
dominating the pollen spectra. 

The aquatic taxon Hydrocor/e (within the Apiaceae family) 
reappears in th'ls period after its absence at the height of the last 
glacial, indicating a return to more permanent freshwater 
conditions (Sainty and Jacobs, 1994). Trig/oehin, Restionaceae 
and Typha reach their maximum or near-maximum abundance 
in the middle to late Holocene. Increases in these taxa suggest 
more open (possibly deeper), stable and freshwater conditions 
in the lake basin during the late Holocene. 

Exotic indicator species (such as Plantago laneeolata, Pinus 
and cultivated Poaceae grains with diameters >50,...111) all 
appear for the first time during the upper part of this subzone, 
signalling the start of European settlement at the site. European 
contact is also marked by sharp decreases in a number of taxa 
from the other trees, and small trees and shrubs categories, with 
a concurrent increase in several woody and herbaceous types 
of taxa, including Asteraceae and Poaceae. These changes in 
the pollen record may reflect land clearance and the increasing 
fragmentation of forest communities after European settlers 
arrived in the catchment. 

There are significant increases in both the absolute and 
percentage abundance of Typha in the post-contact part of the 
sequence. Typha grows vigorously and may dominate and out
compete other aquatic plants in shallow areas receiv'lng 
nutrient-rich runoff (SWC Consultancy, 1998). The incre.1se 
in Typha'lI1 the European period may therefore be a response to 
elevated levels of nutrients as a result of agricultural and 
urban activities '111 the catchment. This explanation has been 
advanced to explain post-contact increases in Typha at other 
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sites in New South Wales, including Trenerry Reserve (Dodson 
et al., 1995) and Wingecarribee Swamp (Kadel a, 1996), 

Environmental change through the last 
glacial-interglacial cycle 

Early last glacial (ca. 75--40 k cal. yr BP) 

The poor pollen preservation and low pollen concentration of 
the lower part of the sequence leave the reliability of the 
vegetation reconstruction at Redhead lagoon around 75 k cal. 
yr BP open to question. Nevertheless, the drytand pollen that 
has been preserved is indicative of an open woodland
herbland vegetation association, with myrtaceous types and the 
glacial indicator taxon, Asteraceae type B. These results accord 
with other studies that have suggested that greater continen
tality and seasonality, and reduced atmospheric carbon dioxide 
levels during this period may have militated against extensive 
tree survival over much of southern Australia, producing 
erodible landscapes and facilitating aeolian activity (Kershaw, 
1995; Hesse et al., 2004). 

The incidence of herbaceous and generally hardy taxa 
increases upsequence, with higher values of the cold or glacial 
taxa, Asteraceae type Band Apiaceae. The increase in these and 
other non~arboreal taxa, along with moderate pollen concen
trations and a relatively low dryland taxon diverSity, suggests the 
presence of open woodland-herbland under cool and possibly 
dry climatic conditions for most of the early glacial period. 

The complete absence of aquatic taxa and the deposition of 
wind-blown sands in the lake basin are indicative of very dry 
conditions around 75 k cal. yr BP. The evidence of dust 
deposition at this time across the North and South Island of New 
Zealand (Shulmeister et aI"~ 2004) and, less certainly, in the 
Tasman Sea (Hesse, 1994; Kawahata, 2002) suggests that these 
conditions may have been experienced widely acrOss the reg·lon. 
For the remainder of the e<lr!y glacial, waler levels remained 
shallow and possibly fluduating. Colon ising taxa such as 
Haloragaceae (probably Haloragis) and Myriophyllum domi
nated the aquatic vegetation during this time. Sea levels would 
have varied between approximately -35 and -90m MSl during 
this period (Chappeli er al., 1996). This would have exposed the 
continental shelf and left the site between perhaps 5 and 15 km 
from the coast (Thom et al., 1992). The resultant reduction in 
precipitation may help to explain the presence of open 
woodland-herbland vegetation at the site for most of this period. 

Middle to late last glacial (ca. 40-10 k cal. yr BP) 

Around 40 k cal. yr BP, the pollen record indicates a notable shift 
from open woodland-herbland to a grassland-dominated 
environment. Poaceae, Chenopodiacede, Asteraceae type A 
and the glacial indicator, Asteraceae type S, aJl peak in this 
period. This change occurs within the sub pluvial episode that 
has been identified between ca. 55 and 30 k cal. yr BP at a range 
of sites throughout eastern Australia (e.g. Bowler, 1981, 1986; 
Nan son er al., 1992; Page er al., 1996). The subpluvial may itself 
have been the product of snowmelt associated with the per'lod of 
cold climates that gave rise to the Headley Tarn Advance 
glaciation of the Snowy Mountains (Barrows et al., 2001) and 
with evidence of sustained aridity between 40 and 30 k cat. yr BP 
from southwest New South Wales (Bowler et aI" 2003). 

The occurrence of cold climates during this period is supported 
by the peak in representation of the glacial indicator, Asteraceae 
type B, and the occllrrence of other cold climate taxa, such as 
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Apiaceae, The driest period appears to have occurred in the latter 
part of this period, probably between 30 and 20 k cal. yr BP, when 
rainforest taxa were absent. Taxonomic diversity also appears to 
have been reduced during this period, 

Increases in lvIelaleuca, Cyperaceae, Myriophyllum and 
Triglochin from around 40 k cal. yr BP are consistent with water 
levels becoming lower and more variable in association with 
increasing aridity. During the latter part of this period, the 
reduction in the incidence of these taxa and the high values of 
Chenopodiaceae accord with evidence for increased salinity 
and the existence of the lowest water levels in the recore/, 

Numerous other sites throughout southeast Australia pre~ 
serve evidence of similar conditions between ca, 25000 and 
11 000 14C yr ago, These include Lake Leake (Dodson, 1975), 
Wyrie Swamp (Dodson, 1977a), lake Bullenmerri (Dodson, 
1979), Pulbeena Swamp (Colhoun et ai" 1982), Lake 
Wangoom (Edney et al., 1990) and Burraga Swamp (Sweller 
and Martin, 2001). Although climatic factors, such as lower 
temperatures and steeper pressure gradients, are likely to have 
been the major cause of the extremely dry and possibly cold 
conditions experienced during this period, the reduction in 
maritime influence associated with the increased distance to 
the coastline may also have been significant. Given sea levels 
of between approximately -65 and -120 m MSl (Chappell 
et ai" 1996), the coast would have lain between perhaps 5 and 
20 km east of its present location (Thom et al., 1992). A change 
in atmospheric circulation is also likely to have played a role, 
with evidence from sites in Australia and New Zealand 
suggesting a poleward displacement of the subtropical high~ 
pressure belt and enhancement of the Southern Hemisphere 
westerlies during the last glacial period (Shulme'lster et al., 
2004). This in turn would have contributed to drier conditions 
in southern and southeast coastal regions of Australia (Harrison 
and Dodson, 19931. 

Relatively few records preserve evidence of vegetaflon 
during the height of the last glacial period in Australia. Those 
from southeast Australia point to treeless conditions dominated 
by Poaceae and Asteraceae (Hope, 1994). Kershaw (1995) has 
calculated the average percentages of the major taxa from 11 
southeast mainland Australian pollen datasets for this period, 
Poaceae and Asteraceae in combination recorded an average of 
79%, whereas the mean incidence of Casuarinaceae was only 
3%, Although the results from Redhead Lagoon support the 
picture of elevated levels of Poaceae and Asteraceae, the 
environment of the site was not treeless, Indeed, [he e}..1:remely 
high proportion of Casuarinaceae (around 80%) atthis time is in 
sharp contrast to most southeast Australian pollen records. This 
may reflect in part the northerly location of Redhead Lagoon by 
comparison with Kershaw's (1995) reference sites, which lie 
almost without exception in Victoria. It may also reflect the fact 
that, unlike most other southeast Australian sites, locally moist 
conditions were maintained throughout the height of the last 
glacial period at Redhead, allowing the survival of Casuar
·lI1aceae, Although it is possjble that the Casuarinaceae present 
at this time may have been small trees or shrubs, Redhead 
Lagoon provides one of the few records of the presence of 
arboreal pollen during the height of the last glacial in Australia. 
The existence of this glacial refugium has important implica
tions for our understanding of the processes of postglacial 
vegetat'lonal recolonisation, 

The Holocene (ca. 10k cal. yr BP-present) 

The early interglacial was a period of major environmental 
change at Redhead Lagoon. Significantly, this period marks the 
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end of the dominance of the glacial indicator taxon, Asteraceae 
type B. The disappearance or decline of Asteraceae type B 
during the Holocene has also been noted at several western 
Victorian sites, including Tower Hill (D'Costa et a/.} 1989), 
Lake Wangoom (Edney et al., 1990; Harle et aI" 1999) and Lake 
Terang (D'Costa and Kershaw, 1995). 

Moist environment indicators such as Pomaderris and 
Rutaceae are either absent or near-absent during the transition 
to the early interglacial. This, in conjunction with a general 
decrease in the relative abundance of aquatic taxa for most of 
this period, may reflect lake shallowing, possibly a result of 
increased sedimentation and lower water balances. The 
deteriorating water balance may have been caused by an 
increase in evapotranspiration as a result of rising temperatures 
during this period of rapid climatic amelioration, This response 
is very similar to that of other lakes throughout southeast 
Australia, which display generally low water levels during the 
Pleistocene-Holocene transition (Harrison and Dodson, 1993), 

The early interglacial was also marked by a decrease in the 
proportion of Casuarinaceae, which had dominated the open 
woodland vegetation at the site since the start of subzone RH1 c. 
This appears to be a consequence of rises in the absolute 
incidence of taxa such as Eucalyptus and Melaleuca, The 
pattern of an initial increase of Casuarinaceae in the early 
Holocene, followed by a decl·,ne in relation to Eucalyptus in the 
middle to late Holocene is evident in a number of sequences 
from southeast Australia (O'Costa et al., 1989; Harle et al., 
2004), This has been attributed to various causes, including 
increases in burning, soH salinisation and improvements in 
water balances. The same pattern is observed at Redhead 
Lagoon, although the timing of the Casuarinaceae expans'lon 
and the decline relative to Eucalyptus is earlier at this site. The 
mkroscopic charcoal record from Redhead Lagoon indicates 
that the relative decline in Casuarinaceae throughout the 
Holocene cannot be attributed to increased burning (Will·lan1s, 
2005). However, the Chenopodiaceae/Casuarinaceae ratio, an 
indicator of salt~tolerance (Crowley, 1994a, b), suggests that 
soil salinisation may have contributed to the changing 
representation of Casuarinaceae and Eucalyptus over the last 
glacial period (Fig, 7). While reduced moisture availability may 
have facilitated the expansion of Casuarinaceae relative to 
Eucalyptus in the late glacial period, the restriction of 
Casuarinaceae representation during earlier arid periods 
indicates that this cannot have been the sote factor at work 
(Fig.71. 

As the Holocene progressed, there is evidence of wetter 
conditions in southeast Australia (Harrison and Dodson, 1993; 
Hope et al., 2004). This trend is also seen at Redhead Lagoon, as 
the middle Holocene signals the start of highly organic 
deposition, an increase in pollen diversity and the development 
of woodland and forest communities, including wet sclerophyll 
forest. There is also some evidence for the re~el11ergence of 
rainforest elements, The Redhead lagoon sequence suggests 
dimates were relatively stable between 8 and 3,5 k cal. yr BP, 
although the rather coarse resolution of the record (Figs 5 and 6) 
hampers a more exact reconstruct'lon. 

Finally, the arrival of Europeans at the site marked the start of 
major modification of the catchment surface. This involved 
land clearance, small-scale cultivation, and grazing, mining 
and urbanisation. The consequences included significant 
increases in sediment accumulation rates (Gale, 2003), firing 
of the catchment (WiHiams, 2005) and elevated levels of 
nutrients (Franklin, 1997). These changes have been identified 
in many post~contact sequences in southeast Australia (Dodson 
and Mooney, 2002). Declines in some tree and rainforest taxa 
with concurrent increases in several woody and herbaceous 
taxa may reflect land~clearing practices and the increasing 
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Figure 7 The composite chronostratigraphy, lithostratigraphy and selected pollen ratios (Chenopodiaceae/Casuarinaceae, Casuarinaceae/Cheno· podlaceae and Casuarinaceae/Eucalyptus) of the sediments or Redhead Lagoon, coastal, eastern New South Wales, Australi<l, The depths are normalised to the stratigraphy recorded at site E12 

fragmentation of forest communities after European settlers 
arrived in the catchment. 

Conclusions 

Redhead Lagoon possesses one of the best-dated records of 
environmental change through the last full glacial-interglacial 
cycle so far available in Australia. The lake provides rnuch~ 
needed information on the vegetation history of eastern 
Australia from a location part way between the large number 
of sites that have been investigated in Victoria and the cluster of 
records from northeast Queensland. 

The near-continuous sequence of deposits at Redhead 
Lagoon has provided a high-resolution record of vegetational 
change. The broad p'lcture is one of alternating open wood
land-herb land and woodland-forest communities, corre· 
sponding with glacial and interglacial periods respectively, 
However, along with climate, variations in depositional 
environment, hydro!ogkal changes and human activit'les have 
all played a role in determining vegetational change throughout 
this period. 

Redhead Lagoon provides one of the few records of tfees 
during the height of the last glacial period in Australia. 
Noteworthy too is the dominance of Casuarinaceae at the site 
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through the end of the last glacial and into the Holocene. This is 
in marked contrast with the generally low values of 
Casuarinaceae at most sjtes in southeast Australja at this time, 
This may reflect in part the northerly location of Redhead 
Lagoon by comparison with other sites that preserve records 
during this period, It may also reflect the fact that, unlike most 
other southeast Australian sites, locally moist conditions were 
maintained throughout the height of the last glacial period at 
Redhead, allowing the survival of Casuarinaceae, 

The evidence frorn the Redhead Lagoon record is indicative 
of alternations in the intensity of cool climates during the last 
glacial. This may accord with evidence frorn alpine mainland 
Australia for several ice advances during this time. The driest 
conditions, however, appear to have occurred during the 
height of the last gl"cial (some time between 30 and 
20k cal. yr BP). This is consistent with other records from 
southeast Australia, and provides support for the model of a 
poleward shift in the subtropical anticyclone belt and a possible 
intensification of the SOllthern Hemisphere westerlies during 
th'ls period. 

Finally, the vegetation record provides evidence of increas
ing fragmentation of forest cOllllllunities over the last 150 years, 
This is likely to be a result of the intensification of land use since 
European settlement in the region, Indeed, the arrival of 
Europeans at the site may have had as much impact on the 
landscape as any of the climatic changes of the previous 
75 000 yr. 
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