
This document has been scanned from hard-copy archives for research and study purposes. Please note 
not all information may be current. We have tried, in preparing this copy, to make the content accessible to 
the widest possible audience but in some cases we recognise that the automatic text recognition maybe 
inadequate and we apologise in advance for any inconvenience this may cause.



'EFFECTS O'F LOGGING AND"" " 
BUlRN1N'G R'EG'IMES O)N'F~ORE'STF'U:EL "' 
I'N'DRY SC,[~E'R:OPHYL[ FOR'E'stSlN c:<", 

,', "SOU1'H':EA'STE'RN N'EW SO"OT:frWAL'ES' i} 

lNI'TIAt'RE~li[TS (1*98t6~1993r:FROM 
tl-:fE EDEN t~lIRI,hN'G STUDY J.\'REA ' 

','\ - \ 

By R: G.'Bridges:' 
",:,;, ' 

'i'_ '\_ 1<", 

" \- ,\e '_ ;"I' 



EFFECTS OF LOGGING AND BURNING REGIMES ON 

FOREST FUEL IN DRY SCLEROPHYLL FORESTS IN 

SOUTH-EASTERN NEW SOUTH WALES 

INITIAL RESULTS (1986-1993) FROM THE 

EDEN BURNING STUDY AREA 

by 

R.G. BRIDGES 

FOREST RESOURCES RESEARCH 
NSW DEPARTMENT OF PRIMARY INDUSTRIES 

SYDNEY 
2005 



Research Paper No. 40 
January 2005 

The Author: 

Bob Bridges, Project Officer, Native Forests Operations, Forests NSW, NSW Department 
of Primary Industries (formerly State Forests of New South Wales), PO Box 273 Eden 
NSW 2551 Australia. Email: bobb@sf.nsw.gov.au 

Published by: 

Forest Resources Research, 

Science and Research, 

NSW Department of Primary Industries, 

121-131 Oratava Avenue, West Pennant Hills 2125 

PO Box 100, Beecroft 2119 

Australia 

Copyright © The State of NSW 
NSW Department of Primary fudustries 

ISSN 1324-3829 



7his :Research !}Japer is cleclicafedfo: 

::7ldrian van Boon 

(1930 --1999) 

who pioneered/ire eJJeals research in Xr5(QJ 

a man offoresighf, enfhusiasm, passion andfhoroughness 

fhe observalions andpraefical advice on fuel managemenf in 0den foresfs, 

fhaf he providedin 1973, provedlo be bolh prophelic, 

and uilimaleij, Ihe basis ofrouline praefice. 

"9/ is slrongij urgedlhal posl--Iog burning be adopled wilhoul delay 

as a rouline measure. 

70p priori!y should be given 10 burning of dump heaps on main ridjes, 

while broadacre burning should be planned on a slralegic basis 

wilh Ihe main priorilies accorded 10 ridjelops. 

9/ should be borne in mind here Ihallo reslrief burning 10 dump heaps onij 

is nol a praclicalsolulion. 

!Jl(any heaps wiff al limes conlinue 10 burn for severalweehs 

and if Ihese are surrounded by large Iracfs of unburnl logged counlry, 

can pose a serious Illreal Ihal Ihese areas will be igniled under adverse conthlions. 

9/ shouldprove a 101 easier 10 aim al burning an enlire coupe 

ralher Ihan 10 reslrief Ihe fire 10 onlj pari ofil. " 



CONTENTS 

SUMMARY 

INTRODUCTION 

EXPERIMENTAL AREA 

EXPERIMENTAL DESIGN 

TREATMENTS 

1. LOGGING 

2. ROUTINE BURNING 

3. FREQUENT BURNING 

SAMPLING DESIGN AND DATA COLLECTION 

1. lARGE FUEL 

(a) Large'Fuel as Potential Fauna Habitat 

2. FINE FUEL 

(a) Sampling fine fuel 

(b) Assessing Fine Fuel Arrangement 

STATISTICAL ANALYSIS 

SPATIAL VARIABILITY OF FOREST FUELS 

RESULTS 

111 

1 

4 

7 

9 

9 

9 

9 

10 

10 

14 

14 

15 

15 

16 

18 

19 

1. APPLICATION OF TREATMENTS 19 
(a) Logging 19 

(b) Post-log Burning 19 

(c) Prescribed Burning 19 

2. SUMMARY OF STATISTICAL ANALYSES 19 

3. FOREST FUELS 19 

(a) Large Fuel 24 
(i) Frequency, arrangement and size distribution of large fuel pieces 24 
(ii) Origin, soundness, condition and charring of large fuel pieces 26 
(iii) Largefuel as potential fauna habitat 31 
(iv) Large fuel volume 31 

Statistical Analysis 37 

(v) Large fuel weight 37 
Statistical Analysis 39 

FOREST RESOURCES RESEARCH 
RESEARCH PAPER NO. 40 

EFFECTS OF LOGGING AND 
BURNING REGIMES ON FOREST FUEL 



(b) Fine Fuel 
(i) Fine fuel weight 

Statistical Analysis 
Fine Fuel Weight (to 0.9 m) 

Fine Fuel Weight (0.9-2.0 m) 

(ii) Fine fuel composition 
(Ui) Fine fuel arrangement 

4. SPATIAL VARIABILITY OF FOREST FUELS 

DISCUSSION 

1. APPLICATION OF TREATMENTS 

(a) Logging 

(b) Post-log Burning 

(c) Prescribed Burning 

2. DATA COLLECTION 

3. "NATURAL" CONDITION OF FOREST FUELS 

(a) Fine Fuel Dynamics 

4. EFFECTS OF LOGGING ON FOREST FUELS 

5. EFFECTS OF POST-LOG BURNING ON FOREST FUELS 

6. EFFECTS OF PRESCRIBED BURNING ON FOREST FUELS 

7. EFFECTS OF FIRE EXCLUSION ON FOREST FUELS 

8. SPATIAL VARIABILITY OF FOREST FUELS 

9. IMPLICATIONS FOR FIRE MANAGEMENT 

10. lARGE FUEL AS POTENTIAL FAUNA HABITAT 

FIRE ECOLOGY EXPERIMENTS: THE EBSA EXPERIENCE 

CONCLUSIONS 

ACKNOWLEDGEMENTS 

REFERENCES 

ii 
EFFECTS OF LOGGING AND 
BURNING REGIMES ON FOREST FUEL 

39 
39 
45 
45 
45 
46 
49 

53 

56 

56 
56 
56 
57 

57 

59 
61 

61 

63 

64 

65 

66 

67 

67 

71 

72 

74 

75 

FOREST RESOURCES RESEARCH 
RESEARCH PAPER NO. 40 



~-----------------------------------~~--

SUMMARY 

Forest fuel was sampled on four occasions over the initial seven year period in an experimental 
area established to examine the long-term effects of logging, two burning regimes and fire exclusion. 
The experimental area is located in dry sclerophy 11 forest in south-eastern New South Wales, about 
29 km south west of Eden. 

The experiment consists of 18 experimental units in a randomised block design - six treatments in 
each of three blocks. The experimental units have a mean area of 32 ha, allowing treatments to be 
applied at an operational scale. The experiment was logged in 1987/88, was post-log burnt in 
1988 and was prescribed burnt from 1990. 

Logging was an integrated operation with trees being felled to produce pulpwood and sawlogs. It 
extended over about 85 % of the planned area, felling or knocking down 49% of the overstorey tree 
density and 61 % of the basal area. Post-log burning was conducted during the winter after logging 
and was implemented by igniting debris heaps. It burnt about 34% of the logged forest, but a 
further 21 % could not burn because logging had removed most of the fuel. Less than 10% of 
logged forest and about 20% and 50% of unlogged forest was burnt in each prescribed burn. 

Large fuel volume (± 95% confidence limits) was 116 ± 32 m3lha before treatment. It increased 
significantly to 189 ± 40 m3lha after logging and decreased significantly to 135 ± 26 m3lha after 
post-log burning. After prescribed burning, changes in volume could not be specifically attributed 
to burning. Fire exclusion in logged forest maintained the increased large fuel volume resulting 
from logging, while in unlogged forest the volume remained similar. 

A modified large fuel volume was derived by adjusting for the soundness classification of each 
piece and this modified volume was used to calculate large fuel weight. Large fuel weight (± 95% 
confidence limits) was 37 ± 10 tonnelha before treatment. It increased significantly to 145 ± 33 
tonne/ha after logging and decreased significantly to 89 ± 18 tonne/ha after post-log burning. 

Large fuel pieces considered most likely to provide habitat for ground dwelling fauna, comprised 
a small proportion (1.2%) of the total pieces. Their frequency and proportion did not substantially 
change after logging, post-log burning, prescribed burning or fire exclusion. 

Fine fuel was sampled in two zones - up to 0.9 m high and 0.9-2.0 m high. Fine fuel weight (to 
0.9 m) [± 95% confidence limits] was 14.3 ± 0.9 tonne/ha before treatment. It increased significantly 
to 24.3 ± 6.6 tonne/ha after logging and decreased significantly to 14.8 ± 2.3 tonnelha after post
log burning. Mter prescribed burning, weight decreased significantly in unlogged forest. Fire 
exclusion maintained the increased weight resulting from logging. 

Fine fuel weight (0.9-2.0 m) [± 95% confidence limits] was 0.9 ± 0.3 tonne/ha before treatment, 
1.0 ± 0.4 tonne/ha after logging and 0.5 ± 0.3 tonnelha after post-log burning. After prescribed 
burning, changes in weight could not be specifically attributed to the burning. Fire exclusion 
maintained the increased weight resulting from logging. 

The variability of forest fuels before treatment differed considerably. Co-efficients of variation 
(CV) for large fuel volume (120%) and large fuel weight (130%) were in the range considered 
common for forest populations. The CV for fine fuel weight (to 0.9 m) was lower (60%) and that 
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for fine fuel weight (0.9-2.0 m)'was considerably higher (300%). Logging, post-log burning, 
prescribed burning and fire exclusion altered the variability of forest fuels. 

The variability of forest fuels occurred at spatial scales ranging from less than 1 ha to about 50 ha 
and, after some treatments, the spatial scale increased to 75-100 ha. It is suggested that sampling 
units of this scale, or effective replication of smaller units over large areas of forest, are required to 
quantify "treatment" effects on forest fuels. 

The implications of the effects of logging, post-log burning, prescribed burning and fire exclusion 
on fire management are considered. 

KeyWords: fine fuel; large fuel; logging effects; post-log burning; prescribed burning; 
fire exclusion; dry sclerophyll forest 
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INTRODUCTION 

On 25 January 1952, high intensity wildfires burnt much of the forested and cleared land in the 
Eden and Bega areas. These fires developed from fires burning prior to the extreme fire weather 
day; some of the fires had been burning for many weeks. A similar situation occurred through the 
alpine areas of south eastern Australia in 2003. Fires that had been burning for 10 days without 
being effectively contained, burnt extensive areas at high intensity on a day of severe fire weather 
(18 January) and again on two subsequent days of severe fire weather (26 and 30 January). 

In his report on the 1952 fires affecting the State forests in the Eden Sub-district, A.G. Innes (the 
forester in charge) provided the following comment on operational issues relevant to the fires: 

"1. A fire twice the size is 10 times harder to put out for keeps. 
2. Two fires are 10 times more difficult than one. 
3. It is only a case of time that divides big fires from little ones. 
4 . There is no difference between a big fire and a little one on a 'blow-up' day". 

Most of these issues are related to the quantity of fuel that is available to bum in the conditions 
under which the fire occurs. 

Fine fuel weight directly affects both the rate of spread and the intensity of fire; as fine fuel weight 
doubles, the rate of spread doubles and the intensity increases fourfold (McArthur 1962, 1967). 
More recently, Cheney (1994) found that this simple direct relationship between fine fuel weight 
and rate of spread did not apply to all eucalypt fuel types, because fuel structural factors increasingly 
affected rate of spread in moderate to high intensity fires. 

Hodgson and Heislers (1972) provided an example of the changes in fire behaviour caused by 
increasing weight of fine fuel. A fire in eucalypt forest on a day of moderate weather conditions 
(temperature 32°C, relative humidity 45%, wind speed 10 kph), burning 7 tonne/ha of fuel will 
spread at 80 m/hr with flame height less than 1.5 m (intensity 200 kW/m). This fire could be easily 
contained and would offer little danger to humans or wildlife. A fire burning 20 tonne/ha of fuel, 
would spread at 240 mlhr with a flame height of more than 7 m (intensity 2000 kW/m) and would 
throw spot fires up to 1 km; it would be difficult to contain. 

Fine fuel weight has a substantial effect on the number of days on which potentially uncontrollable 
wildfire can develop (Hodgson and Heislers 1972, Gill et at. 1987). The latter authors found that 
the number of days of potentially uncontrollable fire increased from near zero for fine fuel weight 
of 8 tonne/ha to 100 per year for fine fuel weight of 30 tonne/ha. 

Large fuel, once ignited, bums for extended periods of time and is difficult to extinguish. When it 
burns adjacent to containment lines it increases the chance of the fire escaping in both the short 
and longer terms. Ignition of large fuel greatly increases intensity of burning behind the fire front 
and that increased intensity is maintained for long periods of time. This promotes the development 
of strong convection conditions, providing for the uplift of burning particles causing ignition of 
spot fires long distances beyond the fire-front. In the November 1980 wildfire at Eden, extreme 
weather conditions and the spread of the fire into areas of unburnt logging debri , contributed to 
the formation of a convection column that had reached 10000 m high, within four hours of the fire 
commencing (Figure 1). Spot fires had ignited in areas adjacent to the coast, more than 16 km 
ahead of the main fire front, within two and a half hours of the fire commencing (Forestry 
Commission NSW, unpub. data). 
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November 1980 wildfire, 
showing convection column 
about four hours after ignition 
(about 7 pm). 

The fire is burning about 17 km 
south of Eden and the 
convection column is about 
10 000 m high. 

Logging area in Compartment 
Ill , Nadgee State Forest, 
showing debri s from an 
integrated logging operation 
that was current in August 1980. 

Compartment Ill, Nadgee 
State Forest in December 1980, 
showing recently logged area 
burnt by November 1980 
wildfIre. 

The view is the same as that in 
the photo immediately above 
and shows the quantity of 
debris and vegetation burnt by 
high intensity wildfire. 

Figure 1. Convection column of November 1980 wildfire at Eden and its effects on recent logging 
debris. 
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Management of forest fuel provides the only direct means of influencing fire behaviour and intensity 
and prescribed burning is the most efficient and effective technique for reducing the weight of fine 
fuel over extensive areas of forest (Vines 1981). 

Management of fine fuel by prescribed burning provides for the modification of the behaviour and 
intensity of wildfire over extensive areas of forest. Rapid accumulation of fine fuel following 
prescribed burning is often used to suggest that prescribed burning for fuel management is an 
ineffective or futile activity (Raison et al. 1983, Adams and Simmons 1994, Fensham 1992). While 
this accumulation of fine fuel is correctly referred to a an increase in fire hazard, such statements 
generally fail to acknowledge that the increase is relative to the lower level of hazard that exists 
after the burn, not to the level of hazard that exists in the absence of fuel management. While-ever 
the managed fuel weight remains less than the unmanaged weight, benefits for fire management 
continue to exist (Bridges 2004). 

Hodgson (1969) discusses two other important aspects relating to fuel management by prescribed 
burning. Firstly, prescribed burning does not eliminate fme fuel but reduces its weight. This is due 
to partial burning of the litter and to areas remaining unburnt. Within the litter layer, moisture 
increases towards the soil surface such that a proportion of the litter will be too moist to burn under 
the prescribed conditions. The proportion remaining unburnt increases from the more exposed to 
the more protected parts of the landscape. In some parts of the landscape under the prescribed 
conditions, all the litter will be too moist to bum or fire spread will be disrupted by discontinuities 
in the fme fuel. However, the portion of the fme fuel that is burnt by prescribed fire is the portion 
that due to its arrangement or placement is the most flammable; it is the fuel that is the most 
hazardous in periods of high fire danger. Secondly, prescribed burning does not eliminate wildfrres. 
Wildfrre could ignite, will burn into and will burn through areas immediately after prescribed burning, 
if weather conditions are conducive. However, in such areas the wildfire will burn with reduced 
intensity, will be easier to contain and will do less damage. McCaw et al. (1996) provide an 
example of this, where a substantial decline in the rate of spread and intensity of a wildfire after it 
burnt into an area of one-year old fuel, allowed it to be effectively contained. This situation has 
been aptly summarised, first by McArthur (1962) who noted that prescribed burning is not about 
creating a "firebreak". It is about reducing "fuel accumulation to a level where wildfIres will not 
attain excess rates of spread or intensities and where, if a fire occurs, suppression forces can attack 
and control the fires with reasonable ease". Subsequently, Hodgson (1969) also stated that prescribed 
burning "does not take the place of fire fighting, it merely gives a well organised and aggressive 
fire fighting organisation, a reasonable chance to reduce the damage done by high intensity 
wildftres" . 

This paper reports data for two categories of forest fuel - large fuel and fme fuel. These data were 
collected from an experimental area, established to examine the long-term effects of logging, two 
burning regimes and fire exclusion in experimental units treated at an operational scale. Both 
burning regimes are based on that developed by Forests NSW for the management of forest fuel in 
State forests in the Eden area. The routine burning regime represents operational practice with 
prescribed burning at the higher limit of the recommended frequency range (four years). The 
frequent burning regime is experimental with prescribed burning at high frequency (two years). 

In reporting the data collected in the initial period of this experiment, the particular objectives in 
relation to forest fuels were: 

• to quantify the "natural" condition of forest fuels; 

• to quantify the effects of integrated logging, post-log burning, prescribed burning and fire 
exclusion on the quantity, arrangement, condition, composition and variability of forest fuels; 
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• to consider the effects that integrated logging, post-log burning, prescribed burning and fire 
exclusion have on the component of large fuel considered most likely to provide habitat for 
ground dwelling fauna; 

• to consider the implications that the changes in forest fuels, resulting from integrated logging, 
post-log burning, prescribed burning and fire exclusion, may have for fire management. 

The results are for a relatively short period (five years after logging and post-log burning) but one 
in which the major experimental disturbances (logging and post-log burning) and the rapid changes 
associated with the initial phase of forest regeneration have occurred. 

EXPERIMENTAL AREA 

A detailed description of the Eden Burning Study Area (EBSA) is provided by Binns and Bridges 
(2003) and is briefly summarised here. The EBSA is located in Yambulla State Forest, 29 km south 
west of Eden, in south east New South Wales (Figure 2). It covers 1120 hectares, with a core 
experimental area of 830 hectares. The altitude range is 180 m to 440 m and the mean slope is 10 
degrees. Soils are derived from Devonian Wallagaraugh adamellite and a model for their 
development is described by Ryan (1993). The vegetation is dry sclerophyll forest with heath 
shrub understorey. The main forest types (Forestry Commission NSW 1989) are silvertop ash
stringy bark (FTI14), yertchuk (FT 102) and yellow stringybark-gum (FT 157). Examples of these 
forest types are shown in Figure 3. Similar forest types occur over more than 250 000 ha in the 
Eden area (State Forests NSW 1994), and extensively in coastal forests and drier escarpment forests 
north to the central coast of New South Wales and south through East Gippsland in Victoria (Bridges 
and Dobbyns 1991). The major overstorey species are Eucalyptus consideniana, E. sieberi, 
E. agglomerata and E. muelleriana and the most common understorey species are Allocasuarina 
littoralis, Daviesia buxifolia, Epacris impressa, Acacia terminalis, A. longifolia, Platysace 
lanceolata, Gonocarpus teucrioides, Lomandra multiflora and Pteridium esculentum. The climate 
is mild with mean monthly temperature ranging from 1°C (July) to 27°C (February) (Bureau of 
Meteorology 1988). Mean annual rainfall (886 mm) tends to be evenly distributed throughout the 
year apart from a period of slightly lower rainfall in late winter and early spring. Over the long
term, the mean monthly and mean annual rainfall fluctuates both within and between years, and 
extended dry periods and periods of above average rainfall can occur at any time throughout the 
year. Between 1869 and 2001 at Eden, the mean monthly rainfall ranged from zero to 578 mm and 
the mean annual rainfall ranged from 340 mm to 1820 mm (Bureau of Meteorology, unpublished 
data). The EBSA is within the zone, determined by Cheney (1976), to be the most fire-hazardous 
area in Australia. The most recent wildfire in the EBSA burnt at low intensity in December 1972-
January 1973. Subsequent prescribed burns in April 1979 and April 1981 were low intensity and 
were estimated to have burnt about 2% and 10-15% of the EBSA, respectively. There was no 
record or evidence of previous logging in the area prior to establishment of the experiment. 
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Figure 2. Location of Eden Burning Study Area 

within Yambulla State Forest 
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Figure 3. Major forest types in Eden Burning Study Area. 
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Silvertop ash - stringybark 

Forest Type (FT 114). 

Stand dominant height: 

30-35 m. 

Yertchuk Forest Type (FT 102). 

Stand dominant height: 
20-25 m. 

Yellow stringybark - gum 
Forest Type (FT 157). 

Stand dominant height: 
30-35 m. 
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EXPERIMENTAL DESIGN 

The experiment consists of 18 experimental units in a randomised block design - six treatments in 
each of three blocks (Figure 4). The treatments are combinations of logging and burning; two 
logging regimes (no logging and routine logging) and three burning regimes (no burning, routine 
burning and frequent burning). A summary of the treatments and their application is shown in 
Table 1. The experimental units (referred to as units) range in area from about eight to 56 ha and 
average 32 ha. They generally correspond with coupes, which are the basic harvest planning unit. 
The size of the units allowed treatments to be applied at an operational scale. The scale of the 
experiment incorporates the variability of forest operations and is a major advantage in the transfer 
of information to practical applications in forest management. 

Table 1. Summary of treatments and their application in the Eden Burning Study Area. 

Treatment Treatment 
Code 

UN Unlogged 
no burn 

LN Logged 
no burn 

UF Unlogged 
frequent burn 

LF Logged 
frequent burn 

UR Unlogged 
routine burn 

LR Logged 
routine burn 
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Details of Treatment Details of Treatment 
Application: Logging Application: Burning 

No logging No burning 

Integrated logging No burning 
in 1987/88 

No logging Prescribed burning 
in 1990 and 1992 

Integrated logging Post-log burning in 1988 
in 1987/88 Prescribed burning in 1990 

and 1992 

No logging Prescribed burning in 1992 

Integrated logging Post-log burning in 1988 
in 1987/88 
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Figure 4. Location of Blocks and Experimental Units 

in the Eden Burning Study Area iI 
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TREATMENTS 

Details of treatments and their application are provided by Binns and Bridges (2003) and the 
following is a brief summary of that information. 

1. LOGGING 

Logging was an integrated operation, with trees being felled to produce sawlogs and pulpwood. 
Specific trees were retained by prescription as seed trees, existing and future fauna habitat trees, 
future sawlogs and visual amenity. Additionally, trees that clearly did not meet product specifications 
were not felled. These were larger trees with high proportions of defect or deformity and trees 
smaller than the minimum product specification (20 cm underbark stump diameter (Forestry 
Commission NSW 1982». Area exclusions were also made in accord with prescriptions. Most 
area exclusions are defined in the planning phase, resulting in the mapping of a net area planned 
for logging. Additional area exclusions can be made during harvesting as a result of verification 
and site specific definition of features located in the planning process and features detected during 
harvesting. 

Logging was conducted between November 1987 and April 1988 in LF, LN and LR treatments 
(nine units) in accordance with harvesting plans prepared by Forests NSW, Eden District. Timber 
yields were 84.5 tonneslha of pulpwood and 3.1 m3lha of sawlog. 

2. ROUTINE BURNING 

The routine burning regime was based on that specified in the Fire Management Policy for Eden 
Region (Forestry Commission NSW 1982). It comprised: 

• post-log burning of the LR treatment in the autumn/winter period after logging; this bum 
was conducted in June 1988, with debris heaps being ignited by ground ignition; 

• prescribed burning at four year intervals in the LR treatment, beginning when regrowth was 
large enough to tolerate fire (about 10-15 years after post-log burning) so as to avoid 
unacceptable levels of damage; there have been no prescribed bums in the LR treatment in 
the period reported; 

• prescribed burning at four year intervals in the UR treatment; the first bum was conducted in 
March 1992 and was the only bum in the period reported. 

3. FREQUENT BURNING 

The frequent burning regime aimed to produce a high frequency of prescribed bums and consisted 
of: 

• post-log burning of the LF treatment in the autumn/winter period after logging; this bum was 
conducted in June 1988, with debris heaps being ignited by ground ignition; 

• prescribed burning in the LF and UP treatments at two year intervals; there were two bums in 
the period reported, the initial bum in May 1990 and the second bum in March 1992. 
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SAMPLING DESIGN AND DATA COLLECTION 

Each unit was topographically divided into an upper and lower stratum and three overstorey reference 
points were randomly located in each stratum (Figure 5). These reference points were permanently 
marked and located by triangulation from three marked trees to ensure their relocation after 
disturbance by logging. Reference points were located within the net area planned for logging, or 
its equivalent in the units not logged. 

Data from sampling forest fuel on four occasions are reported. These were: 

• Measurement No.1 (nominally 1986): completed before treatments were applied; all units 
measured 

• Measurement No. 2 (1988): commenced after logging and was completed before post-log 
burning; logging treatments (LF, LN, LR; nine units) measured 

• Measurement No. 3 (1988): commenced after post-log burning; logging and burning 
treatments (LF, LR; six units) measured 

• Measurement No. 5 (nominally 1993): commenced after Prescribed Burn No. 2 (1992); all 
units measured 

1. LARGE FUEL 

Large fuel was defined as: 

• dead fallen wood with a minimum diameter of 25 mm. 

At each reference point, two large fuel transects were located on random bearings separated by a 
1 rf exclusion angle. Each transect was 25 m long and radiated from the reference point, commencing 
5 m from it. The start and end of each transect was permanently marked. For each measurement, 
a metric measuring tape was stretched between the pegs marking the start and end of each transect. 
All large fuel pieces intersected by this tape or its extension in a vertical plane were measured 
(Figure 6). 

On each transect, large fuel was sampled using the line intersect method (van Wagner 1968). Data 
recorded were: 

10 

• diameter (cm) of each intersecting large fuel piece; 

• height (m) to lower measurement point and its distance (m) along the transect; 

• codes for origin, soundness, condition and charring for each large fuel piece. 
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Figure 5. Location of Overstorey Reference Points 
in the Eden Burning Study Area 
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Large fuel sampling along 
25 m transect line. Two 
transects at each reference 
point. 

All dead fallen wood with a 
minimum diameter of 
25 mm , intersecting the 
vertical plane of the transect, 
were assessed. 

Fine fuel sampl ing for weight 
and composition in 0.1 rIT 
plots. Ten plots at each 
reference point. 

All flammable material, 
including green and dead 
vegetation, less than 25 mm 
thickness was collected. 
Samples were collected from 
two zones; from ground level 
to 0.9 m high and from 0.9 m 
to 2.0 m high. 

Fine fuel assessment for 
arrangement. Ten 
assessments at each reference 
point. 

Each assessment involved 
scoring the intersections of 
fine fuel particles on circular 
0 .05 m2 planes , at 20 cm 
intervals to a height of 2 m. 

Figure 6. Assessment and sampling forest fuel in Eden Burning Study Area. 
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Large fuel volume was calculated for each transect, using the formula developed by van Wagner 
(1968): 

v = 

where all factors are in the same units, and 

v 
d 
L 

= 
= 
= 

volume per unit area 
piece diameter 
transect length 

For volume in m3/ha, piece diameter in centimetres and a transect length of 25 m, this gave: 

v = 0.04935 X 1:d2 

Modified large fuel volume was calculated for each transect by adjusting for the soundness 
classification of each large fuel piece. An adjustment factor (Table 2) was subjectively associated 
with each soundness code. Modified large fuel volume was calculated by multiplying the diameter 
squared variable in the van Wagner formula by the adjustment factor. 

Table 2. Adjustment factors used to modify large fuel volume in accord with the soundness 
classification of each large fuel piece. 

Code Soundness Adjustment 
Description Factor 

1 100% solid 1.0 
2 > 75% solid 0.9 
3 50% to 75% solid 0.7 
4 < 50% solid 0.4 
5 largely rotted 0.2 

Large fuel weight (tonnes/ha) was calculated by multiplying the modified transect volume by 0.88. 
This volume to weight conversion factor was derived as the mean density of air dry wood (data ex. 
Bootle 1983) for the six species that comprise more than 95% of the basal area in the EBSA 
(Table 3). 

Table 3. Air dry density of wood for tree species that comprise 95% of the basal area in the 
Eden Burning Study Area. 

Species 

Eucalyptus sieberi 
E. cypellocarpa 
E. agglomerata 
E. globoidea 
E. muelleriana 
E. consideniana 

Mean air dry density 

## data ex Bootle 1983 (Appendix 3). 

FOREST RESOURCES RESEARCH 
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Air Dry Density 
(tonne/m3) ## 

0.82 
0.88 
0.88 
0.88 
0.87 
0.93 

0.88 
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Each large fuel piece was classified according to its origin, soundness, condition and charring. 
Origin categories were allocated according to the appearance of each piece and in relation to the 
most recent treatment. Soundness categories were allocated by estimating the proportion of the 
cross-sectional area of each piece that was solid wood. That is, the proportion that was free of 
decay and/or defect (including hollows). Condition categories were allocated according to the 
appearance of each piece in relation to its bark characteristics and whether it is recently "live" or 
dry wood. Charring categories designate pieces that have been burnt by fires and pieces that have 
not been burnt. 

Origin categories: 

1 debris: not recent 
2 debris: recent, natural (not due to experimental treatment) 
3 debris: recent, logging (produced by logging treatment) 
4 debris: recent, burnt (burnt by burning treatment) 
5 debris: recent, prescribed fire (produced by burning treatment) 

Soundness categories: 

1 100% solid 
2 > 75% to < 100% solid 
3 50% to 75% solid 
4 < 50% solid 
5 largely rotted 

Condition categories: 

A green: rough bark intact 
B green: smooth bark intact 
C green: no bark 
D dry: rough bark intact 
E dry: smooth bark intact 
F dry: no bark 
H dry: charcoal coated 

Charring categories: 

blank 
G 

(a) 

not charred 
charred 

Large Fuel as Potential Fauna Habitat 

A combination of piece diameter and soundness was used to designate large fuel pieces, that were 
considered most likely to provide habitat for ground dwelling fauna. Pieces that were larger than 
25 cm diameter and less than 50% solid were considered most likely to contain suitable hollows. 

2. FINE FUEL 

Fine fuel was defined as: 

14 

• any flammable material, including green and dead vegetation and litter, which has a minimum 
thickness of less than 25 mm. Fine fuel was measured and assessed in two zones; from 
ground level up to 0.9 m high and between 0.9 m and 2.0 m high. 
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At each reference point, two fine fuel transects were located on random bearings separated by a 
10° exclusion angle. Each transect was marked at 5 m intervals from the reference point with a 
peg, providing five sampling locations on each transect. At each sampling location, sample points 
were identified at 1 m intervals along lines at right angles to and on both sides of the transect. On 
the first sampling occasion, the sample point I m to the right of the transect was used. Subsequent 
samplings alternated left and right, moving outwards in 1 m increments. Fine fuel weight, 
composition and arrangement were sampled at each sample point. 

(a) Sampling Fine Fuel 

Fine fuel weight and composition was obtained from a circular 0.1 m2 (radius: 0.178 m) sample, 
collected at each sample point using a sampling frame (Figure 6). Litter and vegetation up to 
25 mm thickness were collected, up to a height of 0.9 m and separately from 0.9-2.0 m. Samples 
were oven dried to constant weight at 105°C and three from each set of ten were randomly selected 
and sorted into nine components: twigs 0-6 mm, twigs >6-12 mm, twigs> 12-<25 mm, bark, leaves, 
green vegetation, cured vegetation, miscellaneous organic material and charcoal. All sorted and 
unsorted samples were weighed. 

(b) Assessing Fine Fuel Arrangement 

Fine fuel arrangement profiles were obtained by scoring intersections with fine fuel particles on 
circular 0.05 :tIT horizontal planes (radius: 0.126 m), spaced at 20 cm intervals up to a height of 
2 m (Figure 6). Each plane was divided into quadrants which were scored as follows: 

0 = no intersections; 
1 = 1-5 intersections; 
2 = 6-10 intersections; 
3 = 11-20 intersections; 
4 = >20 intersections. 

Scores for each quadrant were summed to give the intersection score for each plane. 

FOREST RESOURCES RESEARCH 
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EFFECTS OF LOGGING AND 
BURNING REGIMES ON FOREST FUEL 15 



STATISTICAL ANALYSIS 

Mean values for large fuel volume and weight and for fine fuel weight for both zones were derived 
for experimental units and null hypotheses relating to differences in these values were statistically 
tested. Balanced data were analysed using the ANOV A procedure and Tukey' s Studentized Range 
(HSD) test and unbalanced data were analysed .using the GLM procedure with LSMEANS and 
Tukey-Kramer test. (SAS Institute Inc. 1990, Zar 1984). The null hypotheses tested are shown in 
Table 4. 

Table 4. Null hypotheses used in statistically testing differences in large fuel volume and weight, 
and fine fuel weight. 

Treatment Null Hypothesis 

Logging 

Post-log 
burning 

Prescribed 
burning 

Identifier 

L#1 

L#2 

L#2 (ass) 

PLB#1 

Null Hypothesis: logging did not affect fuel 
Main analysis: combined LFILNILR at m#2 compared to combined LFILNILR at m#1 

Null Hypothesis: fuel in logged forest is not different to that in unlogged forest 
Main analysis: combined LFILNILR at m#2 compared to combined UP/UN/UR at m#1 

Associated analysis for difference before logging: combined LFILNILR at m#1 comparec 
to combined UF/UN/UR at m#1 

Null Hypothesis: post-log burning did not affect fuel 
Main analysis: combined LFILR at m#3 compared to combined LFILR at m#2 

PLB#2 Null Hypothesis: fuel in post-log burnt forest is not different to that in logged forest 
Main analysis: combined LFILR at m#3 compared to LN at m#2 

PLB#2 (ass) Associated analysis for difference before post-log burning: combined LFILR at m#2 
compared to LN at m#2 

PLB#3 Null Hypothesis: fuel in post-log burnt forest is not different to that in unlogged forest 
Main analysis: combined LFILR at m#3 compared to combined UF/UN/UR at m#1 

PLB#3 (ass:1) Associated analysis for difference before treatment: combined LFILR at m#2 compared 
to combined UP/UN/UR at m#1 

PLB#3 (ass:2) Associated analysis for difference before treatment: combined LFILR at m#1 compared 
to combined UP/UN/UR at m#1 

PLB#4 Null Hypothesis: logging and post-log burning did not affect fuel 

PB#1 

PB#1 (ass) 

PB#2 

PB#2 (ass) 

PB#3 

PB#3 (ass) 

PB#4 

PB#4 (ass) 

PB#5 

Main analysis: combined LFILR at m#3 compared to combined LFILR at m#1 

Null Hypothesis: one prescribed bum in unlogged forest did not affect fuel 
Main analysis: UR at m#5 compared to UR at m#1 

Associated analysis for difference due to time: UN at m#5 compared to UN at m#1 

Null Hypothesis: fuel after one prescribed bum in unlogged forest is not different to 
that in unburnt, unlogged forest 
Main analysis: UR at m#5 compared to UN at m#5 

Associated analysis for difference before treatment: UR at m#1 compared to UN at m#1 

Null Hypothesis: two prescribed bums in unlogged forest did not affect fuel 
Main analysis: UP at m#5 compared to UF at m#1 

Associated analysis for difference due to time: UN at m#5 compared to UN at m#1 

Null Hypothesis: fuel after two prescribed bums in unlogged forest is not different 
to that in unburnt, unlogged forest 
Main analysis: UP at m#5 compared to UN at m#5 

Associated analysis for difference before treatment: UP at m#1 compared to UN at m#1 

Null Hypothesis: fuel after two prescribed bums in unlogged forest is not different 
to that after one prescribed bum in unlogged forest 
Main analysis: UP at m#5 compared to UR at m#5 
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Table 4. (cont.) 

Treatment Null Hypothesis 
Identifier 

PB#5 (ass) 

PB#6 

PB#6 (ass) 

PB#7 

PB#7 (ass) 

PB#8 

PB#8 (ass:1) 

PB#8 (ass:2) 

PB#9 

PB#9 (ass:1) 

PB#9 (ass:2) 

PB#9 (ass:3) 

PB#10 

PB#lO (ass:1) 

PB#lO (ass:2) 

PB#lO (ass:3) 

PB#l1 

PB#l1 (ass:1) 

PB#l1 (ass:2) 

PB#l1 (ass:3) 

Fire exclusion FE#l 

FE#2 

FE#2 (ass) 

FOREST RESOURCES RESEARCH 
RESEARCH PAPER NO. 40 

Associated analysis for difference before treatment: UF at m#l compared to UR at m#l 

Null Hypothesis: two prescribed bums in logged forest did not affect fuel 

Main analysis: LF at m#5 compared to LF at m#3 

Associated analysis for difference due to time: LR at m#5 compared to LR at m#3 

Null Hypothesis: fuel after two prescribed burns in logged forest is not different to that 
in logged forest 
Main analysis: LF at m#5 compared to LR at m#5 

Associated analysis for difference before treatment: LF at m#3 compared to LR at m#3 

Null Hypothesis: fuel after two prescribed burns in logged forest is not different to 
that in unbumt, logged forest 
Main analysis: LF at m#5 compared to LN at m#5 

Associated analysis for difference before treatment: LF at m#3 compared to LN at m#2 

Associated analysis for difference before treatment: LF at m#2 compared to LN at m#2 

Null Hypothesis: fuel after two prescribed bums in logged forest is not different to that 
in unbumt, unlogged forest 
Main analysis: LF at m#5 compared to UN at m#5 

Associated analysis for difference before treatment: LF at m#3 compared to UN at m#l 

Associated analysis for difference before treatment: LF at m#2 compared to UN at m#1 

Associated analysis for difference before treatment: LF at m#l compared to UN at m#l 

Null Hypothesis: fuel after two prescribed burns in logged forest is not different to that 
after one prescribed bum in unlogged forest 
Main analysis: LF at m#5 compared to UR at m#5 

Associated analysis for difference before treatment: LF at m#3 compared to UR at m#1 

Associated analysis for difference before treatment: LF at m#2 compared to UR at m#1 

Associated analysis for differences before treatment: LF at m#l compared to UR at m#l 

Null Hypothesis: fuel after two prescribed bums in logged forest is not different to that 
after two prescribed bum in unlogged forest 
Main analysis: LF at m#5 compared to UF at m#5 

Associated analysis for difference before treatment: LF at m#3 compared to UF at m#l 

Associated analysis for difference before treatment: LF at m#2 compared to UF at m#l 

Associated analysis for difference before treatment: LF at m#l compared to UF at m#l 

Null Hypothesis: fire exclusion in unlogged forest did not affect fuel 
Main analysis: UN at m#5 compared to UN at m#l 

Null Hypothesis: fire exclusion in logged forest did not affect fuel 
Main analysis: LN at m#5 compared to LN at m#l 

Associated analysis for difference before treatment: LN at m#5 compared to LN at m#2 
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SPATIAL VARIABILITY OF FOREST FUELS 

The variability of forest fuels for combinations of spatial scales and treatments was examined by 
calculating the co-efficient of variation for each fuel category in sampling units of varying size. 
Mean co-efficients of variation were then derived for groupings with common "treatments". 

The approximate size of the sampling units was: 

• Study Area (SA): 600 ha 
(sampled by 216 large fuel transects and 1080 fine fuel plots) 

logged area: 300 ha 
(sampled by 108 large fuel transects and 540 fine fuel plots) 

logged and post-log burnt area: 200 ha 
(sampled by 72 large fuel transects and 360 fine fuel plots) 

• Treatment Area (T): 
(sampled by 36 large fuel transects and 180 fine fuel plots) 

• Experimental Unit Area (D): 
(sampled by 12 large fuel transects and 60 fine fuel plots) 

• Reference Point Area (RP): 
(sampled by two large fuel transects and 10 fine fuel plots). 

100 ha 

30ha 

0.2 ha 

The number of sample units contributing to the mean co-efficients of variation for each "treatment" 
grouping were: 

18 

• "Natural" condition (before treatment) 
SA: n = 1 (216 large fuel transects; 1080 fine fuel plots) 
T: n=6 
U: n = 18 
RP: n= 108 

• Logging effect 
SA: 
T: 
U: 
RP: 

n=1 
n=3 
n=9 
n=54 

• Post-log burning effect 
SA: n = 1 
T: 
U: 
RP: 

• Treatment effect 
T: 
U: 
RP: 

n=2 
n=6 
n= 36 

n=1 
n=3 
n = 18. 

EFFECTS OF LOGGING AND 

(108 large fuel transects; 540 fine fuel plots) 

(72 large fuel transects; 360 fine fuel plots) 

(36 large fuel transects; 180 fine fuel plots) 
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RESULTS 

1. APPLICATION OF TREATMENTS 

Detailed results for the application of treatments are provided by Binns and Bridges (2003) and 
are briefly summarised as follows. 

(a) Logging 

During logging, trees were felled or knocked down in about 85% of the net area planned for 
logging. For overstorey species, 49% of the density and 61 % of the basal area, with a mean 
diameter of 39.1 cm, were felled or knocked down. About 43 % of the density and 33 % of the basal 
area, with a mean diameter of 29.5 cm, were retained. An additional 8 % of the density and 6% of 
the basal area, with a mean diameter of 30.5 cm, were retained in a damaged condition. 

(b) Post-log Burning 

In the post-log burn, 34% of the area was burnt, including 14% at high intensity. A further 21 % of 
the area could not bum because logging had removed most of the fuel. The proportion of the area 
burnt in each treatment was 39% (LF) and 28% (LR). 

(c) Prescribed Burning 

Prescribed Bum No. 1 (1990) burnt 16% of the area, most at low to moderate intensity. In the LF 
treatment, it burnt 9% of the area (6% at low intensity, 2% at moderate intensity and 1 % at high 
intensity). In the UF treatment, it burnt 22% of the area (12% at low intensity, 9% at moderate 
intensity and 2% at high intensity). 

Prescribed Bum No. 2 (1992) burnt 39% of the area, 21 % at high intensity. In the LF treatment, it 
burnt 3% of the area (1 % at low intensity, 1 % at moderate intensity and 2% at high intensity). In the 
UF treatment it burnt 59% of the area (6% at low intensity, 18% at moderate intensity and 36% at 
high intensity). In the UR treatment, it burnt 53% of the area (11 % at low intensity, 18% at moderate 
intensity and 24% at high intensity). 

2. SUMMARY OF STATISTICAL ANALYSES 

The results of the main analyses for each null hypothesis are summarised in Table 5 and those for 
the associated analyses for relevant null hypotheses are summarised in Table 6. 

3. FOREST FUELS 

A summary of the main effects of the treatments on forest fuels is provided in Table 7 and more 
detailed results for each fuel category are presented in the following sections. 

FOREST RESOURCES RESEARCH 
RESEARCH PAPER NO. 40 

EFFECTS OF LOGGING AND 
BURNING REGIMES ON FOREST FUEL 19 



TableS. Results of statistical analyses: main analyses for each null hypothesis. The mean 
values being compared in each main analysis are shown in square brackets. 

Null Hypothesis Large Fuel Large Fuel Fine Fuel (to 0.9 m) Fine Fuel (0.9-2.0 m) 

Identifier Volume Weight Weight Weight 
(m3/ha) (tonne/ha) (tonne/ha) (tonne/ha) 

L#l sig. greater sig. greater sig. greater n.s. 
(p < 0.001) (p< 0.001) (p < 0.01) (p > 0.05) 

[178.30 : 103.07] [134.60: 36.41] [22.28 : 13.72] [1.12 : 0.89] 

L#2 sig. greater sig. greater sig. greater n.s. 
(p < 0.001) (p < 0.001) (p < 0.05) (p > 0.05) 

[178.30 : 93.65] [134.60: 56.84] [22.28 : 15.46] [1.12 : 1.05] 

PLB#l sig.less sig.less sig.less n.s. 
(p < 0.05) (p < 0.001) (p < 0.05) (p > 0.05) 

[134.29: 189.18] [88.94 : 144.67] [14.78 : 24.33] [0.48 : 1.04] 

PLB#2 n.s. n.s. n.s. sig.less 
(p> 0.05) (p> 0.05) (p> 0.05) (p < 0.05) 

[134.29: 156.54] [88.94 : 114.44] [14.78: 18.19] [0.48 : 1.26] 

PLB#3 sig. greater sig. greater n.s. n.s. 

(p < 0.05) (p < 0.01) (p> 0.05) (p > 0.05) 
[134.29 : 93.65] [88.94: 56.84] [14.78 : 15.46] [0.48 : 1.05] 

PLB#4 n.s. sig. greater n.s. n.s. 

(p > 0.05) (p < 0.01) (p > 0.05) (p> 0.05) 

[134.29: 116.45] [88.94: 37.11] [14.78 : 14.32] [0.48 : 0.94] 

PB#l n.s. sig.less sig.less n.s. 
(p > 0.05) (p < 0.01) (p < 0.01) (p > 0.05) 

[64.12: 72.39] [32.97 : 42.00] [12.48 : 14.94] [1.45 : 0.98] 

PB#2 n.s. n.s. n.s. n.s. 

(p> 0.05) (p > 0.05) (p > 0.05) (p > 0.05) 
[64.12: 88.61] [32.97: 47.22] [12.48: 16.49] [1.45 : 0.99] 

PB#3 n.s. n.s. sig.less n.s. 

(p > 0.05) (p > 0.05) (p < 0.05) (p > 0.05) 
[81.28: 102.01] [41.59: 57.47] [11.10: 16.27] [0.76: 1.40] 

PB#4 n.s. n.s. n.s. n.s. 

(p > 0.05) (p> 0.05) (p> 0.05) (p> 0.05) 
[81.28: 88.61] [41.59: 47.22] [11.10: 16.49] [0.76: 0.99] 

PB#5 n.s. n.s. n.s. n.s. 
(p> 0.05) (p > 0.05) (p > 0.05) (p > 0.05) 

[81.28: 64.12] [41.59: 32.97] [11.10: 12.48] [0.76: 1.45] 

PB#6 n.s. n.s. n.s. n.s. 
(p > 0.05) (p > 0.05) (p > 0.05) (p> 0.05) 

[145.44: 115.34] [78.34: 83.73] [14.05 : 14.94] [1.59 : 0.47] 

PB#7 n.s. n.s. n.s. n.s. 
(p > 0.05) (p > 0.05) (p > 0.05) (p > 0.05) 

[145.44: 149.91] [78.34: 85.28] [14.05: 16.36] [1.59: 1.42] 

PB#8 n.s. n.s. n.s. n.s. 
(p > 0.05) (p > 0.05) (p > 0.05) (p > 0.05) 

[145.44: 169.18] [78.34: 105.05] [14.05 : 16.30] [1.59 : 1.80] 

PB#9 n.s. n.s. n.s. n.s. 

(p > 0.05) (p> 0.05) (p> 0.05) (p > 0.05) 
[145.44: 88.61] [78.34: 47.22] [14.05 : 16.49] [1.59 : 0.99] 
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Table 5. (cont.) 

Null Hypothesis Large Fuel Large Fuel Fiue Fuel (to 0.9 m) Fine Fuel (0.9·2.0 m) 
Identifier Volume Weight Weight Weight 

(m3/ha) (tonne/ha) (tonne/ha) (tonne/ha) 

PB#10 sig. greater sig. greater n.s. n.s. 
(p< 0.05) (p < 0.01) (p> 0.05) (p> 0.05) 

[145.44 : 64.12] [78.34 : 32.97] [14.05 : 12.48] [1.59 : 1.45] 

PB#l1 n.s. sig. greater n.s. n.s. 
(p > 0.05) (p < 0.05) (p> 0.05) (p> 0.05) 

[145.44: 81.28] [78.34: 41.59] [14.05 : 11.10] [1.59 : 0.76] 

FE#l n.s. sig.less n.s. n.s. 
(p> 0.05) (p < 0.001) (p> 0.05) (p> 0.05) 

[88.61 : 106.56] [47.22 : 71.05] [16.49: 15.17] [0.99: 0.78] 

FE#2 sig. greater sig. greater n.s. sig. greater 
(p < 0.001) (p < 0.001) (p > 0.05) (p < 0.001) 

[169.18: 76.33] [105.05 : 35.02] [16.30: 12.52] [1.80: 0.79] 

Table 6. Results of statistical analyses: associated analyses for relevant null hypotheses. The 
mean values being compared in each associated analysis are shown in square brackets. 

Null Hypothesis Large Fuel Large Fuel Fine Fuel (to 0.9 m) Fine Fuel (0.9·2.0 m) 
Identifier Volume Weight Weight Weight 

(m3/ha) (tonne/ha) (tonne/ha) (tonne/ha) 

L#2(ass) n.s. sig.less sig.less n.s. 
(p> 0.05) (p < 0.05) (p < 0.05) (p > 0.05) 

[103.07 : 93.65] [36.41 : 56.84] [13.72 : 15.46] [0.89 : 1.05] 
PLB#2(ass) n.s. n.s. n.s. n.s. 

(p> 0.05) (p > 0.05) (p> 0.05) (p> 0.05) 
[189.18 : 156.54] [144.67: 114.44] [24.33 : 18.19] [1.04 : 1.26] 

PLB#3(ass:l) sig. greater sig. greater sig. greater n.s. 
(p < 0.001) (p < 0.0001) (p < 0.01) (p> 0.05) 

[189.18: 93.65] [144.67 : 56.84] [24.33 : 15.46] [1.04 : 1.05] 

PLB#3(ass:2) n.s. sig.less n.s. n.s. 
(p> 0.05) (p < 0.05) (p> 0.05) (p> 0.05) 

[116.44: 93.65] [37.11 : 56.84] [14.32: 15.46] [0.94 : 1.05] 

PB#l(ass) n.s. sig.less n.s. n.s. 
(p> 0.05) (p < 0.001) (p> 0.05) (p> 0.05) 

[88.61 : 106.56] [47.22: 71.05] [16.49: 15.17] [0.99: 0.78] 

PB#2(ass) n.s. n.s. n.s. n.s. 
(p> 0.05) (p> 0.05) (p > 0.05) (p > 0.05) 

[72.39 : 106.56] [42.00: 71.05] [14.94: 15.17] [0.98 : 0.78] 

PB#3(ass) n.s. sig.less n.s. n.s. 
(p> 0.05) (p < 0.001) (p> 0.05) (p > 0.05) 

[88.61 : 106.56] [47.22: 71.05] [16.49: 15.17] [0.99 : 0.78] 

PB#4(ass) n.s. n.s. n.s. n.s. 
(p> 0.05) (p> 0.05) (p > 0.05) (p> 0.05) 

[102.01 : 106.56] [57.47: 71.05] [16.27: 15.17] [1.40 : 0.78] 
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Table 6. (cont.) 

Null Hypothesis Large Fuel 
Identifier Volume 

(m3/ha) 

PB#5(ass) n.s. 
(p> 0.05) 

[102.01 : 72.39] 

PB#6(ass) n.s. 
(p > 0.05) 

[149.91 : 153.24] 

PB#7(ass) n.s. 
(p> 0.05) 

[115.34: 153.24] 

PB#8(ass:l) n.s. 
(p > 0.05) 

[115.34: 156.54] 

PB#8(ass:2) n.s. 
(p > 0.05) 

[155.63 : 156.54] 

PB#9(ass:l) n.s. 
(p> 0.05) 

[115.34 : 106.56] 

PB#9 (ass: 2) n.s. 
(p> 0.05) 

[155.63: 106.56] 

PB#9(ass:3) n.s. 
(p > 0.05) 

[98.75 : 106.56] 

PB#10(ass:l) n.s. 
(p > 0.05) 

[115.34: 72.39] 

PB#10(ass:2) sig. greater 
(p < 0.05) 

[155.63 : 72.39] 

PB#10(ass:3) n.s. 
(p> 0.05) 

[98.75: 72.39] 

PB#l1(ass:l) n.s. 
(p> 0.05) 

[115.34: 102.01] 

PB#11(ass:2) n.s. 
(p> 0.05) 

[155.63 : 102.01] 

PB#11(ass:3) n.s. 
(p> 0.05) 

[98.75 : 102.01] 

FE#2(ass) n.s. 
(p > 0.05) 

[169.18 : 156.54] 

EFFECTS OF LOGGING AND 
22 BURNING REGIMES ON FOREST FUEL 

Large Fuel 
Weight 

(tonnelha) 

n.s. 
(p > 0.05) 

[57.47: 42.00] 

n.s. 
(p > 0.05) 

[85.28: 94.15] 

n.s. 
(p > 0.05) 

[83.73: 94.15] 

n.s. 
(p> 0.05) 

[83.73: 114.44] 

n.s. 
(p> 0.05) 

[122.92: 114.44] 

n.s. 
(p> 0.05) 

[83.73: 71.05] 

n.s. 
(p > 0.05) 

[122.92 : 71.05] 

n.s. 
(p > 0.05) 

[33.27 : 71.05] 

n.s. 
(p > 0.05) 

[83.73: 42.00] 

sig. greater 
(p < 0.01) 

[122.92 : 42.00] 

n.s. 
(p> 0.05) 

[33.27: 42.00] 

n.s. 
(p > 0.05) 

[83.73: 57.47] 

sig. greater 
(p < 0.05) 

[122.92: 57.47] 

n.s. 
(p > 0.05) 

[33.27: 57.47] 

n.s. 
(p> 0.05) 

[105.05 : 114.45] 

Fiue Fuel (to 0.9 m) Fine Fuel (0.9-2.0 m) 
Weight Weight 

(tonnelha) (tonnelha) 

n.s. n.s. 
(p > 0.05) (p> 0.05) 

[16.27 : 14.94] [1.40: 0.98] 

n.s. n.s. 
(p> 0.05) (p > 0.05) 

[16.36: 14.62] [1.42 : 0.49] 

n.s. n.s. 
(p > 0.05) (p > 0.05) 

[14.94: 14.62] [0.47 : 0.49] 

n.s. n.s. 
(p > 0.05) (p > 0.05) 

[14.94: 18.19] [0.47 : 1.26] 

n.s. n.s. 
(p > 0.05) (p > 0.05) 

[27.26: 18.19] [0.99 : 1.26] 

n.s. n.s. 
(p> 0.05) (p > 0.05) 

[14.94: 15.17] [0.47: 0.78] 

n.s. n.s. 
(p > 0.05) (p > 0.05) 

[27.26: 15.17] [0.99: 0.78] 

n.s. n.s. 
(p> 0.05) (p> 0.05) 

[14.97 : 15.17] [1.12: 0.78] 

n.s. n.s. 
(p> 0.05) (p> 0.05) 

[14.94: 14.94] [0.47: 0.98] 

n.s. n.s. 
(p> 0.05) (p> 0.05) 

[27.26: 14.94] [0.99 : 0.98] 

n.s. n.s. 
(p> 0.05) (p> 0.05) 

[14.97 : 14.94] [1.12: 0.98] 

n.s. n.s. 
(p> 0.05) (p > 0.05) 

[14.94: 16.27] [0.47: 1.40] 

n.s. n.s. 
(p> 0.05) (p > 0.05) 

[27.26: 16.27] [0.99: 1.40] 

n.s. n.s. 
(p> 0.05) (p> 0.05) 

[14.97 : 16.27] [1.12: 1.40] 

n.s. sig. greater 
(p > 0.05) (p < 0.05) 

[16.30: 18.19] [1.80 : 1.26] 
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Table 7. Overview of treatment effects on fuels in Eden Burning Study Area. 

Treatment 

Logging 

Post-log burning 

Fuel 
Category 

Large fuel 

Fine fuel 

General 

Large fuel 

Fine fuel 

Treatment Effect 
(text in [ ] indicates result of statistical test; see Table 5 for details) 

• increased volume [sig.] and substantially increased weight [sig.], 
piece frequency and piece suspension height by adding a large 
quantity of relatively solid pieces, primarily from the crowns 
of felled trees. 

• increased weight (to 0.9 m) [sig.]. 
• altered composition in both zones; substantial changes in 

0.9-2.0 m zone, due to fragmentation of the shrub stratum and 
addition of leaves and twigs in the suspended portions of the crowns 
of felled trees. 

• altered the nature and slightly reduced the amount of cover 
provided by the litter, ground cover and small shrub strata, 
through the formation of debris heaps and crown accumulations, 
the retention of undisturbed areas and the disturbance of litter 
and soil. 

• decreased volume [sig.], weight [sig.] and piece suspension height 
from that after loggin;;; volume was similar to that before logging 
[n.s.] but weight [sig.] and piece suspension height remained 
substantially higher. 

• decreased weight in both zones [(to 0.9 m): si g.; (0.9-2.0 m): 
n.s]; weight (to 0.9 m) was similar to that before logging [n.s.] 
and weight (0.9-2.0 m) was lower than before logging [n.s.]. 

• altered composition in both zones; substantial changes in 
0.9-2.0 m zone. 

General altered the structure and composition and reduced the amount of 
cover provided by debris heaps and crown accumulations by 
consuming parts of them and promoting their collapse. 

Prescribed burning Large fuel 

Fire exclusion 

Fine fuel 

General 

Large fuel 

Fine fuel 

General 

FOREST RESOURCES RESEARCH 
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• contributed to maintaining the cover provided by litter, ground 
cover and small shrub strata on areas not substantially disturbed 
by logging, by burning a low proportion of such areas. 

• no effect. 
• decreased weight (to 0.9 m) in unlogged forest [sig.]. 

• slightly decreased the amount of cover provided by the portion 
of litter, ground cover and small shrub strata that was burnt in 
unlogged forest. 

• maintained increased volume and substantially increased weight, 
piece frequency and piece suspension height, resulting from 
logging. 

decreased weight [sig.] in unlogged forest (decrease may be 
due to more stringent soundness classification). 

• maintained the increased weight in both zones that resulted from 
logging. 

• altered composition in both zones with weight of most components 
remaining higher than before logging. 

• maintained similar weight in both zones in unlogged forest [n.s.]. 
• increased weight of cured vegetation in the zone 0.9-2.0 m 

in unlogged forest 

• altered the nature of the cover through an increased proportion 
of green vegetation, resulting from the development of overstorey 
and understorey regrowth in logged forest. 

• slightly altered the nature of the cover through an increased 
proportion of dead vegetation in unlogged forest. 
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(a) Large Fuel 

(i) Frequency, arrangement and size distribution of large fuel pieces 

The attributes of large fuel pieces for groups of treatments with common treatment regimes are 
summarised in Tables 8 and 9, while Table 10 summarises attributes for individual treatments. 

Table 8. Attributes of large fuel pieces for treatments grouped according to common treatment 
regimes. 

Year Total No. No. Mean No. Mean Piece Max.Piece Mean Max. 

(Measurement) Pieces Transects Pieces Per Diameter Diameter Suspension Suspension 
Treatment Group Transect (cm) (cm) Height (m) Height (m) 

Before treatment 2356 216 10.9 8.6 103.0 0.12 1.7 
1986 (m#l) 
All treatments 

Before treatment 1219 108 11.3 8.7 86.5 0.11 1.5 
1986 (m#l) 
LFILNILR treatments 

Before treatment 833 72 11.6 8.8 86.5 0.10 1.4 
1986 (m#l) 
LFILR treatments 

After logging 2237 108 20.7 9.1 86.5 0.22 3.2 
1988 (m#2) 
LFILNILR treatments 

After logging 1374 72 19.1 9.7 86.5 0.22 3.2 
1988 (m#2) 
LFILR treatments 

After post-log burning 1181 72 16.4 9.0 72.0 0.16 1.7 
1988 (m#3) 

LFILR treatments 

Table 9. Size class distribution of large fuel pieces for treatments grouped according to common 
treatment regimes (percent of total pieces in each group). 

Year Treatment 
(Measurement) Group 2.5-5 

Before treatment UF/UN/UR 56% 
1986 (m#l) LFILNILR 54% 

LFILR 55% 
All 55% 

After logging LFILNILR 44% 
1988 (m#2) LFILR 41% 

After post-log LFILR 45% 
burning1988 (m#3) 
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>5-10 >10-15 

23% 7% 
25% 8% 
24% 7% 
24% 8% 

30% 11% 
31% 12% 

30% 11% 

Size Class (cm) 
>15-25 

7% 
6% 
7% 
7% 

8% 
9% 

9% 

>25-50 >50-100 >100 

5% 1% <1% 
4% 2% 0% 
5% 2% 0% 
5% 1% <1% 

5% 1% 0% 
6% 1% 0% 

4% 1% 0% 
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Table 10. Attributes of large fuel pieces for each treatment at each measurement. 

Year Total No. No. Mean No. Mean Piece Max.Piece Mean Max. 
(Measurement) Pieces Transects Pieces Per Diameter Diameter Suspension Suspension 

Treatment Transect (cm) (cm) Height (m) Height (m) 

LF Treatment 

Before treatment 371 36 10.3 11.8 82.0 0.12 1.2 
1986 (m#l) 

After logging 613 36 17.0 9.5 66.0 0.25 3.0 
1988 (m#2) 

After post-log burning 510 36 14.2 9.0 71.0 0.16 1.7 
1988 (m#3) 

1993 (m#5) 563 36 15.6 8.9 146.0 0.15 2.2 

LN Treatment 

Before treatment 386 36 10.7 8.3 65.0 0.14 1.5 
1986 (m#l) 

After logging 863 36 24.0 8.2 76.0 0.22 3.0 
1988 (m#2) 

1993 (m#5) 874 36 24.3 8.3 84.0 0.22 2.0 

LR Treatment 

Before treatment 462 36 12.8 9.1 86.5 0.09 1.4 
1986 (m#l) 

After logging 761 36 21.1 9.9 86.5 0.19 3.2 
1988 (m#2) 

After post-log burning 671 36 18.6 9.0 72.0 0.16 1.6 
1988 (m#3) 

1993 (m#5) 611 36 17.0 9.5 74.5 0.13 1.4 

UF Treatment 

Before treatment 344 36 9.6 9.2 81.8 0.09 1.2 
1986 (m#l) 

1993 (m#5) 236 36 6.6 10.1 88.0 0.09 1.2 

UN Treatment 

Before treatment 416 36 11.6 8.8 103.0 0.13 1.6 
1986 (m#l) 

1993 (m#5) 301 36 8.4 10.0 74.0 0.11 1.4 

UR Treatment 

Before treatment 377 36 10.5 7.8 62.0 0.12 1.7 
1986 (m#l) 

1993 (m#5) 264 36 7.3 9.0 66.0 0.10 1.2 
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Before treatment, there were 2356 large fuel pieces (10.9 per transect) with a mean diameter of 
8.6 cm and a mean suspension height of 0.12 m. The maximum piece diameter was 103 cm and 
the maximum suspension height was 1.7 m. Most pieces (79%) were less than 10 cm diameter and 
6% were larger than 25 cm diameter. 

After logging, the number of pieces increased substantially, as did the mean and maximum suspension 
height. The piece diameter was similar. Most pieces (74%) were less than 10 cm diameter and 6% 
were larger than 25 cm diameter. 

After post-log burning, the number of pieces decreased, as did the mean and maximum suspension 
height. Most pieces (75%) were less than 10 cm diameter and 5% were larger than 25 cm diameter. 
The number of pieces and suspension height was higher than before treatment and piece diameter 
was similar. 

The attributes of large fuel pieces remained generally similar after the prescribed bums in both 
logged and unlogged forest. 

After fire exclusion in logged forest, the number of pieces, the suspension height and piece diameter 
were similar to that after logging. The number of pieces and the suspension height were substantially 
higher than before treatment. In unlogged forest" the number of pieces was lower than before 
treatment, while the suspension height and piece diameter were similar. 

(U) Origin, soundness, condition and charring of large fuel pieces 

The frequency of large fuel pieces classified according to origin, soundness, condition and charring, 
for individual treatments and for groups of treatments with common treatment regimes is shown in 
Figures 7,8,9 and 10. 

Before treatment, the origin of most pieces was 'not recent' and the remainder were 'recent'. Most 
pieces were 'dry: no bark', and the remainder were equally divided between 'dry: smooth bark 
intact' and 'dry: rough bark intact'. About 25% of pieces were charred. Only 5% of pieces were 
100% solid and 19% were largely rotted. For pieces larger than 25 cm diameter, only 1 % were 
100% solid, most were less than 75% solid and 33% were largely rotted. 

Logging added a large quantity of green wood, comprising some pieces of the bole with levels of 
defect greater than utilisation standards, some pieces of the bole smaller than utilisation standards 
and the crowns of felled trees. After logging, 56% of pieces were green wood, comprising 31 % 
with 'rough bark intact', 20% with 'smooth bark intact' and 5% with 'no bark'. Most pieces with 
smooth bark (95%) were 10 cm diameter or less, compared to 61% of pieces with rough bark. 
Most pieces were more than 75% solid and smaller diameter pieces had higher soundness. 

The post-log bum consumed about 14% of the pieces that were on the forest floor after logging. 
Of the pieces remaining on the forest floor, 38% were burnt, 45% were unburnt logging debris and 
14% were unburnt pre-Iogging debris. The logging debris continued to influence the soundness 
classification with 63% of pieces being more than 75% solid. The number of pieces in the 100% 
solid category was lower than after logging but the number in the 50-75% solid category was 
higher. 

After two prescribed bums, 4% of pieces in logged forest and 23% of pieces in unlogged forest 
were recently burnt. After one prescribed bum in unlogged forest, 16% of pieces were recently 
burnt. 
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Figure 7. Prequency of large fuel pieces in origin categories for individual treatments at each measurement and for groups of treatments with 
common treatment regimes. Note that the y-axis scale of the charts for individual treatments differs from that of the charts for groups 
of treatments. (Logging in LP, LN, LR: 1987/88; post-log burning in LP, LR: 1988 - before m#3; prescribed burning in LP, UP: 1990 
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Figure 8. Frequency of large fuel pieces in soundness categories for individual treatments at each measurement and for groups of treatments 
with common treatment regimes. Note that the y-axis scale of the charts for individual treatments differs from that of the charts for 
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(Ui) Large fuel as potential fauna habitat 

The frequency of large fuel pieces, designated as having potential fauna habitat, is shown in Figure 
11 for each treatment. The number of pieces decreased after logging and subsequently increased, 
while in unlogged forest the number increased. All changes were small. For each treatment at 
each measurement, the pieces meeting these criteria were a small proportion of the total pieces, 
ranging from 0.3% to 3.4%. 

(iv) Large fuel volume 

Large fuel volume for groups of treatments with common treatment regimes is summarised in 
Tables 11 and 12, while Tables 13 and 14 summarise it for individual treatments. Figure 12 shows 
large fuel volume for the LF and LR treatments. 

Table 11. Large fuel volume for treatments grouped according to common treatment regimes. 
(Mean volume ± 95% confidence limits) 

(n = number of samples; SD = standard deviation; CV = co-efficient of variation). 

Year 
(Measurement) 

Treatment Group 

Before treatment 
1986 (m#l) 
All treatments 

Before treatment 
1986 (m#l) 
LFILNILR treatments 

Before treatment 
1986 (m#l) 
LFILR treatments 

After logging 
1988 (m#2) 
LFILNILR treatments 

After logging 
1988 (m#2) 
LFILR treatments 

After post-log burning 
1988 (m#3) 
LFILR treatments 

FOREST RESOURCES RESEARCH 
RESEARCH PAPER NO. 40 

Volume 
(m3/ha) 

98.36 ± 16.00 
n=216 

SD = 119.33 
CV = 122% 

103.07 ± 24.20 
n=108 

SD = 126.88 
CV = 123% 

116.45 ± 32.19 
n=72 

SD = 136.98 
CV = 118% 

178.30 ± 30.69 
n=108 

SD = 160.86 
CV = 90% 

189.18 ± 39.93 
n=72 

SD = 169.92 
CV = 90% 

134.83 ± 25.90 
n=70 

SD = 108.62 
CV = 81% 

Large Fuel 
Volume Range 

(m3/ha) 

0.00 to 782.79 

1.00 to 741.92 

1.99 to 741.92 

1.68 to 805.79 

2.74 to 805.79 

5.74 to 491.11 
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i~ Table 12. Volume class distribution of large fuel for treatments grouped according to common treatment regimes. 

~~ Volume derived for each transect, with distribution expressed as percentage of total transects in each group. 

@~ 
Year Treatment Volume Class (m3Jha) ~o 

til~ (Measurement) Group 
;On 0 >0-100 >100-200 >200-300 >300-400 >400-500 >500-600 >600-700 >700-800 >800-900 >900-1000 >1000 ZtIl 
o[.f.l 

~fil 
1986 UFIUNIUR 1% 65% 25% 5% 1% 3% 1% O[.f.l 

~ (m#l) n= 108 

@ 
1986 LFILNILR 66% 19% 5% 6% 1% 2% 1% 
(m#l) n= 108 

1986 LFILR 64% 18% 6% 8% 1% 1% 1% 
(m#l) n=72 

1986 All <1% 65% 22% 5% 4% 2% 1% 1% 
(m#l) n=216 

1988 LFILNILR 40% 26% 17% 7% 5% 4% 1% 1% 
t::C (m#2) n= 108 

~ a 1988 LFILR 35% 28% 18% 10% 3% 4% 1% 1% 

I~ 
(m#2) n=72 

[.f.lCll 

o~ 1988 LFILR 49% 26% 13% 11% 1% 
Zr< (m#3) n=70 
'I:lo 
0 0 

~~ 
>-l0 

~~ 
Vl 
Vl 
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tdtIl Table 13. Large fuel volume for logging treatments (LF, LN, LR) at each measurement. 

I~ (mean volume ± 95% confidence limits; n = number of samples; SD = standard deviation; CV = co-efficient of variation). 

Om 

~~ 
Ot"" 

LN Treatment LR Treatment ~8 I Year LF Treatment 
m~ (Measurement) Large Fuel Large Fuel Large Fuel 
~o 

~~ Volume Volume Range Volume Volume Range Volume Volume Range 
(m3/ha) [25 m transects] (m3/ha) [25 m transects] (m3/ha) [25 m transects] 

m 
(m3/ha) (m3/ha) (m3/ha) '"'l 

~ 
I Before treatment 98.75 ± 48.85 1.99 to 741.92 76.33 ± 33.92 1.00 to 500.48 134.14 ± 43.56 2.47 to 501.38 

1986 (m#l) n=36 n=36 n=36 
SD = 144.37 SD = 100.25 SD = 128.75 
CV = 146% CV = 135% CV = 96% 

After logging 155.63 ± 55.80 2.74 to 805.79 156.54 ± 47.62 1.68 to 527.43 222.74 ± 57.67 8.85 to 700.07 
1988 (m#2) n=36 n=36 n=36 

SD = 164.93 SD = 140.75 SD = 170.44 
CV = 106% CV = 90% CV = 77% 

After post-log 115.34 ± 34.20 5.74 to 339.10 153.24 ± 39.29 10.35 to 491.11 
"I1 burning n=34 n=36 
§ 1988 (m#3) SD = 98.03 SD = 116.11 
m 

CV = 85% CV = 76% ~'"'l 
gJ51 

~~ 1993 (m#5) 145.44 ± 73.77 3.60 to 1250.29 169.18 ± 45.82 1.68 to 458.76 149.91 ± 40.71 4.29 to 457.86 

~~ n=36 n=36 n=36 
SD = 218.03 SD = 135.43 SD = 120.32 ~5l CV = 150% CV= 80% CV= 80% ztIl 

9~ 
.j>.() 
o:Ii 



~ ~ Table 14. Large fuel volume for unlogged treatments (UF, UN, UR) at each measurement. 
~ ~ (mean volume ± 95% confidence limits) 

g ~ (n = number of samples; SO = standard deviation; CV = co-efficient of variation). 

~O 
;:g ~ I Year ;:d(') 
z ~ (Measurement) 
9;:d 

~~ 

; 
z o 

trl 

~ 

~~ 
~g 
00 z"ll 
"Il r 
08 
~o 
..,2 

~~ 
w 
Ut 

Before treatment 
1986 (m#l) 

1993 (m#5) 

UF Treatment 
Large Fuel 

Volume Volume Range 
(m3/ha) [25 m transects] 

(m3/ha) 

102.01 ± 38.06 0.39 to 406.29 
n=36 

SO = 112.49 
CV = 110% 

81.28 ± 34.30 0.00 to 428.59 
n=36 

SO = 101.38 
CV = 125% 

UN Treatment 
Large Fuel 

Volume Volume Range 
(m3/ha) [25 m transects] 

(m3/ha) 

106.56 ± 46.02 6.66 to 782.79 
n=36 

SO = 136.01 
CV = 128% 

88.61 ± 31.34 3.23 to 421.80 
n=36 

SO = 92.63 
CV = 105% 

UR Treatment 
Large Fuel 

Volume Volume Range 
(m3/ha) [25 m transects] 

(ro3fha) 

72.39 ± 26.77 0.00 to 410.64 
n=36 

SO = 79.12 
CV = 109% 

64.12 ± 28.94 1.05 to 435.12 
n=36 

SO = 85.53 
CV = 133% 
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Before treatment, large fuel volume was 98.4 m3/ha, with a range from zero to 782.8 m3/ha and a 
co-efficient of variation of 122%. 

Large fuel volume increased substantially after logging and decreased after post-log burning. It 
remained similar after prescribed bums in both logged and unlogged forest. 

After fire exclusion in logged forest, volume was similar to that after logging and substantially 
higher than that before treatment. In unlogged forest, volume was similar to that before treatment. 

Statistical Analysis 

For the null hypotheses tested, the significant differences in large fuel volume were (all volumes 
cited are in m3/ha): 

• increased volume after logging (103.07 to 178.30): p < 0.001 

• greater volume in logged forest than in unlogged forest (178.30 : 93.65): p < 0.001 

• decreased volume after post-log burning (189.18 to 134.29): p < 0.05 

• greater volume in post-log burnt forest than in unlogged forest (134.29 : 93.65): p < 0.05; 
before post-log burning the comparative volumes (189.18 : 93.65) were significantly different 
(p < 0.001) 

• greater volume in logged forest after two prescribed burns than in unlogged forest after one 
prescribed bum (145.44 : 64.12): p < 0.05; before prescribed burning the comparative 
volumes (115.34 : 72.39) were not significantly different (p > 0.05) 

• increased volume in logged forest after fire exclusion (76.33 to 169.18): p < 0.001; the 
increase in volume in the period subsequent to logging (156.54 to 169.18) was not significant 
(p > 0.05). 

(v) Large fuel weight 

Large fuel weight for groups of treatments with common treatment regimes is summarised in 
Table 15, while Table 16 summarises it for individual treatments. Figure 12 shows large fuel 
weight for the LF and LR treatments. 

Before treatment large fuel weight was 46.6 tonne/ha, with a range from nil to 463.3 tonne/ha and 
a co-efficient of variation of 132%. 

Mter logging, weight increased substantially and after post-log burning it decreased substantially 
but remained higher than before treatment. 

After two prescribed bums in both logged and unlogged forest, large fuel weight remained similar 
but after one prescribed bum in unlogged forest, weight decreased. 

After fire exclusion in logged forest, weight was similar to that after logging and substantially 
higher than that before treatment. In unlogged forest, weight was lower than that before treatment. 

FOREST RESOURCES RESEARCH 
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Table 15. Large fuel weight for treatments grouped according to common treatment regimes. 
(Mean weight ± 95% confidence limits) 

(n = number of samples; SD = standard deviation; CV = co-efficient of variation). 

Year 

(Measurement) 

Before treatment 
1986 (m#l) 

After logging 
1988 (m#2) 

After post-log 
burning 
1988 (m#3) 

All 
Treatments 

46.63 ± 8.21 
n=216 

SD = 61.31 
CV = 132% 

LFILNILR 
Treatments 

36.41 ± 9.24 
n=108 

SD = 48.45 
CV = 133% 

134.60 ± 24.77 
n=108 

SD = 130.03 
CV = 97% 

LFILR 
Treatments 

37.11 ± 9.50 
n=72 

SD = 40.41 
CV = 109% 

144.67 ± 32.81 
n=72 

SD = 139.62 
CV = 97% 

88.90 ± 17.72 
n=70 

SD = 74.10 
CV = 83% 

Table 16. Large fuel weight for each treatment at each measurement. 
(Mean weight ± 95% confidence limits) 

(n = number of samples; SD = standard deviation; CV = co-efficient of variation). 

Year 

(Measurement) LF LN 
Treatment Treatment 

Before treatment 33.27 ± 14.70 35.02 ± 21.03 
1986 (m#l) n=36 n=36 

SD = 43.42 SD = 62.14 
CV=131% CV = 177% 

After logging 122.92 ± 47.24 114.44 ± 36.32 
1988 (m#2) n=36 n=36 

SD = 139.63 SD = 107.33 
CV= 114% CV = 94% 

After post-log 83.35 ± 26.15 
burning n=34 
~988 (m#3) SD = 74.75 

CV = 90% 

1993 78.34 ± 30.94 105.05 ± 29.09 
(m#5) n=36 n=36 

SD = 91.45 SD = 86.00 
CV = 117% CV= 82% 

EFFECTS OF LOGGING AND 
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LR UF 
Treatment Treatment 

40.96 ± 12.65 57.47 ± 23.30 
n=36 n=36 

SD = 37.37 SD= 68.88 
CV=91% CV= 120% 

166.43 ± 46.73 
n=36 

SD = 138.12 
CV=83% 

94.15 ± 25.09 
n=36 

SD = 74.15 
CV = 79% 

85.28 ± 23.95 41.59 ± 17.44 
n=36 n=36 

SD = 70.82 SD = 51.55 
CV=83% CV= 124% 

UN UR 
Treatment Treatment 

71.05 ± 28.87 42.00 ± 17.95 
n=36 n=36 

SD = 85.32 SD = 53.04 
CV= 120% CV= 126% 

47.22 ± 16.20 32.97 ± 16.38 
n=36 n=36 

SD = 47.86 SD = 48.43 
CV = 101% CV= 147% 

FOREST RESOURCES RESEARCH 
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Statistical Analysis 

For the null hypotheses tested, the significant differences in large fuel weight were (all weights 
cited are in tonnelha): 

• increased weight after logging (36.41 to 134.60): p < 0.001 

• greater weight in logged forest than in unlogged forest (134.60 : 56.84): p < 0.001; before 
logging the comparative weights (36.41 : 56.84) were significantly different (p < 0.05) 

• decreased weight after post-log burning (144.67 to 88.94): p < 0.001 

• greater weight in post-log burnt forest than in unlogged forest (88.94 : 56.84): p < 0.01; 
before post-log burning the comparative weights (144.67 : 56.84) were significantly different 
(p < 0.0001) 

• increased weight after logging and post-log burning (37.11 to 88.94): p < 0.01 

• decreased weight in unlogged forest after one prescribed burn (42.00 to 32.97): p < 0.01; in 
unlogged forest that remained unburnt for a similar period, the weight decrease (71.05 to 
47.22) was significant (p < 0.001) 

• greater weight in logged forest after two prescribed burns than in unlogged forest after one 
prescribed burn (78.34 : 32.97): p < 0.01; before prescribed burning the comparative weights 
(83.73 : 42.00) were not significantly different (p > 0.05) 

• greater weight in logged forest after two prescribed burns than in unlogged forest after two 
prescribed burns (78.34 : 41.59): p < 0.05; before prescribed burning the comparative 
weights (83.73 : 57.47) were not significantly different (p > 0.05) 

• decreased weight in unlogged forest after fire exclusion (71.05 to 47.22): p < 0.001 

• increased weight in logged forest after fire exclusion (35.02 to 105.05): p < 0.001; the 
decrease in weight in the period subsequent to logging (114.45 to 105.05) was not significant 
(p> 0.05). 

(b) Fine Fuel 

(i) Fine fuel weight 

Fine fuel weight for both zones, for groups of treatments with common treatment regimes, is 
summarised in Table 17, while Tables 18 and 19 summarise it for individual treatments. Table 20 
shows the percentage of samples in each weight class for fine fuel (to 0.9 m). Figures 13 and 14 
show fine fuel weight for both zones for individual treatments. 

Before treatment, fine fuel weight (to 0.9 m) was 14.59 tonnelha, with a range from zero to 67.07 
tonnelha and a co-efficient of variation of 57%. The weight for 73% of the samples was between 
five and 20 tonnelha. Fine fuel weight (0.9-2.0 m) was 0.97 tonnelha, with a range from zero to 
37.17 tonnelha and a co-efficient of variation of 290%. 

After logging, fine fuel weight (to 0.9 m) increased substantially and fine fuel weight (0.9-2.0 m) 
remained similar. 

After post-log burning, fine fuel weight (to 0.9 m) decreased substantially to be similar to that 
before treatment. Fine fuel weight (0.9-2.0 m) decreased to a weight lower than those after logging 
and before treatment. 

FOREST RESOURCES RESEARCH 
RESEARCH PAPER NO. 40 

EFFECTS OF LOGGING AND 
BURNING REGIMES ON FOREST FUEL 39 



Table 17. Fine fuel weight (to 0.9 m) and fine fuel weight (0.9-2.0 m) for treatments grouped 
according to common treatment regimes. 
(Mean weight ± 95% confidence limits) 

(n = number of samples; SD = standard deviation; CV = co-efficient of variation). 

Year Fine Fuel (to 0.9 m) 
(Measurement) Weight Weight Range 

Treatment Group (tonne/ha) [0.1 m2 sample] 
(tonne/ha) 

Before treatment 14.59 ± 0.49 0.00 to 67.07 
1986 (m#l) n=-1080 
All Treatments SD = 8.27 

CV = 57% 

Before treatment l3.72 ± 0.66 0.00 to 63.88 
1986 (m#l) n=540 
LFILNILR Treatments SD = 7.83 

CV = 57% 

Before treatment 14.32 ± 0.86 0.00 to 63.88 
1986 (m#l) n=360 
LFILR Treatments SD = 8.26 

CV = 58% 

After logging 22.28 ± 4.49 0.00 to 1169.08A 

1988 (m#2) n=540 
LFILNILR Treatments SD = 53.12 

CV = 238% 

After logging 24.33 ± 6.61 0.00 to 1169.08A 

1988 (m#2) n=360 
LFILR Treatments SD = 63.73 

CV = 262% 

After post-log burning 14.83 ± 2.26 0.00 to 324.44B 

1988 (m#3) n=350 
LFILR Treatments SD = 21.49 

CV = 145% 

A the maximum weight for all except one sample was 151.80 tonnelha 

B the maximum weight for all except one sample was 99.15 tonnelha 

EFFECTS OF LOGGING AND 
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Fine Fuel (0.9-2.0 m) 
Weight Weight Range 

(tonne/ha) [0.1 m2 sample] 
(tonne/ha) 

0.97 ± 0.17 0.00 to 37.17 
n=1080 

SD = 2.81 
CV = 290% 

0.89 ± 0.22 0.00 to 35.09 
n=540 

SD = 2.66 
CV = 299% 

0.94 ± 0.31 0.00 to 35.09 
n=360 

SD = 3.00 
CV = 319% 

1.11 ± 0.30 0.00 to 31.95 
n=540 

SD = 3.58 
CV = 323% 

1.04 ± 0.38 0.00 to 31.95 
n=360 

SD = 3.66 
CV = 352% 

0.50 ± 0.27 0.00 to 30.26 
n=350 

SD = 2.55 
CV = 510% 

FOREST RESOURCES RESEARCH 
RESEARCH PAPER NO. 40 

---- .---.-----------------------------------------



Table 18. Fine fuel weight (to 0.9 m) and fine fuel weight (0.9-2.0 m) for logging treatments (LF, 
LN, LR) at each measurement. 
(Mean weight ± 95% confidence limits) 

(n = number of samples; SO = standard deviation; CV = co-efficient of variation). 

Year LF Treatment LN Treatment LR Treatment 
(Measurement) Fine Fuel (to 0.9 m) Fine Fuel (to 0.9 m) Fine Fuel (to 0.9 m) 

Weight Weight Range Weight Weight Range Weight Weight Range 
(tonne/ha) [0.1 m' sample] (tonne/ha) [0.1 m' sample] (tonne/ha) [0.1 m' sample] 

(tonne/ha) (tonne/ha) (tonne/ha) 

Before treatment 14.97 ± 1.23 0.00 to 43.55 12.52 ± 1.00 0.19 to 44.41 13.67 ± 1.19 0.00 to 63.88 
1986 (m#l) n=180 n=180 n=180 

SO = 8.39 SO = 6.77 SO = 8.10 
CV = 56% CV =54% CV = 59% 

After logging . 27.26 ± 12.81 0.00 to 1169.08A 18.19 ± 2.66 0.33 to 92.77 21.40 ± 3.44 0.00 to 151.80 
1988 (m#2) n=180 n=180 n=180 

SO = 87.08 SO = 18.10 SO = 23.36 
CV = 319% CV = 100% CV = 109% 

After post-log 15.04 ± 3.98 0.00 to 324.44B 14.62 ± 2.31 0.00 to 99.15 
burning n=170 n=180 
1988 (m#3) SO = 26.32 SO = 15.71 

CV = 175% CV = 107% 

1993 (m#5) 14.05 ± 1.60 0.00 to 73.68 16.30 ± 2.46 0.00 to 160.23 16.36 ± 1.51 0.00 to 60.92 

n=180 n=180 n=180 
SO = 10.86 SO = 16.75 SO = 10.26 

CV =77% CV = 103% CV= 63% 

A the maximum weight for all except one sample was 82.35 tonnelha 

B the maximum weight for all except one sample was 66.45 tonnelha 

Year LF Treatment LN Treatment LR Treatment 
(Measurement) Fine Fuel (0.9·2.0 m) Fine Fuel (0.9·2.0 m) Fine Fuel (0.9·2.0 m) 

Weight Weight Range Weight Weight Range Weight Weight Range 
(tonne/ha) [0.1 m' sample] (tonne/ha) [0.1 m' sample] (tonne/ha) [0.1 m' sample] 

(tonne/ha) (tonne/ha) (tonne/ha) 

Before treatment 1.12 ± 0.55 0.00 to 35.09 0.79 ± 0.27 0.00 to 12.62 0.76 ± 0.30 0.00 to 22.97 
1986 (m#l) n=180 n=180 n=180 

SO = 3.73 SO = 1.81 SO = 2.02 
CV = 333% CV = 229% CV = 266% 

After logging 0.99 ± 0.44 0.00 to 18.73 1.26 ± 0.50 0.00 to 27.86 1.10 ± 0.62 0.00 to 31.95 
1988 (m#2) n=180 n=180 n=180 

SO = 2.97 SO = 3.43 SO = 4.24 
CV = 300% CV = 262% CV = 385% 

After post-log 0.50 ± 0.38 0.00 to 24.56 0.49 ± 0.38 0.00 to 30.26 
burning n=170 n=180 
1988 (m#3) SO = 2.51 SO = 2.60 

CV = 502% CV = 531% 

1993 (m#5) 1.59 ± 0.61 0.00 to 37.33 1.80 ± 0.63 0.00 to 34.20 1.42 ± 0.41 0.00 to 20.77 
n=180 n=180 n=180 

SO = 4.17 SO = 4.30 SO = 2.80 

CV = 262% CV = 239% CV = 197% 
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Table 19. Fine fuel weight (to 0.9 m) and fine fuel weight (0.9-2.0 m) for unlogged treatments 
(UF, UN, UR) at each measurement. 
(Mean weight ± 95% confidence limits) 

(n = number of samples; SD = standard deviation; CV = co-efficient of variation). 

Year UF Treatment UN Treatment UR Treatment 
(Measurement) Fine Fuel (to 0.9 m) Fine Fuel (to 0.9 m) Fine Fuel (to 0.9 m) 

Weight Weight Range Weight Weight Range Weight Weight Range 
(tonne/ha) [0.1 m2 sample] (tonne/ha) [0.1 m2 sample] (tonnelha) [0.1 m2 sample] 

(tonne/ha) (tonne/ha) (tonnelha) 

Before treatment 16.27 ± 1.31 0.00 to 42.26 15.17 ± 1.35 0.00 to 67.07 14.94 ± 1.13 0.00 to 46.91 
1986 (m#l) n=180 n=180 n=180 

SD = 8.91 SD = 9.15 SD = 7.70 
CV= 55% CV = 60% CV = 52% 

1993 (m#5) 11.10 ± 1.34 0.00 to 67.52 16.49 ± 1.43 0.00 to 50.55 12.48 ± 1.21 0.00 to 43.99 
n=180 n=180 n=180 

SD = 9.13 SD = 9.73 SD = 8.20 
CV= 82% CV = 59% CV= 66% 

Year UF Treatment UN Treatment UR Treatment 
(Measurement) Fine Fuel (0.9-2.0 m) Fine Fuel (0.9-2.0 m) Fine Fuel (0.9-2.0 m) 

Weight Weight Range Weight Weight Range Weight Weight Range 
(tonne/ha) [0.1 m2 sample] (tonne/ha) [0.1 m2 sample] (tonne/ha) [0.1 m2 sample] 

(tonne/ha) (tonne/ha) (tonnelha) 

Before treatment 1.40 ± 0.64 0.00 to 37.17 0.78 ± 0.25 0.00 to 9.57 0.98 ± 0.29 0.00 to 17.27 
1986 (m#l) n=180 n=180 n=180 

SD = 4.37 SD = 1.71 SD = 1.97 
CV = 312% CV = 219% CV = 201% 

1993 (m#5) 0.76 ± 0.34 0.00 to 16.85 0.99 ± 0.76 0.00 to 65.59 1.45 ± 0.55 0.00 to 29.29 
n=180 n=180 n=180 

SD = 2.32 SD = 5.15 SD = 3.76 

CV = 305% CV = 520% CV = 259% 

After two prescribed burns in logged forest, fine fuel weight (to 0.9 m) remained similar, while fine 
fuel weight (0.9-2.0 m) was higher than after post-log burning and similar to that before treatment. 

After prescribed burns in unlogged forest, fine fuel weight (to 0.9 m) was substantially lower, but 
fine fuel weight (0.9-2.0 m) remained similar to that before treatment. 

After fire exclusion in logged forest, fine fuel weight (to 0.9 m) was similar to that after logging 
and substantially higher than that before treatment. Fine fuel weight (0.9-2.0 m) was similar to that 
after logging and substantially higher than that before treatment. 

After fire exclusion in unlogged forest, fine fuel weight in both zones was similar to that before 
treatment. 
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Table 20. Weight class distribution of fine fuel to 0.9 m high for treatments grouped according to 
common treatment regimes. Weight derived for each 0.1 m2 sample, with distribution 
expressed as percentage of total samples in each group. 

Year Treatment Weight Class (tonnelha) 
(Measurement) Group 

0 >0-5 >5-10 >10-15 >15-20 >20-30 >30-40 >40-50 >50 

1986 (m#l ) UFfUNlUR 1% 6% 18% 27 % 23 % 19% 4% 1% <1 % 
1986 (m#l ) LFILNILR 1% 8% 25 % 31% 21 % 11 % 3% 1% <1 % 
1986 (m#l ) LFILR 1% 6% 24% 31 % 21 % 11 % 4% 1% <1 % 
1986 (m#l ) All 1% 7% 22% 29 % 22 % 15 % 4% 1% <1 % 

1988 (m#2) LFILNILR 1% 17% 15% 19% 11 % 19% 7% 5% 7% 
1988 (m#2) LFILR 1% 18% 10% 20% 9% 21 % 8% 5% 8% 

1988 (m#3) LFILR 1% 27 % 19% 17 % 14% 12% 6% 2% 2% 

1993 (m#5) LF 3% 15% 22 % 24 % 14% 14% 6% 1% 1% 
1993 (m#5) LN 2% 12% 22% 23 % 18% 13% 6% 1% 3% 
1993 (m#5) LR 1% 8% 21% 22 % 20 % 21 % 5% 1% 2% 
1993 (m#5) UF 1% 23 % 31 % 23 % 12% 6% 3% 1% 1% 
1993 (m#5) UN 3% 5% 17% 26 % 24% 17 % 6% 2% 2% 

1993 (m#5) UR 3% 12% 32% 23 % 14% 12% 3% 1% 0% 

Statistical Analysis 

Fine Fuel Weight (to 0.9 m) 

For the null hypotheses tested, the significant differences were (all weights cited are in tonne/ha): 

• increased weight after logging (13 .72 to 22.28): p < 0.01 

• greater weight in logged forest than in unlogged forest (22.28 : 15.46): p < 0.05; before 
logging the comparative weights (13.72 : 15.46) were significantly different (p < 0.05) 

• decreased weight after post-log burning (24.33 to 14.78): p < 0.05 

• decreased weight in unlogged forest after one prescribed bum (14.94 to 12.48): p < 0.01; in 
un logged forest that remained unbumt for a similar period, the weight increase (15.17 to 
16.49) was not significant (p > 0.05) 

• decreased weight in un logged forest after two prescribed bums (16.27 to 11.10): p < 0.05; 
in un logged forest that remained unbumt for a similar period, the weight increase (15.17 to 
16.49) was not significant (p > 0.05). 

Fine Fuel Weight (0.9-2.0 m) 

For the null hypotheses tested, the significant differences were (all weights cited are in tonne/ha): 

• less weight in post-log burnt forest than in logged forest (0.48 : 1.26): p < 0.05; before post
log burning the comparative weights (1.04 : 1.26) were not significantly different (p > 0.05) 

• increased weight in logged forest after fire exclusion (0.79 to 1.80): p < 0.001; the increase 
in weight in the period subsequent to logging (1.26 to 1.80) was significant (p < 0.05). 
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(ii) Fine fuel composition 

For both zones, the mean weight of fine fuel components for each treatment at each measurement 
is shown in Figures 15 and 16. 

Before treatment fine fuel (to 0.9 m) mainly comprised leaves, twigs to 6 mm, green vegetation 
and miscellaneous organic material, with proportions ranging from 14% to 22%. Fine fuel (0.9-
2.0 m) was dominated by green and cured vegetation, comprising 76% and 20%, respectively. 

After logging, the weight of all litter components in fine fuel (to 0.9 m) increased, and the weight 
of green and cured vegetation was similar. The main components were leaves, twigs to 6 mm and 
miscellaneous organic material, with proportions ranging from 17% to 20%. For fine fuel (0.9-2.0 
m), the weight of twigs to 6 mm, twigs 6-12 mm, bark, leaves and green vegetation increased, but 
green vegetation remained the main component (44%). 

After post-log burning, the weight of twigs to 6 mm, bark, leaves and miscellaneous organic material 
in fine fuel (to 0.9 m) was lower than after logging and the weight of other components was similar. 
For fine fuel (0.9-2.0 m), the weight of twigs to 6 mm, twigs 6-12 mm, bark and leaves was lower 
than after logging and the weight of green vegetation was higher. Green vegetation was the dominant 
component, comprising 78%. 

After two prescribed burns in logged forest, the weight of twigs to 6 mm, twigs 6-12 mm and 
miscellaneous organic material in fine fuel (to 0.9 m) was lower than after post-log burning, while 
the weight of green vegetation was higher. For fine fuel (0.9-2.0 m), the weight of green and cured 
vegetation was higher than after post-log burning, while the weight of twigs 6-12 was lower. 

After two prescribed burns in unlogged forest, the weight of twigs to 6 mm, bark, green vegetation 
and miscellaneous organic material in fine fuel (to 0.9 m) was lower, while the weight of twigs 12-
25 mm was higher. For fine fuel (0.9-2.0 m), the weight of green vegetation was lower, while the 
weight of cured vegetation was higher. 

After one prescribed burn in unlogged forest, the weight of green and miscellaneous organic material 
in fine fuel (to 0.9 m) was lower, while the weight of cured vegetation was higher. For fine fuel 
(0.9-2.0 m), the weight of cured vegetation was higher. 

After fire exclusion in logged forest, the weight of twigs 6-12, twigs 12-25 mm, bark and green 
vegetation in fine fuel (to 0.9 m) was higher than before treatment, while the weight of leaves was 
lower. For fine fuel (0.9-2.0 m), the weight of twigs 6-12 mm, green and cured vegetation was 
higher than those before treatment. 

After fire exclusion in unlogged forest, the weight of twigs to 6 mm, leaves and cured vegetation in 
fine fuel (to 0.9 m) was higher, while the weight of miscellaneous organic material was lower. For 
fine fuel (0.9-2.0 m), the weight of cured vegetation was higher. 
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Figure 15. Mean weight (tonne/ha) of components in fine fuel (to 0.9 m) for each treatment at 
each measurement. 
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(iii) Fine fuel arrangement 

The fine fuel arrangement profile for the combined treatments at Measurement No. 1 (before 
treatment) and the profile for the combined LFILR treatments before treatment, after logging and 
after post-log burning, are shown in Figure 17. Profiles for individual treatments are shown in 
Figures 18 and 19. 

Before treatment, intersection scores decreased with increasing plane height, from 10.7 at 20 cm 
high to 1.1 at 200 cm high. 

After logging, intersection scores on all planes were substantially lower than those before treatment, 
with percentage decreases ranging from 23-49%. The smallest decrease (23%) was at 20 cm high, 
with larger decreases (39-49%) on the higher planes. 

After post-log burning, intersection scores on the 20 cm and 40 cm high planes were higher by 8% 
than after logging and were lower by 5-55% on all planes above 40 cm. The decreases were 
substantial (23-55%) on the planes from 80 to 180 cm high. The intersection scores on all planes 
were lower than those before treatment. 

After two prescribed burns in logged forest, intersection scores on all planes were higher than after 
post-log burning and were similar to or higher than those before treatment. 

After prescribed burning in unlogged forest, intersection scores on planes were generally lower 
than those before treatment, with the only increases being on planes at 180 cm and 200 cm high. 

After fire exclusion in logged forest, intersection scores on all planes were higher than after logging 
and were similar to or higher than those before treatment. After fire exclusion in unlogged forest, 
intersection scores on all planes were lower than those before treatment. 
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Figure 17. Fine fuel arrangement profile for the combined treatments in 1986 (before treatment) 
and fine fuel arrangement profile for combined LF/LR treatments in 1986 (before 
treatment), 1988 (after logging) and 1988 (after post-log burning). 
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Figure 18. Fine fuel arrangement profiles for each logging treatment (LF, LN, LR) at each 
measurement. 
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Figure 19. Fine fuel arrangement profiles for each unlogged treatment (UF, UN, UR) at each 
measurement. 
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4. SPATIAL VARIABIliTY OF FOREST FUELS 

For each fuel category, the mean co-efficient of variation and changes in the mean co-efficient of 
variation for each "treatment" grouping are summarised in Table 21. Co-efficients of variation are 
segregated according to the spatial scales applicable to each "treatment". 

For the forest fuels in their "natural" condition, the variability of large fuel volume and large fuel 
weight was similar at study area, treatment and experimental unit scales and substantially less at 
the reference point scale. The variability of fine fuel weight (to 0.9 m) was low and it was similar 
at all scales. The variability of fine fuel weight (0.9-2.0 m) was very high at all scales and 
progressively decreased from the largest (study area) to the smallest (reference point) scale. 

The relationship between variability at different scales was consistent at all measurements for large 
fuel volume, large fuel weight and fine fuel weight (0.9-2.0 m). For large fuel volume and large 
fuel weight, the variability was similar at the three largest scales (SA, T, U) and lower at the smallest 
scale (RP). For fine fuel weight (0.9-2.0 m), it progressively decreased from the largest scale (SA) 
to the smallest scale (RP). 

For fine fuel weight (to 0.9 m), the relationship between variability at different scales was altered 
by logging. Before treatment, variability was similar at all scales. After logging it changed to a 
relationship similar to that for fine fuel weight (0.9-2.0 m), with variability progressively decreasing 
from the largest scale (SA) to the smallest scale (RP). Post-log burning narrowed the range of 
variability. Subsequently prescribed burning and the effects of time further narrowed the range, so 
that five years after logging variability at the different scales was again approaching similarity. 

Logging decreased variability of large fuel (both volume and weight) at all scales and increased 
variability of fine fuel weight at all scales. Before logging, the larger diameter pieces, which 
contribute a high proportion of large fuel volume and weight, were sparsely distributed. Logging 
disturbance had little effect on this distribution and most of the larger diameter pieces remained 
intact after logging. As a result, the quantity of large fuel added by logging acted to fill "gaps" in 
the distribution, reducing variability. In contrast, logging disturbance created "gaps" in the fine 
fuel, particularly in the relatively uniform and continuous litter layer which comprised much of 
fine fuel (to 0.9 m). This, and the aggregation of the fine fuel added by logging, caused increased 
variability. 

Post-log burning decreased variability of large fuel (both volume and weight) at the three largest 
scales and decreased variability of fine fuel weight (to 0.9 m) at all scales. In these fuel categories, 
burning targetted and reduced fuel aggregations, decreasing variability. Post-log burning 
substantially increased variability of fine fuel weight (0.9-2.0 m) at all scales by removing the fuel 
aggregations that had effectively filled the "gaps" created by logging disturbance. 

Prescribed burning in logged/post-log burnt forest increased variability of large fuel (both volume 
and weight) at the two largest scales. It had little or no additional effect on variability of fine fuel 
weight but, during the time period, variability substantially decreased at all scales. Prescribed 
burning in unlogged forest increased variability of large fuel volume and fine fuel weight (to 
0.9 m) at all scales. 

Fire exclusion in logged forest decreased variability of large fuel (both volume and weight) at the 
two largest scales. Variability of fine fuel weight (to 0.9 m) remained similar to that after logging 
and variability of fine fuel weight (0.9-2.0 m) decreased at all scales. Fire exclusion in unlogged 
forest decreased variability of large fuel (both volume and weight) at the two largest scales. It 
maintained similar variability of fine fuel weight (to 0.9 m) at all scales and substantially- increased 
variability of fine fuel weight (0.9-2.0 m) at all scales. 
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Table 21. Variability of forest fuels for combinations of spatial scales and "treatments". 
"Change in CV" shows the value before the "treatment" and the value after the 
"treatment" for the experimental units in which the particular ''treatments'' were applied. 

"Treatment" Sampling Large Fuel Large Fuel Fine Fuel (to 0.9 m) Fine Fuel (0.9-2.0 m) 
Unit Volume Weight Weight Weight 

Natural condition Co-efficient of Co-efficient of Co-efficient of Co-efficient 
(SA approx. 600 ha) variation (CV) variation (CV) variation (CV) of variation (CV) 

SA 121% 132% 57% 288% 
T 119% 125% 56% 267% 
U 113% 119% 55% 233% 
RP 73% 72% 51% 170% 

Logging effect Change in cv Change in CV Change in cv Change in CV 
(SA approx. 300 ha) SA 123% - 90% 133% - 97% 57% - 238% 298% - 321% 

T 121% - 89% 131% - 95% 56% - 192% 282% - 318% 
U 118% - 87% 125% - 93% 56% - 149% 243% - 311% 

RP 79% - 59% 80% - 62% 52% - 101% 156% - 192% 

Post-log burning effect Change in CV Change in CV Change in CV Change in CV 
(SA approx. 200 ha) SA 90%-81% 97% - 83% 262% - 145% 350% - 515% 

T 89% - 79% 96% - 84% 227% - 142% 345% - 515% 
U 87% - 81% 93% - 86% 173% - 126% 334% - 396% 
RP 61% - 64% 64%-71% 108% - 97% 195% - 229% 

Prescribed bum effect in Change in CV Change in CV Change in CV Change in CV 
logged forest (two bums) T 85% - 150% 90% - 117% 175% - 77% 504% - 263% 

U 87% - 130% 93% - 110% 144% - 75% 401% - 235% 
RP 66% - 82% 73% - 73% 104%-71% 231% - 144% 

Prescribed burn effect in Change in CV Change in CV Change in CV Change in CV 
unlogged forest (two bums) T 110% - 125% 120% - 124% 55% - 82% 312% - 303% 

U 109% - 126% 120% - 121% 54% - 74% 253% - 264% 
RP 79% - 86% 85% - 79% 51% - 67% 208% - 206% 

Prescribed bum effect in Change in CV Change in CV Change in CV Change in CV 
unlogged forest (one bum) T 109% - 133% 126% - 147% 52% - 66% 202% - 260% 

U 99% - 118% 110% - 125% 50% - 66% 192% - 244% 
RP 66% - 79% 70% - 82% 45% - 61% 155% - 176% 

Fire exclusion effect in Change in CV Change in CV Change in CV Change in CV 
logged forest T 90% - 80% 94% - 82% 100% - 103% 273% - 239% 

U 89% - 82% 93% - 83% 94% - 91% 272% - 231% 
RP 55% - 59% 57% - 59% 81% -76% 185% - 149% 

Fire exclusion effect in Change in CV Change in CV Change in CV Change in CV 
unlogged forest T 128% - 105% 120% - 101% 60% - 59% 220% - 519% 

U 112% - 103% 113% - 103% 60% - 56% 217% - 402% 
RP 56% - 57% 52% - 52% 56% - 51% 168% - 226% 

SA: Study area (600 ha) and subset areas that were logged (300 ha) and logged/post-log burnt (200 ha) 
T: Treatment area (100 ha) 
U: Experimental Unit area (30 ha) 

RP: Reference Point area (0.2 ha) 

When the mean co-efficient of variation was plotted against sampling unit area for each fuel category 
and "treatment" grouping, the form of the relationship generally reached a "plateau". This indicated 
the minimum sampling unit area in which the maximum co-efficient of variation was reached. 
Figure 20 provides an example of this, showing the relationships for each fuel category in its 
"natural" condition. 

Figure 21 shows the relationship between maximum co-efficient of variation and minimum sampling 
unit area. There is strong linear relationship (r = 0.86) for large fuel volume, large fuel weight and 
fine fuel weight (to 0.9 m) and a distinctly separate and much weaker linear relationship (r2 = 0.38) 
for fine fuel weight (0.9-2.0 m). 
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Figure 21. Relationship between maximum co-efficient of variation and minimum sampling unit 
area for large fuel volume, large fuel weight and fine fuel weight (to 0.9 m) and the 
separate relationship for fine fuel weight (0.9-2.0 m). 
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DISCUSSION 

1. APPliCATION OF TREATMENTS 

(a) Logging 

The area and proportion of trees affected by logging are considered typical of integrated harvesting 
in the dry sclerophyll forests in the Eden area in the late 1980s. Forest outside the net area planned 
for logging remained unlogged and was not included in the EBSA sample area. In the late 1980s, 
the net area planned for logging comprised about 90% of the total area. In contrast, the net harvest 
area in 2003 comprised about 70% of the total area. The additional area excluded from logging 
results from increasingly stringent prescriptions, associated with the Integrated Forestry Operations 
Approval for Eden Region (NSW Government 1999). 

Within the net area planned for logging, trees were not felled in some sections due to the occurrence 
of rock, which made the areas inaccessible to logging machinery, the occurrence of consolidated 
patches of regrowth trees, which were retained for their future growth potential and the designation 
of additional site-specific features, which required exclusion of logging. 

The proportion of overstorey basal area remaining after logging falls between the basal area retained 
in the 50% shelterwood system and the 30% shelterwood system of the Silviculture Systems Project 
(SSP) at Cabbage Tree Creek in Victoria (Sharp 1993). Since retained habitat trees are excluded 
from basal area estimates for the SSP area, the proportion of basal area remaining in the EBSA 
would be more similar to that retained in the 30% shelterwood system. However, unlike the 
shelterwood systems in the Victorian project, the overstorey basal area that remained after logging 
is not scheduled for logging in a follow-up operation in the next 20 years but becomes a component 
of the regrowth forest that develops after logging. 

The timber yields (84.5 tonnelha of pulpwood and 3.1 m3lha of sawlog) were similar to the average 
yields (82 tonneslha of pulpwood and 10 m3lha of sawlog), obtained from integrated logging in . 
the Eden working circle of Eden management area for the period 1969 to 1982 (Forestry Commission 
NSW 1982). 

(b) Post-log Burning 

Post-log burning was planned and implemented in accord with practices that applied in 1988, with 
debris heaps being ignited by ground ignition. 

The burn was considered typical of those undertaken after integrated logging, in terms of the 
proportion of area burnt (34%) and fire intensity (14% of the area affected by high intensity fire). 
Most of the higher intensity fire was confined to debris heaps and resulted from the combustion of 
large fuel and associated fine fuel. In addition to the area burnt, a further 21 % of the area was 
disturbed by logging, to the extent that there was insufficient fuel for these areas to burn. The post
log burn was generally confined to the debris heaps and immediately adjacent areas, resulting in 
about half the area, which was not substantially disturbed by logging, remaining unburnt (Bridges, 
in prep.). 
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( c) Prescribed Burning 

Prescribed burning in unlogged forest burnt a low proportion of the area in 1990 and a high 
proportion in 1992 but neither is atypical of the variation that can occur when burning operationally 
at the landscape scale. Both burning regimes effectively decreased fine fuel weight in unlogged 
forest and since sampling included both burnt and unburnt sections, the decreases represented true 
effects at a landscape scale. 

The small proportion of the area burnt in 1990 and 1992 in logged forest results from the 
discontinuities in fine fuel caused by logging disturbance. These discontinuities were maintained 
in the years immediately following logging by low amounts of litterlall during the early regeneration 
phase. In this phase the majority of the plants were young, were growing vigorously and were 
relatively free from competition, resulting in limited mortality and low senescence of vegetative 
material. The discontinuities in the fine fuel disrupt the spread of the prescribed burns (Wakimoto 
1984) constraining burning to areas adjacent to individual ignition points. In contrast, fine fuel in 
the unlogged treatments has high spatial continuity, which facilitates the spread of the fire, resulting 
in a higher proportion of the area being burnt. 

Fire intensity was scaled relative to the intensity range expected in prescribed burning, with high 
intensity causing scorch of tall shrubs and small regrowth but limited scorch of the over storey, 
which had a mean dominant height of 23 m. Cheney et al. (1992) recommended a maximum 
intensity of 750 kW/m for prescribed burning in regrowth forests, giving a flame height of 2 m and 
a scorch height of 12 m. 

Prescribed burning in the frequent burning regime is an experimental treatment used to quantify 
the effects of burning at high frequency. It has no operational equivalent in either logged or 
unlogged forest. Prescribed burning in the routine burning regime has been implemented at an 
interval of four years, which was the shortest interval prescribed in the Fire Management Policy. 
Operationally and practically, it is unlikely that prescribed burning would be applied over extensive 
areas of forest at a frequency as short as four years. 

Prescribed burning has resulted in a decrease in fine fuel weight (to 0.9 m) in unlogged forest but 
any effects on other fuel categories and in logged forest are not apparent. The small number of 
burns and the short period of time in which they have been conducted contribute to this. Other 
contributing factors are the limited extent of burning in logged forest caused by discontinuities in 
the fine fuel, the variability in large fuel quantity and the ongoing change in the arrangement of the 
debris after logging and post-log burning and the ongoing recruitment of large quantities of 
vegetation in the two fine fuel sampling zones through the development of regrowth after logging. 

2. DATA COLLECTION 

A full field measurement for forest fuel involves the collection of 1080 fine fuel samples from each 
of two zones, the assessment of 1080 fine fuel arrangement profiles and the measurement of large 
fuel pieces on 216 transect lines, with a total length of 6400 m. Accomplishing this involves 
accessing 108 reference points, located over an area of about 800 ha. Consequently, measurement 
can extend over many months, depending on the resources committed. Over such time periods, 
natural processes are unlikely to substantially alter large fuel attributes but there could be some 
change in fine fuel attributes. Bridges (2004) found fluctuations in fine fuel weight between years 
of up to 4.5 tonne/ha, albeit from sampling on different sites, while Tolhurst and Kelly (2003) 
reported between year variation of ±50% from a "steady state" fine fuel weight of 16 tonne/ha. 
Tolhurst and Kelly considered the variations were associated with periods when climatic conditions 
were wetter and drier than average. While differences of this magnitude were not expected over 
the period taken to collect samples in the EBSA, sampling was scheduled, where possible, to 
collect samples from units on a block basis rather than on a treatment basis. 
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The line intersect equation used for estimating large fuel volume assumes that pieces are randomly 
orientated. van Wagner (1982) notes that "orientation bias, in which the pieces are lined up more 
in one direction than in others, can result from windfall and some kinds of logging". However in 
the EBSA, bias was not considered an issue due to the random location of sample points, the 
random orientation of each transect, the large number of transects sampled over a broad geographic 
area and the irregular deposition of the large fuel components. Large branches comprise a substantial 
proportion of the large fuel volume and, in the crowns of the trees, these branches are orientated at 
angles approaching 90 degrees to the bole. This means that debris from the bole and large branches 
was not commonly orientated in the same direction on the forest floor after logging. There was no 
consistent pattern in the direction in which trees are felled, with the direction being determined by 
features of each individual tree. While most trees are felled in a general downhill direction, the 
zone into which the trees are felled would generally exceed 180 degrees. Additionally, large fuel 
was often moved by logging machinery, further reducing the risk of orientation bias. 

The estimation of large fuel weight, particularly over extensive areas of forest, is not easily 
accomplished. The van Wagner formula estimates geometrical volume and data collected in this 
study have allowed calculation of a modified volume, by adjusting for variations in the soundness 
of each piece. However, the soundness classification is a subjective assessment. When such 
assessments need to be repeated over extended periods, there is an increased risk of error due to 
changes in the way assessment criteria are applied or to changes in staff, who apply criteria differently. 
This appears to have occurred in assessing the soundness of large fuel pieces. The frequency of 
pieces input by logging that were classifi~d as 100% §plid appears to have been over-estimated 
and at subsequent assessments there may have been increasingly stringent application of the 
soundness criteria. In unlogged forest there may have been more stringent application of soundness 
criteria for both the 100% solid and the greater than 75% solid categories at Measurement No. 5. 

The modified volume represents an equivalent solid wood volume and it was converted to weight 
using a solid wood density factor, representative of the main eucalypt species in the forest. However, 
this estimate of large fuel weight is likely to be inflated because adjustment has not been made for 
the slightly lower density of the small portion of the large fuel volume that is younger, less dense 
wood and the small volume of intact bark (lower density) on large fuel pieces. 

It is notable, but understandable, that many estimates of large fuel weight reported in the literature 
are derived by assuming that the entire volume is solid wood. Tolhurst et al. (1992a, 1992b) 
converted volume to weight using a density factor with no allowance for defect, giving a weight of 
71.1 tonne/ha for messmate-gum forest that had not been burnt for 18 years. Cheney et al. (1992) 
converted volume to weight using a density factor with no allowance for defect and reported 
weights ranging from 75 to 289 tonne/ha (averaging 190 tonne/ha) for sites in the Eden forests that 
had been logged without post-log burning 15 years earlier. Tolhurst et al. (l992b) attributed the 
magnitUde of the changes in large fuel weight (40% reduction) that they observed over a six year 
period on unburnt sites, to decomposition and collapse of large old logs. The latter being an issue 
because large fuel weight was derived from external diameter measurements of the large fuel 
pieces with no adjustment for the soundness of the pieces. 

In studies where allowance has been made for defect, the large fuel weights reported appear to be 
considerably lower. Hamilton et al. (1991) used a density correction factor applied to a 5 point 
'degree of decay' classification, to derive large fuel weight for tall open Eucalyptus obliqua forest 
in Victoria, that had not been burnt since wildfire in 1939. Their estimates for large fuel (woody 
debris larger than 20 mm diameter) weight were 49.2 tonne/ha before prescribed burning, 42.5 
tonne/ha after prescribed burning and 43.4 tonne/ha one year after prescribed burning. MacNally 
et al. (2000) used a conversion factor derived by Robinson (1997) to convert volume to weight. 
For E. camaldulensis floodplain forest, they reported a Coarse Woody Debris (pieces larger than 
10 cm diameter) weight of 18.9 tonne/ha, with a range from nil to 95 tonne/ha. 
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3. "NATURAL" CONDITION OF FOREST FUELS 

The characteristics of the forest fuels at Measurement No. 1 (nominally 1986) are considered to be 
a good indication of their "natural" condition. This measurement was made eight to 10 years after 
the most recent prescribed burn and 17 years after the most recent wildfire. There had been no 
logging in the previous 18 years and there was no record or evidence of logging prior to this. The 
inaccessibility of the area prior to 1970 makes it unlikely that any logging or felling of trees occurred 
(Binns and Bridges 2003). A disturbance regime such as this, with occasional higher intensity fire 
and more frequent lower intensity fire affecting variable proportions of the landscape, is considered 
by Banks (1990) to be an integral part of dynamics of the dry sc1erophyll forests in south eastern 
Australia. Such fire directly influences fuel characteristics by consuming varying proportions of 
the fuel and changing its structure and indirectly influences them by altering the structural 
characteristics of the vegetation. 

In eucalypt forests, large fuel is produced by falling branches, crown breakage and falling trees 
(both living and dead). Their size, high density and high durability means that large fuel pieces 
decompose slowly. Walker (1981), using data from Ashton (1975) calculated a decomposition 
factor of 0.15 and a half-life of 4.6 years for twigs, while Robinson (1997) calculated a decomposition 
factor of 0.0045 and a half life of 135 years for E. camaldulensis logs (12-127 cm diameter). This 
increase in half-life with increasing piece size means that all large fuel pieces have a long residence 
time on the forest floor in the absence of fire. It also means that fire is likely to have an important 
role in the breakdown of large woody material, particularly in dry sc1erophyll forests. 

In its "natural" condition, large fuel was mainly comprised of small diameter pieces which were 
located on or near the ground. The maximum piece diameter was consistent with the size of the 
trees in the forest, which had a mean diameter of 35 cm and a maximum diameter of 140 cm (Binns 
and Bridges 2003). The number of pieces was low but their distribution was relatively even. Only 
a small number of pieces were recent debris, which would result from trees falling over or breaking 
down and from the breakage of parts of the tree crown and branches. However the quantity of 
recent debris could be under-estimated, as debris from any dead and dry trees that had recently 
fallen may not be readily distinguishable from dead and dry debris that was not recent. Most 
pieces were dry wood without bark and the remainder were equally divided between dry wood 
with smooth bark and dry wood with rough bark; about 25% of the pieces were charred. This 
suggested that a high proportion of the pieces had fallen since the most recent wildfire and was 
also consistent with small areas being burnt by the most recent prescribed burns (estimated to be 
2% and 10-15%). The proportions of pieces in the soundness categories suggest that most of the 
pieces that fall in the forest, particularly the larger sized pieces, have a high proportion of defect. 
Such defect would increase the chance of a tree or tree part breaking off. In addition to the 
proportion of defect present when they were deposited on the forest floor, the larger sized pieces 
would accumulate defect caused by decay and partial burning during the longer periods of time 
that they remain on the forest floor. 

Large fuel volume was relatively small and its variability was in the range that Freese (1962) 
considered common for forest populations. The variability results from the substantial contribution 
to volume made by larger diameter pieces, which occur at low frequency on the forest floor; only 
1-2% of pieces are larger than 50 cm diameter. The volume was consistent with that (about 85 m3j 

ha) sampled in the dry sc1erophyll forests in the Eden area in the early 1970s (Forestry Commission 
NSW unpub. data). Considerably higher large fuel volumes are reported for higher productivity 
forests, such as the volume of 353 m3lha reported by Lindenmayer et al. (1999) for E. regnans 
forest. 
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Large fuel weight was also relatively low but similar to the 49.2 tonnelha for woody debris larger 
than 20 mm diameter reported by Hamilton et al. (1991) from tall open E. obliqua forest. While 
the weight of large fuel in some of the moister forests in Australia is likely to be considerably 
higher than this, it is unlikely to reach the magnitude reported by Franklln et al. (1981) for logs 
(probably woody debris greater than 10 cm diameter) in forests in the Douglas Fir region. There, 
the weight of logs was 85-190 tonnelha and they covered up to 30% of the forest floor. In contrast, 
large fuel in the EBSA occupied about 8% of the forest floor (Bridges, in prep.) and as only 21 % of 
the pieces were larger than 10 cm, the percent coverage of pieces larger than 10 cm diameter 
would be very low. 

Fine fuel is less durable and subject to greater change over shorter periods of time than large fuel 
because much of it is vegetative rather than woody and its components are smaller sized. The 
input of fine fuel (litterfall) is a more regular process which occurs relatively uniformly through the 
forest, promoting a continuous and homogenous surface fuel layer. 

Fine fuel (to 0.9 m) had a relatively low weight, with low variability due to the continuous, uniformly
distributed surface fuel layer. The weight was at the upper level of the range reported by Bridges 
(2004) for multi-aged dry sc1erophyll forest in the Eden area. It was lower than the weights of 
about 16 tonnelha (Tolhurst et al . .1992a) and 18 tonnelha (Tolhurst and Kelly 2003) reported for 
dry sc1erophyll forest in Victoria. Such weights are about mid-range in the data collated by Hutson 
and Veitch (1985) for open forests in Australia, but are considerably less than those for some taller, 
open forests where annual rainfall exceeds 1500 mm. 

The composition of fine fuel (to 0.9 m) differed considerably from that cited by Walker (1981) for 
Region 12, particularly for the proportions of twigs and leaf litter (Region 12 percentages were 
10% and 70% compared to 13% and 14% for the EBSA). These differences are not unexpected 
given that data from higher altitude tableland forests were used to characterise the fuels in Region 
12. Such forests would differ in forest composition and structure and grow in different climatic 
conditions to the coastal dry sc1erophyll forests. However the composition in the EBSA was generally 
consistent with the average composition of 34% twigs, 8% bark, 24% leaves, 7% green vegetation, 
9% cured vegetation and 18% miscellaneous organic material, which van Loon (1977) derived for 
a range of forest types in New South Wales. Main variations between this composition and that in 
the EBSA were a lower proportion of leaves and a higher proportion of green vegetation. These 
variations were consistent with the forest in the EBSA being more open and generally drier than 
those sampled by van Loon, promoting ground cover and small shrub strata that were sampled as 
green vegetation. 

Fine fuel (0.9-2.0 m) had a very low weight, which was highly variable. It was comprised mainly 
of green and cured vegetation, most of which were provided by the small shrub stratum (plants 1 
m to <3 m tall). This stratum had a density of 10 413 plantslha (D. Binns, pers. comm.) and the 
plants were unevenly distributed. In contrast, van Loon (1977) reported a much higher weight 
(3.13 tonnelha) for understorey between 0.9 and 2.1 m high in dry Angophora-Peppermint forest 
in the Blue Mountains area of New South Wales. At this Blue Mountains site, the density and 
spatial continuity was much higher. van Loon and Love (1971)1 reported a density of 48 138 
stemslha for major understorey species and commented that "the stocking of the major understorey 
is very high, it is indeed difficult to walk through it". They contrasted this density with that at five 
commercial forest sites in New South Wales, where the major understorey species averaged 5500 
stemslha. 

In addition to being unevenly distributed, the plants comprising fine fuel (0.9-2.0 m) are 
sc1erophyllous with small sized and relatively sparse foliage. Additionally, their density and vigour 
can vary temporally in response to extended periods of above and below average rainfall. As a 
result, the fuel weight has high variability, which can fluctuate substantially over time. 
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The composition of fine fuel (0.9-2.0 m) consisted mainly of vegetation that was attached to the 
ground either as live plants (green vegetation) or as dead plants (cured vegetation). There was 
only a small quantity of deposited material suspended more than 0.9 m above the ground. The 
green and cured vegetation were each sampled as entities and were not segregated into foliage and 
woody fractions. However, an indication of the relative composition of the green and cured 
vegetation was given by van Loon (1977). For understorey vegetation (from 0.9 to 2.1 m), the 
percent composition was: twigs 0-6 mm: 35%; twigs 6-12.5 mm: 25%; twigs 12.5-25 mm: 15%; 
foliage: 25%. 

The shape of the fine fuel arrangement profile was consistent with the overall structure of dry 
sclerophyll forest. There were a larger quantity of fine fuel particles in the ground cover and small 
shrub strata, and a smaller number of particles in the taller shrub stratum, which is less dense with 
sparse, small leaved foliage. 

(a) Fine Fuel Dynamics 

Most fine fuel dynamics studies in Australia (e.g. Attiwill 1968, Ashton 1975, Raison et al. 1986, 
Birk and Bridges 1989) have made predictions using an "accumulation with continuous steady 
litterfall" model, that was developed by Jenny et al. (1949) and Olson (1963). This model has 
been used despite the deficiencies noted by Walker (1981), that decomposition was probably not 
constant with time and was confounded by fuel mixtures and that litterfall was continuous but not 
steady. In addition, use of the model requires the assumption of a steady state fuel weight. The 
time taken to achieve this state after disturbance and whether such a state is ever achieved in 
eucalypt forest, remains uncertain. Birk and Simpson (1980) found that decomposition constants 
were over-estimated, if calculated using fuel weight data that had accumulated for less than 10 
years after fire. Ongoing accumulation for periods exceeding 20 years was reported by Birk and 
Bridges (1989) and van Loon (1977), and over a 13 year period by Tolhurst and Kelly (2003). 
This ongoing increase in fine fuel weight observed in three separate studies, is certainly of interest, 
and may be of significance, given the rarity of studies that have sampled fine fuel continuously 
over extended periods of time. Recently, Turner and Lambert (2002) have questioned whether a 
'steady state' is applicable to eucalypt forests, suggesting instead a conceptual upper limit for fine 
fuel accumulation with fuel weight fluctuating below this limit due to continual variations in 
interacting factors. 

If a steady state condition is applicable to fine fuel in dry sclerophyll forest, the fine fuel in the 
EBSA should have been approaching that condition at Measurement No. 1. A period of more than 
13 years had elapsed since the last disturbance to the fine fuel by wildfire, and prescribed bums 
affecting a small proportion of the area had been five to seven years earlier. However, the short 
time-span of subsequent sampling has not been sufficient to clarify the issue. Over the sample 
period, fine fuel weight (to 0.9 m) increased by 1.32 tonnelha (9%) but this change was not significant 
(p > 0.05). Such a change may be a fluctuation in an existing steady state, it may indicate that 
accumulation was approaching but had not reached a steady state or it may indicate an ongoing 
process of accumulation. Tolhurst and Kelly (2003) suggested that the increasing trend in fine fuel 
weight (0.2 tonnelhalyr), that they observed over a 13 year period, may be a decadel phase associated 
with stand condition rather than a long-term trend. Ongoing sampling of fine fuel in the EBSA 
may clarify whether, or at what time, the weight reaches a steady state. 

4. EFFECTS OF LOGGING ON FOREST FUELS 

Most of the large fuel added by logging was from the crowns of felled trees and the large number 
of branches promoted a large increase in the frequency of pieces. The increased elevation of 
pieces was due to the felled crowns retaining some three-dimensional structure and also to the 
unintentional heaping of debris by movement of logging machinery. The increase in piece diameter 
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was small, due to the high proportion of small diameter pieces added and to the utilisation of most 
of the large diameter bole sections by integrated logging. The degree of utilisation meant that the 
maximum diameter of large fuel pieces added by logging was 76 cm. Logging generated large 
fuel of similar size class distribution to that produced by natural processes. Comparison of pieces 
classified as 'debris; recent, logging' at Measurement No. 2 with those classified as 'debris: not 
recent' at Measurement No. 1 showed that proportions in the 2.5-5.0 cm and the 5.0-10.0 cm 
classes differ (55% and 24% compared to 39% and 34%) but the combined classes (2.5-10.0 cm) 
have similar Pt:oportions. This suggests that the primary source of the large fuel pieces in both 
situations was.the tree crowns. While this may be so for integrated logging, other logging operations, 
which only utilise the higher quality parts of the bole (sawlog), may generate debris with a higher 
proportion of larger diameter bole pieces. The large quantity of green wood input by the logging 
caused substantial changes in the soundness and condition of the large fuel pieces. 

Logging substantially increased large fuel volume but the increase in large fuel weight was even 
greater. This differential results from the large fuel before treatment having low soundness and a 
low weight-ta-volume ratio, while large fuel after logging has higher soundness and a higher 
weight-ta-volume ratio. However, it is considered that the magnitude of this differential may have 
been inflated by the incorrect classification of some pieces into the higher soundness categories. 
The quantity of large fuel added by logging was sufficient to increase the continuity of its distribution, 
reducing the variability of both large fuel volume and weight. 

The quantity of large fuel present after logging is influenced by the productivity, age and structural 
condition of the forest, the logging (silvicultural) system applied and the type and quantity of 
products harvested. The quantity present after integrated logging in the EBSA is low compared to 
weights exceeding 500 tonne/ha that have been reported after clearfelling and slash felling in high 
productivity Eucalyptus regnans forest in the Florentine Valley in Tasmania (Frankcombe 1966, 
Harwood and Jackson 1975). 

Fine fuel weight (to 0.9 m) increased as a result of fine fuel inputs, mainly tree crowns (leaves and 
twigs to 25 mm thickness) and bark accumulations, exceeding the losses of pre-Iogging fuel caused 
by logging disturbance. This increase in fine fuel weight was greater than the 40% increase reported 
by Bridges (2004). However it has been derived from a much larger sample, which may have 
more effectively sampled the discontinuous surface fuel layer. In contrast, the increase was 
considerably less than the 100% to 500% increases (to 40-85 tonne/ha), reported by Marsden
Smedley and Slijepcevic (2001), following logging in E. obliqua wet forest in Tasmania. During 
logging, the movement of machinery and the snigging of logs disturbed the surface litter layer on 
some areas and exposed mineral soil on other areas. This created discontinuities in the fuel, which 
continued to persist five years after logging. These discontinuities contribute to the increased 
variability in the fine fuel weight, as does the aggregated distribution of the large quantity of fuel 
input by logging. Fine fuel input by logging also differs from general litterfall in having a large 
quantity of bark and a greater proportion of twigs 12-25 mm. 

The composition of fine fuel (to 0.9 m) altered through increases in some components and decreases 
in others. Tree crowns left on the forest floor by logging caused increases in twig and leaf 
components. The magnitude of the increase in the leaf component was lessened by the disturbance 
of the pre-Iogging fine fuel, which reduced the contribution of its leaf component. The large 
quantity of bark removed from logs resulted in increases in the proportion of bark. Logs were de
barked on log dumps and bark accumulations were moved in heaps, back into the logged area. 
The extreme weight (1169.08 tonne/ha) recorded for one fine fuel sample resulted from it being 
located entirely within a large heap of redistributed bark. This heap had a depth of 66 cm. The 
substantial decreases in the proportions of green and cured vegetation and the small decrease in 
the proportion of miscellaneous organic material are due to the disturbance caused by logging, 
which removes and disturbs the understorey and fine fuel on parts of the logging area. The decrease 
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in miscellaneous organic material was lessened by the input of this component, particularly floral 
elements, during logging. 

Fine fuel weight (0.9-2.0 m) increased mainly as a result of leaves and twigs to 25 mm thickness in 
suspended portions of the crowns of felled trees. The contribution made by the small shrub stratum 
was reduced by logging disturbance. Logging increased the variability in weight by removing the 
shrub stratum in some areas and leaving it undisturbed in others. Logging also added a large 
quantity of fine fuel mainly as crowns of felled trees. Their three-dimensional structure, and the 
unintentional heaping of debris by movement of logging machinery, meant that a small proportion 
was suspended above 0.9 m. 

The composition of fine fuel (0.9-2.0 m) was altered by the contribution of leaves and twigs in the 
elevated portions of the tree crowns left by logging and the partial disturbance of the understorey. 
However, green and cured vegetation still comprised more than 50% of the fuel, confirming the 
limited extent of the disturbance of the understorey by logging. 

Logging did not cause a substantial elevation of fine fuel. Over the entire area, intersection scores 
at each level in the fine fuel profile decreased after logging, reflecting the reduced spatial continuity 
and coarser composition of the fuel. Even in areas where fuels were concentrated, such as plots 
with fine fuel weights greater than 20 tonnelha, the profile was similar to that before logging. 

5. EFFECTS OF POST-LOG BURNING ON FOREST FUELS 

The purpose of post-log burning in the Eden forests is to reduce the quantity of large fuel and its 
vertical arrangement. This has been achieved through deceases in the number of pieces and their 
suspension height and decreases in volume and weight. 

The burn consumed 14% of the large fuel pieces and a further 38% of the pieces that remained 
after the fire had been burnt. The diameter distribution of the pieces remained similar after burning 
with pieces of all sizes being consumed or burnt and recruited to smaller size classes. A similar 
effect was noted by van Loon in studies undertaken at Eden in the 1970s (Forests NSW, unpub. 
data). 

The decrease in large fuel volume and weight was consistent with the intensity and extent of the 
post-log burn that results from the ignition of debris heaps within the logged area. Post-log burning 
implemented in this way differs from broadcast burning and slash burning in terms of the quantity 
and proportion of fuel burnt. A broadcast burn reported by Stewart and Flinn (1985) burnt 132 
tonnelha (50%) of large and fine fuel on a open forest site that had been cleared. A slash burn 
reported by Harwood and Jackson (1975) burnt 307 tonnelha (48%) of large and fine fuel on a 
mixed forest (E. regnans with rainforest stratum) site that had been logged and slash-felled. 

Fine fuel weight decreased in both zones with that to 0.9 m high becoming similar to before 
logging, while that from 0.9-2.0 m high was substantially lower than before logging. The situation 
in the 0.9-2.0 m zone results from the combined effect of logging and post-log burning on the 
small shrub stratum. Variability increased substantially due to the removal of much of the fuel 
contributed by the debris accumulations and to the burning of some of the shrub stratum adjacent 
to the debris heaps. 

Most of the change in fine fuel composition in both zones results from burning being mainly 
confined to the debris accumulations. In the zone to 0.9 m high, twig, bark and leaf components 
from the crowns of the trees felled by logging were consumed, while most of the areas where green 
vegetation occurred, remained unburnt. The increased proportion of larger twigs could 'be partly 
due to larger pieces being reduced by burning to smaller diameters but would mostly be due to the 
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collapse of debris into the zone. In the zone from 0.9 to 2.0 m high, components were consumed 
in the debris heaps and the collapse of the heaps moved additional components to below 0.9 m. 
The proportion of green and cured vegetation increased because most areas where those components 
occur, remained unburnt. 

The fine fuel arrangement profile indicated that post-log burning had effectively reduced the vertical 
arrangement of fine fuel, particularly fine fuel suspended above 80 cm high. Most of this effect 
would have resulted from fine fuel in debris accumulations being consumed by the burn or from 
the collapse of accumulations due to the bum. 

6. EFFECTS OF PRESCRIBED BURNING ON FOREST FUELS 

During the period of prescribed burning in logged forest, the changes in large fuel attributes indicated 
an input of large fuel. Some of this input was from falling trees, as 3.3 trees/ha fell or broke down 
in the period (Bridges, in prep.). However, not all this tree fall or breakage can be attributed to the 
effects of prescribed burning. A small number of the large fuel pieces were classed as recently 
burnt and this was consistent with the small proportion of the area burnt. However, the substantial 
decrease in pieces that were 100% solid appeared to result from more stringent application of the 
classification criteria, as the change occurred in all treatments. 

In unlogged forest, the proportion of the pieces classed as recently burnt (23% and 16%) was 
consistent with the proportion of area burnt.. A small number of pieces were identified as having 
fallen as a result of prescribed burning. The proportion of pieces classified as 'largely rotted' 
decreased substantially, and two bums promoted a larger decrease than one bum. This suggests 
that large fuel pieces most likely to be consumed by prescribed fire are those in this condition. 

Effects on large fuel volume and weight appear to have been limited or negligible, with variations 
being small and similar to those occurring in the absence of burning. A limited or negligible effect 
of prescribed burning on large fuel weight was also reported by van Loon (1969) for regrowth 
forest and by Tolhurst et al. (1992a) for messmate-gum forest. A reduction of 14% in large fuel 
weight after one prescribed bum was reported by Hamilton et al. (1991) but there were no 
comparative data from unburnt forest. 

In logged forest, fine fuel weight in both zones remained similar after prescribed burning. This 
was partly due to the limited extent of the burn and partly due to the input of fuel from the development 
of ground stratum regrowth after post-log burning. This latter effect has promoted increased weight 
in the zone to 0.9 m high, in the absence of prescribed burning. The quantity and rate of development 
of the regrowth after post-log burning is indicated by data reported by Bridges (in prep.). These 
show the number of eucalypt and non-eucalypt seedlings to be substantially greater (1250 vs. 400 
trees/ha) and the larger eucalypt seedlings to be taller (3.0 m vs 2.3 m) in post-log burnt forest 
compared to logged, unburnt forest. 

In unlogged forest, both prescribed burning regimes decreased fine fuel weight (to 0.9 m) and 
increased its variability. The decreases in weight were substantially less than the 67% reduction (to 
4.5 tonne/ha) reported by van Loon (1977). This is an example of the difference between prescribed 
burning at the landscape scale and the greater effectiveness achieved at the small experimental 
scale (1 ha burning blocks). Similarly, Birk and Bridges (1989) reported reductions of 55-85% 
from the initial prescribed burn and subsequently reductions of 60% in repeated cycles of prescribed 
burning in 1 ha experimental units in regrowth forest. Tolhurst et al. (1992b) reported fine fuel 
weight reductions of 60% for larger experimental units (averaging 10-15 ha). However, in their 
experiments, lines of fire were specifically ignited adjacent to sampling areas to ensure uniform 
fire spread and to maximise the area burnt. The 36% reduction in fine fuel weight reported by 
Hamilton et al. (1991) was more representative of fuel reduction achieved from prescribed burning 
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at a landscape scale. They reported a 69% reduction in fine fuel weight on burnt areas but when 
unbumt areas were included the overall reduction was 36%. 

In unlogged forest, there was no clear effect of prescribed burning on fine fuel weight (0.9-2.0 m). 
The high variability and relatively low weight of the fuel makes it difficult to detect any changes. 

In logged forest, changes in fine fuel composition in both zones were generally similar to those in 
unbumt treatments. In the zone to 0.9 m high, the proportions of green and cured vegetation 
increased, due to the development of regrowth. In the zone from 0.9 to 2.0 m high, the progressive 
collapse of debris heaps to a height lower than 0.9 m decreased litter components, while the 
development of overstorey and understorey re growth into the zone increased green and cured 
vegetation. 

In unlogged forest, changes in fine fuel composition were generally similar to those in unbumt 
treatments. In the zone to 0.9 m high, the exceptions were larger twig components where proportions 
tended to increase in prescribed bum treatments and decrease in unbumt treatments. This was 
consistent with the effect of repeated prescribed burning (six bums in 12 years) reported by Birk 
and Bridges (1989). They observed that there was little effect on fine fuel composition, with slight 
increases in proportions of leaves, twigs and green vegetation and slight decreases in cured 
vegetation and miscellaneous organic material. 

In logged forest, change~ in the fine fuel arrangement profile are dominated by the development of 
overstorey and understorey regrowth, which is replacing vegetation removed by logging andlor 
post-log burning. In unlogged forest, changes in the fine fuel arrangement profile indicated that 
prescribed burning had reduced the quantity of suspended fuel particles, particularly between 40 
and 140 cm high. 

7. EFFECTS OF FIRE EXCLUSION ON FOREST FUELS 

Fire exclusion in logged forest generally maintained the changes in fuels caused by logging. Large 
fuel pieces remained elevated and large fuel volume and weight remained substantially higher 
than before logging. In the absence of fire, the increased volume and weight will persist for a long 
period, due to the slow rate of decomposition of woody material (particularly that larger than 
25 mm) and the high degree of soundness of the pieces input by the logging. Cheney et al. (1992) 
reported large fuel weight ranging from 75 to 289 tonnelha (averaging 190 tonnelha) for sites in 
the Eden forests that had remained unbumt for 15 years after integrated logging. 

Much of the substantial increase in fine fuel weight (to 0.9 m) that occurred after logging was 
maintained. While the weight was less than immediately after logging, it is likely to subsequently 
increase, reaching a peak about the time of canopy closure in the regrowth forest (Bridges, 2004). 
Dynamics of the fine fuel (to 0.9 m) are complex. Additions from the progressive collapse of fine 
fuel suspended above 0.9 m and the development of regrowth after logging, interact with changes 
in the quantity of fuel that remained after logging. Additionally, there are progressive and substantial 
changes in the dynamics of litterfall, due to changes in the structure and growth phase of the forest. 
It is likely that these changes reduce litterfall in the period immediately following logging. The 
substantial increase in fine fuel weight (0.9-2.0 m) that occurred after logging was maintained and 
the weight increased further with the subsequent development of regrowth. However, for regrowth 
forest about 18 years after logging, Cheney et al. (1992) reported an elevated fine fuel weight of 
less than 0.5 tonnelha. This suggests that the weight will decline once much of the overstorey and 
understorey regrowth either grows taller than 2.0 m or is suppressed by the developing canopy of 
the tree and tall shrub strata. 
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The major change in the components of fine fuel (to 0.9 m) was the reduction in the quantity of 
leaves to a weight lower than before logging. The only components to increase in weight from that 
after logging were green and cured vegetation. At this stage of regrowth development plants were 
growing vigorously, so leaf litterfall is likely to be low and there is a large amount of vegetation in 
the fuel zones. The changes in the composition of fine fuel (0.9-2.0 m) resulted from the breakdown 
and collapse of the suspended parts of the tree crowns and from the developing regrowth. The 
former reduced the quantity of leaves and twigs that existed after logging, and the latter promoted 
increases in green and cured vegetation. 

The fine fuel arrangement profile was generally similar to that before logging. The decreases in 
the intersection scores caused by logging had been balanced by increases caused by the development 
of the overstorey and understorey regrowth. The scores on planes from 140 to 200 cm high, were 
higher than before logging, due to the concentration of the crowns of the developing regrowth into 
this zone. At this time, the largest regrowth seedlings were about 2.3 m tall (Bridges, in prep.). 

In un logged forest, the changes in fuel through the short period of fire exclusion were small. 
Further sampling over a longer period of time will be required to confirm if the small decrease in 
large fuel volume is maintained and whether the exclusion of fire is influencing the dynamics of 
the large fuel resource. The decrease in large fuel weight was more substantial but the greater 
magnitude is most likely due to more stringent application of the soundness criteria, as there was a 
downward shift in soundness for a large number of pieces initially classified as more than 75% 
solid. It is unlikely that an appreciable number of large fuel pieces with high levels of defect would 
have collapsed in this relatively short sampling period. 

The increases in fine fuel weight in both zones were not significant but that in the zone to 0.9 m 
high was consistent with the 10% increase (to 14.1 tonne/ha) over a period of four years, reported 
by van Loon (1977). The changes in fine fuel composition in both zones were consistent with the 
mortality and fragmentation of plants in the small shrub and ground cover strata. 

The intersection scores decreased on all planes of the fine fuel arrangement profile and the percentage 
decreases were greatest on the planes from 140 to 180 cm high, suggesting mortality of part of the 
shrub strata, particularly shrubs about 1.5 m tall. 

8. SPATIAL VARIABILITY OF FOREST FUELS 

For forest fuels in their "natural" condition, the variability in fine fuel weight (to 0.9 m) occurs at a 
spatial scale of less than 1 ha, while that for large fuel volume and weight occurs at a larger scale 
of 30-50 ha. Although fine fuel weight (0.9-2.0 m) has very high variability, this occurs at a similar 
scale to that for large fuel. Substantial increases in variability occurred in fine fuel weight (to 
0.9 m) after logging and in fine fuel weight (0.9-2.0 m) after post-log burning. Substantial increases 
in variability also occurred in fine fuel weight (0.9-2.0 m) after fire exclusion in unlogged forest. 
This increased variability occurred at scales of 75-100 ha. 

This suggests that variability in forest fuels and hence the range of treatment effects, particularly 
fire effects, will not be fully quantified unless sampling units are large sized or there are numerous 
replications of smaller units over a large area of forest. Stratification of a large area of forest may 
assist in reducing the number of smaller sampling units required. However, strata would need to 
be specifically defined in relation to the variability between fuel categories and the changes in 
variability caused by the treatments. This spatial variability is consistent with the findings of 
Hobbs and Atkins (1988) that temperatures varied spatially due to variation in fuel distribution and 
fuel type. They noted that temperatures would be highly variable in all except in very severe fires, 
leading to spatial variation in fire effects. They stressed the need to recognise this spatial 
heterogeneity in fire effects and the need to incorporate it into fire-related studies. 
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9. IMPliCATIONS FOR FIRE MANAGEMENT 

The implications for fire management resulting from the changes that have occurred in forest fuels 
over the seven year period covered by this report are summarised in Table 22. 

Fire management would be substantially more difficult after logging, although discontinuities in 
the fuels caused by logging disturbance would have increased the Fire Danger Rating (FDR) needed 
for fire spread. The factors promoting this situation were maintained over the short period of fire 
exclusion after logging. However post-log burning ameliorated the factors, which would reduce 
the difficulty of fire management. Prescribed burning also ameliorated some. factors which would 
further reduce difficulty of fire management. 

Fire management would be less difficult after prescribed burning in unlogged forest and 
discontinuities in the fuels caused by burning disturbance would have increased the FDR needed 
for fire spread. The short period of fire exclusion in unlogged forest has not altered the difficulty 
of fire management. 

Changes in fuel moisture content are important factors in fire management. Mter logging, fuels 
will dry rapidly as they are more aerated and exposed, due to their increased suspension and 
increases in direct sunlight and wind resulting from reduction in overstorey and shrub strata. 
However, the reduction in overstorey and shrub strata will also allow fuels to wet rapidly due to 
decreased interception of rainfall. After post-log burning, fuels will dry at a slower rate, due to 
decreased aeration caused by their decreased suspension. Exposure of fuels and their rate of 
wetting will remain similar to those promoted by logging. After prescribed burning, the rates of 
drying and wetting of fuels will remain similar but in logged forest they will progressively decrease 
due to processes not directly caused by prescribed burning (collapse of debris heaps and development 
of overstorey and understorey regrowth; the former reducing aeration and the latter reducing 
exposure and wind effect). Fire exclusion in logged forest will maintain conditions favouring 
rapid drying and wetting of fuels. Over time, these rates will slow as aeration, exposure and wind 
effects are progressively decreased by collapse and flattening of dead fuel and development of 
overstorey and understorey regrowth. Fire exclusion in unlogged forest will maintain conditions 
in which rates of drying and wetting of fuels remain similar. 

10. LARGE FUEL AS POTENTIAL FAUNA HABITAT 

The value of logs as a fauna resource is sometimes referred to in Australian literature but the log 
resource is usually poorly quantified and the discussion cursory, with greater attention being given 
to hollows in standing trees (for example: McIlroy 1978). In contrast, logs are more commonly 
discussed in the North American literature, where they are recognised as having a substantial role 
in forest ecosystems (Harmon et al. 1986). In particular, large logs on the forest floor are designated 
as one of the four distinctive structural features of old-growth forest in the Douglas-fir region 
(Franklin et al. 1981). This feature has also been attributed, by association, to old-growth forest in 
Australia (Scotts 1991). However the situation described by Franklin et al. (1981) differs markedly 
from that in most forest in Australia, with old E. regnans forest growing in cooler climates with 
high annual rainfall being most likely to have some similarities. The only Australian reference 
cited by Scotts (1991) was a quote from Ashton (1986) that E. regnans logs had remained intact on 
the forest floor for 75-80 years. Ashton (1986) did not quantify the large log resource other than 
noting that the E. regnans logs were 10-50 m long and 50-200 cm in diameter. However, he did 
qualify the statement regarding the 75-80 year-old logs on the forest floor, saying they were "still 
intact, although thoroughly rotted". More recently, Lindenmayer et al. (1999) estimated log volume 
(woody debris larger than 10 cm diameter and at least 1 m long) for E. regnans forest at four stand 
ages, ranging from 20 years to about 300 years. The volume of logs was high (353 m3lha), was 
highly variable between transects (ranging from 13.5 to 1026 m3lha) but was similar for the four 
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stand ages (ranging from 309 to 393 m3/ha). Log diameter averaged about 21 cm and maximum 
diameter was about 250 cm. The relationship between volume and weight was very dependent on 
the soundness of the larger logs, which contribute a substantial proportion of the unit area volume. 
If these logs are unsound, the weight of the logs will be substantially less than the volume. Decay 
classes, which were recorded for each log but not reported, may provide an indication of the 
relativity between log volume and log weight. In comparison, Lindenmayer et al. (1999) cite 
Spies et al. (1988) who reported log volumes ranging from 148 to 313 m3/ha for Douglas fir forest 
and Franklin et al. (1981) who reported log weights for Douglas-fir forest of 85-190 tonne/ha. The 
logs occupied. up to 30% of the forest floor, decompose slowly, losing only 40% of their original 
density after 150-200 years. They estimated that an 80 cm Douglas-fir log would take 480-580 
years to become 90% decayed. This suggests that the Douglas fir forests and the wet sclerophyll 
(eucalypt) forests may have similar weights of logs, the former due to slower decomposition and 
therefore greater accumulation and the latter due to the progressive input of debris over time. 
However, the weight of logs accumulated in the dry sclerophyll (eucalypt) forests would be much 
less, due to the lower productivity of the sites and to the greater frequency of fire. 

Dickman (1991) reported observations of the use of logs by small and medium-sized mammals for 
foraging and for shelter/nesting in a number of ecosystems in NSW, ACT and WA. Twenty-eight 
percent of his foraging observations were on logs and the logs used were either large (34% of 
observations on logs> 90 cm) or small (40% of observations on logs 10-30 cm). Thirty percent of 
the shelter/nesting observations were in logs. Most of the logs used for nesting were larger than 
40 cm diameter and were mostly intact and relatively firm, as opposed to decayed. Dickman 
(1991) also suggested that logs were an important resource for many species of reptile. 

Williams and Faunt (1997) surveyed ten 1 ha sites in jarrah forest and found 206 hollows suitable 
for use by ground-dwelling mammals in 1272 fallen logs (>20 cm large end diameter). They 
determined that the main factors positively associated with number of hollows were: larger logs, 
evidence of low to moderate fire damage, logs in intermediate stages of decomposition and logs 
with termite damage. The number of hollows increased linearly with log size up to 100 cm with 
the rate of increase progressively reducing above 100 cm. Minor and moderate fire damage resulted 
in a greater number of hollows, as did increasing decomposition, except for the most decomposed 
class. They considered that managed fire could be used as a tool in increasing hollow supply, 
while wildfire had the potential to deplete the hollow resource. 

MacNally et al. (2001) examined the fauna associated with increasing weight of CWD (Course 
Woody Debris: wood larger than 10 cm diameter). They found that significantly greater numbers 
of the small marsupial (Antechinus jlavipes) were trapped on sites with the highest average CWD 
weights (45-60 tonne/ha) and that parameters for woodland birds, amphibians and reptiles did not 
vary significantly with CWD weight. 

Measurements and classification of large fuel pieces in the EBSA provide an indication of logs as 
potential fauna habitat and the changes in that resource in relation to natural processes and forest 
management activities. 

To focus this consideration, large fuel pieces classified as being less than 50% solid with a diameter 
larger than 25 cm, were identified as being most likely to contain hollows of reasonable size, 
suitable for use by ground dwelling fauna. Logs in this category still retain their structural integrity 
as the category is distinct from the largely rotted category. Some pieces in the 50%-75% solid 
category and to a lesser extent in the greater than 75% solid category may also provide suitable 
hollows but, as a general indicator, the less than 50% solid category was considered appropriate. 
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Table 22. Fire management implications resulting from changes in forest fuels during the initial seven year period in the Eden Burning Study 
Area. 

Fire Danger Effect on Fire Features once FDR Conditions are Sufficient for Fire Spread 

Activity Rating Needed Intensity 
for Fire Spread 

Rate of Residence Intensity Suppression Effective Short Distance Long Distance 
Spread Time Behind Front Difficulty Extinguishment Spotting Spotting 

Logging in 
unlogged forest 

Post-log burning 
in logged forest 

higher 

higher 

Prescribed burning no change 
in logged/post-log 
burnt forest 

Prescribed burning higher 
in unlogged forest 

Fire exclusion no change 
in logged forest 

Fire exclusion no change 
in unlogged forest 

increase1 increase1 large 
increase2 

decrease6 decrease6 decrease7 

small small no change 
decreasell decreasell 

decreasell decreasell no change 

no change no change no change 

no change no change no change 

large 
increase3 

decreases 

no change 

no change 

no change 

no change 

large 
increase4 

decrease9 

no change 

decrease12 

no change 

no change 

large 
increase4 

decrease9 

no change 

decrease12 

no change 

no change 

increases 

decrease10 

no change 

small 
decrease13 

no change 

no change 

Notes: 1 due to increased fine fuel weight and aeration, the increased proportion of suspended fine fuel and its lower moisture content 
2 due to increased large fuel weight 
3 due to increased large fuel weight and aeration and its lower moisture content 

large 
increases 

decrease10 

no change 

no change 

no change 

no change 

4 due to increased rate of spread and intensity at the fire front, to increased intensity and duration of burning behind the front and to increased spotting 
S due to fine fuel elevation, weight and composition and to the convection effects from burning large fuel 
6 due to decreased fine fuel weight and aeration, and the decreased proportion of suspended fine fuel 
7 due to decreased large fuel weight 
S due to decreased large fuel weight and aeration 
9 due to decreased rate of spread and intensity at the fire front, to decreased intensity and duration of burning behind the front and to decreased spotting 
10 due to decreased elevation, weight and altered composition of fine fuel and to reduced convection effects from the burning of the large fuel 
11 due to decreased weight and aeration of the fine fuel 
12 due to decreased rate of spread and intensity at the fire front and decreased short distance spotting 
13 due to decreased weight of fme fuel 



For dry sc1erophyll forest in its "natural" condition only a small proportion of logs (1.2%) met the 
criteria. After logging, there was a small decrease in the number of such logs, due to disturbance 
and heaping of debris and to the limited quantity of larger diameter, high defect logs input by 
logging. Subsequently, there were small increases in the number of logs in both logged and unlogged 
treatments. These increases result from the effects of previous and ongoing treatments, the collapse 
of debris heaps and natural processes. The slight increasing trend in the number of logs over the 
seven year measurement period indicates that the input of additional logs by natural and management 
processes has been sufficient to match any reductions caused by those processes. Overall, the 
number and proportion of logs providing potential fauna habitat did not substantially change after 
logging, post-log burning, prescribed burning or fire exclusion. 
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FIRE ECOLOGY EXPERIMENTS: THE EBSA EXPERIENCE 

Whelan and Muston (1991) considered that fire ecology experiments needed to be "properly 
designed, adequately replicated and clearly analysed" and "conducted on a large scale over a long 
time span" and must "parallel management". The EBSA meets most of these requirements, however 
experience to date has shown that the infrastructure, resources and corporate/organisational 
commitment required to sustain such an experimental project is considerable. It is also notable that 
these issues are given little, if any, consideration when directives are given to undertake such 
projects. An example of this is the requirement in the Integrated Forestry Operations Approvals in 
NSW to "carry out scientific trials to assess the impacts on the environment of burning for the 
purposes of bushfire hazard reduction or regeneration" (NSW Government 1999). 

The need to recognise spatial heterogeneity in fire effects and to incorporate it into fire related 
studies was emphasised by Hobbs and Atkins (1988). Their study showed that temperatures 
generated by fires were highly variable, which would cause spatial variation in fire effects in the 
forest. 

The time-scale of such projects is well beyond the usual corporate/organisational planning horizon. 
The experimental proposal for the EBSA was drafted in 1985 and the first complete cycle of 
prescribed burning was implemented in 2001. Extending the burning regime to a minimum of five 
burns, results in the fifth burn being implemented in 2019. Hence a period of at least 35 years is 
required to conduct an experiment of this type. 

If such projects are to be effectively undertaken, culminating in the publication of the data and the 
modification of management practices in accord with the findings, the following issues need to be 
clearly defined and resolved at the outset of the project: 

• definition of the scale of the experimental units, consistent with the scale and variability of 
the ecological parameters being studied; 

• definition of the project term; 

• provision of resources adequate for establishing, treating and managing the project for its 
entire term; 

• designation of a project manager and maintenance of that role for the term of the project; 

• allocation of responsibility for scheduling, prioritising and implementing treatments; 

• definition of the process for documenting treatment conditions; 

• provision for effective protection of the experiment to maintain its integrity; 

• procedures for maintaining the experimental infrastructure; 

• procedures for the collection, collation, electronic capture and verification of data; 

• procedures for archiving experimental history, experimental records, field data sheets and 
electronic data; 

• schedules for reporting data and designation of responsibility for reporting; 

• provision of an effective review process for adapting and refining the project, in response to 
changes in personnel, conditions and situation over time. 
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CONCLUSIONS 

Before treatment, forest fuels were considered to be in a "natural" condition, as they had accumulated 
in a disturbance regime of occasional high intensity fire and more frequent low intensity fire, in an 
area that had not been logged. The number of large fuel pieces was low, they were mainly small 
diameter and were located on, or near the ground. The volume and weight of large fuel was low, 
being 98.4 m3/ha and 46.6 tonne/ha respectively. Fine fuel to 0.9 m high had low weight (14.6 
tonne/ha) with low variability and fine fuel 0.9 to 2.0 m high had very low weight (1.0 tonne/ha) 
and high variability. A continuous and uniformly-distributed surface fuel layer provided most of 
the fine fuel to 0.9 m high, while a small shrub stratum with high density but unevenly distributed 
plants provided most of the fine fuel from 0.9 to 2.0 m high. 

Integrated logging significantly increased the quantity of large fuel and created a more elevated 
arrangement of the pieces. It significantly increased the weight of fine fuel to 0.9 m high and 
substantially altered the composition of fine fuel 0.9 to 2.0 m high. The disturbance associated 
with logging disrupted the continuity of the fine fuel, particularly the continuity provided by the 
surface fuel layer. The ongoing effects of this disturbance and some additional disturbance associated 
with post-log burning, effectively limited the spread and intensity of the first two prescribed burns 
in logged forest. 

Post-log burning significantly decreased the quantity of large fuel and reduced its elevated 
arrangement, although weight and suspension height remained higher than before logging. It 
significantly decreased the weight of fine fuel to 0.9 m high, resulting in a weight similar to that 
before logging. It also reduced the elevated arrangement of fine fuel, particularly fuel above 
80 cm high. About half the area that was not substantially disturbed by logging remained unburnt. 
Post-log burning was implemented by igniting debris heaps with the intention of confining the 
burn to the heaps and immediately adjacent areas. Burning implemented in this way has effectively 
targetted the accumulations of fuel produced by logging reducing their quantity and vertical 
arrangement and has contributed to the maintenance of cover over the area. 

In unlogged forest, prescribed burning in both the frequent and routine burning regimes significantly 
decreased the weight of fine fuel to 0.9 m high. Such decreases provide a considerable number of 
benefits for fire management, as outlined by Bridges (2004). Prescribed burning also reduced the 
elevated arrangement of the fine fuel, particularly between 40 and 140 cm high. In logged forest, 
prescribed burning may have stabilised the weight of fine fuel to 0.9 m high but effects are uncertain 
due to a range of factors associated with the recent logging and post-log burning and the dynamics 
of the early age regeneration process. The spread and intensity of the first two prescribed burns in 
logged forest were effectively limited by the ongoing effects of disturbance associated with logging 
and post-log burning; these treatments disrupted the continuity and homogeneity of the fine fuel to 
0.9 m high. However these effects of prescribed burning are for short treatment and measurement 
periods, which include only one or two burns and will be better quantified after further treatment 
and/or future measurement of the experiment. 

The variability of forest fuels in their "natural" condition occurs at spatial scales ranging from less 
than 1 ha to about 50 ha. Some increases in variability associated with logging, post-log burning 
and fire exclusion increase the spatial scale to 75-100 ha. It is suggested that sampling units of this 
scale, or the effective replication of smaller units over large areas of forest, are required to quantify 
"treatment effects" on forest fuels. 
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Large fuel pieces considered most likely to provide habitat for ground dwelling fauna were designated 
by a combination of piece diameter (larger than 25 cm) and soundness (less than 50% solid). Such 
pieces were a small proportion (1.2%) of the total pieces and their frequency and proportion did 
not substantially change after logging, post-log burning, prescribed burning or fire exclusion. 

The main implications for fire management that result from the changes in forest fuels are considered 
to be: 

• In logged forest, higher FDR (Fire Danger Rating) will be required for fire spread after 
logging and after post-log burning, and similar FDR will be required for fire spread after 
prescribed burning and after fire exclusion. Once FDR is sufficient for fire spread, fire in 
logged forest will be high intensity and will spread rapidly. It will have long residence time 
with high intensity burning behind the front, will be likely to spot over short and long distances 
and will be difficult to suppress and effectively extinguish. Fire exclusion will maintain 
these effects and post-log burning will ameliorate them. Prescribed burning will further 
ameliorate all effects, except residence time and burning intensity behind the front, which 
will remain similar. 

• In unlogged forest, higher FDR (Fire Danger Rating) will be required for fire spread after 
prescribed burning and similar FDR will be required for fire spread after fire exclusion. 
Once FDR is sufficient for fire spread, fire in unlogged forest that has been prescribed burnt 
will be lower intensity and will spread more slowly. It will have similar residence time and 
intensity of burning, will be less likely to spot over short distances and will be less difficult to 
suppress and effectively extinguish. 
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A C KNOWLED GEM ENTS 

A project of the scale and longevity of the EBSA becomes part of the folklore of a region; over 
time, major incidents are "embroidered" and become "fondly" remembered. Examples are: 

• during the mid-1980s, Eden District staff made the consummate sacrifice when "contrary to 
their better judgement", they "reluctantly" allowed the EBSA to remain unlogged; it was an 
extensive area of highly accessible, unlogged forest with an established road network during 
a period when such areas were desperately needed to maintain timber supplies; 

• they were subsequently rewarded for their "good deeds"; when the EBSA became available 
for logging in 1987/88, it provided an even more desperately needed harvesting area, at a 
time when Land and Environment Court injunctions had dramatically constrained the area of 
forest available for harvesting; 

• locally the area was facetiously referred to as the "Opera House", reflecting the large amount 
of resources committed to its establishment and ongoing management; in keeping with this 
theme, the major fire-trail through the area was named Bennelong trail; 

• considerable time was committed to arguing against Approval conditions associated with the 
Determination of the 1994 Eden EIS, which compromised the management intent for the 
perimeter zone of the experiment, and proposed conditions which threatened to curtail burning 
in some of the treatments. 

On a more specific and serious note, the fuel data reported in this paper were collected and processed 
by Forests NSW staff based at Eden. In particular Alan Boyle and Warrick Moore performed key 
roles in the collection, processing, collation and archiving of the data and experimental records. In 
addition, Traecey Brassil and Karen Hudson were responsible for the electronic capture and archiving 
of data and records critical to the experiment. These and numerous other Forests NSW staff have 
provided the commitment and dedication necessary to maintain this large-scale field experiment 
over an extended period of time. 

Mark Heron prepared and revised the maps and Graham Cooper provided valuable support in 
addressing issues relating to computing and associated technology. 

Vic Jurskis undertook the onerous task of reviewing the preliminary drafts of this extensive 
manuscript, persisting when others were deterred by the size of the task. His thorough reviews and 
constructive comments were of great assistance in refining the manuscript. 

John Turner and Kevin Tolhurst were somehow able to re-organise their priorities to review an 
earlier draft of this manuscript. The contribution of their valuable time was much appreciated, as 
were their extensive and useful comments. 

Rod Kavanagh and Bob Eldridge provided comments that were useful in finalising the manuscript 
for publication. 

Joy Gardner undertook the considerable task of editing and formatting the manuscript, and arranging 
and organising the numerous tables and figures. Her patience and efficiency facilitated the 
publication of the manuscript. 
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