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1 Introduction 

1.1 Synopsis of the ecological thinning trial 

One third of the river red gum vegetation in Murray Valley National Park was mapped as high 
stem density stands (>400 stems per hectare) when the park was gazetted in 2010 (Bowen 
et al. 2012). The widespread nature of high stem density stands was of conservation concern 
for the NSW Office of Environment and Heritage (OEH), particularly in relation to provision of 
key habitat features and resilience to climate change.  

To resolve uncertainty about the most appropriate management action in high stem density 
stands, OEH used an adaptive management framework to design an ecological thinning 
experiment. As described in the Experimental Design and Monitoring Plan (Appendix 1 of the 
Public Environment Report), the aim of the ecological thinning trial is to determine whether 
ecological thinning can deliver conservation outcomes in high stem density stands of river 
red gum forest.  

A process model (in the Experimental Design and Monitoring Plan) proposed that high intra-
stand competition for resources is causing self-thinning of high stem density stands to occur 
over very long timeframes. Intra-stand competition is influenced by water availability and 
water demand. Water availability is lower in sites that are flooded less frequently and for 
which groundwater is at a lower depth. For a given level of water availability, competition for 
resources increases with the number of tree stems in a stand.  

 

Plate 1: River red gum forest after flood (Photo: Evan Curtis) 

http://www.environment.nsw.gov.au/publications/140621-thinning-trial-river-red-gum.htm
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There are a total of 22 sites in the ecological thinning trial, selected to represent a spectrum 
of intra-stand competition. Sites are located across three levels of pre-thinning stem density 
(indicative of water demand), and two levels of water availability (Site Quality, indicative of 
water supply). We selected more sites in high stem density stands because they are the 
focus of management interest. Each site consists of three 9 hectare (ha) treatment plots that 
were allocated to control, moderate thinning (7 metre (m) spacing of retained trees) and 
heavy thinning treatments (15 m spacing of retained trees). All trees >40 centimetre (cm) 
diameter at breast height (dbh) are retained. The three treatment plots are intended to be 
similar to each other prior to thinning.  

 

Figure 1: Experimental design of the ecological thinning trial in Murray Valley National Park 

Sites are located across two factors: Stem density (three levels, from Bowen et al. 2012: 
<200 stems/ha, 200–400 stems/ha, >400 stems/ha) and Site Quality (two levels, from FC 
NSW: Site Quality 1 and Site Quality 2). Unequal replication across stem density levels, 
with a total of 22 sites. Each site consists of three 9 ha plots: no action, moderate thinning 
and heavy thinning.   

By reducing competition among retained stems, ecological thinning is predicted to enhance 
tree growth rates, hasten hollow development and other features (see Appendix 1 of the 
Experimental Design and Monitoring Plan). Forest stands with the highest levels of pre-
thinning competition for resources are predicted to benefit most from ecological thinning.  

1.2 Monitoring to date 

Pre-thinning monitoring surveys were undertaken on Sites 1–12 between June 2012 and 
February 2013. Further pre-thinning monitoring surveys were undertaken on Sites 1–22 
between September 2015 and February 2016. These are referred to as the 2012 and the 
2015 monitoring seasons, respectively, throughout the document.  

We monitored a wide range of variables that were considered likely to influence future 
decisions about using ecological thinning as a management action. These included 
monitoring variables that may demonstrate the beneficial or deleterious effects of ecological 
thinning. Detailed descriptions of the monitoring methods are included in appendices.  
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Each monitoring variable was monitored at an appropriate spatial scale to capture pre-
thinning variation (and to detect change due to thinning in the future); consequently, the size 
and number of monitoring plots within each 9 ha treatment plot differed for each variable. For 
example, in each 9 ha treatment plot birds were surveyed within a single 2 ha monitoring plot 
and floristics were surveyed in three 0.04 ha monitoring plots.  

 

Figure 2: Layout of monitoring subplots within each 9 ha treatment plot 

1.3 This report 

This monitoring report describes baseline data collected prior to ecological thinning 
treatments in river red gum forest in the Millewa precinct of Murray Valley National Park. This 
report does not include reporting of the effects of ecological thinning.  

The analyses in this report seek to explore how similar (or different) sites were prior to 
thinning. In particular, we are interested in whether sites in the same pre-thinning stem 
density and Site Quality classes were more similar to each other than sites in other classes. 
This may influence the response to ecological thinning.  

Ecological thinning treatments will be completed by June 2017. The first post-thinning 
monitoring program will be implemented in spring–summer 2017, and will be reported on in 
April 2018. Monitoring and reporting will continue annually, with the final monitoring report in 
2022.  
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2 Methods 

2.1 Descriptive summaries 

This report focuses on descriptive summaries of the pre-thinning data, which describe the 
range and nature of values that were recorded. In 2012, Sites 1–12 were sampled, with a 
total of 36 x 9 ha treatment plots. In 2015, Sites 1–22 were sampled, with a total of 66 x 9 ha 
treatment plots. Not all data collected are presented here, but will be reported on in future if 
post-thinning data indicate a significant effect of ecological thinning.  

Boxplots 

Boxplots are a way of displaying data so that it is easy to see a number of characteristics: the 
range of values; whether the spread of values is relatively symmetrical (bell-shaped) or 
skewed; and whether there are any outliers (values that are distant from the rest of the data). 
The generic data in Figure 3 are slightly skewed towards low values, with the upper ‘whisker’ 
being longer than the lower one. There are two outliers with substantially greater values than 
the rest of the data. 

 

Figure 3: Generic boxplot 

The central dark horizontal line is the median value. The box contains 50% of the values – 
25% above and 25% below the median. The dotted vertical lines and thin horizontal lines 
(sometimes called ‘whiskers’) indicate the remaining 50% of the data and the maximum 
and minimum values. Outliers are values that are more than 1.5 times the length of the box 
away from the edge of the box. 

2.2 Influence of competition 

Results have been presented in the context of understanding pre-thinning differences among 
sites. In particular, we are interested in understanding the influence of stem density and Site 
Quality on differences among sites.   
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Stem density in Millewa was mapped from visual interpretation of high resolution aerial 
photography (ADS–40 imagery with 50 cm resolution) taken in 2009 (Bowen et al. 2012). 
Field data from 0.25 ha plots was used to establish reference stem density images. Within 
mapped vegetation type polygons, randomly located 1 ha squares were sampled for stem 
density and allocated to one of three stem density classes: <200 stems/ha; 200–400 
stems/ha; and >400 stems/ha. Where multiple 1 ha squares sampled within a polygon 
indicated that stem density varied, polygons were split.  

Site Quality is a coarse indicator of water availability that was mapped in Millewa by the 
Forestry Commission NSW in the 1950s. It is based on stand height with trees in Site 
Quality 1 (SQ1) exceeding 34 m and trees in Site Quality 2 (SQ2) reaching between 21 and 
34 m in height. Site quality reportedly has a strong relationship with both frequency of 
surface flooding and access to groundwater (FCNSW 1984). Soil studies conducted in the 
river red gum forests of the Central Murray Region found that the quality class of the river red 
gum forests showed a close correlation with the depth to the watertable (i.e. SQ1 <6 m; SQ2 
3–9 m, FCNSW 1984), suggesting water supply is higher in SQ1 than SQ2. 

Linear and additive models 

For some of the monitoring variables, the influence of stem density and Site Quality has been 
formally statistically tested, using regression models. These models evaluate whether an 
increase in stem density is associated with an increase or decrease in the monitored 
variable; and similarly whether values of the monitored variable are higher or lower in SQ1 
than SQ2. Sometimes there is also an interaction between stem density and Site Quality. 
The type of regression model used depends on: 

 the nature of the monitored variable, whether it is a proportion, a count, a category, or a 
continuous number. Generalised models transform the monitored variable using a link 
function that is appropriate to the variable type 

 whether the relationship between the monitored variable and stem density and Site 
Quality is consistent across the full range of values, or whether the relationship changes. 
Linear models are used where the relationship is consistent; additive models are used 
where the relationship changes. 

Relationships are represented in this report with 95% confidence intervals, calculated as 
twice the standard error above and below the mean. Not all model results are included in this 
monitoring report.  

Ordination 

The purpose of ordination is to interpret patterns in species composition through the 
arrangement or ‘ordering’ of species and/or sample units along gradients. Ordination is 
conducted on a (usually large) table of data where species are listed in rows and sites are 
represented in columns. Two sites with similar species composition are considered to be 
ecologically similar, and two samples which share few species to be ecologically distant. The 
more species two sites have in common, the shorter the ecological ‘distance’ between them. 
The distances between all pairs of sites can be represented as points in multi-dimensional 
space. All of the ordinations presented here are in two-dimensional space, showing distance 
between plots along two axes.  

  



River red gum pre-ecological thinning monitoring report 2017 

6 

3 Results: Stem density 

In 2012, stem density was sampled in two 0.1 ha subplots within each 9 ha treatment plot. As 
variation between the two subplots was substantial, additional surveys of stem density were 
undertaken in 2015. In each 9 ha treatment plot in 2015, ten 0.1 ha subplots were surveyed 
with all stems allocated to dbh size classes, to make a total of 1 ha sampled (Table 1). 
Where thinning had been completed prior to survey, new stumps were counted (and their 
height and diameter measured).  

A wide range of stem densities were recorded. The 9 ha plot with the highest stem density 
was Site 17.2 with approximately 1850 stems/ha, and there were 11 plots with more than 
1000 stems/ha. The lowest stem density was recorded on Site 8.2 with approximately 270 
stems/ha, and there were eight plots with fewer than 400 stems/ha.  

Table 1: Actual stem counts in one hectare in each 9 ha treatment plot 

Left-hand column for each plot is the actual count of all stems (adjusted for stems <10 cm 
dbh in the first two subplots). * Where thinning had been completed prior to survey, new 
stumps were counted. 

Site SQ SD Plot 1 Plot 2 Plot 3 

1 SQ2 200–400 678  1,391  620  

2 SQ1 200–400 436  627  301  

3 SQ1 200–400 735  654  807  

4 SQ1 >400 861 * 383 * 1,584  

5 SQ1 >400 936  496 * 473 * 

6 SQ1 >400 927 * 1,348  834 * 

7 SQ2 >400 654  883  1,134  

8 SQ2 200–400 370  273 * 633  

9 SQ2 >400 415  782  588  

10 SQ2 >400 1,073  787  694  

11 SQ1 <200 702  1,307  545  

12 SQ2 <200 546  441  556  

13 SQ2 >400 492  362  463  

14 SQ2 >400 451  396  598  

15 SQ1 <200 1,060  771  538  

16 SQ1 200–400 984  755  482  

17 SQ2 200–400 411  1,846 * 870  

18 SQ2 200–400 454  285  346  

19 SQ1 200–400 886  1,300  916  

20 SQ1 >400 814  853  949  

21 SQ2 <200 741  438  745  

22 SQ1 >400 1,213 * 1,443  850 * 
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Total stem count per hectare was similar among the three mapped stem density classes 
(Bowen et al. 2012), and this was true regardless of whether all stems, only stems >40 cm 
dbh, or only stems >80 cm dbh were considered (Figure 4).  

 

Figure 4: Total stem density count (trees counted in 1 ha within each 9 ha treatment plot) by 
mapped stem density class: a) all stems and stumps; b) stems >40 cm dbh; c) stems 
>80 cm dbh 

This was confirmed by a generalised linear model which did not detect a significant 
difference between total stem counts in the mapped stem density classes (Table 2). The 
range of stem density counts across treatment plots is sufficient to analyse the effect of 
actual stem density on monitored variables (Table 3). Consequently, analyses have been 
conducted using the actual stem counts per hectare for each 9 ha plot rather than the 
mapped classes. In the future, it will also be possible to determine whether the effect of 
thinning is dependent on initial stem density. 

Table 2: Negative binomial generalised linear model results for 1 ha stem density counts, 
mapped stem density class and Site Quality 

Response 
Model 
type Family  Link 

Effect of SD 
mapped class Effect of SQ 

Deviance 
explained 

Stem count GLM Negative 
binomial 

Log Not significant Significant effect 
of SQ (p=0.01) 

10% 

Table 3: Number of plots in actual stem density count categories 

Stems per 
hectare 

<400 400–600 600–800 800–1000 1000–1200 >1200 Total 

Number of 
treatment plots 

8 18 15 14 3 8 66 

Total stem counts per hectare were higher on average in SQ1 sites than SQ2 sites (Figure 5, 
Table 2), and differences were most pronounced for trees >40 cm dbh. 
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Figure 5: Total stem density count (trees counted in 1ha within each 9 ha treatment plot) by 
Site Quality class: a) all stems and stumps; b) stems >10 cm dbh and stumps; 
c) stems >40 cm dbh 

Although stem density did differ among the three 9 ha treatment plots within some sites (e.g. 
Site 4, Table 1), plots within sites tended to be similar to each other. This pattern is 
particularly apparent when arranged by the mean value of trees >10 cm dbh for the three 9 
ha plots (Figure 6).  

 

Figure 6: Site level variation in tree counts: stems >10cm dbh (from Bedward 2017a) 

Each point is a 9 ha treatment plot, and the three treatment plots in a site are joined with a 
vertical line. 



River red gum pre-ecological thinning monitoring report 2017 

9 

4 Results: Tree parameters 

4.1 Tree size class distribution 

Tree size class distribution was surveyed as part of the stem density surveys described 
above. On each 9 ha treatment plot, stems were allocated into dbh size classes within ten 
0.1 ha subpots. Each size class spanned a 10 cm range (i.e. <10 cm, 10–20 cm, etc.), with 
the exception of trees greater than 100 cm. All new stumps were from trees between 10 and 
40 cm dbh.  

Of the 44,000 trees and stumps counted and allocated to size classes in the field surveys, 
approximately half (more than 20,000) were in the smallest size class (<10 cm dbh) and only 
485 trees were >80 cm dbh. All sites had a right-skewed distribution of stems across dbh 
size classes, with more trees in the smaller diameter classes and fewer trees in the larger 
size classes (Figure 7 and Figure 8).  

The distribution of trees by dbh size class was similar amongst the mapped stem density 
classes, as discussed above (Figure 7).  

 

Figure 7: Tree size class distribution, by mapped stem density class (<200; 200–400; >400 
stems per hectare) 

Each bar is a 9 ha treatment plot. All stumps were <40 cm dbh. 

The overall shape of the distribution of trees across size classes was similar for SQ1 and 
SQ2 sites. SQ1 sites had higher abundances of stems in the smallest size class (<10 cm 
dbh) than SQ2 sites (Figure 8). 
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Figure 8: Tree size class distribution, by Site Quality 

Each bar is a 9 ha treatment plot. All stumps were <40 cm dbh. 

The abundance of stems in the smallest (<10 cm dbh) size class was highly variable among 
treatment plots (Figure 9). A few treatment plots had fewer than 50 stems per hectare in this 
size class (e.g. Sites 8.1, 8.2 and 18.2). More than 1400 stems per hectare were recorded in 
this size class on Site 17.2 (Plate 2).  

 

Figure 9: Variation in size classes among the ten 0.1 ha subplots on a 9 ha treatment plot, one 
example treatment plot shown 

The number of stems in the <10 cm dbh size class was particularly variable (from Bedward 
2017a).  
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Plate 2: Site 17.2 showing abundance of stems in the <10cm dbh size class (Photo: OEH) 

4.2 Live basal area 

Live basal area (LBA) is the cross-sectional area of each tree at 1.3 m height, summed 
across all trees and expressed as square metres (m2) per hectare. LBA was estimated from 
the stem density data described above. While sites with more trees are expected to have a 
higher LBA, large trees contribute more to LBA than many small trees. For example, the LBA 
of a single tree with a dbh of 1 m is 0.785 m2, and the LBA of ten trees with a dbh of 10 cm is 
only 0.0785 m2.  

There was a weak positive relationship between stem density and LBA, which was 
statistically significant for SQ2 only (Figure 10, Table 4). For any given stem density a wide 
range of LBAs were recorded, particularly in SQ1 sites. This reflects the fact that the 
presence of a few large trees can greatly increase LBA. 
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Figure 10: Generalised additive models for live basal area (m2 per hectare) by actual total stem 
count per hectare 

Each point is a 9 ha treatment plot; 2015 data.  

Table 4: Generalised additive model results for live basal area (m2 per hectare), stem density 
count per hectare (SD) and Site Quality (SQ); 2015 data 

Response 
Model 
type Family  Link Effect of SD  Effect of SQ 

Deviance 
explained 

Live basal 
area 

GAM Gaussian None Marginally 
significant effect 
of SD for SQ2 
(p=0.07) 

Significant effect 
of SQ (p<0.001) 

45.2% 

4.3 Large trees 

Within each 9 ha treatment plot, all large trees (>80 cm dbh) in a 2 ha subplot were recorded. 
The average number of large trees across all treatment plots was 19 trees per 2 ha (13 live 
and 6 dead) (2015 data). The maximum number of large live trees per 2 ha was 60 (on Site 
2.1) and the maximum number of large dead trees per 2 ha was 19 (Site 2.1). The largest 
tree recorded was 270 cm dbh, on Site 9.1.  

Patterns were quite different for large live trees and large dead trees in relation to stem 
density and Site Quality (Table 5, Figure 11). The number of large live trees per 9 ha 
treatment plot tended to decline with stem density, although the trend was slightly U-shaped 
for SQ1. SQ1 plots tended to have more large live trees than SQ2 plots. The number of large 
dead trees was largely unaffected by stem density or Site Quality (Table 5, Figure 11). 



River red gum pre-ecological thinning monitoring report 2017 

13 

 

Figure 11: Generalised additive models for live and dead large trees (>80 cm dbh) per 2 ha, by 
actual total stem count per hectare 

Each point is a 9 ha treatment plot; 2015 data. 

Table 5: Generalised additive model results for large trees per 2 ha, stem density count per 
hectare (SD) and site quality (SQ); 2015 data 

Response 
Model 
type Family  Link Effect of SD  Effect of SQ 

Deviance 
explained 

Live large 
trees 

GAM Negative 
binomial 

Log Significant effect 
of SD, dependent 
on SQ (p=0.007) 

Significant effect 
of SQ (p<0.001) 

35.7% 

Dead large 
trees 

GAM Negative 
binomial 

Log  No effect of SD Marginally 
significant effect 
of SQ (p=0.08) 

9% 

The higher average densities of large trees in SQ1 sites is apparent when plotted as barplots 
(Figure 12). Most sites had more live large trees than dead large trees. 
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Figure 12: Counts of live and dead large trees (>80 cm dbh) per 2 ha on each 9 ha treatment 
plot, by Site Quality 2015 data 

Until about the 1970s in Millewa it was common silvicultural practice to ringbark trees that 
were considered to be of low commercial value. Many of the large trees standing today are 
dead because of this process, and some of the live large trees were also ringbarked but 
survived. The proportion of dead large trees that were ringbarked did not vary with stem 
density counts per hectare or with Site Quality. 

 

Figure 13: Proportion of large trees (>80 cm dbh) that were ringbarked for silvicultural 
purposes in the past, by stem density counts per hectare; 2015 data 
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Plate 3: Large Eucalyptus camaldulensis tree in river red gum forest in Barmah National Park 
(Photo: Tim O’Kelly) 

4.4 Hollow bearing trees 

Within each 9 ha treatment plot, all hollow bearing trees in a 2 ha subplot were recorded. A 
total of 1254 hollow bearing trees were recorded in 2015. The average number of hollow 
bearing trees per 2 ha was 19, of which an average of 57% (about 10.8 trees) were alive and 
43% (about 8.2 trees) were dead (Table 6). The highest number of hollow bearing trees per 2 
ha was 34 (17 live) on Site 22.1, and the smallest number of hollow bearing trees was three 
(all live) on Site 3.2 (Figure 15).  

Table 6: Average, maximum and minimum counts of hollow bearing trees (per 2 ha plot); 
2015 data 

 
Total HBTs Live HBTs Dead HBTs 

 
Ave. Max. Min. Ave. Max. Min. Ave. Max. Min. 

All sites 19.0   10.8   8.2   

SQ1 21.8 34 3 12.5 25 2 9.4 21 0 

SQ2 16.2 33 4 9.2 25 3 7.0 23 1 
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The count of live hollow bearing trees declined with increasing stem density (Figure 14, 
Table 7). There was also a significant effect of Site Quality, with higher densities of live 
hollow bearing trees on SQ1 plots than SQ2 plots. For sites with stem densities below about 
400 stems per hectare, the predicted number of live hollow bearing trees is about 15 in SQ1 
and about 10 in SQ2. For sites with stem densities greater than 1250 stems per hectare, the 
predicted number of live hollow bearing trees is about 11 in SQ1 and seven in SQ2.  

 

Figure 14: Generalised linear models for live and dead hollow bearing trees per 2 ha, by actual 
stem density counts 

Each point is a 9 ha treatment plot; 2015 data. 

The best model for number of dead hollow bearing trees did not include any significant 
effects, but it did indicate a non-significant interaction between stem density and Site Quality 
(Figure 14, Table 7); that is, the effect of stem density differed between SQ1 and SQ2. On 
SQ1 plots, the number of dead hollow bearing trees declined as stem density increased. But 
on SQ2 plots, the number of dead hollow bearing trees did not vary with stem density.  

Table 7: Generalised linear model results for live and dead hollow bearing trees, stem density 
counts per hectare (SD) and Site Quality (SQ); 2015 data 

Tree 
type 

Model 
type Family  Link Effect of SD Effect of SQ 

Deviance 
explained 

Live GLM Negative 
binomial 

Log Marginally 
significant effect of 
SD (p=0.08), 
dependent on SQ 

Significant effect of 
SQ (p=0.05) 

11% 

Dead GLM Negative 
binomial 

Log No significant effect 
of SD 

No significant 
effect of SQ 

5% 

The vegetation condition benchmark for number of hollow bearing trees in river red gum 
vegetation communities within the Inland Riverine Forests Keith Class is 20 trees per hectare 
(DECC 2008). The pre-thinning monitoring surveys for hollow bearing trees were undertaken 
in 2 ha plots, and none of the sites surveyed met the benchmark of 40 hollow bearing trees 
(Figure 15). 
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Figure 15: Count of hollow bearing trees (live and dead) within a 2 ha monitoring plot in each 
treatment plot; 2015 data 

The solid horizontal line indicates the BioMetric benchmark for Inland Riverine Forests 
(DECC 2008). 

Across 12 sites in 2012, the average number of hollow bearing trees per 2ha was 20.1, of 
which an average of 65% (about 13 trees) were alive and 35% (about 7 trees) were dead. On 
the 12 sites that were surveyed in both 2012 and 2015, there were some differences 
between years. In particular, more hollow bearing trees were recorded on Sites 11.2, 11.3, 
2.1 and 4.2 in 2012 than 2015. These differences may represent: a) observer error, as 
hollows are notoriously difficult to detect from the ground; b) higher density canopy in 2015 
making it harder to detect hollows; and/or c) collapse of hollow bearing trees due to 
windthrow.  

4.5 Hollows per tree 

For each hollow bearing tree recorded, the number of hollows in three size classes (hollow 
entrance 5–10 cm diameter, 10–15 cm diameter, >15 cm diameter) was recorded. 
Interestingly, the trees that were hollow bearing in SQ2 tended to have more hollows than 
the trees that were hollow bearing in SQ1. This was particularly true for hollows with an 
entrance of >15 cm diameter (Figure 16, Table 8). The number of hollows per tree increased 
with dbh, although very large trees in SQ2 tended to have fewer small hollows. 
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Figure 16: Generalised additive models for number of hollows per tree, by hollow size (hollow 
entrance 5–10 cm diameter, 10–15 cm diameter, >15 cm diameter) and diameter at 
breast height; 2015 data 

 

Plate 4: Hollow bearing Eucalyptus camaldulensis tree (Photo: Evan Curtis) 
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The modelled data included live and dead hollow bearing trees. All live hollow bearing trees 
that had four or more large hollows had a dbh of at least 100 cm. There were also live trees 
with dbh greater than 100 cm in which no hollows were visible. Of the live hollow bearing 
trees surveyed, only 28 had a dbh less than 40 cm, and all had only one hollow.  

Table 8: Generalised additive model results for number of hollows per hollow bearing tree 
(by hollow size), diameter at breast height (dbh) and Site Quality (SQ); 2015 data 

Hollow 
size 

Model 
type Family  Link Effect of dbh Effect of SQ 

Deviance 
explained 

5–10 cm GAM Poisson Log Significant effect of dbh 
(p<0.01), dependent on 
SQ 

No effect of SQ 14.3% 

10–15 
cm 

GAM Poisson Log Significant effect of dbh 
(p<0.01), dependent on 
SQ 

No effect of SQ 23.2% 

15–20 
cm 

GAM Poisson Log Significant effect of dbh 
(p<0.01), dependent on 
SQ 

Significant effect 
of SQ (p<0.01) 

35.7% 

 

Plate 5: Pre-thinning monitoring surveys in the Millewa precinct of Murray Valley National 
Park (Photo: OEH) 
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4.6 Proportion of trees dead 

Proportion of trees dead was surveyed by assessing 50 trees along a north–south transect 
with dbh >10 cm as live or dead in each 9 ha treatment plot. Dead trees were defined as 
those with no live foliage and included ringbarked trees. The average proportion of trees that 
were dead in 2012 was 8.4% (36 plots) and in 2015 was 9% (66 plots). One site had more 
than 20% of trees dead in 2012: Site 9.3. Four sites had at least 20% of surveyed trees dead 
in 2015: Site 9.2 (28%), Site 16.3 (20%), Site 18.1 (20%) and Site 18.2 (28%). The 
proportions of trees that were dead were similar in SQ1 and SQ2 sites. 

Linear models indicated that there was no relationship between the proportion of trees that 
were dead and stem density (Figure 17, Table 9). A slightly higher proportion of trees were 
dead in SQ2 in both years, but it was not statistically significant in 2015 and only marginally 
significant in 2012. 

 

Figure 17: Generalised linear models for the proportion of 50 trees >10 cm dbh that are dead in 
each 9 ha treatment plot; 2015 data 

Table 9: Generalised linear model results for proportion of 50 trees >10 cm dbh that are dead 
in each 9 ha treatment plot, stem density counts per hectare (SD) and Site Quality 
(SQ); 2015 data 

Year 
Model 
type Family  Link Effect of SD Effect of SQ 

Deviance 
explained 

2012 GLM Binomial Logit No effect of SD Marginally 
significant effect of 
SQ (p=0.09) 

5% 

2015 GLM Binomial Logit No effect of SD No effect of SQ 1% 
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5 Results: Tree canopy cover 

5.1 Tree crown extent 

Within each 9 ha treatment plot, 30 trees with >10 
cm dbh were randomly selected along a north–
south transect in the centre of the plot. These 30 
trees are permanently marked and will be 
repeatedly measured for a range of parameters, 
including tree crown extent. Crown extent is 
defined as the percentage of the potential crown 
that contains live foliage, including epicormic 
growth. The potential crown is estimated from the 
existing branching structure. Crown extent is 
sometimes referred to as ‘crown vigour’ in 
relevant literature. It was visually estimated to the 
nearest 5% for each of the 30 trees per plot. 

 

Plate 6: Eucalyptus camaldulensis tree crown 
(Photo: OEH)  

 

The average crown extent of the 30 permanently marked trees on each 9 ha plot was 
between about 65% and 85% for both years. Linear models did not indicate significant 
effects of stem density or Site Quality on mean crown extent, in 2012 or 2015 (Figure 18, 
Table 10). 

 

Figure 18: Linear models for mean crown extent (%) calculated from mean of 30 trees per 9 ha 
treatment plot; 2012 (36 treatment plots) and 2015 (66 treatment plots) data 
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Table 10: Linear model results for mean crown extent per 9 ha treatment plot, stem density 
counts per hectare (SD) and Site Quality (SQ) 

Year Model type Family  Link Effect of SD Effect of SQ R2 

2012 LM Gaussian Arcsin No effect of SD No effect of SQ 4% 

2015 LM Gaussian Arcsin No effect of SD No effect of SQ 13% 

5.2 Tree crown diameter 

Tree crown diameter was surveyed by estimating the length of the crown in two 
perpendicular planes for each of the 30 permanently marked trees on each 9 ha plot. These 
values were then used to calculate the crown area, and an average calculated across the 30 
trees. Mean crown area was between 20 and 60 m2 for both 2012 and 2015 for each 9 ha 
treatment plot. Crown area decreased with increasing stem density in both Site Qualities, but 
trees in SQ1 plots had consistently larger crowns (Figure 19, Table 11).  

 

Figure 19: Linear models for mean crown area (m2), mean calculated from 30 trees on each 9 ha 
treatment plot; 2012 (36 treatment plots) and 2015 (66 treatment plots) data 

Table 11: Linear model results for mean crown area (m2) per 9 ha treatment plot, stem density 
counts per hectare (SD) and Site Quality (SQ) 

Year Model type Family  Link Effect of SD Effect of SQ R2 

2012 LM Gaussian None Marginally 
significant effect of 
SD (p=0.07) 

Significant effect of 
SQ (p=0.01) 

21% 

2015 LM Gaussian None Significant effect of 
SD (p=0.03) 

Significant effect of 
SQ (p<0.01) 

14% 
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The spacings for the ecological thinning treatments were based in part on the size of a large 
tree crown. The heavy thinning treatment uses a 15 m spacing between retained trees to 
encourage the development of wide crowns with a branching structure. The largest crown 
diameter for individual trees was related to dbh, with a predicted crown diameter of 11–12 m 
for trees greater than 100 cm dbh.  

 

Figure 20: Generalised additive model for tree diameter at breast height (dbh, in cm) and the 
largest crown diameter (to the nearest 0.5 m), for all permanently marked trees in 
2015 

Table 12: Generalised additive model results for largest crown diameter (nearest 0.5 m) and 
diameter at breast height (dbh); 2015 data 

Response Model type Family  Link Effect of dbh 
Deviance 
explained 

Largest 
diameter 

GAM Gamma None Significant effect 
of dbh (p<0.01) 

60% 

5.3 Remote sensed canopy cover 

Landsat is a satellite that provides remote sensed images at 30 m resolution at 16 day 
intervals free of charge. Two vegetation indices can be derived from Landsat images. 
Normalised Difference Vegetation Index (NDVI) (Rouse et al. 1973) measures red/near-
infrared wavelengths which are indicative of photosynthetic activity in plants. Foliage 
Projective Cover (FPC) (Scarth et al. 2008) is a measure of canopy density that describes 
the fraction of green canopy for woody vegetation greater than 2m in height to ground cover 
(Figure 21).   

In 2016 an honours student at the University of Wollongong analysed NDVI and FPC data for 
the ecological thinning 9 ha treatment plots between 2008 and 2016. The purpose of the 
research was to describe trends in canopy condition in the eight years prior to ecological 
thinning, and determine whether trends in canopy condition differed among stem density and 
Site Quality classes.   
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Figure 21: Foliage Projective Cover (FPC) from Landsat imagery, Barmah and Millewa forests 

Darker areas represent denser canopy with higher vertically projected canopy cover. 

Trends in remotely sensed canopy condition were identified for three distinct periods: the 
drought period between 2008 and 2010; the wet period associated with extensive flooding 
between 2010 and 2012; and a more stable recent period between 2013 and 2016. Data 
were not available for a period of about 18 months in 2012 to 2013 due to failure of the 
Landsat sensor.  
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Figure 22: Foliage projective cover, actual median values for 9 ha treatment plots (points) and 
modelled values (lines); from Curtis (2016) 

For both NDVI and FPC, the long-term average was lower in the drought period, increased 
rapidly in the wet period, and stabilised at a higher level in the recent period. The nature of 
seasonal fluctuations differed among the periods: seasonal variation has been more 
pronounced in the most recent period than it was in the drought period.  

Table 13: Generalised linear mixed model results for Foliage Projective Cover; from Curtis 
(2016) 

Predictors include Southern Oscillation Index (SOI) and Site Quality (SQ). 

Time period 
Model 
type Family Link Significant predictors R2 

Drought 
(2008–2010) 

Linear 
mixed 
model 

Spherical  
(to account 
for auto-
correlation 
among plots) 

Logit Mean month min. temp. + SOI + log 
(weekly mean discharge +1) + SQ + 
seasonality 

0.77 

Wet  

(2010–2012) 

Mean month min. temp. + SOI + log 
(weekly mean discharge + 1) + SQ + 
seasonality 

0.74 

Recent 
(2013–2016) 

SOI + SQ + seasonality 0.38 

Site Quality was also identified as a significant predictor for both indices and all time periods, 
with SQ1 forests predicted to have higher NDVI and FPC throughout. The difference 
between SQ1 and SQ2 is more pronounced in the most recent period, 2013–2016. Stem 
density counts were not identified as a significant predictor in the models. Regional-scale 
climatic variables, including monthly temperature and Southern Oscillation Index, were 
significant predictors for both NDVI and FPC. Further research will investigate the influence 
of live basal area and site-specific inundation data on canopy condition trends. 
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Figure 23: Normalised Difference Vegetation Index (NDVI), actual median values for ecological 
thinning treatment plots (points) and modelled values (lines); from Curtis (2016) 

Table 14: Generalised linear mixed model results for NDVI; from Curtis (2016) 

Predictors include Southern Oscillation Index (SOI) and Site Quality (SQ). 

Year 
Model 
type Family Link Significant predictors R2 

Drought 
(2008–2010) 

Linear 
mixed 
model 

Spherical  
(to account 
for auto-
correlation 
among plots)   

Logit log (monthly rain + 1) + mean monthly 
maximum temp. + SOI + log (weekly 
mean discharge + 1) + SQ + seasonality 

0.56 

Wet  

(2010–2012) 

log (monthly rain + 1) + SOI + log 
(weekly mean discharge + 1) + SQ + 
seasonality 

0.68 

Recent 
(2013–2016) 

log (monthly rain + 1) + mean monthly 
maximum temp. + SOI + SQ + 
seasonality 

0.62 

5.4 Visually estimated canopy cover 

Canopy cover was also visually estimated as vertical projective cover in each of the three 
0.04 ha floristic subplots on each 9 ha treatment plot. The average for the three floristic plots 
was taken. The relationship between stem density and live canopy cover differed by Site 
Quality, although the models were not statistically significant (Figure 24, Table 15). On SQ1 
plots, mean canopy cover declined with increasing stem density, from about 15% cover at 
low densities to about 10% cover at the highest densities. On SQ2 plots, mean canopy cover 
increased slightly with increasing stem density, from about 9% cover at low densities to 11% 
at high densities.  
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Figure 24: Linear models for visually estimated mean live and dead canopy cover (%), 
calculated as the mean of three 0.04 ha subplots 

Each point is a 9 ha treatment plot; 2015 data.  

There was no relationship between visually estimated dead canopy cover and stem density 
or Site Quality. Mean estimates of dead canopy cover were generally close to zero, and 
above 1% for only one plot (Figure 24, Table 15).  

Table 15: Linear model results for estimated mean live and dead canopy cover (mean of three 
0.04 ha subplots), stem density count per hectare (SD) and Site Quality (SQ); 2015 
data 

Canopy 
cover Model type Family  Link Effect of SD Effect of SQ R2 

Live LM Gaussian Arcsin No effect of SD Significant effect 
of SQ (p=0.02) 

17% 

Dead LM Gaussian Arcsin No effect of SD No effect of SQ 5% 
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6 Results: Coarse woody debris 

Coarse woody debris (CWD, logs with diameter >10 cm and length >0.5 m) were measured 
in two 0.1 ha subplots within each 9 ha treatment plot, by recording the diameter and length 
of each log. In 2015, more than 6200 lengths of CWD were measured (some logs with 
variable diameters were measured for more than one ‘length’).  

In 2012 there was only one site with less than 45 tonnes per hectare of CWD on average: 
Site 12.3 (38 tonnes per hectare). In 2015 there were four sites with <45 tonnes per hectare 
of CWD on average: Sites 12.3, 10.3, 13.1 and 14.1. All of these sites were in SQ2 with stem 
densities of less than about 600 stems/ha.  

 

Plate 7: Coarse woody debris in river red gum forest (Photo: OEH) 

SQ1 plots had higher levels of CWD than SQ2 sites, and the relationship between CWD and 
stem density differed amongst Site Qualities (Figure 25, Table 16). In SQ1 sites, CWD 
increased with increasing stem density, but in SQ2 sites stem density was not associated 
with CWD.   
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Figure 25: Generalised additive models for mean coarse woody debris (CWD) (tonnes per 
hectare) for each 9 ha treatment plot 

Table 16: Generalised additive model results for coarse woody debris (CWD), stem density 
count per hectare (SD) and Site Quality (SQ) 

Year Model type Family  Link Effect of SD Effect of SQ 
Deviance 
explained 

2012 GAM Scaled t  log Effect not 
significant  

CWD varied with 
SQ (p<0.001) 

37.5% 

2015 GAM Scaled t  log CWD varied with 
SD in SQ1 only 
(p=0.08) 

CWD varied with 
SQ (p=0.002) 

18.3% 
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7 Results: Fire risk 

Fire risk was assessed in three 0.04 ha subplots within each 9 ha treatment plot, using the 
method of Hines et al. (2010). The method involves the assessment of surface fuel hazard 
and elevated fuel hazard, which are then combined into an overall fuel hazard category 
(Figure 26, Table 17). Using this method, some aspects of fire risk assessment require 
subjective evaluation of categories in combination with quantitative measures, for example 
allocating a site to either: ‘Soil surface occasionally visible through litter bed’ or ‘Litter well 
connected. Little bare soil’.  

 

Figure 26: Fuel hazard assessment components (Hines et al. 2010) 

Table 17: Combination of surface and elevated fuel hazard for overall fuel hazard (Hines et al. 
2010) 

River red gum bark hazard is assessed as Moderate. 

1 2 3 Combined surface and near surface fine fuel hazard     

Bark 
hazard 

Elevated 
fine fuel 
hazard 

L M H VH E 

 L L M M H H 

Low and M L M M H H 

Moderate H L M H VH VH 

 VH VH VH VH VH VH 

 E E E E E E 

        L L M H H H 

 M L M H H H 

High H L H H VH VH 

 VH VH VH VH VH E 
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1 2 3 Combined surface and near surface fine fuel hazard     

 E E E E E E 

 L L VH VH VH E 

Very High M M VH VH E E 

or Extreme H M VH E E E 

 VH E E E E E 

 E E E E E E 

7.1 Surface fuel hazard 

Surface fuel hazard is calculated from assessment of litter cover and depth, ground 
vegetation cover (including the cover that is dead) and the horizontal connectivity of ground 
vegetation. Among SQ1 plots there was no effect of stem density on surface fuel hazard, but 
among SQ2 plots surface fuel hazard increased with increasing stem density (Figure 27, 
Table 18).  

 

Figure 27: Boxplots of surface fuel hazard (categories Low, Medium, High, Very High and 
Extreme) by stem density count per hectare, including all 0.04 ha monitoring 
subplots 
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Table 18: Ordinal logistic regression results for fuel hazard (assessed according to Hines et al. 
2010), stem density count per hectare (SD) and Site Quality (SQ) 

Year Response Model type Effect of SD Effect of SQ 

2012 Surface OLS No significant effect of SD No significant effect of SQ 

 Elevated OLS No significant effect of SD Significant effect of SQ <0.01 

 Overall OLS No significant effect of SD Significant effect of SQ <0.01 

2015 Surface OLS Significant effect of SD 
(p=0.01), dependent on SQ 

Significant effect of SQ 
(p=0.02) 

 Elevated OLS No significant effect of SD Significant effect of SQ <0.01 

 Overall OLS Significant effect of SD <0.01 Significant effect of SQ <0.01 

7.2 Elevated fuel hazard 

Elevated fuel hazard is calculated from assessment of vegetation cover (including vegetation 
cover that is dead), vegetation vertical continuity and vegetation density in the midstorey 
stratum. Elevated fuel hazard did not vary with stem density, but was generally higher in SQ1 
plots than SQ2 plots (Figure 28, Table 18). 

 

Figure 28: Boxplots of elevated fuel hazard (categories Low, Medium and High) by stem density 
count per hectare, including all 0.04 ha monitoring subplots 

7.3 Overall fuel hazard 

Overall fuel hazard is scored on a scale with five categories, from Low to Extreme. None of 
the 0.04 ha subplots were evaluated as Extreme fire hazard, and only one subplot was 
evaluated as Very High in 2015, on Site 1.2. Only three subplots were evaluated as Low in 
2015. The vast majority of the 198 subplots were in the Moderate or High categories.  

Ordinal logistic regression of 2015 data indicated that both stem density and Site Quality did 
significantly affect overall fuel hazard (Figure 29, Table 18). Plots in SQ1 had higher overall 



River red gum pre-ecological thinning monitoring report 2017 

33 

fuel hazard than SQ2. There was a positive statistically significant relationship between 
overall fuel hazard and stem density, but the trend was weak. The boxplots for Medium and 
High hazard in 2015 show overlapping distributions, particularly for SQ1. Technically, a 1-unit 
increase in stem density was associated with a small increase in the odds (1.002 greater 
odds) that overall fuel hazard would increase to a higher category. The relationship between 
stem density and overall fuel hazard was not detected in the 2012 data. 

 

Figure 29: Boxplots of overall fuel hazard (categories Low, Medium, High and Very High) by 
stem density count per hectare, including all 0.04 ha monitoring subplots 
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8 Results: Vegetation structure 

8.1 Canopy height 

Canopy height was estimated using a tape and trigonometry or a laser rangefinder on at 
least four trees in each 0.04 ha subplot. The average of all trees on each 9 ha treatment plot 
was taken.  

Models did not identify a significant relationship between stem density and upper tree height 
(that is, the average upper height of the tree stratum – not necessarily the tallest height – 
averaged across the three floristic subplots for each 9 ha plot) (Figure 30). However, the 
average upper height of trees in SQ1 sites was consistently higher than the average upper 
height of trees in SQ2. The average upper height of SQ1 trees was about 29 m and the 
average upper height of SQ2 trees was about 24 m.  

 

Figure 30: Linear model for mean upper height of canopy (m), calculated from mean of three 
0.04 ha subplots in each 9 ha treatment plot 

8.2 Understorey vegetation cover 

The cover of understorey vegetation (the lowest stratum of vegetation) was visually 
estimated in four quadrants of each 0.04 ha subplot, and averaged for each 9 ha treatment 
plot. Models identified a significant relationship between stem density and ground vegetation 
cover, but it differed between Site Qualities. In SQ1 plots, both live and dead ground cover 
declined with increasing stem density. SQ1 plots had an average of 40% live understorey 
cover at low stem densities, and less than 10% live cover at high stem densities. In SQ2 
plots, both live and dead ground cover increased with increasing stem densities, although the 
magnitude of the increase was relatively small (about 5%).   
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Figure 31: Linear models for mean live and dead ground vegetation cover (%), calculated from 
the mean of three 0.04 ha subplots per 9 ha treatment plot; 2015 data 

Table 19: Linear model results for for mean ground vegetation % cover (the lowest vegetation 
stratum), stem density count per hectare (SD) and Site Quality (SQ); 2015 data 

Response Model type Family Link Effect of SD Effect of SQ R2 

Live GLM Normal Log Significant effect 
of SD (p<0.01), 
marginally 
dependent on SQ 
(p=0.03) 

Significant effect of 
SQ (p<0.01) 

24% 
deviance 

Dead LM Normal None Marginal effect of 
SD (p=0.08), 
marginally 
dependent on SQ 
(p=0.08) 

Marginal effect of 
SQ (p=0.07) 

6% 
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9 Results: Floristic composition 

Floristic composition was assessed in three 0.04 ha subplots in each 9 ha treatment plot, 
with a total of 198 floristic subplots. In each 9 ha plot, the floristic plots were located to 
sample the variation understorey vegetation. Where possible one floristic plot was located in 
each of:  

 a depression, which were usually shallow but more prone to retaining shallow water. 
Dominant species were herbaceous and/or flood tolerant species, and often included 
species such as Persicaria spp., Alternanthera denticulata and Carex tereticaulis 

 a mid-slope intergrade between the depression and rise with a mix of species but 
frequently dominated by Carex spp. and Juncus spp.  

 a rise, which was often dominated by grass species, particularly Poa labillardierei and 
Paspalidium jubiflorum. 

Within the 0.04 ha subplots, species were recorded in ten 1 m x 1 m subplots as well as the 
broader 20 m x 20 m. For each species, the vertical projective foliage cover was estimated to 
the nearest 5% for the 20 m x 20 m plot. For species with a cover <5%, the actual 
abundance was estimated. 

A total of 101 plant taxa were recorded in both years, 68 taxa were recorded only in 2012 
and 52 taxa were recorded only in 2015. One threatened species was recorded in 2015, 
floating swamp wallaby grass (Amphibromus fluitans), listed as vulnerable in the NSW 
Threatened Species Conservation Act 1995 and Commonwealth Environment Protection and 
Biodiversity Act 1999. It was recorded on five 9 ha treatment plots, including extensive 
distribution throughout two treatment plots. This species is near aquatic and grows mostly 
near permanent swamps, and its presence in 2015 is indicative of more frequent and 
extensive flooding in recent years.  

 

Plate 8: River red gum forest understorey vegetation post-flood (Photo: Evan Curtis) 
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Floristic species composition varied with stem density, as floristic plots with similar total stem 
density counts also tended to have similar species composition (Figure 32). This effect was 
more pronounced when species composition was plotted against stem density counts of 
trees greater than 10 cm dbh (as measured at the 9 ha plot level, Figure 33). Subplots on low 
stem density sites tended to have similar species composition (small circles in the centre of 
Figure 33), and subplots with high stem density tended to differ from the low stem density 
subplots and from each other (large circles around the edges of Figure 33). Future analyses 
will take into account the understorey variant, to determine whether the species composition 
differs with stem density in depressions, intergrades and rises.  

 

Figure 32: Distance between floristic 0.04 ha subplots based on floristic compositional 
similarity 

Each circle represents a subplot, with circle size proportional to observed tree density in 
the 9 ha treatment plot, all size classes. Fitted model accounts for 9% of variance in 2015 
data; from Bedward (2017b). 

Floristic composition also varied with Site Quality (Figure 34). The floristic composition of 
some sets of subplots was clearly distinct between SQ1 and SQ2 plots; and another set of 
subplots had a more similar species composition.   

Change in floristic composition between 2012 and 2015 for the subplots on Sites 1–12 was 
frequently substantial. The understorey vegetation in dynamic floodplain forests is expected 
to change over the course of the flood cycle. In the wake of flood events, a series of 
successional changes alter species dominance from aquatic and flood-tolerant species 
towards terrestrial species. Floodwaters can disperse seeds and change species’ 
distributions. Indeed, the species composition of a set of the SQ1 sites was observed to shift 
in the same direction (Figure 35).  



River red gum pre-ecological thinning monitoring report 2017 

38 

 

Figure 33: Distance between floristic 0.04 ha subplots based on floristic compositional 
similarity 

Each circle represents a subplot, with circle size proportional to observed tree density in 
the 9 ha treatment plot, only trees >10 cm dbh. Fitted model accounts for 20% of variance 
in 2015 data; from Bedward (2017b). 

 

Figure 34: Distance between floristic 0.04 ha subplots based on floristic compositional 
similarity 

Each circle represents a subplot by site quality; 2015 data; from Bedward (2017b). 
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Figure 35: Direction of change in floristic composition between 2012 and 2015 in 9 ha treatment 
plots on Sites 1–12; from Bedward (2017b) 
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10 Results: Recruitment 

Recruitment of Eucalyptus camaldulensis was recorded in the 0.04 ha floristic subplots. The 
count of germinants (cotyledons present), seedlings (<1.37 m in height), and saplings (>1.37 
m in height and <10 cm dbh) were recorded in four quadrants of the 20 m x 20 m subplot and 
summed. The average was then taken for the three subplots per 9 ha treatment plot.  

The vast majority of subplots had zero germinants in 2015, with the exception of seven 
subplots that had fewer than 20, and one subplot that had more than 600 (Site 5.1B). The 
number of seedlings also varied in this way, with many sites having fewer than 10 seedlings 
per 0.04 ha on average and three plots having more than 50 seedlings per 0.04 ha on 
average (Figure 36). Saplings had an expected positive linear relationship with stem density, 
as they were not independent measures. There were no apparent relationships between 
counts of seedlings or saplings and Site Quality.  

 

Figure 36: Seedling and sapling count per 0.04 ha, averaged across the three floristic subplots 
in each 9 ha treatment plot; 2015 data 
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11 Results: Soil moisture 

Soil moisture was measured using a hand-held probe inserted 10–15 cm in the ground in 10 
locations within each 0.04 ha subplot, and then averaged across the 30 measurements for 
the 9 ha treatment plot. Soil moisture at this depth is primarily affected by very recent rainfall 
and evaporation. There was a relationship between soil moisture and stem density that 
differed between Site Quality classes in 2012 (Figure 37, Table 20). 

 

Figure 37: Generalised linear models for soil moisture (%), calculated as a mean of 30 
measurements per 9 ha treatment plot, by stem density count per hectare 

Wide confidence intervals indicate that relationships were uncertain, particularly at high stem 
densities. No relationships were apparent in 2015. Differences among years could be due to 
differing climatic conditions (daily and monthly variation), consequent differences in plant 
water usage patterns (surface water versus ground water usage), and/or differing sample 
sizes. 

Table 20: Generalised linear model results for soil moisture (%), stem density count per 
hectare (SD) and Site Quality (SQ) 

Year Model type Family Link Effect of SD Effect of SQ 
Deviance 
explained 

2012 GLM Normal Arcsin Effect of SD varied with SQ (p=0.03) 14.5% 

2015 GLM Normal Arcsin No effect of SD No effect of SQ 3% 
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12 Results: Birds 

Birds were surveyed in a 2 ha subplot within each 9 ha treatment plot, with visual and 
auditory observations recorded for 20 minutes on four occasions (two pre-9 am and two post-
9 am).  

A total of 100 species were recorded, with 14 species recorded only in 2012 and 17 species 
recorded only in 2015 (Appendix B). Some species were common and recorded in 75% or 
more of the treatment plots in 2015 (Table 21). One threatened species, superb parrot 
(Polytelis swainsonii) listed as vulnerable on both the NSW Threatened Species 
Conservation Act and Commonwealth Environment Protection and Biodiversity Conservation 
Act, was recorded in both 2012 and 2015. 

Table 21: The 10 bird species most frequently encountered across all treatment plots; 2015 
data 

Species Number of plots % of plots 

Striated pardalote 63 95.5 

White-throated treecreeper 63 95.5 

Buff-rumped thornbill 60 90.9 

Grey shrike-thrush 53 80.3 

Weebill 53 80.3 

Rufous whistler 52 78.8 

Grey fantail 51 77.3 

Sulphur-crested cockatoo 49 74.2 

Yellow rosella 49 74.2 

Sacred kingfisher 43 65.2 

Presence–absence data for birds indicated that patterns in bird species composition were not 
strongly related to Site Quality, with overlapping species composition for most sites (Figure 
38). However, the subplots that were most dissimilar to other subplots were all SQ2.  
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Figure 38: Distance between 2 ha subplots based on bird species compositional similarity 

Each circle is a 2 ha subplot, coloured by Site Quality; 2015 data; from Bedward (2017c). 

There was a weak trend between bird species composition and the density of small trees 
(<10 cm dbh) (Figure 39), and the density of larger trees (>40 cm dbh) (Figure 40). The 
nature of the trend for large trees was more complex. 

 

Figure 39: Distance between plots based on bird species compositional similarity 

Each circle represents a 9 ha treatment plot, with circle size proportional to tree density per 
hectare, only trees <10 cm dbh. Fitted model accounts for 15% of variance in 2015 data; 
from Bedward (2017c). 
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Figure 40: Distance between plots based on bird species compositional similarity 

Each circle represents a 9 ha treatment plot, with circle size proportional to observed tree 
density per hectare, only trees >40 cm dbh. Fitted model accounts for 14% of variance in 
2015 data; from Bedward (2017c). 
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13 Results: Bats 

Insectivorous bat activity was surveyed using calibrated Anabat acoustic detectors in 
December 2015, and again in March 2017. Detectors were placed in all three clusters of 
control and treatment plots on the same night and bat calls were recorded for three 
consecutive nights. The detectors were set inside a weatherproof box at approximately 2 m 
high, facing towards gaps in the forest canopy (Plate 9).  

A total of 49,419 calls attributable to bats were recorded in 2015, while over 30,000 files of 
noise (probably due to vegetation movement and insects) were recorded. On average 248.38 
calls (s.d. 169.52, median 222, range 0–1068) were recorded on each plot per night. Mean 
total activity per night for individual plots varied from 0.0 passes to 885.3 passes. 

AnaScheme software assigned 3201 calls directly to 11 species and two species groups 
(Table 22). Three threatened species were detected, Chalinolobus picatus, Mormopterus 
beccarii and Saccolaimus flaviventris (NSW Threatened Species Conservation Act). 
However, M. beccarii is not likely to be found this far south and so manual checking of 
species identification by AnaScheme is necessary. Chalinolobus gouldii was the most 
widespread species, detected in every site. An additional 9275 calls were partially assigned 
to species level and require manual checking. 

 

Plate 9: Anabat detector inside weatherproof box attached to tree with detector microphone 
facing outwards (Photo: Murray Ellis) 
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Table 22: Number of plots out of 66 at which each bat species was detected, percentage of 
sites (n=67) at which bat species were recorded and mean (± S.D.) number of passes 
per night of sampling 

TSCA is the NSW Threatened Species Conservation Act.  

Species TSCA 
number of 
plots % of plots Mean passes/night ± S.D. 

Chalinolobus gouldii  66 100 12.4 ± 16.1 

Chalinolobus morio  52 77.6 1.0 ± 1.1 

Chalinolobus picatus * 3 0.04 0.02 ± 0.1 

Mormopterus beccarii * ID uncertain 18 0.3 0.1 ± 0.3 

Mormopterus spp.  57 85 11.5 ± 25.3 

Nyctophilus spp.  63 94 21.5 ± 48.3 

Saccolaimus flaviventris * 17 25.4 0.2 ± 0.6 

Scotorepens balstoni  55 82 3 ± 5.7 

Scotorepens greyii  56 82 1.3 ± 1.6 

Tadarida australis  55 82 17.3 ± 32.3 

Vespadelus darlingtoni  64 95.5 8.5 ± 15.3 

Vespadelus regulus HF  65 97 8 ± 8.1 

Vespadelus vulturnus  65 97 83.1 ± 54.6 

Anabat files were analysed using AnaScheme software (Adams et al. 2010) in association 
with a taxonomic key, Murray-Darling 11 (B. Law, unpublished data). The AnaScheme key 
has been revised after the 2015 recordings were analysed to improve the accuracy of the 
identification (B. Law, pers. comm. Jan. 2017). Consequently the 2015 pre-thinning dataset 
will be reanalysed in conjunction with the 2017 data. An honours student from the Australian 
Catholic University who is co-supervised by OEH in 2017 will contribute to these analyses.  
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14 Discussion 

14.1 Summary of pre-thinning results 

The pre-thinning monitoring data for the ecological thinning trial in river red gum forests 
established a baseline against which future changes can be compared. Analysis of pre-
thinning monitoring data identified key site characteristics that were influenced by high stem 
density. In particular high stem density stands:  

 supported fewer live hollow bearing trees than lower stem density stands 

 had smaller tree crowns than lower stem density stands 

 had lower cover of live understorey (ground) vegetation than lower stem density stands 

 had different plant community compositions to lower stem density stands. 

Pre-thinning monitoring data analysis highlighted the relative paucity of hollow bearing trees 
across all plots. No plots had sufficient numbers of hollow bearing trees (live or dead) to 
meet the OEH benchmark for river red gum forests. 

Pre-thinning monitoring data also highlighted the influence of water supply, as represented 
by Site Quality. Almost all parameters surveyed differed amongst the two Site Quality 
classes. These pre-existing differences may influence the response of river red gum forests 
in Millewa to ecological thinning.  

14.2 Flooding and post-thinning monitoring 

Ecological thinning operations commenced in April 2016, and had been applied to half of the 
22 sites when extensive flooding occurred in June 2016. Floods were of the largest 
magnitude since the drought broke in 2009 and flood duration was relatively protracted with 
the last sites drying out in March 2017. Ecological thinning treatments commenced on the 
remaining 11 sites in February 2017. 

The recent flood event will have implications for the analysis of ecological thinning monitoring 
data. One implication is that the time-since-thinning will differ among sites, by more than a 
year in some cases. When the first round of post-thinning monitoring occurs in the spring of 
2017, time-since-thinning will be 18 months for some sites and less than six months for 
others.  

A second implication of the 2016–2017 flood is that half of the sites will have been thinned 
and flooded; and the other half have been flooded and then thinned (Figure 41). This may 
affect recruitment dynamics of Eucalyptus camaldulensis, for which flooding may stimulate a 
recruitment event, and result in different trajectories of change amongst sites. This presents 
an exciting opportunity to learn about the interaction between ecological processes and 
management in river red gum forests, which will ultimately improve management of the 
forests in this national park. In the short to medium term, however, it will introduce additional 
variation in the data.   
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Figure 41: Schematic timeline of the ecological thinning trial in relation to the 2016–2017 flood 
event 

 

Plate 10: Flooding in Millewa river red gum forest, September 2016 (Photo: OEH) 
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Appendix A: Plant species recorded 

Taxon 2012 2015 

Aira cupaniana x  

Alternanthera denticulata x x 

Amphibromus fluitans x x 

Amphibromus nervosus x x 

Amyema miquelii x  

Anagallis arvensis x x 

Arctotheca calendula  x 

Arthropodium fimbriatum x  

Arthropodium milleflorum x  

Arthropodium minus  x 

Aster subulatus x x 

Austrodanthonia caespitosa x  

Avena barbata  x 

Avena fatua x x 

Azolla filiculoides x x 

Azolla pinnata  x 

Brachyscome basaltica x x 

Brachyscome gracilis x  

Briza minor x x 

Bromus hordeaceus subsp. 
hordeaceus 

x  

Bromus molliformis x x 

Callitriche sonderi x  

Calotis scapigera x x 

Cardamine moirensis x x 

Cardamine paucijuga x x 

Carex inversa x x 

Carex tereticaulis x x 

Centaurea melitensis  x 

Centaurium erythraea x  

Centaurium spicatum x  

Centaurium tenuiflorum  x 

Taxon 2012 2015 

Centipeda cunninghamii x x 

Centipeda minima x x 

Cerastium glomeratum x  

Chamaesyce drummondii x x 

Chenopodium album  x 

Chloris truncata x  

Chrysocephalum apiculatum  x 

Cirsium vulgare x x 

Conyza bonariensis x x 

Conyza canadensis x  

Conyza sumatrensis x x 

Coronidium scorpioides x  

Cotula australis x x 

Craspedia paludicola x  

Crassula decumbens x  

Crassula helmsii  x 

Crepis foetida subsp. foetida x  

Cucumis myriocarpus subsp. 
leptodermis 

 x 

Cynodon dactylon x x 

Cyperus brevifolius x  

Cyperus eragrostis x x 

Cyperus exaltatus  x 

Cyperus gunnii x  

Cyperus lucidus x  

Damasonium minus x x 

Daucus glochidiatus x x 

Deyeuxia quadriseta x x 

Dianella longifolia x  

Dianella longifolia var. 
longifolia 

 x 

Dianella revoluta x  

Dichondra repens x x 
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Taxon 2012 2015 

Dichondra sp. A  x 

Dysphania pumilio x x 

Echium plantagineum x x 

Eclipta platyglossa  x 

Ehrharta longiflora  x 

Einadia nutans x x 

Elatine gratioloides x x 

Eleocharis acuta x x 

Eleocharis pusilla x x 

Elymus scaber x x 

Enchylaena tomentosa  x 

Enteropogon acicularis x  

Epilobium billardierianum x x 

Epilobium hirtigerum  x 

Eragrostis brownii x  

Eragrostis elongata  x 

Eryngium ovinum x x 

Eucalyptus camaldulensis x x 

Eucalyptus melliodora  x 

Euchiton involucratus x x 

Euchiton sphaericus x x 

Eulalia aurea  x 

Euphorbia drummondii  x 

Exocarpos aphyllus x  

Exocarpos strictus x x 

Fimbristylis aestivalis x  

Fumaria muralis  x 

Fumaria officinalis  x 

Galium aparine  x 

Glinus oppositifolius x  

Gnaphalium polycaulon x  

Goodenia geniculata x x 

Goodenia gracilis x x 

Taxon 2012 2015 

Gratiola peruviana  x 

Haloragis heterophylla x x 

Helichrysum bracteatum x x 

Helichrysum viscosum x  

Helminthotheca echioides x x 

Holcus lanatus x  

Hydrocotyle sibthorpioides x  

Hypericum gramineum x x 

Hypochaeris glabra x x 

Hypochaeris radicata x x 

Isolepis cernua x  

Isolepis hookeriana  x 

Juncus amabilis x x 

Juncus aridicola  x 

Juncus australis  x 

Juncus flavidus x x 

Juncus holoschoenus x x 

Juncus ingens x x 

Juncus pallidus x  

Juncus remotiflorus x x 

Juncus subglaucus  x 

Juncus subsecundus x x 

Juncus usitatus x  

Lachnagrostis filiformis x x 

Lactuca saligna x  

Lactuca serriola x x 

Leontodon taraxacoides x  

Limosella curdieana x  

Linum marginale x x 

Lolium loliaceum  x 

Lolium perenne x  

Lolium rigidum x x 

Ludwigia palustris x x 
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Taxon 2012 2015 

Ludwigia peploides x x 

Lythrum hyssopifolia x x 

Lythrum salicaria x  

Marrubium vulgare x x 

Marsilea costulifera x x 

Marsilea drummondii x x 

Marsilea hirsuta x  

Mentha australis x  

Mentha laxiflora  x 

Myriophyllum crispatum x x 

Myriophyllum papillosum x x 

Myriophyllum simulans x  

Nymphoides crenata x x 

Ophioglossum lusitanicum x  

Ottelia ovalifolia  x 

Ottelia ovalifolia subsp. 
ovalifolia 

x  

Oxalis perennans x x 

Paspalidium jubiflorum x x 

Paspalum distichum  x 

Persicaria decipiens x x 

Persicaria hydropiper x x 

Persicaria prostrata x x 

Petrorhagia dubia x x 

Phragmites australis x x 

Plantago cunninghamii  x 

Plantago varia x  

Poa labillardierei x x 

Polygonum arenastrum  x 

Polygonum aviculare x x 

Potamogeton cheesemanii  x 

Pratia concolor x x 

Pratia purpurascens x  

Taxon 2012 2015 

Pseudognaphalium 
luteoalbum 

x x 

Pseudoraphis spinescens x x 

Pycnosorus globosus x  

Ranunculus inundatus x x 

Ranunculus lappaceus x  

Romulea minutiflora x  

Rorippa laciniata x  

Rorippa palustris x  

Rumex brownii x x 

Rumex crispus x  

Rytidosperma duttonianum  x 

Rytidosperma fulvum  x 

Rytidosperma semiannulare x  

Rytidosperma setaceum  x 

Sagittaria platyphylla  x 

Schoenus apogon x  

Senecio biserratus x  

Senecio campylocarpus  x 

Senecio linearifolius x  

Senecio quadridentatus x x 

Senecio runcinifolius x x 

Sigesbeckia orientalis  x 

Silene gallica x  

Solanum nigrum x x 

Solenogyne dominii x x 

Sonchus asper  x 

Sonchus oleraceus x x 

Stellaria angustifolia x x 

Stellaria caespitosa x  

Stellaria media x x 

Stellaria pungens  x 

Taraxacum officinale  x 
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Taxon 2012 2015 

Teucrium racemosum x  

Trifolium angustifolium x  

Trifolium arvense x x 

Trifolium campestre x x 

Trifolium cernuum x x 

Trifolium fragiferum x  

Trifolium incarnatum x  

Trifolium striatum x  

Triglochin procera x x 

Typha orientalis x x 

Verbascum virgatum  x 

Verbena bonariensis x x 

Verbena gaudichaudii x x 

Verbena officinalis x  

Veronica peregrina x  

Vicia hirsuta  x 

Vittadinia gracilis x x 

Vulpia bromoides  x 

Vulpia muralis x x 

Vulpia myuros  x 

Wahlenbergia communis  x 

Wahlenbergia fluminalis x x 

Wahlenbergia gracilenta x  

Wahlenbergia gracilis x x 

Wahlenbergia luteola x  

Walwhalleya proluta x  

Xanthium spinosum  x 

Xerochrysum bracteatum x x 
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Appendix B: Bird species recorded 
The following table lists all bird species observed during surveys, together with the period(s) 
in which they were recorded, and the feeding guild(s) to which each species has been 
assigned. 

A: Aquatic; AF: Aerial feeders; CFFE: Canopy-feeding fruit eaters; GFG: Ground-feeding 
granivores; GFI: Ground-feeding insectivores; HO: Herbivores / Omnivores; MF: Mistletoe 
fruit; N: Nectivores; R: Raptors; S: Scavengers; TSI: Tree and shrub insectivores 

Species 2012 2015 A AF CFFE GFG GFI HO MF N R S TSI 

Australian hobby  x         x   

Australian magpie x x     x       

Australian raven x x     x     x  

Australian reed-
warbler 

x            x 

Australian shelduck  x x           

Australian white 
ibis 

x x x    x       

Australian wood 
duck 

x  x           

Black-faced 
cuckoo-shrike 

x x     x      x 

Black-faced 
woodswallow 

x   x   x       

Blue-faced 
honeyeater 

 x   x     x   x 

Brown-headed 
honeyeater 

x x        x   x 

Brown falcon x          x   

Brown goshawk x x         x   

Brown thornbill  x           x 

Brown treecreeper x x     x      x 

Buff-rumped 
thornbill 

x x     x      x 

Collared 
sparrowhawk 

x          x   

Common 
bronzewing 

x x    x        

Crested pigeon x     x        

Crested shrike-tit x x           x 

Dollarbird  x  x          
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Species 2012 2015 A AF CFFE GFG GFI HO MF N R S TSI 

Dusky 
woodswallow 

x x  x          

Eastern great egret x  x           

Eastern rosella x x   x x        

Emu x x    x x x      

Fan-tailed cuckoo x x     x      x 

Galah x x    x  x      

Golden whistler x x  x         x 

Great egret  x x           

Grey butcherbird x      x      x 

Grey fantail x x  x         x 

Grey shrike-thrush x x     x      x 

Hooded robin  x     x      x 

Horsfields bronze-
cuckoo 

x x     x      x 

Intermediate egret x x x           

Jacky winter x x  x   x       

Laughing 
kookaburra 

x x     x       

Leaden flycatcher x x  x         x 

Little eagle  x         x   

Little friarbird x x   x     x   x 

Little grassbird  x           x 

Little raven  x     x     x  

Long-billed corella x x    x        

Magpie-lark x x     x       

Masked 
woodswallow 

x   x          

Mistletoebird x x       x     

Nankeen night 
heron 

 x x           

Noisy friarbird x x   x     x   x 

Noisy miner x         x   x 

Olive-backed oriole  x           x 

Pacific black duck x x x           
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Species 2012 2015 A AF CFFE GFG GFI HO MF N R S TSI 

Painted button-
quail 

x x    x        

Pallid cuckoo x      x      x 

Peaceful dove x x    x        

Peregrine falcon  x         x   

Pied butcherbird  x     x      x 

Pied currawong x      x      x 

Rainbow bee-eater x x  x          

Red-browed finch x     x        

Red-capped robin x x     x       

Red-rumped parrot x x    x        

Red wattlebird x x        x   x 

Restless flycatcher x x  x   x      x 

Royal spoonbill x x x           

Rufous songlark x x     x      x 

Rufous whistler x x  x         x 

Sacred kingfisher x x     x       

Scarlet robin x x  x   x      x 

Shining bronze-
cuckoo 

x x           x 

Silvereye x x        x   x 

Southern boobook  x         x   

Spotted pardalote x x           x 

Straw-necked ibis x  x    x       

Striated pardalote x x           x 

Striated thornbill x x           x 

Sulphur-crested 
cockatoo 

x x   x x        

Superb fairy-wren x x     x      x 

Superb parrot x x   x x        

Tree martin x x  x          

Varied sittella x x           x 

Wedge-tailed eagle x x         x x  

Weebill x x     x      x 
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Species 2012 2015 A AF CFFE GFG GFI HO MF N R S TSI 

Welcome swallow x x  x          

Western gerygone x x  x   x      x 

Whistling kite x x         x   

White-bellied sea-
eagle 

x x         x   

White-breasted 
woodswallow 

 x  x          

White-browed 
babbler 

 x     x      x 

White-browed 
scrubwren 

x x     x      x 

White-browed 
woodswallow 

x x  x          

White-faced heron x x x           

White-necked 
heron 

x x x           

White-plumed 
honeyeater 

x x        x   x 

White-throated 
treecreeper 

x x           x 

White-winged 
chough 

x x     x       

White-winged triller x x     x      x 

Willie wagtail x x  x   x      x 

Yellow-rumped 
thornbill 

x x     x       

Yellow rosella x x   x x        

Yellow thornbill x x           x 
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