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Introduction

Australia experienced its greatest peacetime disaster in February, 2009, when bushfires in Victoria, covering in excess of 450,000 ha (Figures 1-3), 
resulted in the loss of over 170 lives and in excess of 2000 homes. Major predisposing factors were 1) an exceptionally long-lasting drought that had 
made the landscape very dry and fire prone combined with 2) an extreme heat wave caused by a slow-moving high pressure system, in association 
with an intense tropical low located off north-western Australia and a monsoon trough over northern Australia, that resulted in ideal conditions for hot 
tropical air to be directed over south-eastern Australia. The trigger for the fires on Black Saturday was the attainment of record high temperatures (with 
Melbourne reaching 46.4º, the hottest temperature ever recorded in an Australian city) combined with wind speeds over 100 km/h, followed by a cool 
change with gale-force winds in excess of 120 km/h. The scale of the disaster was exacerbated by relatively high population levels within the majestic 
forests around Melbourne that provided ignition opportunities for arsonists and from infrastructure such as powerlines.  It has long been recognised that 
the eucalypt-dominated open forests of south-eastern Australia are extremely flammable and have most likely evolved in association with fire. However 
the fire history of the inherently unstable mix of wet sclerophyll eucalypt forests that boast the largest angiosperm trees in the world and pockets of fire 
sensitive cool temperature rainforest dominated by Gondwanan Nothofagus (or southern beech) in wetter areas, where much of the fire destruction 
occurred, is uncertain, although, the long held ecological view is that they are maintained by occasional high intensity fires (Jackson 1968).

A contribution to management of Australian ‘Black Saturday’ 
forests from palaeoecological records

Conclusions and management implications

Evidence suggests that Nothofagus-dominated cool temperate rainforest and wet sclerophyll forest formed 
from different floristic elements in response to the switch from a summer to winter dominated rainfall system 
in south-eastern Australia. They have survived together, in expanded form during interglacial periods and 

within refugia during glacial periods, despite their very different responses to fire. Although occasional 
high intensity fires have been considered essential to their mutual survival, available information of their 
history suggests that the frequency of fires is likely to have been very variable though time with the 
current pattern only operating within the last few thousand years and in response to high ENSO activity. 
There is no evidence that Aboriginal people altered fire regimes and, from the scarcity of 

archaeological material recovered from these environments, it is unlikely that they employed any kind of 
forest management. Consequently, the implementation of intensive controlled burning measures is 
inappropriate. Probably the best policy for ensuring the future survival of these unique and majestic forests, 
even under proposed Greenhouse climates, is to exclude permanent human settlement and, in the process, 
reduce risk and cost to the community.

Questions of management

Once the blame-game of the current, inevitable, Royal Commission into 
the Black Saturday bushfires subsides, decisions will have to be made 
about future management of these forests. A policy of fire exclusion was 
abruptly changed after the previously most disastrous fires of Black Friday, 
1939, when 71 people died and several towns were completely destroyed.  
Controlled burning, considered similar to that undertaken by indigenous 
inhabitants by some people, was implemented. It may appear from the 
massive extent of forest destruction in 1939 (Figure 4), compared to 2009 
(Figure 1), that this policy may have been at least partially effective and 
has led proponents of forestry to argue for an intensification of this practise. 
However, conservationists are concerned about the impact of a high level 
of active management on future integrity of the forests. One problem is 
uncertainty about the real nature and extent of the wet sclerophyll-
rainforest mix before the 1939 fires, as they had been so severely 
impacted. Even today, their legacy is very evident, with many wet 
sclerophyll eucalypt forests still in a relatively early phase of succession 
(Figure 5) and Nothofagus forests largely restricted to sheltered river valleys 
(Figure 6). Compounding the problem is the question of greenhouse-
induced climate change and whether the extreme conditions of the 2009 
fires are beyond those previously experienced, and will occur in the future 
regardless of any degree of controlled burning. Clearly there is a need to 
examine the history of these forests to provide some informed basis for 
assessment of their current status and their future management.

Long term forest history

There is evidence that the mix of Nothofagus rainforest and wet sclerophyll 
forest has a relatively long history. The old lake sediments of Garvoc, a 
volcanic crater on the western plains of Victoria, covering the period from 
about 1.2 to 0.7Ma, indicate the establishment of a synchronous pattern of 
change in pollen of Nothofagus and Pomaderris (a characteristic 
understorey tree of wet sclerophyll forest), together with general increases 
in pollen representation of more widespread Eucalyptus and 
Cyathea/Dicksonia (treefern) plants, by 0.84Ma (Figure 7). Prior to this time, 
high levels of Callitris pollen, combined with the general scarcity of taxa 
requiring wetter conditions, suggests generally dry conditions. It is proposed 
that cool temperate rainforest was ‘re-formulated’ from the few surviving 
remnants of more diverse rainforest that dominated the vegetation of the 
region through much of the more humid Tertiary period, while wet 
sclerophyll forest taxa evolved out of developing sclerophyll vegetation 
within the late Tertiary to early Quaternary. 

The timing and pattern of development of these wetter communities 
appears to relate to the establishment of 100 ka glacial cycles within the 
Mid Pleistocene Transition, with maximum expression during humid   
interglacial periods. According to Bowler and Sandiford (2007) this 
development corresponded with, and may have been triggered by, a shift 
from summer to winter dominated rainfall with the establishment over 
southern Australia of a westerly wind system. Despite being downwind of 
Garvoc, it is likely that the well-dispersed pollen of Nothofagus and 
Pomaderris was derived from the Otway Ranges, the nearest present day 
location of extensive communities to the site. It is assumed that fire was a 
major factor in the maintenance of the community mix although this 
cannot be demonstrated from the micro-charcoal record at Garvoc. The 
lack of a clear relationship between vegetation and fire may be the result 
of charcoal dilution from more proximal fires. 
 

Late Quaternary forest history

A number of pollen records have been produced from within mixed rainforest-
wet sclerophyll forest in both the Otway and Central Highland regions of Victoria 
(e.g. McKenzie 1997; McKenzie and Kershaw 2004). However, due to the 
sub-optimal nature of available sites for pollen analysis, mainly swamps 
associated with stream channels that have suffered peat wastage through fire 
and geomorphic erosion and deposition, both pollen and charcoal sequences 
tend to be discontinuous and complex. An alternative approach of using 
radiocarbon dating on identified macroscopic soil charcoal particles to gain a 
picture of past dynamics within this vegetation has been undertaken on Lake 
Mountain within the Central Highlands (McLeod 2007), an area impacted by 
both the 1939 and 2009 fires. Almost all identifications from extracted charcoal 
were relatable to Eucalyptus or Nothofagus. 

The results of dating on selected charcoal particles in relation to depth in each 
soil pit examined are shown on Figure 8 while the nature of the vegetation 
around one pit is illustrated in Figure 9. Apart from those pits from the upper 
slopes, there is substantial date inversion with depth indicating soil mixing. Such 
mixing is most likely the result of firestorms associated with high intensity bushfires 
as recorded in Figure 10 from Black Saturday. The compilation of radiocarbon 
ages shows three populations, the oldest beyond 35,000 and mainly beyond 
45,000 years BP, a middle group between about 13,000 and 11.000 years BP and 
the youngest within the last 5,000 and mainly within the last 2500 years (Figure 
11). 

This pattern is explicable in relation to general climate change within 
south-eastern Australia (Kershaw et. al. 1991;Kershaw 1998). As the bulk of older 
dates are either beyond or at the limit of radiocarbon dating, they probably 
relate to high forest fire activity within isotope stage 5 incorporating the Last 
Interglacial period. The near absence of dated woody charcoal from the cool 
and dry height of the last glacial period, between about 40 and 15 ka, suggests 
that forest vegetation had a very limited distribution and was incapable of 
generating fire. The period 13,000 to 11,000 years BP falls within the late glacial 
period where ameliorating but variable climatic conditions may have been 
conducive to ignition within expanding forest vegetation. The apparent 
absence of fire in the early-mid Holocene may have resulted from a generally 
wet climate allowing expansion of closed, moist, fire sensitive Nothofagus 
rainforest within the catchment. Fire intensity may have increased from about 
5000 years BP, and especially within the last 3000 years, due to increased ENSO 
activity. 

This reconstruction is largely supported by a very condensed and possibly 
discontinuous pollen record (Figure 12) from a small swamp on Bellell Creek, 
within the catchment (Figure 6). It demonstrates that forest had a very restricted 
distribution during glacial conditions towards the end of the Pleistocene, with 
grassland-steppe taxa Poaceae and Asteraceae dominanting the landscape. 
Eucalyptus, Pomaderris, tree ferns and particularly Nothofagus expanded 
around the Pleistocene-Holocene to form a forest vegetation similar to that of 
today. Charcoal values are lowest during the glacial period and achieve 
highest values within the late Holocene. The only major contradictions of the soil 
charcoal story are the continuous record of charcoal, that could be explained 
by input of microcharcoal from a much larger region and reworking from the 
catchment soils, and the lack of a charcoal response in the latest Pleistocene, 
which may suggest that activity during this period was limited. In addition, the 
increase in Nothofagus pollen relative to that of Eucalyptus, corresponding with 
the late Holocene peak in charcoal, is difficult to explain. It may relate to an 
expansion in Nothofagus habitat adjacent to, or on to, the swamp with 
increased soil erosion from surrounding slopes. 
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Fig. 1 Extent of Black Saturday fires in Victoria

Fig. 6 Nothofagus rainforest in valley Bellell Creek surrounded by wet sclerophyll forest

Fig. 7 Selected features of the pollen record from Garvoc (Wagstaff et al. prep.)

Fig. 11 Temporal spread of all radiocarbon ages from charcoal
fragments in Lake Mountain soil pits

Fig. 8 Radiocarbon dates (cal. yrs BP) on charcoal particles in stratigraphic sequence
from Lake Mountain soil pits

Fig. 9 Tree ferns around charcoal soil pit, Lake Mountain

Fig. 12 Selected features of the pollen diagram from Bellell Creek Swamp, Lake Mountain Fig. 10 Impact of a Black Saturday firestorm (photo. David Dunkerley)

Fig. 2 The fires (enhancetv.ning.com)

Fig. 3 The aftermath (photo: Darren Hocking)

Fig. 4 Extent of the 1939 Black Friday firs in Victoria

Fig. 5 Successional wet 
sclerophyll forest from 
the 1939 Black Friday 
fires


