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ABSTRACT

Burraga Swamp is a smdl endosed basin & 985 m dtitude in Barington Tops, in the Eastern
Highlands of New South Wdes, Austrdia It lies in the midst of a Nothofagus moore cool temperate
ranforest, which is & its southern limits here The swamp is cose to the boundaries between temperate
rainforest, subtropica rainforest, sclerophyll forest and sub-dpine formations and may be a sensitive recorder
of past changes in the vegetation.

The paynology and the sediments have been studied to a depth of 6.5 metres and were dated with
eeven “C dates. The base of the sediment is about 40,000 years old.

T he results showed the following:

From 40,000-30,000 years BP, Burragawas alake with avery slow rate of deposition of fine grained
sediments and flourishing aquatic/swamp vegetaion. The dryland vegetation was an open or sparsdy treed
grassland/herbfid d. From 30,000-21,000 years BP, the dryland vegetation remained much the same, but the
aguatic vegetation disgppeared. From 21,000-17,000 years BP, sandy sediments were deposited a an
acoderated rete in ardativdy shdlow lake culminating in alayer of gravdly sand. The vegetation was a
tredess grassland between about 21,000 and 15,000 years BP. After 17,000 years BP, the rate of sediment
accumulaion slowed and after 15,000 years, some mesic dements gppeared. Dicksonia antarctica became
prominent between about 13,000 and 12,000 years BP and Nothofagus was consistently present dfter about
11,500 years BP. Peat deposition stated about 6,500 years BP. By 6,000 years BP the cool temperate
rainforest was fully devel oped, remaining on the site until the present.

T hese changes suggest that the dimate & 40,000 years BP was drier than the present, becoming drier
and reaching maximum aridity about 17,000 years BP, when temperaures were dso a ther lowest.
Subsequently, the temperature incressed and around 15,000 years BP the dimate became wetter. Maximum
moistures and temperatures were resched between about 9,000 and 5,000 years BP. The dimate then varied
until it resched the present.

Burraga extends the record of tredess vegetation over most of southesstern Austradia, during the last

glacid maximum, to more northerly locdlities than previously known.
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Chapter 1 INTRODUCTION

1.1 THE QUATERNARY PERIOD

“Climatic change was the hdlmak of the Quaernay........ the dimatic fluctuations of the
Quaternary were unprecedented in terms of the speed and amplitude of globa temperaure oscillétions’
(Williams et d., 1998, p. 244), occurring in "sudden jumps rather than incrementa changes' (Adams et d .,
1999, abstract).

Estimates of the beginning of the Quaternary Period ranges from about 3.5 to aout 1.6 million
years ago. The assessment of the onset is based on geologicd and biostratigraphic evidence and is
controversid (Shackleton et d., 1984; Lowe and Wadker, 1987; Williams et d., 1998). The "historicd
precedent”, a stratigrgphic boundary, has been defined & 1.6 million years, but if the onsat of the glacid /
interglacid cydes is used to define the boundary, the boundary would be placed a 2.4 million years ago
(Shackleton et d., 1984).

The Quaernay Period is divided into two epochs: the Pleistocene, from the beginning of the
Quaternary to 10,000 or 11,000 years ago and the Holocene, from 10,000 or 11,000 years ago to the present
(Matinson et d., 1987; Hope, 1994). T he Quaternary is distinguished by the cydic changes of the earth's ice
extent. The cydes consisted of maximum ice cover (glacid stage) and minimum ice cover (interglacia
stage). Each of the maximum and minimum steges lasted for about 10% of eech cycde (Hope 1994).
Secondary dimatic fluctuations are evident within the cydes and are cdled stadids and interstadids. For the
ealy pat of the Plestocene, the dimate cyded between glacid and interglacid, every 41,000 years. T hen,
100,000 year cydes began (Hoddl and Venz, 1992; Adams et d., 1999; Bernhard, 1999).

At 1.42 million years ago, an interhemispheric dimatic link began between the polar oceans and a
dose corrdation devdoped between the Southern and the North Atlantic Oceans (Hodd! and Venz, 1992).
The dimatic changes in the Antarctic and Southern Ocean lead those in Greenland and precede the onset of
the northern hemispheric glaciaion (Hoddl and Venz, 1992; Petit et d., 1999). During the period 47,000 to
23,000 years ago, the lead time was about 1,000 to 2,500 years (Blunier et d., 1998). The Vostok ice core

daa strongly suggest that the Southern Ocean plays a



significant role in controlling the long-term changes of amospheric CO,, which together with atmospheric

CH, are corrdaed with the Antarctic air temperature (Petit et d., 1999).

The Vostok ice cores indicate both similarities and differences between successive interglacids
(Petit et d., 1999). The current interglacid, the Holocene, is following a similar pattern to that of the last
interglacid (Nanson et d., 1992), but the sea leve is lower (Hope, 1994). The deuterium record of theice
core reveded tha the Holocene is , "by far, the longest stable warm period recorded in Antarctica during the
past 420 kyr" (Petit et d., 1999, p.434). Our present paterns in dimate and landscapes were set during the

Plestocene T he Hol ocene represents life as at present (Hope, 1994).

1.2 DATING

Quaternary studies depend on dating to establish an independent time frame. Each absolute dating
technique has inherent strengths and weeknesses and is more suitable for particular materids.

Radiocarbon dating relies on the constant rate of decay of the isotope 14C to 14N. 14C is incorporated
into living mater in the proportions that it occurs in the amosphere and decays dfter degth & the constant
rate. The amount of 14C remaining in afossil is a measure of the time since desth. The hadf life of 14C is
5,730 years, limiting the vaid dating of maerids up to about 35,000 years old. Radiocarbon dating is the
most common form of dating used in paynology.

Uranium series dating is based on the measurement of isotopes of U, Th, Pa, which are members of the
uranium decay series. Uranium is incorporated into living organisms, usudly maine, a the isotope ratio
existing when dive. Decay @ aconstant rate occurs ater desth. T his method can date materid older than that
dated with the 14C method. For example, the 230Th / 234U can provide ages to 250,000 years. T he tetrique
is used on maeids found in marine systems and has yidded useful chronologies of fossil cord reefs
(Chappdl, 1978).

Potassium-Argon technique is based on the decay of 40K / 40Ar, with ahaflifeof 1.2 x 1010 years. The
method can be used across the whol e range of geol ogic time on vol canic and igneous rocks. When the precise

stratigraphic re ationship of igneous materiad and



pollen bearing sediments are dear, the potassium - argon method may be used to date the polleniferous
sediments. Studies which corrdae the K-Ar and pd asomagnetic reversds, are particularly useful. This joint
andysis has contributed to chronologicd studies in the Quaternary, by enabling corrdaions to be made
between different stratigrgphies (eg loess and marine sequences) which could otherwise not have been dated
(Chappdl, 1978). Pdaeomagnetic reversds occur when north becomes south and vice versa, hence can be
used to establish world-wide corrdaion of Quaernary events and of corrdating the marine and terrestrid
records (Lowe and Waker, 1987).

Thermoluminescence (TL) and Opticdly Stimulated Luminescence (OSL) dating techniques of
quantifying the luminescence from quartz grains are used in dating archaeologicd materids, meteorites,
lunar materid, suitable degp-sea sediments and loess deposits. The emitted luminescence has a hdf-life of

109 years or more (Aitken, 1985).

A high resolution chronostratigrgphic framework (Fig. 1.2) based on a wel dated oxygen-isotope
stratigraphy (Martinson et d., 1987) is used for subdividing and corrdaing Quaternary time. The
subdivisions, stable isotope stages, may be corrdaed with Quaternary dimae change (Matinson & 4d.,

1987; Murray-Wadlace, 1994).

Geomorphologica events usudly react more repidly than does vegeation, to changes in the
environment. Thus, sediments are more sensitive recorders of environmenta changes, than is vegetation.
Two factors which delay the response of vegetation to dimatic change, are the life span of trees (generdly
accepted to be about 200 years) and the time it takes seedlings to reach maturity before flowering. However,
it has been shown tha vegetation response near ecotones, may be sensitive recorders of past dimatic changes
(McKenzie and Kershaw, 2000) and may be as short as decades (Petest, 2000). Recent studies in Norway and
Switzerland have demonstrated the sensitivity of angiosperms to rgpid temperaure changes (Birks and
Ammann, 2000). Since the dating techniques such as thermoluminescence and smal scade 14C and U/Th
daing are providing more refined data, geomorphologicd studies are used more widdy (Lees, 1992;

Colhoun, 1991).
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1.3 CLIMATIC CHANGE DURING THE QUATERNARY IN  EASTERN
AUSTRALIA

For Eastern Austrdian sites mentioned in the text, see Figure 1.4.

1.3.1 TEMPERATURE

In Austrdia, terestrid dimae changes have been deduced from a wide range of Quaternary
studies. Changes in the Tasmanian and Snowy Mountains snowlines and periglacid phenomena have
indicated temperature changes (Galoway, 1965; Colhoun, 1980; Makgraf et d., 1992). Austrdia had
experienced only minima ice cover during successive Quaernary glacid maxima, but glacd temperatures
and precipitaion were significantly reduced and vegetaion changes were gpparent. A decresse in
temperature is indicated by a lowering in the tredine. The tredine during the last glacid maximum in the
Barrington Tops is estimated to have been a an dtitude of 1,200 m (Galoway, 1965).

In the Kosciuszko region, there were three glacdd advances between about 35,000 and 15,000
years ago, with one of the glaciations a 21,000 to 18,000 years BP (Barows e d., 2000). The dimatic
fluctuations which influenced these glacid advances were likey to have dffected the Barrington T ops region
which experienced only periglacid activity (the disruption of stable surfaces seen in the solifluction / mass-
wasting deposits which would have been caused by the colder conditions [Clark et d., 1998]) during the | ast
glacid maximum (Gdloway, 1965). Slope deposits of solifluctiond origin down to about 900 metres, were
common in the Southesstern Highlands of NSW (Galoway, 1965) and snowlines may have been depressed
to 800 metres in southeastern Austrdia (Markgref et d., 1992). The extent of the fossil periglacid evidence
suggests, that during the last glaciaion, summers were comparable to current winters (Galoway, 1965). In
the Snowy Mountains, the highest mean summer temperature may have been a least 9°C lower (Gdloway,
1965; Barows et d., 2000) and in Tasmania about 5°C (Galoway, 1965) / 5.7 - 6.5°C lower (Colhoun, 2000)
than today, while generdly throughout esstern Austrdia the temperature depression may have been between
4C and 7°C (Colhoun, 1991). Amino acid racemization from emu egg shdls shows tha much of Centra
Austrdia was dso 9°C lower than today. Cooling started about 45,000 years ago and the glacid period did

not end until 16,000 years ago (Miller et d., 1997).



About 15,000 to 14,000 years ago, ice began to retrest on the Snowy Mountans in NSW.
Temperaure rose slowly to about 1.5°C less than present. Degladiaion, dthough not constant, was
completed by 9,000 years BP (Bowler et d., 1976). In Tasmaniawhere an abrupt incresse in temperature of
5-6°C between 14,000 and 12,000 years BP is inferred (Colhoun, 2000), deglaciaion was well advanced by
about 11,500 years BP and completed by about 9,000 years BP. The Bass Strait |and bridge was flooded by
rising sea leve between aout 13,500 and 12,000 years BP (Macphal, 1979) and by 9,000 years BP the

ocean around southesstern Austrdiawas warmer (Markgraf et d., 1992).

1.3.2 MOISTURE / WIND / DUST

Fluctuations in la&ke leves result from changes in precipitation and/or evgporation, hence may be
used to dedipher past dimates. Lakes can befilled by fluvid activity, which can beisolaed events, occurring
over short periods of time with occasiona heavy precipitation in dry crcumstances, or in aress of little
vegetation, enabling large runoff amounts to occur. During at lesst pat of the lacustrad period (from 50,000
to 30,000 years BP) in north Queensland and T asmania (Pulbeena Swamp), dry conditions are interpreted
from the pollen data (Chappdl, 1991). This is afeasable situaion, since despite lower precipitation but due
to reduced temperature and evaporation, increased runoff from slopes and the mantenance of locd lake
leves could have occurred. Thus, in regions cose to caichment sources, eg. Lake Fromein South Austrdia
around 12,000 years BP (Harrison, 1989), lake leves were high, suggesting pluvid conditions, whilein ares
dista to cachment sources, arid conditions prevailed (Bowler, 2000).

At Lake George in the southern tabldands of NSW and a Lake Wangoom, in southwestern plains
of Victorig, lake levds were high a about 50,000 to 45,000 years BP (oxygen isotope stage 3; dthough at
Lake Wangoom U/T h dating indicates 95,000 years, oxygen isotope stage 5b, [Harle et d., 1999]), indicating
wam and wet conditions; then became much lower between 40,000 and 35,000 years BP with incressing
sdinity, indicating lower moisture levels. Lake leves continued to fal until 27,000 years BP (Edney e d.,
1990). A review of numerous lake studies by Harrison (1993) indicaes there was a moist interva between
30,000 and 24,000 years BP, with a drying trend after 26,000 years BP. During the glacid maximum, the

| akes were generdly low. Around 15,000 yesars



BP, freshwaer was registered a Lake Wangoom (Edney et d., 1990), Willandra Lakes (Bowler & d., 1976)
and a Lake George (Singh and Gessler, 1985): hence a generdly wetter period is recorded between 15,000
and 13,000 years BP. By 12,000 years BP, lake levels were low nearly everywhere. After 11,000 years BP,
there was a gradud incresse in the number of high and intermediae leve |akes (Harrison, 1993). Generdly,
highest 1ake levels were reached around 6,000 years BP (Chappd |, 1991).

Graves of the Cranbrook T erace were deposited on a braided plain by flood events which ended
about 45,000 years BP. They indicate awetter period which has been cdled the 'Cranbrook Pluvid' (Nanson
and Young, 1988). Desp lakes of this time may have been filled by the same pluvid (Nanson and Young,
1988; Edney et d., 1990).

One proxy of past aridity is the amount and frequency of aeolian dust. Particle size andysis of the
dust in deep-sea sediments indicates tha winds over southern Austraia need not have been stronger during
the last glacid than those during the Holocene, but that wind erosion may have been greater (Hesse et d.,
2000). Wind erosion may be caused by lack of plant cover over the soil or low moisture leve in the soil
(Hesse, pers. comm.). However, it has been suggested that increased dune-building activity which was a its
height between 20,000 and 15,000 years BP, indicates stronger winds (Chappel, 1991). Evidence dso
suggests that there were stronger westerly winds over agregter areathan a present (as far north as 31°S), but

further north the predominant winds were south essterly (Thom et d., 1994; Hesse, 1994).

1.3.3 CARBON DIOXIDE LEVELS

Pd asovegetationa changes are routindy assessed for temperature and precipitation on the basis of

today's ecologice tolerances. However, it has been shown from ice cores that the CO, of the amospherein

glacid phases was about 30 - 50% lower than during interglacids (Barnola et d., 1987; Adams et d., 1999;

Moore et d., 2000; Stephens and Keding, 2000). The lower levels of CO, in the &mosphere would stressthe

vegetation and reduce tree growth (Waits et d., 2000) and favour C4 grasslands (Levis e d., 1999) and

shrublands (Adams & d.,1999; Kershaw and Whitlock, 2000). Hence the reduced tree cover and incressed

grasslands, interpreted from the pa aeovegetaion studies, may have been partly the result of the lower CO,

in the amosphere and not entirdy due to aridity.



1.3.4 SUMMARY

In atempting to corrdae these Quaternary studies, difficulties arise because of specific loca factors
in the different south-eestern geogrephic  aess; uncetanty &bout the rdaion between
preci pitation/evaporation and ground water hydrology on leke water leves; the possible effect of metwater
on stream patterns and associated hydrologicd features within the adjacent plans; dating, paticulaly a the
lower end of the 14C range the possible impact of Aborigind burning; interrupted sediment and fossil
accumulaion (Williams et d., 1991; Hale & d., 1999). Despite these difficulties, generd trends are
goparent. In summary it would gppear tha the last interstadid from about 60,000 to 24,000 years BP (oxygm
isotope stage 3) was generdly cool and wet but was drier than theinterglacid period (Harle, 1997; Harle et
d., 1999) a 125,000 to 115,000 years BP. After about 24,000 years BP the temperatures decressed and
aidity incressed, leading up to the height of the last glacid maximum & about 18,000 years ago, during
which time for most regions, precipitation is estimated to have been lower by up to 50% of present va ues
(Gdloway, 1965; Colhoun, 1991). Between 17,000 and 16,000 years BP conditions of mgor drying and
regiond fdl in waer tables existed (Bowler et d., 1976). Records show tha in the tropics the glacid s were
drier than theinterglacids (Kershaw and Whitlock, 2000). The aridity may be criticd (Kershaw and Nanson,
1993) and even a cold adapted flora responds to incressed avalable moisture (Kershaw et d., 1986).
Ranforests may have survived the glacid phases in "refugid’ (Dodson, 1994; McKenzie, 1997; McKenzie
and Kershaw, 2000). Aridity was most intense from 18,000 to 15,000 years BP, when temperatures were
incressing, after which the dimae became warm and wet again and conditions generdly similar to the
present were reached about 6,000 years ago (Cheppdl, 1991; Colhoun, 1991; Harrison, 1993; Kershaw and
Nanson, 1993). After about 5,000 years BP, cooler, drier conditions followed (Colhoun, 1993). Changes in
temperature and moisture do not gopear to have been synchronous or of equd intensity over the Austrdian
continent (Nanson et d., 1992; Kershaw et d., 1993). For example, it is suggested that: aridity spread from
the Austrdian centre to the coast as the glacid period strengthened (Nanson et d., 1992), the wettest phases
did not correspond with the full interglacids and the driest with the pesk of the glacid (Kershaw et d., 1993)

and the coldness of the last glacid varied in intensity, as mentioned earlier (Gdloway, 1965; Colhoun, 1991).



LEGEND '
1-5 Atherton Tablelands (Kershaw 1970, 1971, 1975, 1976, 1985, 1994)

L 6 ODP Site 820 (Kershaw et al., 1993, 1994)
' 7-15 Barrington Tops (Galloway, 1965; Dodson et al., 1986; Dodson, 1987; Dodson et al., 1994)
- 16 - Penrith Lakes Swamp (Chalson, 1991)
17 Mountain Lagoon (Robble, 1998)
18 Breadalbane Basin and Wet Lagoon (Dodson, 1986)
19 Lake George (Singh and Geissler, 1985)
20-23 Snowy Mountains, Kosciuszko region, Southeastern Highlands of NSW (Galloway, 1965;
Barrows, 2000; Raine, 1974; Bowler et al., 1976 Martin, 1986; Martin, 1999)
- 24 Bega Swamp (Hope et al., 2000)
. 25-26 Bunyip Bog (Binder, 1978; Binder and Kershaw, 1978) and Crystal Bog (Williams, 1978)
27 Delegate River (Ladd, 1979a)
28-31 Southcentral Highlands Victoria (McKenzie, 1997)
32. .. Wyelangta (McKenzie and Kershaw, 2000)
33 Cave Bay Cave (Hope, 1978)
34 _  Pulbeena Swamp (Colhoun, 1978; Colhoun et al., 1982)
35 Pieman Dam (Colhoun, 1980)
~. 36 Tullabardine Dam (Colhoun and van de Geer, 1986)
-~ 37 ' Lake Selina (Colhoun et al., 1999) :
38 Henty Bridge (Colhoun, 1985)
39 Tarraleah (Macphail, 1984)
40 Southern Tasmanian study (Colhoun, 1978; Macphail, 1979 Markgraf et al., 1986). -
49’ Adamsons Peak (Macphail, 1979)
41 . - Lake Frome (Harrison, 1989)
42 ‘Willandra Lakes (Bowler et al., 1976)
43 Lake:Wangoom (Edney et al., 1990; Harle et al., 1999)
44 Bass Strait (Macphail, 1979)

45 ‘Cranbrook Terrace (Nanson and Young, 1988)

Figﬁre 1.4 Map showing locations of sites mentioned in the text. Included are the references for the studies.
Sites 1 - 40 are discussed in Section 1.4




1.4 VEGETATION HISTORIES THROUGH PALYNOLOGICAL STUDIES OF EASTERN
AUSTRALIA AND CLIMATIC INTERPRETATIONS

See Mg 1.4 for sites mentioned in the text.

This review encompasses the history of ranforest in northesst Queensland and Tasmanig
montane and dpine vegetaion in the Eastern Austrdian Highlands: dl environments found in the Barrington
Tops today. The trends of changes in the vegeation and infared cimates are then compared, paying
paticular atention to the last 45,000 years, thetime span most reevant to this study. T here are many sites

with Holocene records, but the further back in time, the fewer the sites with these older records.

1.4.1 NORTHEAST QUEENSLAND

Sites studied: Atherton Tabldands

1. Lynch's Crater: an explosion type volcanic crater, ebout 760 m dtitude, with smadl inlet and outlet
streams. The swamp is 45 m bdow the rim of the crater. Part of the humid tropics of northesst Queensiand
which contain the most extensive continuous tropica rainforest (complex mesophyll vine forest) in Austrdia
The paynologicd record a Lynch's Crater is considered to cover the last two glacid - interglecid cydes and
is the longest record: 200,000 - 210,000 years BP (Kershaw 1976, 1985, 1994).

2. Bromfidd Swamp: an explosion crater, dout 800 m dtitude, from which water drains from an outlet on
the east side. The swamp, which is 500 m in diameter, 45 m bdow therim of the crater, is surrounded by
tropicd ranforest where natura vegetation survives. Oldest date, about 10,600 years BP (Kershaw, 1975).

3. Lake Euramoo: adouble explosion crater, about 730 m dtitude, with no inflow or outflow channds. The
lake is about 365 m by 230 m, 25 m be ow therim, very near the present western limit of tropica ra nforest.
Oldest date, about 10,000 years BP (Kershaw, 1970, 1971).

4. Quincan Crater: an explosion crater, a about 850 m dtitude, with no inflow or outflow channds. The
cachment areais smdl. Within the crater thereis an dmost circular swamp 260 m in diameter, 60 m be ow
the rim. Naurd vegetdion is tropica rainforest, but little now exists. Oldest date, aout 7,200 years BP
(Kershaw, 1971, 1975).

5. Strenekoff's Crater: an enclosed volcanic crater about 6 km esst of Lynch's Crater, in tropica ranforest.
Oldest date, about 38,000 years BP, but possibly covering sametime
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frame as Lynch's Crater (Kershaw, 1985, 1994; Kershaw & d., 1991a).
Offshore site:
6. ODP Site 820: a marine core from the Great Barrier Resf, 80 km offshore on the continenta slope, under

280 m of water. Oldest estimated, date, 1.5 Myr years BP (Kershaw et d., 1993; Kershaw, 1994).

History of the vegetation

Complex notophyll / mesophyll vine forest, which is the most mesic rainforest consisting mainly
of rainforest angiosparms, occupies the site today. This type of vegetation is found when oxygen isotope
temperatures were high, that is, during the last interstadid, 86,000 to 78,000 years BP, at the time of the Lat
Interglacia, 126,000 to 115,000 years BP and during the interstadia 190,000 to 179,000 years BP. Between
these times of the complex notophyll / mesophyll vine forest, viz. 179,000 to 165,000 years BP and 115,000
to 86,000 years BP, there was a reduction of rainforest angiosperms with an increased amount of sc erophyl|
and rainforest gymnosperms, forming complex / simple notophyll vine forests. Between 165,000 and
126,000 years BP, just prior to the Last Interglacid period, the oxygen isotope temperatures were a ther
lowest, designating a glacid period. The vegetaion was an araucarian microphyll / notophyll vine forest.
Following the last interstadid, 86,000 to 78,000 years BP, the sderophyll vegetation gradudly increased
(with a dlight reversion between 63,000 and 50,000 years BP) (Kershaw, 1985) in alead up to the Last
Glacid period, 26,000 to 10,000 years BP, when & Lynch's and Strenekoffs Craters, the vegetation was a
sclerophyll woodland, which is the driest type of vegetation found in the region today (Kershaw et d.,
19914). Thereis thus a cydic pattern in the vegetation, but the vegetation of the last glacid period did not
return to that of the preceding glacid period, but was drier.

T he offshore location of the ODP Site 820 would have collected pollen from the coast or river
discharge and is thus different from the Tabldands' sites. Between 1.5 million years and 120,000 years ago,
ranforest gymnosperms were the mgor group and there were rddively few ranforest angiosperms and a
moderate amount of sclerophyll taxa From the Last Interglacid, 120,000 years ago, to the present,
Araucariacese dmost disappeared and mangroves incressed greetly (Kershaw, 1994).

The time of transition from sclerophyll of the last glacid period to 'warm temperate rainforest’, was

variable across the Atherton Tabldands. At Lynch's Crater the change
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occurred about 10,000 years ago. The rainforest angiosperms incressed and repidly reached ther pesk by
about 8,500 years BP (Kershaw, 1976). At Bromfidd Swamp, the sclerophyll changed to rainforest between
about 9,500 and 8,400 years BP, becoming established by 8,500 years BP (Kershaw, 1975). At La&ke
Euramoo rainforest was invading the scerophyll around 7,600 years BP (Kershaw, 1970) and a Quincan
Craer, a about 7,250 years BP, rainforest being established a about 6,500 years BP (Kershaw, 1971).

At dl of the four northesst Queensland Tabldand sites (Lynch's Crater, Bromfidd Swamp, Lake
Euramoo and Quincan Créer), the rainforests had reached their maximum extent by 6,500/5,500 years BP.
At Quincan Crder, the rainforest changed from the warm temperate to a subtropicd, changing to a dry
subtropicd type a about 2,000 years BP, dter which there was a patid readvance of the sderophyll

vegetation & dl four sites.

History of the dimae

The nature of the vegetaion a Lynch's Crater indicates that during the rainforest angiosperm
phases (interglacid and interstadids), precipitation and possibly temperature were higher than today. During
theintervas of 179,000 to 165,000 years BP and 115,000 to about 96,000 years BP, precipitation dropped to
levels similar to the present and temperatures were about 2°C lower than present. During the glacid period of
165,000 to 126,000 years BP and from 78,000 years BP onwards, the preci pitation had dropped to about hal f
of present (to about 1000 mm to 1250 mm). Temperature decreased by about 2°C to 4°C (to about 16°C to
18°C) (Kershaw, 1985). Precipitation dropped even further after 38,000 years BP and was a its lowest during
this period, particularly between about 15,000 and 12,000 years BP, the time of the Last Glacid period, when
the swamp dried. Temperature may have been very much lower than present. During the maximum ra nforest
stage, 6,500/5,500 years BP, the annud rainfdl incressed to dmost double that of today on the Atherton
Tabldands. The presence of some hygrophyllous taxa a Bromfidd Swamp, aisent from Lake Euramoo and
Quincan Creter, suggests tha the effective precipitation was higher around Bromfidd Swamp than a the
other sites. Between about 6,000 and 3,750 years BP, mean annua temperaures had risen a Bromfidd
Swamp, but not to the leves of those a Quincan Craer (Kershaw, 1975). At Bromfidd Swamp, precipitation
levels seemed to have reduced to those of today, by about 3,000 years BP. The increase in sderophyll by

about 2,000 years BP was possibly due to areduced precipitation (Kershaw, 1975).
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1.4.2 BARRINGTON TOPS, NSW

Sites studies

Barrington Tops: a basdt-capped plateau massif, east of the Great Escarpment of eastern Austrdia (for
description, see Section 2.1). Eight swamps have been studied on the plateau (for locations, see Fig. 2.1c).

7. Butchers Swamp: swamp contans drainage channd, aout 1,230 m dtitude in the northwest, surrounded
by a mixed open forest. Has some stands of Nothofagus moore within 1-2 km. Oldest dateis 11,280 years
BP (Dodson et d., 1986; Dodson, 1987).

8. Horse Swamp: swamp contans drainage channd, about 1,250 m dtitude in the northwest, surrounded by
open Eucalyptus forest. Isolated stands of Nothofagus moore rainforest occur in shetered pats of
cachment. Oldest dateis 11,020 years BP (Dodson et d., 1986; Dodson, 1987).

9. Boggy Swamp: swamp contains drainage channd, about 1,160 m dtitude in the north, surrounded by
open Eucalyptus forest. Pockets of Nothofagus moore rainforest occur in protected aress around the swamp.
Oldest dateis 9,210 years BP (Dodson e d., 1986; Dodson, 1987).

10. Polblue Swamp: swamp is aout 1,430 m dtitude in the centre of the plateau, surrounded by open
Eucalyptus forest. Oldest dateis 5,400 years BP (Dodson et d., 1986; Dodson, 1987).

11. Top Swamp: swamp is about 1,530 m dtitude in the centre, surrounded by Eucalyptus pauciflora opan
forest woodland. Oldest dateis aout 3,300 years BP (Dodson et d, 1986; Dodson, 1987).

12. Black Swamp: swamp is aout 1,450 m dtitude in the southesst, surrounded by Eucal yptus open forest
and is 1 km from extensive Nothofagus moore stands. Oldest dateis 8,600 years BP (Dodson et d, 1986;
Dodson, 1987).

13. Killer Bog: swamp contains drainage channd, about 1,260 m dtitude in the southesst, surrounded by
extensive areas of Nothofagus moore rainforest. Oldest dateis 8,230 years BP (Dodson et d, 1986; Dodson,
1987).

14. Sapphire Swamp: swamp contains drainage channd, about 1,260 m dtitude in the southesst,
surrounded by open Eucalyptus forest and has smal pockets of Nothofagus moore rainforest within
cachment. Oldest dateis 230 years BP (Dodson et d, 1986; Dodson, 1987).

15. Burraga Swamp: the swamp of this thesis. Work was aso caried out by Dodson
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(Dodson et d., 1994). Discussion on this swamp can be found in Chapter 5.

History of the vegetation

The eight swamps studied on the Barrington T ops Plateau formed & varying times during thelat
12,000 years. The andysis of the eight sites indicates tha locd factors were responsible for the locd
vegetation in the past. Regiond changes should not be based only on asingle site, but may be identified by

collaing the results from dl the sites (Dodson, e d., 1986).

Before 11,000 years BP, Butchers Swamp and Horse Swamp, were surrounded by open grassy
eucaypt forests or woodland with much Asteracese (T ubulifiorag), becoming more dosed a around 11,000
years BP. At Butchers Swamp, the vegetation was then fairly stable until around 1,600 years BP, after which
it opened slightly. At Horse Swamp between about 7,300 and 1,600 years BP, Eucal yptus and Poacese were
much reduced and Dicksonia was abundant. Following the Dicksonia pesk, the present open forest type was
established with cool temperae rainforest present in the area.

Between about 10,000 and 8,500 years BP, the vegetation a Boggy Swamp was awet eucdypt
open forest with a wel-developed shrub layer and some Nothofagus moore in the vicinity (Dodson & d.,
1986). At 8,500 years BP, N. moore was aso present & Black Swamp and Killer Bog. At Killer Bog, the
Nothofagus percentages were & their maximum, equivaent to the present (Dodson & d., 1986). Maximum
Nothofagus vaues were reached a& both Boggy and Black Swamps by about 6,000 years BP, the cool
temperate rainforest reeching greatest expansion there between 6,000 and 3,500 years BP. The forest then
contracted and the eucdypt formations increased (Dodson et d., 1986).

Around 5,400 years BP, a wet eucdypt formaion surrounded Polblue Swamp. Then & about
3,500 years BP the forest opened up, a subd pine grassland gppeared and the vegetation on the swamp surface
became drier (Dodson & d., 1986).

From about 1,500/1,000 years BP, Nothofagus increased around the shdtered aress of the more
northessterly sites, Top Swamp and Horse Swamp, with a presence around Polblue. Generdly in the west of
the plateau, there were smdl expansions of wet eucaypt forests with a dedline in snow grass understorey
(Dodson et d, 1986). In the last 230 years there has been no change in forest composition around Sgpphire
Swamp.
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Once deposition began in the basins, sedimentation raes were very slow, incressing greatly
within the last 2,600 years (Dodson et d., 1986; Dodson, 1987). Peat began to form a varying times (see

Fig. 5.2 this thesis) between about 8,500 and recently a Clive Swamp (Dodson & d., 1986; Dodson, 1987).

History of the dimae

Between about 11,000 and 10,750 years ago, cold or periglacid conditions may have existed.
Incresse in effective precipitation occurred between 8,500 and 5,500 years BP, with temperature and summer
ran-bearing winds from the south and east increasing (Dodson & d., 1986). Then conditions became cool er
and drier by aout 3,500/3,000 years BP (Dodson, 1987). Thereis evidence a Black and Top Swamps, that
a about 2,000 years BP, there was arise in the watertable and wetter conditions occurred. Between around
1,000/500 years BP, there may have been a smdl warming with increase in precipitation or cloudiness

(Dodson, 1987).

1.4.3 BLUE MOUNTAINS, NSW:

Sites Studied

16. Penrith Lakes Swamp: swamp up to 19 m dtitude, a the foot of the Blue Mountans, in a dry
sclerophyl| forest. Oldest date is 34,000 years (Chason, 1991).

17. Mountain Lagoon: aswampy lagoon, 540 m dtitude, in the esstern Blue Mountains, naturd vegetation

isatdl open forest. Oldest dateis 18,660 years (Robbie, 1998).

History of the Vegetation

At Penrith Lakes at the foot of the Blue Mountains, NSW, between 34,000 and 32,000 years BP
there was was a dosed eucdypt forest. Then grasslands expanded between 22,000 and 15,000 years BP
(Chdson, 1991). At Mountain Lagoon, tree species declined and grasses and herbs increassed in the period
leading up to 18,000 years BP. T he tree cover then returned around 8,000 years BP and the swamp deve opad
from 6,000 years BP. At about 5,000 years BP a slight incresse in herbs, grasses and Myrtaceee occurred

(Robbie, 1998).
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History of the dimae

Between 22,000 and 15,000 years ago, conditions possibly became drier (Chdson, 1991; Robhie
1998). Then, there was a trend to wetter conditions between 11,000 and 8,000 years BP, stabilising until
6,500 years ago and then fluctuating moisture occurred until 5,500 years BP (Chdson, 1991) becoming drier

again a about 5,000 years ago (Robbie, 1998).

1.4.4 SOUTHERN TABLELANDS, NSW:

Sites Studied

18. Breadalbane Basin and Wet Lagoon: 700 m aove sea leve in the headwaters of the Lachlan River.
They are hydrologicdly independent from each other. Breaddbane Basin is 25 km and Wet Lagoon is 18 km
north of Lake George. Oldest dateis 9,300 years BP (Dodson, 1986).

19. Lake George lake, 674 m above sealevd, about 40 km northesst of Canbera A tectonic basin with a
dranage dong its meridion. Today, thelakeis 25 km in length and 11 km at its widest point, in Eucalyptus
forest and woodland. Oldest dateis 37,800 years BP and estimated to 730,000 years BP (Singh and Geissler,

1985).

History of the vegetation

At Lake George, between about 50,000 and 40,000 years BP, cool temperate rainforest existed,
giving way to Casuarina and Eucalyptus dominated vegetation between about 37,000 to 23,000 years BP.
Some cool temperate rainforest taxa were present between 28,000 and 23,000 years BP. The trees then
disappeared completdy and non-wooded herbfidd and grassland occupied the site until about 16,000 years
BP. A period of transition from a non-wooded vegetation to a cool temperate forest occurred during the
interval of about 16,000 to 10,200 years BP. Then acool temperate rainforest vegetated the site until aout
7,700 years BP dter which dl cool temperate taxa disgppeared and the vegetaion became a savannah
woodland. From about 6,000 years BP, an eucdypt-dominated dry scderophyll forest similar to the present,
became established (Singh and Geissler, 1985).

Near Goulburn, a Breadabane Basin and Wet Lagoon, from 9,300 years BP the vegetation

remained an eucaypt woodland or open forest with grassland understorey (Dodson, 1986).
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History of the dimae

On the Southern T abldands, cool-temperate dimatic conditions existed around 28,000 years BP.
Between about 21,000 and 15,000 years BP, conditions were cooler, drier and probably windier than today.
At about 15,000 years BP, temperatures incressed and the driest dimates were experienced until 11,500
yeas BP. However, the grester aridity may have been caused by incressing temperatures rather than
continued decresse in precipitation (Kershaw e d., 1991b). The Goulburn sites indicate tha the dimatic
changes which led to the changes in the water levels during the last 9,300 years, were not sufficiently large to

cause any significant vegetationa change (Dodson, 1986).

1.4.5 SOUTHERN HIGHLANDS OF NSW
Sites studied: Snowy Mountains
20-22. Twynam Cirque; Pound's Creek and Club L ake cirques around 1,950 m above sealeve in dpine
vegetation. Oldest dateis about 16,500 years BP (Rane, 1974; Bowler et d., 1976; Martin, 1986).
23. Digger's Cresk Bog: shrubby subd pine pest bog, 1,690 m above sealevd, little bdow locd dtitudind
tree-ling, in snowgum woodland. Oldest date is 10,000 years BP (Martin, 1999).
Eastern escarpment
24. Bega Swamp: in atdl eucdypt forest, 1,080 m above sealevd, on the crest of the eastern escarpment,

on agranitic plateau, 30 km east of Nimmitabd. Oldest dateis 13,500 years BP (Hope et d., 2000).

History of the Vegetation

The highest devations were probably an apine desert until about 16,500 years BP when a short
dpine herbfidd deve oped. At about 13,000 years BP, atdl herbfidd and bog community deve oped, lasting
for varying lengths of timein the Highlands. At Twynam Cirque the community persisted until about 9,000
years BP (Raine 1974; Bowler et d.,1976), a Pound's Creek and Club Lake cirques until about 10,600 yeas
BP (Martin, 1986) and a Digger's Creek Bog until 8,500 years BP (Martin, 1999). At Bega Swamp, the
vegetation was dominated by shrubby daisy - grass steppe & 13,500 years BP and gave way to alow eucd ypt
woodland by about 11,800 years BP. Between 11,500 and 10,800 years BP, the vegetation was a herbfidd,

abruptly changing to aeucdypt forest.
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Between 9,400 and 9,000 years BP, there was a transition to tal eucdypt forest, with wet forest d ements
present mainly between 10,200 and 7,700 years BP, but surviving through to about 2,200 years BP (Hope et
d., 2000). At Twynam Cirque, between 3,800 and 1,700 years BP, the hygrophilous vegetation reached
minimum vaues (Bowler et d.,1976). The Digger's Creek and Club Lake sites register a depression of the
dtitudind treeline & about 4,000 years BP (Martin, 1999). At Bega Swamp, however, the cosed forest
phase ended & 3,900 years BP with the core of the "wet phase' continuing until 3,300 years BP and wet

dements are represented until around 2,200 years BP (Hope et d., 2000).

History of the dimae

In the higher regions, amdioration of the dimaeis evidenced by the reduction of seasond snow
cover by about 13,000 years ago and the terminaion of dpine conditions by 11,800 years BP & Bega
Swamp. However, a Bega Swamp, the dimate had reverted to |ess favourable conditions between 11,500 to
10,800 years BP. Climatic conditions then improved until about 4,000/3,800 years BP a Twynam Cirque,
Digger's Creek and Club Lake, when the dimate began to deteriorate. T he dimate was most severe between
about 3,000 to 2,000 years BP & Digger's Creek and Club Lake (Martin, 1999) and lasted until about 1,700
years BP a Twynam Cirque (Bowler et d.,1976). At Bega Swamp wet conditions began to decline a about

3,300 years BP and dry conditions began only dfter about 2,200 years BP (Hope et d., 2000).

1.4.6 NORTHEAST HIGHLANDS, VICTORIA

Sites Studied

25. Bunyip Bog: 1,330 m dtitude bog, about 280 m by about 147 m, in a eucdypt woodland, on Bunyip
Creek, a Mt. Buffdo. Oldest dateis 10,250 years BP (Binder, 1978; Binder and Kershaw, 1978).

26. Crystal Bog: 1,350 m dtitude bog, in sub-apine woodland, hegth, tussock grass vegetaion, on Buffdo
Plateau. 14C dates are not provided (Williams, 1978).

27. Ddegate River: a Sphagnum bog, 900 m dtitude, doseto Deegate River, surrounded by tdl open foret

or open forest dominaed by Eucalyptus species. Oldest dateis 12,000 years BP (Ladd, 19794).
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History of the Vegetation

At Ddegate River, dpine herbfidd or grassland was present about 12,000 years ago (Ladd, 19793
and similaly a Bunyip Bog before 10,250 years BP (Binder, 1978; Binder and Kershaw, 1978). At about
10,250 years BP wet sclerophyll forests devdoped on Mt Buffdo plateau, remaning fairly constant until 2,000
years BP (Binder, 1978; Williams, 1978). A layered open eucdyptus forest, similar to that which occupies the
area now, began to surround the swamp & Ddegae River & about 10,000 years BP, the transition being
completed by about 8,000 years BP. The tredine had thus risen by about 10,000 years BP (Ladd, 19793). The
growth of Bunyip Bog swamp increased after 2,000 years BP and the wet sderophyll forest retregted to lower
dtitudes (Binder, 1978; Williams, 1978).
History of the dimate

Before 10,000 years BP, the dimate was cooler becoming mild between 10,000 and 2,000 years BP.
After 2,000 years BP, there was a decrease in temperature, which in turn may have been responsible for an
incresse in effective precipitation, a dimaic change undetecteble a Deegate River (Binder, 1978; Binder and

Kershaw, 1978; Ladd, 19794).

1.4.7 SOUTH-CENTRAL HIGHLANDS, VICTORIA

Sites studied

There are four sites between dtitudes of 930 m and 1440 m in the southern-most subd pine habitets on the
mainland. The surrounding vegetation vaies from subdpine to riverine in wet sclerophyll forest with
Nothofagus cunninghamii closeby.

28. L ake Mountain: subd pine open bog, about 400 m by 700 m, 1,440 m dtitude, surrounded by Eucalyptus
pauciflora woodland forest and Nothofagus cunninghamii occurs in dose proximity. Oldest dateis 6,550 years
(McKenzie, 1997).

29. Storm Creek: subdpine open bog, aout 200 m by 1,000 m, 1,177 m dtitude, contains dranage stream,
surrounded by wet sclerophyll forest and Nothofagus cunninghamii occurs in dose proximity. Oldest date is
17,350 years (McKenzie, 1997).

30. Tom Burns: subapine open bog, about 200 m by 1,000 m, 1,075 m dtitude, contains drainage creek,
surrounded by wet sclerophyll forest and Nothofagus cunninghamii occurs in dose proximity. Oldest date is
31,500 years (McKenzie, 1997).

31. Snobs Creek: riverine bog, 930 m dtitude, surrounded by wet sderophyll forest with
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Nothofagus cunninghamii occurring, in coppice form, on the site. Oldest date is 11,450 years (McKenzie,

1997).

History of the Vegetation

From around 32,000 to 13,000 years BP, a mosac of dpine fddmark, herbfidd and heathland
vegetated the Tom Burns site At 32,000 years BP the tredine was well below its present position, the wet
sclerophyll moving upsl ope between 31,500 and 26,500 years BP (McKenzie, 1997). "Between about 17,000
and 13,500 years BP, dpine communities reached their greatest extent and much of the centra Highlands
was tredess’ (McKenzie, 1997, abstract). At Storm Creek, very low vaues of Nothofagus were continualy
registered from 17,000 years BP, indicating tha the area may have been a gladid refuge for Nothofagus
(McKenzie, 1997).

At around 12,000 years BP, the tredine was bdow 930 m as indicated by the presence of dpine
communities with low quantities of Eucal yptus and Nothofagus a Snobs Creek. T hen woody vegetation (wet
sclerophyll forests and smal areas of Nothofagus) invaded dong an dtitudind gradient, beginning & about
10,700 years BP a 930 m dtitude and between 8,900 and 7,500 years BP a 1,000 m. T hen, from about 8500
to 4,000 years BP, dpine taxa disgppeared from dl but the highest sites, and wet sderophyll and Nothofagus
reeched ther maximum extent. Nothofagus spread into montane forests and possible subapine heaths,
spreading beyond its present range between about 7,000 and 4,000 years BP. From then on to the present, the
cool temperate ranforest retracted. Leptospermum incressed a some sites and some of the dpine taxa

disgppeared (McKenzie, 1997).

History of the dimae

Around 32,000 years BP summer temperatures were lower than present. Between 31,500 and
26,500 years BP, there may have been slight incresses in temperature and effective precipitation. It appears
that the temperaures were lowest & Tom Burns and Snobs Cresk between 17,000 and 13,500 years BP.
There were probably incresses in temperature and effective precipitation from about 12,000 years BP, with
further increeses in temperaure and effective precipitation between about 8,500 to 4,000 years BP. From

then on to the present, the conditions became drier and warmer (McKenzie, 1997).
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1.4.8 SOUTHWEST ERN HIGHLANDS, VICTORIA

Site Studied

32. Wydangta: on dluvid flat, 450 m dtitude, aout 100 m from Arkins Creek, in a cool temperate
rainforest patch surrounded by tal open eucdypt forest of the Otway Region. An outlier of the southeastern

highlands. Oldest dateis 40,300 years BP (uncorrected date) (M cKenzie and Kershaw, 2000) .

History of the Vegetation

At Wydangta, overdl, cool temperate Nothofagus cunninghamii rainforest with some T asmanian
taxa, eg. Phyllodadus, existed from before 40,300 years ago (probably representing the early part of Oxygen
Isotope Stege 3, or older) until the present. Cool temperae rainforest pollen vaues decressed and were
replaced by dpine-subdpine herbaceous and hesth swamp / cold grassy woodland-open forest assemblage.
Nothofagus and sderophyll forest still survived in the vicinity as did Gunnera and species of Lycopodium
now absent from the Otway Ranges but common in Tasmania Then, are-expansion of tal open forest was
followed by cool temperate rainforest from 5,000 years BP to the present. Phyllodadus, present in the early
forest phase, did not return in this laer cool temperate forest phase (McKenzie and Kershaw, 2000). The
Wydangta site shows a geologicaly recent biogeographic link of the mainland to Tasmania (McKenzie and

Kershaw, 2000).

History of the dimae

Temperatures were about 6°C cooler and conditions were drier, but there were aress devoid of
water stress. T here were thus "aress shdtered from extremes of temperature, water stress, and protected from
fire ..(which)..were the most likdy to provide long-teem ‘refugid for rainforest taxd' (McKenzie and
Kershaw, 2000, p.191). Thus the Wydangta area may have been a glacid refuge site for Nothofagus

cunninghamii (McKenzie and Kershaw, 2000).
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1.4.9 TASMANIA

Sites Studied

33. Cave Bay Cave esstern shore of Hunter Island, off northwest coast of Tasmania, cave floor sediments,
15 m above sealevd. Nearby vegetation is shrubland. Oldest ageis 22,750 years BP (Hope, 1978).

34. Pulbeena Swamp: about 4 km from the northwest coast, a groundwater controlled swamp, about 30 m
dtitude, about 1.7 km2. Potentidly, naturd vegetation is temperate rainforest, but scrub rainforest, wet
sclerophyll forest and swamp-forest dominate. Oldest date is 55,200 years BP (Colhoun, 1978; Colhoun et
d., 1982).

35. Pieman Dam: a western river backswamp deposit, adout 50 m devation, within a mounta nous,
temperate and hegth covered catchment. Oldest date is 54,000 years BP (Colhoun, 1980).

36. Tullabardine Dam: western swamp, 230 m dtitude, in a temperae ranforest. Oldest date is 43,800
years BP (Colhoun and van de Geer, 1986).

37. Lake Sdina: West Coast Range lake, 516 m dtitude, within Nothofagus cunninghamii cool temperate
rainforest. Oldest dateis 52,160 years (Colhoun et d., 1999).

38. Henty Bridge lowlands of centrd west, smdl lake basin 200 m esst of Henty Bridge, 115 m above sea
leve, in temperate ranforest. Oldest dateis 34,600 years BP (Colhoun, 1985).

39. Tarraleah: southwestern margin of Centra Plaeau, a smal dosed depression, about 440 m devation,
about 8m by 18 m, formed between the top of an ancient landslip and the defaced hillside. This area had been
formerly glaciated and is now covered by rainforest. Oldest ageis 9,080 years BP (Macphall, 1984).

40. Southern Tasmanian study: across the range of the current biodimates in Southern Tasmania, ten
mountain sites, adl endosed basins with continuous pollen sequences, ranging from 442 m to 1,158 m
dtitudes. The sites on Mt. Fidd (Southern Centrd Tasmania) ae Bedties Tan, 990 m as.l.; Eagle Tan,
1,033 m as.l.; Tan Shdf, 1,158 m as.l. The other sites are Unnamed Cirque, Adamsons Pesk, far Southest
coast, 960 m as.l.; Lake Vera, Frenchmans Cap, 560 m as.l.; Brown Marsh, Southern Centrd Plateay, 750m
as.l.; Lake Tibeias, Midlands, 442 m as.l.; Ooze Lake, Southern Ranges, 880 m as.l. (Colhoun, 1978;

Macphal, 1979; Makgraf & d., 1986).
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History of the vegetation

Prior to about 50,000 years BP, the western areas (Pulbeena Swamp, Pieman Dam and Lake
Sdina), were vegetated by rainforest. Then until about 25,000 years BP, the vegetation a Pulbeena Swamp,
Pieman Dam, Lake Sdina and Tullabardine Dam weas basicdly subdpine trees, shrubs and heath, or
herbaceous taxa, (with additiond apine grassland a Lake Sding). There were traces of rainforest species
around the sites, in a primarily nonarboreal |andscape, while @ the Cave Bay Cave site, diverse mesophytic
taxa existed (Colhoun, 1978; Hope, 1978; Colhoun, 1980; Colhoun et d., 1982; Colhoun et d., 1999). In
southern Tasmania, eucaypt forest / woodland vegetated the Adamsons Pesk area (Macphall, 1979).

Then, dfter 25,000 years BP the vegetation opened up. The north western areas became open
grasslands or Asteracese shrub steppes, attaning maximum deveopment a Cave Bay cave after 20,850
years BP (Hope, 1978; Colhoun et d., 1982; Colhoun, 1985; Colhoun and van de Gesar, 1986), while Henty
Vdley in the centra west became progressively more dpine by 20,000 years BP (Colhoun, 1985). T he south
west of Tasmaniawas vegetated by a steppe with marshes or shdlow lakes (Makgraf, & d., 1986).

Around 14,000 years BP, shrub and tree taxa, induding Nothofagus cunninghamii, began to
incresse a  Lake Sdina and Tullabardine Dam where, after 11,000 years BP the current lowland temperate
ranforest was deveoping (Colhoun and van de Geer, 1986; Colhoun e d., 1999) and Pulbesna Swamp's
vegetation changed to a largey wet sderophyll Eucalyptus forest (Colhoun et d., 1982; Colhoun, 1985). At
Tardesh, scerophyllous taxa dominated prior to 9,125 years BP (Macphail, 1984). From 12,000 years BP
onwards, a some south western locations, rainforest taxa induding N. cunninghamii, infiltrated the sub-
dpine communities, culminaing in the spread of Nothofagus around 9,700/9,500 years BP (Macphail, 1979;
Macphail, 1984; Makgraf, et d., 1986). Since 11,500 years BP, short term isolated vegetationd shifts are
interpreted from the pollen data across Southern Tasmania (Macphail, 1979).

At Pulbeena Swamp, the wet scderophyll Eucalyptus forest resched its maximum deve opment
between 8,000 and 6,000 years BP (Colhoun, 1978). At the southern T asmanian sites, such as Mt. Fidd and
Adamsons Pesk, Nothofagus cunninghamii occurred outside its current range (induding currently dpine
aress) reeching its maximum boundary by 7,800 years BP (Macphal, 1979). At Taraesh, from about 8,900

to about
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6,925 years BP there were changes from dry scerophyll vegetation to wet scerophyll; with rainforest
dements infiltrating the sd erophyll between about 8,900 and 8,325 years BP (Macphail, 1984).

Between 6,000 and 5,000 years BP, the reduced, modern rainforest distribution in the western
region, was established (Markgrdf, et d., 1986) and in the south by 6,000 years BP rainforests opened up and
dosed-scrub retrested making way for the current dpine vegetation (Macphail,1979). From 5,000 years BP,
four of the sites on the west and east of Mt. Fidd show changes into discrete environmenta groups, with

varying proportions of rainforest taxa (Makgraf & d., 1986).

History of the dimae

Prior to 50,000 years BP, Tasmanids dimate was moist. Around 45,000 years BP conditions
may have been somewha cooler and drier (Colhoun, 1978; Colhoun, 1980). The height of aidity was
achieved a some time between 28,000/25,000 years BP and 19,000/14,000 years BP and temperature had
decreased by 5°C (Colhoun, 1985). By 11,000 years BP the precipitation was 50% less than today, producing
summer droughts (Colhoun e d., 1982). An abrupt and rapid incresse in temperature of about 6°C occurred
after 14,000 years BP, with a possible temporary reversd (Macphail, 1979; Colhoun, 2000). By 12,000 years
BP, seasond moisture stress still existed, as indicated by diatom data Precipitation may have been lower
than today (Markgref et d., 1986) and short term dimatic oscillaions may have existed (Macphail, 1979).
Then, an island-wide incresse in effective precipitation occurred between 11,500 and 9,500 years BP
(Macphail,1979) and the dimate became rdativey warm and moist (Colhoun e d., 1982). Maximum
moisture regime with precipitation higher than today and incressed temperatures were achieved between
about 8,500 and 7,500 years BP and lasted until 6,000 years BP (Macphail, 1979; Macphail, 1984; Makgraf
e d., 1986). Then precipitaion fel between 6,000 and 5,000 years BP and may have been lower than today
and similar to tha between 12,000 and 11,000 years BP (Markgref et d., 1986). From 5,000 years BP, the
dimate has become increasingly harsh, producing more droughts and frosts (Macphail, 1979).

Generdly in Western Tasmania, the vegetation during the last Interglacid / Glacid cyde, vaied

primarily in response to temperature changes (Colhoun et d., 1999).
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1.4.10 GENERAL SUMMARY OF THE HISTORY OF EAST ERN AUSTRALIAN VEGETATION

AND CLIMATIC INTERPRETATIONS

The different regiond vegetations showed similar trends, reflecting similar dimatic changes
over the time reviewed. In most places the vegetation was wooded, 50,000 to 40,000 years ago, though
probably unlike the present.

Vegetation types in esstern Austraia around 45,000 years ago, indicate tha temperatures and
moi sture were somewhat |ower than & present.

Then gradudly, the wooded vegetation was replaced by more open vegetation, indicating drier
and cooler dimaes. Grasslands/shrublands suggest the lowest leves of temperature between about 25,000
and 17,000 / 14,000 years ago. Moisture levels were & their lowest between about 25,000 and 12,000 years
BP. During this period, most of southeastern Austraia was tredess.

The change in Northesst Queensland, however, was from a rainforest (a various times
throughout the Quaternary) to dry sderophyll forest (at 26,000 years BP).

In esstern Austrdia aridity continued long after temperatures began to rise. Vegetation in some
locdities began to recover with increase in temperature, but full recovery to the wettest vegetation types only
occurred once moisture levels findly stabilised after @bout 10,000 years ago.

Although the dimatic threshholds varied for the vegetation in different locations, vegetation
shifts a dl sites signify tha the dimate had become warmer and wetter by at least 10,000 years BP and the
maximum was resched by around 8,000 to 6,000 years ago.

Around 5,000 to 3,000 years BP vegetation became drier, implying tha the dimate became
somewhat cooler and drier. Conditions then improved in most places, but the moist vegetation characteristic
of thetime just prior to 5,000 years BP, was not replaced. Thus, adthough dimatic conditions again improved

after 5,000 years BP, they were slightly cooler and drier than before that time.
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Chapter 2 ENVIRONMENT OF BARRINGTON TOPS

2.1 GEOLOGY AND GEOMORPHOLOGY

Barringtops Tops is a basdt-cagopad plaeau massif, which lies esst o the Great Escarpment of esstern
Austrdia T he Escarpment had retreated from theesst leaving the Barrington T ops Plateau as an isolated residud
(Pain, 1983). Barrington Topsis the southern mast pat o the Northern (New England) T abldands. This plateau
system forms pat of the Easten Highlands of New South Waes. Barrington T ops separatesthe rive basins of
the Hunter and Manning River systems (Figs 2.1aand 2.1b).

Evidence suggests tha the geomorphic sequenee of everts in the area hare been, the occurrence of
erosiond levdling of the Paamzoic sed ments, followed by volcanism abaut 50 Ma ago, covering much of the
areawith basdt, uplift and then scarp rdreat and erosion of the basdts faster than of the underlying Pd aeozoic
rocks (Pain, 1983).

The Barington Tops massif is largdy Permian granite which hed been folded ad faulted into the
steedy dipping Carboniferous and Devonian sadiments underlying the aea (Dodson and Myers, 1986). The
outcrops of Permian granite on the Plateau, a& devations up to 1,580 m, ae rounded hills and convex slopes
Basdts overlie Pdasoic sediments a dtitudes between 600 m and 900 m. At the contact between the basalt
and the undelying rock, benches arepresent. T hese step-and terrace sequences ae one of the most striking small
scd etopographi ¢ features of theBarrington T ops landscgpe T he post -basdtic erosion has cut valeysup to 1,000
m dep through the basdt and into theunderlying Pdaozoic racks and produced ridges and V valey |andforms
with steep, draight valey slopes, narrow ridges and narow valey floors. This erasion has dso produced the
scarp edges ofthe Barrington Taps Platesu (Pain, 1983; Fgs 2.1b, 2.1b (i) and 2.1b (ii)).

Theplateau suface is gently undul ating between 1,000 and 1,550 m dtitude Although the slopes to tre
north are gentle, the southern and westan sloping regions are steg. Above about 800m dtitude, theslopes ae
basdt, graniteor collwium.The lower dtitude slopes are mainly Carboriferous and Devonian sedimentary rocks.
On the westem side o Barrington T ops Plateau, the basdt is covaed with a greater thickness of collwium than
is the less westhered Pdespzoic rocks. Landslides are common on basdt slopes, whilesurface wash seems to be

the main process on Pdaeozoic areas (Pan, 1983).
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The man sdls on the plateau surface are strongly leached brown-ydlow transitiona dpne humus and well
strudured, pamegble reddish krasnozems. In ganite aess there are highly leached and light- coloured sandy
loams. The sils of the slopes and bendhes of the plateau, which aelargdy colluvid materid, are redto yelow
and dso highly leeched The sals of thelower slopes are yellow padzols (Dodson and Myers, 1986).

The plateau (see Fig. 2.1c) has a number of slow flowing streeamswith swamps of Late Pleigocene to
Holocene age. These swamps @ntain saurated moor peds on day and westhered parent maderid. The streams
flow over the escarpment to lower dtitudes, forming river vdleys (Dodson and Myers, 1986). Themgor, radid,
drainege lines in the Barington Tops area, seam to follow the bormer basdt cone of the Barrington vol cano.

Outdde the vd cano, the river petterns tend to follow the structure of the Pa aeozoi ¢ racks (Pain, 1983).

The Mount Allyn Rage is ore of theridges leading from the southern scarps of the plateat Burraga
Swamp is onthe Mount Allyn Range, (32°06' 00’ S,151°25' 07" E), a 9855 m dtitude inthe Patterson River
valey (Fig. 21b). It isasmadl ova shgped, endosed basin, just under 1 hectarein aea It isnot known how the
basin formed, but a landslip seems the most likdy explanation (Hope pers comm.; Roberts pers.comm.). The
sediments entering Burraga Swamp come amost entirdy from westhered basdts (Roberts, pers comm.). These
come from Mt. Lumegh, a remnant basdtic areato the north east of Burraga Swamp. Largeboul ders occur on
this side of the swamp and fragments of basdt are strevn throughout the forest surrounding the swamp.The
forests on the southern and western edges, slope up gently, while the northern and north-esstern sides present a

stegp rise up to the high diff of Mt Lumesh (Figs2.1d and 2.1d(i)).
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Figure 2.1d (i) Mt Lumeah behind Burraga Swamp.

Cool temperate rainforest covers the side of the meuntain,



2.2 CLIMATE

The plateau experiences a temperate to subalpine climate. The region receives
both surnmer rain from the north and winter rain from the south, although in any one year,
either climate type may p:edorrﬁnate. There is a strong rainfall gradient over the region
which receives mean rainfall values of over 2000 mm / year in the south-east of the area
and 750 mm / year in the north-west (Turner, 1981) (Fig. 2.2). In general, the plateau
surface receives over 2000 mm / year, with snowfalls most winters. The plateau is often
cloud- covered.

Frosts can occur at any time and mists and fogs are common particularly in
favourable topographic regions such as hollows. On the plateau, mean winter temperatures
vary from -2°C to 9-10°C while mean summer variations are from 8-9°C to 22-23°C. At the
base of the plateau, the maximum temperatures are 5-6°C higher.

The lower altitudes where Burraga Swamp is situated, experience less extreme
climates than the plateau. The Burraga Swamp area receives desiccating hot north-west
winds during the period November to January and cooler west to south-west winds in
August to September., |

" Chichester Dam (Hunter District Water Board) is the nearest meterological station
to Burraga Swamp. The climate averages for the last 58 years (taken from the Bureau of

Meteorology 2001 wébsite) is provided in Table 2.2.

Figure 2.2 Reconstructed
ischyets from Turper (1981).
Broken lines

signify uncertainty.

= Is0hyets {mm)
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2.3 VEGETATION

Themain types of vegetation over Bariington Tops are @ol temperate (sub-Antactic) and sub+ropica
ranforests, eucdypt faomations On the plateau itsdf, sub-apine communities, grasslands and swamps ocaur
(Frasr and Vickery 1937, 1938, 1939; Forestry Commission of N.S.W. 1983; Dodson and Myers, 1986). The
cool temperate and subtropicd rainfarests are found in similar habitats but the subtropica rainforests occur at
lowe dtitudes (Dolman, 1982). The boundary beween subtropica and cool temperate rainforest around the sides
of the plaeay, occurs a about 900 m (Turner, 1981). where the ol temperate ranforest indudes some
subtropicd ranforest dements with a scattering of eucaypts and sclerophyll fores demerts in the rainforeg

shrub layer (Poole, 1987).

2.3.1 Cool Temperate Ra nforest

T he cool temperate rainforest “ is best devel gped between 900 and 1200 m but aso occurs between 700
and 1550 m, where shdter is dforded dong creck beds or folds inthe spurs of the gdateau” (Dodson and Myers
1986, p. 296). At the higher devaions on colder, steeper sides or on poorer sals, the ommunities havefewer
species. In these habitas the Nothofagus is frequently multistemmed and much smdler, but can still form cossh

canopy stands (Poole, 1987).

2.3.2 Mixed subtropicd ranforest

Subtropicd ranforest occurs mainly onthe southern and esstern flanks of Barrington Plateau & dtitudes
up to aout 450 m. Elements of the vegetation type occur to 900 m in protected gullies and so&kage aress
(Dodson and Myers, 1986). These rainfrest communities have a mixed floristic composition, with generdly no
single dominait species. Charateristic features incdude strangler figs, pdms, large woody vines, epiphytes and

stem buttressing.
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2.3.3 Eucdypt forest

Eucdypt forex canopies are dominated by Eucdyptus species. There ae a number of Eucdyptus
assodaions, dl contaning three main strata tree, shrub and ground flaa (Frase and Vickery, 1939), with
rdaively open canopies. In the Barrington Tops district, both dry and wet sclerophyll forests are represanted,
extending from the vdley floars onto the Plateau. The forest “ comprises a number of wel marked, dtitude-
ddimited communities which grade into each aher so that the forest forms a continuous whol€’ (Fraser and

Vickery, 1939, p. 1).

2.3.4 Vegeation on the Plateau

Above about 900 m, there isan open Prest of Eucdyptus odiqua - E. iminalis. Between 1,100 mad
1,300 m, E. festigata - dominated open forest occurs, with awel deve oped shrub layer. Above 1,300 m, theeis
an E. pauciflora - dominated open forest. The understorey is domineted by Poa sieberana grasdand, maybe some
sub-adpine smdl srubs ad herbs (Dodson and Myes, 1986). Lowlying areas where cold dranage occurs ae
the cldest inthe region and aredominated by Baedda utilisand Epaais paludosa dong cresk banks while arees
of poor dranege and swamps ae covered by Sphagnum hummock-hollow communities or Cypeacese-
Restionacese sedgdand. Better drained areas are dominged by Poa sieberana grasdand (Dodson and Myers,

1986, Dodson &t d., 1986).
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Chapter 3 METHODS AND TECHNIQUES

3.1 VEGETATION SURVEYS

The forest vegeation within 100 metres aurrounding the snamp, was examined quditaivey. All
species were identified The regiond vegetaion was taken from the Boonabilla Management Area Forestry
Commission mgp, 1983.

The svamp vegetation was mapped by visud estimation of the percentaye cover of the dominant
plant species in one square metre plots. Estimation was asdsted by a chart for "visud percentage estimation™. All
species found on the swamp were identified.

The author citation of dl plat namesmay be found in Harden (1990-1993). Voucher speci mens of

species identifed havebeen ket in the UNSW Herbarium.

3.2 MODERN POLLEN SAMPLING

For the assessment of modern pollen deposition, samples of moss pol sters and topsoil were colleded
from each vegetaion wnit on the swamp and in the foret. Figure 4.1.2 designates the positions of the surface
samg es studied.

For comparison with Burraga Svamp, Polblue Svamp, within subd pine eucaypt frest, abaut 15
km north and 500 m higher on the plateau surface, was ssmpled. Only theresults from surface samples are usad

in this current study.

3.3 THE SEDIMENTS

A Hiller core was used to extract deven cores dong two transects across the swamp. One transed wes
from esst to west, the ather from north to south. In the fidd, the sed ments were desciibed using the Trod s-Smith
method (Birks and Birks, 1980). The cres were searched for macrofossils sudh as seeds, charcod and remnants
of leaves and wood. The longes core, 6 metres, wes used Pr pollenandysis Samping wasdone every 10 cmdl
the way down to the base of the core (Swdler and Martin, 1997), but only the peat section wes used during
interpretationin this thesis.

Phemol crystas were added to the samples to arres bacterid action and storedin
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acold room & 4°C.

3.3.1 14C DATING

For 14C Daing, samples were taken fiom a hole as d o as possble, to the pollen andysis core A
soil sampling corer was used. Three samples were 14C daed in thethen Radiocarbon Laboraory, UNSW. There
was insufficiert carbon in the days to dlow daing by conventiord carbon methods. Another core, 6.5 metres
cdose to the aigind, wes extracted with a Livingstone oorer (Fig 3.3.1()), for the AMS (Accderaor Mass
Spedrometry) dating of the days. A totd of eight samples were nt to ANST O (Austrdian Nudear Scence &

Technology Organisation) laboretories far AM S radiocabon dating.

3.3.2SEDIMENT DESCRIPTION

The minerd section o the sewond core was adysed for the pdlen / spore content and during

interpretation used in cnjunction with the results of the pest andyd's from thefirst core

The sediments of the second care were described in detal. The olours o the sedments were
desciibed using the Munsdl Cdor Chart (1954) and the cares weresliced longitudindly and photogrgphed in the

Photographic Unit of the Schod of Biolagicd Science. Futher examination involved the foll owing techni ques.
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3.3.21 QUANTITATIVE DETERMINATION OF SEDIMENT PARTICLE SIZE

From sel ected sections of the care, sediment samples of about 2 cm3, were ar dried. The diy materid was
gently crushed to totdly separae the patides The unconsolidated mataiad wasthen sorted by avibrator sieve,
shaking for 10 minutes Sieve Szes used were 2.0mm, 1.7 mm, 0.5 mm, 63 um, 45um. The dry sieved fradias
were weighed and the % by weght of the tota wes cdculated. Thefind fractions noted were: gravel's (mare than
2.0 mm), coarse sand (0.5 - 2.0 mm), finesand (63 um - 0.5 mm), silt and day- finefraction (ess than 63 pm).

Some samples, upon ar drying, becametoo had to disagregate, even with hammering. These dry

sampes wereplaced in water, dssolved and wet sieved. The fractions werethen ar dried and we ghed.

3.3.22 ORGANIC / INORGANIC CONTENT

The organic / inorganic cortent was estimated by loss-on-ignition (combusting dry samples)
(Bengtsson and Endl, 1986).
The dehydrated sediments, in lidded crucibles, were ignited at 550 C in a Thermolyne 62700 furnace

for 2 hours. The inorganic and arganic contents were then a culated using the fol lowing formu a

% Inorganiccontent = weidht of residue after ignition ~ x 100
weight of dry sample

% Organic content = 100 - % inorganic ontent

3.3.23 HUMICITY

Humicity is the messure of the amount of humic acid inthe sediment. Thetest for humicity wes carried

out on the supernaant of the hydroxide dgestion during pollen extraction. The test wes the depth of browness of

apiece of filter pgper dipped into the supernatant. T he resuts were recorded on a5 pant scde
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3.3.24 CHARCOAL

Quartity of charcod wes estimated on the slides prepared for pollen. The results are given on athree

point scae.

3.3.25 MACROFOSSIL STUDIES

From the core collected with the Hiller corer, sected sections were trested with % nitric acid for
two days. By this time, seeds, leaves and pieces of wood had floaed to the surface and were ranoved. Following
awater wash, they were placed into 80% d cohol. Only seads were identifiable.

Sdeded sections of the Livingstone core, were extrated and the volume determined by the
displacement of water method Birks and Birks, 1980). The materid was dispersed in water and washed through
a coase sieve The esily vighle maaofossils were removed and the remaining residue was inspected with a
binoalar micrascope ad the mecrofossils were removed with forceps and a fine brush. The materid to be
retained was initidly gored inwater to completdy dean the specimens. After afew days, thewater was decanted
and replaced by 95% dcohol. The materid was storal in the wld room. Microscopi ¢ examination was cartied out

on the stored materid.
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3.4 POLLEN PREPARATIONS

3.4.1 PREPARATION OF STANDARDISED EXOT IC POLLEN SUSPENSION

Alnus rugosa pollen wes used as the exotic marker. Pure defated Alnus rugosa pollen wes olta ned
from Greer Laboratories, Inc., Lenoir, U.S.A. The concertration o the stodk suspension of Alnus was @ culaed
to be 2.76 x 104 grains / mL. T he stodk suspendon was mixed onamagneic stirre for 24 hours before samples

weretaken and added to the saliments(Moore & d., 1991).

3.4.2 PREPARATION OF ALL POLLEN / SPORE MATERIAL

Sediment samples (0.2 gram o peat, 0.5 gram o day, 10 gram o grave o sandy gravel) were spiked
with a known volume (hence concentration) o standadised Alnus rugosa pollen suspersion, trested with
concantrated hydrofluaric and hydrochloric acids to remove minerd matter, dispased with 10% potassium
hydraxide to enhance the bregkdown of undesirad e organic matter and assist defloccul ation, disaggregeted with
ultrasonic vibration and sieved through an 0.18 mm sieve. This wes folloved by gandard acetolysis (M ooreet

d., 1991).

Reference pollen/spores for comparison with fossil grans were collected in the dudy area or its
vidnity or pdlen beaing mataid was obtained from the UNSW Herbarium or from the Nationa Hebarium &
the Royd Botanic Gardensin Sydney.

The maoss polstes and sal samples were dispersed with alittle water, sieved ad dlowel to settlefor 72
hourstreated with 10% sodium hydroxide, acetolysed by the standad procedure.
Thedry, hebarium materid wes placal in a dy centrifuge tube, crushed gently with adry glass rod
and Dllowed by standad acetolysis procedure.
All pollen/spare prepadtions were mourted following thesame procedure. After aceolysis, the materid

was dehydrated and retained in dliconeoil (vismsity 2000
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centistokes). Then, four slides of each sample were mounted simultaneouwsly. A gade O @verslip (22mm x
40mm) was added, gertly pressed to distribute the sampleevenly. Sides, where the materid seeped out from the

coverslip edges, wae discarded. Edges of the mverslipswere seded with clear nall polish.

3.5 PRODUCTION OF POLLEN DIAGRAM

3.5.1GRAIN IDENTIFICATION

Pollen and spores were identified by comparing them with reference pollen / spores. Identification to
species was only rardy possiblefor example, Nothofagus noorei. Mogly, idertification was made only to genus
for example, Casuarina spp., or to family, for example, Poacege. Pollen groups areplotted in the pollen diagram.

T hedefinitions of these groups are outlined.
Although the pollen o the family Poacege cannot be identified with taxa within the family, size

andysis may indicate the presence of different taxa. Fifty Poazee grans were messured in sampes which

contaned a high Poacege pollen count and the size frequenci es graphed.

In many cases identifiction wes hampered by thedeterioraed stateof the grains. Some of thesamples
contdned a dsproportionady large number of dateriorated grains. It was possible to distinguish different types
of dderiorations such as corrosion, degradation, crumpling and breskage. Descriptions used (Appendix 3) ae
those according to Cushing and Wright (1967). All categories of indistinguishable grans ae combined in one

group when graphed as Indeteminable Pol len.
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3.5.2 POLLEN AND SPORE COUNT S

All fossil and exotic Alnus pollen and spores were counted a ong transects on severd slides. Inmost of
the samples, between 200 and 500 fossil grains were courted. Clumps of similar grans and tetrads, were treated
a single units. Once counting was campleted, samples were s@nned to record rare grains which were not

encountered dong the transects. They were recorded as grains which were “ dghted, not in count”.

3.5.3POLLEN DIAGRAM

Pollen/spore percentages are cdculaed using thetotd pollen and spore court (excdluding agd spores)
as the pollen sum. This methad of cdaulating the pollen sum is used because it requires thefewest assumptiors
about the ecdogicd niche of the taxon in the vegetation and whee necessay, assumptions ae madeduring the
interpretation of the data

Whee totd terrestrid pollen is used as the pollen sum (e.g. Dodson and Myers, 1986; Singh and
Geisder, 1985), adecison mug be madeas to whether a pollen type represents dryland or wetland environments
For example, the families Poacese, Cyperacese and Restionacese dl contdan both dryland and wetland species
(Santy and Joobs, 1981; Haden, 1992), ye pollen of these families is rardy identifidbleto species. Even
woody shrubs such as Leptospermum Baeckea and Callistemon may be found in swampsas well & on dry land.
Othe pollen sums, eg inferred regiond or distant sources (Martin, 1986, 1999; McKenzie, 1997) dso require
assumptions éout the source o the pollen. A pollen type, eg. Poaceae, may be deiived from aregiond source
or it may havealocd wetland origin

During this aurrent study, a comparison is done between two methods of cdculating the pollen sum:
using tota pdlen count and tarestrid pollen (where the aquatic pollen wae overproducing). It was found tha
the more restricted pollen sum provides a grestg exaggedion of the trends (see Appendix 4). The trends,
however, are dmilar ad no extrainformdion is alded by the restridion of the pollen sum.

When there is a high count of one pollen type, such as the wetland Myriophyllum, it depresses the

percantage of the other pollen groups. Inthese ciraumstances, pollen
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concantrations (independent vaues for each fossil pollen type), can assist with the interpretations. A combination
of bah pollen percentage and concentrations leads to bette interpraations. Pollen/spore concentrations were

cdcuaed from the ratio of the exotic pollen, Alnus rugosa, to the fossil pollen.

The 95% corfidence irtervds (imits) far pollen percentages indicae the precision ofthe data (M aher,
1972). The computation of the limits cnsiders the tota number of pollen counted In thisstudy, the intervas
were derived from a computer programme designed on Mosimam'’s equdaion (Maher, 1972). Thelimits ae
denaed by eror bars plotted for each pollen percentage When the error bars do ot overlap, the chengeinthe

pollen percentage i's acaepted as being si gnificant.

3.5.4ZONATION

Pollen spectra have been zoned subjectively, with the zone bounderies based on change in severd of
the mgor pollen groups a a specific leved. A percentage chage is acapted as being red when percentage
changes between leve s are gregter than the extent of the error bars, that is, the error bars do not overlgp.

Thee are ohjective techniques employing statistica computer programmesto zone pollen diggrams.
However, dthough zoning pollen diagrans objedively may remove persord biases, such sygems coud be still
misleading if not criticly appraised. "All zonation systems should be viewed with some degree of caution; they
ae mere ads to intepretation Even an objective system of zonaion could be mideading if accepted without

criticd gpprasd.” (Mooreet d., 1991, p.179).
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Chapter 4 RESULTS

4.1 VEGETATION

4.1.1 Vegeaion in the forest surrounding Burraga Swamp

Burraga Swamp is in the midst of acool temperate rainforest and there are stands of eucdypt forest
within 100 m and mixed subtropica rainforest about haf a kilometre away (Fig. 4.1.1). Some photographs of
the surrounding forest and swamp vegetation are induded in this chapter.

The following outline of the constituent plants is compiled from the result of vegetation surveys
around the swamp; the Boonabilla Management Area Map by the Forestry Commission of N.S.W. 1983;
Fraser and Vickery (1938, 1939) and from Dodson and Myers (1986). The species identified a the forest
surface sample sites are dso listed. A table of dl species identified in the Burraga Swamp areais givenin

Appendix 1.

The cool tempeae rainforest around the swamp has a tree straaum 10-30 m tdl with a foliage

projective cover of more than 70%. This layer has Nothofagus moorei dominant (with many young plantsin
the forest). Doryphora sassafras and Orites excdsa ae sub-dominants. Other species present ae
Schizomeria ovata, Ackama paniculata, Syzygium australe, Acmena smithii, Diospyros australis, Quintinia
sieberi, Rapanea howittiana, Daphandra tenipes, Symplocos sp., Citriobatus sp., Cryptocarya erythoxylon
and Eucalyptus saligna. Tristaniopsis laurina and Tristaniopsis collina are found in disturbed aress.

A smadl tree straum 2-10 m tal is composed of Coprosma quadrifida, Solanum sp., Hymenantheaa
dentata and Duboisia myoporoides. T he tree fern Dicksonia antarctica is usudly over 2 m and is paticularly
abundant in moist depressions. There may be shrubs less than 2 m, such as Coprosma quadrifida, Rubus
rosifolius and around the swamp, Rubus hillii and the introduced stinging nettle, Urtica urens.

Ground covering plants are found mainly in light bresks and are usudly herbaceous and less than 1
m tal. Carex appressa, Hydrocotyle tripartita, Diandla sp., Juncus usitatus and Lomandra spicata arefoud

here. Traling or twining plants indude
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Morinda jasminoides, Pandorea pandorana, Parsonsia staminea, Polygonum subsessile,
Polygonum deci piens, Dioscorea sp. and Cayratea clematidea.

Ferns are very common in the ground cover dso. T he species include Hymenophyllum flabd latum,
Pelaea falcata, Lastreopsis microsora, Hypolepis sp. and margind to the forest, Pteris sp. The epiphitic
ferns Microsorium diversifolium, Microsorium scandens and Arthropteris tendla are present aso. Mosses

and lichens are adso present.

In the 30 m straum of the mixed rainforest the mgor tree constituents are Doryphora sassafras,
Orites excdsa, Ackama paniculata, Diploglottis australis, Elaeocarpus grandis, Citrondla moreda, Toona
australis, Schizomeria ovata, Litsea reticulata, Dysoxylum fraseranum, Cinnamomum oliveri, Cryptocarya

erythoxylon, Tristaniopsis laurina and Laportea gigas (Forestry Commission of N.S.W., 1983).

Eucdypt forests form extensive tracts in the Burraga Swamp area and in them, Nothofagus moor e
peters out. The eucdypt forest near Burraga Swamp is a semi-moist hardwood forest, with the heights of
trees ranging from 40 m to dmost 60 m (Forestry Commission of N.S.W., 1983). The forest is mainly (73%)
Eucalyptus saligna with E. laevopinea, E. quadrangulata, with amoist understorey (Forestry Commissiondf
N.S.W., 1983). Forests in which Eucalyptus laevopinea / E. campanulata dominae with E. saligna, E.
guadrangulata, E. acmenioides, E. canaliculata and E. punctata in adry or moist understorey are d so found
in the region (Forestry Commission of N.S.W., 1983).

The following species were identified a the surface sample sites in the forest (sites are indicated on
Fig. 4.1.2):
Site D: Junction of Eucal yptus laevopinea and Nothofagus forests

Eucal yptus laevopinea, Eucalyptus saligna, Nothofagus moorei, Caldduvia panicul osa,
Schizomeria ovata, Orites excdsa, Syzygium australe, Doryphora sassafras, Daphandra tenipes, ground
ferns.
Site E: South East Forest, around Burraga Swamp

Nothofagus moore, Orites excdsa, Doryphora sassafras, Syzygium australe, Caldaluvia
paniculosa, Daphandra tenipes, Citriobatus sp., Dicksonia antarctica, ground and tree cregper ferns.

Hymenanthera dentata, Symplocos sp., Cryptocarya erythoxyl on.

50



F: North Side Forest, around Burraga swamp
Nothofagus mocrel, Caldeluvia paniculosa, Syzygium australe, Schizomeria

ovata, Diploglottis australis, ground and tree creeper ferns.

Section of the cool temperate rainforest
which includes Eucalyptus saligna.

Dicksonia antarctica and other ferns are
also abundant.



Forest on the south side of the swamp, showing Nothofagus moorei
with some young plants at the base. There is evidence of fire in this area.

Forest at the entrance to Burraga Swamp. Trees are fern and moss covered.
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A grove of Dicksonia antarctica in a depression near the swamp.
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4.1.2 Vegetation on the Swamp

The dominants are Phragimites australis, Cyperus Iucidus and Glycema ausiralis.
Five communities have been defined and these are shown on Fig 4.1.2. The composition
of the communities are as follows:

L. Dense Phragmites australis community: 40-50% P. australis, 60-50% Cyperus
lucidus (community present at swamp surface sample site C).

2. Patchy Phragmites australis community with P. australis, C. lucidus, Glycernu
australis, mosses and Lastreopsis microsora. Very hummocky {community present at
swamp surface sample site B).

3. Glycena australis community with 70% G. australis, 15% Cyperus lucida, 10%
moss and 5% L. microsora.

4. Glycena australisiPhragmites australis community with 50% of each and some
moss (community present at swamp surface sample site A and Core 2 site).

5. Mainly bare ground with a moss cover and a little G. australis {(community

present at Core 1 site).

il

View from the swamp entrance. A section within the Glycena australis/Phragmites
australis community has been trampled down and largely taken over by herbs. The
photograph was taken during a wet period when there is free standing water on the swarmp.
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Figure 4.1.2 Burraga Swamp showing vegetation; cores for pollen analysis,
dating and stratigraphic mapping; sWamp surface sample sites and direction
of forest surface sample sites. The approximate position of the cores
studied by Dodson et al. (1994) are shown.

Species identified at surface sample sites are given in the text. -
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Looking towards the north side of the swamp. Dense Phragmites australis community
can be seen in the background, thick cool temperate rainforest behind it and Juncus usitus
at the front edge of the swamp.

R z

SR
i #1{5;-, ¢.&§¢& -
Looking from a Glycem australis/Phraginites qustralis COMMUMLY, RCIOSS (0 4
Phragmites australis community near the forest on the eastern side of the swainp.
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4.2 SEDIMENTS

4.2.1 RADIOCARBON DATES

Table 4.2.1 presents the 14C dates.

The 3 dates from the peat were taken from the first core and the remainder from

the second core. The basal peat date from 260-270 cm in the first core corresponds with

the basal peat level 246-249 cm in the second core.

The oldest date, 38,050 years, is a minimal age for the 647 cm level. The basin

base is likely to be at least 40,000 years old.

The date of 9,630 + 50 years at 395 cm appears anomalous, but it could be

contamination.

Table 4.2.1 Radiocarbon age of sediments

Depth (cm) Sediment Type Reference No. Age (years BP)
100-110 peat NSW 345 5490 £ 120

{ 240-250 peat NSW 348 6150 + 130
260-270 peat NSW 347 6520 + 130
296 silt / clay OZE 566 14680 + 140
355 silt / clay OZE 567 17300 £ 150
380 gravelly clayey sand 0ZC 982 16800 & 190

1395 silt /clay OZE 568 9630 £ 50
495 gravelly clayey sand OZE 569 17430 £ 90
355 clayey fine sand OZE 570 21350 £ 250
600 silt / clay QZC 981 29700 £ 600
647 silt / clay OZE 571 38050 £ 600
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4.2.2 DESCRIPTION OF SEDIMENT

Sediments can record sudden environmenta changes and so they are very useful ads in interpreting
vaidions in the dimate

Table 4.2.2a describes the sediment of Burraga Swamp. T able 4.2.2b records the grain size andysis.
Table 4.2.2¢ provides data on humicity. Organic carbon content and relative charcod estimation are plotted
in Fig. 4.3b. Photographs of longitudind sections of the sediment cores, areinduded (Fig. 4.2.2)). The
sediments gppear to be a continuous record of the depositiond processes and thus are sensitive recorders of
the environment and its modifications.

The sediment can be divided into two mgor sections: Minerd and Peat. Within the sections, further

divisions are made as shown in Fig. 4.2.3.

4.2.2.1 The Minerd Section

4.2.2.1.1 Sedimentary Unit 1, 655 - 600 cm, about 40,000 - 29,700 years BP.

This unit consists of dternating bands of dark grey and ydlowish grey silt/cay where the day
patice size of the oldest sedimentsis less than 45 um diameter. The sediments become sandier towards the
top of the unit. Thereis averticd crack filled with dark sediments from 605 to 630 cm. Red, crumbly sandy
day occurs betwen 633 and 635 cm.

Microscopic charcod partides occur in rdaivey smal numbers overdl, with none & 600 cm. The
cabon content is low, average of 6%, varying between 4.3% and 7.0%, with an increase to 10% in the

verticd crack. Humicity ranges from 3 between the base and 640 cm to O - 2 above.

4.2.2.1.2 Sedimentary Unit 2, 600 - 510 cm, 29,700 - about 19,000 years BP.
This unit contains very dark grey, grading to light grey, reddish and ydlowish brown dayey sand.
The amounts of microscopic charcod partides fluctuate between zero and low quantities, until 540
cm from where there were many pieces up to the top of this sedimentary unit. The carbon content is low,

average of 5%, ranging from 4.3% to 6.0%. Humicity is low, from 1 - 2, except a 530 cm whereit is 3.

58



4.2.2.1.3 Sedimentary Unit 3, 510 - 375 cm, 19,000 - about 17,000 years BP.
This unit is characterised by brown to grey mixtures of varying amounts of day, sand and reddish
grave with stem / root fragments. At about 440 and 398 cm, specks of wood are found. Within this unit, dak

bluish grey or yelowish/grey brown thin bands of sand/silt/cdlay occur. The more gravely sections are wetter.

This unit is recognisablein the first core a 400 - 500 cm (Fig. 4.2.4).

No charcod patices occur between 480 and 450 cm and a 400 cm. Then, there were very many
charcod pieces between 450 and 375 cm. Overdl, the gravely sediments contain more charcod. T he carbon
content is low, average of 6%, varying between 4% and 8%. Humicity is essentidly very low, between 0 and

1, but is 3-4 where plant materid is present or carbon va ues are above the average.

4.2.2.1.4 Sedimentary Unit 4, 375 - 249 cm, about 17,000 - 6,500 years BP.

The sediments in this unit, are silt/day with frequent changes in colour, ranging from very dark
grey brown to light olive brown/ydlow. The pder bands are drier. There are traces of fine sand in most of the
unit, except around 300 to 290 cm where the sediment is 100% silt/day. A greyish brown band of silt/day
with an eathy odour, a 300 to 298 cm, is sandwiched between very dark greyish brown silt/clay sediments.
There ae plant fragments between 375 and 335 cm. Between 298 and 276 cm, ledf fragments occur and
roots, stems and seeds occur between 276 and 249 cm. Thereis adark staining of the day between 249 and
256 cm.

Microscopic charcod paticles occur in very smdl quantities. The cabon vdues are dlightly
higher in this unit, averaging a 8.6%, ranging from 6% to 11.7%. Humicity is around 2, but is 4 - 5 where
plant fragments occur (indicating that some plant mater at lesst, had disintegrated) or the sediment is very

dark.
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4.2.2.2 Peat Section

4.2.2.2.1 Sedimentary Unit 5, 249 - 11 cm, 6,500 - about 800 years BP.

The unit begins (249-244 cm) with the transition between peat and day. This layer is avery dak
dayey peat. The unit was deposited unevenly in the basin (Fig. 4.2.4).

Between 162 and 155 cm, the sediment is paticularly black and has a strong smell like benzene.
Between 213 and 11 om, there are leaves, wood, roots, seeds and sheets of cdls embedded in the
disintegrated organic matter which decreases up the profile

The wood and ledf remnants in the pest are not found together. Between about 190 and 176 cm
pieces of wood are found. Between about 176 and 171 cm leaves and fla macro-pieces are found. These
macrofossils are similar to the leaves and flower bases of the UNSW Herbarium specimen 10731 Nothofagus
moord  leaves and flower bases. Seeds which are found above 130 cm were identified as Eleocharis
sphacdata, cf Scirpus sp, Carex fascicularis and Carex brownii (K. Wilson pers. comm.), species which do
not occur on the swamp today. Seeds are found in similar strata throughout the swamp (Fig. 4.2.4).

Medium quantities of microscopic charcod patides are found in the pegt. The carbon content is
high, with the average in the peat of 73%, ranging from 28% in the transition zone to 94% in the pe.
Humicity vadues are essentidly 3 - 5, with vdues around 2 in places where plant macrofossils are in

adbundance, such as between 162 and 220 cm.

4.2.2.2.2 Sedimentary Unit 6, 11 - 0 cm, about 800 years BP - present

The top 11 cm of the sediment is basicdly aroot mat, with non disintegrated organic materid.

The carbon content is 81% in the middle of this unit and the humicity vadueis avery low vaue of 1.
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Table4.2.2a Description of sediment from 0 — 249 cm.

Depth Unit | Munsdl colour Description

(cm)

0-10 6 |5YR 3/2 Dark reddish brown herbaceous peat with roots.

11-25 10YR 2/1 Black peat, with the proportion of disintegrated organic matter increasing with depth.
25-59 5YR 2.5/2 Very dark reddish brown pest, roots thicker and more abundant than 11-25 cm section.
59-76 2.5YR 2.5/2 Very dusky red pest.

76-155 5YR 2.5/2 Reddish brown peat gradudly becoming darker; seeds at around 130 cm.
155-162 10YR 2/1 Black peat with smell resembling benzene.

162-171 5YR 2.5/1 Dark reddish brown pest , with leaves and flower bases.

171-213 5YR 2.5/1 Dark reddish brown pesat , with many fragments of wood a 176-190 cm.
213-221 25YR 2.5/2 Very dusky red pest.

221-225 5 |25YR 3/0 Very dark grey pest.

225-227 2.5YR 4/0 Dak gey clayey pest.

227-231 2.5YR 3/0 Very dark grey pest.

231-233 2.5YR 4/0 Dak gey clayey pest.

233-236 10YR 2/1 Black peat.

236-240 10YR 3-4/2 Dak to very dark greyish brown pedt.

240-243 10YR 2/1 Black peat.

243-244 10YR 3-4/2 Dak to very dark greyish brown pedt.

244-246 10YR 2/2 Very dark brown clayey pest.

246-249 2.5Y 2/0 Black clayey pedt.




Table4.2.2a Description of sediment from 249 — 375 cm.

Depth Unit | Munsell colour Description

(cm)

249-254 2.5Y 3-4/2with  [Non homogeneous mixture of dark to very dark greyish brown and light olive brown silt/clay .
2.5Y 5/4

254-270 2.5Y 4/1 Alternating bands, of unequd sizes, of dark greyish with light olive ydlow silt/clays (with a
dternatingwith dlightly yellower brown silt/clay band a 254-256), with penetrating black roots, stems and
25Y 6/4  One |seedsto 270 cm. Variation in moisture occurs —ydlower bands being drier.
band of 2.5Y 7/4

270-276.5 2.5Y 4/2 Alternating bands of dark greyish brown silt/clay with very dark greyish brown silt/clay.
dternating at about |Lighter bands are crumbly .
1.5 cmintervas
with 2.5Y 3/2

276.5-298 4 |gadeinto 2.5Y 3/0|Becominggradualy greyer and grey er reaching a homogeneous colour of very dark greyish

brown/black silt/clay. Organic materia present egleaf ty pe fragments a 290 cm.
298-300 10YR 5/2 Greyish brown silt/clay sediment has smell of sail, is drier than surrounding sediments
300-310 10YR 3/1 Very dark grey stiff silt/clay, with no traces of plant fragments; samples to 330 cm, when
dry, impossible to disaggregate with reasonable force.

310-342 10YR 5/1 Sit/clay becoming gradudly lighter, to grey; no traces of plant fragments.

342-350 2.5Y 4/4 Olive brown silt/clay .

350-375 10YR 5/1 gading |Grey gradinginto brown grey/black silt/clay. 360-375 cm, reddish with black ‘ swirls of mud'.
to 10YR 5/2
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Table4.2.2a Description of sediment from 375 - 655 cm.

Depth (cm) | Unit Munsd| colour Description

375-392 3 7.5YR 4/6 grading to |Brown with reddish tinge of gravels (in places) and sands; long strands of plant roots or stems verticdly
7.5YR 4/2 penetrating.

392-398 2.5Y 7/6to Fantly ydlowish/grey brown silt/clay.
2.5Y 5/2

398-400 5B 4/1 Dark bluish grey silt/day without plant fragments (except for afew specks of wood).

400-417 7.5YR 4/4 Brown gravely clayey sand with reddish tinge of gravels and sands; verticdly penetrating roots/stems; core

darker in centre; 404-406 cm much wetter.

417-419 7.5YR 4/4 Brown fine sandy silt/dlay.

419-423 7.5YR 3/4 Dark brown-black gravely sandy cday with paer (oxidised?) outside.

423-430 7.5YR 3/4 Dark brown cdayey sand.

430-450 7.5YR 3/4 Dark brown gravelly dayey sand; fragment of wood at 440 cm.

450-453 10YR 3/2 Very dark greyish brown clayey sand.

453-463 7.5YR 3/4 Dark brown gravelly dayey sand very wet sediment.

463-469 10YR 3/4-6 1 cm bands of dark sandy day dternating with ydlowish brown sandy day.

469-474 10YR 3/6 Dark bluish grey sandy clay with oxidised outside; embedded blue day pdles.

474-510 10YR 5/3 Brown to dark grey wet gravely dayey sand; with smal fibrous roots in places.

510-569 2 5YR 3/1 Very dark grey dayey sand (fine sand incressing down the profile); 524 cm dayey sand notably wet; 524-526
5YR 4/3 cm dry, crumbly; a 530 cm white minerd matter; sections reddish brown.

569-576 10YR 7/1 Dak grey dayey sand with light grey outside; blue day pdlets a 576 cm; crumbly texture

576-600 10YR 3/4 Ydlowish brown dayey sand; with occasiond dark grey lines; crumbly texture

600-655 1 10YR 7/1 Alternating bands of dark grey and yelowish grey day with finer fractions increasing down the profile, the base

beng 100% day; 628-631 cm reddish; 604-637 cm contains averticd crack filled with darker sediment.
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Enlargements of longitudinal sections of sedimentary cores

(increasing depths from left to right)

Boundary between the peat and mineral sediments. Sedimant becoming
organic at 250/243 cm; stained beiow 254 ¢, Below that, the colour and
moisture of the silt/clay varies and contains penetrating roots/stems, sesds.

288-300 cm dry, soil smelling grevish brown silt/clay. Very stiff and
very dark grey sitt/clay below.

At 392 cm yellowish/grey brown siticlay. At 400 cm dark bluish grey siit/ciay.
Then until 417 cm, brown/reddish brown gravelly clayey sand.
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Table4.2.2b Grain sizefractions in the mineral sediments below the pedt.

Depth gavd coarse sand finesand silt/clay
cm % % % %
260 0 0 traces 100
290 0 0 0 100
300 0 0 0 100
305 0 0 traces 100
320 0 0 traces 100
330 0 0 traces 100
350 0 0 traces 100
360 0 0 traces 100
370 0 0 traces 100
380 10 45 34 11
394 0 0 traces 100
400 0 0 traces 100
410 9 43 36 12
418 0.2 5 37 57.8
440 9 38 42 11
470 0 1 6 93
500 15 35 36 14
530 0 14 52 35
600 0 2 65 34
635 0 0 traces 100
650 0 0 0 100




Table4.2.2c Humidty of sediments anaysed for pollen.

Depth Humcity | Depth | Humcity | Depth |Humcity
(cm) (cm) (cm)
0 1
10 1 274 2 470 0
20 2 280 2 480 1
40 4 290 4-5 490 4
50 4 300 1 500 0
60 3 310 4 510 1
70 2 320 2 520 2
100 3 330 2 530 3
110 2 340 2 540 1
120 4 350 2-3 550 2
140 2 360 5 560 2
160 4 370 2 570 0
180 2 378 0 580 4
200 1 380 0 590 3
220 2 390 3 598 1
230 3 400 3 600 2
245 5 410 1 610 1
250 3 420 1 620 0
255 1 430 2-3 630 0
260 2 440 0 640 3
270 2 450 0 650 3
272 2 460 0 652 3




4.2.3 DISCUSSION OF SEDIMENTARY HISTORY

From 40,000 years BP, a la&ke in an endosed basin, accumulaed days washed in from the
surrounding slopes (X-ray diffraction of sediments indicate tha the sediments are of basdt origin and not
wind blown from inland Austrdia [Nanson, pers.comm.]). The homogeneous nature of the fine grained
sediments and the slow rate of sediment accumulation, 0.06 mm per year (Fig. 4.2.3), indicate a constant
sedimentaion in pemanent open water conditions under relaivey stable conditions (Edney et d, 1990;
Lloyd and Kershaw, 1997; Nanson, pers. comm.). The lake may have been upto 3 m deep (as indicated by
the large quantity of Myriophyllum pollen occasiondly occurring in masses). Since the organic carbon
content is quite low and humicity medium, it is likdy tha not many plants grew directly on the core site
which may have been too deep for rooted vegetation.

About 33,000 years BP, the change to coarser grained sediments indicates a drop in water depth.
The incresse in sand was gradua and by 30,000 years BP, the water depth could have been quite low. The
lake may have dried out peiodicdly since the sediment a& 600 - 605 cm has the appearance of being
oxidised. Here, shrinkage may have caused the crack from 605 cm down to 630 cm which was later infilled
with afine black more organic sediment.

The rate of sedimentation remained constant & 0.06 mm per year until 21,350 years BP when it
incressed to about 0.15 mm per year, indicating some degree of slope instability. At 18,000 years BP therae
incressed markedly to about 1.54 mm pe year (Fig. 4.2.3). The gravdly sandy sediments probably
accumulated as a result of slopeinstability caused by periglacid activity. Some sections of the gravelly layer
had trapped and retained water around the gravels. The thin silt/day layers contaned in this unit suggest
short periods of desper water and more stable slopes. The whole of this unit was deposited in a rdaivdy
short time of about 1,000 years. The coarse sediments indicate shdlow to no water in the basin (Nanson,
pers. comm.). Pollen was not recovered from this unit, except for one thin day band.

About 17,000 years ago, the rate slowed to 0.23 mm per year and the fine grained sediments
suggest the slopes had stabilized and degper water was filling the lake. From 15,000 years ago, some |edf
fragments, fluctuating carbon, humic and minerd content suggest fluctuating conditions of deposition which

slowed further to 0.06 mm per
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year until the peat began to form a 6,520 years ago. T he sediments between 280 and 249 cm which showed
frequent colour changes with some of the layers having been somewhat oxidised, suggest that conditions
fluctuated. There may have been ether period(s) of non-deposition (G. Hope pers. comm.) or simply
hydrologic and biologicd changes in the lake. The stratification may have been caused by theema variation
resulting from significant changes in temperature between seasons or be due to changes in the lake status and
trophic levds, which in turn may indicate changes in effective precipitation (Williams & d., 1998). However,
it is possible that the pder days are a result of inorganic minerds precipitated from the surface waters in
which the chemicd composition was changed dueto an dgd bloom (Williams & d., 1998).

The transition from clay to peat occurred between about 6,700 and 6,500 years BP (249 to 244
cm). Leaching of the organic chemicds from this zone was possibly responsible for the verticd dark staining
of the days (Nanson, per. comm.). From about 6,500 years BP, the water level would have remained low
enough for swamp vegetaion to colonize the whol e of the surface and produce the peat up to the present day.
Once the pest began to form, the rate of sedimentation increased considerably. The substantid amount of
wood pieces in the sediments around 6,000 years ago, suggests that trees, or a least woody shrubs grew on
the swamp surface, or @ the edge. The rate of peat accumulaion was arapid 1.41 mm per year until 5,490
years ago, when it slowed to 0.19 mm per year (Fig. 4.2.3), assuming that deposition has been continuous to
the present and the surface has not been eroded.

Results of diatom andyses concurred with the water level changes described above (Tibby, pers.

comm.).
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4.3 DESCRIPTION OF POLLEN AND ALGAL SPECTRA

Déifinitions of the mgor pollen and dgd groups on the pollen diagram are outlined in Tables 4.3a
and 4.3b. T he pollen spectra of the mgor pollen, spore and dgd groups and their zonation are shown on Fig.
4.3a and 4.3b. Surface sample spectra are provided in Fig. 4.3a and induded are surface sample pollen and
spore spectra for Polblue Swamp, Barington Tops Plaeau. Rare and low pollen frequency taxa (1% or less)

aerecorded in Table 4.3c.

4.3.1 TOTAL POLLEN AND ALGAL CONCENTRATION

Totd pollen concentration is rdaivey high & the base increasing to exceptiondly high
concentrations between 640 and 620 cm. Then vadues gradudly decresse to low, & 560 cm. Totd agd
concentrations roughly pardld the totd pollen concentration trends. The overlying sections 550 to 410 cm
and 390 to 360 cm have too few grains to provide rdiable interpretation. Between these poor polleniferous
Zones, a 400 cm, thetotd pollen concentration is moderate and similar to those a 580 and 570 cm. Thereis
a comparable moderate magnitude of the pollen content between 360 and 245 cm, except & 272 cm where a
high concentration occurs. Then moderate concentrations occur to the top, except for avery high concetration
a 50 cm. Algd concentrations are very low a 400 cm, between 350 and 330 cm and & 280 and 180 cm. At
300 cm there is a rdaivey very high dgd concentration and moderatdy high a 274 cm. Moderate vaues

occur until 70 cm, and then dgae are absent above this levd.

4.3.2 POLLEN SPECTRA

Nothofagus moore pollen occur in low percentages & 400 cm (the oldest record) and & 300 cm.
Then from 274 cm it is consistently present in low numbers until the base of the peat a& 245 cm above which
its presence is 10% and over. Vdues comparable with those of the surface samples are reached a about 200
cm.

The Myrtacege pollen type was divided into three types. Eucalyptus, Leptospermum and Other

Myrtaceee. A large dump of indistinguishable Myrtacese was observed a 272 cm.
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Between the base and 550 cm, Eucalyptus pollen occurs in low percentages and reasonably high
concentrations. Then in the poor polleniferous levels upto 360 cm, Eucalyptus pollen were occasiondly
sighted. Then very low concentrations occur between 350 and 310 cm, and percentages are similar to the
lowest section. There are fluctuating percentages and concentrations between 300 cm and the top with some
high vdues paticularly in the top section of the minerd sediments and & 70 cm in the peat. Leptospermumis
first found & 260 cm near the top of the minerd sediment. At 220 and 200 cm the percentage has incressed.
An increase in concentration occurs a 70 cm with afurther very large increase a 50 cm, both commensurate
with an incresse in the totd concentrations. At the 50 and 40 cm levds, spikes in Leptospermum percentages
occur. Above 40 cm, Leptospermum disappears. The Other Myrtacese type islow until 270 cm after which
percentages and concentrations are higher dl the way to the top. T he percentage & 400 cm is similar to those
above 270 cm. The maximum percentage is ataned a the top.

Casuarinacese pollen occur in smal percentages and concentrations throughout most of the profile.
Since the Casuarinacese are wind pollinated heavy pollen producers, smal amounts of apollen in the profile
indicate long distance transport.

Vadues of Poacese ae low a the base and increase dramaticdly a& 600 cm. This levd has a very
high concentration and percentage, reflecting the high tota pollen concentration. Poacese concentration then
decreases markedly until 560 cm, reflecting a conspicuous decrease in tota pollen concentration. Percentages
dso dedine but the decresse is less than the decresse in totd concentration. Poacese pollen is present in
many of the low polleniferous samples. At 400 cm and between 350 and 310 cm, concentraions ae
rdaivdy low, reflecting totd concentrations, but percentages are some of the highest for the profile. These
high percentages mean tha Poaceee is the most important pollen group a these levels. From 300 to 270 cm,
Poacese dedines noticesbly and is a very minor component of the peat section aove 245 cm. An exception
is the 20 cm levd, which is similar to the 300 to 270 cm zone. At 600 cm, 590 cm, 320 cm and Z72am, may
of the Poacese grains are found in dumps. A size andysis (Fig. 4.3c) of the Poaceze pollen shows that a 600
cm, the mgority of grains have a diameter of 40 um and some have 30 um diameter. Most of the 20 um
diameter grains are in dumps. At 320 cm the main grain typeis 30 um diameter, many in bunches and there
is a smdl pesk of grain sizes of 40 um. At 272 cm, themain grain sizeis 30 um diameter with another pesk

of grain sizes of
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50 um. The dumps are of 30 um and 20 um diameter. This size andysis indicates that possibly different
species were involved.

From the base to 620 cm, Cyperacese pollen vaues incresse to some of the highest in the profile.
Then quantities drop and reman rdatively low throughout the inorganic sediments. Cyperacese pollen are
present in the low polleniferous sediments of 540 to 410 cm levels. Thereis an increase aove 245 cm and
vaues reman moderatdy high throughout the rest of the peet. In the pegt, concentrations are generdly low
and percentages are higher where tota concentrations are low. Clumps of the grains occur in each sample
from 640 to 610 cm, in 590 and 272 cm.

Vey high percentages of Myriophyllum pollen, of more than one type, occur a the base. A gradud
decrease to very low percentage a 600 cm is followed by a gradud increase to amoderate leve a 570 and
560 cm. Then, no Myriophyllum pollen is encountered until a very low amount & 350 and 330 cm.
Myriophyllum regppears a 270 cm, after which quantities oscillae until 70 cm when Myriophyllum pollen
virtudly disgppear from the profile.

Dicksonia antarctica spores first gopear a& 400 cm and then a 310 and 300 cm. Large percentages
and rdativey large concentrations are encountered a 290 and 280 cm, towards the top of the minerd section.
There is a drop to a very low vdue a 274 cm, with an incresse to rdaivey high concentrations and
moderae percentages a 272 and 270 cm, disgopearing until 250 cm. Very low vdues (with occasiond
absences) are maintained from then on to the top.

Asteracese is dmost entirdy Tubulifiorae, with smal amounts of Ligulifiorae found sporadicadly
bdow 310 cm (Table 4.3b). Between 650 and 560 cm there are fluctuating low percentages of Asteracese.
Then rdaivey moderate percentages occur a 400 and 350 to 290 cm, these being the highest vdues for the
profile. Then, percentages and concentraions are low. Rdativdy little is found above 160 cm and then
Asteracese presenceis low and sporadic in the pest.

Percentages and concentrations of Ranunculus are very low from 650 to 220 cm, dfter which the
pollen disappear. At 280 cm, the concentration and the percentage spike, but the totd pollen concentration
does not.

Thefirst appearance of Hydrocotyle pollen typeis a 560 cm and it is present sporadicdly to the top.

Hydrocotyle is best represented a 300 and 274 cm. A large dump of grains was observed a 272 cm.
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Low quantities of Chenopod type pollen are found in the inorganic sediments and sporadicdly in the
pegt. Slightly higher percentages are found a 350 and 340 cm.

Low vdues of monolete and trilete fern spores (other than Dicksonia) are found & 400 cm and
consistantly from 300 cm upwards. Maximum vadues of about 25% of the totd pollen count are found
between 270 and 255 cm. Lower leve's are then maintained to the top.

Indeterminable grains are found in gregter proportions in the minerd sediments than in the pe,
probably because in the former, grains were transported to the site of deposition wheress in peat, deposition
was on site. Grains were crumpled or corroded or broken or partidly conceded. Such conced ment occurred
more in some samples than in others: 580 cm, 320 cm, 310 cm, 300 cm, 290 cm, 274 cm, 250 cm, 245 cm.
Indeterminable grans owing to their twisted / crumpled nature are more predominant in some samples: 620
cm, 610 cm, 590 cm, 580 cm, 560 cm, 400 cm, 380 cm, 310 cm, 300 cm, 280 cm, 274 cm, 250 cm. At 580
and 600 cm many of the twisted indeterminable grains are either Poacese or Cyperaceae, but since they could
not be distinguished from each other, they could not be included in either category. Although corroded grains
can often be identified, some samples contan a high proportion of unrecognisable corroded pollen, for
example, 400 cm, 280 cm, 270 cm. The proportion of badly preserved grains in a sample is a useful
indication of the rdiability of an andysis (Cushing and Wright, 1967). Grains change from wd | preserved to
indeterminable or they disgppear dl together. These dterations are cumulaive and continuous or occur in
discrete steps. Therefore, since the change from good preservaion to complete destruction involves more

than one step, data on the degree of grain preservation in a sample can be useful (Cushing and Wright, 1967).
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4.3.3 ALGAL SPECTRA

The dgd types were grouped into Pediastrum, Spirogyra, Zygnema, Mougetia type, Debarya and
unknowns. On the whole, the paer days contained more dgae than the darker strata

Pediastrum was only found in the peat and formed the totd adgad content in the peat between 70
and 240 cm.

Both reticulate and smooth forms of Spirogyra areinduded in thetotd. Spirogyra occursin al
the minerd sediments which contaned dgae It was 100% of the totd adgee a& 280 cm where thetotd agd
concentration was very low. Occasiond reaivey high percentages are seen.

Zygnema occurs throughout much of the minerd profile The highest percentages occur a 300
and 274 cm, both samples which contain rdaivey high totd agd concentrations and a 250 cm.

Mougetia typeis represented sporadicdly, with highest percentages a 330 and 290 cm.

Debarya is present in only afew samples and manly be ow 560 cm. T he highest representation
isa 650 cm.

A number of unidentified agd types occur in many samples and is highest a 630, 400 and 270

cm. High vaues dso occur a 620 and 240 cm.
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4.3.4 POLLEN ZONES

Zone 1, 650-610 cm, 40,000-30,000 years BP. Exceptiondly high concentrations of Cyperacese and
Myriophyllum distinguish this zone.

At the base of the core, there is a Myriophyllum spike. Then Myriophyllum and Cyperacese are both
high until near the top of the zone. Between 640 and 610 cm there are many bunches of Cyperaceee grains,
indicating that possibly mature or immature flowers were washed into the sediment (Faegri and van der Pijl,
1979). At 610 cm the percentage of Cyperacese remans very high while the concentration has dropped (as
has the tota concentration), indicating tha the perceived Cyperacese incresse is due to the decrease of
another grain (Myriophyllum) rather than ared incresse in Cyperacese. The percentages of Poacese are low
and their concentrations are rd aively moderae.

There is a diversity of herbaceous low pollen frequency taxa and the shrubs Lomatia, Podocarpus
and Tasmannia are present. Eucalyptus pollen, dthough occurring in low percentages, are present in
rdaivey high concentrations, thus signifying that they are the man treg/shrub in this zone Asteracese
(induding Liguliflorae), Ranunculus and the Chenopod type occur in low percentages and concentrations.

Concentrations of indeterminable grains (which are manly crumpled), fluctuate and their
percentages incresse up the profile, suggesting that conditions for pollen preservation were deterioraing over
the 10,000 years.

The dgd oconcentraions are moderae to high, with many types represented. The highest
concentration of Debarya in the profileis at the base

Zone 2, 600-560 cm, 30,000-21,000 years BP. The zone is distinguished by a much reduced
Myriophyllum and Cyperacese and an increased Poacese.

The zone begins with avery high Poacege content. A size andysis of the Poacese grains (Fig. 4.3¢)
shows the mgority of the grains are about 43 um diameter. At the beginning of the zone many grains occur
in dumps of thicker waled grains, sized about 20-25 um, indicating that possibly immature anthers were
preserved. Cyperacese grains dso occur in dumps, suggestive of the deposition of flower heads (Faegri and
van der Pijl, 1979).

The Eucalyptus content is similar to Zone 1, except for the top of the zone where the percentage is

higher but its concentration is low, suggesting tha the vegetation was an
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open Eucalyptus community. Asteracese, Ranunculus and the Chenopod type are similar to Zonel and
Hydrocotyle is present a the top of the zone There are fewer and only herbaceous, low pollen frequency
taxa

600 cm leve contains the highest concentration and 580 cm the highest percentage of indeterminabe
grains, mostly crumpled, in the whole profile A man contributor to the indeterminable group is
Poaceae/ Cyperacese. At 590 cm Poacese pollen occur in dumps and thus are distinguishable.

The dgd population, which decreases up the zone, principdly consists of Spirogyra. Water was
possibly less avalable for dgd growth.

550-410 cm, 21,000-about 17,000 years BP.

The totd pollen concentrations are very low, too low for reigble interpretation, dgee are absent,
but plant macrofossils and microscopic charcod particles are preserved. Conditions during this period were
seemingly not conducive to pollen preservation.

Poacese pollen is present in most of the day samples but not in the gravels. Cyperaceseis less well
represented.  Other groups represented by a few grans, sporadicdly, are Eucalyptus, Casuarinacese,
Asteracese (indluding Ligulifiorag) and Chenopod type, Podocarpus, Brassicecese, Asclepiadacese and
Persicaria.

The sand and graved sediments, which appear to have been deposited very rapidly, did not adlow
pollen to be concentrated in them.

Zone 3, 400-310 cm, aout 17,000-15,000 years BP. High percentages of Poacese and very low
Cyperacese with only sporadic occurrence of Myriophyllum characterise this zone

Size andysis of Poacege grains a 320 cm (Fig. 4.3¢) show mainly 30 um grains, hence the comman
species here are likdy to be different from the larger grained species in Zone 2. Many of the common sized
grains occur in dumps.

A thin day band & 400 cm, contains traces of the mesic taxa Nothofagus moorei, Dicksonia
antarctica and monolete and trilete ferns. Present are Poacese, Eucalyptus, the Other Myrtacese, Asteracese
(induding Ligulifiorag), Ranunculus, Chenopod type and a diverse group of low pollen frequency taxa
induding Tasmannia. There is ardaivey high percentage of indeterminable, mainly crumpled, grains. The
percentage of Poacege is similar to that a the base of Zone 2, but the concentration is similar to the much

lower
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quantity in the middle of Zone 2 and higher in Zone 3, but the percentage a the 400 cm levd is just
significantly less than the percentages higher on the zone The lower percentage is due to the higher
proportion of indeterminable grains. Thereis asmal concentration of dgae, largey of an unknown type.

Between 390 and 360 cm, plant roots, sheets of cdls and the largest quantity of charcod in the
profile occur but there is insufficient pollen for interpretation. Only a few grains of Poacese, Cyperaceee,
Eucalyptus, Casuarinacese, Asteraceee, Chenopod type, Podocarpus, Brassicacese, Epilobium and Typha are
seen. Algee are dmost absent.

In the upper pat of the zone, between 350 and 310 cm, the percentages of Eucal yptus are similar to
those in Zones 1 and 2 (bdow 20%), but concentrations are lower. Asteracese (above 6%) and the Chenopod
type (in the main Caryophyllaceag), are higher than in the zones b ow. Between 350 and 310 cm there are
high leves of Poacese, with very low Cyperacese and only sporadic occurrence of Myriophyllum. The Other
Myrtaceee and Hydrocotyle are sporadicdly represented with a consistent low presence of Ranuncul aceze.
Low pollen frequency taxa eg.Tasmannia, Typha, Epilobium are represented. The concentrations and
percentages of indeterminable grains, incresse up the profile Between 340 and 310 cm, there are no plant

fragments. T he content of dgaeis very low with only a bare representation a 320 and 310 cm.

Zone 4, 300-270 cm, 15,000-10,000 years BP. A pedk for Dicksonia, Hydrocotyle, Ranunculus and
a 274 cm Scrophulariaceee type, a consistent presence of other fern spores and a little Nothofagus,
distinguish this zone.

Eucalyptus, overdl, is dlightly higher than in the rest of the profile and the totd Myrtacese
concentration spikes a the dark 272 cm layer. The Other Myrtacese grains are consistently present, in very
low quantities. Dicksonia spikes in the middle of the zone (in sediments containing lesf fragments), just
before the beginning of a consistent gppearance of Nothofagus. Ferns other than Dicksonia are consistently
present with a Monol ete spore spike a the top of the zone.

Ranunculus and Hydrocotyle reach pesks here. There is a moderate representaion of low pollen
frequency taxa, of which Tasmannia and Scrophulariacese are the most common. Poacege is moderate, with
a spike a 272 cm, where asize andysis of the grains (Fig. 4.3c) show mainly 30 um grains, as in the lower
pat of Zone 3, but thereis a secondary pesk a 50 um. Large dumps of 20 um grains occur and some of the

30 um
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size. Cyperacese va ues are low, with incressed presence a 272 cm levd.

Myriophyllum regppears only a the top of this pollen zone. Simultaneously with the return of
Myriophyllum, is the maked decresse in the concentration and percentage of Asteracese, Ranunculus,
Hydrocotyle and Chenopod type.

The concentrations of indeterminable grains are consistently moderate and the percentages fluctuate.
At 272 cm the concentration is similar to that of the other leves, but the percentageis significantly lower,
since thetotd grain concentration is much higher than of other leves. 274 and 270 cm have low percentages,
similar to the minerd sediments of Zone 5. Overdl, there is no one type of indeterminable grain.

The concentrations and types of agae vary between leves in this pollen zone. At 300 and 274 cm
the concentrations are rdatively high, consisting largdy of Zygnema type. The smal number of dgae a 290
cm consist largdy of the Mougetia type. At 280 cm there are only very few dgee, dl Spirogyra. The low
concentration of dgae a 272 and 270 cm are mainly unidentifiable. T he water regime during this zone was

vaiadle

Zone 5, 260-190 cm, 9,000-6,000 years BP. Deposition of pest begins during this zone
Characteristics of this zone are the consistency of and incresses in Nothofagus; gppearance of L eptosper mum;
concentrations and percentages of Eucalyptus are lower and tha of the Other Myrtacese higher; decreases of
Dicksonia and herbs such as Ranuncul us which then disgppears permanently from the profile

At the top of the zone the vaue of Nothofagus is comparable with surface samples taken from the
swamp. Poacese is low and Cyperacese and Myriophyllum are moderate, with some higher vaues for the
|atter. The monolete and trilete fern spores reach some of ther highest vdues at the base of the zone. Thereis
a moderate representation of low pollen frequency taxa, with eg. Cardaminein the minerd sediments only
and Typha amost throughout.

There are few indeterminable grains in the peat  sediments.
Algae occur in moderate quantities. Between 260 and 245 cm they are mainly unidentified but 250

cm contains largdy Zygnema. In the peet, only Pediastrum is present.
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Zone 6, 180-90 cm, 6,000-4,500 years BP. This zoneis defined by consistently high Nothofagus;
sporadic presence of Eucal yptus, Leptospermum and Asteracese.

Poaceee is very low and Cyperacese and Myriophyllum are moderate in this zone. At 100 cm there
is a percentage peek for Cyperacese, with the vadue equivadent to the high vadues in Zone 1 but with alower
concentration, padlding the lower totd concentration. Dicksonia is low, other ferns fluctuate. The Other
Myrtaceee is consistently present. There is a diversity of low pollen frequency taxa with Orites and
Urticaceee the most common. Most of the vaues for the pollen groups are within the vaiaion found
amongst the surface samples from the swamp.

There are low concentrations and percentages of indeterminable grains.
The dgd concentration is very low a the base of the zone and increases to medium. Pediastrumis

the only dgd type present.

Zone 7, 80-0 cm, 4,500 years BP to present. This zoneis characterised by high to very high totd
pollen concentrations; some very high vaues for Leptospermum and the disgppearance of Myriophyllum.

A high concentration of Nothofagus occurs a 50 cm and the percentage is not  depressed
significantly by an exceptiondly high quantity of Leptospermum. Above here, Leptospermumiis absent. High
vaues of Nothofagus and Other Myrtaceae occur a the top of this zone. Eucal yptus occurs in low quantities
except a 70 cm and the top of the zone, where they reach the vaues in Zone 4. Above 70 cm Myriophyllum
is dmost unrepresented. Other features are much the same as the zone beow it, but the low pollen frequency
taxa ae paticulaly wdl represented with Apiaceae, Cunoniacese, Orites, Papilionacese and
Scrophul ariacese the most common. Thereis aslight increase in Poacese near the top.

There are low concentrations and percentages of indeterminable grains.

The moderate concentration of dgae & 70 cm consists only of Pediastrum. No dgee is found in

samples above 70 cm.
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Table4.3a Definition of the pollen groups on the pollen diagram (Fig. 4.38) and their distribution in the present vegetation

Pollen typeon

Plant species represented by

Current distribution in the vegetation

pollen diagram pollentype

Around the swamp Regond vegetation
Nothofagus N. moore Restricted to temperate rainforest Restricted to temperate rainforest
Eucalyptus Eucalyptus spp Eucalyptus forests Wet and dry eucalypt formations
Leptospermum Leptospermum spp Not present Eucdypt forests, fringngthickets to

wetlands

Other My rtacease

All other species in the family

Tristaniopsis in mixed rainforest
Acmena in Nothofagus forest
Backhousia in riverine forest

Subtropica rainforests, rainforest
margns, cool temperate rainforests,
wet and dry eucay pt forests

Casuarinacese

Casuarina/ Allocasuarina
species

Not present

At least 11 km distant from swamp, in
eucaly pt formations, rainforest
margns.

Poacese

All species of the family

Swamp surface

Wet and dry eucalypt formations,
plateau grasslands, sub-adpineforests,
grasslands and swamps.
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Table4.3a Definition of the pollen groups on the pollen diagram (Fig. 4.38) and their distribution in the present vegetation

Pollen typeon
pollen diagram

Plant species represented by
pollentype

Current distribution in the vegetation

Around the swamp

Regona vegetation

Cyperacese

All species of the family

Swamp surface and in light bresks in
Nothofagus forest

Wetland and dryland formations,
ranforest margns, sub-apine forests,
grassland and swamps.

Myriophyllum

Probably M. pedunculatum, M.

propinquum, M. verrucosum

Not present.

M. pedunculatum: in mud.

M. propinquum: fresh water up to1m
deep, with floating stems in deeper
water; damp land surrounding swamps
and lakes.

M. verrucosum: fresh or brackish
water of few cm to 4 m; persists and
flowers in dampland. Santy and
Jacobs, 1981).

Dicksonia

Dicksonia antar ctica

Rainforest and wet eucay pt forest

Rainforest and wet eucay pt forests,
cool temperate rainforest on plateau.

Asteracese

All species of family

Swamp surface

Eucay pt formations, grasslands,
swamps, forests of upper spurs and
plateau.
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Table4.3a Definition of the pollen groups on the pollen diagram (Fig. 4.38) and their distribution in the present vegetation

Pollen typeon Plant species represented by
pollen diagram pollentype

Current distribution in the vegetation

Around the swamp

Regond vegetation

Hypolepis sp, Microsorum
scandens and M. diversifolium

Ranunculus Ranunculus spp Swamp surface Sub-dpine swamps, grassland, forests.

Hydrocotyle Probably Hydrocotyletripartita | Swamp surface and rainforest Rainforest margns, eucdy pt
formations, sub-alpine forests,
grasslands and swamps.

M onoletefern M ostly Lastreopsis microsora, | Swamp surface and rainforest Rainforests, damp habitats in eucay pt

forests.

Caryophyllacese

Triletefern Probably amixture of Rainforests Eucaly pt forests, plateau forests, damp
Hymenophyllum sp. Pellaea qulliesin rainforests.
falcata, Pteris sp.

Chenopod type Chenopodiacese, Not present Eucalypt and sub-adpine formations.

Chenopod typeon pollen diaggam  Reference: Harden (1990 — 1993)

Chenopodiacese | S Einadia spp: in heavy soils of Northern Tablelands.
Rhagodia parabolica poor soils of semi-arid or areas of higher rainfal.
Cayophyllacese H Sellaria: moist shady places in gullies and margns of rainforest; swamps and seasonaly flooded
Sites.
Polycar paea: widespread; herb of arid regons.
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Table4.3b Definition of the algal groups on the pollen diagram (Fig. 4.3b) and their ecology

References: Chapman, 1964; Hoshaw and M cCourt, 1988; Van Ged and Grenfdl, 1996 (Volumes 1 and 3).

Sooretypeon diagram

Ecology of dgd type (representingany of a variety of species)

Thefirst four dgd types beongto the
Zy gnemat acese

Ubiquitous in fresh water habitats, typicaly in stagnant, shallow
water in ponds or ditches, in moist soils or bogs, as wdl as in
rapidly moving fresh water, larger bodies of standingwater and lake
margns.

Populations in floating mats grow rapidly in nutrient poor pools.
Zygospores indicate clean, oxygen rich, shdlow stagnant
mesotrophic water in seasonally warmed habitats. However, the
spores enable the adgee to withstand unfavourable conditions, eg.
dryingout or freezing of the habitat.

Soirogyra Near surface of stagnant water and universaly present and the most

abundant of these genera
| Zygnema | Also frequent in situations outlined for the family.

Mougetia type Can occur when a locd rise of the water table produces shallow
water.

Debarya (glyptosper ma) Fossils are common in cold or cool climates in high -mountans
abovethetredine.

Pediastrum Common in fresh water. Associated with reasonably nutrient rich

and dkdine conditions. Inhabits manly eutrophic but aso
oligotrophic lakes.
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4.3.5 DISCUSSION OF VEGETATION HISTORY

From about 40,000 to 21,000 years BP, the vegetation was probably an open community in
which Eucalyptus was the only tree. On the one hand, the landscape may have been sparsdy treed with a
grass understorey, but surface samples for grassland and dpine aress dl contan some Eucalyptus pollen
(Dodson, 1983; Dodson and Myers, 1986; Martin, 1986, 1999), hence the vegetation immediatdy around the
site may have been grassland.

Between 40,000 and 30,000 years BP, aguatic and swamp vegeaion flourished, with an
abundance of Myriophyllum and Cyperacese, a little Triglochin, Typha and mesic vegeation which was
represented by a diversity of mesic (Appendix 2), low pollen frequency shrubby and herbaceous taxa The
vaiability of Myriophyllum pollen grains suggests that more than one species of Myriophyllum existed
(Appendix 5) and these may have represented both water and/or mud types. After 30,000 years BP, the mesic
shrubs, such as, Tasmannia and Lomatia, were reduced. T hus, while there was little change in the Eucal ypius
representation through this time, other straa of the vegetation were being impoverished.

About 32,000 years ago, the lake was shdlow and conducive to dgae which thrive in stagnant
water (Chagpman, 1964; Hoshaw and McCourt, 1988; van Ged and Grenfdl, 1996). However, the dgd
numbers then continualy decreased as the lake level was dropping. By 30,000 years BP, both Myriophyllum
and Cyperaceee were much reduced and Poacese incressed markedly. The high concentraions and the
dumped state of the Poaceage pollen about 30,000 years ago suggest a locd source, i.e it was possibly a
swamp grass around the edge of the lake. After about 26,000 years BP, concentrations became much lower,
suggesting that the swamp Poacese had disgopeared and only dryland species were represented in the
spectrum. Thus there were considerable changes in the weland vegetation: from abundant
Cyperacese/ Myriophyllum, to abundant Poacese to a much reduced wetland after 26,000 years BP. Between
21,000 and 17,000 years ago where pollen is lacking, thereis insufficient evidence aout the vegetation.

The traces of mesic taxa e.g. Nothofagus, Dicksonia, other ferns, present a 390 cm in thefirst
core taken with a Hiller corer, can be dismissed as contaminaion. However, the traces in the 400 cm day
band in the second core taken with the Livingstone corer, are not so essily dismissed as contamination, but

they cannot be explained readily.

95



From 17,000 to 15,000 years BP, the landscape would have been virtudly tredess and
grasslands were well developed. The common grass was different from tha a 30,000 years BP. T here was
minima swamp/aguatic vegetation. The vegetation may have been an dpine community, since the pollen
spectrum during this period contained the important indicators, such as, Ranunculaceae, Caryophyllaceee, for
dpine vegetation (Dodson, 1983), but may dso conform to a grassiand.

By 15,000 years BP, a sparse tree cover, similar to pre-glacid times, had returned. After about
15,000 years BP a Eucalyptus forest developed, mesic dements of Nothofagus gppeared and Dicksonia and
other ferns became established, probably as ardaivedy minor pat of the vegetation.

Between about 13,000 and 12,000 years ago Dicksonia became prolific, herdding the
transition to cool temperate rainforest. Today around Burraga Swamp, the tree ferns are common, but their
spores are represented in low numbers in pollen surface samples (Fig. 4.38). Thus 13,000 / 12,000 years ago
the tree ferns were more abundant than a present. The concentration of Dicksonia remaned reaivey high
until 10,000 years BP. Then until around 9,500 years BP herbs grew on the swamp surface. After this period
Myriophyllum grew on the sediments once more and smal herbs and Dicksonia were much reduced.

After 9,000 years BP, Nothofagus incressed, Eucalyptus forests decressed somewhat, other
Myrtaceee types increased and Leptospermum gppeared. The percentage of Cyperacese and Myriophyllum
incressed significantly. By 6,000 years ago, Nothofagus had reached levels comparable with those in the cool
temperate forest surrounding the swamp today. Most of the present day communities had become established
by about this time but Poaceee declined once peat started accumulating. T here were some fluctuations in the
tree component of the vegetation during the upper pat of the Holocene, but it would have been within the
limits of the variability in the vegetation found in the region today. Leptospermumiis the exception. It is not
found at the site today, but in the past, it was occasiondly abundant. Dodson (Dodson et d., 1994) found
abundant Leptospermum in his centrd core on Burraga Swamp between 2,140 and about 300 years BP, but
the pollen was adsent from the core studied on the swamp edge. T his suggests tha Leptospermum may have

grown on the swamp surface. T here were only minor occurrences after 300 years BP.
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In the present study, the pesk of Leptospermum around about 4,000 years BP, coincided with
the disgppearance of dgae and Myriophyllum, which indicates that a shrub community had colonised the
swamp, only to disgopear and be replaced by a Poacese and Cyperacese community. Although Cyperaceseis
present throughout, species have changed with time Identifications from seeds do not match any of the
species growing there today.

During the Leptospermum phase, Nothofagus percentages were not significantly decressed (as
shown by the eror bars), indicating that probably the forest had remaned steble It is likdy tha the
vegetation which existed during the period containing the top of the profile, was similar to tha currently
occurring to the south of the swamp today, since the pollen in the 0 cm levd of the profile mirrors that in
forest surface sample D.

The vaiaion in the representation of Nothofagus over the last 6,000 years, may indicae
changes in proximity of the forest trees to the core site and the effect of the filtering effect of the swamp
vegetaion. This suggestion is based on the data provided by surface samples (surface samples Figs 4.2.4 and
4.338). Surface samples E and F, which are from within the cool temperate ranforest, contan very high
percentages of Nothofagus pollen. However, swamp surface samples B and C, which are nearest to E and F,
contan the lowest Nothofagus percentages, possibly since both B and C are beneath dense Poacese /
Cyperacese vegetaion which may act as filters for forest vegetaion pollen. Surface sample A, which isin

more open vegetation, contains higher vdues of Nothofagus pollen.
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4.3.6 FIRE HISTORY

Rdative quantities of charcod are recorded on Fig. 4.3b. The charcod pieces found in the first core
(Sweller and Martin, 1997), gopear to have been very locdised.

Charcod is low from 40,000 to 21,000 years BP and increases to moderae between 21,000 and
17,000 years ago. Moderate to very high quantities occur in the sandy gravelly layers of the 17,000 Ka period
(paticularly where pollen is rar€) but charcod is negligible in the day bands, regardless of the fossil pollen
content. The sediments which incorporae the most gravds contain large pieces (upto 200 um) of
microscopic charcod. Then from 17,000 to about 6,500 years BP, which is the base of the peet, vdues were
low to absent and then medium in the pest.

These results may indicate that rdaivey little burning occurred in pre-glaciad maximum times. At
face vaue, burning was more prevdent during the glacid period, but depositiond factors may have
influenced the rdaivey large quantity of charcod accumulated during the later pat of the 17,000 Ka
peiod. Erosion of the sparsdy vegetated slopes may have caried down the accumulaed charcod and
deposited it in the sediment. In post glacid maximum times, burning was low and moderate burning occured
once rainforest became established. Thus, fire has dways been pat of the environment, but intensity and/or
frequency has varied.

The present forest has been burnt as can be seen in the forest around the swamp today. If thefireis
not very severe, N. moore regenerates vegetaivey through coppice shoots from the intact tree and through
coppicing due to a proliferation of dormant buds, paticularly under the soil, beyond the fires limit (T urner,
1981). When some bare soil is available in this high light condition, seeds have a gregter chance to survive
and Nothofagus can regenerate. Today, examples of coppicing and regeneration can be seen in the forest

around the swamp.
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Chapter 5 A COMPARISON OF BURRAGA WITH OTHER QUATERNARY STUDIES

The earliest phase of sediment deposition a Buraga Swanp, abaut 40,000 years ago, correponds with
mid-Stage 3 of the Marine Oxygen Isotope Curve (Matinsen et d., 1987; Fig 1.2). The curve indicates that
temperature levds osdllaed with an overdl cooling and drying trend & levds somenhere between the glacid
lows and integlacid highs. Moisture would have followed similar trends. The open Eucdyptus vegetation a
Burraya (Section 4.3.5) fits in with this modd. Moisture leves were fdling and conditions weredrier than the
presant but nat as dry & it woud becomein gladd times(Fig. 5.1).

The vegetation 40,000 years ayo a Buraga indcates a dier dimate when the lake was severd metres
deep. This goparent contradiction may result from conditions of lowe temperaures lead ng to lower evgporation
and the fewe trees cusing less evgmtranspirdion, bah of which woud dlow higher lake levds to be
mantaned under condtions o lower ranfdl. Lake levds were dso high dsewhere in Audrdia duing abaut
50,000 to 36,000 years BP (Dodson, 1975; Bowler, et d., 1976; Edney & d., 190), in pat, |eading Nanson
(Nanson and Young, 1988; Nanson et d., 1992) to propose a sub puvid peiod during the second haf of Stage3
However, not dl lakes were high during the wholeof this intervd ( Dodson, 1977; Edrey & d.,1990).

At Burraga between 40,000 and 30,000 years ago, the vegetation overd! was rddivdy dier than the
presmt. Pdynology a some other sites indicate Smilar conditions (Dodson, 1975, 1977b; Kershaw, 1976, 1985,
1994, Colhowun et d., 1982), similar to Burragp However, exceptions accurred (McKenze, 1997; Chdson,
1992).

Between 30,000 and 21,000 years ago, the lake level & Burraga gradudly decressed (Sedion 4.2.3).
During this period other lakes in eastern Austrdia may have been low, oscillating or full (Dodson, 1975; Bowle
e d., 1976; Singh and Gesder, 1985 Edney, e d., 1990) ad a compilation o a large number of esstem
Austrdian lake depths indicates tha the number of deg lakes increased fom 30,000 years BP to amaximum a
26,000 years BP (Harrison and Dodson, 1993).

Thedrier dimate a Burraga baween 30,000 and 21,000 years ago, was irsufficient to causeany marked
disruption inthe dryland vegetation (Section 4.3.5). Elsewhere in southesstern Austrdia, the vegaation, dthough

somewhat drig than bdore, was not
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dramaticdly changed (Kershaw, 1971, Colhoun, 1978 1980; Colhoun & d., 1982). Some lodities still
contdned wetter dements (Colhoun, 1978, 1980; Hope, 1978; Singh and Gessler, 1985). In the south-centra
highlands of Victoria, the tredine had temporaily rissm (McKenzie, 1997), indcating a locd incresse in
temperature or moisture (Hope, 1989).

At about 24,000 years BP (bounday of oxygen isotgpe Stages 2 and 3), a rgad dedlinein temperature
levels is indicted (Matinsen @ d., 1987; Fig. 1.2). At about 21,000 years ago, slgpe instaility began around
Burraya and the | ake was & its shdlowes betwean 18,000 and 17,000 BP (Section 4.2.3). Duing thistime 69%
of the lakes oan the Austrdian antinent were d<o shdlow (Harrison and Dodson, 1993). At about 17,000 years
BP the lowes moisture levels can be inferred fram the axygen isatope cuve (Martinsen et d., 1987; Fig. 1.2).
Burraga deta ayrees with this trend (Fig. 5.1).

During 17 Kathe instability a Burragaincressed, possibly as the result of lifluction & the height of the
glacid maximum when the whd e of thegravely dayey sand unit was depodted (Sedion 4.2.3). T he stegp slope
of Mt. Lumeeh to theesst (Fig 2.1d) would have been vulnerable to corsiderable erosion under degabilizing
condtions, such as the disruption of the vegetation cover under paiglacid activity. Snow may have mvered the
area (Section 1.31). However, duing the height of the last glacid maximum when the harshest conditions
existed, seved thin silt/day bands faomed a Burraga and are suggestive of brief peiods of rddive slope
stability.

During the severe dimatic period a Burragg conditions for pollen preservation were unfavourade,
except for the period when a narow band o fine sadiment was deposited & 400 cm (during 17 Ka).
Interpretation of the smal amaount of rainforest type pollen (discussed in Section 4.34 Zone 3J) is prablemaid,
but if the dimate had amdiorated for aufficiently long, afew rainforest daments may have established in this
locdity. There is recent evidence of short periad, high amplitude, rapid dimatic fluctuations during the las
glacid stage with vegetationd responses (Dakken and Jansen, 1999; Nimmergut et d., 1999; Birks and Amman,
2000, Peteet, 2000). Smilar fluctuationrs may have occured a Burraga. However, the rainforest pollen in this
400 cm pollen sample @ Burraga, could result from long distance dispersd in the sediment (Campbdl & 4d.,
1999 brought by the grong predominantly south essterly winds & this time(Thom & d., 194), supporting the

notion of rainbrest refugia to theesstern and southern sheltered areas of the Barrington
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Tops (Dodson, & d., 1986; Dodson, 1991). In a montane area such as Barrington, a range of miaodimates
would exist providing a variety of environments over shat distances to give possibe suitad e locations for the
development of Nothofagus (MKenze, 1995). Curret anomdous N. noore distributions occur, such as at
Cartas Brush, on the dry westen side of Mt. Patterson, inthe Barrington Tops Nationd Park (Fig. 5.3).

On peiglacid evidencg, the estimate of mean temperatures a the height of thelast gladid maximum for
montane mainand eagern Austrdia, would have been 9°C lower thanthe presant (Galoway, 1966 and Barrows
e d., 2000 in Section 1.3.1 o this thesis). It islikdy that Burraga experienced similar temperature drops (Fig.
5.1). The oxygen isotope cuve indicaes tha the lowest temperatures occurred about 17,000 years ago
(Matinsen et d., 1987, Fig. 1.2).

The vegetation a Burraga wasvirtualy tred ess, as was most of southeastern Austrdian vegetdion & this
time (Hope, 1978; Colhoun et d., 1982; Colhoun, 1985; Colhaun and van de Geer, 1986, Makgrd, et d., 1986,
Singh and Gessler, 1985; Dodson, 1989 Edney e d.,1990; Chan, 1991; Robbie, 1998). Burragaisthe mog
northerly idertified site (Fig. 14) of the tredess terran. Theonly paynologicd studiesof the glacid period in
the esstern highlands to the nath of Buraga, arein the Atherton Tabldands. Here in northesstern Audrdia, the
glacid vegetation wasdry sclergphyll forests (Kershaw, 1976, 1985, 1994).

Thetredessness is usudly atributed to aidity but it may bein pat due to lower CO, in the @amosphere.
The 30 - 50% reduction of atmospheric CO, during glacid times, would have stressal the vegetation, reducing
tree gowth and favouring C4 grasslands and shrubands (Wetts, e d., 2000 in Section 1.3.3).

At Burraga, conditions improved after 17,000 years BP. T he catchment stabilised and was mvered by a
grasdand (Sedion 4.35). Thepost gladd dimatic andioration wes rapid dter 17,000 to about 9,000 years BP,
as shown by the oxygen isotopecurve (Matinsen et d., 1987; Fig. 1.2). There werelocd and regiond variations
in the timing of the dimatic recovery in eastern Austrdia In somelocationsthere was an increase in temperature
around 17,000/16,000 years BP (Macphail, 1979; Macphal and Colhoun, 1985; Martin, 1986; Miller e 4d.,
1997). Ice retreat began about 15,000/14,000 yeas ago ad a Carruthers Creek in the Snowy Mountains, NSW,

glaciers had lagdy disappeared by 14,500 years BP. However, conditions remained dry Bowler @ d., 1976). At

Burraga
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the lake returned between about 17,000 and 15,000 years ago, possibly as a result of snow mdt. Generdly in
essten Austrdiafrom 18,000 years BP, lake levds were low, with an increase in some lakes between 15,000 and
13,000 years ayo (Hartison and Dodson, 1993).

At Burraga, about 15,000 yers ago, some mesic daments, such as fens and Nothofagus noore
gopeaed in low quantities, an Eucayptus cover becameestablished and herbs grew on the sediments (Fg. 4.3a
and Section 4.3.5). During the 15,000 to 10,000 years BP period & Burraga water fluctuated between a very
shdlow lake and an dmost dry surface (Section 4.3.5), causing the vaiability in the sadiments (Sections
4.2.21.4, 4.2.3 and ind cating dimatic oscillations. Such fluctuations are nated d sewhere (Dodson et d., 1986),
in some cases sufficiently sevee to reverse andioraing dimatic trends (Macphail, 1979; Hope et d., 2000).
Wate-table fluctuations may be produced when temperatures rise fager than precipitaion, producing excess
evgparaion and moisture stress and/or if evgpdranspiraion incressed due to increesed vegetation (Macphail,
1979, Markgref et d., 1986; Dodson et d., 1986).

Abou 15,000 to 10,000 years BP dsavhere in southeegern Audrdia, thevegetation changed to a more
wooded type, but the nature ad timing of such vegetaiond changes vaiel from region to region (Markgref e
d., 1992). During this time there weae large changes in tempeaaure and moisture regimes under unstable
cdimaic condtions. In this period, chenges in differet dimaic factors were reported flom studes of the
vegetation in different locations in esgern Auwstrdia In some places, paticulally a higher dtitudes, only
temperature chenges were gpparent (Raing, 1974; Bowler @ d., 1976; Matin, 1986; Macphail, 1979; McKenzie
1997, Kershaw et d., 1991b; Colhoun, 2000), while in some aress, vegetation shiftsindicated dry condtions ad
temperature chenges are not gpparent (Kershaw, 1976, 1985, 199; Colhoun, et d., 1982; McKenzie 1997).

In some parts of esstem Austrdia, however, a @out 12,000 years BP, vegetation (Kershaw, 1995) and
lake leves (Harrison and Dodson, 1993) indicate maximum aidity. Thisis late than suggested by the oxygen
isotope curve as mentioned earlier, but regiond hydrologic factors may have been involved.

At aout 13,000 to 12,000 years BP, many southesstan highland swamps began deve gpment and
indicted regiond dimatic improvements (Binder and Kershaw, 1978). It was duing this period thet Dicksonia

antarctica incressed to apesk a Burraga (Fig. 4.39,
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showing that moisture levels incressed there a that time (Jones, 1998; Hill and Macphail, 1985; Hale et d.,
1993). Across Souhern Tamania, after 12,000 years ago, there was anincresse in rainfdl (see Setion 1.4.9) and
lakesin esstem Austrdiabeganto fill (Harrison and Dodson, 1993).

Similar Dicksonia pesks occurred esewhere, around 10,500 to 7,000/6,000 years ayo (Magphal and
Jackson, 1978, Ladd, 1979b; Macphail, 1984; Dadson et d., 1986). T hus the Dicksonia pesk a Burraga (290 to
280 cm), a 13,000 to 12,000 years BP, occurs earlier then dsewhere. At Burraga, Hope (pe. comm.) suggests
that there may have been a peaiod of non-depasition (above 300-298 cm) in the lake sadiment (@ conceivably
oxidised laye), before the Dicksonia pesk and some mixing of sedments @ove 298 cm, thus changing the
timing of the Dicksonia pesk to early Holocene to coincide with those of previous gudies. However, the date of
14,680 years BP from 296 cm, is from materid above the possibly oxidised sadiment where the bregk in
sedimentation may have occurred, thus not dtering the timing of the Dicksonia pesk. Dicksonia flourished when
ecolagica conditions were particularly fvourableand there is no resson why these conditions had to occur a the
onetimein different regons.

The Dicknia pesk gppears to have herdded the cool temperate rainforest. It is alogica precursor to
ranforest since it can migrate essily. It colonises wet lands in forest dearings (Duncan and Gold, 1986) and in
the farests of Barrington T ops, Dicksonia antarcticais most dbundent in damp hollows (T urrer, 1976). T oday,in
locations near high dendty Dicksonia popuations, gpores may not be wdl represented in surface samples (Fig.
4.3a; Dodson and Myers, 1986). Theefore, a Burraga, the high percentage and concentration of Dicksonia
spores could indicate the existence of afern populaion much denser than present today. Dicksonia antarctica
“ frequently grows in extensive gands’ (Jbnes, 198, p. 189), forming “ sizesble groves” (Dunen and Gold, 1983
p.102). However, since the spares of Dicksdnia antarctica can be dispersed over long distances (Sdas, 1983) by
water (Ladd, 1978), the ferns could have been growing dsewhere and the spores chenndled by flowing water,
intothe basin (D’ Costa and Keshaw, 1997).

The osdllations in moisture levels between 15000 and 11,500 years ago a Burraga, may have bem
responsibl e for the sparadi c presence of Nothofagus during that period (Fig 4.33). Moistureis the mgor limiting
factor for Nothofagus (Reaed and Brown, 1996; Adam perscomm.) dthough it adso has requiremerts for

minimum temperatures N.
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moore forests can occur dong snow mvered, shdtered gullies, aut of the direct drying action of wind (Frazer
and Vickery, 1938; Adam, pes. comm.). It ha been shown that Nothofagus ainninghamii, which shares a
common ancestor with N. moore and hes similar ecdogicd @nstrants, can withstand the cold, (s common as a
shrub in the subd pingd pine mountains of Tasmania [Magphail and Jackson, 1978]), but is limited by moisture
(McKenzie, 1995). When rainfdl is low, Nothofagus may grow dong waercourses (Baur, 1957) or wherethere
is sufficient groundwater (Read and Brown, 1996). Thus, it could be supposed tha in the regon of Burraga, by
15,000 years ago, moisture had reeched levels gregter than virtuadly any time within the lagt 40,000 years ad
consequertly high enough for the beginning of the development of cool temperate rainforest in the region of
Burraga Swamp. Nothofagus noorel pollen tends to be under-represented, despite alarge praduction of wind
dispased pollen (Swdler and Matin, 1997). Thus, the smdl percentage of Nothofagus pollen recorded (Fig.
4.33), may represent adistant (even jug two kilometres away) saurce, or afew tress within about 100 m of the
swamp (Dodson, 1988 Dodson, 1991). The Pdblue surface sampes in this current study (Fg. 4.3a) have vary
low Nothofagus pollen percentages. T hereis no Nothofagus forest & Polblue Swamp.

By aout 11,500 yeas BP, efective moisture hed incressed suffigently to dlow N. nbore to become
permanently established near Burraga, possibly as an undastorey in an eucdypt forest. If conditions were still
only margind, the tress may have grown in stunted, possbly coppicing, fom (Poole, 1987). After 10,000 years
BP, representation of Nothofagus was increasing and ater 9,000 years ago, the cool tempeaate ranfarest becane
permanently established (Section 4.3.4 Zones 4 and 5). The vegdation a Burraga between eout 9,000 BP ad
6,500 BP impies an incresse in effective precipitaion (Sedion 4.3.5).

N. noore was present in smal percentages on the Barrington T ops Plateau, by 10,000 years BP (Dodsn
et d., 1986) and Figure 5.2 summarisesthe histary of Nothofagus at eight Plateau sites and Burraga (see FHg. 21c
for sites). Abaut 8,500 years BP, a pek in Nothofagus was registered a Killer Bog (ébout 12 km northesst of
Burraya). At Black Swamp (about 7 km north/northeest of Buraga), Nothofagus pesked about 6,000 yeas BP, &
abou the same time as @ Buraga and on the northerly end of the Plateau & Boggy Swamp (about 25 km
north/northeast of Burraga). At Horse Swamp (dbout 18km north/northwest of Burraga) the Nothofagus pesk

occurred around 1,000 years BP.
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Evidently, conditions suitable for the esablishment for N. noore forests were achieved & different times
over the Plateau. At most of the sites, Nothofagus dedined from its pesk and thereare only a few isdated stands
near the site today. However, & Killer Bog and a BurragaSwamp, there are second pesks of Nothofagus near the
presat time. Both swamps arecurrently within Nothofagus forests. T hus, Nothofagus forests have had a complex
patten of increase and decline over the Plateau, during theHolocene

The current distribution of Nothofagus noore rainforest a Barrington and Gloucester Tops, is shownin
Fig. 5.3. Thepresent distribution of N. noore on the Plateau is “ dang the shetered vdleys and drainagelines”
(Dodson, 1991, p. 75).

Nothofagus moore  requires a mean annud tempeaure of 1 - 20°C, with the men annud ranfdl of
1,113 - 2,372 mm, o which 50 mm fdl duringthe driest month (Boland &. d., 1984; Read and Famquhar, 1991,
Read and Hope, 1996) with no defined dry seeson (Frazer and Vickery, 1937). Therestriction of N. noore to
cool, commonly Pbg-bound sites, suggests that a constant high humidity is required (Howard, 1981). T hese
condtions must have been reached in theesstern parts of the Barrington T ops around 9,000 years ago.

Suitable condtions for Nothofagus cunninghamii, aresimilar to the requirements of N. noore, and these
were reeched a a dlightly earlier time in the Victorian southern highlands and in western Tasmania, than &
Barington Taps. N. cunninghamii forests whidch have been presant for the last 40,000 years (possibly escaping
the dadd conditions in refugd sites (McKenzie, 197; McKenzie ad Kershew, 2000, Colhoun, 2000)
redevel oped in western Tasmania dter 14,000 years BP. They inaessed ad reached maximum devdopment &
different places a varying times, between 10,000 and 7,000 years BP (Macphail, 1979 Makgdf e d., 1986;
Colhoun, 2000). At the Victorian sites, Nothofaguswasincreasing dong an dtitudina gradient by about 10,000
years BP, reaching beyond curent distribution between about 7,000 and 4,000 years BP (McKenze, 1997,
M cKenzie and Kershaw, 2000). T hus, N. cunninghamii as wel as N. nmoore had a variablehistory of progression

across its southeast Austrdian range.

For other vegetation types, optimum conditions were reeched a somewhat varying times across
southesstern Austrdia, dso. Changes to wetter vegetationd communities dso indcated increases in effective

precipitation and tempeaature by 10,000 years BP, reaching
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the maximum (beyond today’ s) beween 8,000 and 6,000 years ago (Dodson, 1977b; Binder, 1978; Binder and
Kershaw, 1978; Colhaun, 1978 Williams, 1978; Ladd, 1979a Macphail, 1979; Maphail, 1984; Markgref et d.,
1986, Dodson et d., 1986; Chason, 1991; Radbbie, 198; McKenzie, 1997; Matin, 199) and in Northesst
Quemnsland by 6,500 to 5,500 years BP (Kershaw, 1971), during the peiod of maximum Holocene sea levd

(Nason et d., 1992).

Within Burraga basin, the tramsition to pest ocaurred between about 6,700 and 6,500 years BP (Section
4.2.3). By this time there was agood locd forest cover (Section 4.3.4 Zone5), comparable with that of today and
the resultant high evgotranspiraion probably reduced mnoff, so the water level of the swamp remained low
enough to dlow rooted vegdation to flourish and peet to form. The forest cover dso woud havestabilised the
slopes, resulting in reduced erodon and minerd sedimentaion into the swamp. On Barrington T ops Plateau, pet
formaion began aout 8,500 years BP. The timing of the ped formation variesfrom swamp to svamp ad has
continued to have beeninitiated until very recently (Fig. 52; Dodson & d., 1986; Dodson, 1987).

The beginning of the peat formeation a Burragaand on most of the sites on the Plaeau, coincided with
the establishment of the cool temperaterainforest. For exanple, a Killer Bog, peat deved opment started a 8,500
years BP, the time of the first Nothofagus pesk. T hen fdlowed along section of minerd sed mentation and vey
little Nothofagus with both ped formation and a Nothofagus pesk returning a 1,200 years BP (Fig. 5.2). Not dl
the svamps bllow this pattern At Pdblue, pett formaion starts well beore any Nothofagus which remains
minimd throughout the profile(Fig. 5.2). However, Polbueis theswamp & the highest devaion and lacks any
Nothofagus in its vicnity. Moisture contert is controlling both pest and Nothofagus forest devd opments ad
results from the correct hydrologcd condtions which may be achieved a diferent times in different locdities.

At Burraga the devel ogpment of the swamp slowed after 5,500 yearsBP (Fig 4.2.3). Burraga Svamp may
have been drier between about 4,000 and 2,000 years BP (Section 4.3.5). After 230 yeas BP thae was an
increese in the rate of svamp gromth (Dodson et d., 1994). However, the materid deposited during mogt of this

latter period wes largdy an unmnsolidaed root mat (Tade 4.2.23 Fig. 4.2.2a()) and this lack of compaction

may give
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the illusion of faster accumuletion. On the Plaeau dso, conditions beame drie¢ and cooler from about
3,500/3,000 to 2,000 years BP (Dodson et d., 1986; Dodson, 1987). Therate of pet accumu ation increased in
the last few hundred years in some of the Plateau swamps, for exanple, Baggy, Butchers, Pd blue Swamps ad
Kille Bog. As a Burraga this incressemay be due to thelack of ampaction, but it more or less coincides with
the farmation of the newv peatlands: Sapphire and Clive Swamps (Dodson, 1987). Conditions on the Plateau were
possibly wette from about 2,000 years BP, with possible inaeases in temperature dter 1,000 yeas BP  (Dodson,
1987).

Similar dimaic changes have been noted over other parts of eastern Austrdia as well, with some regiord
tempora vaiaion. In Northern Austrdia (Lees, 1992) and d<sawhere (Macphail, 1979; Makgraf & d., 1986;
Robhie 1998), cool and dry conditions were registered from 6,000/5,000 years BP, whilein many southem
Austrdian loctions, the timing was between @out 4,000/3,500 years BP and 2,000 years BP (Hope, 1974;
Bowler et d., 1976; Binder and Kershaw, 1978; Williams 1978; Ladd, 1978, 19793 McKenze, 1997). Howese,
in some locations, dimatic deterioration occurred somewhet laer, after 2,000 years BP (Kershaw, 1971, Hope &
d., 2000; MKenzie, 1997). Lake levds dso indicate ashift to drier condtions beween 5,000 and 3 000/2,000
years BP but by 1,000 years ago, wetter than present conditions are implied (Harrison and Dodson, 1993

Harrison, 1989).

The charcod in the sediments may not be rdded to fire events but may record fire-rainfdl-erosion
episodes (Head, 1989). As discussed in Section 4.3.6, changes in erosiond condtions dane may have bemn
responsible for the charcod “ pesks’ during the Last Glacid Maximum. Theeis no evidence of actud fire driven
changes during the higory of Burraga Swvamp (Dodson € d., 19%; this gudy). The swamp vegetaion, when
dried out, would burn essily ad the fires may haeve invaded the margins o the fores. One consequenee of burrt
Nothofagus forest, is the growth of young Nothofagus plants (Section 4.3.6), which ae currently present in the
forest around Burraga Swamp. However, raiforests rardy bun and then only under exceptiondly dry
condtions. On Barington Tops Plaeau dso, fire seems to have had no direct responghbility for any mgor
vegeaion shifts. Until about 3000 yeas BP, fires on thePlateau were low in intensity and fequency, theredfter

incressing (Dadson et d., 1986). However, Dodson’ s
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charcod influx study indicated that “ firewas probebly oneof the main driving forces of the dynamics within” the
sderophyll vegetation system (Dodson, 1988, p.205). Neverthdess, the role of fire is undear in the Ealy

Hol acene expansion of N. noore & Boggy Swamp and dsewhereon the Pl ateau (Dodson, 1988).

The changes of Nothofagus a Burraga, in the Iast 6,000 years are within the range of surface sample
vaidions (Fig. 4.3a). There aemany young plats in theforest a present. On the Barrington T ops Plateau from
about 1,500/1,000 years ago to now, thecool temperate ranforest hes expanded (Dodson et d., 1986). However,
a the lower devation of around 900 m, Nothofagus is nat replacing itsdf sufficiently (T urne, 1976, 1981).
Insteed, the ecies which regenerates in greater proportions in the coole aress of its range (Read and Brown,
1996), gppears to be migrating upwards possibly under the influence of dimetic waming (T urner, 1976, 1981),
which affects effective moisture, which in turn would limit the growth of Nothofagus and possibly incresse fre
frequency. Repested fires in eudypt forests adjaning rainforest, an push back the rainforest boundaies. If the
fire is not vay severe, N. noore can regenerate vegetatively through copp ce shoots from the intact tree or from
dormant buds particulaly unde the soil beyond the firés limit. In the prdonged eisence o fire, rainforest can

advance into Eucd yptus forests (T urne, 1981).
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Chapter 6 CONCLUSIONS

Abou 40,000 years ago, Burraga was asmdl l&e with abundant aquatic and swampy vegetation. It wes
surrounded by a sparsdy treed, shrubby landscape with avariety of mesic herbs. At this time, the cdimate wes
drier than present.

Soon dter 30,000 years BP, the water level in the lake wes dropping and the ajuati ¢/swampy vegetation
disapeared. The herbaceous dement decressed, shrubs disgppeared, grasses becamemore prdific, but there was
little change in the Euca yptus representation Howeve, by 21,000 years BP, the vegetation was asparsdy tread
grasdand/herbiidd. Erosion of the slopes was increasing and sand was being deposited in thelake. The dimate
had become drier than previously.

During 17 Ka sand and grave were deposited into the basn, probably dueto substantid slope instaality
causad by peiglacid ativity. There weae occasiona stable periods during which times silt/day was depositel
into the basin The vegetation had became a tred ess grassland/hebfidd. The dimate was drier than previously,
thusbeing very much drier and colder then today.

Soon dter 17,000 yeas BP, the slopes stabilizad and fine grained sedimerts were deposited in the l&ke.
Until about 15,000 years BP, the vegetaion was still a tredess grasslad/herbfidd. T emperatures began to
incresse and nowmet would have added weter to the basin.

After 15,000 years BP, some mesic dements weae presat in alimited way and thevegetation remained
spardy treed Herbs grew on the mud o the basn. Dicksonia antadica reached a pegk, herdding the gopearance
of ranforest. There were periodic short term dimatic fluctugtions but overdl rainfdl and temperatures incressed.
Effective precipitation reached level's greder than & any time since 40,000 yexrs BP.

From 9,000 years BP onwards, Nothofagus moorel and other mesic dements were estallished. Svamp ad
aguati c vegetdion retumed and by 6,500 years BP peet began to fom in thebasin. By about 6,000 years BP, ad
temperate ranforest hal resched full developmert. Maximum moistures and temperatures (higher than present)
were reached between about 9,000 and 5,000 years BP. Subsequently, with cooler and dier conditions, the
swamp dried somewha until ebout 2,000 years ago, after which present conditions were established. The cod

temperate rainforest has remained on the site to thepresent day with
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peet deposition continuing to the present.

Theinitiation of peat formation, the pegk in Dicksonia and the deve goment of Nothofagus forests are dl
recognisable & Burragg, the other sites on the Plateau and € sewhere in southesstern Audrdia While the trends
of the occurrences are similar, the precise timing of the events vary in different locdlities. Evidently, the required

environmentd factors were achieved a somewhat different times in the diverse locdiities.

Burraya exterds the record of tredess conditions during the height of the last glacid maximum to 15,000

years BP, to amore natherly locdity then previously known.

Recommendations for futureresearch

Theextent ofthe Last Glacid Maximum grasd ands north of Burraga, could bethe focus of futurestudies.

In this currert study, Burraga is a the southern limits o theNothofagus noore distribution. Studies o

sitesfurther narth are needed to discover the histary of N. noore throughout itsrange.
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Figue 6

T hefollowing pages present diagrammiati ¢ represatetions of

40,000 years o changeat Burragg
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1 | ‘ . NORTHEAST
TIME: 40,000 - 30,000 years ago

SOUTHWEST

Eucé.'yp!us s$p.
herbs

CLIMATE:  drier than present

2

TIME:; 30,000 - 21,000 years ago

N7 ‘
sedimems bacoming sandy

CUMATE:  drier than previously

3.

TIME; 21,000 - 17,000 years ago

Height of th t Glagial Period
eight of the L ast Glagia i Mt Lumeah

PERIGLACIAL
ACTMVITY

treeless, shrubless, waterless and cold Causing graveis

andg

unstahie condifions

witr_u shor_t perlods of more slable conditions’

gravels deposited during 17 kg

- . : sediments
treeless, as was all southeastern Austrata

CLIMATE: drier (han previously and much drier than teday {50% less précipitata‘on)

much goider than today (=9'C lawer)

summers were like winters are now
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4

TIME: 47,000 - 15,000 years ago

7 Mt Lumeah

. lreeless, as was all southeastern Austratia

&
grasses prolific

sills and ¢lays
gravels

sediments

CLIMATE:  temperatuze increasing

TIME: 15,000 - 8,000 years ago

7 Dicksonia antarctica profific
herbs on mud

sediments

CLIMATE: ' rainfalt increasing

temperature increasing
Seasonaiity greater than at pregant
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6

TIME: 9,000 -5,500 years ago

Mt Lumeah
other Myrtaceas
[/ other ferns

Dicksania antarctica

Evcalyptus sp.

37 Nothofagus moorei prolific
water - from 8,500 years ago

. . T . N
peat started toform peat  swamp and aquatic plants

oo jusass QI

cool lémperale rainforestiuity de\}ek:ped .

aboul 8,500 yedrs ago sediments

CUMATE:  maximum moisture {5 - 10% higher than prasentj

maximum temperatire (x1-2°C higher than present)

7

TIME: 5,500 - 2,000 years ago

23

WP other Myrtaceae

W Leptospermum sp, prolific only during

peat; swamp plants this period.

sediments |

CLIMATE: drier and cooler than. fust before and after

8

TIME: 2,000 years ago - present

§ P Nothatagus moorai

edimems

CLIMATE: coo! - humid to sub - hiimid {és al present)
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APPENDICES

APPENDIX 1 Speciesidentified in the study area.

1, the swamp surface

2, Nothofagus forest around the swamp.

3, Riverine subtropicd forest, 11 km from the swamp.
d, disturbed aress. e edge of forest. |, in light bresks.

SAMPLE SITES 1

M osses

Campylopus introflexus +
Dicronoloma dicarpum +
Holomitrium perichagtate

Papillaria

Pteridophytes

Arthropteris tendla

Dicksonia antarctica

Hymenophyllum flabd latum

Hypol epis sp.

Lastreopsis microsora +
Microsorum diversifolium

M. scandens +
Pellaea falcata

Polystichum proliferum

Pteris sp. +e

Angiosperms
Apiacese: Hydrocotyle tripartita +
Apocynacese: Parsonsia straminea
Asteraceae: Gnaphalium gymnocephalum +
Bignoniaceae Pandorea pandorana
Boraginaceee: Ehretia sp.
Brassicacese: Cardamine hirsuta +
Casuarinacese Casuarina sp.
Cunoniacese: Ackama panicul ata

Caldduvia paniculosa

Schizomeria ovata

Cyperacese: Carex appressa

C. inversa

C. lobolepis

Cyperus lucidus

Scirpus inundata
Dioscoreaceae: Dioscorea sp.
Ebenacese: Diospyros australis
Escd loniacese: Quintinia sieberi
Euphorbiacese: Croton verreauxii
Fabacese: Acacia mdanoxylon

Cassia sp.

Fagacese: Nothofagus moorei

+ + + +

+d

=+

+ 4+ + + + + + o+

+

=+

+



SAMPLE SITES 2
Juncacese: Juncus usitasus +
Lauraceee: Cryptocarya erythoxylon +
Liliacese: Diandla sp. +
Mdvaceae: Hibiscus sp.
Mdiaceee Synoum glandul osum
Monimiaceae Doryphora sassafras +
Daphandra tenipes +
Moracege: Ficus coronata
Myrsinacese: Rapanea howittiana +
Myrtacese: Acmena smithii +
Backhousia sp.
Eucalyptus |aevopinea
E. saligna +
Syzygium australe +
Tristaniopsis collina +d
T. laurina +d
Onagracese: Epilobium sp. +
Orchidaceee +
Pittosporaceae: Citriobatus sp. +
Poacese: Agrostis avenacea +
Echinopogon ovatus +
Glyceria australis +
Microlaena stipoides +
Phragmites australis +
Polygonacese: Polygonum subsessile +
P. decipiens +
Protescese: Orites excdsa +
Rosacese: Rubus hillii +d
R. rosifolius +e
Rubiacese: Coprosma quadrifida +
Morinda jasminoides +
Rutaceae: Mdicope micrococca
Sapindacese: Diploglottis australis +
Scrophulariaceae: Gratiola peruviana +
Solanacese: Duboisia myoporoides +
Solanum sp. +
Sterculiaceae: Commersonia sp.
Symplocacese: Sympl ocos sp. +
Violacese: Hymenanthera dentata +
Vitacese: Cayratia dematidea +
Xanthorrhoeaceae: Lomandra spicata +



APPENDIX 2 Digribution of low frequency taxa.  Habit: A, aguatics C, climbers; H, herbs S, shrubs; T, trees; ST, smdll tree;
MT, mediumtreg TT, tal tree
Reference: Harden (1990 — 1993)

Taxon Hahit Distribution of taxon

Acronchia sp. StoMT | In warmer rainforess and on their margns

Apiacese, not H,S In and around bogs, often ebove tredine in dpineand subapine areas south from

Hyadr ocotyle Barrington Tops.

poss. Oreomyrrhis ciliata

Or O. @iopoda In farest, dpine herbfield end heath a hidher dtitudes, south of Dorrigo.

Ardiacese C, ST Wet sclerophy|l forest, in or on margns of sub-tropica wam or cool temperate

poss. Polyscias sp. rainforest, widespread in coast and ranges.

Asdepiadaceee C,H Rainforest and wet sclerophy |l forest, inland to Liverpod Ranges and Goulburn River

poss Marsdeniarostrata valley.

AstaaceseLigquliflorae

Barksia sp. S Heath and dry sclerophyll forest and woodland.

Brassicacese eg. Rorippa | H M ud or shdlow waer; forest.

Cardamine sp. H M oist sitesfrom lower ranges to dpine regons. Damp farest on tablelands south from
Barrington Tops. Grasslands at higher atitudes.

Cunoniacese ST Cod tempeate rainforest dominated by Nothofagus moor e, often dongstreams

Dodonea S ST Shrubland, in basdltic soil by creeks.

eg D. rhombifdia

Elaeocar pus ST In or on margns of cooler rainforest to 1500 m. Mainly on theranges ingullies, or
dongwater courses often in tall eucaly pt forest.

Epilobium sp. H Along creek beds and in swampy aeas; noist places.




Distribution of low frequency taxa

Refaence: Harden (1990 — 1993)

Hahit: A, aguatics C, climbers; H, herbs; S shrubs; T, trees; ST, small tree;

MT, mediumtree TT, tdl tree

Taxon Haht Distribution of taxon

Gonocarpus / Haloragis H Open forest; understorey of wet sclerophyll forest or rainforest. G. humilis in damp
places, especidly aound aeeks and drainage lines extending to Barrington T ops.

Labiate H Proganthera lasianthos in rainforest, sclerophy |l and subdpine woodland, mainly
alongwater coursesand inmoist gullies.

Lomatia S ST Heath, sclerophy |l woodland, tablelands. L. arborescens-smadl treein cooler
rainforest or moist situations in wet sclerophy |l forest at higher dtitudes north from
Barrington Tops, on margns of cool and warm temperaterainforest in mountainous
aress.

M eliacese ST Subtropica and dry rainforest , warmer ranforest.

Orites T Coder rainforest egpecidly at higher ranges.

Papilionacese S Wet sclerophyll and rainforest margins; hesth and forest, often in swanpy to well
drained places. Somein dry sclerophy|l; subapineto dpine grasslands or woodland
south from Barringon T ops.

Parsonsia C Cod and warm temperaterainforest south from Dorrigo district, woodland, vine
thicket, dry rainforest.

Pergcaria H M argns of swamps, lagoons, bank of streams.

Pimdia H, S ST | Forest and gasslands. In goen forest and heath, chiefly on ranges, south of Barington
Tops.

Pinus T Introduced and grown in plantations on Barrington Tops, approx. 20 kmupland from
swamp; afen treeson Mt Allyn Rd 7 km SE of svamp, at lowe devation.

Podocar pus ST Alpine shrub; in and around rainforest.

Polygonacese C,H, S | Moist situaionsinforestsand roky slopes near streans at higher dtitudes.




Distribution of low frequency taxa

Refeence: Harden (1990 — 1993)

Hahit: A, aguatics C, climbers; H, herbs; S dhrubs; T, trees; ST, smdll tree;

M T, mediumtree TT, tdl tree

Taxon

Haht

Distribution of taxon

Rubiaceae

H

ST

Galium sp.: grasslands and woodlands esp. a hidher dtitudes; moist shaded sites in
rainforest or wet sderophyll. Aspe ula gunnii: wooded and grasdand aress in damp
sitesat higher dtitudes in Barrington T ops distrid.

Coprosma: damp sitesat higher dtitudes, usualy onhillsides in woodland or scrub,
sclerophy |l forest and cool temperate rainforest, usualy aong creeks; C. nitida
eucdy pt woodland recorded only from Barington Tops.

Scrophulariacese

Danmp placss; in silt and mud of swamps, streams and shallow weater or on dried
ground; depressed aess after flooding, wet sclerophy |l forest and rainforest. Veronica
sp: moist eucaly pt woodland, grassland or swampy sites 1,000— 1,500 metres dtitude
in Barrington Topsarea; Euphrasia dliolata: grassy sites or near bogsor swamps and
in subalpinewoodland chidly in Barrington Tops

Tasmannia

Smdl creeksor drainage lines near or dongedge of Nothofagus moor e rainforest and
in tal moist eucalypt forest usualy abovel,000m atitude at Barington Tops.

Trig ochin

Sationary o flowingfreshwater in avariety of habitats; shalow seasond or
ephamerd wetlands

Typha

Swvamps, margns of lakesand streams.

Urticaceae

I(> > w

w

M ountain gullies, well drained sites, moig shady situations in forests, & higher
dtitudes inN. noore forest.




APPENDIX 3 Gran identification
(i) Deterioration

Deteiorated pollen and spore grains havebeen classed aacordingto thefollowing key
devised by Cushingand Wright (1967).

Type of grdn deterioration Decription
Corroded Distinctive etching or pitting rendomly al ove surface.
Degaded Usudly entire exineaffected equaly; aperture

recognisable but difficult to resolve sculpturd ad
structural detail; wdls may become amorphous.

Crunpled Bady folded, wrinkled or collapsed, twisted or distorted
so arigna shape cannot berecondructed;
exinenormd but may be thinner; endexine attacked.

Broken Exine ruptured, bresk mug extend through edktexine.

(if) Certanty of identification

Cushing and Wright (1967) suggested thefollowing“ rules” and these wae usedin
thisthesis.

Deteminable grains (a) can be assignedto recognisabletaxon OR
(b) can berecognised as diginctivety pe but cannot
be assigned to any formaly named taxon

Indeerminable grains () cannot be differentiatedinto distinct type but precise
desaiptionis possble and grains ae recognisable
whenever encounteed.

(b) conceded: essertia feaures obscured by particles
surroundingor adheaingtothem.
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APPENDIX 5 Differentiating Myriophyllum species on grain / pore size.

Pollen of Myriophyllum propinguum, M. verriicosum and M. pedunculatum were
measured for grain length and pore size. The results were plotted on the graph below.

Line of best fit dividing
M. propinquum and M. verrucosum

e
[#3]

Pore diameter ' p
>

st
0L ;'725 N 30 35, 40 .
Longest grain length (including pore)
K
M. propinquum e 3 pored The line of best fit from the
M. verrucosum * 4 pored ~above graph is used on
M. pedunculatum @3 pored and @ 4 pored the analysis graphs on
: the next page.
Each / denotes extra grain. @ 2 pored

Selected levels from Corel were used for the following analysis. Measurements of grain
length and pore diameter of Myriophyllum grains were taken and plotted on the graphs on the

following page. It appears that during the history of Burraga Swamp, more than one species
of Myriophyllum inhabited the basin.

The ecologies of these three Myriophyilum species are outlined in Table 4.3a.
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M. pedunculatum was not identifiable in these samples °

Pore diameter ;

T

10 .

Mynophyllum graln iength / pore s:ze
a

These grams probably resembie-

70 cm ievel

;f . e M prop:nquum on[y

10 o

51 Co :

10

10

.
1These gralns resembic a mlxture of
:M. verrucosum and M. propinquum .
390 cm IeveE : S :

595 om level, 0
ST J’ hese gralns resembte M propfﬂquum )

. Longest grain length (including pore) |y

207 25 30, o
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APPENDIX 6

Copy of

Swdler, S. and Matin, H.A. (1997). History of the vegetation a Burraga Swamp, Barrington T ops

Nationd Pak, Upper Hunter River Region, New South Wades.

Proceadings of the Linnean Society of New South Wales, 118, 23-50



APPENDIX 7

Copy of

Swdler, S. and Matin, H.A. (In Press).
A 40,000 year vegetation history and dimatic interpretation of Burraga Swamp, Barrington T ops, New
South Wdes.

Quaternary International, 82-83.



	Title Page - VEGETATIONAL AND CLIMATIC CHANGES DURING THE LAST 40,000 YEAR AT BURRAGA SWAMP, BARRINGTON TOPS, NSW
	ACKNOWLEDGEMENTS
	ABSTRACT
	TABLE OF CONTENTS

	Chapter 1 - INTRODUCTION
	Chapter 2 - ENVIRONMENT OF BARRINGTON TOPS
	Chapter 3 - METHODS AND TECHNIQUES
	Chapter 4 - RESULTS
	Chapter 5 - A COMPARISON OF BURRAGA WITH OTHER QUATERNARY STUDIES
	Chapter 6 - CONCLUSIONS
	REFERENCES
	APPENDIX 1
	APPENDIX 2
	APPENDIX 3
	APPENDIX 4
	APPENDIX 5
	APPENDIX 6
	APPENDIX 7



