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Queens Swamp a “Hanging Swamp” dominated by Gymnoschoenus sphaerocephalus,
Lepidosperma limicola and Xyris ustulata near Lawson in the Blue Moountains.






THE PROGRAMME IN BRIEF

Monday, 22 June

Leave Sydney’s eastern suburbs and travel to Royal National Park for an overview of
vegetation communities of the Sydney Basin. Short walks in ridgetop woodland, coastal
heath and temperate rainforest. Lunch at Stanwell Park. Coast road (including Sea Cliff
Bridge) along Permian-Triassic exposures, and then climb the eastern escarpment to our
overnight accommodation at Fountaindale Manor in Robertson.

Tuesday, 23 June

Around Robertson: rainforest remnants and Wingecarribee Swamp to discuss swamp
failure, palynology and charcoal, with a focus on vegetation, vegetation history and
impacts on swamps. Lunch in the Robertson Cheese Factory. In the afternoon we will
travel back to the edge of the eastern escarpment at the Illawarra Fly. If time permits we
will visit Barren Grounds Nature Reserve. Overnight in Robertson at Fountaindale
Manor.

Wednesday, 24 June

Travel from Robertson to Thirlmere Lakes National Park to examine freshwater lakes and
Lake Baraba, a mostly infilled sedge-dominated site. Lunch in the historic George IV pub
in Picton. Travel to the Greater Blue Mountains World Heritage Area where we will
spend the night in the Spires Apartments, Leura in the Blue Mountains.

Thursday, 25 June

The vegetation, landscape and archaeology of the Blue Mountains. Morning tour of the
major look-outs of the Blue Mountains, followed by the floor of the Jamison River valley
at the Three Sisters. Lunch will be spent at ‘Queens Swamp' near Lawson (weather
permitting). Late afternoon at The Edge with a performance by an Aboriginal group.
Evening presentation on the archaeology of the Sydney Basin and Blue Mountains.
Overnight in Leura at Spires Apartments.

Friday, 26 June

From the Blue Mountains we will travel back down the Lapstone Monocline and then
north along the Putty Road. We will stop at Kings Waterhole, a part of the Mellong
Swamps in Wollemi National Park. We will then cross into the Hunter Valley (a Famous
wine growing region) for lunch and to examine post-European changes to river channels
and efforts at revegetation. We will then travel to the UNSW field station at Smiths Lake
for an overnight stop.

Saturday, 27 June

From Smiths Lake we will travel to Tea Gardens to join the ferry across to Port Stephens.
We will then briefly visit a coastal site before starting our journey back to Sydney. If time
permits we will visit Redhead Lagoon, the longest published palaeo-environmental record
in the Sydney Basin. The aim is to be back to Sydney late afternoon/early evening.






OVERVIEW OF ROUTE

Smiths/Lake

PoitiStephens -

&
v

S~ 7~

Hunter él!ey‘
’ INewcastles=="
P

Redﬁead Lagoon ‘

ILSydney

A "S‘ydney\”l:

Royal!National/Park I X

“‘ Picton ‘

Thirlmere Lakes NationaliPark: & Otford

*#h .
Wingecariibee Swamp ‘ A,

3

£ Robertson
Barren Grounds
- Data S10, NOAA, V.S, Navy, NGA, GEBCO
£, 2009 Sinclair Knight Merz ~ g
i & 101 Km I 009 Cnes/Spot Image e (J()()Slc
1 % mage @ 20090 DigitaiGlobea

33724'086.36°S  151°36'44.80°E elav. Om Eye alt 344.08 km







PARTICIPANTS OF THE XXXIII INTERNATIONAL
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SOME GENERAL INFORMATION ABOUT THE SYDNEY
BASIN
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‘ALTOGETHER BARREN, PECULIARLY ROMANTIC':
THE SANDSTONE LANDS AROUND SYDNEY

R. W. and A. R. M. YOUNG*

SUMMARY: The poor and rugged sandstone plateaux around Sydney were long seen as
little more than a barrier to the fertile Inland. Yet this wilderness has had a fascination
for artists and sightseers alike. Economic impacts came slowly, while action to
preserve the landscape met with considerable success, but over the last decade there
has been Increasing conflict between developers and conservationists. A geomorpho-
logical account of the sandstones is presented here, both as a contribution to the
rational resolution of that conflict, and as a guide to the fook of the land. Emphasis is
given to the interaction of surface processes and bedrock characteristics.

To the first European settlers of the Sydney
region (Figure 1) the sandstone plateaux which
surrounded the settlement were noteworthy mainly
for their uselessness for food production and for
the forbidding nature of their rugged terrain. It may
be that the Aborigines viewed them in a somewhat
similar, if less inauspicious light, for although oc-
cupance of the lowlands dates as far back as
45,000 BP (Nanson et al. 1987), the main occup-
ance of the plateaux seems to date from later than
7,000 BP (Hughes and Sullivan 1881). Yet colonial
painters were fascinated by the great cliffs, water-
talls and sweeping vistas of the Blue Mountains —
so much so that many of the paintings of Martens,
Piguenet and von Guerard celebrate a wilderness
in which man seems out of place. Joseph Lycett,
describing his 'View of the Wingecarribee’ (c.
1824), saw ‘the principal objects’ as ‘the extraor-
dinary rocks which, in stupendous masses, over-
hang the River' (quoted in Bonyhady 1985). Those
responsible for conquering the wilderness saw it
with a less sympathetic eye. Surveyor Govett de-
scribed the Blue Mountains as having an ‘awful
solemnity’, an appearance ‘altogether barren, pe-
culiarly romantic ... awfully desolate’; one not
atypical gully he described as an ‘infernal Hole'
(quoted in Speirs 1981). As the wilderness of the
plateaux was celebrated in art, so too was its
conquest, especially the building of transport lines
across it (e.g. Earle’s ‘King’s Tableland’ c. 1826,
Martens' ‘Zig Zag Railway’ 1876 and Streeton’s
‘Fire’s On" 1891).

The inevitable tension between the desires to
exult in the wilderness and to tame it, a tension
often present within individual minds, not only re-
mains, but in recent decades, has been markedly
intensified. These plateaux still are, as Griffith
Taylor (1958) described them thirty years ago, an
‘almost empty land’. And, as Taylor never tired of
emphasising, they were ‘empty’ because, except
where shales or basalt overlie the sandstone,
their soils were unsuitable for agriculture, and

* Department of Geography, University of Wollongong, PO Box
1144, Wollonpong, NSW 2500, Australia.
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Figure 1: Location of major topographic features in the
Sydney Basin, Location of Plates (1-8), and of sections
in Figure 4 (A-A", B-B’, C-C') are also shown.

because their rugged terrain confined transport
and settlement to narrow corridors.

Action to preserve the sandstone landscape
began quite early here. In 1879, just seven years
after the dedication of the first national park in the
USA, the Royal National Park was set aside for
public recreation on the southern outskirts of Syd-
ney. In deference to Taylor, it must be admitted
that this park and its successors are on land for
which there was little competing demand. Indeed
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much of the opposition to the second large park,
Ku-ring-gai Chase, which opened in 1894, was
prompted by the apparent waste of public money
on land in which ‘thirty acres would hardly feed a
goat’ (quoted by Taylor 1958). Moreover, the
great bulk of the land dedicated to national parks
has been set aside in the last two decades. Today
major parks and reserves occupy some 963,430
ha, or about one-third of the sandstone plateaux
of the region (Figure 2). To this area can be
added approximately another 130,000 ha set
aside as catchment for the region’s water supply.
Abaut B per cent of this catchment area, some of
it valley-bottom land already cleared for agricul-
ture, has been flooded, but disruption in the re-
mainder has been limited mainly to the cutting of
fire trails and corridors for power lines and to
periodic burning designed to reduce the hazard of
bushfires.

Nonetheless, major changes have occurred, and
are doing so at an increasing rate. Suburban Syd-
ney has sprawled onto the low sandstone plateaux
to the north and south and along the corridor
across the Blue Mountains. Major expressways
and a railway for the export of coal have been
carved through almost pristine bushland. An in-
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creasing reliance on minera! exports has led to a
great expansion of the traditional mining areas on
the flanks of the region; most of the Nepean Ramp
in the south-east, for instance, is either designat-
ed as active coal leases or as a reserve for future
mining (Figure 3). Many of these leases lie in the
catchment area, and attempts to extend them
under the water storages (Reynolds 1977} and
also into the national parks have resulted in
heightened controversy over future land use in the
region,

Whether one’s interest lies primarily in the ratio-
nal resolution of these controversies or simply in
understanding the look of this land which has
fascinated countless thousands, an appreciation
of the forces which have shaped the plateaux is
essential. Much has been written on the long-term
geomorphological evolution of the region, although
the traditional cyclical interpretations (see the fine
Davisian synthesis written by Taylor 1958) have
been challenged (e.g. R. Young 1977, 1978a).
Only recently, however, has much attention been
given to the interaction of contemporary denuda-
tional processes and lithological constraints, and
to their modification by man {e.g. Branagan 1985;
Pells et al. 1987; see also Young and Nanson
1983). This is our concern here.

GEOLOGICAL AND GEOMORPHOLOGICAL
SETTING

From Carboniferous to Triassic times, and per-
haps as late as the Jurassic, sediments were
swept from the folded and crystaliine rocks of
Palaeozoic ranges in northern and central New
South Wales into the Sydney Basin, and ware then
uplifted by epeirogenic movements (Herbert and
Helby 1980; Branagan et al. 1976). During the first
major phase of deposition which was dominantly
marine, alternating sandstones and siltstones were
laid down as the basin's margins expanded and
contracted. Early in this phase some coal was
deposited, and late in it there was extensive vul-
canism in the southern part of the basin. When
marine sedimentation gave way to freshwater de-
position in the late Permian, extensive coal-bear-
ing beds and thick sequences of sandstones and
shales were deposited. The basin's margins con-
tracted, so that the uppermost beds were confined
mainly to the centre. Uplift may have occurred in
several phases but strata had reached essentially
their present elevation by Early to Middle Tertiary
times (Wellman and McDougall 1874; R. Young
1978a; Bishop et al. 1982). This broad warping,
with some faulting, produced an asymmetric, elon-
gated, saucer-like regional structure which rises
steeply in the west and more gently to the north
and south.

Thus, the centre of the basin is today a rolling
lowland, known as the Cumberland Plain (Figure 1),

Australian Geographer 19 (1), May, 1988
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Figure 3: Overlapping of coal mining leases and Water Board catchment

areas in the southern part of the Sydney region.

developed mainly on the Wianamatta Shale, which
is the uppermost of the Triassic sequence. Except
for an extensive outlier in the south-west near
Moss Vale, these shales have been almost com-
pletely stripped from the surrounding plateaux.
The dissected surfaces of the plateaux are carved
from the Triassic Hawkesbury Sandstone in the
north and south, whereas in the west the Hawkes-
bury Sandstone and the underlying Narrabeen
Group form the surface of the Blue Mountains. In
the far south, the Permian Nowra Sandstone and
Snapper Point Formation form rugged plateaux.
The coal resources of the basin crop out beneath
Triassic sediments along the lllawarra Escarpment
in the south-east and in the deep and broad
valleys on the western side of the Blue Mountains.,
On the northern flank of the basin, the Hunter River
and its tributaries have dissected the lower Per-
main sequence into rolling valleys. These valleys
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which have long been used for agriculture and
underground coal mining, are now the site of ex-
tensive open-cut extraction of coal.

The landforms of the plateaux can be most
simply described in terms of the repetition of three
sub-types: plateau summits and upland valleys;
cliffs; and valley sides and floors. There are, how-
ever, marked variations in each of these types
across the region.

PLATEAU SUMMITS AND UPLAND VALLEYS

Where the plateau is cut mainly from a single
sandstone formation, as is the case with Hawkes-
bury Sandstone on the Hornsby and Woronora
plateaux, the summits are relatively narrow,
though sometimes flanked by benches. However,
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where there is substantial capping by basalt or
shale, the ridges tend to be much broader.
Benches on the summits are linked to bedding of
the rock, and, according to some authors, are
particularly prominent where minor claystone
lenses are interbedded with sandstone (e.g. Pick-
ard and Jacobs 1983). However, the occurrence
of claystone must be demonstrated rather than
assumed, for, as Mainguet {1972) noted, flow pat-
terns within sandstones are complex, and seep-
age often emerges from two-dimensional, non-
point sources close to summits. The benches
seem due to the enhanced weathering of sand-
stone at such seepage outlets. Benches are broad
where bedding is thick; where bedding is very thin,
multiple minor benches can impart a striking con-
vexity to the general form of the slope.

Of great importance to the management of the
summit areas are recently revealed close linkages
between biological and physical processes of de-
nudation. Results obtained by Humphreys and
Mitchell (1983) indicate rates of surface mounding
of soil by termites and anis up to 570-840
g/m?/yr, by worms of up to 134 g/m?/yr and by

lyrebirds of up to 4,470 g/m?/yr (see also Adam-

son et al. 1983). The fall of trees in the sclerophyll
woodland that generally covers the summits can
also cause surface mounding of up to 134 g/m?*/yr
(Humphreys and Mitchell 1983). Mounded material
is shifted downslope mainly by surface wash,
though the rates of movement range from 4 to 900
g/m?/yr, depending on local surface conditions
(Humphreys and Mitchell 1983). However, this
same monitoring program indicates that soil creep
on these slopes is negligible. The high frequency
of fire in the sclerophyll woodland seems to play
an important role in the breakdown of sandstone
surfaces (Adamson et al. 1983), though the rates
at which this breakdown occurs have still to be
determined. Adamson and his colleagues have
also demonstrated that fire and the subsequent
patterns of regeneration have a significant effect
on the transport of sandstone debris by overland
flow over slopes on the summits of the plateaux.

On parts of the plateaux, and especially in the
Blue Mountains, there is considerable local relief.
The tops of the clifilines are frequently deeply
notched. Holland (1974, 1977) has shown clearly
how the headward migration of small knickpoints
along the claystones in'the Narrabeen Group leads
to incision of the lower reaches of the upland
valleys. In many instances, such as the Grand
Canyon at Blackheath, these lower reaches form
extremely narrow slot valleys which may descend
almost through the entire clitf-forming stratum.
Even where creeks tumble over high waterfalls,
there is substantial incision above the falls, as can
be seen at Govett's Leap or Wentworth Falls.

As claystone beds in the Hawkesbury Sand-
stone, Nowra Sandstone and Snapper Point For-
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mation are fewer and less continuous than in the
Narrabeen Group sandstones, slot valleys are
rarely found on the other plateaux. Streams on the
plateaux are generally incised only to shaliow
depth, and flow through broad, gently sloping de-
pressions (Holland 1974; Buchanan 1980; A.
Young 1986a), which are often sediment-choked
and swampy. The dells are characterised by al-
most treeless vegetations — sedgelands and
heathlands — which contrast sharply with euca-
lypt woodland/open forest that dominates the pla-
teau summits and valley sides. The change from
woodland to sedgefand/heath is usually abrupt
and is due to the wetness of the shallow upland
valleys. .

The delis are supplied with a coarse sandy load
as a result of weathering and erosion of the pla-
teauy summits, vet they are small headwater
streams with low discharges and gentle gradients.
They often are unable to flush their load from the
headwaters into the gorges which dissect the
plateaux. Because they become sediment-choked,
they lack continuous open channels so that seep-
age and also runoff from low magnitude sterms do
not flow away rapidly. Thus, a perched water table
is held within the sediments; breakdown of organic
debris is slow and incomplete because of the
resultant poor aeration; colloidal organic matter
accumulates, enhancing the moisture-retaining ca-
pacity of the sediments. The importance of such
hydrological factors can be further demonstrated
by considering the distributions of sedgelands
across the plateaux, looking firstly at the hanging
swamps of the Blue Mountains and secondly at the
dells of the Woronora Plateau.

While dells on most plateaux occur mainly on
gentle slopes (all of those in Cataract and Cor-
deaux catchments on the Woronora Plateau have
average gradients lower than 8°), in the Blue
Mountains curtains of sedgeland hang down near-
vertical slopes in many places. These hanging
swamps develop below the contact of the horizon-
tally extensive Wentworth Falis Claystone with the
overlying and well-jointed Grose Sandstone of the
Narrabeen Group. Seepage from the ridges moves
through the joints in the sandstone but emerges
when it strikes the far less permeable claystone.
Even where this contact intersects very steep
slopes and ciiff-lines, the persistent emergence of
seepage maintains hanging swamps with their root
mats binding a few centimetres of organic-rich
soil. Where the claysione crops out on gentler
valley sides, dells occur with a well-defined up-
slope margin following the contact along the con-
tour (Holiand 1974).

Hanging swamps do not characterise the other
plateaux because the other major sandstone for-
mations, apart from the Narrabeen Group, lack
extensive continuous claystone beds. On the Wo-
ronora Plateau, the Hawkesbury Sandstone has

Australian Geographer 19 (1), May, 1988



only discontinuous and restricted claystone facies
and the presence of swampy dells results from the
impermeability of the Sandstone itseif. Subsurface
flow is largely horizontal, with only fimited flow
down vertical joints (Reynolds 1977). Sedgelands
are extensive on undissected parts of the plateau
along the eastern side where average precipita-
tion (1,500 mm/year) exceeds average evapora-
tion (900 mm/year) annually and in each month of
the year (A. Young 1986a). Valleyside swamps
are common here, occurring where seepage
emerges along bedding planes. Further west
across the plateau, where climatic conditions are
drier, valleyside swamps are rare and the valley
floor swamps are heathlands or even open wood-
lands of scribbly gums. Here annual average rain-
fall is only 900-1,100 mm/year and exceeds annu-
al average evaporation probably by fess than 100
mm/year. The drier environment is reflected also
in the soils which change from very dark grey to
black peaty podsols under sedgelands in the east-
ern part to shallow yellow earthy sands with a very
dark brown A horizon under open woodland further
west. On a much smaller scale, similar changes
from relatively wet to relatively dry conditions
across benches in the Tianjara area on the Shoal-
haven Ramp have created patterning of alternating
sedgelands and mallee eucalypt woodland (Pick-
ard and Jacobs 1983).

The impermeability of the Hawkesbury Sand-
stone and its role in preserving high water tables
in the dells were shown dramatically as a result of
human interference at one site in Avon catchment
(A. Young 1986b). The site suifered a maximum of
2.4 m of subsidence between 1965 and 1975 due
to underground extraction of two coal seams
(Kapp 1980). There was extensive cracking of the
sandstone at the surface, as well as opening of
joints in tensional areas and generation of ‘A-tent’
structures in compressional zones. This allowed
vertical seepage into the bedrock from the
swampy sediments and lowered the water table
from the ground surface to more than 8 m below
bedrock. A secondary consequence was severe
guilying in the dell (A. Young 1986b).

The broad-scale dependence of the dells on
hydrological conditions is echoed on a smaller
scale within them, Melville and Fitzpatrick (1983)
described three hydrological zones within those of

the Budderoo area at the southern end of the
Woronora Plateau. In the valley axes there is a
zone of permanent saturation where actual evapo-
transpiration equals the potential rate at all times.
Runoff begins from this zone immediately after
rainfall. On the sideslopes, still under sedge-
land/heathland, there is an intermediate area
where soils have a water storage capacity which
varies with antecedent rainfall. On the ridges oc-
cupied by eucalypt woodland, the soils are satu-
rated only for brief periods after rainfall. Potential
evapotranspiration exceeds the actual rate in this
zone. These hydrological zones are matched by
changes in soil type and sediment transport pro-
cesses (A. Young 1986a). Comparisons of two
catchments at Budderoo showed that the catch-
ment with most extensive swamps (46 per cent of
total area under sedgeland/heathland) generated
only 54 per cent of rainfall as runoff, whereas the
drier catchment (36 per cent of area under
swamp) generated 64 per cent of rainfall as runoff
(Melville and Fitzpatrick 1983). Hence, the dells
retain rainfall more efficiently than the eucalypt
woodlands, and can supply flow during prolonged
drought conditions. This role is well-recognised
(see for example Forster et al. 1977) and even
popular works on the Blue Mountains (Speirs
1981; Liddle and Baker 1987) make eloguent
pleas for preservation of the swamps for this
reason. We may note also that the large pools
which lie in the valley axes of the larger swamps
provide continuous water supplies for fauna during
long dry spells.

It is obvious that the high natural quality of the
water in the storage reservoirs around Sydney is
due primarily to the large undisturbed catchment
areas from which it is gathered. Very litile treat-
ment is required before the water is supplied for
domestic purposes. The quality is maintained part-
ly by the presence of the dells which are very
effective traps for sediment eroded from the
ridges and which release water with typically low
ionic concentrations. Thus, protection of the dells
is important for preservation of water quality within
the catchment areas, for the maintenance of flow
during tong droughts and for ecological reasons.

1t is not only water and sediment which accumu-
late in the dells. Recent work on the soils of Avon
catchment on the Woronora Plateau (Young and

Table 1: AVERAGE CONCENTRATIONS OF IRON IN SOILS ON HAWKESBURY SANDSTONE, AVON

CATCHMENT
Soil type Total free iron (g/kg) Mobile /amorphous iron (g/kg)
at 0.1 m at 05 m at0.1m at 0.5 m
Lithoso! 2.60 n.a. 0.66 n.a.
Yellow earth, 0.82 4.06 0.56 0.86
Organic sand.. 12.02 8.91 4.83 1.83

Source: Young and Sim (1887) Total free iron as citrate-dithionite extractable; mobile/amorphous iron as oxalate

extractable.
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Sim 1987) has shown that the dells are areas of
iron accumulation also. Soils developed on Haw-
kesbury Sandstone in the catchment are generally
skeletal lithosols on ridgetops, yellow earths of
variable depth up to 1.5 m on valley sides and
organic sands in the dells. In the lithosols and
yellow earths, concentrations of total free iron and
of mobile/amorphous iron were less than 5g/kg
close to bedrock and even iower near the soil
surface. However in the dells, concentrations were
much higher and were greatest close to the sur-
face (Table 1). These data show clearly that the
swamps are zones of accumulation of iron which
has been leached from the ridges and washed
with sediment or transported in sclution into the
swamps. Oxidation and immobilisation of iron in
the surface horizons is due to localised aeration
around plant roots. Indeed sheaths of orange iron
oxide can be found along the fine roots of many
sedges.

Clearly, within the organic-rich and acidic soils
of the dells, iron is mobile in the soil water. Iron
levels on filtered samples of water from streams
flowing over the Hawkesbury Sandstone ars low,
ranging from 0-0.15 mg/l generally but reaching
0.5 mg/1 (Halford et al. 1985; Johnson 1986). For
drinking water, 0.3 mg/l is acceptable but <0.1
mg/l is desirable, so that the movement of iron
within the catchment is of great importance to the
water supply authority, the Metropolitan Water
Sewerage and Drainage Board (MWSDB). High
iron levels are encountered in the water from Avon
and Cordeaux storages, particularly when the wa-
ter is turbid after heavy rainfall (MWSDB 1988).
Thus, much of the iron entering the storages does
so in association with suspended sediment. When
this sediment setties to the floor of the reservoirs,
iron can be re-mobilised into the water in the
anoxic conditions that prevail as the lake waters
are stratified during summer. There is already a
substantial store of iron in the stored waters and
its re-mobilisation into the supply has become a
significant problem in the Wollongong area. Hence,
it is important to minimise further inputs of iron into
the stored waters, and again this emphasises the
need to protect the dells from erosion. They are
excellent sediment and iron traps and their erosion
would lead to substantial increases in iron inputs
to the stored waters.

Not all of the iron leached from the sandstone
moves in soil water or runoff. Particularly near
cliffs or knickpoints on streams, water moves
down joint planes and along subsurface bedding
planes. As it emerges at the surface, iron in
sofution in the ferrous state is rapidly oxidised and
gelatinous orange amorphous iron oxides are pre-
cipitated. Precipitate from the Nepean catchment
yielded 172.8 g/kg amorphous iron and a similar
dry deposit from O'Hares Creek catchment’
showed some poorly crystallised goethite; others
from near Yerranderie were high in siderite (Blong,
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personal communication 1987). The precipitates
may form banded porous tufas along bedding
planes or minor joints, or stalactites below over-
hangs. Excellent examples of such stalactites are
found particularly in the Blue Mountains, for exam-
ple in the Valley of the Waters at Wentworth Falls
and Magdala Creek at Springwood. Thus, water
movement from the upland summits and valleys
into the gorges and valleys that dissect the pla-
teau is not confined to surface flow, Subsurface
movement is also of major importance, particularly
in the development of waterfalls and as an influ-
ence on the stability of the clifflines.

[

CLIFFS

The most visually striking landforms of the
region are undoubtedly the long lines of cliffs,
especially those of the Blue Mountains and the
Clyde-Shoathaven area (Plates 1, 2 and 4). They
are the prime tourist attractions, they have domi-
nated the vistas painted by many artists (Speirs
1881), and the scattering over them of romantic
names, such as the Donjon or Shrouded Gods
Mountain, aftest to their place in the popular per-
ception of these landscapes. Yet the very general
resume written by Taylor (1958) is the only readily
available treatment of their form and origins. In
extending Taylor's account we turn first to a con-
sitleration of a particularly impressive example —
the western wall of the Castle in the Clyde River
valley (Plate 4).

The Nowra Sandstone, of which the upper cliff-
line of the Castle is formed, can be rated as a
rock of medium strength. Although no triaxial tests
have been made on this sandstone, Schmidt-Ham-
mer tests indicate uniaxial comprehensive
strengths of 55 to 70 Megapascals (Mpa), values
somewhat higher than the range of about 20 to 60
Mpa recorded for the majority of tests on the
Hawkesbury Sandstone (Pells 1977, 1985) which
form the main cliffs further north in the region. The
resistance of the Hawkesbury Sandstone to shear-
ing stress (that is, when the stress is translated
obliquely rather than applied solely in the vertical
plane) is less than half its compressive strength
(Johnson 1960; Pells 1977, 1985), and this is
probably true of the Nowra Sandstone also. None-
theless, the stresses generated even by the 150
m high cliffs of the Castle fall well below these
critical levels of rock strength.

The stability of the west wall of the Castle is
greatly enhanced by the geometry of the fractures
through the sandstone. As is the case in most
parts of the region, except for sites of localised
steep folding like the Lapstone Monocline, the
bedding of the sandstone is inclined at only a few
degrees (Plates 2 and 4). Most joints dip steeply
(70-90°) and, in conjunction with the almost hori-
zontal bedding, form assemblages of rectangular
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: Rugged plateau terrain in the upper Clyde va,

The plateau summits and upper cliffs are carved from Nowra Sandstone, the upland valleys are cut

mainly in Wandrawandian Siltstone, the second cliffline Is in the Snapper Point Formation, and the sides

of the gorge are cut in folded Devonian rocks. Just out of view to the right Eocene basalts that flowed
down the upland valleys demonstrate the great antiquity of the landscape.

blocks that are very stable. Yet, as can be seen
clearly in Plate 4, some joints which dip outwards
from the cliff face provide failure planes down
which blocks can slip and then fall. The complexi-
ty arising from the intersection of differentially
inclined joints is well illustrated by the wedge-
shaped block (marked A) shown on Plate 4. De-
spite the precarious appearance of this block,
estimates of its geometric and frictional parame-
ters indicate that it is stable (see wedge-failure
analysis tables given by Hoek and Bray 1974). In
short, where their foundations are sound, cliffs like
this cne are very stable.
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Iate 2: Cliffs lining the gorge of the Grose River, in the Blue ounrains, are carved from sandstones of
the Narrabeen Group. The lower slopes of the gorge are cut mainly from Coal Measure sediments.

The importance of failure in claystones or
shales at the base of the cliffs has long been
recognised here, but the usual dismissal of it as a
weathering of ‘soft rock from beneath hard rock’ is
misleading. At some sites in the Clyde and Shoal-
haven catchments the contact between the Nowra
Sandstone and the underlying Wandrawandian Silt-
sone is buttressed, not undercut. Moreover, the
main undercutting often is not in the clayey rock,
but in conglomeratic beds at the base of the
sandstone; water seeping through the conglomer-
ate weakens the contact on the surface of the
smooth pebbles which then simply fall out of the
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Plato 4: The westerm wall of the Castle in the upper Clyde
valley. This 150 m cliffline is cut in the Nowra Sandstone and
the slopes beneath it aro cut in the Wandrawaadian Slitstone.
The almost horizonini bedding and steep Jointing is typical of
most oulcrops in the region. Note the effact of intersecting
Jolnts on the block at the upper loft (A) of the plate. The
vertical extension of the prominent caverns points to the impor-
tance of p ing'g in thelr




matrix. When undercutting does occur in the clays-
tones and shales, the breakdown of these rocks is
not just a matter of increasing plasticity due to
weathering as is often assumed (e.g. Evans 1981).
Except where seepage concentrates along major
fractures, the really intense weathering of the
clayey rocks is located not in the undercut, but
beyond the drip line of water coming over the cliff,
which leads to the mass failure of saturated clays
on the slopes below the undercut. The majority of
undercuts seen by us are extending by brittle
fracture in clayey rocks that have not been in-
tensely weathered.

In accounting for undercutting, the physical
character of the clayey rocks and also the con-
centration of stresses acting on them must be
considered. Hebbiewhite (1978) comments in a
geotechnical study of the Appin Colliery that, al-
though the shales are quite strong in compression
(averaging 75 Mpa when confining pressure is 10
Mpa), they are quite brittle when unconfined. Fur-
thermore, at the base of cliffs these rocks are
subjected not just to the average stress generated
by the overlying sandstone, but to the much great-
er local concentration of stress that occurs at the
foot of rock walls (Stacey 1970). An even greater
concentration of stresses occurs as the undercut
deepens, and to these stresses must be added
any horizontal tectonic stress which, in the mines
near Wollongong, is known to be up to three times
greater than the vertical stress generated by the
overburden (Hebblewhite 1978). First approxima-
tions by us indicate that stresses at the foot of
many cliffs in the region may be close to the
measured shearing strengths of unweathered
claystones (Johnson 1960; Hebblewhite 1978) and
that only minor hydration of clay is probably
needed for these rocks to fracture and for under-
cutting to develap.

The failure of sandstone above an undercut can
occur in several ways. A joint-bounded block will
become unstable, owing to the shift in its ceatre of
gravity, once undercut beyond one-third of its
width and will topple as undercutting proceeds, If
the joints are widely spaced, the rock may fail by
brittie fracture before the block topples because
the strength of these sandstones in tension is only
about 5 to 10 per cent of their strength in com-
pression (Pells 1977, 1985; Jaggar 1978). This is
why large plates of sandstone projecting more
than a few metres from the clifi face are rarely
seen in this region. As many failures are triggered
by high stress concentrations in partly weathered
claystones beneath the sandstone, the displace-
ment of blocks may involve a backward rotation
rather than a forward toppling motion (Pells et al.
1987; Cunningham forthcoming).

Not all large failures on the cliffs are triggered
by undercutting, for, especially in the southern part
of the region, gliding of very large blocks away
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from clifflines is quite common. Probably the most
convincing evidence of the displacement of blocks
extending the full height of the cliffs can be seen
along the Shoalhaven River just west of Nowra,
where crevasses zig-zag from one set of joints to
another (R. Young 1983a). Many of these cre-
vasses have no tributary streams that could have
cut them, have no outlet on the cliff face, and have
projecting plates on the outer block that match
recesses on the inner wall. A spectacular instance
of block gliding is at Chimney Stack Rock, near
Yalwal, where blocks 15 to 27 m high have appar-
ently moved as far as 100 m from the adjacent
cliffs (Plate 5). Another notable example is at
Burra Moko Head near Blackheath, in the Blue
Mountains, where a pinnacle 40 to 60 m high has
moved from the cliffline (Pells et al. 1987). The
mechanics of gliding hereabouts are poorly under-
stood, for the plasticity of the shales seems too
low for them to transport the huge sandstone
blocks. The answer may lie in rheological deforma-
tion over time spans of thousands or even millions
of years. Of this we know little, but, to cite one
instance, a great detached pinnacle at the head of
Yarrunga Creek seems not to have shifted since
1836 when it was depicted in Conrad Martens’
painting ‘Fitzroy Falls'.

Of course, not all pinnacles are the result of
block gliding; many have been carved by the con-
centration of erosion along joint planes. Fine ex-
amples can be seen in Monolith Valiey (Plate 6), in
the southern extremity of the region, but undoubt-
edly the best known is the Three Sisters at Ka-
toomba (Plate 7).

Thus far we have considered the cliffs as
though they were dry stone walls, but the effects
of water must also be taken into account. When
saturated, the Hawkesbury Sandstone has only
about 50 per cent of the compressive strength it
has when dry {(Pells 1977). Furthermore, it is well
known that locally high porewater pressures re-
duce the stability of joint-bounded blocks. Conse-
quently, at sites like Caloola Pass and Johnson's
Spur near Wollongeng, continuous flow from large
swamps on the plateau surface can degrade the
cliff line.

The interplay of water and of the strength of
rock masses is most readily seen at numerous
spectacular waterfalls that plunge over the cliffs.
They are usually attributed to erosion, by the
falling water, of claystones under the sandstone,
but this is too simple an explanation (R. Young
1985). Many of these falls are buttressed at the
base, rather than undercut. Where undercutting is
present, it often is |located to the side of, rather
than behind the falls, indicating that it is probably
the result of the saturation of rock by seepage or
by spray, and not the result of direct stream
erosion. In some cases, like Fitzroy Falls, there is
neither undercutting nor a plunge pool. Especially
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Plate 7: The effects of vertical jointing and of erosion along prominent claystone beds are well

illustrated at the Three Sisters near Katoomba in the Blue Mountains.

in cases like this one, the effect of the water
seems to be only a speeding up of the mecha-
nisms of failure operating along the adjacent cliffs
(R. Young 1985).

Although the quartzose sandstones of this
region are relatively resistant to weathering, at
many sites chemical alteration extends to consid-
erable depths. Drilling during geotechnical investi-
gations for the Warragamba Dam (Johnson 1960)
revealed two zones of weathering under broad
interfluves on the Hawkesbury Sandstone. To
depths of about 15 m the sandstone had been
converted to corestones of hard rock surrounded
by a ‘sugary mass of decomposed material’ (John-
son 1960). Beneath this zone, and extending to
the watertable, the conversion of siderite cement
to limonite, together with secondary silicification
between grains, had actually increased the hard-
ness of the rock. Clearly, changes such as these
can have considerable effects on the mass
strength of cliffs.

The most striking manifestation of weathering on
the cliff faces are the very extensive caves
(Plates 4 and 8). As a first attempt to assess their
incidence, we analysed 14 panoramic photos of
cliffs in the Blue Mountains and the Clyde and
Shoalhaven valleys. This analysis, which revealed
that the eye greatly exaggerates the proportion of
cliffs occupied by caves, gave a range of 3 per
cent to 28 per cent and an average of 11 per cent.
The caves rarely extend more than a few metres
into the cliffs. Contrary to popular belief, they are
not formed by wind erosion, as can be readily
demonstrated by their occurrence in very shel-
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tered sites. While hydration of clay in the matrix of
sandstone may be a contributing factor, the mobili-
sation of iron and silica by water moving through
the rock is of far greater importance (Johnson
1974). Schmidt-Hammer tests show about a 50
per cent decrease in strength from case hardened
rims to the weathered roofs and back walls of
caves. The primary cause, even well away from
the sea, seems to be salt weathering, though the
process is not a disruption of grains by the growth
of salt crystals but rather 2 chemical etching of
quartz grains promoted by the presence of chlo-
ride (A. Young 1987). Hughes and Sullivan (1983)
suggest that the natural rate of cavern growth is
generally less than 0.5 to 0.2 mm/ 100 years, but
that Aboriginal occupance increased this rate to a
maximum of about 6 mm/100 years.

Evidence pointing to slow rates of contemporary
denudation in the fandscape is supported by inves-
tigations of long-term evolution using radiometric
dating of basalts. These studies (e.g. Wellman and
McDougall 1974; R. Young 1983b; Young and
years. Even where much silistone outcrops be-
neath the sandstone, the rate of retreat is appar-
ently less than 200 m/million years (Young and
McDougall 1985).

These average long-term rates have been great-
ly exceeded since the advent of mining in the
region 100 years ago. Probably the first
large-scale impact of mining on the stability of the
cliffs is vividly recorded in photos of the shale oil
plant at Newnes (c. 1915) which show five major
and several minor collapses that contrast starkly
to the stability of adjacent cliffs. Since then, major
collapses triggered by mining have occurred at
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structural features on the growth of the cave.

Hassan’s Walls and Angus Place, near Lithgow,
Dog Face Rock at Katoomba, Dapto and Huntley
near Wollongong and, especially, at North Nattai in
the Burragorang Valley (Pells et al. 1987). A de-
tailed study of the North Nattai site (Cunningham
forthcoming)} has shown that an 800 m section of
cliff, from which about 30 million tonnes have
fallen since 1965, coincides with an area from
which the coal seam was completely extracted.
Cunningham’s observation that the collapse in-
volves an initial vertical displacement of enormous
sandstone towers demonstrates the importance of
the cliff-foot conditions emphasised in our discus-
sion of the natural stability of the region’s cliffs.
Indeed, Pells et al. (1987) argue that all major
cliffline failures caused by mining in the Sydney
region occurred where full extraction (pillar or
longwall) methods had been carried out, and that
no major failures have been caused by mining
where pillars remain.

20

SIDE SLOPES AND VALLEY FLOORS

The morphology of slopes below the main cliffs
is controlled largely by lithological variation. In the
Blue Mountains cliffs cut in the Narrabeen sand-
stones stand above long ridges on the Coal Mea-
sures and Permian shales, below which are cliffs
cut in Permian sandstones and, in the western
valleys, hilly terrain on granite (Branagan ef al.
1976). Along the lilawarra Escarpment cliffs in the
Hawkesbury Sandstone cap a sequence of minor
cliffis and benches in Narrabeen sediments at the
base of which are ridges eroded from the Coal
Measures. The pattern of benching changes south-
ward as volcanic sandstones and exirusives be-
come increasingly prominent on the escarpment.
Even more striking lithological constraints on slope
morphology (Plate 1) can be seen in the Permian
and folded basement rocks at the southern ex-
tremity of the region (R. Young 1977).
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Many of the bedrock slopes on the lllawarra
escarpment and in most of the gorges further west
are mantled by taluvial deposits of bouiders in a
sandy-clay matrix (Walker 1963; Bowman 1972; A.
Young 1978). Deep and strongly differentiated
weathering profiles show that the largest of these
deposits are relict, and the size of the debris and
the distance travelled show that the collapses
which produced them were far greater than any
contemporary failure on the lllawarra Escarpment
(A. Young 1977). Bowman (1972) and A. Young
(1978) have demonstrated that the strength of the
taluvial deposits is low and that they will fail on
slopes greater than 10-15° when monthly rainfall
exceeds 200-300 mm. Instability of taluvium is
locally increased by undercutting and concentra-
tion of seepage, and, together with the instability
of slopes cut across claystones, poses the major
geotechnical hazard to suburban expansion in
Wollongong and northern Sydney (Bowman 1972;
A. Young 1978; Branagan 1985; see also Walker
and Fell 1887).

Erosion of the lower slopes of many valleys in
the region is retarded by dense wet sclerophyll
forest and by ribbons of rainforest along stream
channels. When fire destroys the vegetative cover
in these or the more widespread dry sclerophyli
woodlands, rapid erosion may occur (Blong et al.
1982). Furthermore, even dense vegetation gives
little protection from rainfalls of great intensity
which have caused catastrophic erosion, espe-
cially on the lllawarra Escarpment (Nanson and
Hean 1985). '

Many of the valleys, especially those which run
eastward across the Blue Mountains, decrease
markedly in width in the downstream direction.
This curious feature, seemingly at odds with the
normal pattern of vailey morphology, received spe-
cial attention in accounts of the geomorphological
evolution of the region. For instance, Charles Dar-
win thought it indicative of a marine rather than a
fluvial origin of the valleys; for a review of Darwin's
assertion and of subsequent criticism see R.
Young (1978a). Griffith Taylor (1958) saw these
‘bottleneck’ valleys as evidence of a major rever-
sal of the direction of drainage in which streams
that once flowed westwards were captured by
more ‘vigorous’ streams draining to the east. The
downstream decrease in width can, however, be
explained simply in terms of lithologica! variation.
Where_considerable thicknesses of shale are ex-
posed beneath the sandstone, notably on the
western margin of the Sydney Basin, valleys are
broad, with very extensive pediment-like foot-
slopes. Towards the centre of the basin, where the
shales dip below the level of stream incision and
where only sandstones are exposed, valleys are
very narrow. This relationship between lithology
and valley morphology is well illustrated by the
downstream contraction from the very wide valley
of the Capertree River to the narrow winding can-
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yon of the Colo River (Figure 4). Another excelient
example can be seen in the marked narrowing of
the Cox and Wollondilly River valleys to the long
cliff-lined slot at Warragamba (Figure 1), a situa-
tion which was ideal for the construction of the
main water storage dam in the Sydney Region.

In contrast to the very straight reaches like the
slot at Warragamba, many valleys incised into the
sandstones are highly sinuous. The Hawkesbury
River and its major tributary the Colo River are
cases in point. The form and dimensions of the
incised meanders show varying degrees of hydro-
logic and geologic constraint (Dury 1966; R.
Young 1978b). The irregular size and shape of
many of these meanders are demonstrably linked
to major fracture patterns in the sandstone, while
the very regular downstream trends of others
seems closely analogous to those of alluvial me-
anders. Nonetheless, the very great age of many
of these incised meanders (R. Young 1978a,
1978b) precludes any simple correlation with plu-
vial phases in the Later Quaternary. The lower
reaches of valleys such as that of the Hawkesbury
River which were inundated by the Holocene rise
of sea level now form superb winding rias.

The floors of most of the valleys have only
narrow and often discontinuous alluvial deposits.
Many of these deposits have been considered as
indicative of climatic change (Walker 1962), but
attention has been directed increasingly to the
role of local erosional thresholds and to the re-
working of older sediment (Young and Nanson
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1982; Erskine and Melville 1983; Blong and Gilles-
pie 1978). Varied land use also has caused con-
siderable changes to valley-floor deposits. Hughes
and Sullivan (1981) suggest that such changes
began in prehistoric times, in response to in-
creased burning by Aborigines of valley sides, but
this contention is disputed (Perrin 1984). Clearing
for farming after 1788 certainly increased sedi-
ment loads (Henry 1977; Warner 1984), but the
magnitude of such changes has been obscured by
fluctuations in erosion triggered by short-term
changes in rainfall (Pickup 1976). Mining of sand
and gravel has had considerable effects on both
the channels and floodplains of George's and Ne-
pean rivers (Warner 1984). The main alteration of
valley floors has been the building of numerous
dams and weirs (Warner 1984). As all of the major
valleys in the southern part of the region have
been partly flooded by dams, proposals for build-
ing additional dams in the northern part have
raised considerable controversy about how the
region should be used.

FUTURE USE OF THE PLATEAUX

The ‘emptiness’ of the plateaux was a conse-
quence of their geomorphic characteristics — in-
fertile soils, rugged terrain, absence of easily-tra-
versed routes; as a further consequence, large
areas were available to be set aside as national
parks or were seen as most useful simply as water
catchment areas. These roles are still highly val-
ued by the community. Yet that same community is
seeking to use the areas increasingly for recre-
ation and to benefit from continued exploitation of
coal resources that have now been worked out
around the plateaux fringes. Former holiday re-
sorts such as Katoomba and Gosford have been
transformed by better transport at the demand of
an expanded population into day-trip centres and
commuter dormitory suburbs. The requirements for
water for Sydney and its surrounds are so great
that they are supplied from as far south as the
Shoalhaven River. Pressures on the port facilities
in Sydney itself led to diversion of coal, and in the
future wheat, to the ports near Wollongong and
Newcastle, with the consequent construction of
new rail and impraoved road routes to those ports.
These changes have led to many disputes be-
tween those concerned with development of the
region and those seeking to preserve a vanishing
wilderness. .

Recent discussion about recreational use of
Water Board catchment areas exemplifies the
range of issues commonly involved in such dis-
putes (Longworth and McKenzie 1986). The dams
controlled by the Water Board have long been
popular picnic sites, but the catchment areas
other than parts of the Blue Mountains have been
closed even to low pressure activities such as
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bushwalking. Only in parts of the Shoalhaven
Scheme, which are remote from supply takeoff
points, has some non-power boating been permit-
ted. The demand for access to the stored waters
for recreation purposes has increased with great-
er population pressure and with a general trend to
multi-purpose management of natural resources.
Surveys of public opinion showed considerable
support for greater access for recreation, but al-
lied with this, a strong support for policies which
maintained high water quality. Thus, activities
such as power boating were not favoured (Long-
worth and McKenzie 1986). Conservation groups
argued for maintaining present policies to reduce
the risk of ecological damage by increased fire
risk, weed invasion and construction of facilities
such as roads. It seemed that the desire for more
recreational facilities was often counterbalanced
by concern for maintenance of the environment
and of water quality.

A clearer division of opinion within the communi-
ty is evident in disputes over mining within national
parks in the region. Since the early 1970s, mines
in the Southern Coalfield have encroached into the
catchment areas on the Woronora Plateau, as
leases worked from along the {llawarra escarp-
ment have neared exhaustion. Similar underground
mining was proposed in various national parks
within the Sydney Basin, with the issues of con-
cern being outlined in a state government publica-
tion optimistically proposing the resolution of con-
flicts between underground extraction of coal and
national parks (NSW. Department of Environment
and Planning 1980). To many conservationists, the
discussion in no way reached ‘resolution’ and the
proposed ‘no-development core’ with a buffer zone
and a periphery in which mine workings could be
permitted was simplistic and irrelevant to the reali-
ties of the distributions of the natural resources of
the parks. At present, the issue is in abeyance as
the coai industry is contracting rather than ex-
panding, but it seems inevitable that the matter
will become controversial again in the future.
Clearly, its resolution must be based on a sound
understanding of the implications of mining for the
geomorphology and hence the hydrology and ecol-
ogy of these sandstone plateaux. We have dis-
cussed earlier some of these implications, with
respect to the dells and the clifflines. Yet it is
ironic that the collapse of cliffs triggered by mining
has had strikingly disparate effects. At Hassan's
Walls, near Lithgow, it resulted in the closing of
tourist vantage points and unquestionably degrad-
ed the scenic qualities of this once popular tourist
locality. However, when a long tension crack
opened behind the Dog Face cliff at Katoomba in
1930 flood lights were installed and coaches
brought tourists from Sydney to see the expected
collapse (Pells et al. 1887). Half a century later,
the scar of the Dog Face collapse is still a major
tourist attraction at Katoomba.
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Continued growth of population in the Sydney survival of this wilderness in the foreseeable
region will increase the demand for the opening of future seems reasonably secure.
more of the surrounding plateaux to a variety of
land uses. Moreover, as the examples discussed
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The natural vegetation of the Sydney
1:100 000 map sheet

Doug Benson and Jocelyn Howell

Benson, Doug & Howell, Jocelyn (National Herbarium of New South Wales, Royal
Botanic Gardens Sydney, New South Wales, Australia 2000) 1994. The natural vegetation
of the Sydney 1:100 000 map sheet. Cunninghamia 3(4): 677-787. The composition
and extent of the present natural vegetation on the Sydney 1:100 000 map sheet
9130 (bounded by latitudes 33" 30" and 34" 00’ S and longitudes 151° 00" and 151"
30" E) are mapped and described in terms of structure and characteristic species.
Sixteen map units covering 42 plant communities are recognised and related to
geology and physiography. The most extensive unit is the well-known Hawkes-
bury Sandstone vegetation, which has been broadly subdivided into Sydney
Sandstone Gully Forest (Map unit 10ag), Sydney Sandstone Ridgetop Woodland
(Map unit 10ar) and Coastal Sandstone Heath (Map unit 21g). Along the coast
north of Long Reef more clayey soils, developed on the Narrabeen Formation,
carry tall open-forest, open-forest and coastal heath vegetation. There are patches
of scrub on Pleistocene sand deposits at Bouddi and La Perouse, and remnants
of open-forest on Wianamatta Shale further west. A map of the vegetation of
Ku-ring-gai Chase National Park and Muogamarra Nature Reserve (1:40 000
scale) showing 21 plant communities is provided on the back of the Sydney map.

Twenty-three major conservation reserves for the Sydney map area are briefly
described, with species lists for most. Seventy-eight significant plant species are
listed for the area, 41 of which are listed as nationally rare or endangered species
(Briggs & Leigh 1988 with current ROTAP updatings); others are of regional
significance. Species listed are either rare, threatened or of botanical significance
in terms of geographic distribution. Regional affinities, historical changes,
Aboriginal and European impacts, and conservation of vegetation are discussed.

Introduction

In January 1788 the ships of the First Fleet, sent from England with convicts to
found a penal colony in New South Wales, entered Birra Birra, the land of the
Aboriginal people. They had sailed into the lower reaches of what we now know as
Sydney Harbour. As the colonists proceeded westwards towards Sydney Cove,
Captain Watkin Tench of the Marines was amongst those ‘enjoying the luxuriant
prospect of its shores, covered with trees to the water's edge, among which many of
the Indians were frequently seen’. George Worgan, surgeon of the Sirius, observed
‘Here, a romantic rocky, craggy Precipice over which, a little purling stream makes
a Cascade There a soft vivid-green, shady Lawn attracts your Eye.” Having found
Botany Bay unsuitable for settlement, the fleet's captain, Captain Arthur Phillip, was
now searching for a better site further north, at the inlet named Port Jackson by
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Captain Cook in 1770. He found this an ideal harbour for the ships, and noted
glowingly that: "The necks of land that form the different coves, and near the water
for some distance, are in general so rocky that it is surprizing such large trees
should find sufficient nourishment, but the soil between the rocks is good, and the
summits of the rocks, as well as the whole country round us, with few exceptions,
are covered with trees’ (Tench 1979, Worgan 1978, Phillip 1789).

In no time, trees were cut down, the ground cleared, and huts constructed. "The
abode of silence and tranquillity was now changed to that of noise, clamour, and
confusion’, observed David Collins, legal officer of the new settlement (Collins 1798).

Using historical and contemporary sources, Benson and Howell (1990a), in Taker for
granted: the bushland of Sydney and its suburbs, described the original vegetation patterns
in the County of Cumberland in terms of eight major vegetation types, and
discussed the changes that followed the European-style agricultural and urban
development of the area over the next two centuries. Particular emphasis was given
to each of the 40 local government areas. The present paper, part of the Sydney
Region Vegetation Map Series, describes the current condition and extent of the
natural vegetation of the north-eastern half of the County of Cumberland, on the
Sydney 1:100 000 map sheet, just over 200 years after the beginning of European
settlement. As far as practicable, this work does not repeat Taken for granted, and
only a small amount of historical material is included. Instead, the emphasis is on
describing the present-day vegetation in terms of 16 map units, identifying significant
areas and species, and includes floristic lists, brief descriptions and references to the
major National Parks.

Figure 1. Sydney is probably one of the few great cities of the world where natural vegetation

still survives so close to the heart of the city. Here Banksia integrifolia grows on the rocky
Harbour foreshore at Balls Head.
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Figure 2. Exposures of Hawkesbtiry Sandstone such as this at North H'ead form the. prominent
headlands around Sydney Harbour. These ‘craggy precipices’ delighted the first settlers
until they found that this country was so difficult to farm.

The current work updates and enlarges a previous draft report (Ber'lson 1980a.) a.r\d
provisional map (1980). The Sydney 1:100 000 vegetation map sheet is located inside
the back cover. A vegetation map of Ku-ring-gai Chase National Park and Muogan.‘marra
Nature Reserve at 1:40 000 scale (originally prepared at 1:25 000 scale) is also provided.
This map, taken from the vegetation surveys of Thomas and Benson (198;a,b), has
not been readily available before, and provides a detailed picture of an important
conservation and recreation area.

Location, physiography and climate

The Sydney 1:100 000 Vegetation Map Sheet (based on th.e Sydne}: 1:‘100 00(3
Topographic Sheet 9130, AUSLIG, Canberra) is bounded by latltufies, 33" 30" and 34(1:{
00' S, and longitudes, 151° 00' and 151" 30" E. It includes the city of Sydney an .
suburban areas as far west as Parramatta, and the coastline from the B?uddl
Peninsula and Broken Bay in the north to Botany Bay and the Georges River in t.he
south. Natural vegetation is almost all confined to the northern half of the sheet, which
includes Ku-ring-gai Chase National Park, Marramarra National Park, Muogamarra
Nature Reserve, and parts of Brisbane Water and Bouddi National Parks.

Topographically, the northern half of the Sydney map sheet area is a dissected plateau
of Hawkesbury Sandstone, the south-eastern corner of the Hornsby Platefiu (Herbert
1983), generally 20-50 m elevation near Sydney and rising to 200 m high around
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Glenorie in the north-west corner of the map. The major inlets, Broken Bay, Port
Jackson and Georges River/Botany Bay are drowned river valleys. Most of the
National Parks and remaining natural vegetation are on this Hawkesbury Sandstone
landscape, as its thin sandy soils have made it useless for agriculture in comparison
with the more fertile Wianamatta Shale soils of the southern half of the map sheet
(Chapman & Murphy 1989). The Wianamatta Shale landscapes are gently undulating,
covering the higher ridgelines of the Hornsby Plateau in the settled areas of north-
ern Sydney. South of the harbour they are low-lying and extend from the city of
Sydney westward to Parramatta, and from there across the Cumberland Plain to the
Hawkesbuy River and the foot of the Blue Mountains. Being topographically less
rugged and having more fertile soils than those on the Hawkesbury Sandstone,
these areas were settled and cultivated early in the nineteenth century. In the twentieth
century extensive suburban development has followed.

The Narrabeen Group (Newport and Garie Formation, and Terrigal Formation)
underlies the Hawkesbury Sandstone and outcrops north of Sydney along the
Warringah Peninsula (now part of Pittwater Council area) and north of Broken Bay
(Herbert 1983). This has interbedded laminites, shales and sandstones, and forms
higher-nutrient soils than the adjacent Hawkesbury Sandstone landscapes. In contrast,
in the Eastern Suburbs between Botany Bay and Bondi, the extensive sand deposits
of Holocene and Pleistocene age overlying the Hawkesbury Sandstone have
extremely low nutrient status, but the original vegetation here has been almost
completely destroyed by suburban development.

A few volcanic outcrops occur in the area as diatremes or dykes. Soils have been
mapped and discussed by Walker (1960) and Corbett (1972), and most recently a
Soil Landscapes Map at 1:100 000 scale has been produced (Chapman & Murphy
1989). This describes 25 soil landscapes and relates closely to the vegetation map units.

Rainfall is related to elevation and coastal influence and occurs throughout the year,
but is heaviest in June. It is highest (above 1400 mm p.a.) along the crest of the
upper North Shore (e.g. Pymble 1444 mm p.a.) and on the coast (generally 1200~
1400 mum p.a.) (e.g. Sydney — Observatory Hill 1209 mm p.a., Narrabeen 1278 mm
p-a.). On the lower-lying country around Botany Bay it is about 1100 mm and
decreases westward with increasing distance from the coast (Ashfield-Burwood about
1000 mm, Parramatta about 900 mm p.a.). Similar decreases in rainfall occur on the
higher sandstone country further north (e.g. Hornsby about 1200 mum, Glenorie 900
mm p.a.) (Bureau of Meteorology 1979).

Mean monthly maximum temperatures for January are 25.9° C at Sydney and 28.1°
C at Parramatta, while mean monthly minimum temperatures for July are 7.8° at
Sydney and 4.6" C at Parramatta. The lowest (screen) minimum temperatures recorded
are 2.1° C for Sydney, -2.9° C for Parramatta, and -4.6° C for Pennant Hills. The
lowest terrestrial (i.e. ground level) minimum temperature recorded is -4.4° C for
Sydney (the screen minimum was 3.7° C at this time). Frosts very rarely occur near
the coast, the frost period increasing with distance from the coast and with elevation.
The average severe frost period (i.e. screen minimum temperature less than 0" C), for
example, is 85 days at Pennant Hills, 38 days at Parramatta and 46 days at Bankstown.
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Average soil temperatures at Sydney, at 25 mm depth, range from 11.3° C in July to
214" C in February (data from Bureau of Meteorology 1979).

Methods

Areas of vegetation with similar structure (Specht 1970) and floristics (dominant
species) were grouped to form the map units on the basis of aerial photopatterns
and recognisable geological and landscape characteristics. Aerial photography from
the New South Wales Department of Lands (Sydney 1982 1:16 000 colour) was used.
Geology was based on geological maps (NSW Dept of Mines 1966, NSW Dept of
Mineral Resources 1983). Compilation maps were prepared at 1:25 000 scale and
subsequently reduced to 1:100 000 scale with little loss of detail.

Present-day (i.e. 1982) naturally-occurring vegetation is mapped; presume§ vegetation
formerly covering cleared agricultural and suburban areas is shown in Flgurej 1. and
as an inset on the map sheet. An alphanumeric code is used to distinguish individual
plant communities. The numeric code represents the structural form of the plant
community and the alphabetic code represents the characteristic species. The c0<':1es
used are consistent throughout the Sydney Region 1:100 000 Vegetation Map Series,
allowing map units to be cross-referenced (Benson 1986a, Keith & Benson 1988,
Benson & Keith 1990, Benson 1992a).

There are a number of constraints in reducing the complex pattern of natural vegetation
to a map format. The map units recognised are not all of equivalent rank. Some are
essentially land-units made up of several groupings of plant species, termed plant
communities associated with a particular geological or physiographic type (e.g. map
units 4a, 10ag, 10ar), whereas others are more early plant associations (sensu Beadle
& Costin 1952) (map units 6b, 90). Generally the term ‘plant community’ is us.ed for t.he
basic vegetation unit. For ease of reference, map units have also been provided with
common names based loosely on habitat and composition.

The vegetation map is a diagrammatic attempt to simplify, over an extensive region,
the distributional patterns of an often rich and varied flora. It is scale-depende.nt
and map units will almost invariably include unmapped areas of other map units
too small to be shown separately. Similarly, most plant communities do not have
clear-cut boundaries, but grade into each other, often over a broad ecotone. For
mapping purposes such boundaries have to be approximated to a line.

Field checking has been carried out intermittently between 1975 and‘l990 and has
included recording notes on structure, characteristic species of major strata and
associated environmental factors. As major patterns necessary for mapping purposes
are generally well known, broadscale computer analyses of floristic data hgve not
been necessary. Floristic analyses of a number of local areas have been carried out
and are referred to in the descriptions e.g. coastal vegetation (Adam, Stricker ?t al.
1989), Ku-ring-gai Chase National Park (Outhred et al. 1985), Lane Cove River National
Park (Clarke & Benson 1987), and Garigal National Park (Sheringham & Sanders
1993). Extensive species lists have been compiled for some areas, generally during
the course of specific local vegetation studies.
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Moore. Moore's successor, Joseph Henry Maiden, was a very active botanist and

Species recorded for major conservation areas are provided (see Table 3). Species { : .
- ] g P enthusiastically developed the National Herbarium of New South Wales as a national

lists for other sites have not been presented, though some may be listed in the

"
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1
|

. . . t

bibliographies of floristic lists (Pickard 1972; Bryant & Benson 1981; Keith 1988; collection. He concentrated on taxonomic work,sar(lid m %Zit;;‘;itasr t}:bilai‘;;zg}i:z;ii?y

| Benson & Melrose 1993). Botanical names used are those currently recognised at the also PUthhe.d papers on aspects of ecol‘ogy . nynjvy ooth WalZs and the Royal
i National Herbarium of New South Wales. For authorities see Harden (1990-93). through the journals of the Linnean Society of Ne

Society of New South Wales.

i A.A. Hamilton's Topographical, ecological and taxonomic notes of the ocean sho'reline
Review of vegetation studies vegetation of Port Jackson (1918) and Ecological study of the saltmarsh vegelation in the
i Port Jackson district (1919) are probably the first major descriptive ecological papjers
for the Sydney area. These were followed by papers on the ecology of the .vegetatlo.n
at Mount Wilson (Brough, McLuckie & Petrie 1924; Petrie 1925; McLuckie & Petrie
1926), Bulli (Davis 1936, 1941a, 1941b) and on the New South Wales Central CF)ast
(Pidgeon 1937, 1938, 1940, 1941). In a series of major papers, llma Pidgeon described
the general differences in vegetation on Wianamatta Shale and Hawkesbur?/ Sand-
The scientific study of plants in the Sydney region began at Botany Bay in April 1770 stone in terms of a series of plant communities in various stages of succession, the
when Joseph Banks and Daniel Solander landed from Captain Cook's Endeavour and
described the ‘rich and diverse flora’. The influence of the botanist Joseph Banks
was crucial in the selection of Sydney as the site for a settlement. His ongoing
interest ensured continuing concern for accurate botanical study and plant collection
in the colony. Other professional botanists and botanical collectors were often based
with colonial governors and included in exploring parties. Among these were George
Caley, who was employed in the colony from 18001810 by Joseph Banks, and Allan
Cunningham, collector for the Royal Botanic Gardens at Kew from 1817 and Colonial
i Botanist and Superintendent of the Sydney Botanic Gardens in 1837. As botanical
i collector Cunningham accompanied John Oxley and Philip King on early expeditions
’ (1817-1822), and later himself explored parts of northern New South Wales and the
| Darling Downs of Queensland. Being primarily botanical collectors for overseas
| herbaria, such workers published very little themselves, but some of the diaries they
j kept have been subsequently published e.g. see Lee (1925) for Cunningham, and
‘ Andrews (1984) and Currey (1966) for Caley.

Aboriginal people left no written records of the vegetation that supported them for
thousands of years, though some of their names for plants and their uses were
recorded by nineteenth century botanists such as Joseph Maiden (1889). Surprisingly,
only a handful of Aboriginal names for Sydney plants have survived in current
usage. Examples include Waratah, Geebung, Gymea, Mugga, Burrawang and Bangalay.

The European exploreré and settlers were concerned with the agricultural value of
the new country and used the vegetation as an indicator of its potential. They were
also concerned with any likely vegetable products such as timber or food plants that
could be of use to them. Most of the published accounts of explorers and visitors to
the colony contain some references to the vegetation, though these accounts are of
variable quality. Botanical names are used infrequently and identification of plant
species is often difficult or impossible.

Baron Ferdinand von Mueller was the outstanding colonial botanist of the second
half of the nineteenth century, and collectors sent many specimens to him in Melbourne.
Among local Sydney collectors were the Reverend William Woolls, who published
; a number of lists of local Parramatta species, and Louisa Atkinson, who made
collections at Berrima and Kurrajong, though most of their collections went either Figure 3. J. H. Maiden, an early Director of the Royal Botanic Gardens Sydney, saw the valui
to Europe or Melbourne. Most of the collections now readily available to researchers of conserving native vegetation, and it is largely due to his fOIes%gl‘k}t that .theseozz?(‘:s
A , . . es ro
in New South Wales date from the establishment of the National Herbarium of New Casuarina glauca trees still survive in the Syd{le)l'lG_aédelt\.S :loifi}t,h th;S 5:2?;;88 toes Tore.
South Wales in the 1880s by the Director of the Sydney Botanic Gardens, Charles vigorously, and these trees are probably genetically identic F
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stages being related to physiographic and moisture conditions. She did not include
maps, but provided detailed descriptions of the plant communities, in particular of
the Hawkesbury Sandstone of the Hornsby Plateau. Phillips (1947) complemented
this work with descriptions of the main plant communities of the Wianamatta Shale.

Interest then turned towards the role of soil nutrients. Nola Hannon (1956, 1958)
examined the role of soil nitrogen. N.C.W. Beadle (1953, 1962, 1966) demonstrated
that the distribution of major vegetation types around Sydney relates largely to the
differing levels of soil nutrients, particularly phosphorus, essentially derived from
the parent material. Smaller-scale variation was related to physiographic factors.
Rainforest vegetation is generally confined to soils with higher phosphorus levels
while the sclerophyll vegetation occurs on soils with very low phosphorus levels.
Increased soil nutrients in run-off from disturbed areas may promote exotic weed
invasion in naturally Iow-nutrient sites (Clements 1983).

Recent interest in Sydney vegetation, as a result of the general awareness of conser-
vation issues, has led to many local vegetation surveys and inventories (see Pickard
1972, Bryant & Benson 1981, Keith 1988, National Trust 1991, Benson & Melrose
1993),"and to the vegetation surveys in the Sydney Region Vegetation Map Series.
Accounts of the vegetation with particular reference to changes over the past 200
years include Benson and Howell (1990b) and in particular Taken for granted (Benson
& Howell 1990a). As the present map sheet deals with about half of the area covered
by Benson and Howell (1990a), the relationship between the eight general vegetation
types described there and the map units described here is given in Table 1. A
modified section of their map showing the extent of natural vegetation in 1788 for
the Sydney map area is given in Figure 1.

As well as survey and descriptive studies, there has also been increasing and much-
needed work on problems associated with conservation biology and natural area
management. In particular, aspects such as fire (e.g. Bradstock & Myerscough 1981),
soil nutrients and the spread of exotic weeds, and studies on the ecology of individual
species (e.g. Auld & Myerscough 1986, Auld 1986) are now receiving due attention.
We also hope to make ecological data on individual plant species more accessible
through the Ecology of Sydney Plant Species project (Benson & McDougall 1993).

Table 1. Vegetation types in Taken for granted, Benson and Howell (1990a) (in bold
type) with corresponding Sydney map sheet map units and codes.

Blue Gum High Forest Duffys Forest 9sf
Blue Gum High Forest 6b Coastal Clay Heath 21a

Turpentine-lronbark Forest Coastal Sandstone Heath 21g

Turpentine-lronbark Forest 90 Eastern Suburbs Banksia Scrub
Coastal Dune Forest 9t

Cumberland Plain Woodlands Coastal Dune Heath 216

Transition Forest 9d
Freshwater and Estuarine wetlands

Estuarine Complex 4a

Coastal Swamp Forest Complex 27a

Freshwater Reed Swamps 28a

Glen Forest 6¢, Spotted Gum-Blackbutt Forest 9g and Narrabeen Slopes Forest 9h were not treated
separately in Taken For Granted.

Sandstone heaths, woodlands and forests
Sydney Sandstone Gully Forest 10ag
Sydney Sandstone Ridgetop Woodland 10ar
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Blue Gum High Forest (map unit 6b)

[:_—_] Turpentine-lronbark Forest (map unit 90)

Cumberland Plain Woodiands (map unit 9d}

Eastern Suburbs Banksia Scrub (map units 9t, 21b)

Estuarine and Freshwater Wetlands {map units 4a, 27a, 28a)

Sandstone Heaths, Woodlands and Forests (map units 9sf,10ag, 10ar, 21g)

Narrabeen Group Forests {map units 9g, 9h, 21a)

Figure 4. Presumed 1788 or pre-European pattern of natural vegetation of the Sydney map
sheet area.
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Table 2. Map unit, common name, structure, main canopy species, geology and
occurrence for plant communities in the area covered by the Sydney 1:100 000 map sheet

Map unit description

Map Structure
unit

Main canopy
species

Geology

4a  Estuarine Complex

Open-scrub

Herbland

Rushland

Low open-
forest

Avicennia marina
Aegiceras corniculatum

Holocene
alluvium

Sarcocornia quingueflora "
Suaeda australis

Juncus kraussii !
Phragmites australis

Casuarina glauca "
Baumea juncea

6b  Blue Gum High Forest

Tall open-forest/
Open-forest

6c  Glen Forest
Tall open-forest

Tall open-forest

9d Transition Forest
Open-forest

Eucalyptus pilularis Wianamatta
Eucalyptus saligna Shale

Eucalyptus saligna Diatremes

Eucalyptus agglomerata "
Angophora floribunda

Eucalyptus fibrosa Wianamatta
Eucalyptus moluccana Shale
Melaleuca decora

9g Spotted Gum-Blackbutt Forest

Open-forest

Open-forest

Woodland

Open-forest

Eucalyptus gummifera
Eucalyptus maculata
Eucalyptus pilularis

Narrabeen
Group

Eucalyptus maculata "
Fucalyptus paniculata

Eucalyptus umbra "
Eucalyptus paniculata

Archontophoenix "

cunninghamiana

9h  Narrabeen Slopes Forest

Open-forest

Open-forest

Eucalyptus deanei
Angophora floribunda

Narrabeen
Group

Angophora floribunda "
Alfocasuarina torulosa
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Occurrence

Estuarine mudflats,
regular tidal inundation

Occasional tidal inundation

Infrequent tidal inundation;
brackish water

Poorly-drained, some
saline influence

Broad ridges with residual
shale soils
North Shore to Hornsby

Isolated valleys

Auburn

Bouddi Peninsula

Lower hillslopes,
Warringah Peninsula

Exposed slopes,
Bouddi Peninsula

Deep gullies,
Bouddi Peninsula

Lower hillslopes,
Broken Bay-
Hawkesbury River

"
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Map Structure

unit

Main canopy
species

90 Turpentine-lronbark Forest

Open-forest

Syncarpia glomulifera
Eucalyptus paniculata

9sf Duffys Forest

Open-forest

9t

Open-forest

Eucalyptus sieberi
Eucalyptus capitellata
Eucalyptus gummifera
Angophora costata

Coastal Dune Forest

Eucalyptus botryoides
Eucalyptus pilularis
Angophora costata

Sydney Sandstone Complex

10ag

Sydney Sandstone Gully Forest
Eucalyptus piperita
Angophora costata
Eucalyptus gummifera

Open-forest/
woodland

Eucalyptus pilularis
Syncarpia glomulifera

Tal open-forest

Ceratopetalum apetalum
Tristaniopsis laurina

Closed-forest

Sydney Sandstone Complex

10ar

21b

Sydney Sandstone Ridgetop Woodland

Woodland/ Eucalyptus gummifera

Low woodland Fucalyptus haemastoma
Eucalyptus sparsifolia
Eucalyptus racemosa

Eucalyptus eximia
Eucalyptus gummifera
Angophora bakeri

Woodland/
Low woodiand

Banksia ericifolia
Hakea teretifolia

Open-scrub

Coastal Clay Heath
Open-heath Allocasuarina distyla

Grassiand Themeda australis

Coastal Dune Heath
Open-heath Banksia aemula

Open-scrub Monotoca elliptica

Geology

Wianamatta
Shale soils

Wianamatta
Shale—
Hawkesbury
Sandstone

Holocene
Sand

Hawkesbury
Sandstone

Hawkesbury
Sandstone

Narrabeen
Group

Pleistocene
Sand

o
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Occurrence
Inner western Sydney, lower
rainfall between Glenorie

and Ryde; often near
junction with sandstone

Residual plateau remnants
with ironstone gravels

Ramsgate
La Perouse

Sheltered hillsides, gullies

Gullies
sheltered aspects

Sheltered gullies

Ridges, plateaus
and dry, exposed hillsides

Ridges, plateaus,
northwest of area

Poorly-drained sites

Long Reef to Bouddi

Coastal dunes, Bouddi,
North Head, La Perouse

"
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Map Structure Main canopy

unit species

Open-scrub Banksia integrifolia
Leptospermum laevigatum

21g Coastal Sandstone Heath
Shrubland Baeckea imbricata

Banksia ericifolia
Darwinia fascicularis

Open-heath/
Closed-scrub

Open-heath/
closed-scrub

Allocasuarina distyla
Banksia ericifolia

Open-heath Baeckea dijosmifolia

Baeckea brevifolia
Open-heath Hakea teretifolia

Banksia oblongifolia
Sedgeland/ Banksia robur
shrubland Viminaria juncea

Gymnoschoenus

sphaerocephalus

Open-scrub Angophora hispida
Shrubland Eucalyptus luehmanniana
(mallee)

27a Coastal Swamp Forest Complex
Open-forest Eucalyptus botryoides

Eucalyptus robusta

Open-forest Livistona australis

Scrub Melaleuca linariifolia
Melaleuca styphelioides

Reediand Phragmites australis
Typha orientalis

Herbland Persicaria strigosa
Blechnum camfieldii
Triglochin procera
Baumea juncea

28¢ Coastal Freshwater Swamp

Open-sedgeland  Eleocharis sphacelata
Baumea juncea
Persicaria decipiens

Low open-forest  Melaleuca quinquenervia

C Cleared

Cunninghamia Vol. 3(4). 1994

Geology Occurrence
Hawkesbury Shoreline
Sandstone heath

”»

Coastal heath,
sandy shallow, soils

Widespread,
shallow sandy, often
poorly-drained soils

Rocky outcrop heath

Wet heath, poorly-drained

Swamps, impeded drainage

Drier areas

Shallow soils,
permanent seepage

Holocene Creekflats or

stream alluvium impeded drainage,
& estuarine Warringah Peninsula
sediment

Impeded drainage

Holocene Botany Swamps,
marine sand Centennial Park
& sandy peat

" "

These areas are mostly suburban development. Small remnants of vegetation too small to map may occur here.

Benson & Howell, Sydney natural vegetation
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Description of map units

A summary of the plant communities recognised in the Sydney 1:100 000 sheet area,
their structural formation, main canopy species and geological substrate and occur-
rence is given in Table 2. The map unit nwnbering system applies to all maps in the
Sydney Region Vegetation Map Series, missing numbers being communities which

do not occur in the Sydney map area.

Map unit 4a
Estuarine Complex

Small patches of estuarine vegetation are found
on aliuvial mudflats (Holocene sand, silt and clay
deposits) subject to varying degrees of tidal inunda-
tion. *For it is strikingly singular that three such
noble harbours as Botany Bay, Port Jackson, and
Broken Bay, alike end in shallows and swamps,
filled with mangroves' wrote Watkin Tench in
1788 (Tench 1979). Today such vegetation still
occurs in Broken Bay and the lower Hawkesbury
River, Port Jackson and the Parramatta and Lane
Cove Rivers and Botany Bay and the Georges River.
It generally consists of a sequence of zones of
different structure and floristics related to duration
of tidal inundation and salinity. The following
zones may be recognised, though not all will
necessarily occur at any one site.

i) Open-scrub of Avicennia marina-Aegiceras
corniculatum, confined to the seaward edge of
the mudflat and made up of mangroves (1-5 m
high) of the Grey Mangrove, Avicennia marina
and the smaller, River Mangrove, Aegiceras
corniculatum. Mangroves generally receive daily
tidal inundation.

i) Herbland of Sarcocornia quinqueflora-
Suaeda australis, a zone of saltmarsh, a herbland
dominated by the succulent stemmed members of
the Chenopodiaceae, Sarcocornia quinqueflora
and Suaeda australis.

iii) Rushiand of Juncus kraussii and Phragmites
australis. These areas have brackish water and
receive infrequent tidal inundation. ’

iv) Low open-forest of Casuarina glauca and
Baumea juncea. Areas with saline soils and
periodic flooding. Swamp forest with Eucalyptus
robusta may occur on alluvium at the landward
end of the zonation (see Map Unit 27a Coastal
Swarmnp Forest Complex).

The nature of the surrounding country may
influence the floristic composition. Estuarine areas
on the southern side of the Parramatta River drain
from low-relief country with clay soils from
Wianamatta Shale. The clayey alluvium originally
supported saltmarsh interspersed with broad bare
mudflat areas, only infrequently flooded and
described at Homebush Bay as the dry salt plain by
Hamilton (1919). The senior author remembers
these sites from his schoolday explorations in the
early 1960s. These dlay rich mudflats, remnants of
which still survive at Homebush Bay, included
species such as Lampranthus tegens, Wilsonia
backhousei and Halosarcia pergranulata subsp. per-
granulata, not generally found in other saltmarsh
areas (Clarke & Benson 1988). For example the
major saltmarsh reserves at Towra point are on
more sandy alluvium and do not include these dry
salt-plain species. Extensive areas of these estuarine
mudflats in the upper Parramatta River in Concord
and Auburn municipalities and along the Cooks
River in Marrickville, were destroyed by landfill
between 1920 and 1970. A potential longterm
threat to saltmarsh vegetation comes from the
spread of the weed Juncus acutus, now established
at Homebush Bay and Saltpan Creek.

Along the Lane Cove River and the northern side
of the Parramatta River, as well as Broken Bay and
the Hawkesbury River, including the lower reaches
of its tributary creeks downstream from Wisemans
Ferry, much of the aliuvial material is sandy, being
derived from the nearby Hawkesbury Sandstone.
The adjacent hillslopes are generally much steeper,
and estuarine areas are much more limited;
mangroves predominate, sattmarsh areas are of
only limited extent. Where sandstone hiflsides drop
sharply into the water with no build-up of alluvium,
the zonation may be truncated to a line of
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mangroves and a few trees of Casuarina glauca.  obviously a valuable source of timber last century.
In the Lane Cove River agricultural and particularly  For example Raymond (1832) describes land near

urban development in the catchment has increased
sedimentation and allowed mangroves, particularly
Avicennia marina populations to expand seawards
(McLoughlin 1985, Thorogood 1985), though
similar expansion of saltmarsh has not been
recorded. Saltmarsh and landward vegetation such
as Juncus kraussii and Casuarina glauca has
generally declined as a result of landfilling.

Coastal lagoons at Narrabeen and Dee Why
(Coveny g), have some small remaining areas,
principally of rushland, while limited stands of
estuarine low open-forest persist at Warriewood.

Within the Sydney map area, descriptions of
estuarine vegetation have been compiled for
Brisbane Water National Park (Benson & Fallding
1981); Muogamarra Nature Reserve (Thomas &
Benson 1985b); Ku-ring-gai Chase National Park
(Thomas & Benson 1985a) Calna and Berowra
Creeks (Pickard 1974), Smiths Creek, Terrey Hills
(Kratochvil et al. 1973), Port Jackson and the Cooks
River (Hamilton 1919), Bantry Bay (Upper Middle
Harbour Conservation Committee 1974), Home-
bush Bay (Centre for Environmental Studies, 1978;
Clarke & Benson 1988, Adam 1991, Kachka 1993),
the Lane Cove River (McLoughlin 1985), Wolli Creek
(Allaway & Clarke 1987, Brown et al. 1988).

A wealth of observations on the behaviour of salt-
marsh species, together with descriptions of
vegetation in areas where it has long since been
removed, such as Cooks River, are given in
Hamifton (1919). Detailed studies of mangrove and
saltmarsh communities and individual species at
Towra Point, an important estuarine area on the
southern shore of Botany Bay but outside the
Sydney map area, have been carried out by Clarke
and Hannon (1967, 1969, 1970, 1971).

Map Unit 6b
Blue Gum High Forest

Tall open-forest-open-forest: Eucalyptus
pilularis-Eucalyptus saligna

This was the original vegetation of the higher rain-
fall (above 1100 mm p.a.) Wianamatta Shale soils
of Sydney's north shore suburbs (Benson & Howell
1990a). The original forest was composed of big
trees, probably over 40 m in height, and it was

Pennant Hills let on lease for the purpose of
cutting timber: ‘Their leases are nearly expired,
Much fine timber still remains, the trees along this
range being in general of an uncommonly large
size, perhaps more so than in any other part of
Cumberland, and therefore very advantageously
situated so near a rapidly increasing town.’

Eucalyptus pilularis and Eucalyptus saligna are the
main trees, originally probably in excess of 30 m
tall. Other tree species include Angophora costata,
Eucalyptus paniculata, Eucalyptus globoidea and
Syncarpia glomulifera. An open, small-tree layer
of saplings of canopy tree species and mature
individuals of Allocasuarina torulosa is often
present on drier sites, or Pittosporum undulatum
on moister ones.

Shrubs are common, and often form a dense cover.
Common species on drier sites are Platylobium
formosum, Leucopogon juniperinus, Dodonaea
triquetra and Hibbertia aspera, On moister sites
and in depressions these shrubs are replaced by
ferns, particularly Calochlaena (Culcita) dubia,
Adiantum aethiopicum and Doodia aspera, and
shrubs with softer leaves, such as Breynia oblongi-
folia and Polyscias sambucifolius.

Mesic shrubs may line shallow water courses but
‘rainforest-type’ understorey rarely occurs on the
shale soils, as the deep, sheltered gullies required
for the best development of these species cut
through the thin shale capping to the low nutrient
Hawkesbury Sandstone soils below. ‘Rainforest-type’
gully vegetation in the area is therefore generally
on sandstone though this may be enriched by shale
material washed down from the ridges. On the shale
soils there were patches of wetter understorey on
sheltered hilisides, but localised rainforest under-
storey patches only occur at Brush Farm at East-
wood where an unusual combination of rich soils,
unusually deep, sheltered guliies, and a high rain-
fall allowed rainforest species to survive. Species
here include Acmena smithii, Cryptocarya glauces-
cens , Guioa semiglauca, Schizomeria ovata, Rhod-
amnia rubescens and Euodia ‘micrococca (Coveny
a, Broadbent & Buchanan 1984, Benson 1986b).

Blue Gum High Forest was an ivmponant resource
to the timber-getters who cut out much of the
valuable Blackbutt and Blue Gum in the nineteenth

Figure 5. Remnant Blue Gum High Forest, map unit 6b, with Eucalyptus saligna at Dalrymple—

Hay Nature Reserve, St Ives.

century (Hawkins 1994). Clearing and agricultural
development led to dairy farms and orchards and
then suburban development. Most of Sydney's Blue
Gum High Forest has now been destroyed; Benson
and Howell (1990b) estimated that only 0.8% of
the original 11 000 ha found in the County of
Cumberland remained in 1980). There are stili some
small remnants. In particular, in two reserves,
Dalrymple Hay Nature Reserve at St Ives (Benson &
Keith 1984a) and Ludovic Blackwood Memorial
Sanctuary at Beecroft (Buchanan 1977, 1978), and
in a number of smaller areas, such as Sheldon
Forest, Turramurra; Darvall Park, Denistone
(Coveny e); Brush Farm Park, Eastwood where there
is an important remnant of rainforest (Coveny a,
Broadbent & Buchanan 1984, Benson 1986b);
Observatory Park, Beecroft; and Edna May Hunt
Reserve, Eastwood (Benson 1979b). in addition,
patches too small to map at the present scale [may}
persist on roadsides or creek edges; it is important
to protect these as they add to the areas of scarce
habitat available for perpetuation of the forest's
species.
Along creeks and drainage lines where remnants

of this community still persist, there is often dense
exotic weed growth invading and crowding out the

native species. Ligustrum sinense and L. lucidum
(Privet species) are the main culprits, while
Tradescantia albiflora (Wandering Jew) is another
major problem species. This ground-cover plant
smothers native ground species, prevents seedling
recruitment and is very difficult to eradicate. The
most effective control in bushland areas appears
1o be hand-weeding and careful herbicide use.
Many native understorey species can persist as
propagules in the soil, able to re-establish when
conditions for germination and regrowth are
favourable.

Map Unit 6c
Glen Forest

Small volcanic necks or diatremes are scattered
throughout the Sydney region, about 25 being
shown on the Sydney 1:100 000 geology map
(Herbert 1983). These sites have higher-nutrient
soils than surrounding areas (Chapman & Murphy
1989) and their vegetation generally contrasts
markedly with that on the adjacent sandstone or
shale soils. Where the surrounding rock is low-
nutrient sandstone these differences are particularly
distinctive because of the differences in soil
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nutrients, and because many such diatremes often
occur in sheltered valley positions. Unfortunately
most natural vegetation on diatremes in the
immediate Sydney area has been destroyed, either
because their fertile soils were cleared for
agriculture, or because the basaltic rocks, a
convenient source of blue metal aggregate, have
been extensively quarried. Remnant diatreme
vegetation indicates that considerable local
differences in vegetation composition occurred
between sites, mainly as a result of variations’in
soil type and exposure conditions; two sub-units
are recognised below.

i) Tall open-forest: Eucalyptus saligna

Eucalyptus saligna dominated vegetation, very
similar to the Blue Gum High Forest of the North
Shore (map unit 6b), grew on high-nutrient
volcanic soils under similar high rainfall conditions
(1200-1400 mm p.a.). Old Mans Valley at Hornsby,
probably the largest diatreme in the area, has been
extensively quarried for blue metal aggregate, but
remnant vegetation on nearby Joes Mountain in
Berowra Valley Bushland Park (too small to map at
1:100 000 scale) has Fucalyptus saligna as the
dominant tree species with less frequent trees of
Eucalyptus pilularis and Angophora floribunda.
Native understorey species include Calochlaena
dubia, Blechnum cartilagineum, Adiantum aethi-
opfcumn, Pteridium esculentum, Smilax australis,
Pandorea pandorana and Poa affinis (Smith & Smith
1990). Weeds constituted 14% of the species
recorded in the survey plot including Lonicera
Jjaponica, which was codominant with Calochlaena
in the dense fern layer, and Ligustrum lfucidum,
Ligustum sinense and Cinnamomurn camphora that
were codominant in the shrub and low tree layers.

Similar high rainfall vegetation probably occurred
on other diatremes such as at Browns Field (South
Turramurra Environment Protection 1980),
Dundas, Burwood and Lugarno. Volcanic necks in
the Blue Mountains with similar vegetation are
known as Glens e.g. Murphys Glen, Tobys Glen
(Keith & Benson 1988).

ii) Tall open-forest: Eucalyptus agglomerata-
Angophora floribunda

In Ku-ring-gai Chase, the amphitheatre-shaped
valiey of Campbells Crater contains tall open-forest
to open-forest with trees 15-35 m tall with & mid-
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dense canopy cover. On the slopes of the crater
the understorey is shrubby but the floor supports
small trees, palms and tree ferns with a ground
cover of monocotyledons and ferns. Vines are com-
mon (Thomas & Benson 1985a). Main tree species
are Eucalyptus agglomerata, Angophora floribunda,
Allocasuarina torulosa, also with Angophora cos-
tata and Eucalyptus umbra. Small trees include
Acacia floribunda, Synoum glandulosum and the
palm Livistona australis. Understorey species
include shrubs; Pultenaea flexilis, Prostanthera
denticulata, Astrotricha floccosa, and ground
species; Dianella caerulea, Oplismenus imbecillis,
Calochlaena dubia, Hypolepis muelleri, Cyathea
australis, Pteridium esculentum, Pseuderanthemum
variabile, Hydrocotyle acutiloba, Goodenia ovata,
Helichrysum elatum, Cissus hypoglauca, Smilax
australis, Pandorea pandorana and Cayratia
clematidea.

At Campbells Crater variation relates to slope, soil
and aspect. The understorey changes between the
sides and the floor of the crater, On the sides a
sandy topsoil lies over a clay sub-soil and this tends
to support a denser shrub layer than the hard clay
soil on the crater floor. The lower south-facing
slope of the crater has a dense fern understorey,
while the east- and north-facing slopes have a
more open understorey. Weed infestation is heavy
on the crater floor where the soil is more fertile.
Species that are absent or uncommon elsewhere
in Ku-ring-gai Chase National Park are Eucalyptus
agglomerata, Toona ciliata, Seringia arborescens,
Asterolasia correifolia, Rulingia dasyphylla and
Rubus rosifolius.

Remnants of similar vegetation occur at Dillons
Crater in Brisbane Water National Park (Benson &
Fallding 1981) and Peats Crater in Muogamarra
Nature Reserve, though much of the volcanic
areas have been cleared. Blanch and Marramarra
Craters in Marramarra National Park, and one north
of Fiddletown (Smith & Smith 1990), probably still
have similar vegetation.

Volcanic dykes also occur, but are generally too
narrow to support a distinct plant community,
though understorey species may show local varia-
tions indicative of the more clayey, higher-nutrient
soils. Sanders (1983) found that wide variation
occurred within the vegetation associated with
dykes and that soil and topographic position were
important factors for species distribution; soil move-

‘ hypoglauca, Doodia aspera and Livistona australis.
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Dense shrubs are found along watercourses. Mela-

" Jeuca decora is common in depressions an.d on
ated with a dyke at West Head is open-forest with poorly-dra;r:\zdfzit:dl\zii/;u;ae ;t(y;zﬁilrl‘zlgis gtlszsr
jculata, Eucalyptus umbra, common ‘ X e
Zizso;ffloigcsggﬁdfzsga/yptus scia}s/iubsp. scias, sf?r'ub species a}long creef;s/ ‘mcsi;?jbfaafi;agzare\;aorz_
Syncarpia glomulifera and Allocasuarina torulosa. pllls and Breynia obl‘(‘)ngr:SZ SlaAOf e
Six species were found 10 characterise the vegeta-  inate (?n d{y grave y/ , .a e
tion on the ridge: Macrozamia spiralis, Xylomelumn Bursaria spinosa, Melaleuc o o e
iforme, Lomatia silaifolia, Pultenaea daphnoides, decurrgns are mos“c commor?‘ Smaller Shube ™
ﬁ/yrltef;;ea (ovata and Breynia oblongifolia; and three  clude Lissanthe strigosa, Dawgs:i l;!/afz;c,- ; \;/Z
) i ia juniperi i n pinifolius, -
to characterise the basalt soil in the creek; Cissus r;/; cj_:;;pae:ga,DOSj(:I{/?s;;n?ﬁqseUa. SRR
grasses such as Themeda australis and Aristida
vagans, sedges such as Lepidosperma laterale an§
{omandra longifolia and herbs such as Vernonlé
cinerea, Pratia purpurascens and Hardenbergia vi-
olacea are interspersed with the shrubs or are more

conspicuous on the sides of gravelly ridges.

ment downslope from the dyke accounts for ’dykg‘
vegetation growing on sandstone. On soils associ-

Map Unit od
Transition Forest

Open-forest: Eucalyptus fibrosa—-Eucalyptus
olucans Meliess Seeo Price (1979) studied the remnants of native vege-
tation in the Auburn area. He found that the orig-
inat forest structure at Duck River and Rooka)od
Cemetery has been largely modified by fire, since
european settlement, into grasslands, Melaleuca
and eucalypt scrub, and low woodland. Grasslands
dominated by Themeda australis occur in areas
cleared long ago and little interfered with c?ther
than by regular burning. Other species assocnatgd
with them include Patersonia longifolia, Hypo&s
hygrometrica, Xanthorrhoea and LorﬂanQra s?ec‘es
and ground orchid species of Diuris, Microtis and
Thelymitra.

Found in the Bankstown-Regents park area, small
patches of this vegetation stilt exist around DL:le
River, Auburn and Rookwood Cemetery, occurrlrlg
on fowar rainfall Wianamatta Shale (rainfall at Lid-
combe is about 800 mm p.a.) on soils often
associated with fronstone gravels, generally red
padzolics or relict red podzolics. These are of low
fertility and support vegetation with a shrubby
understorey rather than the grasses that are
characteristic of the more fertile soils of the
Cumberiand Plain with a similar rainfatl, Floristically
this vegetation is similar to the open:orTesrtrorr;
iti m Wianamatta Shale to the Tertia .
:lalgjzﬂf:sirfxrothe Castlereagh~Penrith area and  pjelaleuca and eucalypt scrub is cofmmon O;";i:‘s‘i
mapped (map unit 9d) on the Penrith Sheet  hat has been partly cleared or left to rzcosa e
(Benson 1992a), although here it is on Wianamatta  naturally. Me/aleuc§ qecora, Melaleuca no fossond
Shale. It is likely that similar soi and drainage  pjefaleuca styphelioides are the most @ u'nd i
conditions here support this vegetation. shrub species here and may be accompanie )i
small trees of Eucalyptus fibrosa, Eucalyptus moluc
cana, Eucalyptus resinifera, Angophora bakefi, Syn-
carpia glomulifera and Eucalyptus longifolia. De-
pending on the density of the Melaleuca canopy.
there may be scattered herbs or open grassy.pFao
es in between. Herb species include Sty//dlgm
graminifolium, {omandra species, Dianella species,
Calotis cuneifolia and Vernonia cinerea. Shrubs gf
open places such as Daviesia ulicifolia, D/{IV}/yQ/a
juniperina, Indigofera australis, Pime/?a Il():fglla,
Olearia microphylla, Ozothamnus diosmifolius,
Bursaria spinosa, Callistemon linearis, C. pinifolius,
and the low-growing Melaleuca species, Melaleuca
erubescens and Melaleuca thymifolia, are usually

Structure is open-forest with an understorey ranging
from a dense shrub layer about 3 m high to open
and grassy with scattered shrubs. In the Bankstowp—
Regents Park area the main canopy tree species
are Eucalyptus fibrosa and Fucalyptus mo/uccﬁna,
Eucalyptus longifolia and Eucalyptus globp/dea
occur sporadically and do not appear to bfe in any
particular habitat. Eucalyptus tereticornis is founld
in the lower rainfall areas generally on lower h{il
siopes and depressions. Syncarpia glomulifera is
usually found in higher-rainfall areas. Angophora
bakeri was recorded only from near Duck River at
Auburn, and Eucalyptus parramattensis from Bass Hill,
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mowre common than species found in more shady
habitats, such as Polyscias sambucifolius, Pittosporum
undulatum and Breynia oblongifolia. Fire modifies
the structure and floristics of these Melaleuca
s.crubs. When the canopy is opened to light, short-
lived herbs such as Pelargonium inodorum Pc;/ymeﬂa
calyc‘in'a, Senecio hispidulus and shru’b species
Ca;suwa arcuata, Ozothamnus diosmifolius, Olearia
m/crgphyl/a, Pimelea linifolia, Pu/tenaea' villosa
Acacia falcata and Acacia longifolia, establish. '

The understorey of shrubs and tall herbs in the
Iow woodland remnants include shade-tolerant or
moisture-requiring species, many of them having
seeds that are probably spread by birds. Species
able to survive fires by suckering, such as Breynia
oblongifolia, Phyllanthus gasstroemii, Rapanea
var/a_bi/is, Notelaea longifolia and the e;otic weed
species Asparagus officinalis and Myrsiphyllum

fasparago/des are most abundant; other species

include Glochidion ferdinandi, Pittosporum

undulatum, P. revolutum and Omalanthus populi-
folius. For the Auburn area s

Price recorded 292
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native species, a considerable number in view of
the degree of disturbance the area has suffered

This vegetation occurs on very poor agricultural soils
it remained largely undisturbed until the expansionl
of suburban development in the Bankstown-
Liverpool district following the Second World War
Remnants still survive on State, Commonwealtﬁ
énd local council land. Probably the best exampl
in the map area is along Duck River at /-\ubu?ne
There .are also remnants at Rookwood Cemete '
Carysfield Park at Bass Hill, Norfolk Reservz'
Gr.eenacre, and Airport and Ashford Reserves'
Milperra. A nationally listed rare species ACaci.;
pubescerlws, is almost completely restricted' to this
cpmrpumty and has been recorded at a number of
sites in the area including Carysfield Park and Rook-
wood Cemetery and along the railway line near
Punchbowl and Yagoona. Trees of Eucalyptus
/onglfo/ia with Melaleuca decora still survive
beside Parramatta Road at its intersection with Hill
Road, Granville. These are significant because the
are the last naturally occurring native trees along);l
Parramatta Road between Sydney and Parramatta

western Pittwater.

Ilgure 6. Euculyptus maculata open-fm est, map unit 9g(n), on the lower Sl()pES at Elvina Bay
4
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Map unit 99
Spotted Gum-Blackbutt Forest

Spotted Gum-Blackbutt Forest is a very extensive
and varied community on the Gosford map sheet
area (Benson 1986a). It is an important component
of the forestry activities of the Wyong district and
extends south along the coast into the Bouddi and
Warringah Peninsulas on the Sydney map sheet,
where Eucalyptus maculata, Spotted Gum, is
particularly conspicuous. Here, spotted Gum-
Blackbutt Forest is found along the entrance 10
Brishane Water between Wagstaff and The Rip
(McRae 1990), along the Warringah Peninsula, on
scotland island, and on the foreshores of Pittwater
(Pidgeon 1937; Thomas & Benson 1985a). It is
found on fower hillslopes on the Narrabeen Group—
Terrigal Formation and coastal occurrences of the
Newport Formations (interbedded laminite, shale
and sandstones), on shallow to deep lithosols and
podzolics of the Watagan Soil Landscape (Chap-
man & Murphy 1989). Annual rainfall here is up to
1500 mm with no winter frosts or seasonal drought
(Kartzoff 1969). A number of sub-units can be
recognised.

i} Open-forest: Eucalyptus gummifera—
Eucalyptus maculata-Eucalyptus pilularis

Occurs mainly in the Wyong area on the Gosford
map sheet (Benson 1986a).

iiy Open-forest: Eucalyptus maculata-Eucalyptus
paniculata

Eucalyptus maculata, Spotted Gum, is the most
characteristic tree, e.g. making up 46% of a sample
of 150 trees in Hudson Park, Avalon (Smith & Smith
1993), forming an open-forest 15-30 m high with
a mid-dense canopy cover. Associated trees at Hud-
son Park are Angophora costata (16%), Eucalyptus
gummifera (1 3%), Eucalyptus umbra (9%),
Eucalyptus punctata (6%), Eucalyptus paniculata
(4%), Syncarpia glomulifera (3%, Eucalyptus
botryoides {2%) and Angophora floribunda (1%).
Smail trees include Allocasuarina torulosa,
Glochidion ferdinandi and Livistona australis. The
understorey varies according to aspect. On dry sites
there is a very sparse small tree and shrub layer
with Allocasuarina littoralis, Dodonaea triquetra,
Platylobiumn formosum, Macrozamia communis and
Pultenaea flexilis, a mid-dense low shrub layer and
an open ground cover of herbs and graminoids. in
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sheltered aspects the small tree layer is denser,
including Elaeocarpus reticulatus and Pittosporum
undulatum, there are few low shrubs, and ferns
such as Adiantum aethiopicum and Doodia
caudata, and vines such as Cissus hypoglauca,
pandorea pandorana, Cayratia clematidea, Geiton-
oplesium cymosum and Eustrephus latifolius may
form a ‘rainforest type’ understorey. Small rainforest
trees may occur, particularly on the Warringah
peninsula, including Diospyros australis, Synoum
glandulosum, Cassine australis var. australis, Euodia
micrococca, Commersonia fraseri and Alphitonia
excelsa. Livistona australis is locally abundant
around Bilgola.

Floristic lists have been compiled for Angophora
Reserve and Hudson Park, Avalon (Table 3, Smith
& Smith 1993), the National Trust's Burley Griffin
Lodge at Avalon (Buchanan 1979b), western
pittwater {Thomas & Benson 1985a), and Loguat
Valley, Bayview (Costin 1986).

iii) Woodland: Eucalyptus umbra-Eucalyptus
paniculata

Related vegetation is found on the south-eastern
side of the Bouddi Peninsula on slopes running
from the main ridge to the coast (McRae 1990).
Here the slopes are steep, from 10° to 35°, the
aspect varies around south-east and there is
always some degree of exposure to coastal winds
and saltspray. Where the coastal exposure is
greatest, the structure is reduced to a tall shrub-
1and in which the canopy merges with the shrub
layer. Elsewhere it is woodland structure.

The main tree species, Eucalyptus umbra, Eucalyptus
paniculata, Angophora costata and Syncarpia glom-
ulifera form a layer that varies from a height of
25 m and a cover of 25% to 2 height of 3 m with
10% cover, with increasing exposure. The shrub
layer (3 m high with 20% cover) has a variable
composition with common species including
Macrozamia communis, Dodonaea triquetra and
pultenaea flexilis. The tall ground layer (1.5 m high
with 30% ground cover) is dominated by Lomandra
Jongifolia, Imperata cylindrica, Gahnia melanocarpa
and Pteridium esculentum. The variablility in all
strata is due to aspect and soil, the latter arising
from the variable nature of the parent rocks (McRae
1990).
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iv) Open-forest: Archontophoenix
cunninghamiana

On slopes below Mt Bouddi are deep gullies with
marginal rainforest dominated by Bangalow Palm,
Archontophoenix cunninghamiana, with scattered
Eucalyptus deanei and Allocasuarina torulosa
(McRae 1990). Structurally this is open-forest with
the trees up to 30 m high and reaching 60%
canopy cover. There is a small tree layer, 10 m
high, with Cabbage Palm, Livistona australis, Duboisia
myoporoides, Glochidion ferdinandii, Ficus coronata,
Pittosporum undulatum, Schizomeria ovata, and
Acmena smithii, scattered shrubs including Notelaea
venosa, Wilkiea huegliana, Eupomatia laurina and
Citriobatus paucifiorus, and ground cover species
including Cissus antarctica, Rubus moorei, Morinda
jasminoides, Gymnostachys anceps and Blechnum
cartilagineum. Lantana camara is usually abundant:
in the surrounding eucalypt woodland and in time
could increase from its currently isolated thickets
within the palm-forests.

Map unit 9h
Narrabeen Slopes Forest

Narrabeen Slopes Forest is particularly characteristic
of the foreshores of Broken Bay and Pittwater
(communities 6 and 7 of Thomas & Benson 1985a)
and along the Hawkesbury River and its tributaries,
Mangrove and Mooney Mooney Creeks (Benson &
Fallding 1981; Benson 1986a). Similar vegetation
is found on lower siopes of the islands of Broken
Bay — Spectacle Island (Webb 1981), Bar Island
(Benson 1984), Milson Island (Cleland 1914) Lion
island (Benson 1981a), Long Island (Coveny &
McDougall 1990) and Dangar Island, and Scotland
Island in Pittwater, All of these islands, with the
exception of Bar Island, have Hawkesbury Sand-
stone vegetation (map unit 10ar) on their crests.

Narrabeen Slopes Forest is found on strata of the
Narrabeen Group—Newport Formation (interbedded”
shale, laminite and medium-grained quartz sand-

stone) that outcrop on lower slopes and hillsides
below cliffs and ridges of Hawkesbury Sandstone,

Vegetation structure and floristic composition are

particularly influenced by aspect. South-facing

slopes are steeper, cooler and moister than north-

facing slopes, which are less steep, but drier and

more sunny. Two sub-units are recognised.
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i) Open-forest: Eucalyptus deanei-Angophora
floribunda

Sheltered south-facing aspects generally have open-
forest with trees of EFucalyptus deanei and
Angophora floribunda and may be associated with
pockets of rainforest. This is found mainly on the
northern side of Broken Bay in Mooney Mooney
and Mullet Creeks on the Gosford map sheet
{Benson 1986a), with one small occurrence at the
southern end of Brisbane Water National Park and
near Patonga (community 2B of Benson & Fallding
1981). There is generally a mesic understorey with
climbers — Hibbertia scandens, Hibbertia dentata,
Cissus hypoglauca; ferns — Calochlaena dubia,
Doodia aspera, Pteridium esculentum; and other
ground species — Themeda australis, Imperata
cyclindrica, Hydrocotyle and Lorandra species.

ii) Open-forest: Angophora floribunda-
Allocasuarina torulosa

On dry north- to west-facing slopes and on slopes
open to sea breezes, open-forest is characterised
by Angophora floribunda, Eucalyptus punctata and
Allocasuarina torulosa. This occurs on the eastern
sides of Mooney Mooney and Mullet Creeks in
Brisbane Water National Park (community 2A of
Benson & Fallding 1981), but is most common on
the southern shore of Broken Bay on the fore-
shores of Cowan Creek, Coal and Candle Creek,
Smiths Creek and the Hawkesbury River (Thomas
& Benson 1985a, Community 7). Here it is from
15-25 m high with a mid-dense to open canopy
cover, The main tree species are Angophora
floribunda, Eucalyptus punctata and Allocasuarina
torulosa, with Eucalyptus botryoides, Eucalyptus
umbra and Eucalyptus paniculata. The understorey
is usually dry with an open shrub layer and a ground
cover dominated by grasses and herbs. Shrubs
include Puftenaea flexilis, Acacia ulicifolia, Astrotricha
floccosa, Cassinia denticulata, Playsace linearifolia,
Prostanthera denticulata and Persoonia linearis.
Grasses include Entolasia species and Themeda
australis, and may predominate in frequently
burned sites. On very sheftered aspects there may
be moister species such as Synoum glandulosum
and Calochlaena dubia.

Thomas and Benson (1985a) indicate that Eucalyptus
botryoides and Eucalyptus paniculata occur with
Angophora floribunda along the foreshores of
Western Pittwater from McCarrs Creek to West
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Head on deeper, heavier soils in sheltered sjites
(described as their community 6). This variant
commonly has an understorey of Calochlaena
dubia and vines, particularly Smifax aust(a/is and
Geitonoplesium cymosum, and has been included
within this map unit. Eucalyptus botryoides ma.y
extend beyond the Narrabeen Group soils and is
commonly found with Angophora costata on coastal
sandstone headlands but rarely occurs away from
the coast. Eucalyptus maculata rarely occurs in this
unit, However, it is found around Pittwater where
Narrabeen Slopes Forest is similar to and inter-
grades with Spotted Gum-Blackbutt Forest {map

unit 9g).

Map unit 90
Turpentine-ironbark Forest

Open-forest: Syncarpia glomulifera-Eucalyptus

paniculata

Turpentine-ironbark Forest was the characteristic
forest vegetation of the inner westermn part of SyFiney
from St Peters west to Peakhurst and sporadically
s far as Lansdowne. It occurred on Wianamatta
Shale, on shallow to deep podzolic soils of the
Blacktown Soil Landscape (Chapman & Murphy
1989). it was also found north of the Parramatta
River, from Ryde to Castle Hill and along shale-
capped ridges around Glenorie and Arcadia, and
on the transition zone between the Wianamatta
Shale and the underlying Hawkesbury Sandstone,
particularly on soils formerly known as the
Hahmondville Association (Walker 1960).

Turpentine-lronbark Forest was first described k?y Pbi!-
lips (1947) as a sub-association (Eucalyptus p‘l/u/an.s~
Eucalyptus resinifera) of her Eucalyptus P//glar(s—
Eucalyptus saligna Association, but is d|stlnct|\(e
enough to map and discuss as a separate unit.
With a moderate rainfall of between 900 mm and
1100 mm per annum, the vegetation, an in?cer—
mediate, is part of the shale-vegetation gradient
from the higher-rainfall Blue Gum High Forest
(Eucalyptus pilularis—Eucalyptus saligna tall
open-forest, map unit 6b), to the low rainfall Grey
Box Woodland (Eucalyptus moluccana-Eucalyptus
tereticornis woodland, map unit 10¢, Benson 1992)
further west on the Cumberland Plain.

Most of the Turpentine-lronbark Forest has now
gone, having been replaced by suburbs in the
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nineteenth and early twentieth centuries (Benson
& Howell 1990a). Part of the inner Western area,
north of the Cooks River, in the Ashfield-
Canterbury area was designated the Kangaroo
Ground by Watkin Tench (Tench 1979), and was
sought for early settlement. Collins (1798) wrote:
“The lieutenant-governor [Grose] proposing to open
and cultivate the ground commonly known by
the name of the Kangaroo Ground, situate to the
westward of the town of Sydney between that

Figure 7. There are only a few survivi.ng re;
Tf:;entine-lronbark Forest, map unit 90, such as
here at Fagan Park, Galston.




698

settlement and Parramatta, a gang of convicts was
sent from the latter place for that purpose. The
soil here was much better for agricutture than that
immediately adjoining to the town of Sydney, and
the ground lay well for cultivation; but it had hith-
erto been neglected, from its being deficient in
the very essential requisite of water; on which
account Parramatta had been preferred to it

This area would appear to have been eucalypt
open-forest or woodland with an open under-
storey suitable for kangaroo habitat (Pratten 1993).
There would, however, have been local variation
in vegetation composition, and other early writers
mention ‘heavy timber and brush’ (i.e. a dense
understorey of shrubs). Peter Cunningham (1827)
described Parramatta Road between Annandale and
Ashfield bordered by land "... thickly covered with
heavy timber and brush, the soil being usually a
poor shallow reddish or ironstone clay, the con-
templation whereof presents but little pleasure to
the agriculturalist’.

Characteristic tree species were probably Syncarpia
glomulifera, the Turpentine, and Eucalyptus panic-
ulata, the Grey Ironbark. These would have been
accompanied by a range of other spedies including
Eucalyptus globoidea, Eucalyptus punctata,
Eucalyptus resinifera, Eucalyptus pilularis and
Angophora floribunda. Remnant trees of Syncarpia
glomulifera, Eucalyptus pilularis, Eucalyptus resinifera
and Eucalyptus globoidea still survive in Ashfield
(Pratten 1993) and there are old herbarium collec-
tions of Eucalyptus siderophloia from Burwood and
Belmore. A notice in the Sydney Morning Herald
in December 1834, advertising alotments of the
Burwood estate mentions ‘timber: Shingle Oak,
iron and Stringy Bark, Mahogany, Blue Gum’ etc.
‘Blue Gum’ here may refer to Eucalyptus saligna,
which may have occurred locally in gullies or
depressions, or Eucalyptus tereticornis, which may
also have occurred.

Estimated canopy heights in remnant stands north
of the Harbour, surveyed in the 1970s, ranged
from 10 to 20 m with canopy cover from 30 to
67%, all figures characteristic of open-forest
formation (D. Benson unpub. data). Mest of these
remnants are on the least favourable agricultural sites
and have generally been logged, grazed and burnt at
varying intensities. Plant densities for these stands, (mean
=719+ 383 plantsha), indicate & considerable amount
of sapling and small tree regeneration. Syncarpia
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glomulifera was the most important species,
accounting for 16% of total basal area and 35%
of total plant density, probably because of its
ability to withstand disturbance by resprouting,
and its slow growth. Seven other tree species each
accounted for between 4 and 14% of total basal
area and between 2 and 10% of total plant
density. A further eight species were recorded

+ contributing to total site basal area.

The understorey was variously shrubby or grassy.
Common shrub species in remnants now are
Dodonaea triquetra, Polyscias sambucifolia and
Acacia falcata, and grass and herb species include
Themeda australis, Echinopogon caespitosus,
Pseuderanthemum variable and Pratia purpurascens.
In the early 1840s Mrs Charles Meredith described
the forest at Homebush and mentions native
species including Hardenbergia violacea, Kennedia
rubicunda, Pandorea pandorana and other species
likely to be Oxylobium scandens, Dillwynia juni-
perina, Daviesia ulicifolia, Platylobium formosum,
Viola hederacea, Wahlenbergia species, Lissanthe
strigosa and Leucopogon juniperinus (Meredith
1844, guoted in Benson & Howell 1990a). Most
of these species can still be found near Homebush
Bay, where an important remnant of this vegeta-
tion survives in land used for storage of naval
munitions (Clarke & Benson 1988; Kachka 1993),
or in the Yaralla Bushland in nearby Concord
Municipality (Benson 1983).

There is also a small yet important remnant of
native vegetation on the banks of the Cooks River
at the end of Third Avenue, Campsie {Benson
1992b). The vegetation has patches of scrub, grass-
land and some trees. Most of the vegetation is of
plants native to the site, many of which are grow-
ing very vigorously. In particular, in some of the
more open areas there is a rich flora of ground
cover species in particular grasses and prostrate
small shrubs, such as Astroloma humifusum, Calotis
cuneifolia and Goodenia hederacea. There was a
patch of the orchid Microtis unifolia and some
very impressive clumps of Xanthorrhoea media.
populations of Calotis cuneifolia, Hibbertia serpyl-
lifolia and Oxylobium ilicifolium are probably the
only natural occurrences surviving in inner west-
ern Sydney. Patches of shrubs include Kunzea
ambigua, Leptospermum trinervium and shrubby
trees of Syncarpia glomulifera. One of the reasons
for the vigorous native plant growth is that the
natural soils are essentially unmodified and have
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nat received nutrients in run-off from other areas.
In comparison, adjacent areas with dumped soil
have a significant number of weeds. This vegeta-
tion is the only remnant of Turpentine-Ironbark
Forest vegetation for many kilometres, and is vir-
tually the only remnant of native vegetation on
the banks of the Cooks River. The only other na-
tive vegetation in the Cooks River valley is along
wolli Creek, in Girrahween Park, associated with
outcropping sandstone and having a different spe-
cies composition from this remnant. on shale at
Campsie.

On the northern side of the Harbour remnants
occur at Ryde in Wallumatta Nature Reserve (Ben-
son 1984, see below) and Fagan Park at Galston
(Benson & Keith 1984b) including a good local
stand of Eucalyptus acmenoides, a species which
reaches its southern distributional limit at the
parramatta River — a few trees survive in Maze
Park, West Ryde.

Turpentine-ironbark Forest vegetation extended
onto the transition zone between the shale and
the underlying Hawkesbury Sandstone, on soils
formerly known as the Hammondville Association
(Walker 1960). Some of this transitional vegetation
still survives as narrow edgers 0 cleared land on
private property and on the margins of sandstone
bushiand reserves in northern Sydney, where there
are remnants of shale overlying sandstone, €.g.
Pennant Hills Park, Lane Cove Nationa! Park
(formerly State Recreation Area) (Clarke & Benson
1987) and Garigal National Park (formerly David~
son State Recreation Area), Ku-ring-gai Chase
National Park (Thomas & Benson 1985a), Marra-
marra National Park, and a number of Council
parks. These patches are generally too small to
map at the present scale. The vegetation of these
areas differs from that on the deeper shale by
including sandstone species. Structure is generally
open-forest and tree species may be Syncarpia
glomulifera, Eucalyptus punctata, Eucalyptus
paniculata and Eucalyptus globoidea.

protection of all small remnants of this shale-based
fiora is important since many of the smaller-growing
species in particular are becoming rare, and many
of the sites are in very vulnerable positions close to
urban development and susceptible to weed invasion
and nutrient-enriched run-off. Because shale areas
are small and frequently on the margins of reserves,
they may need particular and careful management.
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Map unit 9sf
Duffys Forest

Open-forest: Eucalyptus sieberi-Eucalyptus
capitellata-Eucalyptus gummifera-Angophora
costata

On sandstone ridgetops in the Duffys Forest-
Terrey Hills area are shale remnants from lenses
within the Hawkesbury Sandstone (Herbert 1983),
often with characteristic ironstone gravels, referred
10 as ‘laterite’ cappings. Soils are part of the Somersby
Soil Landscape (Chapman & Murphy 1989), mod-
erately deep yellow earths and deep red earths
overlying laterite gravels and days. A distinctive
open-forest vegetation occurs on these.

At Duffys Forest, open-forest is 7-18 m high with
a mid-dense canopy with trees of Eucalyptus
sieberi, Eucalyptus gummifera, Eucalyptus oblonga,
Eucalyptus haemastoma and Angophora costata
(Benson 1974, 1979a; Thomas & Benson 1985a:
community 10B). The understorey is of mid-dense
shrubs often with emergent taller shrubs with a
ground cover of low shrubs and monocots. Under-
storey species include Telopea speciosissima,
Xylomelumn pyriforme, Ceratopetalum gummiferum,
Banksia spinulosa, Persoonia levis, Micrantheum
ericoides, Leptospermurm trinervium, Pimelea
linifolia, Acacia myrtifolia, Boronia pinnata and
Cyathochaeta diandra. Variation appears related
to soil depth and type. Deeper soils carry more
Eucalyptus sieberi with the occasional Eucalyptus
pilularis and Syncarpia glomulifera and the under-
storey shrub Bossiaea obcordata, while thinner soils
tend to support more sandstone woodiand
species. The central part of the original ‘Duffys
Forest’ was cleared many years ago but Kartzoff
(1969) reports that much blackbutt, Eucalyptus
pilularis, was logged at Duffys Forest and that as a
result of logging and burning, it is now extinct there,
where it had been common 30 years before.

Thomas & Benson (1985a) also describe a slightly
different community (community 10A) on low siope
areas on shale-derived soils (possibly Jateritic) and
on deeper soils than the floristically similar
Eucalyptus sieberi community. Structure is open-
forest 0-17 m tall with a mid-dense canopy cover
of trees of Eucalyptus capitellata, Eucalyptus
gummifera, Eucalyptus sieberi, Eucalyptus
haemastoma. The understorey has a sparse tall
shrub layer, an open to mid-dense mid-height shrub
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Figure 8. In the_ Leo Sx:nith Reserve at Ramsgate there is an important remnant of Coastal Dune
Forest, map unit 9, with Angophora costata and a dense ground cover of Bracken and shrubs.

layer and an open to mid-dense ground cover of
low shrubs, herbs and monocotyledons. Main
species are Ceratopetalum gummiferum, Persoonia
levis, Acacia myrtifolia, Bossiaea obcordata, Banksia
spinulosa, Lomatia silaifolia, Puftenaea elliptica,
Micrantheum ericoides, Patersonia glabrata and
Cyathochaeta diandra. The shale influence on this
community is distinctive and several species occur
which are uncommon in the rest of the park (e.g.
Persoonia laurina, Pultenaea linophylla form b. The
threatened Grevillea caleyi occurs at the start of
the Ryland Track. This community is very restricted
in Ku-ring-gai Chase National Park. Similar
vegetation also occurs at the junction of Forest
Way and Mona Vale Rd, now part of Garigal
National Park.

Also included in this map unit is open-forest with
a very restricted distribution on remnant shale
outcrops in the south of Brisbane Water National
Park {(mapped as community 45, Benson & Fallding
1981). Trees here include Fucalyptus gummifera,
Angophora costats, Eucalyptus globoidea, Eucalyptus
umbra, Eucalyptus punctata and Syncarpia glomu-
lifera. The shrub understorey is dominated by
members of the Fabaceae family, and ground cover
species include Poa affinis, Entolasia stricta and
species of Lomandra.
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Map unit 9t
Coastal Dune Forest

Open-forest: Eucalyptus botryoides-
Eucalyptus pilularis—Angophora costata

Coastal Dune Forest occurred on the quartz sand
of the Holocene beach ridges that extend along
the western shore of Botany Bay, and on the north-
ern side of Broken Bay between Pearl Beach, Umina
and Woy Woy (New South Wales Department of
Mineral Resouces 1983). it may also have occurred
in sheltered sites on the ‘marine’ sands in Sydney’s
eastern suburbs, though most of this area appears
to have had heath vegetation (Benson & Howell
1990a). Almost all has been destroyed by housing,
with the exception of a small remnant on Botany
Bay in the Leo Smith Reserve at Ramsgate, some
low woodland with Angophora costata and
Eucalyptus botryoides on the sheltered slopes of
some dunes in Golf Courses at La Perouse, and a
few remnants at Umina, too small to map.

Vegetation structure was originally open-forest to
low woodland. Eucalyptus botryoides, Eucalyptus
pilularis and Angophora costata appear to have
been the main tree species, though Angophora
floribunda is common in the Woy Woy occurrence.
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Angophora floribunda, Eucalyptus botryoides and
Eucalyptus punctata occur at Pearl Beach (Benson
& Fallding (1981). The understorey was shrubby
with such native species as Banksia serrata, Elago-
carpus reticulatus, Hibbertia scandens, Leucopo-
gon ericoides, Monotoca elliptica, Breynia oblongi-
folia, Glochidion ferdinandi and Pomax umbellata.
A species list for Leo Smith Reserve has been
prepared by Benson & Keith (1985). This small
area of open-forest at Ramsgate is the sole
remnant of native sand vegetatior: of the beach
ridge system (Outer Barrier) of western Botany Bay
(nearby low-lying area has Casuarina glauca
forest-Map unit 4a). It is different from the
Eastern Suburbs Banksia Scrub of the transgressive
dunes (map unit 21b), but has similarities to
vegetation at Kurnell. Studies of intact vegetation
on similar sand dune systems at Myall Lakes
(Myerscough & Cardlin 1986) demonstrate the
complex nature of such vegetation systems.

Figure 9. Some of the different habitats
provided by the rugged sandstone topography
are evident here in Ku-ring-gai Chase
National Park — distant level ridgetops,
exposed and sheltered hillsides and narrow
valley floors each support different groupings
of plant species.
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Burges and Drover (1952) related vegetation
patterns on the Holocene beach ridges between
Umina and Woy Woy to increasing podzolisation
and beachridge age {up to 4 000 years). Along the
beach-front typical foredune colonisers were found,
backed by a Leptospermum laevigatum-Banksia
integrifolia thicket about 100 m wide. isolated trees
of Eucalyptus botryoides began to occur about 150 m
from the beach and increased in number to form,
with Angophora floribunda, a fairly open wood-
Jand on an area of iron podzol sands. Nearer to
Woy Woy, on well-defined humus podzols,
Angophora floribunda was replaced by Angophora
costata. The swampy areas between the sand ridges
had a range of vegetation from open water with
Typha, to Melaleuca quinquenervia woodland.
Remnant trees of Angophora floribunda, Angophora
costata, Eucalyptus pilularis, Glochidion ferdinandif
and a few conspicuous Macrozamia communis
along the road verges around Ettalong and Umina
are generally all that remains of this vegetation.

Sydney Sandstone Complex (map units
10ag and 10ar)

This widespread vegetation complex occupies
extensive areas of the Hawkesbury Sandstone
plateaus and associated gullies. Depending on
topographic position and aspect, there is consid-
erable local variation in floristics and structure.
Thomas and Benson (1985a), mapped 12 units for
Hawkesbury Sandstone in Ku-ring-gai Chase
National Park. Two broad sub-units have been
recognised. These are a moist forest type, generally
associated with sheltered hillsides and moist
gullies (map unit 10ag), and a dry woodland type,
generally associated with dry plateaus and ridges
(map unit 10ar). These units have been used on
the Katoomba, Wallerawang and Penrith sheets
but not on the Gosford and Lake Macquarie map
sheet (Benson 1986a), where a composite Hawkes-
bury Sandstone unit (map unit 10a) was used.

Sydney Sandstone Complex (map units 10ag and
10ar) ranges from tall open-forest to low wood-
land and open-scrub. it corresponds with part of
the Mixed Eucalyptus Forest Association of
Pidgeon (1937, 1938). In the map units described
in this paper, Map Unit 10ag is essentially
Pidgeon's High Forest, Map Unit 10ar includes
scrub, tree-scrub, low scrub-forest and tall scrub-
forest, and Map Unit 21g includes extensive areas




Figure 10. This open-forest in Pennant Hills Park, map unit 10ag(i), is typical of the vegetation
on sheltered sandstone slopes in many of Sydney’s bushland reserves.

of scrub, as well as sedge and shrub swamp. In
terms of the floristic survey of Ku-ring-gai Chase
by Outhred et al. (1985), Map Unit 10ag includes
many of the M (particularly M4-M7), MT, and R
series, while map unit 10ar covers the S, L and M
(M1-M3) series.

Map unit 10ag
Sydney Sandstone Gully Forest

Sydney Sandstone Gully Forest has a widespread
geographic distribution. it is found on the Hawkes-
bury Sandstone topography of the coast, Hornsby
Plateau, lower Biue Mountains and Woronora
Plateau. Map unit 10ag, open-forest to woodland,
is generally confined to gullies and sheltered hill-
sides, particularly on southern to eastern aspects.
Soils are shallow lithosols and siliceous sands,
yellow earths and yellow podzolics (Hawkesbury
Soil Landscape of Chapman & Murphy 1989), with
deeper podzolic soils enriched by downwash
material on lower slopes and in narrow valleys.
Average height of the trees is 25 m, though vary-
ing from 18-30 m. Three sub-units are recognised.

i) Open-forest/woodiand: Eucalyptus piperita-
Angophora costata-Eucalyptus pilularis

The main trees are Fucalyptus piperita, Angophora
costata and Eucalyptus gummifera. Allocasuarina

littoralis is a common smaller tree. The understorey
is dominated by a variety of shrubs, 0.5-2 m high,
the main families being Proteaceae, Fabaceae and
Myrtaceae. Pidgeon (1938) and Thomas and Benson
(1985a) both list the following as frequent species:
Persoonia pinifolia, Acacia terminalis, Pultenaea
daphnoides and Dodonaea triquetra. There is con-
siderable local variation in this community. For
example localised occurrences of podzols on the
Hornsby Plateau (Buchanan & Humphreys 1980),
are characterised by the inclusion of a particular
group of species, Ceratopetalum gummiferum,
Xylomelum pyriforme, Xanthorrhoea arborea, Rici-
nocarpos pinifolius and Gompholobium latifolium.

Woodland of the more exposed parts of hillsides
grades into open-forest as conditions become more
sheltered, forming the vegetation characteristic of
extensive tracts of sheltered sandstone siopes and
gullies.

i} Tall open-forest: Eucalyptus pilularis—
Syncarpia glomulifera

Tall open-forest with trees over 30 m tall is found
on the lower slopes of sandstone gullies in the
Berowra Creek area, and on fower slopes where
there is a localised enrichment from downwashed
shale soils such as in the Lane Cove Valley. The
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main trees are Eucalyptus pilularis and Syncarpia
glomulifera but also occurring are trees of Eucalyptus
piperita and Angophora costata generally associated
with adjacent open-forest. Allocasuarina torulosa
is a common smaller tree in the understorey

ili) Closed-forest: Ceratopetalum apetalum-
Tristaniopsis laurina

This is the distinctive riparian flora occurring in
narrow bands along perennial creeks. it may be
locally of closed-forest structure, but is most
cormmonly scrub, spaced out amongst boulders of
the sandstone banks. It is generally an under-
storey to open-forest of Eucalyptus piperita or
Angophora costata. Characteristic species are
Tristaniopsis laurina, Callicoma serratifolia, Lomatia
myricoides, Leptospermum polygalifolium, and
Austromyrtus tenuifolia, with Ceratopetalum
apetalum occurring in more favourable sites. The
rare Leptospermum deanei is found only along
Middle Harbour Creek and the upper Lane Cove
River. In sheltered gulifies that receive downwash
from ridges with Wianamatta Shale there may be
tall open-forest with Eucalyptus saligna, and
occasional rainforest species such as Schizomeria
ovata, with ferns in the understorey.
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Vegetation on soils on small volcanic intrusions are
included in this map unit, For example, open-forest
with Eucalyptus agglomerata and Angophora floribunda
at Campbells Crater, and open-forest with Eucalyptus
paniculata and Eucalyptus umbra on a dyke at
West Head, both within Ku-ring-gai Chase National
Park. Such sites have characteristic understorey
species related to the generally more clayey and
higher nutrient status of the volcanic soils (Thomas
& Benson 1985a; Sanders 1983).

Map unit 10ar
Sydney Sandstone Ridgetop Woodland

sandstone Ridgetop Woodtand is found on the
more exposed ridges and plateau tops with
shallower soils interrupted by outcrops of rock.
Soils are shallow lithosols and earthy sands, yellow
earths and yellow podzolics (Faulconbridge, Lucas
Heights, Hawkesbury and Lambert Soil Landscapes
of Chapman & Murphy 1989). There may be an
average depth of 5-10 c¢m in some habitats but
tree roots penetrate the deeper pockets of soil
amongst the underlying rocks (Pidgeon 1938).

Figure 11. Low open woodland, map unit 10ar(ii), with Angophora bakeri and Eucalyptus
haemastoma in Muogamarra Nature Reserve.
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i} Woodland/Low woodland: Eucalyptus
gummifera-Eucalyptus haemastoma-Eucalyptus
sparsifolia-Eucalyptus racemosa

This is structurally very variable and includes areas
of woodland, open-woodland, low woodland and
low open-woodland, depending on local aspect,
soil and drainage conditions, as well as the time
since the last fire. Characteristic tree species are
Eucalyptus gummifera, Eucalyptus sparsifolia,
Eucalyptus haemastoma and Eucalyptus racemosa,
sometimes with some intergradation between the
latter two scribbly gum species. Eucalyptus piperita
and Angophora costata may also occur. Localised
patches of mallee eucalypts, Eucalyptus luehman-
niana, Eucalyptus obtusiflora, Eucalyptus camfieldii
and Eucalyptus mufticaufis, may be responding to
locally moister sites, or shallow rock platforms.
Eucalyptus capitellata occurs on some more dlayey
ridges in the Terrey Hills area.

These dry, exposed communities have a rich
sclerophylious shrubby understorey, particularly with
species of Proteaceae, Fabaceae, Epacridaceae and
Myrtaceae. Common shrubs in Ku-ring-gai Chase
National Park include spedies of Pultensea, Isopogon,
Hibbertia, Hakea, Banksia, Boronia, Leucopogon,
Grevillea, Gompholobium and Tetratheca, as well
as Dillwynia retorta, Phyllota phylicoides, Lept-
ospermum trinervium, Petrophile puichella and
Platysace linearifolia (Thomas & Benson 1985a).

i) Woodland/low woodland: Eucalyptus eximia-
Eucalyptus gummifera-Angophora bakeri

This vegetation is found on dry hillsides and ridges
in the north-west of the map sheet area, west of
Berowra Creek, and is particularly widespread in
Marramarra National Park. Rainfall is generally less
than 1000 mm p.a., in contrast to the higher-
rainfall (1000-1200 mm) country of Ku-ring-gai
Chase and Brisbane Water National Parks. Charac-
teristic trees include Eucalyptus eximia and
Angophora bakeri, as well as the more widespread
Eucalyptus gummifera and Angophora costata.
Similar vegetation extends west to the lower Biue
Mountains (Benson 1992a) and north into the Mac-
Donald (Sanders et al. 1988) and Colo River areas.

iii} Open-scrub: Banksia ericifolia-Hakea teretifolia

In sites with shallow poorly-drained soil, patches
of open-scrub with tall shrubs of Banksia ericifolia
and Hakea teretifolia occur. Within the ridgetop
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woodland small patches of Coastal Sandstone
Heath (Map Unit 21g) may occur, in particular
coastal heath with Banksia ericifolia and Darwinia
fascicularis, Open-heath with Affocasuarina and
Banksia ericifolia, Rocky outcrop heath with
Baeckea diosmifolia and Baeckea brevifolia, Wet
heath with Hakea teretifolia and Banksia oblongi-
folia, and Open-scrub with Angophora hispida.

As mentioned earlier, floristic differences between
gully forest and ridge woodland can be
distinguished in Outhred's floristic analysis of
Ku-ring-gai Chase vegetation, though there is
considerable overlapping of species distributions.
However, differences between the scrub or shrub-
dominated vegetation and the taller woodland/
forest vegetation are perhaps more marked. In
particular, many species are essentially confined to
the scrub vegetation or very open low tree vegetation,
e.g. Allocasuarina distyla, Phebalium squamulosum,
Banksia oblongifolia, Kunzea capitata, Mirbelia ru-
biifolia, Stylidium lineare, Epacris microphylla, and
Grevillea speciosa. In contrast, very few species
(e.g. Micrantheum ericoides), are essentially
confined to the woodland, which is mainly made
up of species that occur in both woodland and
scrub, or woodland and forest. The woodland
appears to be an ecotone between the heath and
the forest.

Vegetation surveys of major Sydney sandstone
areas include Brisbane Water National Park
(Benson & Fallding 1981), Bouddi National Park
(McRae 1990), Muogamarra Nature Reserve
(Thomas & Benson 1985b), Ku-ring-gai Chase
National Park (Thomas & Benson 1985a, Outhred
et al. 1985, Rose 1982), Berowra Valiey Bushland
Park (Smith & Smith 1990), Pennant Hills Park
(Beecroft-Cheltenham Civic Trust 1976), Lane Cove
River State Recreation Area (Clarke & Benson 1987),
Garigal National Park (McDougall & Conroy 1988~
90, Sheringham & Sanders 1993) and Angophora
Reserve and Hudson Park (Smith & Smith 1993).
Brief reports and species lists are available for some
of the islands of Broken Bay — Lion Island (Benson
1981, McDougall 1989), Spectacle Island (Webb
1981), Milson Island (Cleland 1914), Bar Island
(Benson 1984) and Big Bay [sland (Benson et al.
1989). Many of these lists have been included in
Table 3.

Vegetation descriptions and/or species lists have
been compiled for many other areas including the
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Figure 12. Coastal heath with Allocasuarina distyla at Bouddi National Park, map unit 21a(i),
grades into woodland where there is shelter from onshore winds.

following ('V' indicates vegetation description
included, ‘F' indicates floristic list, "M’ indicates
map): Elouera Bushland Reserve, Coveny (h) F,
Benson (1980b) V; Katandra Sanctuary, Mona Vale,
Coveny () F; Cheltenham, Coveny (b) F; Deep
Creek, Narrabeen, McKern {1962) F, Coveny (f) F,
Benson {1979a) V; Dee Why Lagoon, Coveny (g) F;
Cumberland State Forest, Coveny (d) F; Lake
Parramatta Reserve, Workers' Education Assodiation
Plant Ecology Group (1959) F, Coveny (m) F, Mowbray
Park, Buchanan (1979a) VFM; Bantry Bay, Upper
Middle Harbour Conservation Committee (1974)
VFM; Manly Reservoir, Coveny (o) F; Vineyard
Creek, Telopea, Benson (1980¢) VF; Rawson Park,
Mosman, Bradley & Bradiey (1966~74) F, Benson
(1975) VF; Garden Island, Rodd & Benson (1977)
F; Quter Domain, Maiden (1902) also in Wilson
(1985), Vaudluse, Holland (1980); Wolli Creek~
Undercliffe-Bexley North, Benson (1978b) VF;
Robinson (1986, 1987); Long Bay, Benson 1978a
VF; Glebe Guily, Randwick, Coveny () F; La
Perouse, Armstrong et al. (1976) VF.

Map unit 21a
Coastal Clay Heath

Coastal Clay Heath vegetation occurs on coastal
headlands on shales and sandstones of the

Narrabeen Group, mostly interbedded laminite and
shale with quartz to lithic quartz sandstone. These
are found along the coastiine in Bouddi National
Park (McRae 1990) and along the Warringah
Peninsula between Long Reef and Barrenjoey.
Further north Coastal Clay Heath is found at
Norah Head and from Munmorah State Recrea-
tion Area to Catherine Hill Bay (Benson 1986a,
Adam, Stricker et al. 1989). Vegetation here is
low and scrubby, both because of the low nutri-
ent status of its soils, and because it is exposed to
winds from the ocean which restrict tree growth.
Soils are variable, with lithosols, siliceous sands
and yellow podzolics on the sandstone, and brown
and red podzolics on the shale strata (Chapman &
Murphy 1989). Heath vegetation occurs on the
more sandy soils, while those with more clay tend
to support grassy vegetation.

i) Open-heath: Allocasuarina distyla

Heath vegetation at Bouddi may range from open-
heath to closed-heath 1.5m high and with up to
95% canopy cover depending on time since fire
{(McRae 1990). Similar vegetation occurs on
Barrenjoey Head. The most characteristic canopy
species is Allocasuarina distyla; other heath
species include Hakea teretifolia, Banksia ericifolia,
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Lasiopetalum ferrugineum and Platysace linearifolia.
The ground stratum is poorly developed, including
Lomandra longifolia, or absent. Fire kills the
Allocasuarina, which relies on seed for reestablish-
ment, and for a number of years its seedlings can-
not attain dominance over those of other species
or over species relying on lignotubers for regrowth.
During this phase the local species richness is
increased and abundant species include Hakea
teretifolia, Banksia ericifolia, Isopogon anemonifo-
lius, Isopogon anethifolius, Woollsia pungens,

Figure 13. Grassland with Themeda australis, map unit
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Actinotus helianthi, Cyathochaeta diandra and
Themeda australis (McRae 1990).

Allocasuarina distyla open-heath appears to be part
of the Banksia serrata~Allocasuarina distyla
community of Adam, Stricker et al.(1989) who
comment that in overall diversity and species
composition, stands on Hawkesbury Sandstone in
the Sydney region and on Permian sandstone
around Jervis Bay are very similar. It is also similar
to their Banksia ericifolia~Westringia fruticosa
community.

ii) Grassland: Themeda australis

Grassland dominated by Themeda australis occurs
on exposed sites below coastal cliffs at Bouddi
(McRae 1990) and on the Warringah Peninsula. It
varies in height from 0.1 to 1 m with about 70%
cover, Themeda australis is the main species, but
there may also be a mixture of severely windswept
shrubs such as Westringia fruticosa, Banksia
integrifolia and Baeckea imbricata, smaller plants
such as Isolepis nodosus, Apium prostratum and
Carpobrotus glaucescens and the ferns, Gleichenia
rupestris and the introduced Cyrtomium falcatum.
Themeda australis grassland generally occurs on
the most fertile headland soils possibly reflecting
the long history of use and disturbance to which
such sites have been subject (Adam, Stricker et al.
1989).

Map Unit 21b
Coastal Dune Heath

Coastal Dune Heath is found sporadically along
the New South Wales coast. Major occurrences
include Myall Lakes {Myerscough & Carolin 1986).
On the Sydney map sheet Coastal Dune Heath is
found on Mourawaring and Bombi Moors in Bouddi
National Park (McRae 1990}, at North Head, and
in the Eastern Suburbs of Sydney. Banksia aemula
open-heath is found on disjunct patches of highly
leached, perched Pleistocene dune sand. The other
community occurs on ‘marine’ sands of Holocene
age. Coastal Dune Heath vegetation is often found
associated with low woodland of Angophora
costata and Eucalyptus botryoides on the sheltered
slopes of steeper dunes (see Map unit St Coastal
Dune Forest).
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i. Open-heath: Banksia aemula

Banksia aemula open-heath is found on disjunct
patches of highly leached, perched Pleistocene dune
sand, on the Bombi and Mourawaring Moors in
Bouddi National Park, on North Head and at La
Perouse. Such sites are normally away from the
immediate coastal environment and receive little
salt-spray, but are on very low nutrient-status soils.
This vegetation is discussed by Siddiqi et al. (1972)
at Bouddi as dry Banksia serratifolia [=aemulal
heath and by Adam, Stricker et al. (1989) as the
Banksia aemula~Hypolaena fastigiata community.

At Bouddi, the shrub layer is up to 1.5 m high,
with 20% canopy cover, and often merges with
the low ground stratum, with 80% cover, domi-
nated by graminoids (McRae 1990). The dominant
shrub is Banksia aemula and common shrubs
include Aflocasuarina distyla, Lambertia formosa,
Platysace linearifolia, Isopogon anemonifolius,
Persoonia lanceolata, Leptospermum polygalifolium
and low-growing Eucalyptus umbra and Angophora
costata. Common understorey species include
Hypolaena fastigiata, Bossiaea ensata, Woollsia
pungens and Lepidosperma species. On the edges
of the dunes a low open-woodland, 3 to 8 m
high, dominated by Angophora costate, Eucalyptus
umbra and Allocasuarina distyla, develops.

Pleistocene sand at North Head occupies the
central part of the plateau but has been largely
cleared of vegetation by the Army. A fringe of
vegetation remains, some of which is in Sydney
Harbour National Park. Most of this has been
protected from fire for at least 30 years and now
forms a dense scrub 8 m high dominated by the
taller-growing Leptospermum laevigatum (Horton
1986). There are smaller shrubs of Banksia aemula,
Kunzea ambigua and Leptospermum, many of
which are now senescent or dying. Invasion of
heathland by Leptospermum laevigatum in the
absence of fire has been reported By Burrell (1981).
An interesting aspect of the vegetation, at North
Head is the deterioration and death of individuals
of the species Eucalyptus camfieldii, evidently in
response to the fack of fire.

Small remnants of Banksia aemula open-heath,
described as part of the Eastern Suburbs Banksia
Scrub (Benson & Howell 1990a) occur at La
Perouse, near Jennifer Street. This is the southern

conspicuous, particularly after fire.

Common shrub species here are Banksia aemula,
Monotoca elliptica, Eriostemon gustralasius,
Ricinocarpos pinifolius and Xanthorrhoea resinosa.
There are many other species here and protection
of the area is an important ongoing conservation
issue. It has been burned frequently.

ii. Open-scrub: Monotoca elliptica~Banksia
integrifolia-Leptospermum laevigatum

This occurs on ‘marine’ sands of Holocene age and
occasionally on in situ weathering of Hawkesbury
sandstone. Floristically not very diverse,
Monotoca elliptica is the only constant (Adam,
Stricker et al. 1989), but Banksia integrifolia,
Leptospermum laevigatum, Melaleuca armiflaris,
pimelea linifolia and Acacia sophorae are wide-
spread. The shrub layer is frequently wind-pruned,
but in sheltered locations Monotoca elffiptica and
Leptospermum laevigatum may be 3-4.m tall.

Map Unit 21g
Coastal Sandstone Heath

James Atkinson provided this excellent description
of coastal heath in 1826. ‘The barren scrubs
almost every where border the sea coast, and
extend to various distances inland; in some places
wo or three miles; in others, lands of a better
description approach close to the water's edge.
The soil in these scrubs is either sandstone rock or

Figure 14. A small patch of the Eastern Suburbs Banksia
Scrub, map unit 21b(i), survives at Jennifer St, La Perouse.
The tall flowering spikes of Xanthorrhoea resinosa are

21a(i), is characteristic of exposed coastal headlands of
the Narrabeen Group shales and sandstone.

limit of distribution of Banksia aemula open-heath.  sierile sand or gravel, covered, however, with a
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Figure 15. Coastal scrub with Banksia integrifolia, map unit 21b(ii), near Pearl Beach on the

northern side of Broken Bay.

profusion of beautiful shrubs and bushes,
producing the most elegant flowers, and affording
a constant succession throughout the whole year,
but most abundant in winter and spring; the shrubs
and plants growing in these places furnish the
Colonists with materials for brooms, but produce
little else that can be converted to any useful
purpose. — The grass tree, with its lofty flower
stalk, is a conspicuous object in these wastes; of
the hard and woody but light stalk of this plant
the natives make the shaft of their spears, and
shooting or fish gigs. Very few trees grow in these
places, except a few stinted (sic) gum trees, in
situations sheftered from the sea winds. Much
honey might probably be collected from these
scrubs, were bees plentiful in the Colony, and some
small profit may possibly be thus made of them
hereafter; but with this exception, they scarcely
seem susceptible of any improvement’.

Coastal Sandstone Heath is found on Hawkesbury
Sandstone headlands along the coast from Long
Reef to La Perouse, and on nearby sandstone
plateaus and ridges, particularly in the Deep Creek
catchment and the Lambert Peninsula in Ku-ring-gai
Chase National Park. Habitats include broad ridg-
es, gently to moderately inclined slopes, wide rock
benches with low broken scarps, small hanging

valleys and areas of poor drainage. Soils are
shailow, discontinuous earthy sands and yellow
earths, siliceous sands, lithosols, ieached sands, grey
earths and gleyed podzolics {Lambert and Hawkes-
bury Soil Landscapes of Chapman & Murphy 1989).

Vegetation structure is variable, ranging through
open-heath, shrubland, mallee, and sedgeland.
Structure is influenced by fire frequency and the
time since the last fire. Particularly important are
the large, relatively quick~growiﬁg, but fire-
sensitive (i.e. killed by fire) species (e.g. Banksia
ericifolia, Hakea teretifolia, Allocasuarina distyla,
Petrophile pulchella) that may readily predominate
in & range of habitats under particular fire regimes.
The interaction between these species and the
generally slower-growing, more long-lived resprouter
species (e.g. Banksia oblongifolia, Angophora
hispida, Lambertia formosa) is an important con-
sequence of the particular fire regimes in an-area,
with subsequent effects on vegetation structure
and floristics. This is a potential area for future
research. The other major factor in heath
composition is soil moisture, and different
communities are recognisable across the full range
of drainage conditions.

Broad communities are recognised here, but there
is considerable overlap and variation depending
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on the scale of the study. Small areas of this
vegetation have also been mapped in unit 10ar.

i) Shoreline shrubland

Shrubland: Baeckea imbricata

0On coastal sandstone headlands low shrubland of
Baeckea imbricata frequently provides the most
seaward zone of continuous vegetation. It is rarely
more than 20 m wide, though Baeckea can be found
as a component of communities considerably
further inland (Adam, Stricker et al. 1989). The low-
growing shrub, Baeckea imbricata, predominates
in this community — Westringia fruticosa is
frequent, but not abundant. High inputs of salt-
spray are experienced and saltmarsh species occur
— Sporobolus virginicus, Samolus repens, Zoysia
macrantha. At more inland localities Baeckea
imbricata dominates communities in wet hollows,
where the community is a form of wet heath.
Associated species include Epacris obtusifolia,
Calfistemon citrinus and Sprengelia incarnata. Good
examples occur at North Head (Horton 1986), Long
Bay and La Perouse. A detailed account of seacliff
and headland vegetation is given in Adam, Stricker
et al. (1989).
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ii) Coastal heath

Open-heath/closed-scrub: Banksia ericifolia—
Darwinia fascicularis

On the landward side of the Baeckea low shrub-
land, Adam, Stricker et al. (1989) describe a Banksia
ericifolia-Westringia fruticosa community and then
a more extensive (up to 1 km inland) Banksia ericifolia—
Darwinia fascicularis closed-heath community.
Frequent species include Allocasuarina distyla,
Hakea teretifolia, Melaleuca nodosa, Dillwynia
floribunda, Lasiopetalum ferrugineum, Baeckea
imbricata, Leucopogon microphyllus, Lepidosperma
viscidum, Eriostemon buxifolius and Epacris micro-
phyita. Drainage is an important factor in determining
the presence of particular species, Clemens and
Franklin {1980) recognising differences in heath
vegetation on North Head related to soil depth
and drainage.

Banksia ericifolia~Darwinia fascicularis closed-heath
occurs extensively at North Head (Clemens &
Franklin 1980, Horton 1986), Long Bay and la
Perouse, and is widespread on Hawkesbury Sand-
stone on the Central Coast of NSW as well as on
soils from Permian Sandstone near Jervis Bay.

Figure 16. Coastal heath on sandstone rock platforms at Long Bay (map unit 21g(ii).
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iii) Open-heath/closed scrub: Allocasuarina
distyla-Banksia ericifolia

This is simifar to the previous community but
occurs away from the immediate coastal influence
and is widespread in Brisbane Water, Ku-ring-gai
Chase and Garigal National Parks. It ranges from
closed-scrub up to 4 m high to open-heath, with
species such as Banksia ericifolia, Allocasuarina
distyla, Leptospermum trinervium, Phebalium
squamulosurn, Phyllota phylicoides, Angophora
hispida and Pultenaea elliptica.

Figure 17. Extensive rocky outcrops with pockets of heath,
map unit 21g(iv), occur in Brisbane Water National Park.
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iv) Rocky outcrop heath

Open-heath: Baeckea diosmifolia~Baeckea
brevifolia

Vegetation with a dense shrub cover to 1.5 m
high among scattered, stunted emergent trees,
occurs on broad, flat sandstone ridges with extensive
rock outcrops, sometimes with occasional dense
bonsai-like mats of Baeckea species (Sheringham
& Sanders 1993). Shrubs include Baeckea
diosmifolia, Baeckea brevifolia, Allocasuarina
distyla, Darwinia fascicularis, Kunzea capitata and
Dillwynia sericea. Such vegetation occurs commonly
in Brisbane Water, Ku-ring-gai Chase and Garigal
National Parks and in smaller parks in the Warringah
area, for example at Bantry Bay (Upper Middle
Harbour Conservation Committee 1974), and Manly-
Warringah War Memorial Park (Benson 1981b).

v) Wet heath

Closed heath: Hakea teretifolia-Banksia
oblongifolia

Closed-heath to 2 m high dominated by shrubs
including Banksia oblongifolia, Banksia ericifolia,
Hakea teretifolia, Dillwynia floribunda, Epacris
obtusifolia, Leptospermum squarrosum, Baeckea
imbricata and Sprengelia incamata occurs on poorly-
drained sandstone.

vi) Sedgeland/shrubland: Banksia robur-
Viminaria juncea-Gymnoschoenus
sphaerocephalus

Swamps form where drainage is permanently
impeded. In the wettest areas these may be sedge
swamps dominated by species of Cyperaceae and
Restionaceae, or in drier sites, shrub swamgps
(Pidgeon 1938). Buchanan (1980) describes four
distinct but intergrading swamp types for the

“Lambert Peninsula in Ku-ring-gai Chase National

Park. Keith and Myerscough (1993) provide an
excellent study of similar swamp vegetation on
the Woronora Plateau.

vii) Open-scrub: Angophora hispida

Small patches of open-scrub with Angophora
hispida occur in Marramarra National Park, either
on ridges or associated with rock platforms.
Characteristic species of these sites include
Calytrix tetragona, Dillwynia floribunda, Grevillea
buxifolia, Petrophile pulchella and Platysace
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ericoides. This vegetation probably represents a
low-rainfall variant {annual rainfall about 800 mm)
of the more coastal sandstone heaths (annual rain-
fall 1000~1200 mm). Heath is rare in low rainfall
sandstone areas where it is replaced by woodtand,
indicating the importance of high moisture and
poor drainage in preventing tree growth in heath
areas.

viii) Shrubland (mallee): Eucalyptus
luehmanniana

Small localised occurrences of Eucalyptus
luehmanniana mallee shrubland or woodland
occur in Garigal and Ku-ring-gai National Parks.
These occur on sheltered upper to mid slopes on
south-westerly to south-easterly aspects where
drainage is poor and often associated with patches
of wet heath (Sheringham & Sanders 1993).

Map Unit 27a
Coastal Swamp Forest Complex

i) Open-forest: Eucalyptus botryoides~
Eucalyptus robusta

This occurs on poorly-drained sites in the Pittwater
area, such as the Warriewood wetlands, but has
been extensively disturbed, and very little remains.

ii) Open-forest: Livistona australis

Localised patches of Livistona australis, Cabbage
Palm, occur in open-forest along the Warringah
Peninsula from Palm Beach to Avalon, and along
sections of Deep and Middle Creeks, particularly
near Wakehurst Parkway. It also formerly occurred
along the southern foreshores of Port Jackson in
Sydney's eastern suburbs between Woolloomooloo
and Rose Bay, but no naturally occurring palms
are known 1o survive there now.

iii) Scrub: Melaleuca linariifolia~-Melaleuca
styphelioides

Paperbark swamp 5~18 m high with mid-dense to
sparse cover of trees of Melaleuca linariifolia and
Melaleuca styphelioides, small trees of Callicoma
serratifolia and Acacia longifolia and sedges and
ferns, Gahnia clarkei, Gahnia sieberiana and
Blechnum camfieldii are found on floodplain
alluvium along Deep Creek on better-drained areas
surrounding herbland (Sheringham & Sanders
1993).

Figure 18. Remnants of the Botany Swamps at Eastlakes,
map unit 28¢(i) — sedgeland and open water provide
important habitat for waterbirds and other wildlife.

iv) Reedland: Phragmites australis-Typha
orientalis

Patches of reedland up to 3 m high, dominated by
mainly Phragmites australis or Typha orientals,
grow on alluvial soils in estuaries and creeks in
areas inundated with water for long periods and
often brackish.

v) Herbland: Persicaria strigosa-Blechnum
camfieldii-Triglochin procera-Baumea juncea

Waterlogged soil on alluvial floodplain of Deep
and Middle Creeks has dense cover of herbs and
sedges up to 2 m high. Ground species include
Persicaria strigosa, Blechnum camfieldii, Triglochin
procera, Baumea juncea, Hypolepis muelleri, Viola
hederacea, Isachne globosa and Villarsia exaltata.
Emergent shrubs include Melaleuca styphelioides,
Melaleuca linariifolia, Acacia longifolia and
Leptospermum juniperinum (Sheringham &
Sanders 1993).

Map Unit 28c
Coastal Freshwater Swamp

This unit occurs in coastal freshwater swamp
habitats, most of which have now been reclaimed,
dammed or badly disturbed. They were particularly
abundant on the sand deposits of the Eastern
Suburbs (see Benson & Howell 1990a), with smaller
swamps in the Woy Woy-Umina area. The main
éurviving examples are the Lachlan Swamp in
Centennial Park and the Botany Swamps at East-
lakes and Botany.
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Figure 19. Old paperbarks, Melaleuca quinguenervia, with
a ferny understorey in the Lachlan Swamp Reserve in
Centennial Park (map unit 28c(ii)). At the Lachlan Swamp Reserve in Centennial Park
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Areas of native vegetation are in the Millstream
section of the Botany Swamps adjacent to
Wentworth Avenue. Here, with patches of low
woodland of Melaleuca quinquenervia, is sedge-
land with Baumea articulata, Baurnea rubiginosa,
Baumea juncea and Gahnia sieberiana. There are
also herbaceous species Persicaria decipiens,
Persicaria strigosa, Philydrum lanuginosum and
Ludwigia peploides subsp. montevidensis, and
shrubs of Leptospermum juniperinum, Caflistemon
citrinus and Viminaria juncea. Unfortunately, as a
result of disturbance, there is a considerable amount
of exotic weed, in particular the shrub Ludwigia
peruviana, The Water Board is taking steps to alle-
viate this problem and to rehabilitate the Wet-
lands.

i) Low forest: Melaleuca quinquenervia

is a dense forest of Melaleuca quinguenervia with

fern-banks of Gleichenia dicarpa and Hypolepis

i) Open-sedgeland: Eleocharis sphacelata- muelleri, and Gahnia sieberiana, still much the same
Baumea juncea-Persicaria decipiens as when described by Hamilton in 1919. ‘These
ferns [Gleichenia dicarpa and Hypolepis muelleri]

Damming of the Botany Swamps last century  may be observed engaged in such a competition

provided one of Sydney's water supplies. Todsy  in a peaty swamp in Centennial Park’. Extensive
there are lakes with open water and patches of  Mefaleuca forest also occurred across the peaty
tall emergent sedges, particularly Eleocharis  flats behind Rose Bay (Hamilton 1919), whereas
sphacelata. only a few individual trees survive today.

Major conservation areas

The rugged and inhospitable nature of the sandstone environments restrict develop-
ment. As a result, many areas of natural vegetation remain, giving bushland
surroundings to many Sydney suburbs. The importance of this urban bushland is
now appreciated and a body of knowledge concerned with its management and
protection is being developed by the various land management organisations
together with input from research and teaching institutions and community groups.

A brief description of the vegetation of the major national parks and other
conservation areas is given below. Plant species lists for most of these areas are
compiled in Table 4, but it should be noted that the information available for

different areas varies considerably. Many of the smaller urban bushland areas are
described in Benson and Howell (1990a).

Angophora Reserve and Hudson Park

This is a reserve of about 18 ha at Avalon on Hawkesbury Sandstone capping and
underlying Narrabeen Group (Newport Formation) interbedded shales and sand-
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stones. Vegetation is Angophora costata-Eucalyptus gummifera woodland (‘?oLu; 311(;1;3(;

‘smal i in di with Lepyrod

i Gleichenia dicarpa and sedge swamp,

with a small area of fern swamp, . A
i ris mi he Hawkesbury Sandstone; Eucalyptu

scariosa and Epacris microphylla on t ;. o o

bout 0.5 ha) of Livistona australis p

_forest (about 8 ha) and a small area (a ‘

:‘f;i\réls on the Narrabeen Group soils (Smith & Smith 1993). A'total of 293 vascular

plant species have been recorded (227 native and 66 exotic), and the reserve

includes the only known site around Sydney for the rare Arthrochilus prolixus (Smith
in
& Smith 1993).

Barrenjoey Head

Barrenjoey Head at the southern entrance to Broken Bay is an i(s;olated tlsiadlzﬁi
i i Sandstone overlying Narrabeen Group shales
with a capping of Hawkesbury . ; o et
i i d by the thin strip of sand 0
dstones. It is connected to the mainlan e trip

?;I;odland with Eucalyptus botryoides and Banksia integrifolia coveri1 at 1eait haif;ff

i idg ticularly on the western .
dland extending from shore to ridgetop, par reste
g::—x: coargmonly foufd in the woodland understorey are Pultenaea .fe1 ruginea var.
deanei, Pultenaea daphnoides, Oxylobium ilicifolium and Jacksonia scoparia.

ithii ils i rl
Pockets of rainforest with Acmenda smithii occur on shale soils in sheltered southerly

aspects. Other species include Backhousia myrtifolia, Syzigitm oleosum, Pararchidendron

imni iospyr rali i iglauca

Rhodomyrtus psidioides (southern Limit), Diospyros austs alis, -Guz.0a senigla 4

is and Marsdenia rostrata. Tristaniopsts collina is frequent in

nd, with occasional occurrences in heathland
,

pruinosunt,
Cassine australis var. austral
sheltered places and in the woodla
sheltered by large sandstone outcrops.

i head-
Allocasuarina distyla heathland occurs on clay soils on the upper part;1 ofbtheianc;zude
land and on the eastern end where it is more stunted. Common shrubs

Hakea gibbosa, Acacia myrtifolia, Banksia ericifolia, Leptospermuin trinervium, Lasiopetalum

Figures 20 & 21. Conservation reserves have variou:1
forms of access that allow visitors to explore an

experience the Sydney bush.




il i by it gt il N Lia e il o .

714 Cunninghamia Vol. 3(4): 1994

macrophyllum, Isopogon anethifolius and Kunzea ambigua. The small shrub Mirbelia
rubiifolia and the sedge Schoenus melanostachys are very cormmon in the lower stratum.
Leptospermum laevigatum shrubland occurs on the lower southern slopes.

Berowra Valley Bushland Park

Berowra Valley Bushland Park (3880 ha in area) includes bushland along Berowra
Creek and its tributaries from Pennant Hills to Berowra Waters. It was established
as a reserve in its present form in 4987, but the southern part (640 ha south of
Hornsby Rifle Range) has been a reserve, Elouera Bushland Natural Park, since
1964. The Park is administered by Hornsby Shire Council.

Smith and Smith (1990) carried out a detailed survey of the Park. They distin-
guished 17 plant communities; forest, woodland, heath and swamp communities
associated with the dominant Hawkesbury Sandstone geology; taller eucalypt and Jow
rainforest associated with more fertile soils; and eucalypt, Casuarina, mangrove and
saltmarsh communities associated with the wider, tidal reaches of Berowra Creek.
Several communities in the Park are poorly represented in other reserves. Especially
important are taller forest communities characterised by Eucalyptus saligna and Eucalyptus
pilularis.

Berowra Valley Bushland Park has a very rich flora, as is typical of vegetation on
Hawkesbury Sandstone. A total of 517 native vascular plant species have been
recorded. Ten of these species are on the national list of rare and threatened plants,
including three species classified as vulnerable: Eucalyptus camfieldii, Darwinia biflora
and Tetratheca glandulosa. Another four rare or threatened species have been recorded
nearby and may also occur in the Park.

Bicentennial Park/Homebush Bay

Originally, Homebush Bay had the largest expanse of estuarine vegetation in
Sydney Harbour, but this has been gradually reduced by extensive landfill projects
beginning in the 1890s (Kachka 1993, Clarke & Benson 1988). Mangrove and some
other wetland vegetation has been protected in Bicentennial Park, where board-
walks and an active environmental awareness program make these areas accessible.
However, more important and undisturbed wetlands with extensive areas of saltmarsh,
including populations of Wilsonia backhousei, Halosarcia pergtanulata var. pergranulata
and Lampranthus tegens, together with remnant Turpentine-Ironbark Forest (Map
unit 90) survive on military land at Silverwater. These areas are important because
they have been protected from human disturbance — reports indicate a particularly
high and abundant reptile fauna in the woodland — and should be maintained as
limited access areas.

Botany Bay National Park (Cape Banks)

Vegetation at Cape Banks, Henry Head and La Perouse is part of Botany Bay
National Park. Vegetation is mainly heath and open-forest on Hawkesbury sandstone,
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. . . on
Figure 22. Mangroves, Avicennia marina, and saltmarsh, Sarcocormd quinqueflora, along

Haslems Creek in Homebush Bay (map unit 4a). It is hoped that these will be retained

during the development of the Olympic Games site.

integrifolia on beach sand (Armstrong, Benson & Covgny
otic weed, Chrysanthemoides

is a major problem in some

and open—scrub of Banksia
1976). The area is rich in native species, though the ex
monilifera, originally introduced to stabilise sand d.unes, e
areas. A small remnant of Pleistocene sand at Jennifer Street, La ?erouse as "

aemula heath as well as important associated wetland vegetation, and has been

recommended for conservation.

Bouddi National Park

Bouddi National Park is situated on the northern headland of Broken Bay, 45 km

north of Sydney. Its vegetation has been described and mapped by Mch{\e (19(}90()):
who described 15 plant communities related to habitat elements such as geology, {;e
y, climate and soil. The main components of the geology are Hawkes ury
Sandstone and Narrabeen Series and the Park is important for the extensive areczﬁs 05
coastal vegetation on the Jatter. These include coastal grassland, heath and wf; tan
and palm-dominated open-forest. A good account of the landscape, natural history

and landuse is given in Strom (1986).

morpholog

Brisbane Water National Park

The vegetation of Brisbane Water National Park has been described and mapped by

Benson, J.8. and Fallding (1981). They described 15 plant communities; low open-

forest, low open-woodland and open-woodland with dry or moist shrub understorey
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Figl.}re 23. The effect of different drainage conditions can be seen here in Brisbane Water
National Park — sedgeland on shallow poorly-drained soil in the foreground contrasts with
woodland on better-drained soil.

Figure 21%. There is a small remnant of Turpentine Ironbark Forest on the clay soil above
Cooks River at Campsie — a rare survivor of native vegetation along the River.
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on the ridges and slopes of Hawkesbury Sandstone; open-forest on cooler aspects
and on Narrabeen Group outcrops along the watercourses; sedgelands and open-
scrub in higher, poorly-drained sites; coastal heath and rock outerops with pockets
of heath; closed-forest with rainforest species in valleys or along creeks, mainly on
the Narrabeen group; and mangroves and rushland along tidal watercourses. A
total of 657 native and exotic plant species were recorded. This includes ten considered

to be rare or at risk.

Cooks River-Wolli Creek Valley

Though not primarily conserved as a nature reserve, remnants of native vegetation
in Cooks River-Wolli Creek are the only remaining natural areas in inner south-
western Sydney and need careful management. Cooks River includes very small
localised patches of mangroves and reedland of Phragmites australis, and remnants
of Turpentine-Ironbark Forest at Campsie (Benson 1992b) (see also Map unit 90
description). Vegetation at Wolli Creek includes eucalypt forest and heath on Hawkes-
bury Sandstone, freshwater marsh, saltmarsh and mangroves (Benson 1978b, Robinson
1986, 1987, Brown et al. 1988).

Figure 25. The Cooks River is mainly confined to a concrete or iron-lined channel, but here
at Canterbury native reeds Phragmites australis grow on the bank. The rehabilitation of
other bank sections using native species and the development of semi-natural vegetation
with adjacent tree and shrub planting will provide much-needed wildlife habitat along the
River and improve its appearance.
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:;‘ge;x:r ilﬁ. ((Zireeks in sands.tt?ne gullies such as this in Garigal National Park provid
ed and pleasant conditions. Tristaniopsis laurina is a frequent streamside spzcies ¢

Cumberland and Darling Mills State Forests

tI‘I\ese two forest areas together with the adjoining IBM Forest, demonstrate th

influence of soil and geological changes on vegetation. Cumberland éitate Forest (40 1 )
at West Pennant Hills has Wianamatta Shale soils with remnants of Blue C?im Hili)
Forest (Map L}nit 6b). Tree species include Eucalyptus saligna, Eucalyptus paniculat Eg l
calyptus tereticornis, Eucalyptus acmenoides and Angophora floribunda I]]Darlin al(/[illll-
iztf if(;rest‘ (50 ha) at No.rth Rocks, 2 km further south and adjacent to Efcelsioi
Tark s d :n::::ela(te;:dbgye;n::;ws oultcrops of I;Iawkesbury Sandstone forming significant

, verhangs with a succession
escarp?ments..Vegetation here includes dry woodland of Xng:;h(s)i;‘ 2:1:;?;?32; a?d
izzngﬁcm w1t'h shrubs (l)f Acacia linifolia, Leptospermum polygalifolium, Banksia sejrijaltl:
: eq sericen as well as heath. Moist forest with Eu Tulari -,

salzgn.a and Eucalyptus pilularis-Angophora costata—-EucalyZitysp:JLz{;e’;ZZ ltils,nieftiiccatlygt?s
alluvial flats and sheltered hillsides. Details of these areas are given in the F wsiry
Management Plan (Forestry Commission of NSW 1984). 7 ey

Dalrymple-Hay Nature Reserve

glhe nc';eed to ?onserve some remnants of such an impressive plant community as the

ue ;un High Forest (Map unit 6b) was recognised as far back as the 1930s when

EIOS;\I of the forest had already been destroyed for farming or suburbs. At that time

s:et I?W Fores;ry Commission planned to subdivide part of their Dalrymple-Hay
ate Forest at St Ives, but as a result of local action thi

, : his Forest was preserved and

later transferred to the National Parks and Wildlife Service as the Dglrymple—HI;y
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Nature Reserve. This Reserve has an area of 11 ha of Eucalyptus pilularis, Eucalyptus
paniculata, Angophora costata and Syncarpia glomulifera trees with a shrub understorey
on higher ground, and Eucalyptus saligna with a fern understorey along the main
watercourse (Benson & Keith 1984a).

Garigal National Park — Narrabeen Lagoon catchment

The vegetation of Garigal National Park (Narrabeen Lagoon catchment) (approx.
820 ha) has been recently described and mapped by Sheringham and Sanders (1993)
in an excellent report for the NSW National Parks and wildlife Service. They
describe and map 21 plant communities. These include extensive areas of heathland,
woodland and open-forest on Hawkesbury Sandstone (Map units 10ar, 10ag, 21g) as
well as much more limited and restricted areas of forest on remnant shale sites 9sf) and
freshwater and estuarine reedland herbfield, paperbark swamp and swamp forest (27a).

Sheringham and Sanders (1993) found that differences in the major geological types,
alluvial-sedimentary, were the main environmental influence on vegetation
distribution, but that differences between shale and sandstone were less important.
For vegetation on alluvial areas the depth, period of inundation and salinity of
water are the major factors influencing species composition. The types with the
highest conservation significance were the freshwater wetlands and swamps along
the Deep Creek floodplain, and shale and lateritic forests restricted to the ridge
along Forest Way and Mona Vale Road. Many of the wetlands are outside the Park
boundary and have been recommended for addition to the Park as a matter of priority.

A list of over 600 species (both native and exotic) has been compiled for the National
Park (Narrabeen Lagoon catchment) and surrounding Crown lands including
species of national significance — Grevillea caleyi, Tetratheca glandulosa, Eucalyptus
luehmanniana, Lomandra brevis, Lomandra fluviatilis, Platysace stephensonii, Darwinia
procera, Persoonia hirsuta, Genoplesium baueri, Hibbertia nitida and Angophora crassifolia
(Sheringham & Sanders 1993).

Gﬁrigal National Park — Middle Harbour Creek catchment

The vegetation types represented within the Middle Harbour Creek part of Garigal
National Park (former Davidson State Recreation Area) include forest, woodland,
heathland, scrubland, mangrove and saltmarsh, and vegetation of creek banks con-
taining mesic species. Vegetation of particular importance includes areas of Coastal
Sandstone Heath (map unit 21g), now scarce in Sydney due to urban spread.
Examples may be seen on ridgetop areas of the Park — along the Cook St trail,
parallel to Wakehurst Parkway above Bantry Bay, at the end of Matthews St,
Davidson, and along part of the Stone Parade track to the Cascades. There is a
significant stand of the rare mallee Eucalyptus luehmanniana in woodland on a south
aspect slope beneath The Bluff.

There are also small remnants of ridgetop vegetation on the shale-sandstone transition,

with soils rich in ironstone gravels. These remnants contain relatively uncommon
species such as Boronia rigens, Baeckea ramosissima and Leucopogon appressus.
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Vegetation along Bare Creek and upper Middle Harbour Creek includes the nationally
significant species Lomandra fluviatilis and what is probably the largest known
population of Leptospermum deanei. Further down Middle Harbour Creek are Hibbertia
nitida and Darwinia procera. In upper-level creek sites, with more exposure to sunlight,
are relatively uncommon plants with specific habitat requirements such as
Symphionema paludosum and Sprengelia incarnata.

Gullies contain locally uncommon plant species such as Cymbidium suave, Leucopogon
lanceolatus and Beronia thujona on the slopes. Dracophylhum secundum, Rimacola elliptica and
Epncris crassifolia are found in crevices of rocky overhangs. Closer to the creeks are Stenocarpus
salignus, Lomatia myricoides, Drosera binata, Leucopogon amplexicaulis, Lycopodium deutero-
densum, Blechnum ambiguum, Austromyrtus tenuifolia, and Hymenophyllum cupressiforme.
The very restricted shxub Haloragodenron hucasii occurs on an upper slope near Barra Brud.

Mangrove and saltmarsh are found in Bantry Bay and in Middle Harbour Creek and
along tributaries from Roseville Bridge, upstream.

Georges River National Park

Hawkesbury Sandstone outcrops along the foreshores of the Georges River below
East Hills. Downstream from here the river has the typical ‘drowned valley’ appearance
characteristic of Sydney Harbour and Broken Bay. Georges River National Park
includes foreshores downstream from Salt Pan Creek. Natural vegetation here is
mostly woodland of Angophora costata, Eucalyptus gummifera and Eucalyptus punctata.
On drier slopes are Angophora bakeri and Allocasuarina littoralis, while small patches
of heath with Angophora hispida are found on some of the gravelly ridge-tops (Benson &
Howell 1990a). Salt Pan Creek has areas of mangroves and saltmarsh.

Katandra Bushland Sanctuary

Katandra Bushland Sanctuary is a small reserve (11.5 ha) at Ingleside managed by a
Department of Conservation and Land Management trust. Geology is Hawkesbury
Sandstone with minor shale lenses, the aspect is easterly and the vegetation is mostly
open-forest with closed-forest along the major creek lines. Main tree species include
Angophora costata, Eucalyptus gummifera, Eucalyptus piperita, Eucalyptus punctata and
Eucalyptus umbra (Map unit 10ag). The vegetation is generally moist and sheltered
and includes species that are generally uncommon in Sydney including Eucalyptus
scias, a tall tree in this habitat, the rainforest trees Cryptocarya glaucescens, Cryptocarya
microneura and Endiandra sieberi, the shrubs Bertya brownei, Boronia mollis, Boronia
thujona, Prostanthera denticulata, Eupomatia laurina, Wilkiea huegeliana, Maytenus silvestris,
Oxylobium ilicifolium, Correa reflexa, and a vine Passiflora cinnabarina. Cetatopetalum
apetalum is corumon along the creek lines with Trochocarpa laurina, Livistona australis,
the tree fern Cyathea australis and the cycad Macrozamia communis. The uncommon,
primitive fern Tmesipteris truncata grows on trunks of Todea barbara, while Psilotum
nudum is often found in rock crevices, and Hymenophyllum cupressiforme and Grammitis
billardieri are found on damp rock surfaces. There are a large number of orchids
including several species of Acianthus, Pterostylis and Cryptostylis, also Gastrodia
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sesamoides, Chiloglottis reflexa, Corybas aconitiflorus, Dendrobium speciossisima and
Dendrobium linguiforme on rocks, Lyperanthus suaveolens on damp rocks and Cymbidium
syave in trees.

On the upper slope are sandstone woodland species including Banksia ericifolia and
Banksia serrata, Xanthorrhoea media, Xanthorrhoea arborea, Phebalium dentatum and
Acacin oxycedrus. With Gahnia clarkei, three species of Gleichenia form dense thickets
in a hanging swamp.

Ku-ring-gai Chase National Park

Ku-ring-gai Chase National Park (14 709 ha) is one of the major national parks of the
predominantly sandstone Hornsby Plateau north of Sydney.

The nature and distribution of the vegetation is strongly related to geology, soil,
drainage and aspect. Thomas and Benson (1985a) recognised 21 plant communities.
There is considerable variation within some communities and intergradation
between communities is a common feature. A floristic analysis of the vegetation has
been carried out by Outhred et al. (1985).

As a conservation area, Ku-ring-gai Chase National Park is particularly important
for its large area of relatively undisturbed vegetation of the type that gives Sydney
bushland its distinctive character. It is also important for conserving vegetation
types that are significant in a regional and local context. These tend to be of limited
size and are associated with unusual or remnant geological and topographical

Figure 27. Extensive areas of sandstone country with woodland, heath and forest make up
Ku-ring-gai Chase and Brisbane Water National Parks — here looking from Warrah Lookout
towards Patonga Beach.
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features e.g. Duffys Forest vegetation (map unit 9sf) and Eucalyptus maculata~
Eucalyptus paniculata open-forest (part of map unit 9g).

A total of 566 native species from 119 families were recorded by Thomas and Benson
(1985a), though Rose (1982) recorded 975 species, both native and exotic, over a
longer period. Significant species recorded in Ku-ring-gai Chase include Lomandra
brevis, Genoplesium baueri, Leucopogon amplexicaulis, Austromyrtus tenuifolia, Darwinia
biflora, Darwinia procera, Eucalyptus leuhmanniana, Eucalyptus squamosa, Grevillea
caleyi, Boronia fraseri, Rulingia hermannifolia, Tetratheca glandulosa, Cryptostylis hunterana,
Eucalyptus camfieldii, Blechnum ambiguum and Kunzea rupestris (Thomas & Benson
1985a).

Fire is an important factor affecting vegetation in many Sydney bushland areas.
Many species have adaptive mechanisms that enable them to survive individual
fires, but frequent fires with only short periods between them may lead to possible
long-term changes to vegetation with some species being lost; fire-free periods of at
least 10 years are desirable for much of the vegetation to allow replenishment of
plant seedbanks etc. (Thomas & Benson 1985a, Benson 1985).

As for other ‘urban’ national parks, weed invasion in Ku-ring-gai Chase is a serious
problem, and is associated with run-off from urban development, areas of past
habitation within the Park, tracks, watercourses, border areas, specific areas of high
public usage and some small areas of undisturbed bushland.

The map showing the vegetation of Ku-ring-gai Chase National Park and the adjacent
Muogamarra Nature Reserve prepared by Thomas and Benson (1985a) has been
reproduced without change at a reduced scale (1:40 000 scale, 2 cm = 1 km), on the
back of the Sydney 1:100 000 Vegetation Map Sheet. It shows more detail than the
1:100 000 sheet, for example map unit 10ar is divided into five units. Relationships
between the two maps are given in Table 3.

Table 3. Plant communities in Ku-ring-gai Chase National Park and Muogamarra
Nature Reserve

Summarised descriptions give map code, structure, habitat, geclogy and dominant species based on
Thomas and Benson, 1985, Vegetation survey of Ku-ring-gai Chase National Park (Royal Botanic Gardens
Sydney). Code in brackets at end shows refevant map unit for Sydney 1:100 000 map sheet.
1 Closed-forest

Tristaniopsis laurina, Ceratopetalum apetalum

Gully Rainforest in sheltered gullies close to sea level, Hawkesbury Sandstone soils (10ag).

2 Low dosed-forest/Closed-forest with emergent trees

Acmena smithii, Glochidion ferdinandi, Livistona australis, emergents ~—Eucalyptus botryoides,
Angophora floribunda

Rainforest with emergent eucalypts. Sheltered slopes, mostly western Pittwater, Narrabeen Group
soils (9h).
3 Tall open-forest/Open-forest
Eucalyptus agglomerata, Angophora floribunda, Allocasuaring torulosa
Confined to breccia in Campbells Crater (6c).
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4  Open-forest . -
Eucalyptus paniculata, Eucalyptus umbra, Eucalyptus scias, Syncarpia glomulifera, Angophora floribunda
Clay soils from weathered volcanic dyke at West Head (6¢).

5  Open-forest '
Eucalyptus maculata, Eucalyptus paniculata, Syncarpia glomulifera, Allocasuarina torulosa
Western Pittwater, on Narrabeen Group shales (99).

6  Open-forest ‘ .
Angophora floribunda, Eucalyptus paniculata, Eucalyptus botryoides, Eucalyptus scias, Syncarpia
glomulifera, Allocasuarina torulosa
Sheltered siopes, Western Pittwater, Narrabeen Group shales and sandstones (9h).

7 Open-forest
Angophora floribunda, Eucalyptus punctata, Allocasuarina torulosa
Footsiopes above saltwater estuaries and foreshores of Cowan Creek, Coal and Candle Creek,
Smiths Creek and Hawkesbury River. Mostly Narrabeen Group (9h).

8 Open-forest ‘ A
Eucalyptus pilularis, Eucalyptus resinifera, Angophora costata, Syncarpia glomulifera
Upper Cockie Creek valley on Wianamatta Shale soils (90).

9  Open-forest '
Eucalyptus piperita, Angophora costata, Eucalyptus gummifera, Eucalyptus umbra, Syncarpia g/omu/lferé
Sheltered aspects on slopes, particularly steep south-facing slopes, Hawkesbury Sandstone soils
including podsols {10ag).

10A Open-forest
Eucalyptus capitellata, Eucalyptus gummifera, Eucalyptus sieberi, Fucalyptus haemastoma
Along Mona Vale Road on “lateritic’ soils from shale lenses now exposed as cappings on plateaus
over Hawkesbury Sandstone (9sf).

10B Open-forest/Low open-forest
Eucalyptus sieberi, Eucalyptus gummifera, Eucalyptus sparsifolia, Eucalyptus haemastoma
At Duffys Forest on ‘lateritic’ soils from shale lenses now exposed as cappings on plateaus over
Hawkesbury Sandstone (9sf).

11 Low open-forest ’
Eucalyptus racemosa, Eucalyptus gummifera, Eucalyptus sparsifo/ié, Eucalyptus sieberi .
On flat ridgetops e.g. Windybanks Ridge, on Hawkesbury Sandstone with yellow-earth soils, clay
sub-soils and ironstone fragments (10ar).

12 Low open-forest with patches of Grassland
Allocasuarina torulosa, Allocasuarina littoralis, Banksia integrifolia, emergent trees: Angophora costata,
Eucalyptus botryoides
Exposed sites on headlands with clay soils from the Narrabeen Group (21a).

13 Woodland o 4
Angophora costata, Eucalyptus gummifera, Eucalyptus umbra, Allocasuarina littoralis and (west of
Cowan Creek) Eucalyptus eximia
Moderate fo steep slopes, exposed aspects on Hawkesbury Sandstone (10ar).

14 Low woodland
Eucalyptus camfieldii, Eucalyptus haemastoma, Eucalyptus gummifera
Clay soil with ironstone fragments on Hawkesbury Sandstone. Very restricted, West Head Road/
Elvina Bay Track (10ar).
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15 Low woodland/Low open-woodiand

Iéucalyptus gummifera, Eucalyptus halemastoma, Eucalyptus sparsifolia, Eucalyptus eximia (west of
owan Creek), Angophora bakeri (in Muogamarra Nature Reserve). Low slope plateau areas:
crests, spurs and upper slopes on Hawkesbury Sandstone (10ar). '
16 Low open-woodland (mallee)

Eucalyptus luehmanniana

Seepage zones on upper slopes with southerly aspects on Hawkesbury Sandstone. Uncommon (10ar)
17 Closed scrub/Scrub-heath g

Banksia ericifolia, Hakea teretifolia, Allocasuarina di inervi
anK 3 A a distyla, Leptospermum trinervium, Angoph
hispida, emergents — Eucalyptus haemastoma, Eucalyptus gummifera ki

Poorly-drained areas on the plateaus, low slo| i illsi

: 5 e : pe areas on ridges, hillsides and sandsto

and thin skeletal soils on ridgetops. Hawkesbury Sandstone (21g). stone benches
18 Pockets of Heath on rocky outcrops

Baeckea brevifolia, Baeckea diosrifolia, K j }
, lia, , Kunzea capitata, Calytrix tetragona, ini i L
subsp. fasicularis, Allocasuarina distyla 7 gone: Darwinia fescculer

Exposed rock platforms with shallow depressions, Hawkesbury Sandstone (21g).

19 Tall open-scrub
Avicennia marina, Aegicerus corniculatum
I(\j/lrangroves along tidal watercourses aqd mud flats. Mainly fimited to Upper Cowan Creek, Smiths
eek, Cockle Creek and Porto Bay, Kimmerakong Bay, Joe Crafts Bay and Peats Bight (t'la).
20 Reediand/Rushland and Casuarina Woodland v

Juncus kraussi, Fnlagmrtes australis, Sarcocornia qu i a a juncea, Sporobolus virginicus,
i rCoCoria quing effora, Baume el gi
3 i
, J . fus Vil ICUS,

Alfuvial flats associated with tidal creeks, on landward side of Mangroves (&ommunity 19) (4a)

21 Sedgeland/Shrubland

Gahnia siebe l/ana;(Empod/sm/a minus, Leptocarpus tenax, Schoenus brevifolius, GyIHIIOSCl 0enus

Sp) )aerocepl 13i1s, Ayris opercu lata, shrubs — Banksia robur Sprenge ja incarnata, Viminaria juncea
3 !

p . , Vi J "

Areas of impeded drainage with a consistently high watertable, Hawkesbury Sandstone (219)

Lane Cove River National Park

The Lane Cove River has incised a narrow valley through Ashfield Shale and Hawkesbury
Sandstone. Since the rise in sea level about 6 000 years ago, the river and its tributaries
have deposited alluvium in the lower river and estuary. Microclimatic variations
resulting from differences in solar radiation due to aspect, slope and horizon factors
have a major role in influencing vegetation patterns within various landscape types.

Lane ;ove River National Park (formerly State Recreation Area) (400 ha in area)
ocs:uples a 10 kun strip along the Lane Cove River from Browns Waterhole to Fullers
Bridge. Surrounded by suburbs, it is probably one of the most intensively used
bushland parks in Sydney.

Historical c‘hanges affecting fire regimes and vegetation patterns in the Lane Cove
valley, particularly since the arrival of Europeans, have been studied by McLoughlin
(1985) and Clark and McLoughlin (1986). The present vegetation of the National

Park has been described by Clarke and Benson (1987), who recognise 15 plant
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communities and record the occuurence of approximately 360 native species. Species
of significance include Darwinia biflora, Leptospermum deanei, Eucalyptus squanosa,
Austromyrtus tenuifolia, Epactis crassifolia, Boronia polygalifolia and Leticopogon amplexicaulis.

The lower valley is characterised by wide alluvial flats that are often intertidal and
saline. Vegetation types include mangrove, saltmarsh and rushland. Although the
alluvial deposits along the river have always been high in nutrient status they have
probably been significantly enriched by run-off and siltation from urbanisation.
Alluvial deposits become ‘extensive in the middle section of the river where minor
floodplains occur. Vegetation types include tall forest of Eucalyptus pilularis-Eucalyptus
saligna (Map unit 6b) and Eucalyptus pilularis-Eucalyptus piperita-Syncarpia glomulifera
(Map unit 10ag). Flooding of the Lane Cove River is a major factor influencing the
alluvial vegetation, with minor floods depositing fine silt and weeds onto river flats.

Lower slopes and hills below Ashfield Shale have Hawkesbury Sandstone as their
parent material and consist mainly, though not exclusively, of coarse sandstone.
Minor shale and laminite lenses occur. These produce benches and breaks in the
boulder-strewn landscape. Nutrient deficient lithosols are the main soil type on
Hawkesbury Sandstone, although deeper yellow podzolic soils and red podzolic
soils may develop on shale lenses. Open-forest of Angophora costata-Eucalyptus
piperita—Eucalyptus gummifera, closed shrubland of Banksia ericifolin—Leptospermuim
trinerviym—Angophora hispida, 'riparian shrubland of Tristaniopsis laurina—-Callicoma
serratifolia-Lomatia myricoides and woodland of Eucalyptus racemosa—Eucalyptus
gummifem—Allocasuarim Jittoralis (Map unit 10ar) occur on these Hawkesbury Sandstone
soils. The nutrient levels in some of these soils have been increased by urban run-off

(Clements 1983).

Wianamatta Group Ashfield Shale (Jaminite and dark grey siltone) occurs on upper
ridges, forming an undulating landscape with gentle slopes. Soils vary between
brown and red podzolics on upper slopes to red and yellow podzolics on lower
slopes and valleys. Open-forest of Eucalyptus resinifera-Syncarpia glomulifera (Map
unit 90) occurred here but has been mostly cleared. Numerous shale fragments near the
surface of these soils are often a feature where they overlie Hawkesbury Sandstone.

As an area of natural vegetation containing this variety - of habitats and plant
communities within the suburban context, Lane Cove provides environmental
experiences and education for a significant local and regional population. The range
of landscapes in Lane Cove River National Park differ from those in the national
parks of the upper Hornsby plateau and the Woronora Plateau; in particular the
alluvial valley soils have more clay influence from the Wianamatta Shale of the
surrounding ridgetops. With the added influence of the higher rainfall at this
location, these valleys support types of tall forest now rare in the metropolitan area.

Lion Island Nature Reserve

Lion Island (8 ha), situated at the entrance to Broken Bay, is similar geologically to
the nearby Brisbane Water National Park, with a Hawkesbury Sandstone capping
on the eastern end and strata of the underlying Narrabeen Group exposed else-
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Figure 28. Woodland with th i i
e twisted 1
Xanthorrhoea arborea on Lion Island in Bi?lf:n(ga)[}ngopham costata and understorey of

where. The main v egetahon on the eastern end is low woodland of A 1gopnora costata
and I;uCﬂl/lptllS botr yazdes, with shrubs of Banksia senata, Exocar pos Cup? CSSIfOTIIS

Xanthorrhoea arborea ! y ’ q
rr} rbore , Platysace lam:eolata, Hakea sericea, Dodonaea triquetra and Acacia
ulicifolia (Benson 1981&)

At the w i i
Allamsuar;:lsatjzrt\ ??d of the island is low open-forest of Banksia integrifolin and
ittoralis. On more exposed sites this grades into scrub with Leptospermum

g -
laevi atum and Banksia l’lteg ifol
t ia. The exotic Lantana camara is common in these
- .

O
w?t }fc(r:ee slol?es at the eastern end of the island and exposed to the ocean is herbland
ommelina cyanea, Lobelia alata and Dichondra r
' epens. Shrubs of Westringia i
; uticos
: ;ei found in cra‘cks between large sandstone boulders and higher up in gcraZ(s ans
ges on the cliff faces. Benson (1981a) gives a species list for the island.

Long Island Nature Reserve

L

O;)ir;itls;ari Nature Reser.ve (73 ha), adjacent to Brooklyn, is a long narrow east-west

orter : er ge and has similar vegetation to other Hawkesbury Sandstone islands
s Spectacle Island, although it has very little plateau vegetation

Manly-Warringah War Memorial Park

Manly- . .
. ;ncl)yt;/Vamngah War Memorial Park (480 ha), managed by Warringah Shire Council
stly catchment of Manly Reservoir and is surrounded by the suburbs of Frenchs/
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Forest, Allambie Heights, North Manly and Balgowlah; Wakehurst Golf Course and
Garigal National Park. The geology is Hawkesbury Sandstone with some shale lenses.
Much of the vegetation is woodland of Eucalyptus gummifera and Eucalyptus haemastoma;
Angophora crassifolia, a small tree or mallee found only in the eastern parts of the
Hornsby Plateau, is in low woodland near Frenchs Forest and there are small patches
of Eucalyptus obstans in heath near Allambie Heights. On shallow soil on the ridges
is heathland (Map unit 21g); shrubs are Leptospermum trinervium, Darwinia fascicularis,
Kunzea ambigua, Angophora hispida, with Actinotus helianthi, Blandfordia nobilis,
Leucopogon and Epactis species. Allocasuarina distyla and Banksia ericifolia are dominant
in taller shrubland with Banksia oblongifolia and Hakea teretifolia in poorly-drained
soil. In sheltered gullies is open-forest, mainly Eucalyptus piperita and Angophora
costata. Shrub species in woodland/open-forest include Dodonaea triquetra, Acacia
terminalis, Persoonia pinifolia, Persoonia linearis, Pultenaea flexilis, Dillwynia retorta,
Boronia pinnata, Crowea saligna, Eriostermon australasius, Ceratopetalum gummiferum,
and Telopea speciosissima. Some species restricted to creck lines are Tristaniopsis
laurina, Ceratopetalum apetalunt, Callicoma serratifolia, Baeckea linifolia, Austrontyrtus
tenuifolin and an uncommon sedge Restio tetraphyllus subsp. meiostachys. An uncommon
orchid Rimicola elliptica was recorded on a moist rock ledge. Important wetland
vegetation with Eleocharis sphacelata, Juncus species, Baumed nuda, Philydrum lanugino-
sum, Persicaria decipiens, Schoenus melanostachys, and Schoenus brevifolius provides
nabitat for birds at the northern end of the reservoir.

Marramarra National Park

Marramarra National Park is a major reserve (11 760 ha) northwest of Sydney
between the Hawkesbury River, Old Northern Road and Berowra Creek. Tt is mainly
Hawkesbury Sandstone plateau country with some narrow cappings of Wianamaita
Shale, mostly cleared, and several volcanic necks. The area is generally drier than
Ku-ring-gai Chase National Park further east.

Mangroves, Avicennia marina and Aegiceras corniculatum grow in saline conditions on
mudflats in bays and tidal stretches of creeks. These often have Duboisia myoporoides
on the banks. Creek vegetation above the tidal limit, includes Tristaniopsis laurina,
Backhousia myrtifolia, Trochocarpa laurina, Leptospermum grandifolium and occasionally
Leptospermuin deanei. The rare local endemic Asterolasia elegans is found on sheltered
slopes near creeks, though Asterolasia correifolia is more common here. Boronia fraseri,
Boronia anemonifolia, Darwinia peduncularis, Prostanthera rhombea, Zieria involucrata,

and Lasiopetalum macrophyllum occur occasionally on creekbanks.

In gullies approaching Coba Bay, possibly with volcanic influence, there is tall open-
forest of Eucalyptus agglomeraia, with Angophora floribunda extending to the flats.
Platysace clelandii is occasional on lower sheltered slopes here with Allocasuarind
torulosa. In gullies, and on slopes with east to southerly aspects, is open-forest of
Eucalyptus piperita, Angophora costata and Allocasuarina littoralis (map unit 10ag) with
Eucalyptus gummifera and Eucalyptus sparsifolia in low open-forest on the edge of
ridges (map unit 10ar).
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Vegetation on dry ridges (and slopes with north to westerly aspect) is low-woodland to
woodland of mainly Eucalyptus eximia and Eucalyptus haemastoma, often with
Eucalyptus punctata and Eucalyptus gummifera. Hakea bakeriana occurs in small patch-
es in woodland on ridges, Doryanthes excelsa also occurs north of Canoelands Ridge.
There are occasional occurrences of Eucalyptus squamosa and patches of Angophora
bakeri. On rocky parts, Eucalyptus eximia is interspersed with low shrubland, often
with patches of Grevillea linearifolia (narrow-leaved form) and Dillwynia sericea. Com-
mon shrubs are Zieria laevigata, Gompholobium grandiflorum, Leucopogon muticus and
less commonly Eriostemon hispidulus. A disjunct population of the south coast spe-
cies, Dampiera scottiana occurs in Eucalyptus haemastoma woodland. Populations of
Kunzea rupestris are rare on rock platforms and Micromyrtus blakelyi has been found
in a similar habitat. There are some rocky ridgetops in the Park but only very
limited areas of heath and sedgeswamp vegetation. Marramarra National Park is an
important link between the coastal sandstone vegetation e.g. in Ku-ring-gai, and the
more inland vegetation of the Blue Mountains and Wollemi regions.

Muogamarra Nature Reserve

Muogamarra Nature Reserve (2 234 ha) lies north of the suburbs of Cowan and
Berowra Heights, and is bounded by Berowra Creek, the Hawkesbury River, the
Pacific Highway and Main Northern Railway. To the east and west lie Ku-ring-gai
Chase and Marramarra National Parks respectively, while north of the Hawkesbury
is Brisbane Water National Park. Muogamarra forms an integral part of the landscape
of northern Sydney and conserves a significant portion of the Sydney sandstone
bushland.

The vegetation of Muogamarra has been described by Thomas and Benson (1985b)
and mapped with the Ku-ring-gai map (see map on back of Sydney 1:100 000 sheet).
The nature and distribution of the vegetation is strongly related to geology, soil,
drainage and aspect. Within Muogamarra 11 plant communities were recognised
including closed-forest, open-forest, low open-forest, woodland, low woodland/
low open-woodland, closed scrub/scrub-heath, pockets of heath on rocky outcrops,
tall open-scrub, reedland /rushland with woodland, and sedgeland /shrubland. There
is considerable variation within some communities and intergradation between
communities is a common feature.

Weed invasion is generally of minor significance, with the exception of the Peats
Crater area, and is restricted to a few localised sites and some general occurrences
along tracks.

Over 400 species from 95 families were recorded by Thomas and Benson (1985b).
Significant species include Lomandra brevis, Tetratheca glandulosa, Boronia fraseri,
Micromyrtus blakelyi, Platysace clelandii, Austromyrtus tenuifolia, Eucalyptus squamosa
and Blechnum ambiguum.

Benson & Howell, Sydney natural vegetation 729

Spectacle Island Nature Reserve

Spectacle Island Nature Reserve (36 ha) is a small island in the Hawkesbury River,
near its junction with Mooney Mooney Creek. It is about 1 200 m long and 600 m
wide, up to 120 m high, and capped with Hawkesbury Sandstone which overlies
Narrabeen strata that outcrop along the lower slopes. Vegetation, described by Webb
(1981), is similar to that of the nearby Brisbane Water and Ku-ring-gai Chase National
Parks. On the flat sandstone top of the island is open-woodland with trees of
Eucalyptus gummifera and Angophora costata with an open understorey of Imperata
eylindrica and scattered shrubs of Banksia marginata, Xylomelum pyriforme, Gompholobium
latifolivm and Kunzea ambigua (map unit 10ar). This extends onto the steep, upper
sandstone slopes. On the lower slopes, on soils from Narrabeen strata, trees of
Angophora floribunda with a grassy understorey predominate on the north-facing
slopes, Eucalyptus punctata on the relatively flat western end of the island, and denser
vegetation with Acacia elata, Allocasuaring torulosa and Allocasuarina littoralis on the
steep southern slopes. There are mesic gully species at the base of the sandstone
cliffs on-the southern side. This is all part of the Narrabeen Slopes Forest (map unit 9h).

Sydney Harbour National Park

Sydney Harbour National Park includes a number of significant areas of vegetation
associated with the Harbour foreshores and islands. Substantial areas of North Head
including the former Quarantine Station, Dobroyd Head, Middle Head, Bradleys
Head and Ashton Park, parts of South Head and Nielsen Park, and Shark, Clark and
Rodd Islands are included, though the original bushland on the islands has generally
been cleared. Many of these areas were formerly military land and include a scattering
of military relics within the bushland.

Remaining vegetation is almost all on Hawkesbury Sandstone, with the soils and
degree of exposure to salt-laden sea spray together determining the structure and
floristic composition. Exposed sites on shallow soils particularly on North Head and
Dobroyd Head have Coastal Sandstone Heath (map unit 21g) which, because of the
immediate coastal influence, includes shoreline species such as Baeckea imbricata,
Westringia fruticosa, Olearia tomentosa and Melaleuca hypericifolia (see Adam, Stricker
et al. 1989) as well as coastal heath of Banksia ericifolia-Darwinia fascicularis. In more
sheltered sites open-forest and woodland with Angophora costata, Eucalyptus bofryoides,
Eucalyptus gummifera occur. A very restricted patch of Coastal Dune Heath (map
unit 21b) with Eucalyptus camfieldii (Horton 1986) occurs on North Head.

Wallumatta Nature Reserve

Wallumatta Nature Reserve is a small reserve (about 5 ha) in East Ryde that retains
an example of the Turpentine-Ironbark Forest of the Wianamatta Shale in areas of
moderate rainfall (i.e. 900-1100 mm p.a.). In the metropolitan area only about 0.5% of
this forest remains. Wallumatta includes over 90 plant species of the shale flora with a
transition zone from shale to sandstone vegetation (Benson & Keith 1984¢). The nearby
Field of Mars Reserve includes good areas of sandstone but very little shale vegetation.
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Table 4. Native plant species recorded from major conservation areas in the Sydney map sheet area

Species are arranged alphabetically within families and major groups. List is based on various references (see below) with some additions by Doug Benson and Lyn McDougall.
Areas are ordered north to south, with codes as follows.

Bd Bouddi National Park (McRae 1990}

BW Brishane Water National Park (Benson & Fallding 1981)

Li Lion tsland Nature Reserve (Benson 1981a, McDougall 1989)

Sp Spectacle Island Nature Reserve (Webb 1981)

Lo Long Isiand Nature Reserve (Coveny & McDougall 1990)

Ma Marramarra National Park (Benson et al. 1989, NPWS n.d., McDougall 1993)
Mu Muogamarra Nature Reserve (Thomas & Benson 1985b)

Be Berowra Valley Bushland Park (Smith & Smith 1990)

KC Ku-ring-gat Chase National Park (Thomas & Benson 1985a)

Ba Barrenjoey (McDougall 1994)

An Angophora Reserve and Hudson Park (Smith & Smith 1993)

Ka Katandra Bushland Sanctuary (Coveny, 1) cu
Gn Garigal Nationai Park: Deep Creek Catchment (Sheringham & Sanders 1993)
Gd Garigal Nationa! Park: Davidson Park (McDougall & Conroy 1988-90)

uonesban (einieu AsupAs ‘jlamo B uosuag

Cu Curnberland State Forest (Forestry Commission of NSW 1984) Da
PH Pennant Hills Park (Beecroft Cheltenham Civic Trust 1976)
DH Dalrymple Hay Nature Reserve (Benson & Keith 1984a) -

Da Darling Mills State Forest (FC of NSW 1984)

LC Lane Cove National Park (Clarke & Benson 1987)

Ma Manly Dam Memorial Park (Benson 1981)

Wa Wallumatta Nature Reserve (Benson & Keith 1984¢)

SH Sydney Harbour National Park: includes North Head, Dobroyd Head,
Bradleys Head, Nielsen Park (Holland 1280, NPWS n.d., Horton 1986)

H8 Homebush Bay (Kachka 1993)

Wo Wolli Creek Valley (Robinson 1987)

La La Perouse (Armstrong et al. 1976}

LEL




Botanical name

Bd BW Li
Ferns and fern allies
Adiantaceae
Adiantum aethiopicum Bd BW LU
Adiantun formosum BW
Adjiantum hispidulum Bd BW
Adiantum silvaticum BW
Aspidiaceae
Polystichum australiense Bd
Aspleniaceae
Asplenium australasicum BW
Asplenium difforme L
Asplenium flabellifolium Bd BW Li
Blechnaceae
Blechnum ambiguum BW
Blechnum camfieldii Bd BW
Blechnum cartilagineum Bd BwW
Blechnum indicum
Blechnum nudum BW
Blechnum wattsii BW
Doodia aspera Bd BW
Doodia caudata BW
Cyatheaceae
Calochlaena dubia Bd BW
Cyathea australis BW
Davalliaceae
Arthropteris tenella
Davallia pyxidata Bd BW Li
Dennstaedtiaceae
Dennstaedtia davallioides
Histiopteris incisa BW Li
Hypolepis muelleri Bw
Hypolepis punctata B .
Pteridium esculentum 8d  BW L
Dryopteridaceae
Lastreopsis decomposita Bd BW
Lastreopsis microsora BW
Gleicheniaceae
Dicranopteris linearis
Gleichenia dicarpa Bd B\\;V\/
Gleichenia microphylla BW
Gleichenia rupestris 8d gw
Sticherus flabellatus
Grammitidaceae
Grammitis billardieri BW
Hymenophyliaceae
Hymenophyllum cupressiforme BW
Lindsaeaceae
Lindsaea dimorpha B\\;Vv
Lindsaea finearis Bd léw
Lindsaea microphylla
Lycopodiaceae W
Lycopodium cernuum B!
Lycopodium deuterodensum BW
Lycopodium laterale BW
Osmundaceae
Todea barbara Bd BW
Polypodiaceae
Dictmia brownii BVV\\;
Microsorium scandens B
Platycerium bifurcatum Bd 2\\;\/\/

Pyrrosia rupestris

Sp Lo Ma Mu Be KC Ba An Ka Gn Gd Cu
lo Mm Mu Be KC Bs An Ka Gn Gd Cu
KC
Mu Be Ka Gn Cu
KC
Be
KC Ka
Ba
lo Mm Mu Be KC Ba Ka Gn Gd
Mm Mu Be KC Ka Gn
Ka Gn
lo Mm Mu Be KC Ba An Ka Gn Gd Cu
Gn
Mu Be Gd
Mm Mu Be KC Ba An Cu
Be KC Ba Gn
lo Mm Mu Be KC Ba An Ka Gn Gd Cu
Lo Mm Mu Be KC An Ka Gn Gd
KC
Lo Mm Mu Be KC Ka Gn
Mm Mu Be KC Ba An Ka Gn Gd Cu
Mm Mu Be KC Ba An Ka Gn Gd Cu
to Mm Mu Be KC Ba An Ka Gn Gd Cu
Mm Mu KC
Mm  Mu
lo Mm Mu Be KC Ba An Ka Gn Gd
KC Ka Gn Gd
Lo Mm Mu Be o o
Mm Mu Be KC Ba An Ka n
Lo Mm Mu Be KC Ka Gn
Be Ka
Mm Mu Be KC Ka Gn Gd
lo Mm Mu Be KC Ba An Ka Gn 23 (Ci:j
lo Mm Mu Be KC Ba Ka Gn
Mu KC gg
Mm Mu Be
lo Mm Mu Be KC Ba An Ka Gn Gd
Be
Ka Cu
tlo Mm Be Ba
o Mm Mu Be KC Ka Gn Gd Cu

SH HB Wo La

PH DH Pba LC Ma Wa
DH Da LC SH
Da LC
LC
SH
A
Pa IC SH
SH
DH Da IC SH
e SH
Da LC
Da SH
DH Da LC Ma Wa SH
DH Ma
Ma SH
LC
Da LC Ma SH
LtC Ma SH
DH Da LC Ma Wa SH
LC Me SH
Da SH
SH
pa LC SH
pa LC
Ma
pa tC Ma Wa SH
DH Da LC SH
LC
Da Ma SH
SH
LC SH

Wo ta

Wo La

Wo La
Wo La

Wo La

Wo La

Wo La

Wo

La

La

La

~4
w
N
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Botanical name

Psilotaceae
Psilotum nudum
Tmesipteris truncata
Pteris tremula

Pteris umbrosa

Schizaeaceae
Schizaea bifida
Schizaea dichotoma
Schizaea rupestris

Selaginellaceae
Selaginella uliginosa

Sinopteridaceae
Cheilanthes distans
Cheilanthes sieberi
Pellaea falcata

Thelypteridaceae
Christella dentata

Cycads

Zamiaceae
Macrozamia communis

Conifers

Cupressaceae
Callitris rhomboidea

Podocarpaceae
Podocarpus spinulosus

picotyledons

Acanthaceae

Brunoniella australis
Brunoniella pumilio
pseuderanthemum variabile

Aizoaceae
Carpobrotus glaucescens
Tetragonia tetragonoides

Amaranthaceae
Alternanthera denticulata

Apiaceae

Actinotus helianthi
Actinotus minor
Apium prostratum
Centella asiatica
Daucus glochidiatus
Hydrocotyle geraniifolia
Hydrocotyle laxiflora
Hydrocotyle peduncularis
Hydrocotyle tripartita
Hydrocotyle verticillata
Platysace clelandii
Platysace ericoides
Platysace lanceolata
Platysace linearifolia
Platysace stephensoni
Trachymene incisa
Xanthosia dissecta
Xanthosia pilosa
Xanthosia tridentata

Apocynaceae
Parsonsia brownii
Parsonsia straminea

Bd BW Li
BW Li
BW
BW
BW
Bd Bw
BW
Bd BW Li
BW
Bd
Bd BW Li
Bd BW Li
Bd BW L
Bd BW U
8d i
Bd BW Li
Bd BW
Bd BW L
Bd BW
BW
BW
Bd BW L
Bd BW 4
BW
Bd BW
Bd BW
Bd BW U

Sp

Sp

Sp

Sp
Sp

Sp

sp

lo Ma Mu B
e KC Ba An Ka Gn Gd Cu PH DH Da LC
Mu Be KC Ba An Ka Gn ‘Gd L
B Ka Gn
ke ke Cu
Mu Be KC
Mu Be Ka Gn Gd Da LC
Mm Mu Gn Gd
Ka Gn Gd
An Ka Gn Gd N
Lo Mu Be Ka
Lo Mm Mu Be KC Ba Gn Gd Da
to Mm Mu Be KC Ba LC
Cu Lc
Gd
to KC An Ka Gn
Be KC Gd
Be
Gn  Gd Da LC
KC
KC Ka LC
Lo Mm Mu Be KC Ba An Ka Gn Cu PH DH LC
Lo Be KC Gd LC
Mu Be
lo Mm Mu Be KC Ba An Ka Gn Gd PH Da LC
Mm Mu Be KC Ka Gn Gd PH Lc
to  Mm Be KC
Ba Ka DH
Mm
Lo Mm KC
Mm Mu Be KC An  Ka Cu LC
to  Mm KC Ba
Mu Be Cu
Mm Mu
Mm Be Da
Mm Mu Be KC Ba An Ka Gn Gd pa LC
lo Mm Mu Be KC Ba An Ka Gn Gd PH pa LC
KC Gn
An tC
o Mm Mu Be KC Ka Gn Gd PH Da LC
lo Mm Mu Be KC Ba An Ka Gn Gd pa 1C
Be
KC Ba An Ka Gn Cu LC

Ma Wa SH HB Wo La
Ma Wo
SH
Ma SH La
Wa SH HB
SH

SH
Wo La
SH Wo
HB
Wa
SH La
SH HB Wo
Ma Wa SH Wo La
Ma SH La
La
Wa SH HB Wo la
SH HB Wo
SH
ta
Ma SH Wo La
Ma SH Wo
La
Wa
Ma SH Wo La
Ma SH Wo La
HB
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Botanical name Bd BW Li Sp Lo Ma Mu Be KC Ba An Ka Gn Gd Cu PH DH Da LC Ma Wa SH HB Wo la o
o

Araliaceae

Astrotricha crassifolia BW

Astrotricha floccosa BW Sp Lo Mm Mu Be KC An Ka Gn Gd ba LC SH
Astrotricha latifolia Bd BwW Mm LC

Polyscias murrayi BW

Polyscias sambucifolia Bd BW Be KC An Ka Gn Gd Cu PH DH Da LC Wa SH HB Wo La

Asclepiadaceae

Marsdenia rostrata Mu KC Ba An SH
Marsdenia suaveolens Bd BW to Mm Mu Be Ba Ka Gn Gd PR ba LC SH
Tylophora barbata Mm Be Ka Cu DH LC HB

Asteraceae

Actites megalocarpa Gd

Brachycome angustifolia Sp KC An DH LC Wa

Brachycome multifida Mm

Bracteantha bracteata LC

Calotis dentex Mm

Calotis lappulacea HB

Cassinia aculeata BW i PH DH Wa

Cassinia arcuata HB

Cassinia aureonitens Bd Mm Gd

Cassinia compacta Mm Mu

Cassinia denticulata BW Lo Mu Be KC Gd PH SH

Cassinia longifolia Bd Bw Be

Cassinia quinquefaria . PH

Cassinia uncata Bd Ba An Ka

Chrysocephalum apiculatum Mu PH Da HB

Cotula australis SH HB La
Epaltes australis Bd BW Lo Be Ma La
Helichrysum elatum BW KC Ka Gd PH LC SH

Helichrysum scorpioides PH DH Wa SH

Lagenifera stipitata BW Lo Be An Ka Gn DH SH Wo
Leptinella longipes BW HB La
Olearia microphylla Be Cu PH LC Wo
Olearia tomentosa Bd BW Mu KC Ba Ka Gn Gd LC SH

Y661 (P)E "IOA eweybuiuuny

Olearia viscidula Cu
Ozothamnus diosmifolius Bd BW Sp Mm Mu Be An Ka Gn Gd Cu PH DH Da LC Wa SH HB Wo
Pseudognaphalium luteoalbum Li KC La
Senecio amygdalifolius HB
Senecio bipinnatisectus Bd Mm Mu KC
Senecio glomeratus
Senecio hispidulus Bd BW Be KC Gn Cu Wa SH HB Wo la
Senecio lautus Cy LC SH HB Wo la
Senecio linearifolius Bd Mu Be KC
Senecio minimus BW Li Be KC Cu
Senecio quadridentatus Be
Senecio vagus

subsp. eglandulosus Bd Ba Gn
Sigesbeckia orientalis BW Mm Mu Be KC Gn Cu DH
Solenogyne beffioides LC
Vernonia cinerea var. cinera Bd Mm KC An  Ka DH HB
Vittadinia muelleri HB

HB

uopeysban |eimjeu ABUpAS ‘flamoH B uosuag

Avicenniaceae
Avicennia marina
subsp. australasica BW Sp Lo Mm Mu Be KC Gd LC HB Wo
Bauera microphylla
Bauera rubioides Bd BW Mm Mu Be KC Ka Gn Gd PH LC Ma SH

Bignoniaceae
Pandorea pandorana Bd BW Li Sp Lo Mm Mu Be KC Ba An Ka Gn Gd Cu PH DH Da LC Wa SH HB Wo

Caliitrichaceae
Callitriche muelleri Be

Campanulaceae
Wahlenbergia communis HB
Wahlenbergia gracilis Bd Sp Lo Mm Be Ba An Ka Gn Cu SH HB Wo La
Wahlenbergia stricta

subsp. stricta Li Mm DH LC

Caryophyllaceae
Stellaria flaccida Mm

LEL




Botanical name

Casuarinaceae
Allocasuarina distyla
Allocasuarina littoralis
Allocasuarina nana
Allocasuarina portuensis
Allocasuarina torulosa
Casuarina glauca

Celastraceae

Cassine australis var. australis
Celastrus subspicata
Maytenus silvestris

Chenopodiaceae
Atriplex australasica
Atriplex semibaccata
Chenopodium glaucum
Einadia hastata
Finadia nutans subsp. finifolia
Einadia nutans subsp. nutans
Finadia polygonoides
Einadia trigonos

subsp. trigonos
Halosarcia pergranulata
Rhagodia candolleana
Sarcocornia quinqueflora
Suaeda australis
Chloanthes stoechadis

Clusiaceae
Hypericum gramineum
Hypericurmn japonicum

Convolvulaceae
Calystegia marginata
Calystegia soldanella

Cuscuta australis
Dichondra repens
Polymeria calycina
Wilsonia backhousei

Crassulaceae
Crassula helmsii
Crassula sieberiana

Cunoniaceae

Calficoma serratifolia
Ceratopetalum apetalum
Ceratopetalum gummiferum
Schizomeria ovata

Dilleniaceae
Hibbertia acicularis
Hibbertia aspera
Hibbertia bracteata
Hibbertia circumdans
Hibbertia cistiflora
Hibbertia dentata
Hibbertia diffusa
Hibbertia empetrifolia
Hibbertia fasciculata
Hibbertia linearis
Hibbertia monogyna
Hibbertia nitida
Hibbertia obtusifolia
Hibbertia riparia
Hibbertia rufa
Hibbertia scandens
Hibbertia serpyllifolia

Droseraceae
Drosera auriculata
Drosera binata
Drosera peltata
Drosera pygmaea
Drosera spatulata

Bd

Bd
Bd

Bd

Bd

Bd

Bd
8d

Bd

Bd

Bd

8d
Bd

Bd
Bd

Bd
Bd

Bd

Bd
Bd

Bd

Bd
Bd

8d

BW Li Sp

BW L

BW Li  Sp

BW

BW Sp

BW

BW

BW

Li

Li
BW

BW

Sp

BW Sp

BW Li

BW
Li

BW
BW
BW
BW

5p
Sp

BW
BW

BW
BW Li

BW Li

BW

BW L Sp
BW

BW L

BW Sp
BW
BW
BW

Lo Ma Mu Be

Mu Be
Mu Be

Mm

Lo Mm

Mu Be
Mu Be

Mm
Mm

Lo
Lo

Mu Be

Be

Be
Be
Be

Lo

Mm  Mu

[¥s] Mu

Be

Mm
Mm Mu
" Mu

Lo Be

Lo

Lo

Mm Mu

Mm
Mm

Mu
Mu

Lo

Mm
Mm
Mm
Mm
Mm
Mm
Mm

Mu
Mu
Mu
Mu

Be
Be

Be
Lo Be
Lo
Lo Mu Be
Be
Mu  Be

Mu

Be
Be

Be

Mu
Mu
Mm Mu
Mm
Mm

Lo Mu

KC

KC
KE

KC
KC

KC

KC
KC
KC

KC
KC

KC
KC

KC

KC
KC

KC
KC
KC

KC

KC
KC
KC

KC

Ba

Ba
Ba

Ba

Ba

Ba

Ba

Ba

Ba

Ba

An

An

An
An
An

An

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka
Ka
Ka
Ka

Ka

Ka

Ka
Ka

Ka
Ka
Ka

Ka

Gn
Gn
Gn

Gn
Gn

Gn
Gn

Gn

Gn

Gn

Gn

Gn
Gn
Gn
Gn

Gn
Gn

Gn
Gn

Gn
Gn
Gn

Gn

Gn
Gn

Gn
Gn
Gn

Gn

Gd

Gd
Gd

Gd
Gd

Gd

Gd

Gd
Gd
Gd

Gd

Gd
Gd

Gd
Gd
Gd

Gd

Gd

Gd

Gd

Gd

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu
Cu

PH

PH

PH

PH

PH

PH

PH

PH
PH

PH

PH

PH

DH

DH

DH

DH

DH

DH

DH

Da

Da

Da

Da

Da

Da

Da

Da

Da

Da

Da

LC

LC
LC

LC

LC

tc
LC

LC

LC

LC
LC

LC
LC
LC
LC

LC

LC

LC

LC

Ma Wa SH
Ma SH
Ma Wa SH
SH
Wa SH
SH
SH
SH
SH
Wa SH
SH
Ma SH
Ma
Ma SH
SH
Wa
Ma SH
SH
SH
Ma SH
Ma SH
Ma SH
SH
SH
Ma SH
Ma SH
Ma SH
Ma SH

HB

HB
HB

HB

HB

HB

HB

HB

HB
HB

HB

HB

HB

HB

HB

HB

Wo La

La

Wo La

Wo
Wo
La

La

ta

La

Wo
Wo

Wo la

La
Wo

Wo

La

ta

La
La
La
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Botanical name

Ebenaceae
Diospyros australis

Elaeocarpaceae
Flacocarpus reticulatus
Sloanea australis

Elatinaceae
Elatine gratioloides

Epacridaceae
Acrotriche divaricata
Astroloma humifusum
Astroloma pinifolium
Brachyloma daphnoides
Dracophyllum secundum
Epacris crassifolia
Epacris longiffora
Epacris microphylla
Epacris obtusifolia
Epacris pulchella
Epacris purpurascens
var. purpurascens
Epacris rigida
Leucopogon amplexicaulis
Leucopogon appressus
Leucopogon deformis
Leucopogon ericoides
Leucopogon esquamatus
Leucopogon juniperinus
Leucopogon lanceolatus
Leucopogon margarodes
Leucopogon microphylius
Leucopogon muticus
Leucopogon parviflorus
Leucopogon setiger

Leucopogon virgatus
Lissanthe sapida

Lissanthe strigosa

Melichrus procumbens
Monotoca elfiptica

Monotoca scoparia
Sprengelia incarnata
Styphelia laeta subsp. laeta
Styphelia laeta subsp. latifolia
Styphelia longifolia

Styphelia triflora

Styphelia tubiflora

Styphelia viridus subsp. viridus
Trochocarpa laurina

Woollsia pungens

Escalloniaceae
Abrophyllum ornans

Euphorbiaceae
Amperea xiphoclada
Bertya brownii

Breynia oblongifolia
Glochidion ferdinandi
Micrantheum ericoides
Monotaxis linifolia
Omalanthus populifolius
Phyllanthus gasstroemii
Phyllanthus hirtellus
Poranthera corymbosa
Poranthera ericifolia
Poranthera microphylla
Pseudanthus orientalis
Pseudanthus pimelecides
Ricinocarpos pinifolius

Eupomatiaceae
Eupomatia laurina

Bd

Bd

Bd

Bd
Bd
B8d
Bd

Bd
Bd
Bd

Bd

Bd

Bd
Bd

Bd

Bd
Bd

8d
Bd
Bd
Bd
Bd
Bd
Bd
Bd

Bd

Bd

BW Li

BW

BW

BW
BW

BW

BW

BW

BW

BW Li
BW L

BW
BW

BW

BW Li

BW

BW

BW

BW
BW

BW L

BW

BW
BW

BW
BW

BW
BW

BW

Li

Sp

Sp

5p

Lo

to

Lo

Lo

Lo
Lo

Lo

Lo

Ma Mu Be

Mm Mu

Mm Mu
Mm Mu

Mu

Mm Mu

Mm  Mu

Mu

Mm Mu
Mm

Mm Mu

Mm
Mm

Mm
Mm
Mm

Mm
Mm
Mm

Mu
Mu
Mu

Mu

Mu
Mu

Mu

Mu
Mu
Mu
Mu

Mu
Mu
Mu
Mu

Be

Be
Be

Be
Be

Be

Be

Be
Be
8e

Be
Be
Be
Be

Be

KC

KC

KC

KC
KC

KC
KC
KC

KC
KC

KC
KC

KC
KC

KC

KC

KC

KC
KC
KC
KC
KC

KC
KC
KC
KC
KC
KC

KC
KC
KC
KC
KC
KC

KC
KC

KC

Ba

Ba

Ba

Ba

Ba

Ba

Ba

Ba
Ba

Ba
Ba
Ba
Ba

Ba

An Ka
An Ka
Ka
Ka
Ka
An
Ka
An  Ka
Ka
Ka
Ka
An
Ka
An  Ka
Ka
Ka
Ka
Ka
An  Ka
Ka
An  Ka
An  Ka
Ka
Ka
An  Ka
An  Ka
Ka
Ka
An  Ka
An Ka

Gn
Gn
Gn
Ghn
Gn
Gn
Gn

Gn
Gn

Gn
Gn

Gn

Gn

Gn
Gn
Gn

Gn
Gn
Gn

Gn

Gn
Gn
Gn

Gn
Gn
Gn

Gn
Gn
Gn
Gn

Gn
Gn

Gd Cu

Gd

Gd

Gd
Gd
Gd
Gd
Gd
Gd
Gd

Gd
Gd

Gd
Gd

Gd

Gd

Gd

Gd
Gd

Gd
Gd

Gd
Gd
Gd

Gd

Gd
Gd
Gd
Gd
Gd
Gd
Gd

Gd

Gd

Cu
Cu

Cu

Cu
Cu

Cu

PH DH

PH

PH
PH

PH
PH

PH

PH

PH

PH

PH
PH

PH

PH

PH

DH

DH
bDH

DH

DH

Da

Da

Da

Da

Da
Da

Da

Da

Da

Da

Da

Da

IC Ma Wa SH HB Wo La

IC Ma Wa SH

LC
LC
LC
LC
LC

LC

LC

LC

LC

LC

LC

Lc

Lc

LC

LC

LC

LC
LC

LC
LC
Lc
LC
LC

LC
LC

LC

Ma
Ma
Ma
Ma
Ma

Ma
Ma

SH

SH

SH
SH

SH

HB

HB

Wa SH HB

Wa
Wa
Wa

SH
SH
SH

SH
SH
SH

SH

SH
SH
SH
SH
SH
SH
SH
SH
SH

SH

HB

HB
HB

HB

Wo La

La

Wo

Wo La
Wo La

La
La

Wo
Wo

Wo
Wo
Wo
Wo

Wo

La

La

La

La

La

La

La

La

La

La

ovL
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Botanical name

Fabaceae-Faboideae
Almaleea paludosa
Aotus ericoides
Bossiaea ensata
Bossiaea heterophylla
Bossiaea fenticularis
Bossiaea obcordata
Bossiaea prostrata
Bossiaea rhombifolia
Bossiaea scolopendria
Bossiaea stephensonif
Daviesia alata
Daviesia corymbosa
Daviesia ulicifolia
Desmodium brachypodum
Desmodium rhytidophylium
Desmodium varians
Dillwynia acicularis
Diltwynia floribunda

var. floribunda
Dillwynia floribunda

var. teretifolia
Dillwynia glaberrima
Dillwynia parvifolia
Dillwynia retorta
Dillwynia sericea (D. rudis)
Glycine clandestina

species complex
Glycine microphylla
Glycine tabacina

species complex
Gompholobium glabratum
Gompholobium grandiflorum
Gompholobium latifolium
Gompholobium minus
Gompholobium pinnatum

Gompholobium virgatum
Goodia lotifolia
Hardenbergia violacea
Hovea lanceolata
Hovea linearis
Hovea longifolia
Hovea purpurea
Indigofera australis
Jacksonia scoparia
Kennedia rubicunda
Mirbelia rubiifolia
Mirbelia speciosa
subsp. speciosa
Oxylobium cordifolium
Oxylobium ilicifofium
Oxylobium scandens
var. scandens
Phylfota grandiflora
Phyllota phylicoides
Platylobium formosum
Pultenaea daphnoides
Pultenaea dentata
Pultenaea elliptica
Pultenaea ferruginea
var. deanei
Pultenaea ferruginea
var. ferruginea
Pultenaea flexilis
Pultenaea hispidula
Pultenaea linophyila
Pultenaea microphylla
Pultenaea paleacea
Pultenaea polifolia
Pultenaea retusa
Pultenaea rosmarinifolia
Pultenaea scabra
Pultenaea stipularis
Pultenaea villosa

Bd

Bd
Bd
Bd

8d

8d
Bd
Bd

Bd

Bd

Bd
Bd

Bd

Bd
Bd

Bd

Bd

8d
Bd
Bd

Bd

Bd
Bd

8d

Bd

Bd

BW Li

BW
BW

BW

BW
BW
BW

BW

BW

BW

BW
BW

BW

BW
BW
BW
BW

BW

BW

BW

Li

Li

Li

Li

Li

Li

Sp

sp

5p

Sp

sp

sp

Sp
Sp

Sp

Sp

Lo

Lo
Lo

Lo

to

Lo

Lo

to

Lo

Lo

Lo

Ma

Mm
Mm
Mrn

Mm
Mm
Mm

Mm
Mm
Mm
Mm
Mm

Mm
Mm

Mu

Mu

Mu

Mu
Mu
Mu
Mu
Mu
Mu
Mu

Mu

Mu

Mu

Mu
Mu
Mu

Mu

Mu

Mu
Mu

Be

Be
Be
Be
Be

Be

Be
Be

Be

Be

Be

Be

Be

Be

Be
Be

Be

Be
Be

Be

Be

Be

Be
Be

Be

Be

Be

Be

Be
Be
Be

KC

KC

KC

KC

KC

KC

KC

KC

KC
KC
KC
KC
KC

KC

KC
KC

KC
KC
KC
KC
KC
KC

KC

KC
KC
KC
KC
KC

KC

Ba

Ba

Ba

Ba

Ba

8a

Ba

Ba

Ba

An

An
An

An

An

An

An

An

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka
Ka

Ka

Ka

Gn

Gn
Gn
Gn

Gn

Gn
Gn

Gn

Gn
Gn

Gn

Gn
Gn

Gn

Gn
Gn

Gn
Gn

Gn

Gn
Gn
Gn

Gn

Gn
Gn
Gn
Gn

Gn

Gd

Gd
Gd

Gd

Gd

Gd

Gd

Gd
Gd

Gd
Gd
Gd
Gd

Gd

Gd

Gd

Gd
Gd
Gd
Gd

Gd

Gd

Gd

Gd

Gd

Cu

Cu

Cu

Cu

Cu

Cu

Cu

Cu

PH

PH

PH

PH

PH
PH

PH

PH

PH

PH

PH
PH
PH

PH

PH

PH

PH

PH

DH Da
Da
Da
DH
Da
DH
Da
DH Da
Da
DH
DH Da
Da
Da
DH Da
Da
Da

LC

LC

LC

LC

L.C
LC

LC

LC
LtC
LC

LC

LC

LC

LC

LC

LC

LC

LC

LC

Ma

Ma

Ma

Ma

Ma

Ma
Ma
Ma

Ma

Wa

Wa

Wa

Wa

Wa

Wa

Wa
Wa

SH

SH
SH

SH

SH

SH

SH

SH

SH

SH

SH
SH

SH

SH

SH
SH

SH
SH
SH

SH

SH
SH

HB Wo La
La
Wo La
La
Wo La
HB
ta
HB
La
La
HB
La
HB La
HB
La
HB
HB Wo La
HB
HB8
HB Wo la
La
ta
HB
HB Wo
Wo Lla
ta
Wo La
HB
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Botanical name Bd BW Li Sp Lo Ma Mu Be KC Ba An Ka Gn Gd Cu PH DH Da LC Ma Wa SH HB Wo Lla IN
N
Sphaerolobium vimineum BW Be KC PH La
Viminaria juncea BW to Mu B
omia dyetiocaims u Be KC Gn Gd PH tC Ma Wa SH Wo La
var. dyctiocarpa PH
Fabaceae-Mimosoideae
Acacia binervia
Acacia brownif Mm Gn o t M e
Acacia buxifolia subsp. buxifolia Be LC ’
Acacia decurrens Mm Mu Be PH D
Acacia echinula Mu ° Lc e
Acacia elata Bd BW Sp Mm Gd PH Lc
Acacia elongata var. elongata Be M
Acacia falcata Cu D ? W
Acacia filicifolia Bd Mm ’ ’ e
Acacia fimbriata BW
Acacia floribunda BW Mm Mu Be KC Al ’
Acacia hispidula Mm Be " Gd cuoprobn e LC m
Acaqa {mplexa Bd BW Lo Mm Mu KC Ba Gn DH SH La
Acacia irrorata subsp. irrorata  Bd  BW Be Gn - Gd
Acacia linifolia BW Mm Mu Be K
. ia ) Ka Gn Gd PH Da LC Ma Wa SH Wo
::EZS’Z ;ggggfs)lllﬁ BW Li  Sp Lo Mm Mu Be KC Ba An Ka Gn Gd Cu PH Da LC ™Ma Wa SH HB Wo
a Mm Be KC K
Acacia maidenii Bd BW Sp ? on o Cu mon e o
Acacia myrtifolia Bd BW Mm Mu Be KC Ba An G
l n Gd Da LC Ma Wa SH Wi
Qcaqa oxycedrus Bd BW Sp Mu Be KC Ka Gn PH ’ ’ e o g
cacia parramattensis BW Mm Be An S
Acacia parvipinnula Be o Eg i < e e e ‘8
Acacia prominens BW g
Acacia quadrilateralis Bd 3
Acacia schinoides BW <
Acacia sophorae Bd HB L é
Acacr:a stricta Gn Cu PH Wa HB ? w
Acacia suavgoleps Bd BW Li Sp Lo Mm Mu Be KC Ba An Ka Gn Gd PH DH Da LC Ma Wa SH HB Wo La 5
QEZEIZ tel_rnjfrr:ﬁlls 6 BW Mm Mu Be KC Ka Gn Gd PH tC Ma Wa SH Wo La s
ia ulicifolia BW Li lo Mm Mu Be KC Ba Al K 8
Porrebidncion pruinosum oo n a Gn Gd Cu PH Pa LC Ma Wa SH HB Wo la L

Flacourtiaceae 93.3
Scolopia braunii Bd a
3
Gentianaceae 3]
Centaurium spicatum HB T
, 3
Geraniaceae L
Frodium crinitum La "
Geranium homeanum Lo © Mu KC Cu LC SH ‘§
Geranium potentilloides Mm &
Geranium solanderi S
var, solanderi BW Be Cu DH g,
Pelargonium australe Bd BW ta 3
Pelargonium inodorum Bd BW Ba Ka Wo <
[(s)
Goodeniaceae g;
Dampiera purpurea Mm Mu Be KC LC =
Dampiera scottiana Mm =
Dampiera stricta Bd BW Mm Mu Be KC An Ka Gn Gd PH Da LC Ma SH La
Goodenia bellidifolia Bd BW L Mu Be KC Ka Gn Gd PH LC Ma SH La
Goodenia dimorpha
var. dimorpha BW KC LC Ma Wa
Goodenia hederacea Lo KC PH Da LC Wa HB Wo
Goodenia heterophylla Bd BW Sp Lo Mm Mu Be KC An Ka Gn Gd Cu PH DH Da LC SH
Goodenia ovata BW L to Mm Be KC Ba An Ka On LC HB La
Goodenia paniculata BW Lo Gn HB
Goodenia stelligera Mm Gn PH Ma SH La
Scaevola albida Be
Scaevola ramosissima Bd BW L Sp Lo Mm Mu Be KC Ba An Ka Gn Gd PH Da LC Ma La
Selliera radicans La
Velleia lyrata BW Be KC SH
Haloragaceae
Gonocarpus micranthus BW Mu Be An Ka Gn Gd LC Ma SH La
Gonocarpus salsoloides BW Be Ma SH La
Gonocarpus tetragynus BW Mu Be KC Gd Da Wwa SH HB La
Gonocarpus teucrioides Bd BW lo Mm Mu Be KC Ba Ka Gn Gd Cu pa 1C Ma SH Wo La -
Haloragodendron lucasii Gd 5




A

Botanical name Bd BW Li Sp Lo Ma Mu Be KC Ba An Ka Gn Gd Cu PH DH Da LC Ma Wa SH HB Wo la IN
&

Lamiaceae

Hemigenia purpurea BW Mu Be KC Gn Gd PH LC Ma SH
Lycopus australis Mu

Plectranthus graveolens Sp

Plectranthus parviflorus Bd BW Sp Lo Mm Mu Be KC Ba An Ka Gn Cu DH SH
Prostanthera denticulata KC Ba Ka Gn Gd

Prostanthera incana Mu

Prostanthera linearis Bd BW Mm Mu Be KC Gn  Gd LC

Prostanthera ovalifolia s. lat. lo Mm Mu Be

Prostanthera rhombea BW Mm

Westringia fruticosa Bd BW Ui Ba SH La

Lauraceae

Cassytha glabella Bd Li lo Mm Mu Be KC Ba An Ka Gn Gd PH tC SH HB La
Cassytha pubescens BW Li lo Mm Mu Be KC Ba An Ka Gn Gd PH DH Da LC® Ma Wa SH HB La
Cryptocarya glaucescens BW Ka

Endiandra sieberi Bd BW i Lo KC Ka Gn SH La

Lentibulariaceae

Utricularia biloba L
Utricularia dichotoma BW Be KC Ma SH La
Utricularia lateriflora Bd BW Be Ka

‘Utricularia uliginosa BW La

Lobeliaceae

Lobelia alata Bd BW Li lo  Mm Mu KC Ba An Gd LC Ma SH Wo La
Lobelia dentata BW Be KC Ka Gn Gd Da Ma SH

Lobelia gibbosa BW Ka PH

Lobelia gracilis Wa SH Wo
Pratia purpurascens Bd BW Sp Lo Mm Mu Be KC Ba An Ka Gn Gd Cu PH DH Da LC Wa SH HB Wo

Loganiaceae

Logania albiflora Bd BW Sp Lo Mm Mu Be KC Ka Gn Gd PH Ma SH Wo
Logania pusilla Mu Ka

Mitrasacme polymorpha Bd BW Lo Mm Mu Be KC An Ka Gn Gd Da LC Ma SH ta

7661 ()€ oA erweybuiuuny

Loranthaceae
Amyema congener PH LC Wo
Amyema gaudichaudii HB
Amyema miquelii BW
Amyema pendulum
subsp. pendulum Bd
Dendrophthoe vitellina Bd Mu Be PH LC SH HB Wo
Muellerina celastroides BW Li Lo Mu Ba SH
Muellerina eucalyptoides Bd BW Mu Gd

Lythraceae .
Lythrum hyssopifolia HB

Malvaceae
Hibiscus diversifolius Gn
Howittia trilocularis Bd BW

uonelsban |eInjeu ASUPAS ‘jleaMOH ® uosuag

Meliaceae

Melia azedarach Be KC Gn Cu

Synoum glandulosum Bd BW Sp lo Mm Mu Be KC Ba An Ka Gn LC SH
Toona ciliata (Toona australis) KC

Menispermaceae
Sarcopetalum harveyanum Bd BW Sp Lo Mu Be KC Ba An Ka Gn Cu tC SH HB Wo ia
Stephania japonica
var. discolor 8d BW i lo Mm Mu Be KC Ba An Ka Gn PH LC SH La

Menyanthaceae
Villarsia exaltata Gn

Monimiaceae

Doryphora sassafras BW

Palmeria scandens BW Be

Wilkiea huegefiana Bd BW KC Ba An Ka

Moraceae

Ficus coronata Bd B8W Mu Be KC Ba Gn LC

Ficus rubiginosa Bd BW L Sp Lo Mm Mu Be KC Ba An Ka Gn Gd PH SH Wo I
Ficus superba var. henneana BW ~

Malaisia scandens Bd




Botanical name Bd BW Li Sp Lo Ma Mu Be KC Ba An Ka Gn Gd Cu PH DH Da LC Ma Wa SH HB Wo La 5
Myoporaceae
Eremophila debilis HB
Myoporum acuminatum Bd BW Mu
Myoporum insulare Bd BW Cu HB
Myrsinaceae
Aegiceras corniculatum Bd BW Lo Mm Mu Be KC LC HB
Rapanea howittiana Bd BW U Mu Ba Ka SH La
Rapanea variabilis Bd BW LU lo Mm Mu Be KC Ba An Ka Gn Gd Cu PH DH SH HB Wo la
Myrtaceae
Acmena smithii Bd BW Li Sp Mm Mu Be KC Ba An Ka Gn PH ba LC SH ta
Angophora bakeri to Mm Mu Be Da LC Wa
Angophora costata Bd BW L Sp Lo Mm Mu Be KC An Ka Gn Gd Cu PH DH Da Ma Wa SH Wo 1La
Angophora crassifolia KC Gn Gd IC Ma
Angophora floribunda Bd BW Sp to Mm Mu Be KC An Cu DH c . HB Wo
Angophora hispida Bd BW Mm Mu Be KC Gn Gd PH LC Ma SH
Austromyrtus tenuifolia BW Mm Mu Be KC Gn Gd PH LC Ma
Backhousia myrtifolia Bd BW Sp Lo Mm Mu Be KC Ba Ka Gn Gd PH Da tC
Baeckea brevifolia Bd BW Mm Mu Be KC Gn LC SH
Baeckea densifolia Gn Gd PH Ma
Baeckea diosmifolia Bd BW Mm Mu Be KC Gn Gd tC Ma SH
Baeckea imbricata Bd BW L Mu Be KC Ba Gn Gd Ma SH La
Baeckea linifolia BW Mm Mu Be KC An Ka Gn Gd PH Ma
Baeckea ramosissima Bd Gn Gd LC SH N
Baeckea virgata Lo Be Gn LC 5
Callistemon citrinus Bd BW Mu Be KC An Gn  Gd PH LC Ma SH Wo La g
Callistemon linearifolius U Sp Mu KC Gn g
Callisternon linearis Bd BW Mu Be KC Ba Ka Gn Gd tC Ma Wa SH Wo La %
Callistemon pinifolius Gn La 3
Callistemon rigidus Ka Gn Ma <
Callistemon salignus Gn LC SH =X
Calytrix tetragona Bd BW Mm Mu Be KC Gn Gd PH tC Ma SH La b
Darwinia biflora Mm Be KC LC £
Darwinia fascicularis BW Mm Mu Be KC An Ka Gn Gd tC Ma SH La 3
Darwinia glaucophylla BW °
Darwinia leptantha SH la &
Darwinia peduncularis Mm Be g
Darwinia procera . BW Mm KC Gn Gd 3
Eucalyptus acmenoides BW Mm Cu e
Eucalyptus agglomerata Mm KC z
Eucalyptus beyeriana Mm ;3
Eucalyptus botryoides Bd BW Li KC Ba An Gn SH Wo la £
Eucalyptus camfieldii Be KC SH ©
Fucalyptus capitellata Bd BW Be K Gn  Gd Ma g
Fucalyptus deanei Bd BW 2
Eucalyptus eugenioides Mm 2
Fucalyptus eximia BW Mm Mu Be KC Ba =
Eucalyptus fibrosa HB I~
Fucalyptus globoidea BW Mm Be PH Da Wa SH HB <
Fucalyptus grandis ‘ Gn Q
Eucalyptus qgummifera Bd BW Sp Lo Mm Mu Be KC An Ka Gn Gd Cu PH Da LC Ma Wa SH HB Wo la 8
Eucalyptus haemastoma Bd BW Mm Mu Be KC An Ka Gn Gd PH IC Ma Wa SH HB Wo 5
Eucalyptus longifolia HB >
Eucalyptus luehmanniana BW KC Gn Gd
Fucalyptus maculata Bd BW KC An
Eucalyptus moluccana HB
Eucalyptus multicaulis Bd BW Be Gd
Eucalyptus oblonga BW Be KC Gn Gd Ma
Eucalyptus obstans Gn Ma SH
Eucalyptus paniculata Bd BW L Be KC An Ka Gn Gd Cu-PH DH L Wa HB
Eucalyptus pilularis Bd Mm Be KC Gd Cu PH DH Da HB Wo
Eucalyptus piperita Bd BW Sp Lo Mm Mu Be KC An Ka Gn Gd PH pa LC Ma Wa SH Wo
Eucalyptus punctata Bd BW Sp Lo Mm Mu Be KC An Ka Gn Gd Ma Wa SH HB
Eucalyptus racemosa Mm Mu Be KC Gn Gd Ma
Eucalyptus resinifera BW Sp Mm Be KC Cu PH LC Wa HB
Eucalyptus robusta Bd An Gn SH Wo La
Fucalyptus saligna Be Gd Cu DH Da IC
Eucalyptus scias subsp. scias ~ Bd  BW KC Ka Gn
Fucalyptus sclerophylla Mm
Eucalyptus sieberi BW Mu Be KC Gn Gd Ma
Eucalyptus sparsifolia Mm
Eucalyptus squamosa BW Mm Mu Be KC Gn

6vL

Eucalyptus tereticornis Mm Cu LC SH




Botanical i
name Bd BW Li Sp Lo Ma Mu Be KC Ba An Ka Gn Gd Cu PH DH Da LC Ma Wa SH HB Wo la

0sL

EKT,?ZZZthn ggﬁ;a gg BW Sp Lo Mu KC An Ka Gn Gd Da Ma SH
BW Li Sp Lo Mu Be K¢ Ba An Ka G
) d Cu PH
Kunzea capitata BW Mm Mu Be KC Gn Gd RV
Kunzea rupestris Mm KC o "
Leptospermum arachnoides BW
e e den m$ Mu Be KC Gn Gd PH tC Ma SH ta
Leptospermum grandifolium BW Mm Be G Gg &
Leptospermum juniperinum 8d BW Mu KC An  Ka Gn gd Mo
Leptospermum laevigatum Bd BW U Ba " e o -
Leptospermum parvifolium BW Mm KC gg « " .
Leptospermum polygalifolium Bd BW M Ma
e e B o m Mu Be KC Ba An Ka Gn Gd PH Da LC Ma SH Wo La
Leptospermum squarrosum Bd BW M
juarrc _ m Mu Be KC Ba Ka Gn Gd

ﬁjptospermum‘tnr{erwum Bd BW Li Sp lo Mm Mu Be KC Ba An Ka Gn Gd PH o o -

elaleuca armillaris Do 10 M Wb e s
Melaleuca biconvexa Bd ' i .
Melaleuca deanei BW
Melaleuca decora be o
Melaleuca ericifolia Lo e
Melaleuca hypericifolia B e
Melaleuca linariifolia Bd Mu Be : e "
Melaleuca nodosa o Wo La
Melaleuca quinquenervia Lo ™ g e
Melaleuca squamea i
Melaleuca styphelioides Bd BW .
Mglaleuca thymifolia Bd on o e " e
Micromyrtus blakelyi Mm  Mu ™ o ta
Micromyrtus ciliata Bd M

d M

Rhodamnia rubescens Bd M: v b EE e e
Rhodomyrtus psidioides Ba >
Syncarpia glomulifera Bd BW L ¢
e e o Mm Mu Be KC An  Ka Gd Cu PH DH Da LC wa SH HB Wo
Syzigium oleosum Bd BW Ba o
Syzygium paniculatum o
Tristania neriifolia BW e

. . . M
Tr{stanlopSIs collina Bd Lo ' gg KC Ba o i
Tristaniopsis laurina Bd BW Sp Mm Mu Be KC Ka Gn gg PH ba tC " W

Wao
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Olacaceae
s Mm Mu Be KC Gn Gd I Ma SH

Olax stricta BW

Oleaceae
Notelaea longifolia Bd BW Li Sp lo Mm Mu ge KC Ba An Ka Gn Gd Cu DH Da LC wa SH HB Wo La
Be KC Gn SH Wo

Notelaea ovata
Notelaea venosa Bd BW Mm KC

HB Wo

Onagraceae
Be KC
HB

Epilobium billardierianum
Ludwigia peploides

Oxalidaceae o
Oxalis exilis

Oxalis rubens Gn

Oxalis thompsoniae : Ba

uoneyehan jeineu KaupAs ‘jfamo % uosusg

passifloraceae
Passiflora cinnabarina Ka c c
Ppassiffora herbertiana Mu KC u

Peperomiaceae
Peperomia blanda

var, floribunda Lo
Peperomia tetraphylla BW
Pittosporaceae
Billardiera scandens
var. scandens Bd BW U lo Mm Mu Be KC Ba An Ka Gn Gd Cu p4 DH Da LC Ma VV://a SH i:{g x\lvg La
Bursaria spinosa var. spinosa BW sp Lo Mm Mu Be KC Ka Gn SJJ PH DH a
Citriobatus pauciflorus Bd BW Mm
Pittosporum revolutum Bd BW Mm Mu Be KC Ba An Ka Gn Cu PH DH Da LC w gﬁ :g Wo E
Pittosporum undulatum Bd BW LU Lo Mm Mu Be KC Ba An Ka Gn Gd Cu pi DH Da LC Ma a
Mm Mu Be KC Gn Gd PH LC

Rhytidosporum procumbens

plantaginaceae

Plantago debilis BW
Plantaginaceae

Plantago hispida Bd Li

LS.




Botanical name Bd BW Li Sp Lo Ma Mu Be KC Ba An Ka Gn Gd Cu PH DH Da LC Ma Wa SH HB Wo lLa

[4=7A

Polygalaceae
Comesperma defoliatum : KC

Comesperma ericinum Bd BW M ke
Comesperma sphaerocarpum B m Mu Be lég }EZ g: Gd PH Da LC Ma SH La
Comesperma volubile BW Mm Mu Be KC Ka Gn PH Da
Polygonaceae
Muehlenbeckia gracillima . BW Mu Gd
Persicaria decipiens BW
Persicaria hydropiper Mu B KC o gn SH HB Wo la
Persicaria lapathifolia KC
Persicaria praetermissa Mu e
Persicaria strigosa Gn
Polygonum plebeium Wo
Rumex brownii BW Li Mu  Be ) HB
Portulacaceae
Calandrinia pickeringii Li
Portulaca oleracea s BW to. Mm Be Ke Ka L SH
Primulaceae
Samolus repens BW Lo Mm Mu Be KC Gn  Gd LC HB ta
Proteaceae
Banksia aemula Bd
BankS/:a gricifolia var. ericifolia Bd BW Li Mm Mu Be KC Ba An Ka Gn Gd PH Lt Ma gﬁ ‘ia g
Banks{a lnteg(ifo/ia Bd BW Li Sp to Mm Mu Be KC Ba An Ka Gn Gd PH LC SH Wo LZ 3
g:z//gg g?;/rglniafta/. g Sp Mm Mu Be KC Gn  Gd PH IC Ma SH g
longifolia B BW ”
o roburg W Mm Mu Be }EE Ba An Ka Gn Gd PH L Ma 2: Wo tz %:f
Banksia serrata Bd BW LU S &
Banksia spinulosa var. collina  Bd P Lo Mm M g: KC Ba An Ka on Gd PH Da tC Ma Wa SH Wo la <
Banksia spinulosa =
var. spinulosa BW Sp Lo Mm Mu Be KC 2
gonospermum longifolium Bd BW P Mm Mu Be KC A Eg g: gg gr{ ba Lc ’\I\ﬁ: wa gg Wo £
onospermum taxifolium Bd BW 2
Conospermum tenuifolium BW Be Eg Gn Gd PH LI Ma SH La §
Grevillea buxifolia &
subsp. buxifolia BW Mm Mu Be KC Ka Gn Gd PH pa LC Ma SH Wo 2
Grevillea buxifolia 8
subsp. sphacelata ) SH 0
Grevillea caleyi KC Gn Gd RS
Grevillea linearifolia Bd BW Be KC An Gn Gd PH Da LC Ma SH HB 3
Grevillea linearifolia s
(G. parviflora) Mm @
Greviflea mucronulata Mm KC SH =3
Grevillea sericea BW Sp Mm Mu Be KC An Ka Gn PH Da LC Ma Wa SH Wo 2
Grevillea shiressii BW 2
Grevillea speciosa BW Mm Be KC An Gn  Gd PH Da LC Ma SH =
Hakea bakeriana Mm Be LC S
Hakea dactyloides Bd BW Li Sp Lo Mm Mu Be KC An Ka Gn Gd PH LIC Ma SH Wo la s
Hakea gibbosa Bd BW Mm Mu Be KC Ba An Ka Gn Gd PH LC Ma SH La Q
Hakea propinqua BW Mm Mu Be KC Gn Gd LC iy
Hakea salicifolia BW Be An Gn  Gd Da LC Y
Hakea sericea Bd BW U Mm Mu Be KC Ba An Ka Gn Gd Cu PH Da LC Wa SH Wo =
Hakea teretifolia Bd BW Li Mm Mu Be KC Ba Ka Gn Gd PH LC Ma SH La
Isopogon anemonifolius Bd BW Mm Mu Be KC An Gn Cu PH Da LC Wo L3
Isopogon anethifolius Bd BW Li Mu Be KC Ba Gn Gd Cu PH pa LC Ma SH
Lambertia formosa Bd BW Mm Mu Be KC An Ka Gn Gd PH Da LC Ma SH Wo La
Lomatia myricoides BW Mm Mu Be KC Gn Gd PH LC
Lomatia silaifolia Bd BW o Mm Mu Be KC Ba An Ka Gn Gd Cu PH Da LC Ma Wa SH Wo Lla
Persoonia hirsuta
subsp. hirsuta Mu
Persoonia isophylla Bd BW KC
Persoonia lanceolata Bd BW Mm Mu Be KC Ka Gn Gd 1C Ma Wa SH La
Persoonia laurina
subsp. faurina Mm Be KC Gn PH Da tC Ma Wa Wo
Persoonia levis Bd BW L Sp Lo Mm Mu Be KC Ba An Ka Gn Gd PH DH Da LC Ma Wa SH Wo La
Persoonia linearis Bd BW L Sp Lo Mm Mu Be KC An Ka Gn Gd Cu PH DH Da LC Ma Wa SH Wo
Persoonia mollis subsp. mollis KC
Persoonia pinifolia BW Mm Mu Be KC Ka Gn Gd PH LC Ma
Petrophile pulchella Bd BW Ui Mm Mu Be KC An Ka Gn Gd PH pa tC Ma SH La
Petrophile sessilis Bd LC
Stenocarpus salignus BW Mm Mu Be KC Ka Gn Gd Da LC \1
Symphionema paludosum BW Gd &0
Telopea speciosissima Bd BW Mu Be KC Ka Gn Gd PH pa LC Ma SH

Xylomelum pyriforme Bd BW Sp Lo Mm Mu Be KC An Ka Gn Gd PH Da LC M™Ma Wa SH Wo La




Botanical name

Ranunculaceae
Clematis aristata
Clematis glycinoides
var. glycinoides
Ranunculus inundatus
Ranunculus plebejus

Rhamnaceae
Alphitonia excelsa

Cryptandra amara var. amara

Cryptandra ericoides
Pomaderris aspera
Pomaderris discolor
Pomaderris eliptica
Pormaderris ferruginea
Pomaderris intermedia
Pomaderris lanigera
Pomaderris ligustrina

Rosaceae
Rubus hillii
Rubus parvifolius
Rubus rosifolius

Rubiaceae

Canthium coprosmoides
Coprosma quadrifida
Galium binifolium
Galium propinquum
Morinda jasminoides
Opercularia aspera
Opercularia diphylla
Opercularia hispida
Opercularia varia
Pomax umbellata
Psychotria loniceroides

Rutaceae
Acronychia oblongifolia
Asterolasia correifolia
Asterolasia elegans
Boronia anemonifolia
Boronia floribunda
Boronia fraseri
Boronia ledifolia
Boronia mollis
Boronia parviflora
Boronia pinnata
Boronia polygalifolia
Boronia rigens
Boronia serrulata
Boronia thujona
Correa alba var. alba
Correa lawrenciana
var. macrocalyx
Correa reflexa
Crowea saligna
Friostemon australasius
Eriostemon buxifolius
Eriostemon hispidulus
Eriostemon myoporoides
Eriostemon scaber
subsp. scaber
Phebalium dentatum
Phebalium diosmeum
Phebaliurn squamulosum
subsp. argenteurm
Phebalium squamulosum
subsp. squamulosum
Philotheca salsolifolia
Zieria involucrata
Zieria laevigata
Zieria pilosa
Zieria smithii subsp. A

Bd BW Li
Bd BW
BW
BW
BW
Bd BW
BW i
Bd
BW
Bd BW
BW i
Bd
BW
BW
BW
Bd BW
Bd BW
BW
Bd BW
Bd
Bd B8W
BW
BW
BW
BW
BW
BW
BW
BW
Bd BW
Bd BW
Bd BW U
BW Li
Bd
BW
BW
BW
BW
BW
Bd BW
Bd BW

Sp Lo
Lo
Sp
Lo
Sp
Lo
Lo
Lo
Sp Lo

Ma

Mm

Mm
Mm

Mm
Mm

Mm
Mm
Mm

Mm
Mm
Mm

Mm
Mm

M
Mm
Mm

Mu

Mu

Mu
Mu

Mu
Mu

Mu

Mu
Mu
Mu
Mu

Mu
Mu

Mu

Mu
Mu
Mu

Mu
Mu

Mu
Mu

Mu

Mu
Mu

Mu
Mu

Be

Be

Be

Be
Be

Be
Be

Be
Be

Be

Be

Be

Be

Be

Be

Be

KC

KC

KC

KC

KC

KC

KC

KC

KC

KC
KC
KC
KC
KC

KC
KC

KC

KC
KC
KC

KC

KC

KC
KC
KC
KC

KC

KC
KC

KC
KC
KC

Ba

Ba

Ba

Ba

Ba

Ba -
Ba

Ba

Ba

Ba

Ba

An

An

An

An
An

An

An

Ka

Ka

Ka

Ka

Ka
Ka
Ka
Ka

Ka

Ka

Ka
Ka

Ka

Ka

Ka

Ka

Ka

Ka
Ka

Gn

Gn

Gn
Gn

Gn
Gn
Gn
Gn

Gn
Gn

Gn
Gn

Gn

Gn

Gn

Gn
Gn

Gn
Gn
Gn

Gn
Gn

Gn
Gn
Gn

Gd Cu

Gd Cu
Cu

Gd

Gd
Gd

Gd
Gd Cu
Gd

Cu

Cu

Gd Cu
Gd Cu

Gd  Cu

Gd

Gd

Gd

Gd

Gd

Gd

Gd

Gd
Gd

Gd
Gd
Gd Cu

PH

PH

PH

PH

PH

PH

PH

PH

PH

PH

PH

PH
PH

DH Da

DH Da

DH

DH

Da

Da
Da

Da
Da

Da

Da

DH Da

LC Ma Wa
LC
LC Wa
LC
Ma
LC Ma
LC  Ma
L Ma Wa
tC Ma
LI Ma
LC
LC
Ma
Ma
LC
Ma
LC Ma
Ma
LC
LC

SH

SH

SH
SH

SH
SH

SH

SH
SH

SH
SH

SH

SH

SH

SH
SH
SH
SH

SH

SH
SH

HB

HB

HB

HB

HB

HB
HB

HB
HB

HB

Wo lLa

Wo

Wo

Wo

Wo

Wo
Wo

La

La

La
La

ta

La

La

La

La
La

La

La

La

~
wm
>N
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Botanical name Bd BW Li Sp Lo Ma Mu Be KC Ba An Ka Gn Gd Cu PH DH Da LC Ma Wa SH HB Wo La g
Sambucaceae
Sambucus gaudichaudiana Be
Santalaceae
Exocarpos cupressiformis Bd BW Li Sp Lo Mm Mu KC An  Ka Cu DH Da LC Wa SH HB Wo La
Exocarpos strictus Be .
Leptomeria acida BW Lo Mu Be KC Ka Gn PH LC
Sapindaceae
Alectryon subcinereus BW
Cupaniopsis anacardioides SH
Dodonaea camfieldii BW
Dodonaea pinnata BW Mm Mu KC Gn
Dodonaea triquetra Bd BW L Mm Mu Be KC Ba An Ka Gn Gd Cu PH DH IlC Ma Wa SH HB Wo tLa
Guioa semiglauca Bd BW Ba
Scrophulariaceae ’
Veronica calycina Be SH Wo
Veronica plebeia BW Mm Mu Be An Gd Cu DH Da IC Wa SH HB
Solanaceae
Duboisia myoporoides Bd Bw Mm Gn
Solanum americanum
(S. nodiflorum) BW Li Mm Be Ba An Ka Cu PH La
Solanum campanulatum BW Mu KC A
Solanum opacum S
(S. nigrum) Be Gn Cu SH La 3.
Solanum prinophyllum BW Mm Mu Be KC An  Ka Cu ]
Solanum pungetium BW Mm Cu g:
Stackhousiaceae °<)
Stackhousia monogyna BW 2
Stackhousia nuda BW KC Gn PH La w
Stackhousia viminea BW Mm Mu Be KC Ka Gn Gd LIC Ma HB B
©
r

Sterculiaceae E
Brachychiton popuineus Bd HB g
Lasiopetalum ferrugineum Bd BW Sp Mm Mu Be KC Ba An Ka Gn Gd PH Da Ma Wa SH La 35
Lasiopetalum macrophylium BW Sp Mm KC Ba ]
Lasiopetalum parviflorum Be Da HB g
Lasiopetalum rufum Mm  Mu KC Gd %
Rulingfa dasyphylla KC Gn tc =
Rulingia hermanniifolia Bd SH La o
Seringia arborescens KC %

2
Stylidiaceae 2
Stylidium graminifolium La =
Stylidium fineare BW Mu Be KC Gn Gd LC Ma SH >
Stylidium productum BW Li Lo Mm Mu Be KC Ka Gn Gd PH LC Ma Wa Wo 5

o]
Symplocaceae &
Symplocos thwaitesii BW §~

Thymelaeaceae
Pimelea curviflora

var. curviflora Ma
Pimelea curviflora var, gracifis Mu
Pimelea glauca BW
Pimelea latifolia subsp. hirsuta BW KC
Pimelea linifolia subsp. linifolia Bd  BW Mu Be KC Ba An Ka Gn Gd PH Da (C Ma Wa SH Wo La
Wikstroemia indica Bd BW i Ba SH
Tetratheca ericifolia Bd BW Mu Be KC Ka Gn Gd Ma
Tetratheca glandulosa Mm Mu Be KC Gn  Gd Da LC Ma
Tetratheca shiressii BW
Tetratheca thymifolia Bd BW Mm Mu Be KC An Ka Gn
Uimaceae
Trema aspera BW Mm Mu Be KC An Ka Gn LC Wo
Urticaceae
Urtica incisa Be
Verbenaceae

LS4

Clerodendrum tomentosum Bd BW Sp Lo Mm Mu Be KC Ba An Ka Gn Gd Cu DH Lc SH HB




Botanical name

Violaceae

Hybanthus monopetalus

Hybanthus vernoni
subsp. vernonif

Hymenanthera dentata

Viola betonicifolia

Viola hederacea

Viola sieberiana

Vitaceae

Cayratia clematidea
Cissus antarctica
Cissus hypoglauca

Winteraceae
Tasmannia insipida

Monocotyledons

Agavaceae
Doryanthes excelsa

Amaryllidaceae
Crinum pedunculatum

Anthericaceae (Liliaceae)
Alania endlicheri
Arthropodium milleflorum
Arthropodium minus
Caesia parviflora

Caesia vittata

Laxmannia gracilis
Sowerbaea juncea
Thysanotus juncifolius
Thysanotus tuberosus
Tricoryne elatior

Tricoryne simplex

Araceae
Gymnostachys anceps
Archontophoenix
cunninghamiana
Livistona australis

Asphodeliaceae (Liliaceae)
Bulbine bulbosa

Centrolepidaceae
Centrolepis fascicularis
Centrolepis strigosa

Colchicaceae (Liliaceae)
Burchardia umbellata

Commelinaceae
Aneilema acuminatum
Commelina cyanea

Cyperaceae
Baumea acuta
Baumea articulata

- Baumea gunnii
Baumea juncea
Baurmea muelleri
Baumea nuda

(Schoenus nudus)

Baumea rubiginosa
Baurnea teretifolia
Bolboschoenus caldwelli
Carex appressa
Carex breviculmis
Carex fascicularis
Carex pumila
Caustis flexuosa
Caustis pentandra
Chorizandra cymbaria
Chorizandra sphaerocephala

Bd

Bd

Bd

Bd
Bd
Bd

Bd
Bd

8d

Bd
Bd

Bd

Bd

Bd
Bd

BW Li

BW L

BW

BW
BW Ui
BW

BW

BW

Li

BW
BW
BW Li

BW
BW
BW
BW

BW

BW

BW

Li

BW

BW

BW

BW

BW
BW L
BW
BW

Sp

Sp

5p

sp

Sp

Sp

Lo

Lo

to

lo -

Lo

Lo

Lo

Lo

Lo

Lo

Ma Mu Be
Mm Mu Be
Mm Mu Be
Be
Mm Mu Be
Mu
Mm Mu Be
Mm Mu Be
Mm
Be
Mm
Be
Mu
Mu
Mu
Be
Mm Mu
Mm Mu
Be
Be
Mu Be
Mm
Mm Mu Be
Mm Mu
Mu
Mu
Mu
Mm Mu Be
Mm Mu Be

KC

KC

KC

KC
KC
KC

KC

KC

KC

KC
KC

KC

KC

KC

KC

KC

KC

KC
KC

Ba

Ba
Ba

- KC Ba

Ba

An

An

An

An

An

An

An

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Ka

Gn

Gn

Gn
Gn

Gn

Gn

Gn

Gn

Gn

Gn
Gn

Gd

Gd

Gd
Gd

Gd

Gd

Gd
Gd
Gd

Gd

Gd

Gd

Gd

Gd

Gd
Gd

Cu

Cu

Cu

PH

PH

PH

PH

PH

PH
PH

PH

PH

PH

DH Da

Da

bH Da

Da

Da

Da

Da

LC

LC

LC

LC

LC

LC

LC

Lc

LC

LC

LC

LC

LC

Ma Wa SH
SH
SH
SH
R
Ma
Ma
Ma
SH
Ma SH
SH
SH
SH
Ma SH
SH
SH
SH
Ma
SH
Ma SH
Ma SH

HB Wo La

La

HB ta
HB

La

La

HB
La

La

La
La

La

HB Wo lLa

La

La

ta

La

La
HB

La

La
La
La

~
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Botanical name Bd BW Li Sp lo Ma Mu Be KC Ba An Ka Gn Gd Cu PH DH Da LC Ma Wa SH HB Wo Lla §
Cyathochaeta diandra Bd BwW to Mm Mu Be KC Ka Gn Gd PH Da LC Ma Wa SH HB La
Cyperus laevis BW KC An SH
Cyperus polystachyos BW Lo Be KC An SH HB La
Cyperus sanguinolentus HB
Cyperus tetraphyllus Cu
Eleocharis gracilis Mu Gn
Eleocharis minuta ta
Eleocharis sphacelata BW Gn Ma La
Fimbristylis dichotoma Be An Wo
Gahnia aspera BW Mm Mu Be KC Ba
Gahnia clarkei Bd BW Lo Mm Mu Be KC An Ka Gn Gd SH
Gahnia erythrocarpa BW Li Lo Mu Be KC Ba Ka Gn Gd Ma
Gahnia melanocarpa Bd BW Be KC Ba Ka
Gahnia microstachya Be KC
Gahnia radula BW
Gahnia sieberiana BW Mm Mu Be KC Ka Gn Gd Cu Da LC- SH La
Gymnoschoenus
sphaerocephalus BW KC La
Isolepis cernua La
Isolepis inundata BW Mu Be Ka Gd LC SH HB la
Isolepis nodosa Bd BW L Lo Mm Mu KC Ba An Gn Gd LC SH HB La
Lepidosperma concavum BW Lo Mm Mu KC Ba Ka SH La
Lepidosperma elatius BW
Lepidosperma filiforme BW Mu Be KC Gn Gd Ma SH La
Lepidosperma forsythii La o
Lepidosperma laterale Bd BW Li Sp o Mm Mu Be KC Ba An Ka Gn Gd Cu PH Da LC Ma Wa SH HB Wo 3
Lepidosperma limicola BW KC Da 3
Lepidosperma neesii BW Mu Ka Gn Gd Ma SH ta Q
Lepidosperma urophorum BW %
Lepidosperma viscidum Bd BW Mu Be KC Gn Gd Ma SH 5y
Ptilothrix deusta Bd BW Mu Be KC An Gn Gd PH Da LC Ma SH La s
Schoenoplectus validus BW Gn LC HB =
Schoenus apogon Lo An Gn LC SH HB La ,‘i’\
Schoenus brevifolius 8d BW Be KC Ka Gn Gd LC Ma SH La =
Schoenus ericetorum Bd BW Mu Gd Da 1C Ma La o
Schoenus imberbis BW Li Sp Lo Mm Mu Be KC Ka Gn Gd PH tC Ma SH e
Y
Schoenus lepidosperma BW 22 KC SH g
Schoenus maschalinus Wo 8
Schoenus melanostachys Bd BW Li Mm Mu Be Ba An Ka Gn gg Da LC mg Wa -
Schoenus moorei La =z
Schoenus nitens SH La =
Schoenus paludosus BW Mu  Be Gn Gd 2
Schoenus turbinatus BW Mm Be @
Schoenus villosus BW Be o £
Tetraria capillaris BW G SH la &
Tricostularia pauciflora BW KC n 3
Dioscoreaceae 5
Dioscorea transversa Bd BW KC g
(e}
Eriocaulaceae a2
Eriocaulon scariosum =
>

Haemodoraceae Ma L

Haemodorum corymbosum BW Mu Be KC _— Gn gg o c oo o

Haernodorum planifolium Bd BW Mu Be KC n

Hydrocharitaceae I s

Ottelia ovalifolia

Hypoxidaceae .

Hypoxis hygrometrica

tridaceae

Libertia paniculata Bd BW o " s

Patersonia fragilis BW . o

Patersonia g/a_ctlzrata Bd BW Sp Lo Mu i;e KC Ba Ka Gn Gd PH Da LC Ma H wo

Patersonia longifolia BW Mm Mu Be H

Patersonia sericea Bd BW Mm Mu Be KC Ba An Ka Gn Gd PH Da LC Ma

Juncaceae M o

Juncus continuus Bd Lo Mu Be An Ka Gn Gd a

Juncus kraussii g s
subsp. australiensis Bd BW lo Mm Mu Be KC Ba Gn Gd LC

L9L




Botanical name Bd BW Li Sp Lo Ma Mu Be KC Ba An Ka Gn Gd Cu PH DH Da LC Ma Wa SH HB Wo La §
Juncus pallidus SH La
Juncus planifolius Bd BW Mu Be KC Ka LC Ma SH La
Juncus prismatocarpus BW Be Gn Ma SH

Juncus subsecundus Be

Juncus usitatus BW Mm Mu Be KC Ba SH HB La
Juncaginaceae

Triglochin procerum BW Gn SH HB
Triglochin striatum Bd BW Be Gd LC HB Wo la
Lemnaceae

Spirodela punctata Mm

Lomandraceae

Lomandra brevis BW Be Gn

Lomandra confertifolia Bd BW Sp Lo Mu Be KC -

Lomandra cylindrica BW Mu Be KC Ka Gd ba LC

Lomandra filiformis Bd BW U to Mm Mu Be KC An Ka Gn Gd Cu Da LC Ma Wa SH Wo La
Lomandra fluviatilis Mm Be Gn  Gd

Lomandra glauca Bd BW Sp o Mm Mu Be KC Ba An Ka Gn Gd PH Da LC Ma SH HB La
Lomandra gracilis Sp Lo Mu  Be Ka Gn Gd Cu Da LC

Lomandra longifolia Bd BW Li Sp Lo Mm Mu Be KC Ba An Ka Gn Gd Cu PH DH Da IC Ma Wa SH HB Wo La
Lomandra micrantha Be

Lomandra multiflora Bd BW Mm Mu Be KC Ba An Ka Gd Cu PH LC Ma Wa La
Lomandra obliqua Bd BW Sp Lo Mm Mu Be KC Ba An Ka Gn Gd Cu PH Da LC Ma Wa SH Wo La
Luzuriaceae {Philesiaceae)

Eustrephus latifolius Bd BW Li lo Mm Mu Be KC Ba An Ka Gn Gd Cu PH DH Da LC SH HB Wo la
Geitonoplesium cymosum Bd BW Mm Mu Be KC Ba An Ka Gn Cu Lc SH ta

Orchidaceae
Acianthus caudatus

v661 (W) oA eweybuuund

var. caudatus BW Mm Be Ka Gn PH Ma

Acianthus exsertus Mm Be Ka Gn Cu PH LC
Acianthus fornicatus BW Mm Mu Be Ka Gn PH SH La
Arthrochilus proxilus An  Ka
Bulbophyllum crassulifolium BW

o
Bulbophyllum exiguum BW Mm KC 5
Caladenia caerulea Mm Gn PH Ma o 2
Caladenia carnea var. carnea BW Sp Mm Be An Ka Gn PH LC ;
Caladenia. catenata (C. alba) BW Mm Mu Be KC An Gn Gd Cu PH DH SH ®
Caladenia deformis Mm 3
Caladenia testacea Mm Be s {3
Caleana major Bd BW Mm KC Ka Gn Gd PH - =
Calochilus campestris BW Mm An Ka Gn PH Da LC s nés_
Calochilus paludosus BW Mm Gn o 3
Calochilus robertsonii Li Mm g: Gd ) Da ?
Chiloglottis diphylla 2
Chilog/ottis re,;/e};a Mm Be An Ka Gn PH o Wo g
Chiloglottis trapeziformis An Gn I
Corybas aconitoflorus Mm Ka Gn PH é
Corybas pruinosus o Cu PH E
Corybas unguiculatus 5
Crylgtostylisgerecta Bd BW Li Mm Be KC An Ka Gn Gd PH LC Wa gg La 8
Cryptostylis subulata Mm Mu Be KC Ba Ka Gn Gd PH LC
Cymbidium suave Bd BW Lo Mm Mu Be KC Ka Gn Gd PH LC
Cyrtostylis reniformis BW KC
Dendrobium aemulum BW Ka .
Dendrobium linguiforme Bd BW Li Sp Lo Mm Mu Be KC Ba Ka Gn Gd PH o
Dendrobium speciosum Bd BwW i Mm Mu Be KC Ka Gn Gd PH
Dendrobium striolatum KC
Dendrobium teretifolium Mm o
Dipodium punctatum Bd BW Li Mm Mu Be KC An Ka Gn Gd Cu PH
Dipodium variegatum Gn  Gd
Diuris aurea Bd BW Mm KC An Gn PH Da LC "
Diuris brevifolia
Diuris sulphurea Mm
Erfochilus cucullatus BW Mrm Gn o
Galeola cassythoides o
Gastrodia sesamoides BW Be Ka
Genoplesium baueri Mm Gn PH
Genoplesium fimbriatum An Gn
Genoplesium pumilum Gn
Glossodia major BW Mm Gn PH

€92

Glossodia minor BW Mm Mu Be KC Gn Gd PH LI Ma




Botanical name

Liparis reflexa
Lyperanthus nigricans
Lyperanthus suaveolens
Microtis parviflora
Microtis rars
Microtis unifolia
Orthoceras strictum
Plectorrhiza tridentata
Prasophyllum aureoviride
Prasophyflum australe
Prasophyllum elatum
Prasophyllum fimbriatum
Prasophyllum morrissii
Prasophyllum ruppii var. ruppii
Prasophyllum striatum
Pterostylis acuminata
Pterostylis baptistii
Pterostylis coccinea
Pterostylis concinna
Pterostylis curta
Pterostylis daintreana
Pterostylis grandifiora
Pterostylis longifolia
Pterostylis nutans
Pterostylis obtusa
Pterostylis ophioglossa
Pterostylis parviflora
Pterostylis pedunculata
Rimacola elliptica
Sarcochilus australis
Spiranthes sinensis
subsp. australis
Thelymitra carnea
Thelymitra ixioides var. ixioides
Thelymitra media
Thelymitra nuda
Thelymitra pauciflora
Thelymitra rubra var. rubra

Philydraceae
Phifydrum lanuginosum

Phormiaceae (Liliaceae)
Blandfordia nobilis
Dianella caerulea var. caerulea
Dianella caerulea var. producta
Dianella longifolia

var. longifolia
Dianella prunina
Dianella revoluta
Stypandra glauca
Thelionema caespitosum
Thelionema umbellatum

Poaceae
Agrostis aemula
Agrostis avenacea
Agrostis billardieri
Ancistrachne maidenii
Anisopogon avenaceus
Aristida benthamii

var. spinulifera
Avristida calycina var. calycina
Aristida ramosa var. ramosa
Aristida vagans
Aristida warburgii
Austrofestuca littoralis
Chionochloa palfida
Cymbopogon refractus
Cynodon dactylon
Danthonia linkii var. linkii
Danthonia longifolia
Danthonia pilosa var. pilosa
Danthonia setacea
Danthonia tenuior
Deyeuxia decipiens
Deyeuxia quadrisets

Bd

Bd

Bd

Bd

Bd

Bd

Bd
Bd

Bd

Bd

BW

BW
BW
BW

BW

BW
BW

BW

BW

BW

BW
BW

BW
BW

BW

BW

BW

BW

BW

BW

BW

BW

BW

BW

BW
BW

BW
BW

Li

it

Li

Li

Sp

Sp

5p

Sp

Sp

Sp

Lo

Lo

Lo

to

Lo

Lo

Lo

Lo

Ma

Mm
Mm
Mm

Mm
Mm

Mm
Mm

Mm
Mrm

Mra
Mm
Mm
Mm

Mu

Mu

Mu

Mu

Mu

Mu

Mu

Mu

Mu

Mu

Be

Be

Be

Be
Be

-Be

Be

Be

Be

Be

Be

Be

Be
Be
Be

Be

Be

KC

KC

KC

KC

KC

KC

KC

KC
KC

KC
KC

KC

KC

KC

KC

KC

Ba

Ba

Ba

An

An

An

An

An

An

An

An

Ka

Ka

Ka

Ka

Ka
Ka
Ka

Ka

Ka
Ka

Ka

Ka
Ka

Ka

Ka

Ka
Ka
Ka

Gn

Gn

Gn
Gn
Gn
Gn
Gn

Gn
Gn
Gn

Gn
Gn
Gn

Gn
Gn

Gn
Gn

Gn
Gn
Gn

Gn
Gn

Gn

Gn
Gn
Gn

Gn

Gn

Gd

Gd

Gd

Gd

Gd

Gd

Gd
Gd

Gd
Gd

Gd

Gd

Gd

Cu

Cu

PH DH Da

PH

PH

PH

PH

PH
PH
PH

PH

PH

PH
PH

PH

PH
PH

PH

PH

Da

DH Da

Da

Da

DH Da
Da

LC

LC

LC

LC

LC

LC

LC
LC

LC

LC

LC
LC

Ma Wa SH HB

SH
Ma
SH
SH
Wa SH
Ma
SH
Ma SH
Ma Wa SH HB
SH

HB

Ma SH
SH
HB
HB
Ma SH
HB
Wa SH HB
HB
HB
SH HB
HB
SH
Ma HB
Ma SH HB
Ma

Wo

Wo
Wo

La

La

La

La

La

La

La

ta

La

ta
La

La

La
La

La

La
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Botanical name

Dichelachne crinita
Dichelachne micrantha
Dichelachne rara
Digitaria brownii
Digitaria didactyla
Digitaria diffusa
Digitaria parviflora
Digitaria ramularis
Echinopogon caespitosus
Echinopogon ovatus
Elymus scaber var. scaber
£ntolasia marginata
Entolasia stricta
Eragrostis benthamnii
Eragrostis brownii
Eragrostis leptostachya
Hemarthria uncinata

var. uncinata
Imperata cylindrica var. major
Isachne globosa
Microlaena stipoides

var. stipoides
Oplismenus aemulus
Oplismenus imbecillis
Panicum effusum
Panicum obseptum
Panicum simile
Paspalidium albovillosum
Paspalidium aversum
Paspalidium distans
Paspalum distichum

(P. paspalodes)
Paspalum orbiculare
Paspalum vaginatum

(P. distichum)
Phragmites australis

Plinthanthesis paradoxa

Poa affinis

Poa labillardieri

Poa poiformis

Poa gueenslandica

Poa sieberiana var. sieberiana

Sacciolepis indica

Spinifex sericeus

Sporobolus elongatus

Sporobolus virginicus
var. virginicus

Stipa mollis

Stipa pubescens

Stipa ramosissima

Stipa rudis subsp. rudis

Tetrarrhena juncea

Themeda australis

Zoysia macrantha

Potamogetonaceae
Ruppia maritima

Restionaceae
Empodisma minus
Hypolaena fastigiata
Leptocarpus tenax
Lepyrodia anarthria
Lepyrodia scariosa
Restio complanatus
Restio dimorphus
Restio fastigiatus
Restio gracilis
Restio tetraphyllus

Ripogonaceae (Smilacaceae)
Ripogonum album
Ripogonum fawcettianum

Bd

Bd
Bd

Bd

Bd

Bd

Bd

Bd

Bd

Bd

Bd

Bd

Bd

Bd

Bd

Bd

Bd

Bd

Bd

Bd

Bd

8d

BW

BW
BW

BW

BW

BW

BW

BW

BW
BW

BW
BW
BW

BW

BW

BW

BW

BW

BW
BW

Li

Li

Li

L

Li

L

Sp

Sp

5p

Sp

Sp

Lo

Lo

Lo

Lo

Lo

to

Lo

Lo

Lo

Lo

Lo

Lo

Mm

Mm

Mm
Mm

Mm

Mm

Mm

Mu

Mu

Mu
Mu

Mu
Mu

Mu
Mu

Mu

Mu

Mu

Mu

Mu
Mu

Mu

Mm Mu

Be

Be

Be
Be

Be

Be

Be
Be
Be

Be

Be
Be
Be

Be

Be

KC

KC

KC

KC

KC
KC

KC

KC

KC

KC

KC

KC

KC

KC

KC

KC

KC

Ba

Ba

Ba

Ba

Ba

Ba

An

An

An

An
An

An

An
An
An

An
An

An

An

An

Ka

Ka
Ka

Ka
Ka
Ka
Ka

Ka
Ka

Ka

Ka

Ka

Ka
Ka

Ka

Ka
Ka

Ka

Ka
Ka

Ka

Ka

Ka
Ka

Ka

Gn
Gn

Gn

Gn

Gn

Gn

Gn

Gn
Gn
Gn

Gn
Gn
Gn
Gn

Gd

Gd

Gd
Gd

Gd

Gd

Gd
Gd

Gd

Gd

Gd
Gd
Gd

Gd
Gd

Gd
Gd
Gd
Gd

Cu

Cu

Cu
Cu
Cu

Cu

PH

PH

DH

DH
DH

DH

DH

DH
DH

DH

Da

Da
Da

bDa

Da

Da

Da
Da
Da

PH DH Da

PH

Da

LC

LC

LC

LC

LC

LC

LC

LC

LC

LC

LC

Ma Wa SH
Ma SH
Ma SH
SH
SH
Wa SH
Wa
Wa SH
Ma Wa SH
“Ma SH
SH
Ma Wa SH
Ma Wa
SH
Wa SH
Wa SH
SH
SH
Wa
SH
Wa
Ma Wa SH
SH
Ma SH
Ma SH
Ma SH
Ma SH
SH
Ma SH
Ma SH
Ma SH

HB

HB
HB

HB

HB

HB

HB

HB

HB

HB

HB
HB
HB

HB
HB

HB

Wo

La

La

La

La

La
La

La

La

La

La

La

La

ta

La

La
La

ta
La
La

La
La

ta
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768 Cunninghamia Vol. 3(4): 1994 Benson & Howell, Sydney natural vegetation
3 3 = L.
3 ° Discussion
2 2 s
S g 22 Regional affinities
z z T T
w @ - L & & Sydney's Hawkesbury Sandstone vegetation is part of the world-renowned Sydney
g g8 Basin sandstone flora. The flora represents probably the richest assemblage of
© © xeromorphic species in eastern Australia and is a remnant of the xeromorphic assemblage :
s = 2 2 : . . ; i
=, = that has spanned the continent in the past, especially in the south (Beadle 1981). !
Y uy Y U Yoy Sandstone vegetation is part of Beadle's Eucalypt Woodlands and Forests on Soils of 7
. Low Fertility Chiefly on the Eastern Coastal Lowlands (Beadle 1981), and Coastal
o
a = 8 sandstone in particular of his Eucalyptus gummifera~Eucalyptus racemosa—
z Eucalyptus sieberi Alliance.
T T - The forests on shale are part of Beadle's Tall Eucalyptus Forests of the Eastern
a. .
= F Coastal Lowlands mostly on Soils of Higher Fertility, and generally attributable to his !
S S N Eucalyptus pilularis Alliance, Eucalyptus maculata Alliance or Eucalyptus saligna Alliance. e
i
& 8 5 3 3 I The coastal sand dune remnants are probably the southern extremity of the north :
& s 5 5 5 e = . c coastal Wéllum country (and part c.>f B.eadles Ban.ksuz aemula [:‘B. serratifolia] and ,’
we v © © related Alliances). Saltmarsh vegetation includes mixtures of tropical and temperate
2 28 N NN influences, while mangroves, with only two species in the Sydney area, reflect a i
- cc c - decreasing species richness in southern Australia. “
< << < < i3
©
o 23 8 &8 Historical changes
A R o v QU uU o o
< UuUuy
X ¥ x X X %2 = MEVEVEN; The vegetation map provides a picture of the distribution of vegetation at one point
@ &8 & & & K] g @ in the present time, and while it is obvious that these patterns have changed since
g 22 S5 s - 5 1788 as a result of clearing, it is not always appreciated that there has been considerable
o c = = 2 = change in vegetation distribution as climate and geological patterns have changed
2 >3 g § § § g § over thousands and millions of years. Although our knowledge of these past conditions
° o - o is still sketchy, we are beginning to see some of the patterns, at least of the more
- - = - 3 recent past. For example, during the last 1.8 million years (in the Quaternary Period)
S aa k=3 a8 o colder and warmer periods alternated (Chapman et al. 1982, Benson & Howell 1990a). iE |
_ Dune sands were blown inland from the coast where today's southern and eastern PR
- - = suburbs lie. About 20 000 years ago, during the coldest part of the last of the ’
% % % g % % % c% % g Pleistocene ice ages, the sea fell to its lowest level, 120-140 m below the present. As
- . - it rose again to reach its present level about 6 000 years ago, it drowned the coastal
VT U N .
@ @@ @ ® & @ 3 2 river valleys to form Broken Bay and Pittwater, Sydney Harbour, Botany Bay and
Port Hacking, and swept up the offshore sands on to the modern beaches, sometimes
T . 2 S o damming smaller streams to form lagoons such as at Narrabeen and Dee Why.
@ 3 & © o X
@ b [y
“ _§§ @ § § L5 %’ ?’i Pollen and charcoal analyses of sediments from South Salvation Creek Swamp in
@ = = Q & . N . . . .
g s £, a5 ¢ sgg § g g3 Ku-ring-gai Chase National Park (Kodela & Dodson 1989) indicate that pollen influx
= o= = © 3 e . .
s g §§ 0§ £ § § _§ 88§ g g 2 LEoa o2 has been dominated by local swamp species and dry sclerophyll heath and wood-
— < == . . . .
£ 8@ S 838 -g z 5 SETESE % 8 §§ g g é:di land taxa for the last 6 000 radiocarbon years, but that fluctuations in their abun-
= 5 ]
5 233 -g_c: 2 3% E£% é C,Z § é w B2DOI0 dances and/or distributions have occurred. These are likely to be the result of a
g x S eg Ly . . : 3 1 )
8 55§ 255 3% 58 2R RIS combination of factors, including watertable fluctuations, seasonal drought, fire



770 Cunninghamia Vol. 3(4): 1994

activity, interspecific competition, the natural changing patterns in species distribu-
tions and the impact of Aboriginal and European people. None of these recent
vegetation changes could be ascribed directly to climatic shifts, though changes in
swamp and terrestrial pollen taxa around 2000 B.P. may indicate a drier climate
than the present.

The impact of the Aborigines

Aboriginal people have been associated with the Sydney area for many thousands
of years. Favoured living places were along the shorelines and along the Hawkesbury-
Nepean River flats (Kohen & Lampert 1987, Kohen & Downing 1992).

On the coast plentiful supplies of seafood were supplemented with fruits, nectar,
roots and tubers from plants growing on the extensive sand dunes and swamps that
stretched from Bondi to Botany Bay and in the shrubby woodland and open-forest
of the rocky harbour foreshores and nearby sandstone country (Benson & Howell 1990a).
Sandstone gullies with rainforest-type vegetation would have provided further food
sources, together with rocky overhangs and caves suitable for shelters and work sites.

Tt is hard to tell whether Aboriginal people altered the natural distribution or abundance
of any food species either deliberately by planting, or accidentally by leaving
rerains associated with camp sites, nor is there evidence for changes in species
abundance due to over-exploitation. However, Aboriginal people affected the vege-
tation by their use of fire and there has been a considerable amount written on this
(e.g. see Nicholson, 1981). Many accounts contain very generalised statements often
making reference to Aboriginal fire usage in Central and Northern Australia. Such
usage does not.necessarily apply to Southern Australia and, as far as the Sydney
area is concerned, only limited observations were recorded before the effects of
European settlement quickly overwhelmed Aboriginal society.

Possibly the most important point is that the Aborigines are likely to have managed
different types of country differently. For example, they are likely to have burnt the
open grassy understorey of the typical Cumberland Plain vegetation of western
Sydney fairly frequently, probably with creeping or low-intensity fires. Such fires
would have stimulated green shoots and provided favourable conditions for grazing
animals. They would also have stimulated flowering in tuberous herbs such as
orchids, which would have made them conspicuous. It is likely that such fires burnt
at low intensity, as the trees were well-spaced and there would be limited fuel
build-up. Such fires would be easily stopped by geographical features such as creeks,
or indeed tracks, resulting in a patchy mosaic of burnt areas.

On the sandstone areas, however, it is likely that there were fewer fires, but that
they burnt at higher intensities. Because of the shrubby nature of the vegetation,
there would probably have been less game, and Aboriginal movement would have
been more restricted by the topography than on the open Cumberland Plain. It
seems less likely that deliberate burning would have been carried out on a broadscale
basis, and more likely to have been localised around campsites and travelling routes
to keep them clear, as well as around small-scale hunting sites such as individual
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Figure 30. Signs of Aboriginal occupation, such as these axe-grinding grooves beside a rock
pool, may still be found in bushland reserves within a few kilometres of the city centre.

trees. It is likely that hot summer fires would have been a feature of the sandstone
areas, possibly on a 10-20 year cycle. On the sandstone the understorey is shrubby
and very varied. Most species regenerate after fire, but some are killed, and it takes
3-10 years for recovery to reproductive maturity of most of these shrub species
(Bradstock & Myerscough 1981, Benson 1985, Bradstock 1990). Clark & McLoughlin
(1986) report similar findings for the Lane Cove valley catchment, where burning
was likely to have been more frequent on the shale ridges (at 1-5 year intervals)
than on the sandstone slopes (7-15 year intervals),

The impact of the Europeans

An idea of how the country around Sydney appeared to the British colonists comes
through in this 1827 description by writer Peter Cunningham, not to be confused
with Allan Cunningham, the botanist. ‘In Cumberland, the land immediately
bordering upon the coast is of a light, barren, sandy nature, thinly be sprinkled with
stunted bushes; while from ten to fifteen miles interiorly, it consists of a poor clayey
or ironstone soil, thickly covered with our usual evergreen forest timber and under-
wood. Beyond this commences a fine timbered country, perfectly clear of bush,
through which you might, generally speaking, drive a gig in all directions, without
any impediment in the shape of rocks, scrubs or close forest. This description of
country commences immediately beyond Parramatta on one hand, and Liverpool on
the other; stretching in length south easterly obliquely towards the sea, about forty miles
and varying in breadth near twenty. The soil upon the immediate banks of the rivers is
generally rich flooded alluvial, but in the forests partakes comuonly of a poor clayey or
ironstone nature, yet bearing tolerably crops, even without manure, at the outset’.
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This extract clearly shows how the geology and its accompanying vegetation directed
the pattern of settlement. The barren Hawkesbury Sandstone and aeolian sand
deposits of the country around Port Jackson, particularly the present Eastern
Suburbs, i.e. “immediately bordering upon the coast’, with its stunted sclerophyllous
vegetation, was agriculturally useless to the settlers. “Ten to fifteen miles interiorly’
would have included country from Homebush and Bankstown, west to Parramatta
and Liverpool which had Wianamatta Shale with ironstones and clay soil. This
would have supported eucalypt open, forests with shrubby understoreys including
much Paperbark, Melaleuca decora. Beyond Liverpool and Parramatta is the ‘fine
timbered’ Cumberland Plain, gently undulating to flat country with deep clay soils
supporting an open grassy woodland community. The rich alluvial soils on the river
banks are mentioned, but no reference is made of the tall open forest that this
supported. Much of this forest, particularly on the Hawkesbury, had been cleared
for agriculture by 1830.

From very early days some plant communitites were sought and cleared, while
others were avoided. With the exception of small areas at Sydney (at Farm Cove)
and at Rose Hill, the first intensively cultivated lands were the rich alluvial flats of
the Hawkesbury-Nepean River at Windsor and Richmond. At the same time the
grassy woodlands of the Cumberland Plain were beginning to be grazed. Sheep
were the main grazing animals and were at first tended by shepherds until fencing
made them redundant. The granting of land was followed by sporadic clearing of
trees to encourage the growth of grass, then more extensive ring-barking or sapping.
Extensive areas were often cleared of every tree. In 1844, for example, Mrs Meredith
described how ‘Homebush’, halfway between Sydney and Parramatta, had been
completely cleared of every tree for 1000 acres (Benson & Howell 1990a). Along the
North Shore, and the northern suburbs from Epping to Hornsby, the tall open-forests
of Blackbutt and Blue Gum were logged and then, because of the good soil and high
rainfall, cleared to make way for dairy farms and orchards. In contrast, the shrubby
forests and woodlands on the Hawkesbury Sandstone, because of their poor agricultural
soils, remained largely undisturbed and were used only as sources of firewood,
fence posts or small timber.

From the 1850s railway lines were built, radiating from Sydney. For engineering
reasons these followed the most level routes. This was generally along the Wianamatta
Shale country to the west and south, and later along the North Shore ridge to
Hornsby. Suburbs followed the railways, and by the turn of the century extensive
housing had spread from Sydney to Burwood in the west and to Hurstville in the
south. Electric tramways made other areas accessible for housing, particularly in the
harbourside Eastern suburbs, where the rows of stepped terrace houses which were
built emphasize the steep nature of the original sandstone topography. Ferry services
opened other harbourside sandstone sites to suburban development; for example
Balmain, Mosman and the lower North Shore.

The North Shore railway, the car and the Sydney Harbour Bridge made the North
Shore area increasingly accessible. Its remnant tall Blackbutts and Blue Gum trees,
its milder climate, compared with the western suburbs of Sydney, and the adjacent
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natural bushland gullies along the rugged Lane Cove River valley and upper Mid-
dle Harbour have made this one of the most sought after of Sydney's suburban
areas. Particularly since the Second World War, bushland on Hawkesbury Sand-
stone has been increasingly cleared for suburban housing though there has been an
increasing interest in retaining native vegetation as urban bushland. By contrast,
and mainly because of the gentler topography of the country and lack of obviously
colourful shrubs, bushland on the shale areas of western Sydney has been cleared
for suburban development with little recognition given to any native plants that
manage to survive.

Rare or endangered species

The occurrence of species in the major conservation areas (Table 4) gives a measure
of the floristic richness of the map sheet area. For example, 566 native species and 82
exotic species have been recorded from Ku-ring-gai Chase National Park (Thomas &
Benson 1985a). Seventy-eight significant plant species are listed for the Sydney map
sheet area (Table 5), fofty-one of which are listed as nationally rare or endangered
species (Briggs & Leigh 1988) or of regional significance. Species listed are either
rare, threatened or of botanical significance in terms of geographic distribution. The
list contains species of varying rarity and conservation status: for example,
Allocasuarina portuensis is a recently discovered species restricted to Sydney Harbour
National Park; a number of the Darwinia species have locally restricted distributions;
and Tetratheca juncen originally occurred in the Carlton to Undercliff area but is now
almost certainly extinct there (Payne 1993). Lampranthus tegens, possibly originating
in South Africa but not able to be equated with any known African species, there-
fore needs protection of populations here (Benson & McDougall 1993). Other species
are restricted to fragments of almost totally cleared vegetation types, e.g. Eastern
Suburbs Basnksia scrub. Vegetation surveys for major conservation reserves generally
include specific lists for those areas (e.g. Thomas & Benson 1985a, b).

Figure 31. The rare plant Kunzea rupestris is confined to a few rock platforms in north-
western Sydney.
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Table 5. Species of particular conservation significance within the Sydney 1:100 000 map

sheet area

Species listed here are either rare or threatened, or of botanical significance in terms of geographic
distribution or localised populations disjunct from other occurrences. Localities refer to Sydney map

sheet occurrences. Conservation codings are from Briggs & Leigh (1988) with current ROTAP
updatings. Nth = northern, Sth = southern, NP = National Park, NR = Nature Reserve

Family/species

Aizoaceae
Lampranthus tegens

Apiaceae
Lilaeopsis polyantha
Platysace clelandlii

Platysace stephensonii

Araliaceae
Astrotricha crassifolia

Casuarinaceae
Allocasuarina diminuta
Allocasuarina nana
Allocasuarina portuensis

Chenopodiaceae
Halosarcia pergranulata
subsp. pergranulata

Convolvulaceae
Wilsonia backhousei

Dilleniaceae
Hibbertia nitida
Hibbertia virgata

Epacridaceae
Epacris purpurascens
var. purpurascens

Euphorbiaceae
Bertya brownii
Pseudanthus pimeleoides

Fabaceae
Acacia bynoeana

Acacia quadrilateralis
Acacia pubescens

Habitat/locality

Saltmarsh, Homebush Bay

Dee Why Lagoon
Muogamarra NR,
Marramarra Creek
Ridgetop, Deep Creek

Woy Woy, Warrah

Kingsford
Ridgetop, Deep Creek
Nielsen Park

Saltmarsh, Homebush Bay

Saltmarsh, Homebush Bay

Thornleigh, Garigal NP, Oatley
Sand dunes, Eastern Suburbs

Gosford-Sydney

Katandra, Mona Vale
Open-forest, ridges,
Terrey Hills

Pennant Hills, Northbridge,
Mosman, Cooks River
Malabar

Bankstown, Belmore,
Flemington, Rookwood

Significance

Only known wild populations

of this species (Benson &
McDougall 1993)

Local population
2RCa

3RC-

Local endemic

Local disjunct population
Local disjunct population
2ECit, local endemic

Local disjunct population

Local population, rare

2RC-
Nth-limit

2KC-, local endemic

2RC-, Sth-limit
Local populations, rare

3V(-, probably

locally extinct

Sth-limit, locally extinct
2VCa
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Daviesia umbellulata
Mirbelia speciosa
Pultenaea dentata

Puftenaea hispidula

Pultenaea pedunculata

Pultenaea viscosa

Goodeniaceae
Dampiera scottiana

Haloragaceae
Gonocarpus salsoloides

Haloragodendron lucasii
®

Lamiaceae
Prostanthera denticulata

Loganiaceae
Logania pusilla

Myrtaceae
Angophora crassifolia

Darwinia biflora
Darwinia diminuta
Darwinia leptantha
Darwinia peduncularis

Darwinia procera
Fucalyptus acmenoides

Fucalyptus camfieldii

Eucalyptus capitellata

Fucalyptus luehmanniana

Eucalyptus robusta

Pittwater

Marramarra, Ku-ring-gai
Coastal heath, La Perouse
Nth-limit

Belrose, Allambie,
shale/lateritic soils
Yennora

Open-forest,
Pennant Hills Park

Marramarra

North Head, Rose Bay,
La Perouse
Barra brui

Lower hillslopes,
Ku-ring-gai Chase NP
Garigal NP

Muogamarra, Katandra

Ridgetop, Deep Creek
Frenchs Forest
Hawkesbury River—

Port Jackson

Terrey Hills-Manly-
Sutherland-Bulli

Coastal heath, North
Head-Cronulia
Hornsby-Hawkesbury River

Gosford-Manly

Wianamatta Shale, Galston,
Ryde

North Head, Killara, Hornsby,
Ku-ring-gai Chase NP, Dural
Residual clay cappings
Brisbane Water NP

St tves, Allambie Heights
Heath on sandstone,
northern Sydney
Swamp-forest, Gosford,
Pittwater
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Rare local population
Uncommon
Local disjunct population

Local populations,
uncommon

Local population, probably extinct
in NSW

Rare

Local disjunct population
Nth-limit

3RCa, local populations

2ECi, local endemic, rare

Local endemic, uncommon

Local populations, rare

2RCa, local endemic
2VCa, local endemic
3RC, local endemic
Local disjunct population
3RC, local disjunct
populations

2RCa, local endemic
Rare, Sth-fimit

2VCi, local populations

Local populations,
now uncommon

2RCa, local populations

Local populations, now rare
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Eucalyptus scias
Kunzea rupestris

Leptospermum deanei

Melaleuca deanei

Micromyrtus blakelyi

Syzygium paniculatum

Proteaceae
Banksia aemula

Grevillea caleyi
Grevillea linearifolia
(narrow-leaved form)
Hakea bakeriana
Persoonia hirsuta
Persoonia mollis
subsp. maxima
Symphionema paludosum

Rutaceae
Asterolasia elegans

Boronia floribunda
Boronia fraseri
Boronia serrulata

Zieria involucrata
Sterculiaceae

Lasiopetalum joyceae

Lasiopetalum macrophyllum
Rulingia hermaniifolia

Tremandraceae
Tetratheca glandulosa
Tetratheca juncea

Tetratheca neglecta

Pittwater-Warringah
Canoelands,
Ku-ring-gai Chase NP
Marramarra Creek,
Pennant Hills Park,
Middle Harbour Creek
Dry scrub, Hornsby,
Pennant Hills Park,
Lane Cove, Garigal NP,
Earlwood

Rocky ridges,
Muogamarra NR,
Marramarra NP
Balgowlah, Wolli Creek

Pleistocene sand, Bouddi,
North Head, La Perouse
Terrey Hills to Befrose

Marramarra, Arcadia
Marramarra

Deep Creek

Hornsby

Brisbane Water NP,
Belrose

Moist forest, north of
Maroota

Open-forest, Pennant Hills
Turramurra, Garigal NP
Ku-ring-gai Chase NP
Marramarra NP

Brisbane Water, Arcadia,
Ku-ring-gai Chase NP
Matramarra Creek

Ku-ring-gai Chase NP,
Arcadia

Marramarra, Ku-ring-gai
Coastal heath,
Bouddi-Cronulla

Wisemans Ferry-Port Jackson

Sandstone, Carlton-Tempe,
Rookwood

Sandstone, Arncliffe-Como
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Local populations, rare
2VCi, local endemic

2V, local endemic

3RC-, local populations

2VCi-, local endemic

3VCi, local populations

Local disjunct populations,
southern limit
2ECI, local endemic

Local form

Rare, Sth-limit
3KCi

2E, local endemic
subspecies

Local populations,
uncommon

2EC, restricted local
endemic

Uncommon

2RCa, local endemic

2RC-, rare, once common in

northern Sydney
2RCa

2RC-, local endemic

Uncommon
3RCa, Nth-limit, rare

2VC-, local populations, Sth-limit
3VCi, Sth-limit, locally extinct

3RC-, rare, Nth-limit
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Monocotyledons

Anthericaceae
Alania endlicheri

Araceae

Typhonium eliosurum
Cyperaceae

Baurnea muelleri

Gahnia filum
Lomandraceae

Lomandra brevis

Lomandra fluviatilis

Orchidaceae
Arthrochilus profixus

Caladenia tesselata

Corybas undulatus
Cryptostylis hunteriana
Genoplesium baueri

Sarcochilus australis

Poaceae
Ancistrachne maidenii
Deyeuxia appressa

Moist cliff-faces, Arcadia

Patonga Creek

Damp heath, Katandra,
Oxford Falls
Saltmarsh, Georges River

Ku-ring-gai Chase NP,
Deep Creek, Kogarah
Marramarra Creek,
Deep Creek

Avalon

Berowra, Castlecrag,
Tempe, Penshurst

St Ives, Frenchs Forest
Ku-ring-gai Chase NP
Ku-ring-gai Chase NP,
Deeg Creek
Marramarra

Berowra Creek
Saltpan Creek, Killara

Local population

3RC-, rare
Sth-fimit

Nth-limit

2RC-

3RCa

Rare local population,
southern fimit

3V, probably

locally extinct

3KC-, probably locally extinct
3VC-

3RC-

Uncommon

2KC-, focal endemic
2E, local endemic

Conservation of vegetation
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Despite the impact of the city of Sydney and its suburban sprawl, a surprising
amount of natural vegetation has managed to survive. This includes large parklands
on the edge of the suburban areas and many small patches within them. Survival
has mainly been fortuitous, rather than planned. Because of the extent of the Hawkes-
bury Sandstone with its very limited agricultural capacity, many areas have
remained uncleared, much as Crown land during the agricultural expansion of the

nineteeth century.

The obvious attractiveness of the Hawkesbury Sandstone landscape scenery and flora
and the relative uselessness of the land for farming led to pressure from the early
and farsighted ‘preservationists’, in particular Eccleston du Faur, for the establishment
of Ku-ring-gai Chase in 1892, Sydney's second major conservation area (following
National Park (later Royal N.P) dedicated in 1879 for similar reasons). Lane Cove
River National Park followed. Muogamarra Nature Reserve began as a private
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‘nature reserve’ and was enlarged with Crown land. Marramarra National Park and
Davidson State Recreation Area (now part of Garigal N.P.) were formed out of the
considerable reserves of Crown land still available up to the 1980s. Similarly, the
Commonwealth Government's holding of land on Sydney Harbour and Botany Bay
for defence purposes inadvertently preserved much land that could have been built
over but which was to become the nucleus for Sydney Harbour National Park. The
rugged nature of the Hawkesbury sandstone landscape also resulted in small parks
and reserves often being left in housing subdivisions in inaccessible sites.

»

Elsewhere the native vegetation disappeared. On the Wianamatta Shale soils woodland
was cleared for grazing and agriculture, and then for suburban housing. Similar
suburban development replaced the vegetation on the Eastern Suburbs sand dunes.
Even with the far-sighted setting aside of Centennial Park, only a trifling patch of
the original Banksia scrub survives, in the Bird Sanctuary. More extensive remnants
survive at Long Bay and La Perouse, again largely because of Commonwealth
Government control for military purposes. It is hoped these bushland areas will
eventually be formally conserved. Reclamation programs to turn the mangrove and
estuarine vegetation of the Parramatta and Georges Rivers into playing fields have
been promoted for most of this century and have only just been stopped in time,
leaving some remnants such as at Homebush Bay. Changes such as the cessation of
landfill of mangroves have come about because of increased public awareness of the
value of natural vegetation and the need to maintain biological diversity. This concern
is now also directed towards the management and maintenance of reserved areas.
There are two particularly pressing problems — exotic weed invasion and fire.

The invasion of urban bushland by exotic weed species was specifically highlighted
by Adamson and Buchanan (1974), though the spread of weeds along watercourses
into undisturbed areas is mentioned by Pidgeon (1938). Ligustrum sinense and Ligustrum
lucidum (Privet species), Lantana camara, Tradescantia albiflora and a host of other
weed species of garden escape origin, are able to invade normally resistant natural
bushland where there has been some form of disturbance, particularly involving the
addition of soil nutrients (Clements 1983). Characteristically these weeds form
extensive thickets along creeks and drainage lines. The best method of restricting
weed proliferation is to stop nutrients entering the soil from stormwater run-off and
from creek floodwaters, and ways of reducing this have been suggested by Bliss et
al. (1983). A method of hand-weeding was originated by Joan and Eileen Bradley in
Mosman bushland (Bradley & Bradley 1966-74, Bradley 1971) and has been success-
fully developed as part of a bushland management strategy by the National Trust
and other groups (National Trust 1991 — this also includes a list of its bushland
surveys, Buchanan 1989, Bradley 1988).

The fragmentation of bushland in suburban areas and the potential fire hazard has
led to the increased use of regular controlled burning for fuel reduction in some
areas and decreased use of fire in others {(Clark & McLoughlin 1986). Most of Sydney's
native vegetation is adapted to fire, but at different frequencies for the different
types and communities, because of aspect and topography. Although some species
may regenerate well after fire, other species may be destroyed by frequent fire
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which does not allow adequate time intervals for the build-up of seed banks (Benson
1985, Bradstock 1990). This means that the length of time between fires needed for
species survival varies from community to community. Fire intensity is also an
important factor; low intensity burns may not stimulate adequate native seedling
regeneration while allowing weed growth (Bradley 1971). Different fire manage-
ment approaches are therefore needed for different communities.

In the absence of fire, there is a tendency for species of wetter sites, such as Pittosporum
undulatum, to predominate at the expense of those requiring fire for germination,
such as members of the Fabaceae (Auld & O'Connell 1991). To achieve a balance
between these factors, a long-term management program will need information based
on observations on the behaviour of a wide range of species, together with a range
of management options including the use of fire and selective land clearing.

The future

Sydney’s bushland setting provides a major contribution to the individual character
of the city. But bushland is still threatened by direct destruction for urban and
recreational development, and indirectly by nutrient run-off, weed invasion, and
shortsighted management. Bushland is particularly vulnerable to the ‘tyranny of
small decisions’. In the face of this, much of the responsibility for ensuring careful
management of urban bushland has fallen to local residents and organisations keen
to maintain the local identity of bushland areas. Public awareness of the need for
protection and professional management of bushland is increasing, and recognition
of its value needs to be supported by government policies and planning provisions
at federal, state and local levels.

Such management involves the employment of professionally trained staff and the
development of appropriate bushfand and catchment management techniques.
Management will often be constrained by lack of knowledge on the responses of
plant species and vegetation. Additional supporting research is needed, as researchers
are currently faced with a wide array of problems needing investigation. In the
meantime, decisions will need to be made in terms of the reversibility of actions and
keeping future options open. Successful conservation aims to maintain current
levels of biological diversity, and this must be seen as a guiding principle.
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Figures 32 & 33. Bushland slopes and gullies
near urban areas provide a unique opportunity
for Sydneysiders to grow up experiencing
the natural world within the context of a city.
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utilization, degradation and rehabilitation
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Abstract

Sydney, the site of the first European colonizalion in Australia, is fortunate in having so
much infertile soil, supporting vegetation thal is rich in species. M uch of this has been preserved
to provide an enviable urban seiting of major national parks, and with bushland remnants
conspicuous in many suburban areas. However, during 200 years, European setilement has
removed most of the indigenous vegetation from the more fertile soils and destroyed or modified

many wetlands and sand dune complexes.

The vegetation of 1788, inferred from geological, climatic, historical and present-day
distributional information, has been described and grouped into eight major vegetalion types.
For each type, the impact of European settlement is outlined, and the remaining area estimated.
Poorly conserved lypes have been identified. In bushland on soils of low fertility, the indigenous
understorey is disappearing despite the preservation of canopy dominants, as weed invasion

" follows nutrient enrichment of drainage lines, and fire regimes change. Management strategies
are being developed for individual sites, reflecting growing public concern to conserve remain-

ing bushland in urban areas.

Introduction

Sydney (33°50'S; 151°00E), the largest city on the
eastern coast of Australia, was colonized by con-
victs, soldiers and administrators of the First Fleet
in 1788, and has Australia’s longest history of con-
tinuous European settlement. This chapter deals
with the indigenous vegetation of the Sydney area,
defined by the County of Cumberland, an area of
almost 370 000 ha bounded to the north and west
by the Nepean-Hawkesbury River and extending
southwards to Bulli, north of Wollongong. This
area represented the limit of the early colonial
administration, and now contains most of Sydney’s
3.5 million people. lts clearly-defined physiographic
features represent the results of 280 million years
of erosion, deposition, uplift and gentle subsidence
associated with tectonic forces, occasional volcanic
events and fluctuating sea levels. Its shape is that
of a shallow saucer formed largely of two types of
Triassic sedimentary rocks — shales and sandstones
(Herbert & Helby 1980). The central part of the
saucerds the Cumberland Plain where shales of the
Wianamatta Group provide gently undulating to
hilly country with an altitudinal range of 20-100 m
a.s.l. This country extends westward from Parramatta

to the Blue Mountains just beyond the Nepean-
Hawkesbury River, and from Richmond in the
north to Picton in the south. Between Windsor and
Castlereagh are the main occurrences of Tertiary
gravels, sands, silts and clays, deposited by an
ancestral Nepean-Hawkesbury River system (Gobert
1978). Along the present Nepean-Hawkesbury
River and its major tributaries, South, Rickabys and
Eastern Creeks, are alluvial deposits of Quaternary
age. The Georges River valley also has smaller
areas of both Tertiary and Quarternary alluvials.
The eastern half of the saucer is formed by
sandstones, principally of the Hawkesbury
Sandstone. From an alitude of 20-50 m around
Sydney Harbour, the Hornsby Plateau rises to over
950 m in the north before dropping to the Hawkes-
bury River. In the south the Woronora Plateau
rises to over 200 m. Remnant Wianamatta Shale
cappings persist on ridge-lines of the Hornsby
Plateau, and over much of the flatter terrain
between Sydney Harbour and the Georges River,
but are less extensive south of the Georges River.
Quaternary sand deposits of mixed marine and
aeolian origin are found around Botany Bay. These
have been partly shaped by sea level fluctuations
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that are believed to have placed the sea 140 m
below its present level as vecently as 22 000 years
ago (Chappell 1982). At this time the coastline
would appear to have been up 10 40 km east of
Sydney. Occasional narrow basalt dykes and ca 30
small diatremes of volcanic breccia form only a
minor part of Sydney’s geology.

Climate in the Sydney area is subtropical
(Gentilli 1972), with local conditions influenced by
distance from the coast. Rainfall follows a decreas-
ing gradient from the coast to the Cumberland
Plain, temperature extremes become more pro-
nounced and there is an increasing incidence of
frost. Mean maximum temperatures increase from
less than 26°C along the coast to over 29°C on the
Cumberland Plain, while mean minima drop from
7-8°C at Sydney t0 2-4° on the Cumberland Plain.
Average annual rainfall decreases from | 444 mm at
Pymbile, through 911 mm at Parramatta, generally
less than 800 mm across the Cumberland Plain 1o
a low of 688 mm at Menangle near Camden (Bureau
of Meteorology 1979).

Major vegetation types

Native vegetation remains over about a third of
the County of Cumberland. The vegetation exist-
ing at the time of Euro(i)ean settlement has been
deduced from present distributions, climatic and
geological pauterns and historical records. Some
early writings need interpretation. For example,
Watkin Tench sounded somewhat overwhelmed by
new surroundings in 1789, when he described the
woodlands of the Cumberiand Plain as “the track-
less immeasurable desert” (Tench 1979). However,
Peter Cunningham’s 1827 description relates
vegetation 1o soils and gives a picture that is clearly
recognizable. .

“In Cumberland, the land immediately border-
ing upon the coast is of a light, barren, sandy
nature, thinly besprinkled with stunted bushes;
while from 10 o 15 miles interiorly, it consists of
a poor clayey or ironstone soil, thickly covered with
our usual evergreen forest timber and underwood.
Beyond this commences a fine timbered country,
perfectly clear of bush, through which you might,
generally speaking, drive a gig in all directions,
without ‘any impediment in the shape of rocks,
scrubs or close forest. This description of country
commences immediately beyond Parramatta on
one hand, and Liverpool on the other; stretching
in length south easterly obliquely towards the sea,
about 40 miles and varying in breadth near 20.
The soil upon the immediate banks of the rivers is
generally rich flooded alluvial, but in the forests
partakes commonly of a poor clayey or ironstone
nature, yet bearing tolerable crops, even without
manure, at the outset.” (Cunningham 1827).

Our field survey and mapping work, conducted
since an earlier treatment of this topic (Burrell
1972), has identified at least 31 plant communities,

differentiated by structural and Aoristic criteria,
For convenience we have grouped these plant
communities into eight major vegetation types,
and given each a vernacular name. The postulated
distribution of these types in 1788 is shown in
Figure 1,

Blue Gum High Forest

Blue Gum High Forest is tall open-forest or
wet sclerophyll” forest dominated by Eucalypius
salfigna and E. pilularis. Previously the dominants
were probably over 40 m tall; there are trees 30 m
tall in tiny remnants now. Other tree species
included Angophora costata, F. paniculata, E.
globoidea, Syncarpia glomulifere and Allocasuarina
torulosa.

Blue Gum High Forest was found on the more
easterly Wianamatta Shale where rainfall exceeds
1100 mm, along the central spine of the North
Shore from Crows Nest to Hornsby and further
west from Castle Hill to Eastwood, In well-drained
situations the understorey had shrubs up to 2 m,
together with grasses and herbs. In moister parts,
along drainage lines, a ground cover of ferns was
conspicuous beneath small trees of Pittosporum
undulatwm and Glochidion Jerdinandi, and shrubs
including  Breynia oblongifolia  and Polyscias
sambucifolia. Trees that also occur in rainforest,
Ceratopetalum apetalum and Acmena smithii, also grew
along some creeks, but true rainforest appears to
have occurred on the shale only around Brush
Farm at Eastwood. .

Turpentine-Ironbark Forest

Turpentine-Ironbark Forest grew on Wianamatta
Shale country with a lower average rainfail (about
900-1100 mm) and/or shallower soil near boundaries
with the underlying Hawkesbury Sandstone.

On the northern side of the Parramatta River,
Turpentine-Ironbark Forest grew from Ryde
westwards to Parramatia and from there discon-
tinuously north to Castle Hill and beyond. On the
south side of the harbour it probably began around
Glebe-Newtown and  extended westward  to
Parramatta and Fairfeld.

This forest was not as tall as Blue Gum High
Forest, its trees would probably have been 20-30 m
tall, with Syncarpia glomulifera, E. paniculata, F.
globoidea, E. resinifera and Allocasuarina torulosa the
main species, growing above dense understorey
which “included Pittosporum undulatum, Acacia
species and a variety of peas and climbers.

West of Auburn, rainfall decreases, the clay soils
have increasing amounts of ironstone gravels, and
drier country trees became components of this
forest — E. moluccana, E. longifolic and E. fibrosa.
The understorey here ranged from dense scrub
up to 3 m high to open and grassy with scattered
shrubs, with Melaleuca species in drainage lines.
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River-flat Forests

River-flat Forests occupied some of the most fertile
soil in the district — alluvium along the Nepean-
Hawkesbury River and its major tributaries, South
Creek and Eastern Creek, and smaller areas along
the.Georges River. Dominant species in these tall
c{pen—foresls downstream from Penrith were
Eucalyptus tereticornis and Angophora subvelutina. In
the account of his 1791 expedition, John Hunter
des(.:nbed.River-ﬂa[ Forest near Richmond as “fine,
straight timber”, growing above a dense under.
storey mcluding shrubs, “long sedges” [Gahnia
spp., Lomandra longifolia), “nettles” [Urtica incisa}
and “a weed resembling ivy” [Smilax australis or
Dza{cqrea transversa] (Hunter 1793). Species com-
position is difficult 10 describe with certainty,
because it was rapidly cleared.

.Upslream from the junction with the Grose
River, the species dominants changed to A
stubvelutina and E. amplifolia, with E. elala common
as fgr downstream as Wallacia. The rare E. benth-
amit occurred occasionally down to the Grose River
Junction, and further upstream E. viminalis and E.
botryoidesisaligna intergrade grew around Camden,
Along the river’s length, Casuarina cunninghamiana
and occasional Tristaniopsis laurina lined the banks
and limited numbers of Toona australis and Melia
azedarach grew near Penrith. There were localized
occurrences of E. bauerana and E. bosistoana on
both the Georges River and the Nepean. Along

smaller Cumberland Plain creeks A, Sfloribinda -

appears to have replaced A. subveluting. Paper-
barks, Melaleuca linariifolia, M. decora and M.
styphelioides, with a ground cover of Juncus spp. or
sedges, were found in backswamps and periodically
\[/vu!erlogged depressions associated with the alluvial
orests.

Cumberland Plain Woodlands

Woodlands originally occupied the bulk of the
Cumberland Plain and about 30% of the Sydney
district. They extended westward from Parramatta
o the Ncpean-Hawkesbury River, north (o
Richmond and Windsor, and south to Camden and
Campbelliown. They occupied the driest part of
Sydney, where rainfall is approximately 700-900
mm per annum, and soils are deep clays developed
from shales of the Wianamarta Group — from the
Bringelly Shale on the Plain itself and from the
Ashﬁeld Shale on the margins. In 1788 Governor
Phillip described this country west of Parramatta
as “singularly fine, level or rising in small hills of a
very pleasing and picturesque appearance. The
soil excellent, except in a few small spots where it
was stony. The trees growing at a distance of from
20 to ‘110 feet l[6«1{2 m]f from each other, and in
encral entirely free fr " illi
%7‘8;9)_ y " 0@ ‘brushwood (Pl:ll”lp

Two tree species are most common across the
Cumberland Plain, E. moluccana which tends to
grow on rises, and E. flerelicornis which is more
often found on lower hillslopes and depressions.
Imn!)arks (E. crebra and E. fibrosa) accompany these
on hilly country, and E. eugenioides and E. longifolia
occur sporadically. Near creeks or on poorly-
drzyned sites E. amplifolia, E. bauerana, Angophora
floribunda, Casuarina glauca or Melaleuca decora may
be found.

The relative abundance of shrubs and grasses at
the time of settlement is now impossible to deter-
mine. The early writers describe “forest land” with
a general lack of underwood, though indicating
that there were locally denser patches. Today the
understorey may be shrubby or grassy depending
more on relatively recent grazing ntensity and dis-
turbance. The main shrub species is Bursaria
spnosa and the most common grass is Themeda
australis,

Eastern Suburbs Banksia Scrub

The aeolian sands between Centennial Park and
Botany Bay supported sclerophyllous heath, scrub
and low forest, with considerable local floristic
variatuon, now regrettably lost. The name Banksia
Scr}zb reflects the impor[ance of Banksia aemula, an
indicator of old leached sands, which occurs at its
southern limit at La Perouse. Other common shrub
species  were  Monotoca  elliptica,  Eriostemon
auglmlmius, Ricinocarpos pinifolius and Xanthorrhoea
resinosa, together with Angophora costata generally
growing as a mallee or small tree. Similar scrub
and woodland was found on the sand dunes of
Kurnell on the southern side of Botany Bay but
Banksia aemula is absent here.

Freshwater and Estuarine Wetlands

Freshwater wetlands occurred in backswamps on
the floodplain of the Nepean-Hawkesbury River,
Expansive billabongs and lagoons with permanent
water hud emergent reeds and rushes, including
l:/md{m‘is sphacelata, Triglochin procera, Philydrum
lanuginosum and, depending on conditions, Phrag-
mites australis or Typha spp. Ephemeral swampy
waterlogged sites were characterized by rushes,
most commonly [uncus usitatus, together with
some herbs (e.g., Persicaria spp.), bands of paper-
bark §hrub|and with Melaleuca linariifolia or M.
styphelioides, and swamp woodland of Eucalyptus
rabuslg on the drier edges, though still subject to
flooding.

Freshwater wetlands were also associated with
the Eastern Suburbs sand dunes; small swamps
occurred in the swales, and larger expanses of
open water along major drainage lines formed the
Lachlan Swamps now in Gentennial Park, and the
Botany Swamps at Eastlakes. Here, 1all emergent

5, pa ly EL spha and

shorter sedges, including Baumea articulata, B.
rubiginosa and Juncus spp., grew in and around
standing water. Shrub species of surrounding
waterlogged soil included Melaleuca quinquenervia,
Viminaria juncea, Callistemon citrinus and C. linearis.

In estuarine wetlands, mangroves mainly of
Avicennia marina with some Aegiceras corniculatum
were conspicuous in 1788, Saltmarshes with
Sarcocornia quinqueflora and Suaeda australis were
quite extensive, meadows of Juncus kraussii with
rasses Sporobolus and Zoysia occurred on rarely-
%ooded sites, and landward to these beyond
normal tidal influence could be found swamp oak
woodland with Casuarina glauce and occasionally
Melaleuca ericifolia with a ground layer of Baumea
Juncea and funcus kraussii.

Castlereagh Woodlands

Woodlands with distinctive shrubby understoreys
grew on the Tertiary clay, silt, sand and gravel
deposits centred on Castlereagh and Londonderry,
with smaller areas along South Creek and Eastern
Creek. These areas are mainly flat with shallow
meandering drainage lines, and species composi-
tion appears to be determined by localized soil
type. Soils are sands or clays, often containing
ironstone gravels or large river stones, and poor in
nutrients.

On the gravelly soils grow ironbarks, mainly E.
fibrosa but also some E. crebra and E. sideroxylon. On
sandy soil these are replaced by E. sclerophylla and
Angophora bakeri. Changes in understorey shrubs
and ground covers accompany changes in soil type
and dominant species. Along poorly-drained
watercourses and depressions grow Melaleuca
decora and E. parramaltensis, with grasses, herbs,
and some now uncommon herbaceous species, e.g.
Isotoma fluviatilis.

Woodlands and Heaths of the Sundstone

The rugged sandstone topography supports, as it did
in 1788, a number of different plant communities
determined by topography, drainage, and soils.
Ridge-tops and upper slopes support woodiand
with  Eucalyptus haemasioma, gummifera and
Angophora costata the most common co-dominants,
and E. racemosa, E. punctata, E. sieberi and E. oblonga
common in localized patches where there is some
shale or ironstone influence. Where soil is particu-
larly shallow there is scrubby heath with dense
thickets of Angophora hispida, Banksia ericifolia,
Allocasuarina distyla and Hakea teretifolia. Where
drainage is impeded, the shrub layer diminishes
and sedges predominate. On sandstone rock plat-
forms low shrubs and moss mats grow in shallow
pockets of soil. Mallees (E. luehmanniana, E.
multicaulis, E. obtusifiora) are found sporadically on
shollaw. sandy sofle.nn or belnw.sidne lines.»nd_may
inted nave
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On hillslopes, E. piperita, Angophora costala,
Allocasuarina littoralis and some E. gummifera domi-
nate open-forest in the exposed sites, while in
sheltered situations Syncarpia glomulifera and the
small wees Elaeocarpus reticulatus, Ceratopetalum
gummiferum and Pittosporum undulatum become
common. All ridge-top and hillslope communities
include the well-known species-rich sclerophyllous
shrub layer, except where very moist conditions
favour mesic species and ferns.

Small trees and shrubs of Callicoma servatifolia,
Tristaniopsis laurina, Lomatia myricoides, Stenocarpus
salignus and Awstromyrtus tenwifolia, together with
ferns, are found along creeks. Where gully soil is
enriched by fertile downwashed soil, trees and
understorey shrubs such as Syncarpia glomulifera,
Eucalyptus pilularis, Polyscias sambucifolia and vines
normally associated with Turpentine-Ironbark
Forest may grow. Further enrichment provides
conditions suitable for rainforest-type species such
as Acmena smithii, Ceratopelalum apelalum, Acacia
elala, Smilax australis and ferns.

Coastal headland and dune vegetation, Eucalyptus
maculata communities around Broken Bay and tall
open-forest and rainforest south of Port Hacking
on the Narrabeen Group shales and sandstones,
and upland swamps of the Woronora Plateau, have
been grouped with vegetation of the sandstone.

Aboriginal occupation and plant use

At the time of European settlement, Aborigines
were concentrated in two parts of the Sydney district,
the floodplain and the coast, and used a range of
plants for food, shelter, canoes, tools, weapons,
containers and medicines. For the Dharug people
on the floodplain of the Nepean-Hawkesbury
River, significant plant foods included vine tubers
of the River-flat Forests, and bulbs and wbers of
orchids, lilies and swamp plants of the Cumberland
Plain  Woodlands (Kohen 1984). Small game
supplemented these plant food staples.

Along the coast, three peoples, Kuring-gai north
of Port Jackson, coastal Dharug (Eora) between
Port Jackson and Botany Bay, and Dharawal south
of Botany Bay, lived on a diet rich in fsh and
shellfish. This diet was supplemented with small
fleshy fruits and (mainly Proteaceous) flowers rich
in nectar from the Eastern Suburbs Banksia Scrub
and the sandstone heaths and woodlands, larger
fleshy fruits of mesic plants in the moist sandstone
gullies, and stems and rhizomes of freshwater
wetlands reeds and rushes. From the forests,
Macrozamia  seeds and fern rhizomes, once
detoxified, provided carbohydrate (Lampert &
Sanders 1973; Poiner 1976; Ross 1976; Kohen &
Lampert 1987).

Plants used in significant amounts for other
purposes were species of Xanthorrhoea, for spear
shatte_and adbesive resin.. Livistona australis_for

and fi eral st d tree re
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including Brachychiton populneus, Hibiscus hetero-
Phyltus and species of Ficus and Pimelea and
Casuur‘ma cunninghamiana for bark canoes.

It is difficult 10 tell whether Aboriginal
hgrvgang affected plant distributions. Current
distributions seem to be explainable in terms of
environmental factors, but the early European
clearing of fertile river flats and Cumberland Plain
soils would have obliterated any patterns there
Aboriginal use of fire however, would have
affe.cted the vegetation, the different types being
subjected to differing burning patterns. For
example, in the grassy Cumberland Plain wood-
lands, fires may have been used as often as every
five years, to stimulate underground food resources
and grass for gamé. On the less productive
woodlands of the Hawkesbury Sandstone, areas may
have remained unburnt for perhaps 20-30 years.

Plant resources used by Aborigines and known
to increase afier fire are Macrozamia communis, for
which an ei%]hl‘fold increase in seed produc,lion
following a hot fire has been recorded (Beaton
1982), and Xanthorrhoea australis in which burning
ba§dcaused fearlift]:r flowering, and doubled the
incidence of inflorescence i il &
Ingwereen 1570, ence production (Gill &

FIG. 2..Vicw of the Government Faj
State Library of New South Wales).

Patterns of European Utilization

A few months after the First Fleet anch i

Sydney Cove in January 1788, Surgeon V(i’roe:{ alxrxl
summarized the settlers’ activities: “the princig al
Busme;s has been the clearing of Land cutlirlx)

Gﬂrubbmg and burning down Trees, sz;wing ug’
Timber & Plank for Building, .. .. " (Wor. axl')x
1978)‘_Clearing the land was 10 become a natiognal
obsession for the next century and a typical
achievement is shown in John Lewin's view of
the Government Farm at Caste Hill around
1806‘ (Fig. 2). By 1822 Governor Brisbane had
f!carmg operations well organized, boasting that
“in order to accomplish the first process towards
improvement 1 have a Thousand men employed
In clearing the Country of its excess of Forest
’llggg;er and Brushwood” (Brisbane to Buchan
. Although some clearing was necessa -
vide agricultural and grafing lands, marxily[zfptr};)e
early colonists had an over-zealous antagonism to
ihe bush. Louisa Meredith complained in 1839:

"The system of ‘clearing’ here, by the total destruc-

tion of every native tree and shrub, gives a more
bare, raw, and ugly appearance to a new place. In

rm at Castle Hill, about 1806, attributed to John Lewin. (Courtesy of the Mitchell Library,
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England we plant groves and woods, and think our
country residences unfinished and incomplete
without them; but here the exact contrary is the
case, and unless a settler can see an expanse of
bare, naked, unvaried, shadeless, dry, dusty land
spread all round him, he fancies his dwelling ‘wild
and uncivilized’ ” (Meredith 1844).

Clearing of vegetation took place at different
rates and different times in the various vegetation
types around Sydney in response to changing
needs and population size.

In broad terms the vegetation gave way to agri-
culture for the first 100 years, and to suburban

rowth during the second. The decreasing area of
gydney’s different vegetation types between 1788
and 1988 is shown schematically in Figure 3.

e

a7e8 1850 1000 1950 1908

axpansion

suburban expansion

FIG. 3. Schematic diagram illustrating progressive loss of
Sydney's vegetation types as a resuit of changing land use
over 200 years. BGHF: Blue Gum High Forest, BS: Eastern
Suburbs Banksia Scrub, CPWL: Cumberland Plain Wood-
lands, CWL: Castlerecagh Woodlands, E: Estuarine
Wetlands, F: Freshwater Wetlands, RFF: River-flat Forests,
TI: Turpentine-Ironbark Forest, S: Woodlands and Heaths
of the Sandstone.

River-flat Forests

River-flat Forests were on the first sites sought for
agricultural activities, as they occupied some of the
most fertile soil in the colony. Clearing the flats
along the Nepean-Hawkesbury River commenced
soon after 1789, and by 1826 James Atkinson was
able to write “The gbreater part of the alluvial lands
upon the Hawkesbury and Nepean have been
cleared and are under cultivation” (Atkinson 1826).

The forests’ demise is confirmed in early paint-
ings; for example, John Lewin’s “A View of the
River Hawkesbury, N.S.Wales”, of 1805, Figure 4,
shows one lone, tall Angophora subveluting and a
few shrubs and Casuarina trees amongst cleared
land. As early as 1803 Governor King issued a
General Order against destroying trees on river
banks (King to Hobart 1804) but in 1825 Judge
Barron Field could still criticize the practice of
clearing right to the river banks (Field 1825,
reprinted in Mackaness 1965). River-flat Forests
along the Hawkesbury’s tributaries and on the
Gearpes River were similarlv cleared

SYDNEY'S VEGETATION 1788-1988 121

Cumberland Plain Woodlands

These woodlands, growing on deep clay soils,
proved very attractive to the early settlers, and by
1821 the major portion of the Cumberland Plain
had been allocated in land grants (Proudfoot
1987). Vegetation loss was not as rapid or as com-
plete as for the River-flai Forests as much of the
land was used for grazing. However, other areas
were cleared for wheat-growing. The Government
Farm at Toongabbie was established in 1791
originally for this purpose, and for a time
Campbelltown was known as “the granary of the
colony”. Wheat-growing continued until the mid-
ninteenth century, by which time wheat rusts had
arrived and spread, and the new railway over the
Blue Mountains opened up wheat-growing areas
west of the Great Dividing Range.

The remaining Cumberland Plain Woodland has
suffered gradual attrition. Completion of railway
lines to Richmond and Penrith in the 1860s gave
impetus to new sawmills, and extractive industries,
which cleared vegc:a[ion to quarry sand, clay,
gravel and blue metal to service the growing city.
From the 1880s to 1960s, as land close to the city
increased in value, traditional uses changed and
large estates were fragmented. Some parts of
previously-cleared land were used for more intensive
agriculture, while on other parts there was inter-
mittent regrowth of vegetation. From the 1970s,
following Sydney’s post World War II population
boom, suburban expansion and hobby farming has
spread across the Cumberland Plain and pressures
on the few remaining areas of natural vegetation
have escalated once more.

Floodplain Freshwater Wetlands

Freshwater wetlands of the Nepean-Hawkesbury
floodplain were drained to provide land for
grazing and agriculture. Their utilization and loss
parallel the decline of the River-flat Forests.

Blue Gum High Forest

Blue Gum High Forest contained impressive trees
up to 40 m tall, and the early settlers soon set about
cutting these. Bush sawpits were operating on the
North Shore in the early 1800s, and by 1810
Governor Macquarie reported timber “getting
scarce” near the Government sawpit 10 km up the
Lane Cove River. When the taller straighter trees
had been removed for use in construction work
(buildings, bridges, wharves, etc.), the smaller
trees were cut to provide billets for navy vessels
and firewood for Sydney’s residents. She-oaks,
species of Casuarina and Allocasuarina, were cut for
shingles; in 1813, for example, Governor Macquarie
instructed the Government sawpit at Lane Cove to
supply 4 000 shingles each week per three-man gang,

and B00 cix-font nalinos ner week ner three-man
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FIG. 4. A view of the Hawkesbury River in abour 1805, by John Lewin, showing the floodplain forest had been almost
completely cleared by this date. (Courtesy of the Dixson Galleries, State Library of New South Wales).

gang. Each two-man team of sawyers was to saw
450 ft (150 m) of timber each week, in addition
(Russell 1970). Hardwood paling fences were a
very early Sydney suburban feature,

On the North Shore, the bulk of the Blue Gum
High Forest had been cleared by the 1860s, and
the land used for orchards. Suburbs had spread up
the North Shore ridge by 1920.

Turpentine-Ironbark Forest

Turpentine-Ironbark Forest occupied country with
lower rainfall than the Blue Gum High Forest. Tts
principal timbers were certainly useful in the early
colonial days. Syncarpia glomulifera was invaluable for
wharf and jetty pilings, Eucalyptus paniculata and
other ironbarks were used extensively as fence posts,
E. resinifera yielded timber prized for its strength
and durability (Maiden 1889). Although dleared less
purposefully than the Blue Gum High Forest, it has
now been replaced by housing and little remains.

Eastern Suburbs Banksia Scrub

The Eastern Suburbs Banksia Scrub country was
of little use for agricultural purposes, and its
disappearance came about mainly because of its

" nity o . The lity of ater

in its swamps and aquifers led to the development
of industries such as soap-making, tanning and
wool-washing. Residential expansion in the late
nineteenth century and early twentieth resulted in
a steady decrease in the area of scrub. On the
northern side of Botany Bay the few small areas
now remaining are the subject of housing proposals.

On the southern side of Botany Bay, the Kurnell
sand dune vegetation deleriomth through burning,
clearing and grazing from the 1860s. Sand extraction
on a major scale commenced in the 1940s, and in
the 1950s a large area of dunes and swamps was
flattened for an oil refinery. Large-scale sand
extraction continues and use by off-road vehicles
has become a problem.

Eastern Suburbs Freshwater Wetlands

The major freshwater wetlands associated with the
Eastern Suburbs Banksia Scrub survived until the
1870s when the central swamps were dammed to
supply Sydney's water. The system of freshwater
lakes formed still exists today, in Centennial Park
and Eastlakes Golf Course, but with permanent high
water levels and grassy banks, supports relatively few

.of the original snecies. There are also heauwsweed

ations, teratio 1ajor r ks.
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Estuarine Wellands

Most Estuarine Wetlands survived into the twen-
tieth century though small areas of shallow
shoreline around Sygney Harbour were gradually
filled and tidied up as Sydney developed. In
Homebush Bay there was some modification of
wetlands by salt evaporation works in the 1800s,
and in the 1880s seawalls were built in preparation
for filling, but it wasn’t until after World War Il
that extensive wetlands of Sydney Harbour and
Parramatta River were filled, particularly from
Iron Cove to Homebush Bay and Parramatta.
Filling has severely reduced the extent of both
mangrove and saltmarsh communities, though
some new opportunities for mangrove colonization
have been provided by erosion and sedimentation
along the Lane Cove River (McLoughlin 1985).

Wetlands of the Cooks River estuary were
destroyed by the construction of Sydney Airport in
the 1930s, and later the river was re-routed and
turned into a canal, its neatened banks became
ovals, golf courses and smaller parks. Much of the
swampy creek line to the south was converted to
market gardens, and transport corridors threaten
tiny remnants along the tributary Wolli Creek.

In Botany Bay, mangroves were burnt to provide
alkaline ash (barilla) for scap-making, from 1810
to 1850 (Bird 198)). Casuarina glauca was cut by
oyster farmers in the late 1880s and early 1900s.
The estuarine wetlands on the southern shore were
conserved as Towra Point Nature Reserve in the
1970s, after being threatened with destruction for
Sydney’s second airport (Australian Littoral Society
1978). Its boundaries are inadequate, and in 1986
these wetlands narrowly escaped having a toxic
chemical industry built on adjoining land.

Castlereagh Woodlands

The Castlereagh Woodlands survived destruction
for a long period because their poor soils were not
suitable %or agriculture. In recent times however,
woodland has been cleared during sand and clay
extraction and the characteristic vegetation of the
Agnes Banks sand deposits (Benson 1981) has
almost been destroyed by mining. This vegetation
is unusual because of its affinities with coastal plant
communities 50-60 km away.

Woodlands and Heaths of the Sandstone

Finally, the vegetation of the sandstone areas has
survived best in terms of the area remaining,
because of low fertility soils and rugged terrain.
Sydney’s large national parks, Ku-ring-gai Chase,
Marramarra, Heathcote and Royal, together with
Muogamarra Nature Reserve and several large
State Recreational Areas contain extensive
spmdstane comrenniries. Smroller.areas, memerlly
a reek 1 emain 1 the S,
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Though the sandstone around Sydney Harbour
was occupied by housing last century, the stepped
terrace housing of the period being suitable for
the steeper slopes of Balmain and Paddington, it
was not until after World War II that newer house
design and construction capabilities led to the
clearing and development of extensive sandstone
areas. Provision of services through sandstone
areas is still expensive, and engineers generally
prefer softer bedrock for new housing development.

Conserving our remaining vegetation

Sydney’s rich and diverse flora is spread between
at least eight vegeration units but our conservation
areas, particularly the major national parks, are
almost ali on the areas of Hawkesbury Sandstone. In
carlier times such areas were seen as suitable for
reserves for public recreation as they were scenically
diverse yet could not be used for agriculture and
were poor in minerals (except for coal). Conservation
of the vegetation of the other units, most of which
have now been almost totally cleared or degraded,
is inadequate (Table 1), and deteriorating. Proposals
for residential development, extractive industries
and transport corridors threaten most unprotected
vegetation remnants and it is inevitable that despite
a great deal of effort, many will be Jost.

A few examples

At Agnes Banks, near Richmond, about 450 ha of
Pleistocene-Pliocene sand overlie Tertiary clays
and silts. Although included in our broad
Castlereagh Woodlands type, distinctive plant
communities with coastal affinitics grow on these
sands, despite being 55 km inland in an area with
only two-thirds of the average coastal rainfall. This
vegetation is of great scientific interest because
of information it contains about relationships
between plant distributions and geomorphological
events, including sea level fluctuations, in the
Quaternary. Forster et al. (1977) included it in a
list of areas of botanical conservation interest;
detailed description and analysis of the five com-
munities appears in Benson (1981). Despite initial
proposals for reservation in 1968, about 70% of
this vegetation has been removed by sand mining,
and a nature reserve and Permanent Conservation
Order protect about 9%.

Near Pitt Town, the Longneck Lagoon Wildlife
Refuge and Field Studies Centre conserves one of
the few remaining floodplain freshwater wetlands.
Much of the catchment is Crown land with some
of the best remaining areas of Cumberland Plain
Woodland. This needs to be added to the con-
served area. Until it is, it will remain vulnerable to
proposals for residential or other development.

At Menangle in the south-west, the best remain-
imostond of ~the- River-fiotFovast whick _orce

the N €CCurs ¢ ormer n
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TABLE 1. Areas of vegetation types within the County of
Cumberland in 1788, and percentages remaining in 1980.

1788 1988
Vegetation types area (ha) % remaining
Blue Gum High Forest 11 000 0.9
Turpentine-Ironbark 35 000 0.5
Forest
River-flat Forests 19 000 3
Cumberland Plain 107 000 6
Woodlands
Eastern Suburbs 8000 3.5+
Banksia Scrub
Estuarine and - 6000 29
Freshwater Wetlands 3000 18
9000 25
Castlereagh Woodlands 19 000 32
Woodlands and Heaths 162 000 85
of the Sandstone
County of Cumberland 370 000

* Of the original 7 000 ha of Eastern Suburbs Banksia Scrub
between Bondi and Botany Bay, only 0.2% remains. Most
remaining vegetation of this type is found on the Kurnell
Peninsula. This is structurally similar but lacks Banksia
aemula,

Park Estate, the historic property of the Macarthur
family. The Department of Agriculture now
manages this land and is trying to conserve the
forest; however, pre-existing mining leases cover
the vegetated area, and the sand and soil company’s
application to mine has been the subject of a
Commission of Inquiry. Elsewhere remnants of
this forest occur in narrow bands subject to attrition
at the edges, often with only the canopy trees
remaining from the former forest.

North of Botany Bay, about 10 ha of Eastern
Suburbs Banksia Scrub remain, but even some of
this is currently the subject of housing proposals.

ved areas

Probl in ging

Even where bushland is intended to be preserved,
deterioration continues through the insidious
polluting effects of urban run-off, weed invasion
and changes to the fire regimes.

Soil nutrient enrichment and weed invasion

Weed invasion of natural communities follows dis-
turbance that leads to alteration in the resource base
(Fox & Fox 1986). In suburban bushland two
situations are particularly susceptible 10 weed
invasion; edges, where adjacent clearing increases
the light and open space resource, usually next to
sources of weed pro‘pagules; and drainage lines,
where urban run-off increases soil nutrient and
moisture levels, favouring growth of weeds and mesic
native species over scleromorphic native species.

Increased soil phosphorus content has been
shown to increase the weed component of the flora
(Clements 1983) and weed growth is particularly
conspicuous along creeks and drainage lines below
disturbed areas. Urban stormwater run-off typically
moves about 1 kg ha'! per year of phosphorous
(Harley Wright, pers. comm.), and in northern
Sydney, soil phosphorous levels have been found
to be increased twofold at suburban boundaries,
threefold in creek lines, and eight times below storm-
water outlets (Leishman 1986). Contributors are
garden fertilizers, dumped refuse, sewer discharges,
and, significantly, pet excrement. Pets may add 3-
10 kg ha'! per year of phosphorus to suburban
areas (Wright, pers. comm.). Reduction of nutrient
input requires improved design of stormwater
drainage systems, as advocated by Bliss et al. (1983).

Weed propagules are dispersed into bushland in
stormwater, dumped garden refuse, by fruit-eating
birds and wind, and soon take advantage of any
nutrient-enriched conditions. Weed-invaded bush-
land is readily apparent; many creeklines in and
around Sydney have become overgrown tangles
where Ligustrum, exotic Rubus, Lonicera japonica,
Cardiospermum grandiflorum and Ipomoea indica have
replaced the native creekside vegetation.

Changing fire regimes

Fire regimes have undoubtedly changed in the last
200 years. Currently in bushland there may be wild-
fires that are less frequent and more intense than in
the past, or prescribed burns that are more frequent
and less intense. Other areas may remain unburnt.
Frequent fires can cause local disappearances of
obligate seeders, changing floristic composition in
favour of resprouters (Siddiqi et al. 1976; Bradstock
8 Myerscough 1981; Nieuwenhuis 1987). In wood-
land on the Hawkesbury Sandstone, intervals free of
fire of at least 5-10 years are needed to prevent loss
of obligate seeding species (Benson 1985). Even
resprouters can lose vigour if burnt too often.

Fires of low intensity may fail to stimulate germina-
tion of hard-seeded species (c.g., Floyd 1976) or
release of seeds stored in woody fruits (Bradstock
& Myerscough 1981) even though adults are killed.
Achieving periodic hot fires in small suburban
reserves 1s, for obvious reasons, a major difficulty.
Hot fires would be desirable to reduce the under-
storey dominance of Pittosporum undulatum in a
aumber of reserves where fire has long been
excluded. However, these reserves are generally
too small and too close to suburban dwellings to
make hot fires acceptable, and hand thinning
needs to be used as a second best alternative where
fire is impossible.

Fire exclusion may cause Aoristic change. The
small tree Pittosporum undulatum is susceptible to
fire, and in its absence forms a dense canopy in
some sandstone and shale reserves (see Adamson
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& Fox 1981; Clark & McLoughlin 1986). Crow[h
and germination of other understorey species, and
regeneration of canopy dominants are prevented.

Maintenance and rehabilitation

Although there is increasing awareness of the con-
sequences of nutrient enrichment, weed invasion
and altered fire regimes, bushland managers can
find it hard to translate a bewildering collection of
individual pieces of information, some seemingly
contradictory, into an effective management plan
for a specific location (Saunders et al. 1987). A
generalized scheme of interactions between
nutrients, weeds and fire for bush_lan({ on
sandstone and shale in Sydney is shown in Figure
5. This gives a broad overvie\:v, fiesigned to show
the ways individual factors will Interact, z}llou_/mg
prediction of outcomes from various combinations
of conditions and actions. Soil fertility determines
different sequences of events for vegetation on
sandstone and shale. .

To a certain extent, each site must be considered
individually in the light of its past history of
interacting factors. Some examples of burning and
weeding pro(;i,rrammes designed for specific areas
are presented by Fox (1988).
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In practice, there ¢an be conflicts; for example,
between keeping conditions suitable for recruit-
ment of rare native species by exposing soil, and
preventing weed colonization by encouraging a
ground cover of ferns. Such conflicts need to be
recognized, and resolved either by ob.lammg more
management resources, or by choosing the most
desirable realistic goal. However, it is important
that bushland managers do not feel daunted if
there are gaps in our knowledge and events cannot
be predicted with certainty. It is important in such
cases to Lry various actions to find what works for
a particular situation. Managers will almost always
have to make decisions with incomplete information,
but they should use their activities as experiments
1o build up the information available iteratively
(Hopkins & Saunders 1987).

Conclusion

By accidents of geology and history, Sydney is
fortunate to retain much indigenous vegetation
close to the city. However, for ghe same reasons,
this vegetation 1s not representative of the range of
types previously found there. Most remaining
vegetation is on the sandstone, and for five of
Sydney's eight vegetation types little remains.
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Similarly, it is the species of the sandstone that are
generally well conserved while species of other
habitats survive as fragmented populations.
Research is particularly needed on recruitment
and maintenance of populations of uncommon
species. Without adequate reservation and careful
management, these fragmented populations are
vulnerable to continuing attrition and possible
extinction. .

Research has provided guidelines for predicting
management problems related to altered fire
regimes and nutrient status in the large proportion
of Sydney’s remaining vegetation on low nutrient
sandstone soils. Implementation of the results of
this research by land managers, is now the main
challenge in the retention of natural vegetation.
For example, adequate protection of the catch-
ments for reserves is the best long-term solution,
to avoid weed invasion of gullies. However, new
subdivisions are planned without regard to these
factors, and bushland in suburbs such as Berowra
and Menai will succumb to weed invasion in due
course like the older suburbs that were developed
before the consequences were evident. Planning
may be more costly initially, but will allow our
natural vegetation to survive and provide pleasure
and value for many centuries. The deterioration of
bush in new subdivisions cannot be blamed on our
lack of knowledge.

For bushland in older areas, local solutions,
perhaps simple or innovative, are needed to mitigate

problems. The interface between bushland and -

housing is an important area where ecology,
education and reserve management need to be
brought together.
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DAY 1.

Royal National Park is described at:
http://www.environment.nsw.cov.au/NationalParks/parkHome.aspx ?2id=N0030

Established in 1879, Royal National Park is the world's second oldest national park - after
Yellowstone in the USA. Only 32 km from Sydney, the Royal packs incredible natural diversity
into a relatively small area. It offers riverside picnics, great surf beaches, clifftop heathland
walks, rainforest cycle tracks, and much more.
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Nice images of the Sea Cliff Bridge are found at:
http://www.flickr.com/photos/tags/seacliffbridgse/interesting/show/

The township of Robertson is described at:
http://www.highlandsnsw.com.au/towns/robertson.html




Clues to the ‘burning question’: Pre-European fire
in the Sydney coastal region from sedimentary
charcoal and palynology

By Scott D. Mooney, Kate L. Radford and Gary Hancock

This article was prepared by Scott Mooney while
employed as a Lecturer in the School of Geo-
graphy, ar the University of NSW (Sydncy, NSW
2052, Australla. Tel: 61-2-9385 4389. Email:
s L), in coll with

Kate Radford, a former Hornours student (Envi-
ronmental Science, UNSW) and Gary Hancock
Sfront CSIRO (Division of Land and Water, Black
Mountain Laboratories, Canberra). This work
Jorms a part of a larger project by Scott Mooncy
oun the fire bistory of the Sydney Basin,

s The trati

and influx of charcoal in a 2°Pb-dated sediment core were

Y
used to investigate the recent fire history of Jibbon Lagoon in Royal National Park, NSW,
Fire events of the recent (historic) past were compared to this record in an attempt to test
its sensitivity. Recent fire events were not always reflected in the charcoal results.
Nonetheless it can be concluded that since about AD 1930 the area has been character-
ized by a relatively high frequency of fires. The analysed sediments of the pre-European
period contained a low concentration of charcoal, and only one large conflagration appears
to have occurred in approximately the last 1600 years. How Aboriginal people used fire in
this landscape is still uncertain. However, it is possible that they did not regularly burn the
landscape, or if they did, it was in such a way that the delivery of charcoal to the lagoon
was minimal. This study thus suggests that the idea of the ubiquitous use of fire by
Aboriginal people should be further, and critically, analysed.

Key words 21Pp, charcoal analysis, fire, Royal National Park.

Introduction

There are several issues of contention
regarding the recent history of fire in Aus-
tralin. This debate has recently been re-
visited by Flannery's (1994) book The
Future Eaters, which popularized the
decades-old debate concerning Aboriginal
use of fire (e.g. Cleland 1957; Tindale 1959;
Jones 1969; Hallam 1975; Horton 1982;
Kohen 1996).

In the Sydney region and elsewhere,
Flannery (1994; p. 218) claimed that
regular burning of the Australian land-
scape by Aboriginal people resulted in
an ‘open, fire-maintained woodland’
(Flannery 1994; p. 382). This suggests that
the Aboriginal influence on the fire
regime was so extreme that the vegetation
encountered by European settlers was a
cultural artifact resulting from thousands
of years of manipulation by Aborigines.
This interpretation relies heavily on
evidence gleaned from writings of early
settlers, especially in the Sydney area,
which may be misinterpreted and/or
exagperated (Williams & Gill 1995; Benson
& Redpath 1997).

Despite an obvious lack of consensus

regarding the impact of the Aboriginal use
of fire (e.g. Horton 1982; Clark 1983; Head
1989; Bowman 1998), Flannery (1994),
Ryan et al.(1995) and Langton (1998) have
proposed that Aboriginal burning prac-
tices be applied in the modern setting for
conservation reasons. They suggest that
the introduction of low intensity, high
frequency fire will return the landscape to
a condition that was maintained by the
Aborigines.

The way in which fire regimes changed
with the coming of European settlers is
another issue surrounded in contention
(Head 1989). Nonetheless, generliza-
tions abound in the literature (Recher &
Christensen 1981; Pyne 1992; Flannery
1994; Kirkpatrick 1994; Kohen 1995). For
example, the lifting of the Aboriginal-
imposed fire regime is often cited as result-
ing in a build up of fuel and a subsequent
increase in the intensity of fires. In
other areas the burning of land for agri-
cultugal purposes perhaps saw changes
to fire frequency.

Partially as a result of extensive fires in
1939, a policy of fire suppression followed
(Luke & McArthur 1978; Recher & Chris-
tensen 1981; Pyne 1992; Flannery 1994).In

recent times suppression of fire has given
way to hazard reduction burning, which
generally constitutes low intensity fires at
predetermined intervals, perhaps our of
the normal fire season (McLoughlin 1998).
Even with these practices in place large-
scale wildfires are still 2 component of the
fire regime.

It is notable that these views concern-
ing both pre- and post-European use of fire
are apparently not well based in scientific
study. When palacoecological studies are
examined (Horton 1982; Clark 1983; Head
1989; Benson & Redpath 1997; Bowman
1998) it is generally concluded that they
say nothing objectively about the issues.
This is however, a result of methodological
problems, which have largely been over-
come in overseas studies.

The most common method for the
reconstruction of fire history has been to
analyse charcoal particles found in sedi-
ments (Clark 1982; Patterson et al. 1987;
MacDonald eral. 1991). In Australia the
‘point count method’ (PCM), described by
Clark (1982), is the most common way of
determining the amount of charcoal pre-
sent in lake or swamp sediments. This
method is favoured as it is reportedly fast
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(Clark 1982) and can be applied to slides
prepared for palynology.

There are 2 number of Hmitations asso-
ciated with the PCM and most researchers
acknowledge that it results in a coarse fire
history. The major problem is the size of
the charcoal particles quantified, which
are typically less than 50 pm in diameter
(Clark & Royali 1995), but may range up to
the size of the sieve used in the pollen
preparation. Theoretical studies by Clark
(1988a) suggest that charcoal of this size
can potentially be carried long distances
by strong convection currents during
wildfires. Analysis of fine charcoal particles
therefore provides an  extra-regional
record of fire, but may yield only limited
inferences about site-specific fire regimes.

Larger charcoal particles (> 50 pm in
length) are easier to identify, and if they do
enter suspension they will travel much
shorter distances than charcoal quantified
using the PCM. As such it should result
in a more localized record of fire (Clark
1988a,b, 1990a; Tinner et al. 1998). Such
macroscopic charcoal in sediment was first
analysed by Clark (1988b) and has since
been used by MacDonald etal. (1991),
Clark & Royall (1995), Millspaugh & Whit-
lock (1995), Long et af. (1998) and Tinner
etal. (1998). Notably, to our best knowl-
edge, no Australian study has used macro-
scoplc charcoal to date, with the exception
of Martin (1994) who counted only char-
coal > 120 um in maximum diameter.

Knowledge of the past provides a
firmer basis for understanding the present
(e.g. Clark 1990D; Foster et al. 1990). The
study of macroscopic charcoal holds great
promise for site-specific studies of fire
history, and could be applied to issues
addressing Aboriginal use of fire, and in
conjunction with palynology, to ecological
studies such as the examination of fire and
vegetation relationships (Sander & Gee
1990). Knowledge of fire regimes of the
past may also be desirable for the scientific
management of National Parks and other
conservation reserves.

Aims

This study aims to reconstruct the fire
history of the Jibbon Lagoon catchment in
Royal National Park before and after Euro-
pean settiement. Notably, the present study

differs from previous palacoecological
studics in the Sydney region (e.g. Kodela &
Dodson 1988; Johnson 1994; Martin 1994)
by analysing macroscopic charcoal from
contiguous samiples and by better con-
straining the recent sediment chronology
through the application of 2!°Pb dating.

Furthermore, this study attemgts to test
the methodology by relating the charcoal
record to the recent history of fire at the
study site. Sedimentary charcoal is most
commonly validated using dendrochrono-
logical studics, however, in Australia, few
trees are suitable (Ogden 1978; Dunwiddie
& LaMarche 1980; but see Green etal.
1988). As an alternative, several studies
have compared sedimentary charcoal
records with historic records of fire (Long
et ql. 1998; Tinner et al. 1998), but care is
needed as historical sources have their
own limitations and biases (Willlams & Gill
1995).

Site description

Jibbon Lagoon is located approximately
20 km south of the Sydacy CBD (Fig. 1) in
the northeastern corner of Royal National
Park (34°5'S, 151°9'E). The lagoon is fresh
water despite it occupying a deflation
hollow below sea level. It is separated
from Port Hacking by a longitudinal sand
dune, the formation of which has been
linked to the post-glicial marine trans
gression 6000-10 000 years ago (Natlonal
Parks and Wildlife Service 1994).

The bedrock underlying the lagoon
consists of Triassic Hawkesbury Sandstone
(Wright 1996). The main feature of the
catchment is a moderately steep hill to
the southwest of the lagoon that leads
to the township of Bundeena. There are no
streams flowing into the lagoon; precip-
itation and runoff from the surrounding
catchment are the only surficial flows of
water. The soils immediately surrounding
the lagoon consist of unconsolidated sand
dunes or skeletal sandy loams. They are
considered to be highly erodible (National
Parks and Wildlife Service 1994).

The Jibbon area experiences a temper-
ate coastal climate (Bureau of Meteorology
1999) with a mean daily temperature
of 13-22°C and a mean annual rainfall of
1106 mm. The natural fire season is spring
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or summer (Luke & McArthur 1978;
McLoughlin 1998),

Jibbon Lagoon has areas dominated by
emergent Tall Spike Rush (Bleocharis
sphacelata) and is surrounded by a closed
sedgeland assemblage (Goldstein 1976).
The catchment of the lagoon is dominated
by heath, Sydney Red Gum (dngopbora
costata) dune forest and a Cupaniopsis
littoral closed forest assemblage consisting
of Tuckeroo (Cupaniopsis anacardioides)
and Bangalay (Kucalyptus botryoides)
(Chalson 1983) between the lagoon and Jib-
bon Beach, Common species in the catch-
ment include Old Man Banksla (Banksia
serrata), Coast Banksia (B. fntegrifolia),
Scrub She-oak (Alocasuarina distyla),
Coastal Teatree (Leptospermum laeviga-
tunry and Coast Wattle (Acacia longifolia
ssp.sopborae).

It is thought that Aboriginal people from
the Dharawal language group occupied
Royal National Park for at least 7500 years
prior to EBuropean settlement (Megaw
1969; Goldstein 1976; Flood 1990; Wright
1996). Middens conuining remnants of
marine organisms jmplics that they relied
heavily on the marine environment for
resources (Goldstein 1976). An important
rock-engraving site occurs in the Jibbon
area, indicating unequivocally that Aborig-
ines occupicd the area (Flood 1990;
National Parks and Wildlife Service 1994),

After European settlement the Dha-
rawal people were rapidly displaced,
although the timing of the abandonment
of traditional lifestyles is uncertain, Carter
(1969) places it in the early 19th Century.
Details of their use of fire are not well
known.

The Europcan history of the study area
began as a large property known as
Yarmouth Estate. This was subdivided in
1898 to form the township of Bundcena
(Pettigrew & Lyons 1979). As Bundeena
is in close proximity to Jibbon Lagoon
(Fig. 1), the Lagoon and its catchment have
undoubtedly been subject to European
impacts.

Methods

The recent fire history of the study site
was derived from the Narional Parks and
Wildlife Royal National Park GIS, which
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maps fire events from 1968 to the present.
The occurrence of fires prior to this date
was obtained from Keith (1995; p. 202)
who analysed acrial photographs back to
1942 from a site to the southwest of the
lagoon (Jibbon Hill). Although this site is in
an adjacent catchment to that of Jibbon
Lagoon it was assumed that the fires
would have impacted upon the Jibbon
area.

A total of nine sediment cores were
removed from the lagoon (Fig. 1). These
were removed from a site 6.0 m from the
southwestern shore, where the water
depth was 1.2 m. This site was chosen as it
is adjacent to a steep slope, where it was
thought that the delivery of charcoal
would be best. The sediment cores were
described using a modified Troels-Smith
method (Kershaw 1997) and the longest
core retrieved (Core 3) was chosen for
further analysis.

The charcoal content of the sediment
was assessed in three size classes. Larger
sized particles, here referred to as macro-
charcoal, were analysed using a modifica-
tion of the wet-sieving method described
by Long eral (1998), resulting in size
fractions of 125-250 pm and greater than
250 pm. Previous studies have found char-
coal particles > 125 um within a 10-km
radius of a recent fire (Millspaugh &
Whitlock 1995; Long e al. 1998) and the
> 250 pm size fraction was analysed in an
attempt to produce an extremely local
record. The amount of sand present in
each of the macro-charcoal subsamples
‘was also estimated using an ordinal scale,

Polien slides were produced following
standard palynological techniques (Faegri
& Iverson 1975; Moore et al. 1991). Char-
coal was quantified on these slides using
the PCM of Clark (1982). This charcoal
is predominantly finer, compared to the
macro-charcoal, and is here referred to as
micro-charcoal. Charcoal wus recognized
as black, opaque, angular particles that
were often shiny, following criteria similar
to Clark (1982), Patterson et al. (1987) and
Clark (1988b).

The concentration of Pinus and Bank-
sia pollen grains was also determined on
the palynology slides. The pollen of the
exotic genus Pinus was quantified as it has
been used in previous studies as an
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approximation of the arrival of Europeans
in an area (Kodeln & Mackillop 1988).
Banksta pollen was quantified as the dom-
inant species found in the Jibbon area are
negatively affected by high fire frequency
(Kelth 1995; Keith & Tozer 1997). For
example, Heath-leaved Banksia (B, ericifo-
lta) is fire sensitive and the soil seed bank
may be affected if the fire interval is less
than 5 years and Old Man Banksia is only
fire tolerant upon maturity (Keith & Tozer
1997).

Loss-on-ignition (LOI) was determined
at intervals similar to those for macro-
charcoal analysis but only to a depth of
28 cm. The bulk density and water content
of the fresh sediment and (volumertric) dry
weight of the samples was also deter-
mined during the LOI process and as such
was also only determined to a depth of
28 cm.

Lead-210 dating was chosen as the most
appropriate method for determining an
accurate chronology (Oldfield 1977;
Robbins 1978). In brief, 2'°Pb occurs natu-
rally in lake sediments as an isotope of the
238y decay series. Some of this 219Pb is pro-
duced by the 38U series nuclides in the
sediments, and some is produced in the
atmosphere by decay of gaseous 22*Rn,and
is subsequently deposited as unsupported
fallout *'°Pb, It is the unsupported fallout
210ph, equivalent to the 2'9Pb activity in
‘excess’ of the sediment Z2°Ra activity, that
is used for dating.

The assumptions required for dating are
that a lake has received a constant input of
unsupported ?°Pb, the 2!°Pb has had a
constant residence time in the lake and
there has been no significant migration of
210ph jn the sediment column (Oldfield
1977). If these assumptions are fulfilted
unsupported ?Ph activity will decline
down the sediment profile in accordance
with its natural radioactive decay (Oldfield
1977). This declining activity allows the
derivation of dates for the different depths
of sediment.

The charcoal methods described above
provide data as concentrations. Concentra-
tion data are limited, however, as these
may be Influenced by any change in the
input of extraneous materials. A trace of
charcoal unencumbered by any variations
in the organic content of the sediment, for

example, or in the rate of sedimentation,
was especially required for the uppermost
section where the historic record of fire
allows testing of the data.

Hence, the concentration dara were re-
calculated as an influx (the number of
charcoal particles per ¢cm per year). This
involved re-expressing the macro-charcoal
data per gram of material not ignited in the
LOI procedure and then multiplying the
result by the rate of sediment accumula-
tion (in g/cm per y). This re-calculation of
the dara was only possible in the upper
section of the core, corresponding to the
210pb analyses,

Results
Recent fire history

Investigations into the documented fire
history of the Jibbon area resulted in a
large number of fires (Table 1). In particu-
far, the fires in 1930, 1942, 1946, 1955,
1964, 1976, 1988 and 1994 were consid-
ered ‘signature’ fires to be examined
against the sedimentary charcoal record,

Sediment chronology

An initial assessment of the chironology of
sedimentation can be made from the first
appearance of Plnus at a depth of 13 cm
in core 3. The presence of this pollen is
indicative that this sediment postdates

European settlement (Kodela & Mackillop
1988).

A log-inear plot of excess *1°Pb against
depth is shown in Fig. 2. Depth is expres-
sed as cumulative mass (g/cm? pery) o
climinatc variations in porosity and ashed
weight is used to climinate variations in
organic content. Given the non-lincarity
of the plot in Fig. 2, and non-monotonic
decrease in /9Ph activity, the constant rate
of supply (CRS) dating model is the most
appropriate (Oldficld & Appleby 1984).
With this model, the age of sediment at
depth x is given by

1.4,
Tln:f;

where 4, is the total excess *'OPb sedi-
ment inventory, and 4_is the excess 'pb
inventory below depth x. This equadon
has been used to generate a plot of age
against depth, shown in Fig. 3. The plot
suggests that the sediments of the Euro-
pean period were confined to the upper
19 cm, as 19 em yielded a *'“Pb date of
158 + 11 years before 1999, approxi-
mating the time Aborigines left the Jibbon
arca and Europeans arrived,

Also shown in Fig. 3 is a plot of the sed-
iment accumulation against depth. The
plots show that below 17 c¢m a period of
low sediment accumulation is Indicated
(0.02 g/cm per y equivalent to 0,04 cm/y).
This depth corresponds to an age of about

Table 1. Historic fires in the vicinity of Jibbon Lagoon, Royal National Park, 19301999,

The ‘signature’ fires are in bold

Year Notes Source
1930 Large and intense Keith (pers. comm.)
1942 Large and intense Keith (1995)
1946 Large and intense Keith (1995)
1955 Relatively smaller fire Keith (1995)
1959 Relatively smaller fire Keith (1898)
1960 Relatively smaller fire Keith (1995}
1964 Large and intense Keith (1895)
1968/69  Included a fire next to the lagoon NPWS GIS
1972/73  Between the lagoon and Bundeena, possibly hazard

reduction burn NPWS GIS
1974/75  To the south of Bundeena, not in lagoon catchment NPWS GIS
1976 Extensive and high intensity NPWS GIS
1984/85  Included next to lagoon, but likely low intensily hazard

reduction fire NPWS GIS
1986/87  To the south of Bundeena, not in lagoon catchment NPWS GIS
1987/88  Burnt in immediate vicinity of the lagoon. but probably

low intensity NPWS GIS
1988 Extensive and high intensity (October) NPWS GIS
1994 Extensive and high intensity (January) NPWS GIS
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Figure 3. Sediment age against depth
(closed circles, top horizantal axis) and the
rate of sediment accumulation (open circles,
bottom axis). Age is in years before AD 1999,

90 years (~1910). Above 17 c¢m, the accu-
mulation accelerates, reaching a value
almost an order of magnitude higher
(0.30 cm/y) in the period 1940-1960.
Recent accumulation rates appear to have
declined significantly, approaching those
prior to 1910. No radiocarbon dating of
the sediment from Jibbon has been made,
but if the sediment accumulation rate of
the lowermost section of the #*°Pb analysis
is assumed typical of pre-Furopean accu-
mulation rates the age of the lowermost
analysed sediments is approximated at
ca 1600 years.

Based on the 2'9Pb chronology, the first
appearance of Pinus at 13 cm indicates an
age of just 55 years (1945). The implica-
tions of this age are discussed in the next
section.

Sediment stratigraphy

The sediment recovered from Jibbon
Lagoon was relatively homogenous organic
Iake mud. The top 10.5 cm was fibrous
with unhumified herbaceous material
that was highly elastic, The material from
10.5 cm to 16 cm was only slightly more
humified and sand was visible but not
abundant. From 16 cm to 56 cm the sedi-
ment contained a higher proportion of
clay with very little sand and 56 cm to
63 cm was sandy, inelastic and had a
high proportion of fine detritus present.

The results of the LOI analyses, bulk
density, water content and dry weight
determinations also reflect the physical
make up of the sediment. The results of
these analyses are shown in Fig. 4.

The LOI values are very high in the top
9 em of the core, they decrease to low
values between 10cm and 18 cm, and
increase to fairly high values again until
28 cm depth where the analysis stopped.
The bulk density of the sediment was
elevated between 10 cm and 18 em and at
the base of the core (Fig. 4).There is also a
slight rise in the bulk density between
21 cm and 30 cm. The water content of
the analysed sediment column was rela-
tively consistent except for two slight
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decreases at 16 cm and 22 cm (Fig. 4).
The dry weight of the sediment is low at
the top of the profile, high between 12 cm
and 18 cm and moderate between 18 cm
and 28 em (Fig. 4).

The amount of sand present changes
throughout the analysed sediment profite
and is similar for the 125-250 ym and
> 250 pm size fractions (Fig. 4). The top
23 cm of the core is characterized by a
higher abundance of sand. This decreases
to being constantly present but not abun-
dant between 23 cm and 48 cm with one
small increase between 29 and 31 cm.
Between 48 cm and the base of the
analysed core there is a dramatic increase
in the amount of sand.

Charcoal and other
analyses

The concentration of macro-charcoal was
found to be relatively high between 9 cm
and 18 cm and between 47 cm and 49 cm
(Fig, 5). This is consistent for both the
125-250 pm and > 250 pm size fractions.
There is also u slight increase in the
concentration of the 125-250 um macro-
scopic charcoal size fraction berween 24 cm
and 33.5 cm. Apart from this there is little
difference between the 125-250 um and
> 250 pm size fractions,

Depth (cm, core JL3)
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Figure 4. Physical parameters quantified.
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together with the results of the palynology.

The micro-charcoal concentration
results are similar to the macro-charcoal
results (Fig. 5), revealing higher concentra-
tons centred on 2 depth of 14 cm. Micro-
scopic charcoal was quantified at a coarse
resolution below 20 cm depth but it
appears there is an increase at 48 cm.
There also appears to be a peak in micro-
charcoal at 30 ¢m, corresponding to a
slight increase in concentration of the
125-250 pm macro-charcoal size fraction,

The influx of macro-charcoal could
only be calculated in the upper section of
the core, corresponding to the ?Pb analy-
ses, Both the 125-250 ym and > 250 um
size fractions show that the delivery of
charcoal was low in the top 8.5 cm of the
core, high in the section from 9 cm to
15 cm and then low again from 15 cm
to 19 cm (Fig. 6).

Some general relationships are appar-
ent between the analysed variables. For
exaniple, high LOI results correspond with
high water content values and lower bulk
density, dry weight, sand content and

(macro- and micro) charcoal values.
Notably, the peaks in macro- and micro-
charcoal concentration centred on 14 cm
correspond with increases in the amount
of sand present in the sediment (Figs 4, 5).
An increase in the abundance of sand
between 20 em and 30 cm also corre-
sponds with slight increases in the con-
centration of macro-charcoal in the
125-250 um size fraction.

The concenuation of Banksia pollen
fluctuates throughout the profile (Fig. 5)
in an often inverse relationship with char-
coal. In the pre-European period Banksia
is present at all analysed depths except
40 cm. It also appears to decrease follow-
ing increases in macro-charcoal concen-
trations.

Discussion

Battarbee (1991) has suggested that lake
sediments allow quasi-experimental proce-
dures whereby the influence of known
perturbations in the catchment, such as a
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Figure 6. The influx of charcoal in the upper
section of the analysed sediment core.

well documented fire can be compuared to
the sedimentary rccord, One of the aims of
this research was to test the methodology
by comparing recent fires with their sedi-
an[Z\I‘y c.\’prcssion.

It was hoped that the fire events of the
recent European period at Jibbon Lagoon
would be reflected as distinct peaks in
the charcoal record. For example, it was
expected that the upper section of the
sediment core would contain abundant
charcoal due to the two very large fires of
October 1988 and January 1994. In this
section, however, both the concentration
and influx of charcoal were relatively low
(Figs 5, 6).

Despite this, several peaks in the char-
coul record do occur at a depth that
approximates the timing of earlier historic
fires, For example, the ?'°Pb analyses
suggest that 1930 is represented just
below the depth of 15 cm, when the
influx of charcoal increases dmmatically.
Similarly, the influx of charcoal apparently
reflects the signature fires of 1942, 1946,
1955 and perhaps 1976.

It is uncertain why some fires appear as
peaks in the charcoal record when others,
and notably the two most recent fires



(1988, 1994), do not. It is often explained
that the dclivery of charcoal to sediments
is dependent on post-fire minfall events,
and hence the sedimentary record may
better reflect fire and minfall, however, this
cannot be invoked here as cainfall fol-
lowed both fires.

Alternatively, Whitlock & Millspaugh
(1996) and Tinner etal. (1998) have
demonstrated a time lag berween 2 fire
event and the deposition of charcoal in a
Iake. Jt is also conceivable that this time lag
could vary, perhaps depending on factors
such as whether the littoral vegetation was
Jost or not. The overall impression from
the study by Whitlock & Millspaugh (1996)
is that charcoal deposition is complex,
with considerable movement berween lit-
toral areas and deeper water, They also
noted that ‘it is conccivable that past fire
events could be missed in shallow water if
winds were particularly strong and cores
were taken on the upwind shore’ (Whit-
lock & Millspaugh 1996; p. 13).

This inconsistent nature of the expres-
sion of firc in the sedimentary record of
charcoal suggests some caution in any
interpretation. Nonetheless, there are
other suggestions that the charcoal data do
provide a measurc of past firc. This
includes the increases In the amount of
sand present in the sediment coincident
with increases in charcoal. Furthermore,
Kcith (1995) has reported that Banksia
thicket was unknown in the heathland to
the west of Jibbon Hill prior to 1960 and
that since that time this has expanded or
contracted in rclation to the occurrence of
fire. This suggests that fire has changed in
this landscape since about 1960, which is
a conclusion that can also be drawn from
the charcoal influx data. This also may
explain the weak negative relationship
between Banksta pollen and the charcoal
data,

This suggests that if all indicators arc
interpreted in concert some general con-
clusions regarding the nature of fire in the
Jibbon area can be drawn,

Post-European fire

There is a very noticeable difference in
charcoal values between the European and
pre-European periods at Jibbon Lagoon
(Fig. 5). During the pre-European period

there were consistently low concentra-
tions of macro-charcoal with only one
apparent lurge local firc cvent at 47-
49 cm, resulting in charcoal delivery above
these low levels. The European period, in
contrast, is characterized by high concen-
trations and influx rates of macro-charcoal,
Even in the most recent period of hazard
reduction burning, the charcoal record
suggests that the fire regime does not
mimic the pre-European pattern,

The carly European period (below
about 17 ¢m or before ca 1907) contained
the lowest influx of charcoal of the Euro-
pean period. This is likely to reflect the
absence of fire, an interpretation sup-
ported by the relatively high representa-
tion of Banksia pollen. This time may
hence have been a period of little human
influence in the Jibbon Lagoon catchment,
representing the period between the
decline of Aborigines in the Sydney
region and the subsequent post-European
impacts.

The influx of charcoal is very high in
the section of the core corresponding to
ca 1934-1957 (9 cm 1o 15 em, Fig. 6). 1t is
likely that this charcoal reflects an overall
increase in fire activity, including the two
large fire events of the 1940s,a conclusion
supported by the decline in the represen-
tation of Banksia pollen. This period
covers the depression years and WWII,
during which tume military training
occurred in the catchment, The expansion
of Bundeena also occurred during this
period (Pettigrew & Lyons 1979), It is
possible that this increased human influ-
ence provided iguition sources, perhaps
coupled with generally dry conditions in
NSW during the 1940s (CSIRO 2000).

This period of increased charcoal influx
of 1934-1957 also corresponds to a period
of increased scdimentation (Figs 3, 6). This
suggests that the increase in fire activity in
the catchment is largely responsible for
the post-European increased rate of sedi-
mentation in Jibbon Lagoon. This also
seems sensible, as the lagoon catchment is
still largely in a naturally vegetated state,

Aboriginal fire

The charcoal analyses indicate consistently
fow concentrations of macroscopic char-
coal during the pre-European period. Two
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charcoal peaks are evident in the concen-
tration of charcoal of the 125-250 pm size
fraction, at 25-26 cm and 47-49 cm, with
only the latter mirrored in the > 250 pm
size fraction. This suggests that only one
fire comparable in size to the conflagm-
tions of the recent European period has
occurred in the catchment of Jibbon
Lagoon in the time represented by the
analysed sediment column, This timeframe
can be approximated, using the sedimen-
tation rate of the lowermost section of the
219pb analyses, to be ca 1600 years.

The generally low abundance of char-
coal in the pre-European period may
reflect the rarity or absence of fire as
secondary charcoal may be washed into a
lake even during long firefree intervals
(Millspaugh & Whitlock 1995), It is also
conceivable that Aboriginal people used
small patch burning, such that the vegeta-
tion surrounding any burnt patch impeded
the transport of charcoal to the Jagoon.
Nonetheless, the persistence of obligate
sceding shrubs in the catchment provides
evidence that fire was not of such high
frequency to cause their Jocal extinction,

The rationale for the broadacre use of
fire by the Dharawal people in the Jibbon
Lagoon catchment must also be consid-
ered. For example, the heath and Ango-
phora woodland of the catchment is
unlikely to have furnished many useful
plant foods (Benson & Howell 1990) and
palatable grass species are relatively rare.
Those terrestrial monocots with under-
ground storage organs (e.g. Iridaceae, Lili-
aceae, Hypoxidaceae, Orchidaceae), which
are often stimulated by fire, are a possible
exception, as they may have acted as a
supply of starch. Nonetheless, there may
hence have been little advantage to manip-
ulating the vegetation using fire, as is
implied by Jones’s (1969) ‘Fire-Stick
Farming’ hypothesis,

Notably, Martin (1994), in 2 similar
environmental setting to Jibbon Lagoon,
previously suggested that a dependence
on seafood may have resulted in little
broadacre use of fire. Recher et al. (1993;
p. 12) have also suggested that sandstone
vegetation was unlikely to be burnt other
than along corridors for transport, which
in this environment is possible along the
beach.
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Comparison to previous
studies

The finding that there has been a notice-
able increase in fire activity since the
arrival of Europeans at Jibbon contradicts
the findings of other studies carried out in
the Sydney Basin (Kodela & Dodson 1988;
Johnson 1994; Martin 1994; Dodson et al.
1995). Nonetheless, a post-European in-
crease in charcoal and presumably fire has
been recorded before, by Boon & Dodson
(1992) at Lake Curlip in cast Gippsland,
Victoria, by Gell et al. (1993) at a site on
the Delegate River, also in southeastern
Victoria and by Kodela (1996; p. 105) on
the Robertson Plateau, NSW,

In contrast to the present study, and in
a similar vegetation community in Ku-ring-
gai Chase National Park, Kodela & Dodson
(1988) found very low charcoal concen-
trations in the European period compared
with the pre-European period. They hence
concluded that after European scttlement
there was a reduction in fire activity possi-
bly due to the displacement of the Aborig-
ines and their burning practices.

Martin (1994) used the pollen con-
tained in a swamp on the Kurnell penin-
sula, near Sydney, to infer the vegetation
history from about 8000 years ago, to
the present. Only charcoal greater than
120 ym in maximum dimension was
tallied, and this was expressed as a ratio of
charcoal to the dryland pollen. Although
not discussed by Martin (1994) this char-
coal quotient was generally low after the
first record of exotic pollen, but compara-
ble to the pre-European period.

Johnson (1994) also investigated sites
on the Kurnell Peninsula using a variety of
palacoenvironmental analyses including
palynology. Charcoal was quantified
using the PCM, but re-expressed as an
Influx, using low-resolution chronological
control. In the period when exotic pollen
was present the charcoal influx was
moderate.

Dodson etal. (1995) investigated a
small area of peatland in Sydney’s eastern
suburbs. Again charcozl was counted
using the PCM and expressed as charcoal
influxes, based on coarse-resolution dating.
Charcoal values were low in the European
period, but as the site is now surrounded

by urban development the absence of fire
in the modern environment is not unex-
pected.

There are a number of reasons for the
differences berween the current study and

(Goldstein 1976) and as such they may
have had a different approach to burning
than the Aborigines at the other study
sites. Site specific histories may also be
apparent due to the use of different vege-

previous  Sydney palacoenviro 1

ation cc ities in different ways

studies. Previous studies examined micro-
rather than macro-charcoal and at a coarser
resolution than this study. The problems
associated with the PCM have been widely
recognized (Clark 1983; Patterson etal.
1987; MacDonald et al. 1991) and, as dis-
cussed above, probably reflect fires at a
regional or larger scale (Clark 1988a).

Perhaps of greatest concern is the tem-
poral control of previous studies. No study
to date in the Sydney Basin has utilized
210ph dating, but rather they rely on the
presence of Pinus pollen in the sediment
as a proxy boundary between the pre- and
post-European periods (e.g. Kodela &
Mackillop 1988). In the present study
Pirrus pollen is not present in the sedi
ment until a depth of 13 cm, which is
about 55 years before present (Fig. 3).1t is
thus possible that Pinus pollen in sedi-
mentary profiles better indicates the estab-
lishment of Jarge-scale pine plantations,
which occurred in the early to mid-20th
Century (Nimmo 1988), rather than small
numbers of garden plants introduced by
European settlers. Alternatively the date
may represent the expansion of Bundeena.
Such a conclusion would, if validated, sig-
nificantly affect the conclusions of other
researchers.

Johnson (1994), for example, assumed
Pinus indicated the start of the European
period and found that there was low fire
activity in the European period and high
fire activity toward the end of the pre-
European period. A reassessment of his
data shows that if the historic boundary
was placed a few centimetres closer to the
base of the core, then the period of high
fire activity that he places in the pre-
European period and attributes to Aborigi-
nal burning would actually be in the
European period,

Aside from methodological differences
it is possible that the differences between
the studies reflect different use of fire by
different groups of Aborigines. It appears
that the Jibbon area may bave been the
northernmost extension of one group
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(Head 1989; Benson & Redpath 1997). This
is also a conclusion Bowman (1998;
p. 400) made after a review of post-
European changes to fire: ‘clearly the
ecological context of pollen cores requires
considerable thought',

1t is also likely that other specific fea-
tures are of importance, further suggesting
that extrapolation from single sites should
be used with considerable caution. For
example, this study is located close to the
township of Bundeena, and this human
presence is likely to have led to increased
ignition sources and the application of fire
either intentionally or accidentally.

Conclusions

Tt will require further study of the Jibbon
Lagoon sedimentary environment before
any conclusions regarding the fire history
of the catchment can be made with some
degree of certainty. In particular, the
methods used herein applied to a sedi-
ment core from an area not colonized by
aquatic vegetation and perhaps in a down-
wind area of the Iake may prove instruc-
tive. Whitlock and Millspaugh (1996) have
demonstrated, for example, that at least ini
tially, charcoal was more than 10 times
more abundant on the downwind side of 2
Iake. They also recommended that the
deepest part of a lake is the best site for
coring, suggesting further work at the site,

The possibility of applying knowledge
of Aboriginal burning practices to the
modern setting has been proposed by a
number of people (e.g. Flannery 1994;
Ryan et al. 1995; Langton 1998). In reality
it is difficult to do this as our knowledge
is limited and apparently biased with pre-
conceived ideas about the past. This is
perhaps exacerbated by unresolved prob-
lems with charcoal methodology.

Here, for example, there appears to be an
inconsistent relationship between fire and
charcoal in the sediment. It is, however, only
through the testing of such methodology
that we will answer several contentious



issues. Until this occurs the chims of
people such as Flannery (1994) cspousing
widespread, regular low intensity burns to
return the landscape to a previous state
must be viewed with some caution.

As concluded by Bownun (1998) the
management of our conservation cstate
must have the clear alm of conserving
extant biodiversity, meaning that the
lessons of the past may not be entirely
relevant given that conditions are now
different. Nonetheless, knowledge of pre-
European fire history may help to ensure
that management decisions are made in a
wellinformed manner.

It is likely that fire regimes would have
varted spatially across the range of envi-
ronments and with different Aboriginal
groups in Australia, The usc of fire may also
have varied temporally with changes in
population and climate (Head 1989). This
study suggests thit Aboriginal burning in
the heath and Angophora woodland that
dominates the Jibbon Lagoon catchment
was relatively rare or consisted of small
patch burning, In contrast, fire In the Euro-
pean period, particularly from the 1930s to
ca 1960 was frequent, This study thus sup-
ports the view held by Clark (1983; p. 32)
that ‘the frequency and areal extent of
Aboriginal burning may well have been
overestimated and European burning
underestimated’,

Method details

Core retrieval and
sampling

A total of nine sediment cores were removed from
the Iagoon. SIx of the cores were approximately
1 m and procurcd using 50 mm diameter PYC. The
other cores were taken to a depth of 90 em using &
Russiat o-scction corer Jowscy 1966). The cores
were kept in » vertical position and refrigerated at
all times untit they were analysed.

The PVC cores were split, photographed and
described using a modificd Troels-Smith method
(Kershaw 1997), Core 3 was subsampled at 0.5 cm
contiguous intervals to a depth of 20 ¢m, with the
exception of the top 4 em duc to the dominance of
vegetative material, and below 20 cm it was sub-
sampled at 1 cm intervals,

Charcoal and palynology

Macrocharconl was analysed using a modification
of the wet-sicving method described by Long ¢f af,
(1998), resulting in size fractions of 125-250 pm
and greater than 250 pm. Scdiment of 1 known

volume was placed into 10 mL of 5% sodium hexa-
metaphosphate for a minimum of 24 h and then
‘washed through two nested sieves (mesh sizes 125
and 250 pm) with the aid of gentle brushing. The
contents of the sicves were washed into Petri-
dishes and placed on a T-cm? grid to assist in count-
ing the number of charcoal particles under a
dissecting microscope. Initially all partictes of char-
coal were counted, however, this was laborious,
and hence only the charcosl in 10 random squares
for cach sample was counted, This number was
then multiplied by the total number of squares to
be comparable with the total count,

Polfen slides were produced using 1 ¢cm?® of sed-
iment taken at half cm intervals with the exception
of the 0-7 cm interval. Known quantities of the
exotic pollen grain Alnus were added to the sub-
samples, and then they underwent an alkali treat-
men, filterlng through a 150 ym sieve, 1\
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Benson kindly commented on earlier
drafts. The Faculty of Science and Tech-
nology, UNSW, provided funding for this
project through a Special Research
Grant.
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Implications of a 14 200 year contiguous
fire record for understanding
human-climate relationships at Goochs
Swamp, New South Wales, Australia
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Abstract: This paper interprets macroscopic charcoal (>250 pm), humification and loss-on-ignition over the
1ast ~14 200 cal. BP from Goochs Swamp, located to the west of Sydncy in the Greater Blue Mountains World
Heritage Arca. This study aimed to investigate relationships between humans, climate and fire through time,

primarily by comparison of these p:

1 indices with I evidence from the region.

Climatic forcing can explain all periods of change in the history of fire at Goochs Swamp: fire activity was vari-
able during the Lateglacinl-Holocene transition, low during the relatively stable climate of the early Holocene,
and high but variable afler the onsct of modem El Nifio from the mid Holocene, Although the dominant con-
trol on fire in this environment during the Holocene appears to be climate, fluctuations in the late Holocene may
refleet anthropogenic fire or human responses to climate change. The archaeologieal record of the Blue
Mountains and other parts of the Sydney Basin itfustrates that Aboriginal people altered subsistence, resource
and land-usc patierns in the latc Holocenc. We propose that these eultural measures were adopted to overcome

A new risks as the frequency of ENSO events increased, and the natural fire regime and resource reliabifity
HOLOCENE changed. These stralegics perhaps included a more systematic usc of fire. The most parsimonious interpretation
SPECIAL of the cvidence for changes in firc activity at Goochs Swamp in the light of nearby archacological evidence is
ISSUE that Aboriginal people used fire within a changing climatic framework.
Key words; Holocene, Aboriginal impacts, fire, climate, Sydney Basin, human-environment interaction, New
South Wales, Ausiralia,
Introduction at Goochs Swamp. This interpretation conflicts with the dominant

This study is part of a broader research project that is investigat-
ing rclationships between humans, climate and fire through time,
primarily by comparison of palacocnvironmental indices with
regional archacological cvidence. Such an approach was advo-
cated by Bowman (1998), who highlighted that pal logical
and archacological information used together may lead fo a better
understanding of fire history in Australia. Our study reconstructs
fire activity at Goochs Swamp, located in the Blue Mountains of
castern Australia, using charcoal and other palacoccological
analyscs of the accumulating scdiment. This firc history is then
compared with regional climate proxics and data from a nearby
cxcavated archacological site, with the aim of better resolving
issucs concerning controls on fire activity during the Holocenc.
Black and Mooncy (2006) and Black ef al. (2007) suggested
that climate was the dominant factor controfling past firc activity
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© 2008 SAGE Publications

paradigm in Australia, which depicts Aboriginal people as
strongly controlling prehistoric fire activity. Here the 14200 cal,
BP charcoal record from Goochs Swamp has been revised using
high resolution, contiguous analyses of charcoal and it is com-
parcd with regional archacological trends to further investigate
any anthropogenic influences. The aim here is to further clucidate
the relationship between fire, climate and hwmans in this land-
scape and, in so doing, comment on the wider implications for the
‘intensification hypothesis’ in Australia.

Interp ion of any pal ir | fire record is often
difficult as either climate (dircctly or via vegetation) or human
activity may be responsible for change. In Australia it is com-
monly considcred that firc was used by Aboriginal pcople to
acquire resources or to manipulate and thereby increasc the avail-
ability of resources (Jones, 1969; Nicholson, 1981; Gott, 2005).
The word ‘farming’ was dcliberately used by Jones (1969) to
imply that Aboriginal peoplc actively managed the land and were
not totally rcliant on what nature produced (cf, Elkin, 1954). It has

10.1177/0959683607087933
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been argued that this use of fire led to vegetation change and other
environmental impacts (cg, Hughes and Sullivan, 1981; Singh
ef al., 1981; Kershaw, 1986; Flannery, 1994; Miller ef al., 2005).
In opposition, Clark (1983), Horten (1982, 2000) and Benson and
Redpath (1997) argued that Aboriginal usc of fire had only a
minor rolc in shaping Australia’s ccosystems.

In Australia prehistoric fire regimes arc typically and uncriti-
cally related to human activity. It bas thus been suggested that
Aboriginal fire regimes could be used for the contemporary man-
agement of various Australian ccosystems (eg, Rolls, 1981;
Flannery, 1994; Ryan et al., 1995), Gill (1977) argued that fre-
quent low-intensity fires were applied by Aboriginal people in
some Australian ccosystems but that this was not applicable across
the entire continent. Clark and McLoughlin (1986) and Baker
(1997) suggested that Aboriginal people variously uscd fire in dif-
ferent vegetation types depending on what resources they were
extracting. Head (1989) also noted that there is a common
assumption that Aboriginal pcople had a single ongoing impact,
thereby potentially ignoring climatic, demographic and cultural

The mid Holocene has been identificd as a notable period for
climate change both in Australasia (Shulmeister, 1999) and else-
where (Bond and Lotti, 1995; Steig, 1999; Rodbell ef al,, 1999,
Sandweiss ef al., 1999; dcMenocal ef al,, 2000). Hodell e al,
(2001) noted an abrupt cooling of sca surface temperatures,
cxpansion of sca ice and increased ice-rafted detritus accumula-
tion in the Southern Occan, between 5500 and 5000 cal. BP. In
southcastern Australia 4000-2000 cal. BP was drier and perhaps
cooler, and the late Holocene has scen a return to wetter condi-
tions (Kersbaw ef al., 2002).

Postglacial changes in Australian Aboriginal
technologies

Lourandos (1980, 1983) introduced the theory of ‘intensification’ to
Australia and suggested that the mid to late Holocene (from ~5 cal.
ka) was a period of continent-wide changes in terms of technology,
socio-demographics, scttlement patterns, social structures and
population densitics. Lourandos (1983: 92) described Aboriginal
occupation as less intensive and more nomadic during the late

changes. This followed Mulvaney’s (1971: 378) chall to the
fallacy of an ‘unchanging land and people’ and those who viewed
Aboriginal socio-economic and demographic changes as scem-
ingly insignificant (cg, Birdsell, 1953).

Climate change since the last glacial maximum
The last glacial maximum (LGM) in Australasia is generally datcd
between about 17000 and 24 000 cal. BP (Kershaw ef al., 1991;
DeDeckker, 2001; Barrows et al,, 2002). Sca levels during the
LGM were lower by ~135 m (Chappell and Shackleton, 1986;
Yokoyama ef al., 2001) resulting in Australia being about one-
third Jarger than it is today (Markgraf et al., 1992). There is sub-
stantial evidence of dry or shallow lakes (Bowler, 1981; Nanson
et al.,, 1992; Harrison and Dodson, 1993), expanded duneficlds
(Wasson ef al,, 1988), an increased flux of dust into the Tasman
{(Hesse, 1994) and marked changes in pollen records (cg, Colhoun
et al., 1982; Singh and Geissler, 1985; Kershaw, 1986; Hope,
1994; McKenzie and Kershaw, 2000; Moss and Kershaw, 2000;
Hopf et al., 2000; Sweller and Martin, 2001) during the LGM in
southeastern Australia.

The transition from the lateglacial Pleistocene to the Holocene
included a number of climatic oscillations that have been recorded
in various palacoenvironmental archives from both the Northern
and Southern Hemispheres. This has included, most famously in
the Northern Hemisphere, the Bdiling/Aller8d  interstadial
(~14700-12900 cal. BP); the Younger Dryas (YD) stadial
(~12900-11 600 cal. BP); and the warm preboreal after ~11 600
cal. BP (chronology based on the Greenland ice corc GISP2).
Research from the Southern Hemisphere has identificd two over-
lapping cooling cvents: the Antarctic Cold Reversal (ACR) from
~14000 to 12500 cal. BP (Jouzel e al., 2001) and the Occanic
Cold Reversal (OCR) from ~13200 to 12500 cal. BP (Stenni
ef al., 2001). Based on palynological and geomorphological evi-
dence from a number of sites throughout New Zealand, Turncy
et al. (2003: 223) described an initial cooling period during the
first half of the period 14 000-11 500 cal. BP followed by a sus-
tained warming, with the latter cvent closcly corresponding with
the Northern Hemisphere YD event,

The early Holocene appears to be a period of climatic stability
in southeastern Australia, perhaps related to reduced scasonality.
The early to mid Holocenc includes a period of maximum cffec-
tive precipitation, and perhaps increased warmth (McGlonc ez al.,
1996) between about 7000 and 5000 cal. BP (Bowler ef o/, 1976;
Shulmeister, 1999; Kershaw ef al., 2002), This Holocene Climatic
Optimum saw the expansion of wet sclerophyll and rainforest taxa
in southeastern Australia (cg, Macphail and Hope, 1985; Dodson
et al., 1986).

Plei fearly Hol and sedentary and intensive after the mid

Holocene. During the late Holocene, he argued that ‘environmental

manipulation strategics’, particularly large-scale drainage systems,

the usc of fire, and harvesting and processing of food plants, were
d with i ing social (Lourandos, 1983).

The theory of ‘intensification’ is controversial within Australian
archacology. Some are cspecially critical about the forms of evi-
dence and sources used to justify the theory (Rowland, 1999;
Atteubrow, 2004, but sce also Bowdler, 1977, Joncs, 1977; Hiscock
1994). For example, Bird and Franke! (1991: 10) described the
‘cumulative directional change’ in archacological sequences used
by Lourandos (1980, 1983) as a serics of short-term adjustments to
local conditions rather than intensification. Lourandos” ‘continent-
wide’ intensification model implics continuous unidircctional
changes but archacological sequences do not necessarily show such
trajectories (Attenbrow, 2004).

Changes in Australian Aboriginal technologics during the
Holocene included variations to tool assemblages and the way
stone was worked to produce tools, Lourandos (1983) associated
the beginning of the ‘intensification’ process with the introduction
of new tool forms in the late Holocene, often referred to as the
“Australian Small Tool Tradition’. Recent rescarch has established
that backed artefacts (one of the new tool forms) were produced,
albeit at low rates and as yet identificd in only a small number of
sites, in early-Holocene contexts in the Sydncy Basin (Hiscock
and Attenbrow, 1998, 2004). While this indicates that these new
forms did not appear suddenly, archacological data show that they
proliferated relatively quickly from 3500 BP and declined signifi-
cantly in number after 1600 BP,

Site description

Goochs Swamp (33°27116”S, 150°16°020"E, ~960 m as.l) is
located on the Newnes Plateau in the Blue Mountains, on the
western cdge of the Syducy Basin (Figure 1). The site is ~150 ki
west of Sydney and located within the Bluc Mountains National
Park, which is incorporated into the Greater Blue Mountains
World Heritage Arca.

Goochs Swamp is a narrow, clongate topographic feature in a
low sloping headwater valley (Figure 1). It is surrounded by sand-
stonc cliffs and stcep slopes, vegetated with eucalypt woodland
and open heath (Benson and Keith, 1990). The swamp is accumu-
lating sandy organic sediments and is currently vegetated with a
closed wet heath (dominated by Baeckea, Epacris, Gleichenia,
Grevillea, Gymnoschoenus, Leptospermunt). The timing of ficld-
work (2002) and subsequent visits coincided with an cxtremc
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Figure 1 The location of Goochs Swamp

drought, and the water-table was at or just below ground level,
Thus, whilc it is probable that standing vegetation may burn dur-
ing a firc event, it scems less likcly that any of the sediment is lost,

The climate of the Newnes Platcau is temperate with an average
minimum of -1°C in July and an average maximum of 23.5°C in the
hottest month, January (Commonwealth Burcau of Metcorology
(BoM), 2005). The sitc receives an average annual rainfall of 1047
mm, which is influcnced by a mild orographic cffect. In the recent
historical period the Bluc Mountains have been notoriously fire
prone with a firc scason occurring from October to February
(Cunningham, 1984). The Blue Mountains arc also subject to
ENSO-rclated drought, which can be associated with ‘high intensity
wildfires during scvere fire weather” (Blue Mountains Bushfire
Management Committee (BMBMC), 2000: 11). Cunningham
(1984) obscrved that conflagration fircs in the Blue Mountains dur-
ing the recent historical period have been most commonly associated
with El Nifio-rclated droughts in the year following above-average
rainfall (and hence fucl loads) linked to La Nina cvents.

The Dharug (or Daruk, Darug) and Gundungurra were the prin-
cipal Aboriginal language groups occupying the Bluc Mountains
region at the time of British colonization, with the Wiradjuri to
their west (Gollan, 1987; Kohen, 1993; Horton, 1994). There arc
only very limited historical descriptions of Aboriginal life and cul-
ture in the Bluc Mountains, particularly the northern Bluc
Mountains, but it has been suggested that the Newnes Platcau was
aplace of interaction or a transport corridor for various Aboriginal
groups (Gollan, 1987).

Ethno-historical data cxamincd by Flood (1980) indicated a
ncgative corrclation between population size and altitude,
which suggests there were relatively low population densitics
in the upper Blue Mountains compared with the coast and
coastal plain. This is a common theme in archacological
rescarch in the upper Blue Mountains and it is often implicd
that the altitude, rugged topography and limited resources
meant that humans would be sensitive to climatic variations
(cg, Stockton and Holland, 1974). Stockton (1970) dcscribed
human occupation in the upper Blue Mountains as ‘spasmodic’
with only scasonal hunting trips during the milder periods of
the Holocene. However, the incrcasing number of sites being

recorded during recent ficldwork in the Blue Mountains
(Stockton, 1993; Tagon ef al., 2006) may well change these
carlier views.

The archacological rccord of the Blue Mountains extends
back 22000 ycars (Stockton and Holland, 1974), though the
cvidence comes from only a few excavated sites. Of the more
than 27 excavated sites, only seven provide information on arte-
fact accumulation rates or densities from which dates and Icvels
of occupation can be inferred (Stockton and Holland, 1974;
Johnson, 1979; Attenbrow, 2004: appendix 4) (Table 1).
Scveral sites have cither a biatus in occupation (sterile layers)
or a period with low artefact accumulation rates during the late
Picistocene—carly Holocene and between ~6000 and 3360 BP.

When Europeans began exploring the Blue Mountains in the
carly ninctcenth century they reported a largely unoccupied land-
scape, It is uncertain if these observations are correct or if the low
population resulted from carlicr smallpox epidemics and other dis-
cases (Breckell, 1993; Turbet, 2001). A road across the mountains
was completed in 1815 and similarly a railway completed in 1867;
this access resulted in considerable development by the late nine-
teenth century, however this was and is still largely confined to the
ridge tops. On the Newnces Plateau, there are currently national
parks, state forests and sand mincs.

Methods

A Russian D-section corer (Jowsey, 1966) was uscd to extract a
3.55 m deep sediment core from Goochs Swamp. Core stratigra-
phy was quantificd using 2 modified version of the Trocls-Smith
mcthod (Kershaw, 1997) and the core was photographed. Four
radiocarbon dates for bulk peat samples werc obtained for the fol-
lowing sections of the core: 48-53, §0~90, 150-156 and 295-307
cm, and these were calibrated with CALIB v5 (Stuiver ef al.,
2005). Macroscopic charcoal, which is thought to represent local
fire cvents (Whitlock and Millspaugh, 1996; Long er al.,, 1998),
was analysed using image analysis (Mooney and Black, 2003).
Subsamples of a known velume were taken at cvery 1 cm along
the core and were placed in 8% sodium hypochlorite for 24 h to
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Table 1 Basal dates and artefact accumulation through time for published archacological sites jocated in the Biuc Mountains

Site

Initial habitation

Artefact accumulation/densitics

Author

Kings Tableland

22400 £ 1000 BP

Springwood Creck $563 + 430 BP

Walls Cave 12000 + 350 BP

Caperice | 7360 + 125 BP

Capertee 3 (Capertee 3)

Shaws Creck K1 No radiocarbon
dates

Shaws Creck K2 14700 + 250 BP

Highest at 1

100 BP with

a decrease from 1000 BP
Highest at 100-600 BP

Steady rate
4000 BP

over the past

Decrease from 1000 BP

Decrease in
levels
Decrease in
levels

uppermost

uppermost

Stockton and Holland (1974);
Attenbrow (2004)
Stockton and Holland (1974);
Attenbrow (2004)
Stockton and Holland (1974)
Attenbrow (2004)

McCarthy (1964); Johnson (1979)

Stockton (1973)

Kohen er al. (1981, 1984)

Table 2 Radiocarbon dates and calibration for Goochs Swamp sediments

Sample depth {(em) “C date BP Cal. yss BP* (2 6 eror) Lab code
with 16 error

48-53 1760 + 60 1419-1466 (4.3%) B-169992
14911497 (0.4%)
15091742 (91.4%)
1753-1785 (2.4%)
17901811 (1.4%)

80-90 2450 = 60 2333-2619 (82.2%) B-192605
26322708 (17.8%)

150-156 4950 & 130 5322-5418 (8.9%) [-169993
5440-5012 (91.1%)

295-307 10360 £ 140 11646-11 667 (0.5%) B-169994

1170312737 (99.5%)

All dates were standard “'C dates performed on bulk sediment samples and calibration used CALIB v5 (Stuiver ef al., 2005). The mid-point of the
catire calibrated year range was used in age~depth model,
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Figure 2 The results of the charcoal analyses, humification and loss-on-ignition at Goochs Swamp. Higher transmission represents lower humi-

fication
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remove the pigment from organic matter and, hence, help in char-
coal identification. These samples were then washed through a
250 pm sicve and the collected materials were photographed in
petri dishes using a Nikon Coolpix 4500 digital camera, Charcoal
concentrations (mm¥em®) were calculated using image analysis
softwarc (Scion Image Beta 4.02 for Windows).

Loss-on-ignition (LOI) analysis, which is commonly uscd to
calculate the relative proportion of organic material contained in
scdiments, was determined using sediment samples of a known
volume and mass taken at 5 c¢m intervals through the sequence.

a) Contiguous charcoal data
1000

The samples were oven-dricd at 105°C for 24 h and combusted at
550°C for 4 h (based on Bengtsson and Enell, 1986). LOI was
cxpressed as a percentage of combustible against the oven-dry
mass of the sediment.

The humification of peat is usced as an indication of the rate of
accumulation over time with low values suggesting the rapid accu-
mulation of organic matcrial (Aaby and Tauber, 1975), Goochs
Swamp scdiment was analysed at every 10 em following a modi-
ficd version of Aaby (1986). Gravimetric oven-dricd subsamples
were placed in a 0.5% NaOH solution, boiled for an hour, diluted
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with water and then filtered. The degrec of humification was
quantificd as percentage transmission in this supematant using an
EEI Colorimeter (using a 540 nm filtcr). Low valucs of transmis-
sion indicate well humified peat, which is normally interpreted as
indicative of refatively dry surfacc conditions.

To test the hypothesis that past firc activity in the vicinity of
Goochs Swamp was anthropogenic, the charcoal record was com-
pared with the archaeological record of Capertee 3, which is the
closest (~35 km away), well-described archacological site.
Discard rates of backed and non-backed artefacts at Capertee 3
(Hiscock and Attenbrow, 2004) were used for this comparison,

Results
Core stratigraphy and chronology
The Goochs Swamp sediment core was composed of bumified
peat with some sections of slightly higher sand or clay content.
The four radiocarbon dates for Goochs Swamp (Tablc 2) and the
first appcarance of the pollen of the exotic taxon Pinus at 15 cm
(~1870) were used to formulate an age—depth model, which was
well described (B2 = 0.9936) by the lincar relationship:
y=41.224x - 471,74
where x is depth in cm, p is age in cal. BP. This rclationship is
uscd for all age calculations. At this resolution of dating. it
appears that the ratc of scdimentation in Goochs Swamp is rela~
tively constant (~0.025 cm/yr) and nonc of the analyses of the
sediment sequence suggests discontinuities, indicated, for exam-
ple, by abrupt or unconformable changes. Bascd on this

age—depth relationship the analysed core (355 em) rcpresents
~14200 cal. BP.

450
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Macroscopic charcoal

The concentration of macroscopic charcoal (Figure 2) is relatively
high in several sections of the corc: between 0-6 cm (the late
European period), 67-87 ¢cm (~2300-3100 cal. BP), 97-150 cm
(~3500-5700 cal. BP), 232-244 cm (~9100-9600 cal. BP) and
250-281 cm (~9800-11 100 cal. BP). There are low levels of char-
coal between 6-13 cm (carly European period), 25-40 cm
(~1100-500 cal. BP), 87-97 cm (~3100-3500 cal, BP), 150~232
em (~5700-9000 cal. BP), 287-315 em (~11300-12 500 cal, BP),
and 325-353 cm (~12900-14 000 cal. BP). Given the near linear
rate of scdimentation in the analysed core, the concentration of
charcoal is a good reflection of charcoal accumulation.

The contiguous and the previous non-contiguous charcoal
records from Goochs Swamp, analysed at 5 cm increments
(Black and Mooney, 2006) arc presented against time in Figure 3.
The timing of the changes in the contigucus charcoal records are
mostly coeval with the non-contiguous record, however there arc
some notable differences. Between 14200 and 9100 cal. BP
there arce scveral major peaks in the new charcoal record that are
not seen in the non-contiguous record. From 9100 to 5700 cal.
BP the new contiguous record shows more variability than the
previous analysis and the charcoal values arc much higher
between 3000 and 1000 cal. BP from the contiguous record
when compared with the non-contiguous record. In the non-
contiguous record the bighest peaks were between 5000 and
4000 cal. BP whereas the new charcoal data show the highest
peaks between 5700 and 5000 cal. BP, 3000 and 2000 cal. BP,
and 13000 and 12000 cal. BP.

The charcoal concentration/accumulation at Goochs Swamp
rteveals three distinetly different periods: 232-355 cm (9100-14 200,
coinciding with the latc Pleistocenc-Holocene transition);
150-232 cm (5700-9100, rcflecting the early to the mid
Holocene); and 0-150 cm (from 5700 cal, BP to the present).

0-1700 ‘1700—2300‘230043000 3000-3600 36004800 4800-6000 6000-7200 7200-9700

Time periods (yrs BP)

[ Artefact discard rate [EZ1 Average charcoal concentration

Figure 4 Artefact discard rates (Capertee 3 site) versus average charcoal concentration (Goochs Swamp) throughout the Holocene (source:

archacological data adapted from table 94 in Hiscock and Attenbrow, 2004)
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The most obvious change in charcoal occurs at 150 cm (~5700
cal. BP).

Humification and loss-on-ignition
Throughout the Goochs Swamp scquence transmission levels aver-
aged ~34% (Figure 2). There were higher transmission levels (ic,
representing reduced  humification) between 280 and 350 cm
(~11000 and 14200 cal. BP) and more obviously reduced humifi-
cation between 80 and 140 cm (~2800 and 5300 cal. BP) (with the
exeeption of a drop at 100 cm), and at 0 to 10 cm (European period),
Loss-on-ignition averaged 37% throughout the scquence with
a maximum value of 73% at the surface and minimum of 14% at
115 em (~4300 cal. BP) associated with a higher sand content
(Figure 2). Between 355 (~14 200 cal. BP) and 140 cm (~5300
cal. BP) LOI valucs remain rclatively constant with the excep-
tion of peaks at 140 (~5300 cal. BP), 165 (~6300 cal. BP), 270
(~10600 cal. BP) and 295 cm (~11700 cal. BP) associated with
woody detritus. From 140 cm (~5300 cal. BP) LOI valucs
become more variable with troughs at 100-140 cm (~3600-5300
cal. BP) and 80-100 cm (~2800-3600 cal. BP). There arc
steadily incrcasing values from 55 em to the surface (~1800 cal.
BP to the present),

Charcoal versus archaeological indices

The average charcoal concentration at Goochs Swamp was com-
parcd with the discard rates of backed and non-backed artefacts at
Capertce 3 for cach corresponding time period in Figurc 4. Artefact
discard ratcs and charcoal were both relatively low in the carly to
mid Holocene, however the marked increase in charcoal at Goochs
Swamp at ~6000 cal. BP is not matched with an increase in discard
rates. Artefact numbers were high between 3600 and 1700 BP and
peaked between 3000 and 2300 BP when average charcoal con-
centration was also at a maximum. The period ~1700 cal. BP
to present has very low artefact discard rates, corresponding with
relatively high levels of charcoal accumulation,
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Discussion

Macroscopic charcoal persisted througheut the analysed Goochs
Swamp sequence, although abundance fluctuated greatly (Figure 2).
The differences between the contiguous and non-contiguous char-
coal records highlight the importance of using high resolution,
continuous records (Figure 3). Goochs Swamp is the sccond
fongest contiguously analysed charcoal record in Australia
(Haberle’s (2005) Lake Euramoo record spans 22000 yr BP) and
together these records challenge simplistic notions of pre-
European firc and indicate that fire regimes are dynamic in nature.
It can be inferred that fire has persisted in the environment sur-
rounding Goochs Swamp for the last ~14 200 cal. BP, although its
intensity and frequency have varied.

In Figurc 5 the contiguous Goochs Swamp charcoal record,
smoothed using a 41 point running average, is compared with
Haberle et al’s (2001) regional cumulative charcoal curve con-
structed by summing the 200 yr values for cach of ten sites
throughout Indonesia and Papua New Guinca. Haberle er al.
(2001) described a general synchronicity between their curmula-
tive charcoal curve and regional climate proxies, noting that char-
coal increased during times of climatic instability such as during
the glacial transition (~17000-9000 cal, BP) and after the mid
Holocene when ENSO events became stronger (~5000 cal, BP to
present).

Habetle and Ledru (2001) found a degree of consistency in
comparing charcoal rccords from Indonesia and Papua New
Guinca with Central and South America, Haberle and Ledru
(2001: 97) suggested that this broad correlation ‘demonstratcs that
fire is promoted during periods of rapid climate change and high
climate variability, regardless of the presence or absence of
people’. They also noted that the strongest corrclation between
these charcoal records postdates 5000 yr BP, suggesting that
intensification of El Nifio-related variability was responsiblc for
this synchronization, a theme cxpanded upon by Donders ef al.
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Figure 5 A comparison of the composite charcoal results from several sites in Indoncsia and Papua New Guinea, from Haberle ¢f al. (2001), and

the results from Goochs Swamp
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(2007). The strong association between the trends in these com-
posite tropical records (Haberle and Ledru, 2001; Haberle ef al..
2001) and at Goochs Swamp strongly supports the hypothesis that
climate had a profound influence on fire at this site,

Charcoal accumulation at Goochs Swamp suggests fire activity
can be characterized in threc time intervals: the late Pleistocene—carly
Holacene period from 14200 to 9100 cal. BP, the carly to mid
Holocene (9100 to 5700 cal, BP) and the mid Holocene to the pres-
ent (from 5700 cal, BP).

The late Pleistocene-early Holocene (~14 200
to 9100 cal. BP)

At Goochs Swamp the charcoal record during the late
Pleistocene—carly Holocene is highly variable (Figure 3). This
variability includes four major peaks centred on ~14 000, ~12 660,
10640 and ~9400 cal. BP and periods of low charcoal accumula-
tion ~14000-12800, ~12500-11300 and ~10100 to 9600 cal.
BP. This trend is reminiscent of palacoclimatic records of the
Latcglacial-Holocene transition, However, caution is warranted
given that calibration of radiocarbon dates during this period
results in relatively large ranges (of ~1200 years) and that there
is contradictory evidence of a ‘southern” YD event (eg, Andres
et al., 2003; Turney et al., 2003).

At Goochs Swamp it appears that the firc activity during the late
Plcistocene-carly Holocene was variable, but whether this was
related to climatic instability is yet to be demonstrated. The pollen
record from Goochs Swamp registered no significant vegetation

hanges during the L lacial-Holocene transition, though the sub-
stitution of specics within genera may make any subtle vegetation
change invisible in the pollen record (Black and Mooney, 2006).
Clark (1983) has previously described an inability of palynology to
detect subtle changes in firc-adapted Australian vegetation, Tn
Indonesia and Papua New Guinca, Haberle e al. (2001) found a
reversal of high charcoal values cocval with the YD and suggested
that a relatively cool phasc may have altered soil moisture and the
vulnerability of the vegetation to fire. The degree of humification at
Goochs Swamp was relatively low between ~14 200 and 11 100 cal.
BP, which usually indicates relatively wetter conditions, supporting
Haberle ef al.’s (2001) interpretation,

Charcoal variability at Goochs Swamp between ~14200 and
9100 cal. BP may possibly reflect the redistribution of people in
the region, perhaps as climatic variability made it more or less
favourable for human o Some archacol 1 records
from the Bluc Mountains include periods of site abandonment
during the late Pleistocene—carly Holocene (Attenbrow, 2004).

The early to mid Holocene (9100 to 5700 cal.
BP)
At Goochs Swamp charcoal accumulation is gencrally low in the
carly to mid Holocene (Figure 3), perhaps reflecting reduced fire
activity. In Indoncsia and Papua New Guinea Haberle er al, (2001)
interpreted a similar period of low charcoal during the carly
Holocenc to low fire activity and attributed this to climatic stability
and reduced seasonality. If this is the case then seasonality must act
synetgistically with stability, as scasonality was lower at this lati-
tude during the very late Pleistocenc when fire activity was higher,
This period of reduccd charcoal at Goochs Swamp overlaps the
Holocenc Climatic Optimum when wetter and perhaps warmer con-
ditions may have made the upper Blue Mountains more favourable
for human occupation. Chen (1986) suggested that a low and con-
sistent charcoal record may indicate a regime of high frequency but
low-intensity fircs: a scenario that is consistent with often-presumed
Aboriginal firing practices. More recently Whitlock and Larsen
(2001) suggested that fire regimes characterized by frequent and
efficient ground fires do not producc a large amount of charcoal.
The scenario that low charcoal in the early Holoeene represents an

anthropogenic regime is not, however, supported by the archacol-
ogy of the Blue Mountains (Figurc 4),

The mid to late Holocene (after 5700 cal. BP)
The charcoal record at Goochs Swamp from the mid Holocene to
the present is highly variablc and charcoal concentrations are gen-
erally much higher than for the preceding period. The abundance
of charcoal incrcases abruptly at 5700 cal. BP and remains high
until ~3500 cal. BP and is similarly high from 3100 cal. BP until
2300 cal. BP. Thesc periods of increascd charcoal are likely to
reflect phases of relatively frequent, intense fires in the landscape,
an interpretation based on the similarities of the accumulating
charcoal (concentration and variability) during these periods and
the recent historic past when large, intense fires have been a fea-
ture of the environment.

Kershaw ef al. (2002) noted a significant increase in fire afer the
mid-Holocene in all Australian vegetation types, excluding wet
forests, and this was maintained until ~2000 cat BP, Although
Kershaw et al, (2002) considered the influence of people to explain
this increasc in firc activity they thought it was better explained by
decreased precipitation and the onsct of ENSO in the region. This
is supported by approximately coeval increases in fire activity in
New Zcaland, which is similarly influenced by ENSO but was not
colonized by people at that time (Kershaw et al., 2002). Haberle
et al. (2001) found an abrupt increase in fire activity in the uplands
of New Guinca after ~6000 cal. BP, with a peak between 4500 and
1000 cal, BP and also attributed this to climatic variability.

Increased climatic variability in the circum-Pacific during the
Holocene appears to be related to El Nifio-Southern Oscillation
(ENSO) phenomena. Rodbell et al. (1999) argued that ENSO pro-
gressively achieved modern characteristics by ~5000 cal. BP in
central Ecuador, although in southem Ecuador, Moy e? al. (2002)
placed this carlicr at ~7000 cal. BP. Sandweiss er al. (2001)
described ENSO events in Peru after ~5800 cal, BP, albeit at a low
frequency until about 3200 cal. BP. Riedinger et al. (2002)
described an increase in the intensity and frequency of El Nifio
cvents after 3100 cal. BP in the Galapagos Islands and Clement
et al. (2000) described an increase in ENSO events during the
3000-1000 cal. BP period.

As firc at Goochs Swamp appears to reflect climatic instability
this study corroborates previous findings that the present-day
ENSO influences became apparent after 5700 cal. BP. Another
sustained increase in the charcoal record at Goochs Swamp after
~3100 cal. BP is roughly cocval with the increased ENSO signal
described above, A more frequent and probably more intense
fire regime after the mid Holocene makes sense in an ENSO-
dominated climate, which allows the accumulation of biomass
during the wetter La Nifa events and the drying and subsequent
bumning of this biomass during El Nifio eveats,

Another plausible scenario is that the mid-Holocene increase in
charcoal at Goochs Swamp resulted from anthropogenic altcrations
to the firc regime. As an example, Martin (1994) found an increase
in charcoal at 5500 cal. BP at a coastal sitc near Sydney, which he
attributed to the usc of firc by Aboriginal people. Black and
Mooney (2007), Black et al. (2007) and Mooncy et al. (2007) bave
advanced suggestions that the changes in fire activity in the late
Holocenc represent a complex relationship between climate forcing
and human responsc. Turney and Hobbs (2006) bave also suggested
that the onsct of modern ENSO activity from the mid Holocene had
a significant influence on cultural change in Queensiand.

Comparison of the average charcoal concentration at Goochs
Swamp with the discard rates of backed and non-backed artefacts
at Capertec 3 for each corresponding time period (Figure 4)
implics that the mid-Holocene increase in fire activity was unre-
lated to people. Occupation of the Bluc Mountains, at feast as indi-
cated by the relatively few excavated sites, includes a hiatus in the
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usc of some sites during the period between 6000 and 3000 years
ago when Goochs Swamp has a very high average charcoal con-
centration and Capertee 3 has low artefact discard rates (Figurc 4).
Tn the period between 3000 and 1700 cal, BP charcoal at Goochs
Swamp and artefact discard ratcs show somc degree of similarity,
and hence fire activity during this time may reflect a combination
of climate and land management practices by Aboriginal people.
This interpretation obviously has a number of assumptions,
including the (perhaps contentious) idea that low artefact discard
rafes at Capertee 3 indicate loss Aboriginal activity in the arca,

The archacological record of Capertee 3, with its variations in
artcfact discard rates and stonc artcfact asscrblages, iflustrates
that Aboriginal people began to increasingly adopt different tool
forms and technological methods in the latc Holocene, Combined
with cvidence from other parts of the Sydney Basin, this suggests
that shifts in subsistence, resource and land-use patterns increased
in frequency in the late Holocene; changes which arc often Iumped
together as ‘intensification” (sensu lato Lourandos, 1980, 1983).
Hiscock (1994} argued that the increasced usc of the fincly shaped
implements of the Small Tool Tradition in the [ate Holocene was
aresponsc to increased risk resultant from higher mobility, use of
ncw cnvironments or cnvironmental change.

Here we argue that the impetus for this change in culture and in
the tool kit of the people of the Sydney region was environmental
variability associated with ENSO. It is possible that these changes
werce adopted to overcome perceived new risks as the frequency of
ENSO cvents increased, resulting in a hazardous natural fire
regime and subsistence resource reliability changed. One responsc
to this was perhaps 2 more strategic or systematic use of firc,

Conclusions

A climatic solution can be uscd to cxplain all periods of change in
the fire history of the landscape surrounding Goochs Swamp: a vari-
able firc regime being related to climatic variability associated with
the fate Pleistocenc—Holocenc transition; low fire activity associated
with climatic stability and perhaps increascd moisture availability
during the carly to mid Holocene; and the most significant change,
after the mid Holocene (5700 cal, BP), with an abrupt increase in firc
activity associated with ENSO-like climatic variability. The similar-
itics between the charcoal accumulation from Goochs Swamp and
similar records from tropical locations (Haberle and Ledru, 2001;
Haberle e al.,, 2001) also suggest that fire activity in the Bluc
Mountains was a response to regional or larger-scale climatic fore-
ing. Although the dominant control on firc in this cnvironment dur-
ing the Holocenc appears to be climate, fire in this landscape in the
late Holocene may reflect anthropogenic activity. Even if this is the
casc, it is possiblc that this may have been a responsc by the humans
to climate variability, further complicating any artificial dichotomy
between ‘anthropogenic” and ‘natural’ causation.
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DAY 2.

An excellent site describing Wingecarribee Swamp is:
http://www.uow.edu.au/arts/sts/sbeder/wingecarribee/value/ecosystem.html

The Hlawarra Fly Treetop Walk is a 500 metre long, 25 metre high elevated tree top walk along
the picturesque Illawarra escarpment. It is described at:
http://www.illawarrafly.com/

Barren Grounds Nature Reserve (time permitting)
The BGNR is between Robertson and Kiama (on the Jamberoo Pass Road 16km south-east of
Robertson). The Reserve is a heathland plateau and famous also for birds.
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Abstract

In comparison to the northern hemisphere, Sphagnum peatlands are an unusual and infrequent component of
the Australasian landscape. Most peatlands in Australasia are primarily composed of either Restionaceous or
Cyperaceous peats. Sphagnum peatlands in Australia and Papua New Guinea/Irian Jaya (now West Papua) are
largely located in montane and alpine environments, but also occur down to sea level in New Zealand and as moss
patches on some subantarctic islands. Fire is a major determinant of the characteristics of peatlands in Australasia.
Peatland management in Australasia is hindered by the need for increased understanding of peatland processes to
enable a sustainable balance of conservation of a small resource with localised utilisation. The management focus
in Australasia has largely been on ensuring ecologically sustainable Sphagnum moss harvesting, with limited peat
mining. We have found that general recovery of Sphagnum after moss harvesting can be enhanced by harvesting
larger peatlands, and by leaving one-third of the acrotelm to regenerate. The largest upland peat swamp in mainland
Australia, Wingecarribee Swamp, suffered a major collapse in 1998 following peat mining. Environmental and
management consequences of this collapse have major ramifications for rehabilitation options. Sphagnum peatlands

in Australasia are likely to be adversely affected by drainage, burning, grazing, trampling, global warming and peat

mining.
Introduction S. cristatum is the most common species in both
Australia and New Zealand, and is the main species
In comparison with peatlands in the northern hemi- harvested.
sphere, Australasian peatlands dominated by Sphag- The most common resource from Australasian
num are generally small in area, restricted in distri- Sphagnum peatlands is Sphagnum moss harvested for
bution, and have relatively few species. Most Aus- the horticulture industry. At present ali commercial
tralasian peatlands are instead dominated by Res- Sphagnum moss harvesting is restricted to Australia
tionaceae, Cyperaceae, and Epacridaceae species, and New Zealand and is from wild populations in nat-
but Sphagnum is frequently an important compon- ural peatlands. Small experimental trials of growing S.
ent. There has been no comprehensive assessment of cristatum in tunnelhouse environments were initiated

peatlands in Australia or New Zealand, but a gen-
eral description of Australasian mires is provided in
Campbell (1983). Sphagrnum moss can also occur as a
small but distinct component of other plant communit-
ies, such as in tropical mountains of New Guinea.

in New Zealand (Smale et al., 1995), but cancelled due
to withdrawal of research funding.

Historically, many areas of Sphagnum peatland
have been drained and fertilised for farmland or des-
troyed by peat mining, particularly in New Zealand,
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although a few extensive deposits up to several thou-
sands of hectares still remain (Davoren, 1978). Cur-
rent threats to the long-term survival of Sphagnum
peatlands include draining for agriculture, frequent
burning, peat mining and Sphagnum moss harvesting.
A major threat to peatlands in Western Australia is
groundwater abstraction (P. Horwitz, personal com-
munication). In general, Sphagnum peatlands in Aus-
tralasia have not been subjected to the same extent of
broadscale mining operations reported in the north-
em hemisphere (e.g. Lappalainen, 1996: Rochefort,
2001).

Peatland management in Australasia is not unified
but is mainly driven by the need to protect/reserve
representative examples of the full range of natural
biodiversity. For example, less than 10% of the ori-
ginal area of wetlands now remains throughout New
Zealand (Newsome, 1987), making conservation of
all remaining wetlands significant. In New Zealand,
peatlands have an additional conservation value in that
they have revealed, and still contain, many significant
cultural artefacts from early Maori settlement. In both
Australia and New Zealand, peatlands in lowland areas
are particularly threatened, with most having been
drained for farmland or subjected to frequent burning.
These lowland peatlands are targeted for protection
and restoration in New Zealand.

The aim of this paper is to present a brief over-
view of the currently known Australasian peatlands
containing Sphagnum, specifically Australia, New
Zealand, New Guinea, and some subantarctic islands.
Descriptions of the current Sphagnn moss harvest-
ing and peat mining industries are presented. Methods
to manage harvesting impacts and issues encountered
in peatland restoration are outlined. The major envir-
onmental problems and management issues that can
be encountered as a result of peat collapse following
mining are given in a case study of Wingecatribee
swamp.

Sphagnum species distribution

In Tasmania 10 species of Sphagnum have been re-
corded in the literature (Dalton et al., 1991) but in a
taxonomic revision (Seppelt, 2000) only 6 taxa (in-
cluding one new species; Seppelt and Crum, 1999)
are recognised (Table 1). Another species, formerly
known as Sphagnum leucobryoides, has been trans-
ferred to a new monotypic Order, Family and Genus
as Ambuchanania (Crum and Seppelt, 1999). Away

from the eastern states on mainland Australia, only
Sphagnum novo-zelandicum is represented in South
Australia (Crocker and Eardly, 1939) and in a few
localities in southwestern Western Australia (Smith,
1969: Figure 1). Under the provisions of the New
South Wales Threatened Species Conservation Act
one particular Sphagnum community (Ben Halls Gap
National Park Sphagnum Moss Cool Temperate Rain-
forest) has been designated an Endangered Ecological
Community. There are two communities with Sphag-
num listed in Victoria under the Victorian Flora and
Fauna Guarantee Act - Alpine Bog and Montane
Swamp Complex.

Nine species of Sphagnum are recognised from
New Zealand (Fife, 1996), five of which are com-
mon to Austratia (Table 1). The diversity of Sphagnum
species in the Chatham Islands and the Australasian
subantarctic Islands (Auckland Islands, Campbell Is-
land, Macquarie Island) is low. Only S. falcatulum
is known from Macquarie Island, S. australe and S.
novo-zelandicum from Campbell Island, S. australe
and S. faleatlum from the Auckland Islands (Vit,
1979), and §. australe, S. cristatum and S. falcatulum
from the Chatham Islands (Table 1). In Australasia,
only §. falcatulum and S. fuscovinosum appear to be
specifically aquatic. There is less evidence of extens-
ive patterned mires (Campbell, 1983 Kirkpatrick and
Gibson, 1984; Whinam and Kirkpatrick, 1994; Mark
et al., 1995) and of the hummock/hollow partitioning
of Sphagnum species in Australasia (Millington, 1954;
Ashton and Hargreaves, 1983) than reported in the
northern hemisphere.

In the Malesian tropics approximately thirteen spe-
cies have been described (Eddy, 1977, 1988; Table 1),
and most are probably more widely distributed than
currently documented as very few ecological surveys
have been made. New Guinea is a topical centre
of diversity for Sphagnum, having twelve of these
species, with only S. luzonense not occurring there.
Endemic or near endemic species recorded from New
Guinea include S. antarense, found at 2200 m in the
Star Mountains and on mountains in Sulawesi, S,
efibrillosum, from the Mt Albert Edward summit plat-
eau at 3650 m and S. novo-guineense which occurs
in central New Guinea and on adjacent islands. .
sericeum and §. junghuhnianum var semiporosum are
known from stream edges and waterfall spray zones
in grassland and montane forest near Lake Habbema
in the Snow Mountains as well as Mt Dayman and
Goodenough Island in eastern Papua. They occur
in open mist forests at mid-altitudes along seepages
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(Bartram, 1942, 1957). Other Malesian or southern
species in New Guinea are S. perichaetiale and S.
cuspidatum, both occuring in the montane and sub-
alpine zones above 2000 m, as well as the curious
lax §. cuspidatum ssp. subrecurvum, which is found at
low altitudes in Borneo, Malaya and Sumatra as well
as New Guinea, Sphagnum species of mostly boreal
distribution occur in the mountains of New Guinea ~
S. subsecundum, §. cuspidatulum and S. compactum.
S. compactum is related to a species with an African
— Malesian distribution, S. strictum ssp. pappeanum
(Eddy, 1988).

inA ia. Chatham Island is enlarged as an inset.

In the Pacific, six Sphagnum species are restricted
to the higher mountains (above 500 m). On New Cale-
donia S. cristatum also occurs in the austral temperate
region and S. cuspidatum is also found in the Malesian
tropics and boreal regions. S. novo-caledoniae is en-
demic to the high rainfall ulramafic area. Three
endemic species occur further east; S. palusire on
Viti Levu (Fiji) and Oabu (Hawail), S. seemannii on
Tavieuni (Fiji) and Samoa and S. reichardrii on Vit
Levu.
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Table 1. Distribution of Sphagnim species in Australasia. Australia (Aus, Mainland Austratia; Tas, Tasmania), New
Zeatand (NZ, New Zealand; Chat, the Chatham Islands), Subantarctic Pacific islands (Al, Auckland; An, Aatipodes: C.
Campbell; M. Macquarie), Pacific (NG, New Guinea; VFJ, Vit Levu, Fiji: TaFJ, Tavicuni, Fiji; NCal, New Caledonia;
HAW, Hawaii; Sam, Samoa), and Malesia (Sul, Sulawesi. Indonesia; BM. Borneo, Malaya; M, Malesia; WM, Western
Matesia). Based on Streimann and Curnow (1989), Fifc (1996), Seppelt (2000) and A. Touw (unpublished data),

Species Australia  New Zealand  Subantarctic  Pacific Matesia (other
islands than New Guinea)

S. australe Aus,Tas  NZ, Chat Al Ao, C

S. antarense NG Sui

S. compacium NZ NG M

. crisiatum Aus,Tas  NZ, Chat NCal

S. cuspidatulim NG M

S. cuspidanun NG,NCal M

S. cuspidatum ssp. subrecurvum NG. BM

S. efibrillosim NG

S. falcamium Aus,Tas  NZ, Chat Al An,M

S. fuscovinosum Tas

S. junghulinianum var semiporosum NG

§. lizonense WM

8. novo-caledoniac NCal

S. novo-guineense NG

8. novo-zelandicum Aus,Tas NZ o}

S. palustre VFJ, HAW

8. perichaetiale (incl. §. becearii) Aus NZ NG M

S. reichardtii VF]

. seemannii TFJ, Sam

S, sericeum NG M

S. simplex Nz

S, strictim ssp, pappeanum NG M

S. squarrosum NZ

S, subnitens NZ

S. subsecundum NG M

Distribution of Sphagnum peatlands

Australasia — generalities

Sphagnum peatlands, for the purposes of this pa-
per, are defined as having Sphagnum species as the
dominant peat forming vegetation and where the peat-
land area is greater than 1000 m? to form a distinct
ecosystem. They occur in Australia most frequently
between 600 to 1000 m altitude. In New Zealand they
mostly occur from 1500 m down to sea level, with
the proportion of Sphagnum in the vegetation gener-
ally increasing from north to south and with increasing
altitude. They tend to be mostly minerotrophic in
Australia and ombrotrophic in New Zealand. In New
Zealand, S. aqustrale commonly forms small bogs and
moss beds under beech (Nothofagus menziesii and N,

solandri var cliffortioides) forest canopies, yielding
dominance to S. cristatum as light levels increase.
S. cristatum covers extensive areas in wet heath and
bog communities and may be regionally important
as in eastern Fiordland (Burrows and Dobson, 1972;
Mark et al., 1979) and south Westland (Dickinson and
Mark, 1994). In New Guinea, Sphagnum occurs in wet
hollows in montane forest, and along stream banks
and lake edges above 3000 m, in minerotrophic and
some ombrotrophic situations. Although a common
element, Sphagnum is rarely dominant anywhere in
Malesia, New Guinea or the Pacific (Hope, 1980).
The major geomorphic types of Sphagnum peat-
lands in Australasia include: kettle holes and moraine-
dammed valleys of the depositional zone; glaciofiuvial
outwash or colluvial valley fill deposits; riparian or la-



custrine environments: horizontally-bedded sandstone
shelves: karst sinkholes (Whinam and Buxton, 1997).

The major floristic types include: snowpatch, sub-
alpine coniferous; sedgelands: shrublands (including
New Zealand pakibi wet heath: Mew, 1983): rain-
forest; grassy tussock and aquatic. Descriptions of
Sphagnum communities in New Zealand are included
in Wardle (1991) and for Tasmania in Whinam et al.
(1989, 2001). On mainland Australia Sphagnum is
most common as a component of shrub bogs dom-
inated by epacrids and restionaceous species (Costin,
1954, Millington, 1954; Ashton and Hargreaves,
1983; Hope and Southern, 1983; Kershaw et al., 1997
Clarke and Martin, 1999). It occurs mainly on humic
peats and deep accumulations of Sphagnum peat are
unknown, suggesting that it is always a subsidiary
taxon in Holocene mire communities.

Australia

Australia is predominantly arid or semiarid. Most of
the continent is of low relief. Although there are
very extensive wetlands in inland Australia, these are
intermittent and the prolonged dry periods are not con-
ducive to peat formation. The majority of permanent
wetlands occur in the coastal zone, the Eastern High-
lands and Tasmania (Australian Nawre Conservation
Agency, 1996). One of the major factors limiting the
development of Sphagnum peatlands in Australia is
moisture availability, in particular evapotranspiration
in the driest month. While rainfall may be less im-
portant in peatlands that receive significant catchment
runoff, the generally small size of the peatlands affects
their sensitivity to hydrologic changes. In Tasmanian
Sphagnum peatlands, the mean annual temperature
ranges between 5.7 and 8.6 °C, the mean maximum
temperature of the warmest month ranges from 16.2
to 19.5 °C. Mean annual precipitation varies at these
Tasmanian sites between 1540 and 2020 mm and that
of the driest month ranges between 70 and 100 mm.
Despite topographic and climatic suitability, large
Sphagnum peatlands do not occur on the siliceous sub-
strate in south-western Tasmania. The Cyperaceous
peatlands that dominate south-western Tasmania have
lower values for total N, total P and percentage organic
matter than those recorded for Sphagnum peatlands
in Tasmania and the northern hemisphere (Whinam,
1990), suggesting that the combination of poor nutri-
ent status and fire history have prevented the wide-
spread growth of Sphagnum (Whinam et al., 1989).
Similarly it is not prominent in the sandstone habit-
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ats of the Blue Mountains of New South Wales. This
is in contrast with Northern Hemisphere and New
Zealand data, which suggest that Sphagnum occupies
nutrient-poor habitats (Clymo and Hayward, 1982),
but reflects the lower nutrient status and fire history
of south-western Tasmania (Bowman et al.,, 1986),
which favours moorlands dominated by buttongrass
(Gymnoschoenus sphaerocephalus). The total area of
Sphagnum peatlands in Tasmania, estimated by us-
ing colour aerial photographs and vegetation mapping
data for parts of the Tasmanian World Heritage Area
(Parks and Wildlife Service, unpublished data) and
ground confirmation, is approximately 1300 ha (J.
‘Whinam, unpublished data).

In Victoria, peatlands are most extensive and hum-
mocks better developed at altitudes above 900 m. At
this altitude, the mean annual temperature ranges from
6.5 10 10.4 °C, the mean maximum temperature of
the warmest month ranges from 19.0 to 23.1 °C and
the mean annual precipitation ranges from 1570 to
1600 mm, with the mean annual precipitation of the
driest month being around 75 mm (McKenzie, 1997).

Even in the high rainfall, well-vegetated regions,
dry periods occur and bushfires are frequent. Fire
can have serious impacts on peatlands (Kershaw and
Bohte, 1997; Horwitz et al., 1998), causing substan-
tial losses of substrate, although in many cases fire
may burn surface vegetation without igniting the un-
derlying peat (e.g. Clarkson, 1997). At a local scale
Sphagnum may decline, even to local extinction, dur-
ing drought periods. For example at a small hanging
swamp on top of a seacliff in Sydney (Bridgman et
al., 1995), small amounts of Sphagnum persisted un-
til the late 1970s but disappeared during a drought in
1980-1981.

Extensively distributed, but normally shallow, peat
deposits are occasionally found in the coastal low-
lands, often in dune swales, both on the east coast
and in the south-west of Western Australia (Horwitz
et al,, 1998). The vegetation on these sedgeland de-
posits is dominated mainly by Restionaceae species
where rainfall exceeds 1000 mm yr~! and Cyper-
aceae species elsewhere or wet heath, but forested
wetlands (dominated by Melaleuca spp., Eucalyptus
spp. and Casuarina spp.) also occur. Peat deposits
are scattered across the sandstone plateaux around
Sydney, New South Wales, along creek lines and in
shallow depressions (e.g., Kodela and Dodson, 1989).

Peat swamps are found in the uplands and high-
lands of eastern Australia, for example in Vic-
toria (Kershaw et al,, 1997), the New South Wales
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(N.S.W.)/Australian Capital Territory (A.C.T.) Alps
(Hope and Southern, 1983), Barrington Tops (Dodson
et al.,, 1986) and the New England region (Millington,
1954). Sphagnum may be a major component of the
vegetation of some of these upland swamps. In some
Australian states good data exist — for example, moor-
lands (Jarman et al., 1988) and Sphagnum peatlands
(Whinam et al., 1989) in Tasmania and peatands in
Victoria (Kershaw et al., 1997), For other states cover-
age is still incomplete. Hancock (1998) provides an
estimate of the peat resources in Australia, but his
figures are misleading, as they over-estimate the re-
source considerably, by including extensive floodplain
Phragmites swamps as peatlands.

New Zealand

The surface area for all peatlands in New Zealand (in-
cluding farmland, forestry, etc.) is at least 2100 km?
(derived from Newsome 1991). Much of the 270,000
ha of swamp (including bogs) and 97,000 ha of pa-
kihi vegetation is peatlands (Hunter and Blaschke,
1986). Annual rainfall at Sphagnum sites in New Zea-
land, ranges from 1100 to > 10,000 mm, with that of
the driest month ranging between 60 and 190 mm.
Mean annual temperature at these sites ranges from 3.5
0 13.4 °C, and mean maximum temperature ranges
between 11.5 and 28.3 °C (Mark et al., 1995).

On the gley podzols of Westland, New Zealand,
Sphagnum peatland communities have been favoured
by activities associated with logging (e.g. tramways).
Here, Sphagnum occupies a transitional phase to
closed shrubland and forest that would ultimately re-
duce its abundance. Although forest clearance has led
to Sphagnum abundance in the first instance, it is
the disturbance associated with continued harvesting
of Sphagnum moss (e.g. rise in water table caused
by impeded drainage) that appears to be maintain-
ing Sphagnum dominance. These cut-over forests are
now some of the major sites of commercial Sphagnum
harvesting on the South Island. On the North Island
several Sphagnum bogs have similarly been induced
or increased by forest logging, particularly in upland
areas with high rainfall, e.g., Mamaku Ranges west
of Rotorua. Sphagnum is also common along track
margins and other disturbed areas (Mew, 1983).

Pacific

In the Pacific Sphagnum occurs in mountain areas
on the windward slopes in shrub-rich peatands, as

these locations experience high orographic rainfall
(Mueller-Dombois and Fosberg, 1998).

New Guinea and Malesia

In New Guinea and Malesia there are montane swamp
forests which often have Sphagnum species around
tree bases. Mires are common along the outer flanks
of the main mountain cordillera that extends along
the island, and also on outlying ranges and moun-
tainous islands. Above 2700 m mosaics of subalpine
grassland and sedge mires are common, and above
3400 m on most mountains’ soils are peaty and mire
taxa invade the grasslands to form cushion bogs. New
Guinea is humid, with precipitation throughout the
year in the mountains and rainfall totals from 2500
to >10,000 mm, Temperatures range from 20 °C at
1400 m to about 6 °C at the tree-line at 3900 m,
and a snowline at 4620 m. Terrestrial mosses are par-
ticularly common in the mist zone forests and bogs
between 2000-3500 m (Hope, 1996). Conditions are
1ot as moist in south-east Asia but mountain plateaux
and streamlines support sedge swamps. Large ombro-
trophic peat swamp forests occur in the lowlands of
Sumatera and Borneo (Reiley and Page, 1997).

In montane New Guinea, Sphagnum occurs in
openings in forests that are beset by low-lying cloud
for most days. The forest is often microphyll or nan-
ophyll, with an open canopy formed by Nothofagus,
Elaeocarpus, Pittosporum, Rapanea and Syzygium
species. The ground is a tangle of scrambling orch-
ids, with the trees draped in mosses and hepatics.
Sphagnum grows in forest openings around wet hol-
lows and is encouraged by forest clearing. At higher
altitudes Sphagnum occurs around ponds and along
stream banks in tree fern dominated riparian com-
munities. Conifers such as Phyllocladus hypophyllus
and Dacrycarpus compactus are common as remnant
low forest. Sphagnum is rarely dominant but may form
mats with hepatics around wet fens or tarns and occurs
with cushions of Astelia, Carpha, Oeobolus, Centro-
lepis, Rhododendron, Potentilla, Plantago, Erio-
caulon and other cushion mosses (Hope, 1980; Gibson
and Hope, 1986). The western half of the island has
less seasonality and less fertile substrates and seems
richer in Sphagnum than the volcanic soils of most
of the Papua New Guinea highlands. On the Ter-
tiary sandstones and peats on the plateau around Lake
Habbema (3240 m) in West Papua, Sphagnum seems
to colonise wet areas caused by trampling, so is com-



mon along tracks through the blanket peats formed
below cushion and grass bogs (Hope, 1980).

Subantarctic islands

On subantarctic Macquarie Island Sphagnum occurs
in water-saturated conditions down to sea level, most
commonly on old coastal terraces where drainage is
impeded, or in old elephant seal (Mirounga leonina)
wallows which have added nutrients and where the
nutrient-favoured Callitriche antarctica occurs. On
Macquarie Island plateau, Sphagnum ofien occurs in
wet areas where skuas (Catharacta lonnbergi) add
nutrients through washing themselves and their prey.
However, Sphagnum does not form large peatlands
on Macquarie Island, with a total area of less than
5 ha of Sphagnum falcatulum, although warmer tem-
peratures over the past few years (Kininmonth, 1992),
have coincided with an increase in Sphagnum moss (J.
Whinam, unpublished data). Sphagnum is abundant
on subantarctic Campbell Island on wet, deep, acid
peats (Meurk et al., 1994), but mostly occurs either
under or among other vegetation, or patchily along
driplines, bases of erosional scars and footpaths or
other disturbed areas.

The Sphagnum moss harvesting industry

The harvesting of Sphagnum moss is a major industry
in both New Zealand and Australia, Sphagnum moss
is harvested primarily for use in the horticultural in-
dustry, where species that have ‘fat” moss strands able
to hold a considerable amount of water are favoured
(e.g. S. cristarum is favoured over S. subnitens). Har-
vesting is commonly done by hand, with the covering
vegetation, usually rushes, cleared with a scrub cutter
and rake. At some sites drains have been construc-
ted around the edge of the peatiand to allow easier
extraction, but this practice appears to have long-
term detrimental effects on recovery (Vasander, 1987).
Harvested Sphagnum moss is put into nylon bales
that weigh 100 to 120 kg when wet, therefore bale
extraction has a high impact on the harvesting site.
Extraction is carried out by various means — dragging
bales by hand, using tramways, four-wheeled motor-
cycles, bulldozers, or, as has become more common in
New Zealand, by helicopter.

Over the last three decades, the Sphagnum moss
harvesting industry has expanded dramatically with
exports leveling off in the early 1990s at about 1000
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tonnes of dry moss in New Zealand and roughly 15
tonnes in Tasmania. A small amount of Sphagnum
moss is harvested in Victoria. Sphagnum harvesting at
Ginini Bog, in the Australian Capital Territory ceased
in 1944, but has left damaged areas that are still ap-
parent. In Australia, virtually all alpine and subalpine
habitat is reserved in National Parks. Consequentdy
there has been considerable pressure on unreserved
peatlands. In New Zealand it is estimated that 20 w
30% of Sphagnum moss-producing land is in private
ownership, the remainder being administered by two
government agencies, Timberlands West Coast Ltd
and the Department of Conservation, with a small por-
tion reserved (c. 1800 ha in Westland National Park;
Department of Lands and Survey, 1982; and 500 ha in
formal Scenic Reserves; Wardle, 1980). Large parts of
subalpine New Guinea are still remote and not access-
ible to harvesters, and a large subalpine reserve has
been declared in West Papua. Traditional use is not
affected by reserves but is not a threat in any area.

Sphagnum moss harvesting and management

Sphagnum regeneration on the bare peat surface left
after complete moss harvesting in Australia and New
Zealand is slow, or sometimes absent, leading to dom-
inance by other species, notably Restionaceous and
Cyperaceous graminoids.

Manipulation of the water table has been sugges-
ted, based on experimental trials in New Zealand, as
a technique to promote moss, particularly Sphagnum,
growth, and create conditions favouring the commer-
cially more desirable S. cristatum (Stokes et al., 1999).
Although one property owner exercises some control
over water levels, no generally applicable protocols
have been developed.

The rate of growth of Sphagnum will be an import-
ant determinant of ability to recover from disturbance.
Several studies have been conducted on Sphagnum
growth rates in Australasia. In general, growth rates
decline with increasing altinde and latitude. Oc-
casional moisture deficits limit growth. Sphagnum
growth in montane situations in New Zealand and
Australia is slow, ranging from 0.9 to 7.3 cm yr~!
(Whinam and Buxton, 1997).

Variation in height growth at lowland sites in
New Zealand can be matched to temperature. Crank
wires installed at permanent transects indicated that S.
cristatum at Westport had a growth rate of 6.1 cm yr—!
(mean temperature 12.2 °C), Hokitika 5.4 cm yr—!
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(mean temperature 11.6 °C) and Kakapotahi 3.4 cm
yr‘1 (mean temperature 11.1 °C). These sites are all
beiow 40 m above sea level with mean annual rainfall
between 2200 and 3800 mm yr~!,

Low winter temperatures limit Sphagnum growth
in both lowland and montane situations, but in re-
sponse to increased summer temperatures fowland
sites appear capable of greater growth than montane
sites (1.3 cm yr~1). Buxton et al. (1995) found Sphag-
num height growth is also enhanced by the presence
of 20 to 60% rushes (Juncus and Baumea) and sedges
(Gahnia).

The growth of Sphagnum was studied by Clark
(1980) at Ginini Flats, a 75 ha subalpine bog at
1590 m in the Brindabella Mountains of the A.C.T.
Up to 1.8 cm increase in height occurred in a grow-
ing season, but this was usually compressed by winter
snow, so that the net annual growth varied from 9 to
-2 mm, depending on the snow loading. Clark calcu-
lated the Sphagnum productivity at 1.7 tonne ha~! dry
weight, but thought that this might be an underestim-
ate, By comparison, annual productivity in Westland,
New Zealand, was estimated by Denne (1983) at 7.27
tonnes ha~! dry weight.

The Delegate River floodplain at 900 m altitude
near Bendoc, Victoria has an extensive epacridaceous
Sphagnum bog overtopped by Leptospermum shrub-
land (Ladd, 1979). Gell et al. (1993) carried out
bigh resolution analyses on short cores covering the
historical period. They found that Sphagnum was sup-
pressed and grass increased when the plain was bumt
and used for cattle grazing. Reduction in fire fre-
quency and clear felling of a high proportion of the
eucalypt forest in the catchment has led to increased
water supply and a recovery by Sphagnum and Myrio-
phyllum over the last 50 years. Sphagnum may also
be responding to increased nutrient provided by the
inwash of sediment.

At sites in Tasmania and New Zealand, experi-
mental harvesting has shown that reseeding (leaving
30% moss cover behind) resulted in faster recovery
of the Sphagnum moss in terms of percentage cover
than leaving a bare peat surface. In New Zealand,
regrowth in reseeded 1 m? plots, either moderately
or heavily harvested plots, resulted in approximately
90% cover of Sphagnum 36 months after harvesting
compared with 50% in unseeded plots (R.P. Buxton
unpublished data). Pressing of Sphagnum fragments
into the water table to ensure good contact did not
appear to substantially increase recovery rates (P.A.
Alspach, unpublished data).

Reseeding and sensitive harvesting operations have
enabled harvesting cycles as short as 2 to 3 years,
with repeat harvesting of >15 cm Sphagnum fibers at
some lowland sites in New Zealand, whereas in Tas-
mania, reseeding combined with hand-broadcasting of
small amounts of slow release, recycled sewage pel-
lets as fertiliser, has resulted in high-quality Sphagnum
moss being harvested on a longer 10 year rotation (P.
Binney, personal communication).

Like all plant growth, the rate of Sphagnum recov-
ery after harvesting (when more or less 30% of the
original acrotelm is not disturbed) is strongly influ-
enced by climatic variables, with warmer, wetter sites
recovering quicker than colder and drier sites.

On the basis of data collected to date (Whinam
and Buxton 1997), Sphagnum moss harvesting is only
likely to be sustainable in Australasia where the site

is less than 600 m altitude;

has 20% shade protection provided by other spe-
cies;

is large enough to allow harvesting rotation;

is harvested while avoiding the use of heavy ma-
chinery;

is left with an even surface with some meso-
roughness to provide support for Sphagnum but
keeping the moss close to the water table;

an adequate period is provided between harvests,
determined by growth rates and environmental
conditions, to allow the moss to recover.

« has 30% moss Sphagnum cover left for reseeding.

Our observations in New Zealand and Tasmania sug-
gest that the most damaging moss harvesting is done
by poachers and harvesters operating on a once-off
basis. Seeking short-term financial gain, they often
over-pick a site leaving little for natural revegetation
and take little care when extracting the moss. Poachers
have become an increasing problem in both Tasmania
and New Zealand (Yarwood, 1990). However, a sys-
tem in New Zealand, which requires harvesters to be
registered to avoid paying more tax at point of sale has
deterred many poachers.

In places like Tasmania and Victoria, where ob-
servations suggest that Sphagnum moss can die due
to desiccation in dry summers, Sphagnum peatlands
may be near their climatic limits, in which case drier,
warmer conditions associated with global warming are
likely to be detrimental to their long-term survival.
Moss harvesting activities add further pressures to this
limited resource.



Conservation aitd managentent — pest mining

Most peat losses in Australia and New Zealand have
been caused by agriculture, both through intentional
drainage and through accidental fires and erosion. The
valley mires (mostly Carex fen and grass bog) have
gullied in many places with peat collapse, e.g. Jack-
son’s Bog, New South Wales (Southern, 1982). Expos-
ure of peat to drying (through peat mining, draining,
etc.) has the potential to oxidise soils rich in iron (or
other) sulphides, to produce sulphates which are hy-
drated to sulphuric acid, thereby posing a significant
threat to the biota through reduced pH, with acidifica-
tion an emerging issue in Western Australia (Sommer
and Horwitz).

The scale of peat mining in Australasia is very
small when compared to northern hemisphere oper-
ations. For example, a total of 5800 m® of peat is
extracted from Tasmania annually. In South Australia,
less than 6700 m® of peat yr™! is mined from a de-
posit on the Woakwine Range near Lake Bonney.
In Queensiand, about 5-10,000 m? yr=! is extracted
from a 10 year old mining site on the Atherton Table-
land. Currently, there is no mining in N.S.W,, Victoria,
or the A.C.T. Mining occurs in diatomous and res-
tionaceous peats in W.A. (Meney and Pate, 1999; G.
Hope, unpublished data). In New Zealand, a total of
approximately 140,000 m? yr—! of peat is extracted.

Sphagnum peat is preferred over restiad peat for
horticultural purposes because it has better water hold-
ing ability, larger particles and is more freely draining.
There is one small restiad mine in the Waikato region,
harvesting about 3000 m? annually. However, the peat
types can be mixed to conserve the resource. Australia
is a net importer of peat, with supplies coming primar-
ily from Canada, New Zealand, Germany and Ireland
(in descending order of amount supplied). Approxim-
ately 67% of peat in Australia is used for mushroom
cultivation, with a further 5% used for the production
of grass turf (R. Wilkinson, personal communication).

The major impediments to expedite regeneration of
peatland sites in Australasia are a lack of knowledge
of restoration techniques appropriate to the environ-
mental conditions and the absence of regeneration
requirements in peat mining leases. However, data
from Sphagnum moss harvesting regeneration com-
bined with an understanding of bog succession can be
used to provide some guidance for management and
recolonisation of peat mining sites.

Before assessing the management and restoration
options of peatlands subjected to mining, it is neces-
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sary o look at the context of the restoration goals. [t
is also necessary to evaluate the success of the res-

toration. One way to do this is to compare functional
processes in the restored site with an adjacent unmod-
ified peat bog ecosystem and to monitor whether peat
accumulates. The re-establishment of Sphagnum com-
munities is often the ultimate aim in restoration and is
used as an indicator of peatland health. For example in
the Snowy Mountain highlands of New South Wales,
cattle grazing resulted in the destruction of Sphagnum
peatlands in an important water catchment. Twenty
years after the cessation of grazing, and many thou-
sands of dollars later, the prevention of erosion and
revegetation measures had led to the re-establishment
of Sphagnum in these peatlands, which is interpreted
as a sign of ecosystem recovery (Wimbush and Costin,
1979). Similarly, the combination of trampling by
feral animals, and frequent fires has led to degrada-
tion of Sphagnum bogs and incision of water courses
in the A.C.T. Removal of stock has allowed Sphag-
num hummocks to regenerate and invade streamlines
to re-establish wet conditions.

Of the six active Sphagnum peat mines in New
Zealand (three in North Island, two in South Island)
and Tasmania, only two — Gamman Mining and Yates-
Watkins (New Zealand) are required to restore the
peatland back to bog. This is because the other New
Zealand mines were previously in pasture, not intact
bogs, and there has not been a legislative requirement
to restore the Tasmanian peatlands.

All three North Island mines work the Tore-
bape peat bog in the Hauraki Plains, This 6000
year old bog originally covered more than 10,000
ha but now only about 700 ha of bog vegetation
remains, mostly protected in reserve. Torehape has
large deposits of Sphagnum peat, which is unusual
because the main peat-forming species elsewhere in
the Waikato/Hauraki Plains district are the restiads
Empodisma minus and Sporadanthus ferrugineus. The
current dominants in the nearby reserve, however, are
Empodisma and Sporadanthus and there is also a sur-
face layer 10 to 15 em thick of restiad peat over the
Sphagnum. (Clarkson, 1994). It is thought that ring
drainage in the early 1920s diverted water from sur-
rounding hills out to sea, thus lowering water tables
within the bog and causing a shift from Sphagnum
cristatum to restiad species, which are better adap-
ted to “drier” conditions (Bates, 1973). The Torehape
mining companies have a license to mine ouly the up-
per 1 m of peat (average thickness is 5 to 7 m) and
then are required to restore the bared surface back to
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a functioning bog. Initial results of restoration trials
involving combinations of fertiliser, plants, and wa-
ter table have resulted in 100% vegetative cover being
achieved with some treatments after two years (Schip-
per, in press). This first stage is based on restoring a
restiad cover but stage two will involve encouraging
growth of Sphagnum.

The high conservation values on the Chatham Is-
lands of New Zealand (Wardle et al., 1986) have
so far prevented any peat mining proposals from be-
ing successful there. There is no peat mining on the
subantarctic islands.

In the central highlands of Tasmania, a large (10
ha) montane Sphagnum peatland is currently being
mined. When the peat supply is exhausted, this will
be the first attempt in Tasmania to restore a Sphag-
num peatland after mining. At a nearby site that had
Sphagnum moss harvested and drains constructed in
preparation for mining, the drier margins have now
converted to a restionaceous/cyperaceous peatland,
dominated by Empodisma minus and Gymnoschoenus
sphaerocephalus.

Peat mining is not carried out in a systematic way
in the tropics but the forested peatlands are widely
utilised for logging. The losses of peat due to illegal
tree felling and clearance for agriculture, particularly
in Kalimantan and Sumatra over 35 years, probably
exceeds 10 million hectares, although estimates vary.
Fox (2000) assesses the 19971998 El Nifio fires in
Indonesia at 9.75 million bectares, much of this in
peatlands (Reiley and Page, 1997). The 1997 fires
caused major damage to subalpine peatlands in Irian
Jaya, many former mires being burnt and invaded
by grasses and introduced composites. Considerable
volumes of peat have also been removed as a result
of alfuvial mining for tin in Malaya, and in devel-
oping swamps for oil palm and sugar plantations in
Indonesia and the Pacific.

Case study of bad peat mining management:
Wingecarribee

The gently sloping Wingecarribee Swamp, a montane
peatland located in the Southern Highlands of New
South Wales (670 m), originally covered more than
650 ha and was the largest upland (restionaceous) peat
deposit in mainland Australia. In 1974 the western half
of the swamp was submerged by the Wingecarribee
Reservoir, with small scale peat mining occurring in
the remaining eastern swamp (307 ha). Extraction sub-
sequently changed to a wet mining process, in which a

lake was excavated within the swamp. Extracted peat
was converted into a slurry on a floating pontoon and
then pumped via a pipeline to a processing plant on
dry land. Production increased from 3000 m> yr~?! to
about 30,000 m? yr~! by the mid 1990s. In 1997 the
mining pond was 20 ha in extent and several metres
deep, with a pronounced steep face of peat exposed
at the upslope end, due to the general gradient of the
swamp.

On the night of 8-9 August 1998 the swamp
upstream from the mine pond collapsed following
heavy, but not exceptional, rain. An estimated 6000
megalitres of peat and sediment and 6500 megalitres
of runoff water moved into Wingecarribee Reservoir
(Arachchi and Lambkin, 1999). The dredge on its
pontoon was also swept into the reservoir, gouging a
major channel through the swamp which immediately
enlarged under the peak flows. A Mining Warden’s In-
quiry into a proposed renewal of the mining leases was
held in 1997 during which the potential instability of
the swamp was pointed out. However objections from
government agencies and peatland expert witnesses
were not accepted by the Warden (Bailey, 1997) and
mining continued until it was halted by imposition of
a Heritage Order in 1998.

Post collapse, about 70% of the swamp has sunk
by 3 to 4 m and is fragmented by a network of deep
fissures reaching to basal clays (illustrated in White,
2000). The former filtering capacity of the swamp
has been lost which has serious implications for water
quality in the reservoir. The peat in the reservoir also
lowered the storage capacity (by 18%) and increased
turbidity (Arachchi and Lambkin, 1999).

Changes to the swamp environment

What was once a continuous extensive swamp system
has become fragmented, with large areas of exposed
peat (both as vertical faces and flat plains). The long-
term impacts of the collapse on the hydrology and
ecological stability of these swamp margin habitats
are currently unknown. Restoration of the original
swamp system is not possible. About 140 ha con-
sist of stranded blocks of fibrous peat up to 3 m in
height, which are extremely vulnerable to fire. The
major management priorities are to reduce the likeli-
hood of fire and institute weed control. In the longer
term attempts to disperse water and encourage swamp
regeneration may be made. The swamp still provides
habitat for a rich flora and fauna, including several
endangered species, and stands of a range of fen com-




munities. Conservation of these features remains a
high priority, but specific action has been delayed
by the lack of expertise. These bogs differ greatly
from the extensive peatiands of the northern hemi-
sphere, and current restoration knowledge is merely
superficial. Patterns of recovery at Wingecarribee may
provide some insight for future restoration of these
Australasian communities.

Conclusions

While Sphagnum peatlands form a relatively small
part of the Australasian landscape, they are distinct
communities and can form their own ecosystem (> 10
ha), be present in other peat forming ecosystems, or
occur as small moss patches. There has been a sig-
nificant loss of Sphagnum peatlands associated with
draining, agriculture and fires. One of the major differ-
ences between resource use of Sphagnum peatlands in
Australasia and the northern hemisphere is the import-
ance of Sphagnum moss harvesting in Australia and
New Zealand. Sustainable resource use and restoration
techniques associated with Sphagnum moss harvest-
ing are quite different to those associated with peat
mining. With most of the subalpine and alpine Sphag-
num peatlands in Australia and much of New Zeal-
and’s remaining peatlands in formal reserves, there are
pressures from both moss harvesters and peat miners
on remaining resources. Evidence to date suggests
that it is easier to restore Sphagnum peatlands that
bave been subjected to drainage for moss harvesting
and after peat mining to sedgeland peats dominated
by Cyperaceae and Restionaceae than to Sphagnum
moss. The limited knowledge about restoration after
moss harvesting and even more limited understand-
ing of ecosystem responses to mining indicate the
need for further experimental trials. For peatlands near
their climatic limits, global warming and an increased
likelihood of fire pose significant threats.
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Plant species recorded from Wingecarribee Swamp, Central Tablelands, N.S.W.

Revised Edition January 1994

P.G. Kodelal.2, T.A. James?, R.G. Coveny! and P.D. Hind!

MOSSES

BRACHYTHECIACEAE
Eurhynchium praelongum

SPHAGNACEAE
Sphagnum sp.

FERNS
BLECHNACEAE
Blechnum minus

B. nudum
GLEICHENIACEAE
Gleichenia microphylla

OSMUNDACEAE
Todea barbara

SCHIZAEACEAE
Schizaea fistulosa®

MONOCOTS
ATHERICACEAE
?Caesia alpina
Sowerbaea juncea

_CYPERACEAE
Baumea rubiginosa
Carex appressa
C. fascicularis
C. gaudichaudiana
C. polyantha
Chorizandra cymbaria
Cyperus lucidus
C. sanguinolentus
C. sphaeroideus
Eleocharis acuta
E. gracilis
E. sphacelata
Gahnia sieberiana
Isolepis crassiuscula
1. habra
1. inundata
1. sp. aff. inundata
1. producta

*1. prolifera
Schoenus apogon

ERIOCAULACEAE
Eriocauion scariosum

HYDROCHARITACEAE

Oitelia ovalifolia

Soft Water Fern
Fishbone Water Fern

Scrambling Coral Fern

King Fern

Narrow Comb Fern

Rush Lily, Vanilla Plant

Soft Twigrush
Tall Sedge, Tussock Sedge
Tassel Sedge
Tufted Sedge

Bristlerush

Common Spikerush

Spikerush

Tall Spikerush

Red-fruited Sawsedge, Swordgrass

Common Bogrush, Fluke Bogrush

Common Pipewort

Swamp Lily



IRIDACEAE
* Sisyrinchium iridifolium

JUNCACEAE

Juncus alexandri subsp. melanobasis
*J. articulatus

*J. bulbosus

J. continuus

J. laeviusculus subsp. illawarrensis

J. planifolius

J. prismatocarpus

Luzula modesta

JUNCAGINACEAE
Triglochin procera

LEMNACEAE
Lemnasp.A

LILIACEAE
Bulbine bulbosa

ORCHIDACEAE

Cryptostylis sp.

Microtis parviffora

M. unifolia

Prasophyllum uroglossum
Spiranthes sinensis subsp. australis
Thelymitra pauciflora

POACEAE
*Anthoxanthum odoratum
Agrostis avenacea var. avenacea
Deyeuxia quadriseta
Dichelachne inequiglumis
* Festuca elatior
*Glyceria declinata
*@. maxima
Hemarthria uncinata
*Holcus lanatus
Isachne globosa
Phragmites australis
*Poa annua
P. labillardierivar. labillardieri

POTAMOGETONACEAE
Potamogeton tricarinatus

RESTIONACEAE
Empodisma minus
Lepyrodia anarthria
Restio australis

SPARGANIACEAE
Sparganium subglobosum (S. antipodum)

TYPHACEAE
Typha orientalis

Jointed Rush

Broad Rush
Branching Rush

Water Ribbons

Duckweed

Native Leek, Bulbine Lily, Golden Lily

Slender Onion-orchid

Leek-orchid
Austral Ladies' Tresses
Siender Sun-orchid

Sweet Vernal Grass
Blown Grass
Reed Bent Grass

Meadow Fescue

Glaucous Sweetgrass

Reed Sweetgrass, Water Meadow Grass
Matgrass

Yorkshire Fog

Swamp Millet

Common Reed

Winter Grass, Annual Poa

Poa Tussock, Tussock Grass

Floating Pondweed

Spreading Rope-rush

Cordrush

Floating Bur-reed

Broadleaf Cumbungi, Bulrush




XYRIDACEAE
Xyris operculata

DICOTS

APIACEAE

Centella cordifolia
Hydrocotyle peduncularis
Lilaeopsis polyantha

ASTERACEAE

Bracteantha bracteata (Helichrysum bracteatum)

*Cirsium vulgare
Craspedia canens
Gnaphalium involucratum

Helichrysum sp. aff. scorpioides

*Hypochaeris radicata

*Lactuca serriola

*Leontodon taraxacoides
Olearia glandulosa

“Picris hieracioides
Pseudognaphalium lutecalbum
Senecio minimus

*Sonchus oleraceus

* Taraxacum officinale

BRASSICACEAE
* Rorippa nasturtium-aquaticum

CALLITRICHACEAE
Callitriche stagnalis

CAMPANULACEAE
Wahlenbergia ceracea

CARYOPHYLLACEAE
*Cerastium glomeratum
Stellaria angustifolia

CLUSIACEAE
Hypericum japonicum

CONVOLVULACEAE
Dichondra repens

DROSERACEAE
Drosera binata
D. peitata

D. spatulata

EPACRIDACEAE
Epacris paludosa

FABACEAE - Faboideae

*Lotus uliginosus (L. pedunculatus)

FPultenaea divaricata
* Trifolium pratense
*T. repens

Tall Yellow-eye

Swamp Pennywort
Pennywort
Lilaeopsis

Yellow Paper Daisy, Golden Everlasting
Spear Thistle, Black Thistle

(undescribed species)
Catsear, Flatweed
Prickly Lettuce
Daisy-bush

Jersey Cudweed
Common Sowthistle
Dandelion
Watercress

Common Starwort

Bluebell

Mouse-ear Chickweed
Swamp Starwort

Matted St John's Wort

Kidney Weed

Forked Sundew
Pale Sundew
Common Sundew

Swamp Heath

Bush-pea
Red Clover
White Clover




FABACEAE - Mimosoideae
Acacia melanoxylon

GENTIANACEAE
Gentiana wingecarribiensis

GERANIACEAE
Geranium neglectum

HALORAGACEAE

Gonocarpus humilis

G. micranthus subsp. micranthus
Myriophyllum pedunculatum

M. simulans

LAMIACEAE
Lycopus australis
Prunella vulgaris

LENTIBULARIACEAE
Utricularia australis
U. dichotoma

LOBELIACEAE
Pratia surrepens

LOGANIACEAE
Mitrasacme serpyllifolia

LYTHRACEAE
Lythrum salicaria

MENYANTHACEAE
Nymphoides geminata
Villarsia exaltata

MYRTACEAE

Baeckea utilis

Eucalyptus ovata
Leptospermum grandifolium
L. juniperinum

L. obovatum

ONAGRACEAE
Epilobium gunnianum
E. pallidifliorum

POLYGALACEAE
Comesperma retusum

POLYGONACEAE
Persicaria decipiens
P. hydropiper

P. praetermissa
*Rumex sp.

PORTULACEAE
Neopaxia australasica

Blackwood

Gentian

Raspwort
Creeping Raspwort
Mat Water Milfoil

Self-heal

Yellow Bladderwort
Fairies' Aprons

Purple Loosestrife

Entire Marshwort
Yeliow Marsh Flower

Mountain Baeckea
Swamp Gum
Woolly Tea-tree
Prickly Tea-tree
Tea-tree

Mountain Willow-herb
Willow-herb

Milkwort
Slender Knotweed
Water Pepper

Dock

White Purslane




PRIMULACEAE
*Anagallis arvensis Scarlet Pimpernel
*Lysimachia vulgaris var. davurica

RANUNCULACEAE

*Ranunculus flammula Buttercup

R. inundatus River Buttercup

*R. repens Creeping Buttercup
ROSACEAE
* Rubus discolor Blackberries, Brambles
RUBIACEAE

Asperula cf. gunnii Woodruft

Galium sp.

SALICACEAE
*Salix alba White Willow
*S. cinerea Grey Sallow
*S. fragilis Crack Wiliow
SCROPHULARIACEAE

Gratiola peruviana Brookline

Veronica gracilis
Veronica sp. A

VIOLACEAE
Viola caleyana Violet

Key
* introduced taxon (naturalised on swamp)
A R. Bates (pers. comm.)

Acknowiedgement
Identifications were assisted by staff at the National Herbarium of New South Wales, Royal Botanic Gardens
Sydney.
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2 School of Geography, University of New South Wales, Kensington NSW, 2033.
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Peat extraction threatens environmentally important swamps on the
Southern Highlands

Phillip G. Kodela
School of Geography, University of New South Wales, Kensington, NSW, 2033

Recently there has been much debate over the continued extraction of peaty sediments and peat from Long
Swamp near Penrose and from Wingecarribee Swamp between Moss Vale and Robertson. Long Swamp lies
in a headwater of Paddys River and Wingecarribee Swamp is in the upper caichment of Wingecarribee
River. Both rivers flow into the Wollondilly River which contributes to the Warragamba catchment area and
they are part of the Hawkesbury-Nepean system. Wingecarribee Reservoir is also connected to the
Shoalhaven system as it receives water pumped from the Shoalhaven River via the Fitzroy Falls Reservoir.
Water from Wingecarribee Reservoir is released into Wingecarribee River or from the Glenquarry cut and
Glenquarry Creek into the Nepean River.

Objections to peat mining based on the important ecological, hydrological and scientific values of Long
Swamp, and peatlands or mires in general, were submitted to Wingecarribee Shire Council (the consent
authority) by the Royal Botanic Gardens, National Trust, NSW National Parks & Wildiife Service, National
Parks Association of NSW, The Hawkesbury River Environment Protection Society, Coast & Wetlands
Society, Nature Conservation Council of NSW and various professional biologists and hydrologists.

Freshwater peatland ecosystems are not common in Australia and are important for the following reasons:

* Flora and fauna habitat. Swamps contain many specialised plant species, some being rare and only
occurring in wetland habitats. Examples of rare species in the Moss Vale region include Eucalyptus
macarthurii (Paddy's River Box or Camden Woollybutt), a rare species often occurring near streams and
swamps and is at its southern limit of distribution at Paddys River; Eucalyptus aquatica, a vulnerable species
"known only from a single stand on a broad swampy river flat near Penrose" (Johnson & Hill, 1990, page 56);
and the endangered herb Gentiana wingecarribiensis which is only known to grow in restricted habitats on
Wingecarribee Swamp (see Kodela, 1992b). If not directly affected by swamp sediment extraction or
associated disturbances on the adjacent land, riverine and swamp species may be indirectly affected by
altered water tables resulting from extraction processes elsewhere in the catchment.

* Biogeochemical and nutrient cycling.

* Protection of downstream water quality. Swamp sediments and their vegetation cover, together act as a
natural filter that traps sediments, nutrients and heavy metals (including nutrients and chemicals from
fertilizers and pesticides used in agriculture that can contribute to stream eutrophication [which stimulates
algal blooms] and water pollution). Williams (1990, page 21) states "toxic residues from waste products, such
as heavy metals, pesticides and herbicides, can be removed from water by ion exchange and absorption in
the organic and clay sediments (in effect they become buried in the sediment) and by uptake by plants”. The
remaining Wingecarribee Swamp is a major filter for water draining from the surrounding slopes and upper
catchment (containing improved pastures, cultivated fields, etc.) into Wingecarribee Reservior (a water
supply for communities in the region). Waterplants such as Phragmites australis (Common Reed) and Typha
(Cumbungi or Bulrush) are often very efficient in absorbing and accumulating nitrogen, phosphorus and other
nutrients, and would play an important role in the ecosystem's capacity to remove excess nutrient inputs
from the catchment (e.g. nutrients from nitrogenous and superphosphate fertilizers) (Roberts & Ganf, 1986;
Hocking, 1989; Williams, 1990).

* Regulating streamflow. Peat and peaty sediments in upper catchment swamps act as hatural sponges,
absorbing water from rainfall, surface runoff and important groundwater sources. The swamps capture
excessive water during heavy rainfall which helps to mitigate potential downstream erosion and the impacts
of flooding by reducing peak flow discharge and velocity. Water is more slowly released from the sediments
which helps maintain flows during dry periods (this can be an important supply of water during droughts).

* Carbon sinks. The burning or drying of peat releases carbon dioxide which contributes to the Greenhouse
Effect (Adam, 1992).



* Potential sites for palaeoecological, archaeological and other scientific research. Swamp sediments have
great potential for the study of long-term vegetation dynamics and past environmental changes. This is
because sediments record their own development and a history of the environment in which they developed.
We can elucidate environmental changes and processes by studying the fossil poilen and charcoal records,
the stratigraphy, mineralogy, mineral magnetics, chemical composition and plant macrofossils etc. of the
sediments (see Kodela, 1992a). Hope & Southern (1983, page 89) state "The peatlands of the Southern
Tablelands provide opportunities for ecological and palaeoenvironmental research which cannot be matched
elsewhere in New South Wales". "Past environmental analogues are useful in showing rates of change,
differential rates of response, and magnitudes of change" (De Deckker et al., 1988, page 473). Scientists are
now looking at environmental changes during the last period of climatic warming which began some 15,000
years ago (at the end of the last glacial) to provide insights into the possible future impacts of the global
Greenhouse Effect. Suitable sites for this type of study are few in Australia.

* Socio-economic benefits gained from erosion control, flood mitigation, water quality protection and other
natural functions of peatlands.

The Environmental Impact Study (EIS) for the proposed (continued) extraction of peat "compost" at Long
Swamp does not fully consider the implications of degrading the swamp ecosystem. The technical argument
that the sediments extracted from Long Swamp are not true peat does not reduce the Swamp's habitat
values or hydrological functions as a type of peatland. Regardiess of the definition of peat (which varies
widely) the swamp sediments are still part of a mire ecosystem that plays an important role in the regional
hydrology.

A lowered water table caused by sediment extraction often has adverse impacts in the catchment upstream
of the development. Lowering the base level can initiate streambank erosion and gullying upstream by
creating a "headcut' or lowered “nickpoint" (i.e. progressive stream degradation and instability in the
catchment as the stream adjusts to a new base level).

The botanist who investigated the Long Swamp site described organic-rich sediments and natural plant
communities that would have taken a very long period of time to develop and are comparable to other upland
swamps in the tableland region that are thousands of years old. The peaty sediments and the cover of dense
sedgeland and Tea Tree scrub contribute to an important ecosystem that functions to regulate water quality
and flows for the catchment. It is unlikely that this system is around 80 years old (as claimed by the
fandowner) when similar swamps in the region, some of the most important to science and wildlife
conservation in NSW, have basal sediments radiocarbon dated to 3000 years old, and often much older. The
depth, extent and high organic (peaty silt) nature of the Long Swamp sediments, as well as the established
swamp plant communities suggest that deposition occurred over a very long period of time (probably
thousands of years) in a low energy environment.

The Long Swamp EIS mainly assesses the flora and fauna in the area on the grounds of whether there are
rare or endangered species, overstressing that no rare species were recorded in the surveys. This approach
is highly undesirable as plants and animals interact with their environment and thus an ecosystem or
community approach to impact assessment is much more acceptable. For example, other factors to be
considered include community structure and uniqueness, species diversity and specialisation, as well as the
interdependent roles plants and animals play in ecosystem and environmental processes. The natural
swamp vegetation is not composed of "choking weeds" (as described in Volume 2 of the EIS), but plays an
important role in the ecosystem's hydrological functions as discussed above. The wetland vegetation is also
part of a wildlife corridor, and this moist environment may be an important refuge for fauna in times of
drought. Flora and fauna surveys need to be carried out over longer periods of time and in all seasons. Small
plant species can also be easily missed in the dense swamp vegetation cover, and many monocots are
difficult to identify when not flowering or fruiting. Rare and uncommon plant species are known from similar
swamps in the region, and could yet be found at Long Swamp after more intensive surveys.

The EIS suggests that removing sediments from part of the swamp (about 80,000 cubic metres over 8 years)
and creating an open waterway will "enhance" the environment. The EIS also claims "no significant
environmental impact of the proposed development has been assessed". These views ignore the habitat
values and hydrological functions of the natural (pre-excavated) swamp ecosystem. Fragmenting an upper
catchment "peat" swamp like Long Swamp will reduce its effectiveness and efficiency to function as a natural
system interacting with the hydrological cycle to filter and regulate water supply in the larger caichment. It is
important to view these systems with the total catchment approach. Long Swamp helps maintain ecosystems
and agricultural systems downstream.




At Wingecarribee Swamp the effluent water discharged from the peat extraction and processing operation is
high in suspended organic particulate matter and is more acidic. Acidification of streams can threaten native
and recreational fish and crustaceans by causing pH shock, increasing the potential for Aluminium toxicity,
etc. (Cox, undated; Woodward et al., 1991; Carline et al., 1992). Peat mining on Wingecarribee Swamp also
threatens the water quality of Wingecarribee Reservoir as a major water supply for the region by reducing
the capacity and efficiency of the peatiand to act as a natural filter for the catchment water supply, and by
direct pollution from the operation's effluent water, as well as from potential fuel leaks, etc.

Peat extraction is not a sustainable industry when considering the length of time it has taken for these
deposits to accumulate. Alternatives to peat for horticultural purposes include compost blends using coconut
fibre (coir), composted bark, woodfibre, sawdust, timber residue mixes, recycled mushroom compost, rice
hulls, straw, pumice, perlite, vermiculite, sand, farm waste mix, sewage sludge etc.. Trials using many of
these materials (including propagation and potting compost mixes) have been positive, with results often
comparable with, and sometimes better than, using peat. For example, "trials showed that good quality
commercial crops of forced [bulbs of] narcissus 'Carlton’ and tulip 'Golden Apeldoorn' could be grown in
bark/wood fibre, with cropping dates, stem length and quality similar to standard peat substrates. Most
interestingly, less Penicillium infection was recorded on the tulips” (Ellis, 1992, page 28). Rooting of cuttings
and root vigour have also shown good results. Handreck (1991, page 17) claims Australia's best pine bark-
based mixes are superior in many aspects to European peat mixes and "the disease-suppressive properties
of media based on composts are in contrast to the often disease-conducive nature of peats - particularly the
black, more highly decomposed ones". Recycling waste- and by-products (e.g. organic materials from local
timber and farm industries) will help reduce problems with waste disposal (e.g. land-fill), will create jobs and
set us on track towards a more sustainable future. We need to weigh the short-term economic gains against
the long-term (and possibly more costly) adverse environmental impacts of peat mining. Environmentally
conscious people are all to often labelled as "greenies" in an attempt to dismiss their efforts towards more
sensible management of the environment and its limited resources. Society must consider viable options for
sustainable development, rather than degrading natural ecosystems, for our very survival.

With the increased awareness of the values of wetlands it is unfortunate that they are still threatened from
mining, dam flooding, excessive burning by humans and drainage for agriculture and development. There is
an international movement towards the use of peat substitutes and the conservation of remaining peatiands.
In Australia the extraction of peat and peat-like sediments should ideally be phased out, with peat being
replaced by more environmentally sound and sustainable materials. '
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Community Input

Sydney Water, in conjunction with the National
Parks and Wildlife Service, has developed a Draft
Plan of Management for Wingecarribee Swamp and
the 15 metre wide Special Area surrounding
Wingecarribee Reservoir. The Plan is designed to
protect the water quality in the reservoir, while
ensuring that the significant wetland ecosystem
within the swamp is adequately managed and
safeguarded.

This brochure has been prepared to provide you
with more information on the role and
environmental significance of Wingecarribee
Swamp and the Special Area.

Sydney Water is actively seeking community input
to the development of the Plan of Management.

We want to hear your views.

Location

Wingecarribee Swamp is owned by Sydney Water
Corporation and is located about 100 kilometres
south west of Sydney in the Southern Highlands of
New South Wales. About 680 metres above sea
level, the swamp extends over an area of 690
hectares, half of which is covered by
Wingecarribee Reservoir.

The swamp lies in the gently sloping upper
catchment valley of the Wingecarribee River and
forms a large part of the immediate catchment of
Wingecarribee Reservoir. The reservoir is used to
supply water to Wingecarribee Shire and for bulk
water transfers to Sydney and Wollongong during
drought, via Warragamba and Nepean Dams.

- Leele Orchid - a rare plant found in Wingecariibee St
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A fen or a bog - or both?

A fen is a wetland that develops on mineral-rich
waterlogged soils and is maintained by
groundwater and surface runoff but has little or
no surface water. Wingecarribee Swamp is one
of only a few upland fens found in mainland
Australia. Typical fen wvegetation, which is
dominated by sedges and rushes, is found at
Wingecarribee.

In some parts of the swamp, bog conditions
have developed. A bog is a wetland type that
develops under more acidic and mineral poor
conditions than a fen and surface water is
usually present.

To
Warragamba

Nepean
Pam

Wingecarribee
Swamp

Morton ~~
\  National e
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The conditions which led to the development
of fen and bog conditions have also resulted in
the formation of peat. Wingecarribee Swamp
contains the largest peat deposit in Australia.
The average depth of peat is three metres and
up to ten metres of peat occurs in some areas.
Peat has been extracted from Wingecarribee
Swamp for about 20 years.

Management issues for the swamp and its
environment include draining, fire, grazing,
weed invasion and feral animals.

Wingecarribee Reservoir with Wingecarribee Swamp
in foreground

Woater quality and quantity

Upland swamps of this type have significant
beneficial effects on downstream water quality
and flow characteristics. The catchment of the
swamp is mostly agricultural land used for dairy
farming and grazing. Part of the urban area of
Robertson also drains to the swamp.

Both areas produce nutrient and bacterial
contamination of the rain-water run-off.
Sediment, pollutants and nutrients are filtered
from water flowing through the organic matter
and its mantle of plants. Consequently, water
flowing out of the swamp is of better quality
than that which went into it, making the swamp
an important part of the supply of quality
drinking water to Wingecarribee Shire.

The peaty material also buffers water flows by
acting as a sponge, reducing flood peaks and
releasing water during dry periods to maintain
flows downstream.

Scientific research

The moist, anacrobic conditions in which the
peatland formed, produced an excellent
preservation medium for organic material.

Evidence preserved within the peat deposit,
such as plant macrofossils and pollen, provide
information on past climate, fire regimes and




vegetation and allows scientists to understand
how the environment responds to changes in
climatic conditions. Carbon dates, from 10
metres depth, indicate that the deposit is at
least 15,000 years old, however, wood found in
the area indicates that the river valley is
between 35,000 to 40,000 years old.

Wingecarribee Swamp is a babitat and
refuge for swamp dependent communities

and endangered species

Animals

A variety of bird, mammal, reptile, amphibian
and invertebrate species can be found within
the swamp. It is likely that many habitats
offered by the swamp provide an unknown
number of species with their last refuge within
the catchment, particularly as the swamp is now
isolated from the forests that once bordered it.

Wildlife in Wingecarribee Swamp

Petalura gigantea, one of the rarest dragonflies
in NSW, was last sighted at Wingecarribee
Swamp in 1974. The adults are rarely seen but
are amongst the world’s largest dragonflies.
Although not recorded since 1941, it is also
possible that the rare Litoria aurea (Green and
Golden Bell Frog) still lives in the area.

View of Wingecarribee Swamp

Gentian (Gentiana Wingecarribiensis)

Plants

The vegetation is diverse and ranges from
mosses, ferns, aquatic plants and rushes, to tea-
trees and two species of Ewucalyptus. The plant
associations of the Swamp and its catchment are
limited in distribution and are of high
conservation value. Three rare plants which
occur in Wingecarribee Swamp include
Prasopbyllum wuroglossum (Leek Orchid),
Gentiana wingecarribiensis (Gentian) and
Eucalyptus macartburii (Camden Woollybutt
or Paddy’s River Box).

Gentiana wingecarribiensis is a shortlived
(annual) plant between 4 cm and 9 cm tall, with
blue flowers. The species has only been found
in Wingecarribee Swamp and Hanging Rock
Swamp in the Southern Highlands.

The rare orchid Prasopbyllum wuroglossum is
also only known to occur at Wingecarribee
Swamp. Like the Gentian, Prasophyllum
uroglossum survives most of the year in a
dormant state underground, appearing above
the ground in spring to reproduce.

Eucalyptus macarthurii (Camden Woollybutt
or Paddy’s River Box) grows on agricultural land
around the swamp and reservoir. This species




o

Dairy cattle near Wingecarribee Swamp

has been classified as rare and inadequately
reserved.

Unfortunately, alien grasses and other herbs
have become naturalised in the swamp as a
result of past and current land use practices.

Aboriginal Heritage

Wingecarribee Swamp is in the area traditionally
occupied by the Wodi Wodi Aborigines. Based
on the coast, their land included the present day
Wollongong, Lake lawarra and the north bank
of the Shoalhaven River. Seven occupation sites
have been located along 5.5 kilometres of
undisturbed shoreline, excluding the area
affected by peat mining. A further seven areas of
potential archaeological deposit have also been
identified. Evidence suggests that the swamp
was an important focus of Aboriginal
occupation and it is likely that cultural material
is present below the surface in all relatively level
locations around the swamp. '

The Aboriginal words “Winge Karrabee” appear
in early literature as “Wingie Wingie Charabie”
meaning “flight of the birds” and “waters to rest
beside”.

European Heritage

The Southern Highlands were first occupied by
John Oxley in 1816. Land grants around
Wingecarribee Swamp began in the late 1830’s.
Most of the terrain was heavily forested and
neither land values nor husbandry practices
warranted the expense of clearance until the
1850’s or 1860’s. Up to this time, expansive
pastoralism or large landholdings were
common.

With the population increase partly stimulated
by the gold rush in the 1850’s, small farms and
their intensive husbandry practices became
economically viable. Most of the small dairy
farms in existence today near Wingecarribee
Swamp, began in this period.

Natural and Cultural
Significance

The National Trust of Australia (NSW) has listed
the Wingecarribee Swamp as a Landscape
Conservation Area and the Australian Heritage
Commission listed the swamp on the register of
the National Estate on 15/5/95. The
Wingecarribee Swamp is therefore recognised
as an ecosystem and environment resource of
local, state and national significance.

Plan of Management

To ensure that this significant wetland is adequately managed and protected and in compliance with the
requirements of clause 5.23 of its Operating Licence, Sydney Water Corporation (Sydney Water), in conjunction
with the National Parks and Wildlife Service (NPWS), has prepared the Wingecarribee Swamp and Special Area

Sydney

WATER
Wingecarribee Swamp
and
gpecial Area
/”’/1\
\ |
| \
| \
\,\ |
' I

} X
Draft Plan of Management
November, 1895

Plan of Management.
Key elements of the plan include:

«  protecting and improving water quality and
the area’s ecological integrity through controls
over cattle access, mining, weed and fire
control, and

+ allowing for further scientific research into the
peat deposit and rare plants.

If you would like to obtain a copy of the Plan of
Management, please write to:

Plan of Management
Wingecarribee Swamp
Sydney Water Corporation
PO Box 365

GUILDFORD NSW 2161
Fax: (02) 795 4363

Sydney Water Corporation Limited ACN 063 279 649
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PHOTOS: SKYCAM, COURTESY GEOFF SAINTY

The loss of Wingecarribee Swamp will go down in history as
a classic example of our collective stupidity and inability

to read the signs and take action.

WINGECARRIBEE
SWAMP—GONE!

BY GEOFF SAINTY

: INGECARRIBEE
Swamp—the largest montane peat
swamp on the Australian mainland—is
gone. Originally more than 500
hectares, she lay between Robertson
and Moss Vale in the New South Wales
Southern Highlands. For those who
were privileged to see her and walk
across her broad expanse, she was
something special-—even though signs
of her demise were already obvious. She
was loaded with history going back
more than 20,000 years, She was a living
entity. If you go there now, you will not
believe your eyes.

When Europeans arrived in Botany
Bay in 1788, the area surrounding this
magnificent peatland was covered in
rainforest. The fertile land was quickly
cleared and subsequently used to grow
potatoes and dairy cattle. From then on
everyone took from her. Slices were cut
through her surface to deflect water
away from the fledgling peat-mining
industry, to improve grazing and to sup-
ply water. In 1997 close inspection of her
surface showed signs of drying, with
blackberries and other dry-loving plants
becoming common. The signs were
there but no-one was watching. Then on
8 August 1998 a massive deluge took
advantage of her weakened state.

The 20-hectare, four-metre-deep
pool—created by mining peat from the
swamp—had recently been enlarged fol-
lowing approval to harvest a further
seven hectares of peat. This extension
accelerated drying of the peat on the
upstream edge of the pool and so, when
the heavy rains came, huge chunks of
peat broke away and floated to the down-
stream edge, forming a temporary dam.
Eventually the force of the rising water
became so great that it ripped through
the barrier, taking with it a dredging
machine and cutting a five-metre-deep
channel through the peat. Thereafter
large areas of peat became undermined

80

Top: Wingecarribee Swamp as it used to be
when viewed from the south, showing the
extent of the peat area. Wingecarribee Dam,
part of Sydney’s water supply, can be seen at
the bottom left edge of the photo and the peat-
mining area is visible as the waterhole in the
top right. Bottom: Taken above the peat-min-
ing area and looking west towards the dam,
this picture shows the area that was once
Wingecarribee Swamp. The peat-mining water-
hole is now filled in and the dam is filled with
the mud, soil and dead organisms that once
made up the swamp. A creek now cuts through
the centre and the lines on either side are
crevasses about two to three metres deep.

destabilising her. Others, too, for cutting
drains through her and setting the dry-
ing process in motion. Farmers for
planting pasture species in the peat, fur-
ther hastening the drying process. Resi-
dents and land holders for enriching her
when she did not want the nutrients. All
of us for knowingly and unknowingly
introducing exotic weeds to the area.
Sydney Water (the builders of Winge-
carribee Dam) for drowning more tha.
100 hectares of peat on her western
flank and, as landlords, for failing to
spend any money on her welfare—even
though she provided a priceless water-
cleaning facility. The Environment Pro-
tection Authority and Department of
Land and Water Conservation for not
comprehending the critical state she
was in—they now have to deal with the

coffee-coloured water flowing down the’

Wingecarribee River into Sydney'.
water supply. And National Parks,
which, rather than focussing on the big
picture, dillydallied on single rare-
species issues, including one plant (Yel-
low Loosestrife, Lysimachia vuigaris)
that is far from endangered and possibly
an introduced weed!

Then there are those who approved
the seven-hectare extension to the peat-
mining pool, accelerating her destruc-
tion; the State mining authority {o
believing you could continue to mine
her and get away with it; and those con-
sultants and scientists who, by being
paid to’ concentrate on isolated issues,
failed to report the obvious desperate
state she was in. They all to varying
degrees helped in her death.

The loss of Wingecarribee Swamp is a
disaster of monumental proportions. It
will go down in history as a classic
exaniple of our collective stupidity ana
inability to read the signs and take
action. There must be a full inquiry into
who said what about her welfare—who
flannelled the truth——so that the unin-
volved public can see how environmen-
tal care and science is lost in the quest
for dollars.

Wingecarribee Swamp cannot be
restored; small bits may survive, but
most of it is now subject to desiccation
and death.

The maelstrom as she broke up (and
the more than two million cubic metres
of her body as it was washed into Winge-
carribee Dam) must have been a sight to
see. Although she went out with a bang,
she did it in style, under the cover of rain
and mist, with no-one there to witness
her last stand. B

and floated downstream into Wingecar-
ribee Dam. The before and after pho-
tographs show it all.

So who is to blame? All of us really,
but particularly the mining process for
digging that gaping hole in her guts and

Geoff Sainty is a wetlands consulian! -v.i%
ing tn Sydney. He has worked on wetiands
sintce 1961, and is co-author of Waterplants
of NSW (1981) and Waterplants in Aust-
ralia (1994).

The Last-Word is as opinion piece -
- and does not necessarily reflect the views
" of the Australian Museum,
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that has since been submerged by the filling of Wingecarribee Reservoir in the 1970s
(pers. comm. Kelvin Lambkin, SCA). Significant fire seasons occurred in the region in
the 1940s and 1960s (pers. comm. Ford Kristo, NPWS). The last fire occurred in August
1997 and burned only the surface vegetation of the swamp as the water table at this time
was at the surface (pers. comm. Kelvin Lambkin, SCA). This fire took only 2 hours to

burn across the swamp from west to east (pers. comm. Kelvin Lambkin, SCA).

History and land use

Wingecarribee Swamp lies within the tribal boundaries of the Wodi Wodi (Illawarra)
language group, with Tharawal (or Dharawal) tribal boundaries to the north, and
Gandangara (or Gundungarra) boundaries to the west (SCA 2007; Tindale 1974). Early
observations in the late 1790s-1850s suggest that the region was permanently occupied
by mobile family groups of the Gandangara and Wodi Wodi language groups (McDonald
2003). Archaeological evidence of occupation dates back to as early as around 5000 BP
(Jaunzemis 1983). Evidence of occupation of the swamp dates to as late as 100 years
after first European contact and suggests the main occupation phase began during the
‘Middle Bondaian’ era and has continued into the ‘Late Bondaian’, dating from about

1600 to 400 BP (McDonald 2003).

Settlement began in the Wingecarribee district around 1817-1818 (Cambage 1921).
Grazing lands within the Eucalypt woodland and grassland areas around Mittagong,
Bowral and Moss Vale were first occupied as these areas were easier to clear than the
dense Yarrawa Brush surrounding Wingecarribee Swamp (Jaunzemis 1983). The swamp

itself was first surveyed in 1830 when a bridle track was cut through the Yarrawa Brush

11
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I from Bong Bong to the coast (Latham 1999). The Crown Lands Act 1861 allowed for the
i‘v j intensification of European settlement in the area, breaking trends of occupation by

E ] squatter-pastoralists and further displacing indigenous groups.

m o} Prior to the 1970s the swamp covered an area of approximately 650 ha before the western

Ui

half was submerged by the filling of Wingecarribee Reservoir in 1974 (Whinam ef al,

AP
Lot

7 2003). Small-scale peat mining began in the remaining 370 ha eastern part of the swaiﬁp,
j but production increased ten-fold by the mid 1990s (Whinam et al. 2003). Sydney Water
Tk (now SCA) acquired about 307 ha of the swampland in 1993 for water supply catchment
protection and a joint Plan of Management for Wingecarribee Swamp and Special Area
was prepared by SCA and the NPWS (National Parks and Wildlife Service) in December
j 1996 (Arachchi and Lambkin 1999). Peat mining continued and a dredge pool of
approximately 20 ha had been excavated by the late 1990s (Arachchi and Lambkin 1999).
A mining dredge came loose after heavy rainfall on the night of 8™ August 1998 and was
swept into Wingecarribee Reservoir, gouging a large channel through the swamp and
- resulting in a catastrophic collapse of the swamp surface (Arachchi and Lambkin 1999;
E Whinam et al. 2003). This resulted in an estimated 6000 megalitres of peat and sediment

and 6500 megalitres of runoff water to flow into Wingecarribee Reservoir (Arachchi and

Lambkin 1999; Whinam et a/. 2003). Around 20% of the swamp lost its peat cover and

i [l =l E

j eroded and another 60% has sunk approximately 3-4 m causing massive fissures and

drying areas (Arachchi and Lambkin 1999). Since this collapse the swamp has been

permanently altered and there are only two relatively intact areas covering approximately

62 ha (only 20% of the post-collapse swamp area) (SCA 2007). The collapse has
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increased the possibility of peat fires due to drying and has significantly reduced the

swamp’s filtering capacity (Arachchi and Lambkin 1999).

3. Methods

Five sediment cores were extraéted from two different locations within Wingecarribee
Swamp (Fig. 2) using a Russian D-Section corer (Jowsey 1966). Locations were selected
to compare spatial differences in the fire record, but were limited to two sites by
accessibility and the level of disturbance of the peat deposits (Fig. 2, SCA 2007). The
impacts of mining activities and the collapse of Wingecarribee Swamp have left only two
arcas that remain relatively intact (SCA 2007). The W1 and W2 cores were extracted in
2005 and subsamples from W2 were submitted for Accelerator Mass Spectrometry radio
carbon (AMS C) dating. Dating analysis determined the age and rates of sediment
deposition for W2 and dates have been described as calibrated radiocarbon years BP
before AD 1950 (cal. yr BP). One of the aims of this study was to analyses the spatial
variation between sites over the last 1000 years. It was estimated that cores of at least 125
cm depth would span approximately 1000 years and the W3, W4 and W5 cores were
subsequently taken from the swamp in July 2008. The W3, W4 and W5 cores were

described using a modification of the Troels-Smith method (Kershaw 1997).

13
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Figure 2: Core location map showing Sites 1 and 2 of Wingecarribee Swamp and cores Wi,
W2, W3, W4 and W5, Map created using Google Earth (2005).

Charcoal Analysis

Ea(;,h core was subsampled at Iem contiguous intervals and known volumes of sediment
(1.5-2cm®) were treated with dilute (4.2 %) sodium hypochlorite (bleach) for 24 hours to
remove pigment from organic matter. The treated subsamples were washed through

sieves of two different mesh diameters (125 um and 250 um) using a modification of the
‘Oregon sieving method’ (Long et al. 1998; Mooney and Radford 2001). This separated

macroscopic charcoal particles of two different size classes, 125-250 pm and >250 pm.
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Core Chronology

Results from Radiocarbon AMS *C dating are given in Table 1 and provide the basis for

the age-depth model shown in Figure 5. Radiocarbon ages were calibrated to calendar

years BP (cal. yr BP) using the computer program OxCal v3.10 and to calendar years

(AD/BC) using Calib 5.0.2. Dates are standardised for comparisons with other

palaeoecological and archaeological records as radiocarbon years begin at AD 1950.

Dates obtained from the presence of Pinus sp. pollen in cores W3 and W4 fit in well with

the age-depth model and are’graphed with the AMS '*C dates in Figure 5.

Table 1. AMS '“C dating results for core W2 and Pinus sp. pollen age-depth relationships for cores W3

and W4,
Radio- Calibrated Calibrated Calibrated | Calibrated
Depth | carbon | "C e Calendar Calendar
Core Depth | mid- Years Calendar Calendar Years Years
(dating Laboratory | range | point BP Years BP Years range midpoint
method) Number {cm) (cm) (* error) | range midpoint (ADIBC) (AD/BC)
0 -55 2005 2005
1305 to
1362 and
W2 617 1377 to
(AMS “C) | Wk 23316 | 70-80 75 +36 520 to 650 585 1428 1334
1305 to
1362 and
w2 617 1377 to
(AMS “C) | wk 23316 70-80 75 + 36 520 to 650 585 1428 1403
W2 215- 1721 1510 to
(AMS “C) | Wk 23317 225 220 + 31 1700 1605 315 to 438 377
W2 350- 2869 2790 to 1056 to 890
(AMS "C) | Wk 23318 360 355 +31 3040 2915 BC 973 BC
W3
(Pinus sp. 1820 to
pollen) 24-25 25 80 1920 1870
wi
(Pinus sp. 1820 to
pollen) 26-27 27 80 1920 1870
23
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Figure 8. Core comparison using standardised charcoal influx data (excludes the last 205 years).
Solid vertical lines indicate charcoal influx phases.
“indicates new ages determined by the dated core W2.
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Figure 11. Fire frequency at W2 (where calib. Y'BP is from AD 2005) v warm ENSO events
(according to Moy et al. 2002)
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Table 2. El Nifio activity according to Riedinger et al. (2002) from Bainbridge Crater Lake,

Galédpagos Islands.

1000 BP-Present
2000-1000 BP
3000-2000 BP
4000-3000 BP
5000-4000 BP

6100-5000 BP

Strong/
Very
Strong
Events
36
14

30

14

Moderate
Events

162

29

83

52

47






