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SUMMARY 

 

At age three years, the stripfells in Warra 1A were fully stocked with eucalypt seedlings and also 

had a significant component of rainforest species regeneration.  The patchfell had nearly reached 

the stocking standard, with 62% of plots stocked with eucalypts, and also had a component of 

rainforest species regeneration.  However the central portion of the patchfell, as predicted by the 

seedcrop assessment, was very poorly stocked.  Being more than two tree heights to windward 

from any retained trees limits seed supply, and this was reflected in the distribution of the 

regeneration. 

 

The retained vegetation has suffered significant losses due to windthrow, fire and myrtle wilt.  

Longer term monitoring of the retained vegetation will be important to determine the likely losses 

over a full rotation. 
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1. Introduction 

 

Tall Eucalyptus obliqua forests are the most widespread and abundant commercial native forests 

in Tasmania, occupying some 425 700 ha (Public Land Use Commission 1996).  The Warra long-

term ecological research (LTER) site was established in 1995 in order, amongst other things, to 

focus research on this forest type (Brown 1998).  Neyland et al. (2000) demonstrated that the tall 

E. obliqua forests at Warra are representative of many of the E. obliqua tall forests in Tasmania, 

particularly of those in southern and south-eastern Tasmania but also, with some qualification, of 

forests elsewhere in the State. 

 

The Warra silvicultural systems trial (SST) was established in 1998 to explore alternatives to the 

‘clearfell, burn and aerially sow’ method of wet eucalypt forest silviculture (Hickey et al. 2001).  

The patchfell and stripfells were harvested using a cable machine.  Harvesting was completed in 

June 1999 and the coupe was burnt in late March (patchfell and the first strip) and early April 

2000 (second strip). This report examines the post-burn seedbed, seedfall and seedling 

establishment and growth for the first three years following the harvesting and regeneration 

treatment. 

 

The hypotheses being tested here are: 

·  that the local intensity of the burn and /or disturbance of the soil arising from the harvesting 

has no influence on the establishment and growth of the eucalypt regeneration, 

·  that the retained unharvested belts make no contribution to the regeneration of rainforest 

species within the harvested strips, 

·  that the retained trees have no influence on the establishment and growth of the eucalypt 

regeneration. 

 

2. Methods 

 

2.1. Study site 

 

The Warra SST is located within the Warra LTER site (latitude: 43° 04' S; longitude: 146° 40' E) 

which is situated at the junction of the Weld and Huon Rivers in the southern forests of Tasmania.  

The SST occupies south-east facing slopes above the Huon River and ranges in altitude from 50 

to 350 m asl.  Slopes are gentle to moderate (<20°) and rainfall is about 1450 mm per annum.  
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Soils are variable throughout the SST, but are largely derived from Jurassic dolerite (Laffan 

2001). 

 

The pre-harvest vegetation in Warra 1A was mixed oldgrowth-regrowth E. obliqua tall wet forest, 

a number of regrowth-generating fires having burnt through the study area in the last 150+ years 

(Hickey et al. 1999, Alcorn et al. 2001).  The understorey vegetation was variable across the 

coupe.  The upper slopes carried callidendrous rainforest, dominated by myrtle (Nothofagus 

cunninghamii), sassafras (Atherosperma moschatum) and blackwood (Acacia melanoxylon) with 

a ground layer of ferns.  Gullies through the upper slopes were rich in horizontal (Anodopetalum 

biglandulosum).  On the lower flats, the rainforest understorey graded quickly into closed stands 

of tallow-wood (Nematolepis squameum), prickly wattle (Acacia verticillata), tea tree 

(Leptospermum spp.) and paperbark (Melaleuca squarrosa) over cutting grass (Gahnia grandis) 

and bauera (Bauera rubioides) with a light scattering of rainforest species (Neyland 2001). 

 

2.2. Harvesting and burning 

 

Two 80 m wide strips (about twice average tree height) (WR1A N and WR1A L) and one 200 m 

wide patch (about five times average tree height) (WR1A F), all about 250 m deep (Photo 1), 

were felled and then harvested using a Madill cable yarder.  The harvested strips and the patch are 

separated by retained unharvested belts of forest, also about two tree heights equivalent in width 

(c. 80 m).  The understorey in the upper two-thirds of the retained belts is dominated by rainforest 

species, while the lower third has a tall sclerophyllous shrub understorey.  One of the aims of strip 

harvesting is to improve the regeneration of rainforest species within the harvested strips, as the 

trees within the retained belts should contribute seed to the harvested areas. 

 

Harvesting, production and safety issues are discussed in Hickey and Edwards (in prep) and are 

not considered further here. 

 

Following harvesting, but before burning, a bare mineral earth firebreak approximately 6 m wide 

was mechanically cleared around the perimeters of the three sections of the coupe.  The heaped 

fuels arising from the firebreak created a windrow which also extended around the perimeter. All 

subsequent references herein to ‘the coupe’ include the interior of the coupe, the windrow and the 

firebreak. 
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Photo 1.  Aerial view of WR001A at the completion of harvesting and burning.  The section 

above Manuka road (top centre) is not formally part of the trial but was harvested for safety 

reasons. 

 

The patchfell (WR1A F) was lit by helicopter (26 March 2000) in a successful high intensity 

burn.  The burn spilt into the top of the belt between the patchfell and WR1A N.  WR1A N was lit 

by hand the following day and the burn, of lower intensity than in the patchfell, was also 

considered successful in that there was significant reduction of the slash fuels and no escapes into 

the surrounding forest.  Subsequent rain prevented lighting of WR1A L until the 7th of April 

2000.  This strip was also hand lit, but under cooler conditions than WR1A N.  The western side 

of the strip, which was shaded by the adjacent unharvested forest, proved particularly difficult to 

light. 

 

2.3. Seedbed assessment 

 

The seedbed assessment of WR1A was completed within four weeks of the burn.  In WR1A F a 

randomly located grid, 100 m by 10 m was placed over the coupe.  In WR1A N and L, to increase 

the number of plots which could be placed within the coupe, a zig-zag system was used as shown 

in Figure 1.  The seedbed was assessed at each intersection point of the grid (F), or every ten 
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metres along the zig-zags (N & L).  Each point was permanently marked with a tagged wire peg 

to assist relocation.  A fixed size plot was not used for the seedbed assessment; the nature of the 

seedbed was assessed at the point at which the pin was located.  In some cases this meant that the 

piece assessed was quite small, eg 10 cm by 10 cm, and in some cases the assessed patch was 

larger than 1 m by 1 m. 

 

Figure 1. Layout of the seedbed assessment transects within WR1A. 

 

 

The intensity of the burn and impact of the harvesting disturbance on the soil at each point was 

classified as shown in Table 1.  The state of the vegetation at each point was classified as either 

intact or flattened.  Accumulated slash at each point was classified as being either significantly 

additional to that present pre-harvesting or not significantly additional. 

 



7 

Table 1.  Seedbed: burn and disturbance classes. 

B0 Unburnt (or burnt so lightly as to not 
affect the seedbed) 
 

D0 Undisturbed 

BL Burnt but litter still present (minor soil 
heating but soil often not exposed) 
 

D1 Revealed (litter removed from mineral 
soil or disturbed and aerated) 

BM Burnt to mineral soil (charcoal present 
over exposed and heated mineral soil) 

D2 Compacted (litter removed and soil 
compacted, generally from machinery 
movement) 
 

B2 Ashbed (intense soil heating, soil 
oxidation) 

  

 

The burning and disturbance impacts on the soil are not independent but have a combined effect 

in terms of the receptivity of the seedbed.  Where the soil was burnt to mineral soil or burnt to 

ash-bed, it was not considered possible to allocate the point to a disturbance class, partial or 

complete oxidation having altered the soil beyond the point to which disturbance could be reliably 

recognised.  The combination of burnt-to-litter (BL) and compacted seedbed was not observed. 

 

The assessment determined the proportion of the coupe which had burnt and the intensity of the 

burn (where burnt), the extent of soil disturbance arising from the harvesting, the area of live 

vegetation remaining after the burn and the area of accumulated slash remaining unburnt. 

 

2.4. Seedfall - Strips 

 

Eighteen seed-traps (1 m2) were randomly located within the two stripfells.  The traps were 

arranged in two lines perpendicular to the long axis of the strips (Figure 2).  The starting point for 

each of the lines used the same starting points used for the belt health surveys which had 

previously been randomly located.  (The start points for the belt health surveys were randomly 

located within the constraint that they avoid roadside disturbance and that they sample that part of 

the coupe which contained rainforest species in the understorey –the lower portion of each strip 

where the understorey was dominated by sclerophyllous shrubs was excluded). 
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Figure 2. Layout of the seedtraps within the two strips. 

 

 

The seed traps were established two (WR1A N) and three (WR1A L) days after burning was 

completed and were monitored quarterly for two years.  The contents of each trap were collected, 

brought back to the laboratory and sorted.  Seed in capsules was ignored.  The cleaned seed was 

stratified for a week at 0°C and then placed in a constant temperature chamber at 20°C for three 

weeks and germinants counted.  The total number of germinants from each trap was then used to 

estimate the total viable seedfall per square metre across the coupe.  It is possible that some seed 

germinated in the traps and died (through drought or waterlogging) in the period between 

collections (Owen Bassett, pers. comm.).  The reported seedfall may therefore be an 

underestimate of the true seedfall. 

 

In all the other coupes within the Warra SST only eucalypt seed was counted (and expected).  In 

WR1A, where there was a significant component of rainforest species in the understorey, seed of 

myrtle, leatherwood and sassafras was also processed as described above.  Blackwood seed, 

which generally has excellent germinative capacity, was simply counted. 
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2.5. Seedcrop - Patchfell 

 

The seedcrop assessment in WR1A F was undertaken according to the methods described in 

Forestry Commission (1991) except that to increase the sampling intensity, plots were placed 40 

m apart along strip-lines 40 m apart rather than the prescribed 200 m between strip-lines.  The 

seed crop assessment score for each sampling point was mapped for each sampling point and a 

seed score ‘contour map’ prepared. 

 

2.6. Regeneration 

 

Seedling regeneration was assessed in March each year for three years after the regeneration burn, 

following the methods of Forestry Tasmania (2003) except as noted below.  Because of the small 

size of the strips, the standard procedure for the plot layout could not be followed.  The plot 

layout for the regeneration surveys varied from year to year as described below.  The aim of all 

surveys was to establish a minimum of 50 plots in each coupe section – as the grid was laid 

randomly over the coupe the exact layout of the plots was not considered as important as 

achieving the required sample density.  In 2001, 20 m between plots and strips in 1A N and L, 50 

m by 20 m in 1A F.  In 2002, 1A N, 20 m between striplines, 20 m between plots for half the 

striplines and 10 m between plots for the rest, 1A L 40 m between striplines and 10 m between 

plots, 50 m by 20 m 1A F.  In 2003, 30 m by 10 m 1A N and 1A L, 40 m by 20 m 1A F. 

 

At each sample point a circular 16 m2 plot centred on the sample point was searched for eucalypt 

seedlings.  The height of the tallest seedling on the 16 m2 plot was recorded, if present, as was the 

mean height of the competing understorey vegetation.  The number of eucalypt seedlings on both 

the 4 m2 and the 16 m2 plot was counted so that seedling density (stems per hectare) could be 

estimated.  The nature of the seedbed (Table 1) in which the tallest seedling on the 16 m2 plot (the 

4 m2 plot is a sub-set of the 16 m2 plot) was growing, was recorded for the surveys in both the 

first and second years but it was difficult to separate BL (burnt to litter) from BM (burnt to 

mineral soil) seedbed by year two and by year three the condition of the seedbed was very 

difficult to accurately judge and this part of the assessment was discontinued.  Mapping rules as 

described in Forestry Tasmania (1996) were used to map the regeneration across the coupe.  

Portions of the coupe are mapped as stocked except where at least three unstocked plots occur in a 

row. 
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2.7. Browsing 

 

Three browsing transects were established in late February 2001 to monitor browsing of eucalypt 

seedlings by native mammals, following prescribed operational procedures for monitoring 

mammal browsing of regeneration (Forestry Tasmania 1999).  In WR1A N and WR1A L, two 

transects of 20 seedlings each were established, both of which meandered along the strip and from 

one side to the other.  In WR1A F a transect of 20 seedlings extended from the north-west corner 

of the coupe towards the centre.  Where possible, seedlings were selected at approximately two 

metre intervals.  In some places, due to lack of seedlings, distances between seedlings were much 

larger.  The browsing transects were monitored monthly.  The height of each seedling was 

measured and any browsing damage to the seedling noted. 

 

2.8. Seedling establishment and growth 

 

A set of single tree plots was established to assess the influence on seedling establishment and 

growth of the seedbed, competing vegetation, the retained trees and the adjacent unharvested 

forest around the coupe.  The plots were established in the second winter following burning (June 

2001) when the seedlings were about one year old, from the same grid as used for the seedbed 

assessment.  The plots have been remeasured at age three years (June 2003). 

 

The nearest dominant seedling to each seedbed assessment point was identified, tagged with a 

numbered aluminium tag, and measured.  Dominant seedlings were defined as seedlings which 

were healthy and at least as tall and preferably taller than the surrounding vegetation.  As the plots 

were 10 m apart, the ‘nearest’ seedling was limited to a distance of 5 m.  If no dominant seedling 

could be located within 5 m, nothing was recorded for that plot.  The bearing and distance of the 

seedling from the plot point was recorded. 

 

The height of each tree was measured to the nearest centimetre, the diameter of the root collar 

immediately above any basal swelling was measured to the nearest millimetre, the diameter of the 

stem either at one third of the height of the tree or 1.3 m, whichever is the least, was measured to 

the nearest millimetre (stem diameter) and the spread of the crown in both the north-south and 

east-west direction was measured to the nearest centimetre.  Measurements pertaining to the tree 

are hereafter referred to as stem variables.  The nature of the seedbed in which the seedling was 

growing was recorded as in Table 1. 
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The cover-abundance of the surrounding vegetation on a plot of 16 m2 centred on the seedling 

was recorded using the Braun-Blanquet scale (1 = <1% cover, 2 = 2 to 5% , 3 = 6 to 25%, 4 = 26 

to 50%, 5 = 51 to 75%, 6 = 76 to 100%) (Mueller-Dombois and Ellenberg 1974) for each 

vegetation guild.  The mean height of each guild was measured to the nearest centimetre.  The 

guilds used were trees, shrubs, ferns, sedges and herbs.  Only eucalypts were defined as trees.  

The shrub layer includes tall shrubs such as dogwood, (Pomaderris apetala), tea tree 

(Leptospermum spp), lancewood (Nematolepis squamea), paperbark (Melaleuca squarrosa) but 

also includes low shrubs such as Bauera rubioides.  In most instances plots were dominated by 

either tall or low shrubs.  The species dominating the plot was noted.  Measurements pertaining to 

the vegetation are hereafter referred to as vegetation variables. 

 

The basal area of the retained trees and the trees in the adjacent unharvested forest around each 

seedling, was assessed at age 3 years using a prismatic wedge with a basal area factor of 2.  At the 

same time each seedling was assessed as to its current crown class: dominant – taller than the 

surrounding vegetation including other trees, co-dominant – equal in height to the surrounding 

vegetation, sub-dominant – shorter than the surrounding vegetation but healthy, and suppressed – 

shorter than the surrounding vegetation and struggling to out-compete the surrounding vegetation. 

 

Preliminary analysis of the distribution of the single tree plot data across seedbed classes revealed 

that the data was unbalanced, with some seedbed classes over-represented and some under-

represented.  To balance the data, a transect was set out around the firebreak to deliberately 

sample additional plots on the fireline on B0/D1 (unburnt and revealed) and B0/D2 

(unburnt/compacted) seedbed and to sample additional plots in the windrow on B2 (oxidised) 

seedbed.  In this case, a seedling was selected where the nearest dominant seedling within 5 m 

was on B0/D1, B0/D2 or B2, or rejected if it was on any other seedbed class, every 25 m along 

the transect.  The transect was started from the same randomly located point as used to establish 

the original grid.  The additional transect was located a month after the original transect was 

established.  Seedling growth in winter is very slow and any growth between the two 

measurements was considered minimal. 

 

Two hundred and sixty-five single-tree plots were established.  No seedling could be located on 

fifty-five plots.  Further post-establishment losses due to drought death, suppression and/or 

mechanical damage resulted in the age three data set comprising one hundred and eighty-one 

trees. 
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2.9. Analysis 

 

All analyses of the single-tree plot data were conducted using Statgraphics Plus 2.1 (Statistical 

Graphics Corporation [SGC] 1994-1996).  A Pearsons product moment correlation matrix was 

prepared to examine the relationships between the stem variables, seedbed, the vegetation 

variables and the retained basal area. 

 

2.10. Seedling height and seedbed 

 

The correlation matrix showed that all the stem variables were significantly correlated with each 

other.  For the purposes of this report all the seedbed analyses were conducted using height as the 

dependent variable (‘height’).  Tree volume for example could also be used as the dependent 

variable but in this instance height was considered sufficiently informative. 

 

The distribution of ‘height’ was found to be slightly skewed for two classes of seedbed ((B0/D1 

and B0/D2, both of which had a couple of exceptionally tall seedlings relative to the rest of the 

seedlings in that class.  A variance check to test the null hypothesis that the standard deviations of 

‘height’ within each of the seven levels of seedbed class were the same found that there was in 

fact no statistically significant difference amongst the standard deviations at the 95.0% confidence 

level. 

 

The slightly high skewness and kurtosis means that the distribution of seedlings on the two 

seedbed classes identified above may not be ‘normal’, so the data was also analysed using the 

Kruskal-Wallis test.  The Kruskal-Wallis test is a non-parametric procedure which tests the null 

hypothesis that the medians of ranked height values within each of the 7 levels of seedbed class 

are the same.  The data from all the levels is first combined and ranked from smallest to largest.  

The average rank is then computed for the data at each level (SGC 1994-1996).  The box-and-

whisker plot produced as part of the output of the Kruskal-Wallis test divides the data into four 

areas of equal frequency.  A box contains the middle 50% of the data points and a line through the 

box shows the median value.  A small box shows the mean.  The whiskers either side extend from 

the quartile to the smallest or largest data point within 1.5 interquartile ranges from the lower or 

higher quartile respectively.  Data values that lie outside the whiskers but within three 

interquartile ranges are shown as small boxes and are considered possible outliers.  No data points 

more than three interquartile ranges outside the box (which are considered definite outliers) 
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occurred in the data set.  The notch in the box around the median represents an approximate 95 

percent confidence interval for the median (SGC 1994-1996). 

 

To test for significant differences amongst the means of height for each level of seedbed, the 

multiple range test procedure, using Fishers least significant differences method to discriminate 

amongst the means, was used.  The confidence level for the test was set at 95%. 

 

2.11. Belt health - Transect establishment 

 

The boundaries of the harvested areas in each coupe were surveyed using chain and compass.  

The extent of the roadside disturbance and the location of the change from rainforest understorey 

to sclerophyll understorey were also mapped.  Random number tables were used to generate three 

possible transect locations for each belt and edge.  Field inspections were used to verify the 

suitability of the proposed locations.  The final locations used were those which gave the best 

spread of the transects across the coupe (eg some of the proposed locations were very close to 

each other, those with a better spread were used). 

 

A series of eight permanent transects were established within the unharvested forest – four 

through the two internal retained belts (ie two across each belt) and two each across the external 

retained areas (Figure 3).  The transects across the internal belts extend from one side of the belt 

to the other.  The transects into the western forest edge extend 50 m and those into the eastern 

forest edge, which was considered more susceptible to wind damage due to the prevailing 

westerly winds, extend 70 m.  At the southern edge of both the stripfells and the patchfell the 

forest graded quickly into moorland; no transects were established along these edges. 

 

Figure 3. Locations of the belt transects. 
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Each transect was permanently located using map, chain and compass survey, and plastic stakes 

about 1.6 m long were used to mark the centreline.  On five metres either side of the centreline, 

all trees greater than 10 cm diameter at breast height over bark (dbhob) were mapped (x y position 

in m) and their species, dbhob, crown characteristics (canopy class, development class, length 

ratio, density reduction and stem epicormics and appearance (healthy – yellow – dying – dead) 

recorded, see Table 2 for details).  All pre-existing damage in the way of scars from previous fires 

or from rubbing by adjacent trees was also recorded to allow comparisons over time.  The 

transects were assessed before the regeneration burn and then one and three years after the burn. 

 

3. Results 
 

3.1. Seedbed assessment 

 

The results of the seedbed assessment of each section of the coupe are shown in the tables below. 

 

Table 3.  Results of the seedbed assessment, WR1A (F).  Figures in parentheses are percentages. 

 D0 D1 D2 Total 

B0 1 (1) 7 (6) 9 (8) 17 (15) 

BL 28 (25) 7 (6) n/a 35 (31) 

 

BM 41 (36) 41 (36) 

B2 20 (18) 20 (18) 

n=113 

 

Table 4.  Results of the seedbed assessment WR1A (N).  Figures in parentheses are percentages. 

 D0 D1 D2 Total 

B0 3 (6) 19 (38) 1 (2) 23 (46) 

BL 17 (34) 5 (10) n/a 22 (44) 

 

BM 4 (8) 4 (8) 

B2 1 (2) 1 (2) 

n=50 
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Table 5.  Results of the seedbed assessment WR1A (L).  Figures in parentheses are percentages. 

 D0 D1 D2 Total 

B0 2 (3) 23 (34) 8 (12) 33 (49) 

BL 15 (22) 2 (3) n/a 17 (25) 

 

BM 15 (22) 15 (22) 

B2 3 (4) 3 (4) 

n=68 

 

Table 6.  Results of the seedbed assessment WR1A, All.  Figures in parentheses are percentages. 

 D0 D1 D2 Total 

B0 6 (3) 49 (21) 18 (8) 73 (32) 

BL 60 (26) 14 (6) n/a 74 (32) 

 

BM 60 (26) 60 (26) 

B2 24 (10) 24 (10) 

n=231 

 

B0 Unburnt     D0 Undisturbed soil, organic layer intact 

BL Burnt but litter still present   D1 Revealed or lightly disturbed mineral soil 

BM Burnt to mineral soil (charcoal present)  D2 Compacted bare soil, organic layer 

B2 Oxidised, significant soil heating   removed 
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3.3. Seedfall - Strips 

 

The seedfall on the coupe for the two years following harvesting is summarised in the table 

below.  Cumulative seedfall over the sample period is shown in figure 4. 

 

Table 7.  Seedfall: total viable seeds collected (cumulative). 

 Jul-00 Sep-00 Dec-00 Feb-01 May-01 Aug-01 Dec-01 Feb-02 May-02 

 Autumn Winter Spring Summer Aut (2) Win (2) Spr (2) Sum (2) Aut (3) 

Eucalypt 8 14 23 33 40 44 58 59 61 

Myrtle 5 5 14 91 105 113 113 138 138 

Blackwood 0 0 0 0 48 118 159 171 171 

Leatherwood 0 0 0 0 0 0 0 4 13 

Sassafras 0 0 0 0 0 0 0 8 8 

 

 

Figure 4.  Cumulative seedfall by species in the strips, WR 1A N and WR 1A L. 
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Eucalypt seedfall over the sampling period was 61 seeds per 9 m2 (9 traps of 1m2 each).  

Disregarding the seedfall from the third autumn collection, the seedfall was 59 seeds per 9 m2 

over two years.  This is equivalent to a seedfall of 32 750 seeds per ha per annum.  In clearfelled, 

burnt and aerially sown E. obliqua coupes in the southern forests of Tasmania, where the trial is 

located, the standard sowing rate of 0.875kg/ha (Forestry Commission 1991) is equivalent to 

44 000 viable seeds per hectare.  The eucalypt seedfall within the strips is therefore equivalent to 

about three-quarters of the usual sowing rate. 

 

3.4. Seedcrop - Patchfell 

 

The results of the seedcrop assessment in WR1A (F) are shown in Figure 5.  The scores are based 

on the proximity and abundance of the visible seed crops in adjacent trees.  Based on experience, 

a score of 20 points is considered to be sufficient to regenerate the area sampled.  The figure 

shows three zones, a central area in which the score was zero, a zone around that in which there 

was expected to be insufficient seed, and the outside zone in which there was expected to be more 

than sufficient seed. 

 

 

Figure 5.  Seedcrop assessment scores for WR1A (F). 
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3.5. Regeneration 

 

A summary of the results of the regeneration survey each March is shown in Tables 8, 9 and 10. 

 

Table 8.  Regeneration survey results, WR1A (F). 

Date of 

survey 

% of coupe 

mapped as 

stocked 

16m2 

stocking, 

whole coupe 

(%) 

Stocking 

stems per ha 

Mean height 

of eucalypt 

regeneration 

(m) 

Mean height 

of 

understorey 

species (m) 

Dominant 

understorey 

species 

(cover) 

29/3/01 70 61 1910 0.21 0.28 Pom, Gg, 

Sen, Gt, Acv 

(4.1) 

22/4/02 88 69 2210 0.92 0.88 Pom, Gg, 

Sen, (3.6) 

19/3/03 62 59 1760 2.17 1.26 Gg, Pom, 

(3.9) 

 

 

 

Table 9.  Regeneration survey results, WR1A (N). 

Date of 

survey 

% of coupe 

mapped as 

stocked 

16m2 

stocking, 

whole coupe 

(%) 

Stocking 

stems per ha 

Mean height 

of eucalypt 

regeneration 

(m) 

Mean height 

of 

understorey 

species (m) 

Dominant 

understorey 

species 

(cover) 

29/3/01 100 79 2140 0.25 0.25 Hist, Sen, 

Acv, Acm, 

Gt (2.0) 

22/4/02 100 84 2880 1.09 1.03 Sen, Gg, 

Hist, (3.0) 

19/3/03 100 95 3750 2.30 0.94 Gg, Hist 

(3.95) 
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Table 10.  Regeneration survey results, WR1A (L). 

Date of 

survey 

% of coupe 

mapped as 

stocked 

16m2 

stocking, 

whole coupe 

(%) 

Stocking 

stems per ha 

Mean height 

of eucalypt 

regeneration 

(m) 

Mean height 

of 

understorey 

species (m) 

Dominant 

understorey 

species 

(cover) 

29/3/01 79 63 1710 0.21 0.36 Acv Gg 

Hist, Sen, 

(1.4) 

22/4/02 100 81 2540 0.71 1.03 Sen, Gg. 

Hist, (3.0) 

Understorey species codes: Acm – Acacia mucronata, Acv – Acacia verticillata, Gg – Gahnia 

grandis, Gt – Gonocarpus teucrioides, Hist – Histiopteris incisa, Pom – Pomaderris apetala, Sen 

– Senecio biserratus. 

 

Table 11.  Rainforest species regeneration in WR1A at age 3 (% of 16m2 plots stocked) 

Coupe Myrtle Blackwood Leatherwood Celery-top pine Sassafras 

WR001A F 8 47 11 2 2 

WR001A N 20 65 2 2 0 

WR001A L 23 52 13 2 3 

 

The nature of the seedbed carrying seedlings on stocked plots as assessed during the regeneration 

survey of March 2001 is shown in the tables below. 

 

Table 12.  Comparison of the regeneration at age one by seedbed class (%) to the original seedbed 

assessment, WR1A (F).  Figures in parentheses are the percentages of each seedbed type as 

determined by the original assessment. 

 

 D0 D1 D2 Total 

B0 4 (1) 9 (6) 15 (8) 27 (15) 

BL 6 (25) 6 (6) n/a 11 (31) 

 

BM 42 (36) 42 (36) 

B2 20 (18) 20 (18) 
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Table 13.  As above, WR1A (N). 

 D0 D1 D2 Total 

B0 0 (6) 41 (38) 3 (2) 44 (46) 

BL 21 (34) 9 (10) n/a 30 (44) 

 

BM 21 (8) 21 (8) 

B2 6 (2) 6 (2) 

 

Table 14.  As above, WR1A (L). 

 D0 D1 D2 Total 

B0 0 (3) 48 (34) 17 (12) 65 (49) 

BL 13 (22) 0 (3) n/a 13 (25) 

 

BM 13 (22) 13 (22) 

B2 9 (4) 9 (4) 
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3.5. Browsing 

 

 

Figure 6.  Mean seedling height (cm) and browsing percent WR1A (F) 

 

 

Figure 7.  Mean seedling height (cm) and browsing percent WR1A (N and L) 

 

Both charts show that there was some browsing through the first winter but that this ceases 

coming into the second summer after germination and that free growth of the seedlings resumed 

at this time.  There was no need to poison anywhere within WR1A. 
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3.6. Seedling establishment and growth 

 

Table 15.  Pearsons product moment correlation matrix.  Only statistically significant correlations 

are shown (P < 0.0005). 

 Seed
bed 

Ht RC 
diam 

Diam 
1/3 

N’th 
S’th 

East 
West 

Shrb 
cover 

Shr 
ht 

Sed 
cov 

Sed 
ht 

Fern 
cover 

Fer
n ht 

Herb 
cover 

Herb 
ht 

Tree 
cover 

Tree 
ht 

BA 

Seedbed 
class 

-------                 

Height 0.4555 -------                

Root collar 
diameter 

0.5149 0.9106 -------               

Diam 1/3 ht 0.4864 0.9201 0.9497 -------              

North-south 0.4694 0.9111 0.9242 0.9211 -------             

East west 0.4616 0.8568 0.9003 0.8909 0.9357 -------            

Shrub cover       -------           

Shrub height       0.5142 -------          

Sedge cover -0.5636 -0.4748 -0.5501 -0.5268 -0.5758 -0.6068   -------         

Sedge height -0.3481   -0.2935 -0.3363 -0.3952  0.4154 0.6483 ------        

Fern cover       -0.5024    -------       

Fern height  0.2960   0.3073 0.2769 -0.4396  0.2586  0.8311 -------      

Herb cover           -0.3686 -0.41 -------     

Herb height       0.2735    -0.4220 -0.44 0.8890 -------    

Tree cover               -------   

Tree height  0.4716 0.3672 0.3518 0.3862 0.3583         0.7326 -------  

BA rtd trees -0.5554 -0.2812 -0.3490 -0.3250 -0.3308 -0.3513   0.2584    -0.2609 -0.3011   ------ 

Dom class  -0.4954 -0.4371 -0.4349 -0.4511 -0.4653            

 

The correlation matrix (Table 15) shows that all the stem variables (height, root collar diameter, 

stem diameter and crown width (both north-south and east-west) relating to the dominant seedling 

are significantly correlated, both to each other, and to seedbed class.  Tree height (which refers to 

trees other than the subject seedling) is also correlated with the stem variables.  There is an 

inverse correlation between seedling dominance class and the stem variables – dominant 

seedlings tend to be larger and suppressed seedlings tend to be smaller.  There is a relatively weak 

inverse correlation between the basal area sweep and the stem variables – this is because the 

seedlings growing on the unburnt and compacted seedbed of the fireline are generally struggling 

and are close to the trees in the adjacent uncut forest.  This conjecture is supported by the strong 

inverse correlation between seedbed class and basal area – the basal area is higher for plots on the 

fireline as they are again close to the adjacent forest. 
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Sedge cover and to a lesser extent sedge height is inversely related to the stem variables, ie plots 

with tall trees have low sedge cover and plots with short trees have high sedge cover.  Almost all 

of the plots on the fireline have high sedge cover and short eucalypt seedlings. 

 

For shrubs, sedges, ferns, herbs and trees there is a correlation between height and cover; as the 

height increases the cover increases.  This is readily apparent for the ferns, which at low heights 

are often establishing seedlings, but which rapidly move into higher height classes with much 

greater cover once established.  The fern cover is inversely related to the shrub cover, which 

suggests that either ferns or shrubs tend to dominate a plot but not both. 

 

3.7. Single tree plots  

 

The crown class assessment at age 3 years showed that of the 181 trees assessed as dominant at 

age 1, when the plots were first established, 163 are now rated as dominant or co-dominant, 13 as 

subdominant and 5 as suppressed.  On some plots it is clear that the plot seedling will be out-

competed by surrounding stems despite the fact that it was the dominant seedling at age 1.  The 

analyses described below were undertaken using both the full data set and the data set with the 

suppressed trees removed, but only the results for the full data set are reported as removing the 

suppressed trees had little influence on the results.  There were only two seedlings on B0/D0 

seedbed (seedbed class 1) and they have been removed from the data set prior to analysis. 

 

The Kruskal-Wallis test showed that there was a significant difference between the median 

heights of seedlings growing on different seedbed classes (Table 16, Figure 8).  The test ranked 

the seedbed classes in the same order for both the full data set and for the data set with the 

suppressed trees removed.  The results reported below are for the full data set. 
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Table 16.  Kruskal-Wallis Test for height by seedbed class. 

Seedbed 

class 

Sample 

Size 

Average 

rank 

Median 

height 

Range of 

heights 

Rank of 

median 

height 

2 51 71.4 260 60 – 740 2 

3 17 25.8 120 60 – 360 1 

4 8 98.6 360 170 – 550 3 

5 14 104.4 370 120 – 530 5 

6 71 100.8 360 80 – 670 4 

7 18 145.7 565 160 – 750 6 

Test statistic = 57.8796   P-Value = 3.33066E-11 

 

Seedbed classes: 2, unburnt disturbed, 3 unburnt , compacted, 4, burnt litter, undisturbed, 5 burnt 

litter, disturbed, 6 burnt to mineral soil, 7 oxidised. 

 

The Kruskal-Wallis test ranks the seedbed classes in the following order by height: 7, 5, 6, 4, 2, 3.  

The differences between classes 6, 5 and 4 are small – the ranges for these groups clearly overlap 

and there are occasional exceptional seedlings in all of these classes (Figure 8).  The median 

height in class 7 is clearly greater than that for any other class (565 cm against 360 cm for class 6) 

and the median height for class 3 is clearly less than that for any other class (120 cm against 260 

to 370 cm for classes 2, 4, 5 and 6). 

 

The multiple range test with the confidence level set at 95% ranks the seedbed classes in the 

following order 7 > 5, 6, 4 > 4, 2 > 3. 
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Figure 8.  Box and whisker plot.  The horizontal line shows the range of values for each seedbed 

class (defined above see Table 16).  The central large box shows the spread of values for the 

middle 50% of the data.  The reduced vertical line in the large box shows the median value and 

the notch represents the 95% confidence interval for the median.  The small box within the larger 

box shows the mean for that class.  The smaller boxes (eg top right, bottom left) represent 

possible outliers. 

 

3.8. Belt health 

 

Impacts of harvesting 

 

Harvesting damage to the retained trees in WR1A was very limited.  The condition of 516 trees 

was assessed within the transects at the completion of harvesting.  Of these, six had minor scrapes 

into the bark and five had lost major branches from the crown, generally as a result of being hit by 

a falling tree (the coupe having been logged using a cable machine, there was limited scope for 

machinery damage to the retained trees).  One tree had lost all its crown and died. 
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Impacts of burning 

 

The burn in WR1A was successful as most of the available fuel was burnt, leaving receptive 

seedbed over most of the coupe.  Some 83% of the seedbed was assessed as burnt (Table 3) and 

only 5% of the seedbed was assessed as compacted, this was usually the result of the butt of a log 

having been dragged across the ground.  It was noted following the assessment that the western 

edges of the stripfells, being shaded from the afternoon sun by the adjacent unharvested forest, 

had not burnt well.  Assessment of the escape from the regeneration burn in the eastern belt 

(Photo 1) showed that almost half (the eastern 49 of 106 m) of transect E1 had burnt, of which 6% 

was ashbed, 33% was burnt to mineral soil, 43% was burnt but with unburnt litter still present, 

and 18% remained unburnt. 

 

Longer term impacts 

 

One year after the regeneration burn 35 trees of the 516 being monitored had died.  Ten of these 

were flattened by a single oldgrowth tree which was windthrown from the fireline across transect 

G1 (Figure 3).  Two deaths were attributed to drought, six trees, scattered throughout the trial, 

were windthrown and three died from unknown causes.  Eleven of twenty-nine monitored trees 

within the area burnt by the escape from the regeneration burn had died and many of the others 

looked unhealthy. 

 

Three years after the burn, damage was more extensive, with 80 of the original 516 trees having 

died (Table 17).  Windthrow was the main cause of damage (33% of damaged trees), followed by 

downers (26%) (ie damage caused by falling trees) and fire (19%). 
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Table 17  Counts of stems lost by species and by cause of death to June 2003 
 
    Cause of loss   
Species Total 

count 
1999 

Losses 
to 

Jan 03 

% 
loss 

Wind 
throw 

Smashed 
by 

downer 

Fire Unknown 
or as 

specified 

Other and comments 

Acacia 
melanoxylon 

29 4 14 3 1 0   

Acacia 
verticillata 

3 3 100 2 1 0  May have died of old 
age 

Anodopetalum 
biglandulosum 

31 6 19 1 0 3 2 4 windthrown stems still 
green 

Anopterus 
glandulosus 

1 0 - 0 0 0   

Atherosperma 
moschatum 

21 7 33 1 1 5   

Cenarrhenes 
nitida 

1 0 - 0 0 0   

Dicksonia 
antarctica 

55 6 11 0 4 2 0 17 stems showing signs 
of sunburn 

Eucalyptus 
obliqua 

103 13 13 3 5 1 1 3 suppressed stems died 
naturally 

Eucryphia 
lucida 

81 8 10 4 2 2  6 windthrown stems still 
green 

Leptospermum 
lanigerum 

4 0 - 0 0 0   

Melaleuca 
squarrosa 

31 1 3 0 0 0  1 killed after logging 
damage – top broken out 

Monotoca 
glauca 

3 0 - 0 0 0   

Nothofagus 
cunninghamii 

79 17 23 4 4 3 2 
 

5 from wilt 

Nematolepis 
squamea 

34 11 32 7 2 0 1  

Phyllocladus 
aspleniifolius 

7 1 14 1 0 0   

Pittosporum 
bicolor 

3 0 - 0 0 0   

Pomaderris 
apetala 

30 3 10 3 0 0  4 windthrown stems still 
green 

         
Totals 516 80 16 29 20 16 6 9 
 

Table 18 shows the basal area summary for the belts and the edges from the time of establishment 

of the transects to the three year measurement.  On transect E1 a single oldgrowth Eucalyptus 

obliqua with a dbhob in excess of 2.7 m has died – this tree is included in the results shown in the 

first table (18.1) and is excluded from the second (18.2).  The basal area equivalent of this tree is 

54.97 m2/ha (as the transect sampled was 10 m wide, the equivalent basal area per hectare for 

each stem sampled is 10 times the actual basal area of the stem). 
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Table 18.1  Basal area loss (m2/ha), June 1999 to 2003 by species 

Genus species Edges Belts Total 

Acacia melanoxylon 0.83 -0.80 0.02 

Acacia verticillata -0.44 0.00 -0.44 

Anodopetalum biglandulosum 0.04 -1.18 -1.14 

Anopterus glandulosus 0 0 0 

Atherosperma moschatum -0.79 -2.00 -2.79 

Cenarrhenes nitida 0.00 0.01 0.01 

Eucalyptus obliqua -3.65 -62.09 -65.73 

Eucryphia lucida -0.44 -1.05 -1.49 

Leptospermum lanigerum 0.00 0.02 0.02 

Melaleuca squarrosa 0.02 0.25 0.27 

Monotoca glauca 0.00 0.01 0.01 

Nematolepis squamea -1.92 -2.85 -4.78 

Nothofagus cunninghamii -1.59 -7.25 -8.83 

Phyllocladus aspleniifolius 0.04 -2.27 -2.23 

Pittosporum bicolor 0.00 0.00 0.00 

Pomaderris apetala 0.07 -1.60 -1.53 

     

Totals  -7.83 -80.80 -88.63 
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Table 18.2.  A reworking of the table above with the single oldgrowth tree removed. 

 

Genus species Edges Belts Total % 

Acacia melanoxylon 0.83 -0.80 0.02 <1 

 verticillata -0.44 0.00 -0.44 1 

Anodopetalum biglandulosum 0.04 -1.18 -1.14 3 

Anopterus glandulosus 0 0 0 0 

Atherosperma moschatum -0.79 -2.00 -2.79 8 

Cenarrhenes nitida 0.00 0.01 0.01 <1 

Eucalyptus obliqua -3.65 -7.12 -10.77 32 

Eucryphia lucida -0.44 -1.05 -1.49 4 

Leptospermum lanigerum 0.00 0.02 0.02 <1 

Melaleuca squarrosa 0.02 0.25 0.27 1 

Monotoca glauca 0.00 0.01 0.01 <1 

Nematolepis squamea -1.92 -2.85 -4.78 14 

Nothofagus cunninghamii -1.59 -7.25 -8.83 26 

Phyllocladus aspleniifolius 0.04 -2.27 -2.23 7 

Pittosporum bicolor 0 0 0 0 

Pomaderris apetala 0.07 -1.60 -1.53 5 

      

Totals  -7.81 -25.83 -33.67  

 

Table 19 shows the basal area loss (or gain) for each species and for each transect across the 

coupe. 

 

For each species 
 
Line 1 is the basal area (m2/ha) for each transect in November 1999 
 
Line 2 is the loss from death, (windthrow, wilt, fire killed, senescence) 
 
Line 3 is the growth increment on the surviving stems between 1999 and 2003. 
 
Line 4 is the basal area (m2/ha) for each transect in March 2003 
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Table 19  Basal area by transect and species, Warra 1A 
 
 Transect    

Species B1 B2 E1 E2 W1 W2 G1 G2 Coupe 
mean 

 Loss 
(%) 

Acacia 
melanoxylon 

  
1.25 

 
3.68 

 
6.15 

  
3.38 

 
5.96 

 
6.21 

 
3.33 

 
1999 

 

  0 0 1.19  0.15 0 0 0.17 Loss 5 

  0.40 0.12 0.25  0.16 0.12 0.31 0.17 Gain  

  1.66 3.80 5.21  3.40 6.08 6.52 3.33 2003  

Acacia 
verticillata 

 
0.11 

 
0.12 

     
0.20 

  
0.05 

 
1999 

 

 0.11 0.12     0.20  0.05 Loss 100 

 0 0     0  0.00 Gain  

 0 0     0  0.00 2003  

Anodopetalum 
biglandulosum 

  
0.11 

 
0.53 

  
2.11 

 
1.48 

 
0.64 

 
0.67 

 
0.69 

 
1999 

 

  0.11 0.53  1.05 0.23 0 0 0.24 Loss 35 

  0 0  0.02 0.06 0.03 0 0.01 Gain  

  0 0  1.08 1.31 0.66 0.67 0.47 2003  

Atherosperma 
moschatum 

 
2.41 

 
1.64 

 
3.12 

 
0.97 

 
0.18 

   
2.17 

 
1.31 

 
1999 

 

 0 0.97 1.88 0.97    0 0.48 Loss 37 

 0.02 0.05 0.08 0 0.01   0.12 0.03 Gain  

 2.43 0.72 1.32 0 0.19   2.28 0.87 2003  

Cenarrhenes 
nitida 

      
0.09 

   
0.01 

 
1999 

 

      0   0.00 Loss 0 

      0.01   0.00 Gain  

      0.09   0.01 2003  

Eucalyptus 
obliqua 

 
25.27 

 
24.85 

 
149.4 

 
87.62 

 
14.13 

 
44.88 

 
83.98 

 
83.79 

 
64.24 

 
1999 

 

 0 1.32 54.97 9.58 0 2.04 5.69 0 9.20 Loss 14 

 0 0.69 1.58 0.75 0.28 1.90 0.75 1.63 0.95 Gain  

 25.27 24.23 96.03 78.80 14.41 44.73 79.03 85.42 55.99 2003  

Eucryphia 
lucida 

 
6.47 

 
2.81 

 
1.05 

 
0.37 

 
7.62 

 
0.95 

 
2.75 

 
4.20 

 
3.28 

 
1999 

 

 0 0.18 0.31 0.25 1.14 0 0.80 0.56 0.40 Loss 12 

 0.21 0.15 0.03 0.01 0.33 0.07 0.10 0.24 0.14 Gain  

 6.68 2.78 0.77 0.13 6.81 1.02 2.04 3.89 3.01 2003  

Leptospermum 
lanigerum 

    
0.13 

  
0.37 

   
0.06 

 
1999 

 

    0  0   0.00 Loss 0 

    0.01  0.01   0.00 Gain  

    0.14  0.38   0.07 2003  
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Melaleuca 
squarrosa 

  
1.23 

    
6.75 

   
1.00 

 
1999 

 

  0.70    0   0.09 Loss 9 

  0.02    0.25   0.03 Gain  

  0.55    7.01   0.94 2003  

Monotoca 
glauca 

      
0.19 

 
0.29 

  
0.06 

 
1999 

 

      0 0  0.00 Loss 0 

      0.01 0  0.00 Gain  

      0.19 0.29  0.06 2003  

Nothofagus 
cunninghamii 

 
14.51 

 
4.51 

 
2.97 

 
0.14 

 
18.74 

 
5.07 

 
6.87 

 
10.84 

 
7.96 

 
1999 

 

 0 2.14 2.62 0 5.67 0.72 1.06 0 1.53 Loss 19 

 0.28 0.17 0.05 0.03 1.41 0.27 0.36 0.46 0.38 Gain  

 14.79 2.54 0.40 0.17 14.48 4.63 6.17 11.30 6.81 2003  

Nematolepis 
squamea 

 
0.68 

 
2.03 

 
0.21 

 
3.34 

 
0.30 

 
1.48 

 
2.64 

 
2.44 

 
1.64 

 
1999 

 

 0 1.17 0 2.32 0 0.42 0.28 0.75 0.62 Loss 38 

 0.09 0.08 0 0.01 0.02 0.06 0.05 0.07 0.05 Gain  

 0.77 0.94 0.21 1.03 0.32 1.11 2.41 1.75 1.07 2003  

Phyllocladus 
aspleniifolius 

  
0.37 

  
0.14 

 
4.68 

    
0.65 

 
1999 

 

  0  0 2.36    0.30 Loss 46 

  0.04  0.02 0.07    0.02 Gain  

  0.41  0.16 2.39    0.37 2003  

Pittosporum 
bicolor 

  
0.25 

   
0.22 

    
0.06 

 
1999 

 

  0   0    0.00 Loss 0 

  0   0    0 Gain  

  0.25   0.22    0.06 2003  

Pomaderris 
apetala 

 
0.13 

 
1.52 

 
3.23 

 
2.50 

     
0.92 

 
1999 

 

 0 0 0.87 1.33     0.27 Loss 29 

 0 0 0 0     0.00 Gain  

 0.13 1.59 2.65 1.25     0.70 2003  

            

Totals 49.6 40.7 164.2 101.4 48.0 64.6 103.3 110.3 85.3 1999  
 0.1 6.7 61.2 15.6 10.2 3.6 8.0 1.3 13.3 Loss 16 
 0.6 1.6 1.9 1.1 2.1 2.8 1.4 2.8 1.8 Gain  
 50.1 35.6 105.2 86.9 39.9 63.9 96.7 111.8 73.8 2003  

 

The estimated stand basal area of all trees from this study in 1999 was 92 m2/ha.  Myrtle, 

blackwood, leatherwood and Melaleuca squarrosa were the understorey species which contributed 

significantly to this total.  The original standing basal area of the eucalypts was 64.24 m2/ha.  The 

loss during the first three years after harvesting of 9.2 m2/ha (14%) is significant, and only partly 

off-set by growth on the remaining eucalypts (0.95 m2/ha) over the same period. 
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Losses include both regrowth and oldgrowth eucalypts.  Throughout the coupe, many of the 

oldgrowth eucalypts which were retained on or near the firelines have died.  Three of these were 

burnt by the escape from the regeneration burn, but two unburnt oldgrowth trees in the fireline 

have also died.  One of these is the tree mentioned below which fell across transect G1.  The loss 

of these trees has greatly influenced the basal area figures for the eucalypts.  Losses of regrowth 

trees are minor by comparison. 

 

Basal area losses (%) of the understorey species compared with the original (1999) basal area 

were also significant (celery-top pine 46%, n = 7, Nematolepis squamea 38%, n = 34, sassafras 

37%, n = 21, horizontal 35%, n = 31, dogwood 29%, n = 30, myrtle 19%, n=79, where n indicates 

the original number of trees of that species on the transects).  The losses for celery-top pine 

appear excessive, but this loss actually represents the windthrow of a single clump of three trees.  

The figures for ‘horizontal’ include a number of stems which despite having been windthrown, 

are still green, and which will presumably continue to develop in the usual ‘horizontal’ manner. 

 

All of the trees damaged by fire were located in the area of transect E1 burnt in the escaped 

regeneration burn (Photo 1, Figure 3).  The burnt area previously had a well developed duff layer 

over mineral soil and wherever the duff layer had burnt extensively – over about a third of the 

area the duff layer had been removed completely – most trees have died.  Sassafras was dominant 

in this area and five mature stems were killed. 

 

The belts (-25.83 m2/ha excluding the single oldgrowth tree, which had a basal area of 5.7 m2) 

have suffered considerably more loss than the edges (-7.81 m2/ha) (Table 18).  The edges, 

particularly transect G1, lost a lot to the damage caused by the windthrow of a single oldgrowth 

eucalypt from the fireline – if this hadn’t happened the difference would be even greater.  The 

most affected species are E. obliqua (predominantly to windthrow) and myrtle (wilt).  Most other 

species lost some individuals, but these losses were partly balanced by growth over the sample 

period. 

 

Myrtle wilt (Kile et al. 1989; Packham 1991) killed five mature myrtles; all were located close to 

the harvest boundary, in edge positions which are typically impacted by this disease. 

 

All the Acacia verticillata (three stems) on the transects died of old age.  A number of small and 

obviously suppressed regrowth eucalypts, died standing between the first and last measurements.   
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Neither the cause of damage (13) nor the cause of death (9) could be confidently assigned to a 

number of trees. 

 

The basal area calculations assume that windthrown trees are ‘lost’, even though they aren’t 

always dead.  Many of the understorey species produce coppice shoots as long as they retain some 

soil contact.  However, to keep a complicated story as simple as possible, all windthrown trees 

have been counted as lost. 

 

4. Discussion 

 

Burning a coupe in three distinct sections and achieving similar outcomes in the three sections 

was always going to be problematical.  As it turned out, weather conditions were very different 

for the first two sections of WR1A (F and N) compared to the third (L).  The burn in WR1A (F) 

resulted in over 80% of the coupe being burnt; (18% B2, 36% BM and 31% BL).  In WR1A (N), 

burnt the following day, 54% of the coupe was burnt with only 10% BM and B2 and in WR1A 

(L), burnt nearly two weeks later and following rain, 51% of the coupe burnt, surprisingly with 

22% BM. 

 

The seedtraps in the strips showed that enough eucalypt seed fell over the two years following the 

burn to achieve satisfactory eucalypt regeneration.  The measured seedfall was equivalent to 

about three quarters of the normal aerial sowing rate and the eucalypt regeneration in both strips 

had achieved the standard by the second autumn after the burn (and very nearly achieved it in the 

first). 

 

In the patchfell the seedcrop assessment indicated that there was a large central portion of the 

coupe which was unlikely to receive enough seed.  The results of the age 3 year regeneration 

survey closely match the expected seedfall pattern (figure 9) – where there was forecast to be 

insufficient seed, three successive regeneration surveys have shown there to be little in the way of 

seedling regeneration. 
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Figure 9 (a).  Seedcrop assessment scores in WR1A (F).  Scores below 20 are considered to 

indicate insufficient seed. 

 

 

 

Figure 9 (b).  Results of the regeneration survey at age 3 years.  Note the correspondence between 

the unstocked area (circled X’s), and the seed crop scores in Figure 9 a. 

 

In the 2000/01 season there was a myrtle mast year for seedfall, with a smaller but significant 

seedfall in the following season.  In both the strips and the patchfell there are myrtle seedlings 

present in moderate numbers.  The seedlings identified during the regeneration surveys are too 

sparse too allow for any meaningful statistical analysis of their distribution, however they are 
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certainly most noticeable on the western sides of the strips and the patchfell, adjacent to the 

retained forest, wherever there are mature myrtles nearby.  Blackwood seedlings are common 

throughout the strips and the patchfell.  Some leatherwood and sassafras seed was caught in the 

traps and seedlings and coppice regeneration of these species, and seedling regeneration of celery-

top pine have all been observed within the coupe sections. 

 

Many of the eucalypt seedlings on the coupe germinated and established later than the 

understorey species.  The understorey species presumably germinated quickly after the 

regeneration burn whereas at the very least the eucalypt seed had to first fall onto the coupe.  

Regardless, over the first two years the eucalypts and the understorey species were of similar 

height, and many eucalypt seedlings were observed during the first two regeneration surveys to be 

struggling beneath a dense cover of fireweed.  By year three however, the fireweed had run its 

course and was dying out across much of the coupe, and the eucalypt regeneration is on average 

about a metre taller than the competing understorey.  The dominant understorey species at age 3 

are Pomaderris apetala, Gahnia grandis and Histiopteris incisa. 

 

In broad terms, given the low number of sample points, the seedlings identified during the 

regeneration surveys are distributed in proportion to the available seedbed types.  There is 

insufficient data to be able to prove or disprove this statement statistically. 

 

Did the coupes stock up over time?  Looking at Tables 8, 9 and 10 it appears that the stocking of 

the two stripfells did improve over time.  WR1A (N) went from 2140 stems per ha at year one to 

3750 stems per ha at year 3.  Analysis of variance of the original plot counts however suggests 

that there was no significant difference between the counts from one year to another – it was close 

for WR1A N but not for WR1A L.  WR1A F appears to have gone backwards. 

 

Browsing of the eucalypt seedlings was significant during the first winter of monitoring (second 

winter after sowing).  On both transects the incidence of browsing peaked at or near 40% of 

seedlings.  The browsing pressure in WR1A was never as severe as was observed at other times in 

other coupes; the seedlings always retained plenty of leaves.  The browsing pressure tailed off in 

the spring and had stopped by the time of the last measurements.  The coupe was never poisoned. 

 

The browsing transect in the patchfell was located in the upper western corner of the coupe.  At 

times, in the course of other work, it was noted that the browsing pressure in the south-east corner 

of the coupe was severe, and this may have contributed to the low stocking in that area. 
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The tallest seedlings in the coupe are those growing on oxidised seedbed – typically these are the 

seedlings found close to the landings where the hottest fires took place and where deep oxidised 

soil was all that was left post-burn.  Seedlings on unburnt and compacted seedbed, typically found 

on the fireline, are growing the slowest. 

 

Of the trees retained around the patchfells and strips, it is the oldgrowth eucalypts which have 

suffered the most.  Where oldgrowth trees were retained in or near the fireline they have nearly all 

died, and some have consequently been windthrown.  Not all of these trees were scorched during 

the regeneration burning, but all had their root zone disturbed during preparation of the firelines.  

Both factors probably contributed to the loss of these trees. 

 

The belts have lost a greater proportion of their original standing basal area than the forest edges.  

The lie of the land itself is clearly a factor in this.  The western edge (or G edge for Grant 

Westphalen, as this is the area where Grant did his research), is relatively protected from the 

prevailing westerly winds.  One oldgrowth tree fell from the fireline and across one of the 

transects on this edge, which had a significant local impact, but there has been little other 

windthrow on this edge.  The eastern edge of the patchfell on the other hand, is protected 

topographically to some extent, as there is a deep gully running down the eastern edge.  Thus the 

area is not directly exposed to the worst of the wind.  Isolated myrtles on this edge have died from 

myrtle wilt. 

 

The belts however are not only exposed directly to the wind, but the eastern belt was also burnt 

during the regeneration burn.  Virtually all the understorey trees in the burnt area have died, a 

consequence no doubt of the fire having burnt the peat in which the roots of the understorey trees 

would have been growing.  Overall losses in the belts are about four times the losses in the edges.  

Given that this is only over the first three years since the completion of harvesting and burning, 

further losses are likely.  Longer term monitoring of the belts will be important to determine the 

likely losses over a full rotation. 
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5. Conclusions 

 

At three years of age Warra 1A is stocked and the seedlings on most seedbed types are growing 

steadily.  Seedlings on ashbed seedbed are growing the most vigorously and seedlings on unburnt 

and compacted seedbed are struggling to persist amongst the surrounding vegetation.  On the 

fireline the cutting grass has overtopped many seedlings and it is unlikely that they will persist 

much longer. 

 

The retained belts have clearly contributed seed of rainforest species to the regeneration.  Myrtle 

seedlings in particular are more common through the coupe than would have been the case 

following a routine clearfell burn and sow.  Blackwood seedlings are common, but these have 

almost certainly arisen from ground stored seed rather than from recent seedfall.  Leatherwood, 

celery-top pine and sassafras seedlings are sparse but present.  It is anticipated that seedlings of all 

the rainforest species will become more obvious with time – at present they are all very small and 

easily overlooked. 

 

There is little evidence to date that the retained trees (ie the trees in the retained unharvested 

sections of the coupe) are having a significant effect on the growth of the eucalypt seedlings.  The 

weak negative correlation between the basal area of the retained trees and the seedling heights is 

thought to be related to the fact that seedlings on unburnt and compacted seedbed are almost 

invariably located on the fireline, which is next to the uncut forest leading to high basal area 

counts.  This is also reflected in the fact that there is a strong relationship between seedbed class 

and the retained basal area. 
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