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Key results 

The key results for each monitoring variable analysed in this report are listed below. 
Significant effects of ecological thinning are in bold text. 

Stem density 
The number of trees removed varied across thinning treatments.   

The average number of stems removed due to thinning was 377 per hectare. 

Tree size 
class 

Number of stems 10–40 centimetres diameter reduced by an average of 60% due 
to thinning. 

Abundance of stems <10 centimetres diameter remained variable after thinning. 

Live basal 
area 

Average reduction in live basal area due to thinning was 7 m2 per hectare. 

Tree growth 
rate 

The growth rates of larger trees (>70 centimetres diameter at breast height) 
on control plots may have been faster than equivalent trees on thinning 
treatment plots, but the differences may have been pre-existing and the 
confidence bounds were largely overlapping.  

Tree 
mortality 

There was a slightly increased probability of tree mortality on moderately 
thinned plots in comparison with control and heavily thinned plots, although 
confidence bounds were wide. 

Tree crown 
area 

No effect of thinning was detected on tree crown area. 

Tree height 
Upper canopy tree height was lower in 2017 than 2015, but there was no effect of 
thinning treatment. 

Hollow 
bearing trees 

Fewer dead hollow bearing trees were recorded in 2017 than 2015, but no effects 
of thinning were detected. 

Tree 
recruitment 

Germinants: These were recorded on more plots in 2017 than 2015, but there 
were insufficient data to model the effect of thinning on germinants. 

Seedlings: A modest increase in the probability of occurrence of seedlings 
was detected for heavily thinned plots.  

Saplings: Thinning reduced the occurrence of saplings.   

Canopy 
condition 

Tree crown extent: No effect of thinning treatment was detected on tree crown 
extent. 

Remotely-sensed canopy cover: This was significantly lower on heavily 
thinned treatment plots than control plots after thinning. 

Visually assessed canopy cover: Live canopy cover declined on treatment 
plots between 2015 and 2017 but was stable on control plots. There was no 
change in the estimated dead canopy cover between survey periods or due to 
ecological thinning. 

Coarse 
woody 
debris 

Coarse woody debris (CWD) volume: Mean volume of coarse woody debris was 
higher in Site Quality 1 (SQ1) sites but was not affected by thinning treatments. 

CWD size diversity: This was lower on thinning treatment plots after 
thinning, with the effect being most marked for heavily thinned plots and in 
the lower site quality class (SQ2). There was a shift from larger to smaller 
size classes. 

Litter 

There was no evidence of thinning treatment effects on litter depth. Mean litter 
depth values increased across Site Quality 1 sites. 

No apparent effect of thinning on mean litter cover values. More sites had lower 
litter cover values in both control and treatment plots in 2017. 
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Near surface 
vegetation 

cover 

No clear effect of thinning on mean live near surface vegetation cover, although 
mean live cover declined on some moderately thinned plots. 

The mean cover of dead vegetation cover increased on most plots, but no effect of 
thinning was detected. 

Elevated 
vegetation 

cover 

Live elevated vegetation (saplings) reduced in thinned plots while control 
plots remained stable. 

No change in dead elevated vegetation cover was detected. 

Fuel hazard 

There was no significant change in combined surface and near surface fire risk, 
despite a general increase in the near surface fire risk in 2017. 

Elevated fuel hazard increased in 2017 across control and treatment plots, 
although this may be an artefact of the assessment method. 

No significant effects on overall fuel hazard were detected. 

Soil 
moisture 

No effects on soil moisture were detected. 

Native plant 
richness 

No significant changes in native species richness or diversity were detected. 

Native plant 
cover 

No effect of thinning was detected on native plant cover. 

Exotic plant 
richness 

Exotic plant species richness increased more on thinned plots than control 
plots. 

Exotic plant 
cover 

Total cover of exotic plant species increased on all plot types between 2015 
and 2017, but increased on thinned plots more than control plots. 

Floristic 
assemblages 

Floristic composition of plots between site quality classes changed significantly 
between 2015 and 2017, regardless of thinning treatment. 

Plant 
species 

Individual plant species responses were variable. 

Bird species 
richness 

There was a significant reduction in bird species richness from 2015 to 2017 
across control and treatment plots. 

The effect of thinning was uncertain as two observers recorded fewer bird species 
on treatment plots after thinning, and one observer saw more bird species on 
treatment plots after thinning. 

Bird species 
diversity 

Bird species diversity declined from 2015 to 2017, but no effect of thinning was 
detected. 

Bird 
community 

composition 

There was a large amount of variation in the bird dataset, due to: inherent 
variability in woodland bird communities (as surveyed for 20 minutes within 
2 hectare plots); and differences among observers.  

Regardless of observer effects, bird assemblages changed more in thinned 
plots than in control plots. 

Tree hollow-
using bird 

species 
The number of hollow-using bird species did not change on treatment plots. 

Individual 
bird species 

Individual bird species responses were variable: three common species were 
negatively affected by thinning; and four common species were positively 
affected by thinning. 

Threatened 
bird species 

The scarlet robin, listed as vulnerable on the NSW Biodiversity Conservation 
Act 2016, may have declined in occurrence from 2015 to 2017. There was 
insufficient data to analyse whether there was any deleterious effect 
associated with thinning. 
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Overall bat 
activity 

Overall bat activity was lowest during the thinning phase, but increased on 
plots that had been heavily thinned. 

Bat clutter 
specialists 

Clutter specialist activity declined over time, and was lowest on heavily 
thinned plots. 

Bat clutter 
avoiders 

Clutter avoider activity was lowest during the thinning phase but increased 
on plots that had been heavily thinned. 

Bat species 
The activity of two bat species analysed increased on plots that had been 
heavily thinned. 
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1 Introduction 

1.1 Aims of the ecological thinning trial 

High stem density stands of river red gum forest result from the episodic recruitment of 
Eucalyptus camaldulensis (river red gum). High stem density stands are a natural component 
of river red gum forests; however, when they become widespread in national parks they raise 
a number of conservation concerns, particularly in relation to provision of key habitat features 
and resilience to climate change.  

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). However, on-ground empirical data for stem density described in the 2015 
baseline monitoring report revealed discrepancies between the mapping and the distribution 
of high-density stands. The extent and distribution of high stem density stands in Murray 
Valley National Park is therefore not accurately known. 

To resolve uncertainty about the most appropriate management action in high stem density 
stands, the NSW Office of Environment and Heritage (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 river red gum (Eucalyptus camaldulensis) forests within national parks.  

Specifically, the aims of the trial are to determine whether any of several levels of ecological 
thinning positively affect:  

• biodiversity, canopy decline and resilience to epidemic river red gum mortality within all 
stands of river red gum forests, and whether these effects depend on water availability 
and initial stem density 

• characteristics of stands that are reasonably expected to lead to the first aim, and 
whether these effects depend on water availability and initial stem density 

• characteristics of the trees that are reasonably expected to lead to the secondary aim, 
and whether these effects depend on water availability and initial stem density.  

 

Photo 1 High stem density river red gum forest (Photo: Evan Curtis) 

http://www.environment.nsw.gov.au/publications/140621-thinning-trial-river-red-gum.htm
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1.2 Ecological thinning trial experimental design 

The experimental design is described in detail in the experimental design and monitoring 
plan, and briefly summarised here. 

The experimental design was reviewed by an independent statistician (Robinson 2011), and 
endorsed by an independent scientific advisory committee.  

1.2.1 Ecological thinning trial sites 

High levels of competition for resources between trees are likely to be causing high stem 
density stands to self-thin; however, such self-thinning is very slow so high stem density 
stands are likely to remain widespread in the landscape for decades to centuries.  

Within-stand competition is influenced by both water availability and water demand, with the 
highest level of competition experienced in stands with low water availability and high-water 
demand. Water availability is lower in stands that are flooded less frequently and for which 
groundwater is at a lower depth. For a given level of water availability, competition for 
resources likely increases with the number of tree stems in a stand.  

Ecological thinning aims to reduce competition by reducing water demand. The effect of 
ecological thinning is expected to be proportional to the change in water demand. The 
greatest effect of ecological thinning is therefore expected to occur in stands with the 
greatest change in stem density. There may be thresholds of effectiveness for ecological 
thinning, above or below which ecological thinning is not effective. 

The numbers and locations of ecological thinning trial sites were selected to represent a 
spectrum of competition, with two levels of water availability (as represented by the surrogate 
site quality, derived from tree height mapping (Baur 1984)) and a range of stem densities 
(Figure 1). 

 

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 per hectare (ha) (<200/ha), 200–400 stems/ha, >400 stems/ha) and site quality 
(two levels, from Baur 1984: 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.   
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1.2.2 Number of ecological thinning trial sites 

A total of 22 sites are included in the ecological thinning trial, selected to represent a 
spectrum of within-stand competition (Table 1). More sites are located in high stem density 
stands because they are the focus of management interest.  

Table 1 Number of sites in the ecological thinning trial 

 <200 stems/ha 200–400 stems/ha >400 stems/ha Total 

Site Quality 1 2 4 5 11 

Site Quality 2 2 4 5 11 

Total 4 8 10 22 

This number of sites was selected to enable: 

• sufficient statistical power to detect the effects of thinning 

• comparison of the effects of thinning on low-density stands with higher-density stands 

• robustness in the event of external pressures such as insect attack and fire. 

1.2.3 Size of ecological thinning trial sites 

Each site consists of three 9-hectare treatment plots, which were allocated to control, 
moderate thinning and heavy thinning treatments. All plots are square in shape with 
dimensions of 300 x 300 metres. The distance between plots within a site is between 100 
and 300 metres. 

The size of the plot was selected to minimise edge effects from the surrounding forest and 
detect responses in all the vegetation, flora and fauna parameters of interest. The three 
treatment plots are intended to be similar to each other prior to thinning. 

1.2.4 Ecological thinning treatments 

Three treatments were included in the trial (Table 2): control, moderate thinning, and heavy 
thinning.  

Table 2 Ecological thinning treatments 

Treatment Specifics Rationale 

Control No action Enable comparison with thinning treatments. 

Moderate thinning 7 metre (m) 
spacings between 
retained trees 

Widest spacings likely to be implemented in commercial 
silviculture (7.3 m, Baur 1984), and substantially wider 
than most silvicultural thinning treatments (3–4 m, 
Schonau and Coetzee 1989). 

Heavy thinning 15 m spacings 
between retained 
trees 

Equivalent to the crown diameter (approximately 17 m) 
of a large Eucalyptus camaldulensis tree (>80 
centimetres (cm) dbh*), to facilitate development of 
branches and spreading crowns that may lead to hollow 
development. 

*diameter at breast height 

The following trees were retained in all treatments: 

• all trees with diameter at breast height (dbh) >40 centimetres  

• all trees with a visible hollow  

• all dead trees with a dbh >20 centimetres. 
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Retention of all trees with these properties aimed to maintain the current quantity and 
distribution of trees with important habitat values, and trees with the potential to develop 
hollows over the coming decades.  

Buffer zones, in which all trees were retained, were placed around drainage lines and cultural 
heritage features.  

No prescriptions were given for the treatment of trees with <10 centimetres dbh, and 
therefore retention was variable among sites. 

The spacings method of thinning involved selecting a tree for retention, measuring 7 metres 
or 15 metres from the trunk of that tree, and selecting another tree for retention, and so on.  

Within the 10 to 40 centimetres dbh size class, trees with the following features were 
preferentially selected for retention: 

• structurally viable trunk and root attachment 

• strong lateral branching (that may develop into spreading, branching form) 

• healthy crown  

• larger dbh. 

Between retained trees all trees with dbh between 10 and 40 centimetres were removed. 
Following felling, each stump was painted with glyphosate biactive within five minutes to 
restrict coppicing. The felling method minimised damage to retained trees.  

Retention protocols resulted in a spatially heterogeneous distribution of trees, and size class 
diversity.  

The spacings method of thinning, with retention of large and habitat trees, was selected to 
increase the proportion of trees in larger size classes, as well as increase the abundance of 
branching trees that are likely to become hollow bearing in the future. 

1.3 Expected effects of ecological thinning treatments 

Literature from silvicultural trials indicates that ecological thinning is likely to enhance tree 
growth rates and hasten hollow development in river red gum forests by reducing competition 
among retained stems (e.g. Horner et al. 2010).  

Less information is available about the effects of thinning on other features of conservation 
concern, including Eucalyptus camaldulensis recruitment dynamics, floristic species 
composition, fire risk and fauna responses. Responses of these features to ecological 
thinning are particularly uncertain in river red gum forests because they are highly dynamic 
ecosystems. Many aspects of river red gum forest stands are known to fluctuate over time in 
response to flood and climatic conditions. These dynamics may alter the effects of thinning 
relative to other vegetation types.  

1.3.1 Drivers of change  

There are three main factors that may cause change in any given monitoring (response) 
variable: 

1. Change due to hydro-climatic conditions. These changes affect all sites, independent of 
thinning treatment. 

2. Change due to thinning treatments. These changes are apparent in treatment sites, not 
control sites. 

3. Pre-existing differences between sites, due to differences in environmental variables or 
stand features, which influence responses to hydro-climate or treatments. Within-stand 
competition (as represented by stem density and site quality) is an example. 
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1.3.2 Identifying an effect of ecological thinning  

Specific effects of ecological thinning will be changes that occur on thinning treatment plots 
but not on control plots. The effect of thinning on treatment plots must cause the temporal 
pattern of a monitoring variable to differ from the range of patterns in the control sites.  

There are many different ways in which thinning treatments may affect a monitoring 
(response) variable (Underwood 1991, Figure 2). Thinning treatments may cause: 

• a temporary change, after which the value of the variable returns to one within the range 
of values in the control sites (called a pulse effect) 

• a sustained change in the value of the variable (called a press effect) 

• changes in the rates or magnitudes of fluctuations in numbers of a population around 
their long run averages (called a variance effect) 

• alterations to the frequency or timing of important ecological events, such as the 
recruitment of juveniles to populations, which may be detectable some time after the 
treatment is implemented (called a lag effect). 

Multiple post-treatment monitoring surveys are required to distinguish between press and 
pulse effects, and to detect lag effects.  

 

Figure 2 Generic types of effects that can be observed as a result of treatments or impacts 

The black and grey lines are all untreated control sites; the green line is a treatment site. 
The arrow indicates when the treatment was implemented. Prior to treatment, all sites 
varied throughout time, and the treatment site was within the bounds of variation of the 
control sites. After the treatment, the impact site: (top-left) experienced a temporary pulse 
of difference from the control sites; (top-right) experienced a long-term press difference 
from the control sites; (bottom-left) experienced an increase in fluctuations; or (bottom-
right) experienced a press difference, after a lag period. 
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1.4 Hypotheses 

The experimental design and monitoring plan listed a series of hypotheses about the effects 
of ecological thinning on individual tree features, tree population characteristics, forest 
structure and site features; the flow-on effects to indigenous and non-indigenous flora and 
fauna; and any processes or disturbances associated with implementing the treatments.  

It is hypothesised that the effects will be greatest at sites with high initial stem densities, low 
post-treatment densities and high levels of water availability. Information concerning the 
rationale or conceptual process model underpinning each hypothesis, as well as any 
available published evidence supporting each hypothesis, is provided in the experimental 
design and monitoring plan. 

1. Effects on tree populations and forest structure 

1.a. Increased survival and growth rates of retained trees 

1.b. Increased number and proportion of trees occurring in large diameter size classes  

1.c. Increased spread and hollow development rates of retained trees 

1.d. Increased tree canopy health (proportion of potential crown that is live) of retained 
trees 

1.e. Increased recruitment of tree seedlings in early post-treatment years 

1.f. Increased survival of seedlings (<1.3 metres) and saplings (>1.3 metres, 
<10 centimetres dbh) 

1.g. Increased structural diversity of mid- and understorey strata  

1.h. Higher levels of coarse woody debris (45–50 tonnes/hectare) maintained in the long 
term 

1.i. Increased heterogeneity in cover and depth of forest litter in the long term 

1.j. Decreased persistence of stags in the short term 

1.k. Increased fuel and fire risk 

2. Effects on mammalian and avian diversity 

2.a. Increased diversity of bat species, and increased levels of site utilisation by bat 
species 

2.b. Increased abundance and frequency of foraging activity by woodland bird species 

2.c. Increased abundance of gliders 

2.d. Increased abundance of predators, in particular foxes 

3. Effects on vascular plant diversity 

3.a. Increased diversity and cover of exotic plant species in understorey in the short 
term, decreasing in the long term 

3.b. Increased diversity and abundance of native plant species 

For each hypothesis, a monitoring variable was defined and a monitoring protocol was 
designed to survey the variable at an appropriate spatial scale. Consequently, the size and 
number of monitoring plots within each 9-hectare treatment plot differed for each variable 
(Figure 3). For example, in each 9-hectare treatment plot birds were surveyed within a single 
2-hectare monitoring plot and floristics were surveyed in three 0.04-hectare monitoring plots. 
Details for each monitoring variable are given in the experimental design and monitoring 
plan, and are summarised in the results section for each variable in this report.  
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Figure 3 Layout of monitoring subplots within each 9-ha treatment plot 

1.5 Ecological thinning trial implementation to date 

Thinning treatments commenced in April 2016. Half of the treatment plots were thinned in 
2016 prior to a major flood event in September 2016 (Figure 4), in which all control and 
treatment plots were inundated.  

 

Figure 4 Daily discharge (in megalitres) through Gulpa Creek and Edwards River Offtake, 
averaged per month  

Note the peak in September 2016. Source: Murray Darling Basin Authority, River Murray 
Data, accessed 6 February 2018. 
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Thinning treatments recommenced in February 2017 and were completed in August 2017. 
Photographs taken before and after thinning are included in Photo 2, Photo 3, and Photo 4. 
Post-thinning monitoring commenced in October 2017, and was completed in February 2018.  

As a result of the 2016 flood event, the sequence of flooding and thinning differed among 
sites, as did the time-since-thinning when post-thinning monitoring was undertaken (Figure 5).  

 

Figure 5 Timeline of monitoring, thinning and flood events  

1.5.1 Monitoring to date 

Data collection methods are described in the experimental design and monitoring plan. 

Pre-thinning monitoring surveys were undertaken on Sites 1–12 between June 2012 and 
February 2013. These data are not reported on in this report. 

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. These 
data were reported on previously, in the 2017 monitoring report (OEH 2017).  

The first monitoring surveys after the implementation of ecological thinning treatments were 
conducted between October 2017 and February 2018. This is referred to as the 2017 
monitoring season and the first post-thinning monitoring survey. 

The amount of time that elapsed between thinning implementation and post-thinning 
monitoring varied among sites, and also differed by monitoring variable (Figure 5). For 
example, time-since-thinning at the time of survey was between 1 and 22 months for the tree 
parameters, and 4 and 30 months for the floristics.  

1.6 This report 

This monitoring report describes the first monitoring data that was collected after ecological 
thinning treatments were implemented in river red gum forests in the Millewa precinct of 
Murray Valley National Park.  

The post-thinning data is compared with the pre-thinning baseline data collected prior to 
ecological thinning. The analyses in this report seek to explore the immediate effects of 
thinning on a range of variables in comparison with 2015 data. The estimated changes in 
mean (average) values for monitoring variables are reported, as well as the degree of 
certainty in estimates of the changes.  

Monitoring and reporting will continue annually until at least 2022. 
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Control plots in 2015 Control plots in 2017 

  

  

  

Photo 2 Example photos taken on control plots in 2015 (left column) and 2017 (right column) 

(Photos: OEH staff and contractors)  
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Before thinning After moderate thinning treatment 

  

  

  

Photo 3 Example photos of before (2015, left column) and after (2017, right column) 
moderate thinning treatments were applied 

(Photos: OEH staff and contractors)   
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Before thinning After heavy thinning treatment 

  

  

  

Photo 4 Example photos of before (2015, left column) and after (2017, right column) heavy 
thinning treatments were applied 

(Photos: OEH staff and contractors) 
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2 Methods 

The majority of data analyses were undertaken by contracted statisticians who are external 
to OEH.  

2.1 Data analysis approach 

Data analysis for each monitoring variable was undertaken to determine the following: 

• the direction of change between monitoring surveys 

• the magnitude of change between monitoring surveys 

• the certainty or precision that we have regarding that change 

• differences in the direction, magnitude and/or certainty of change between control sites 
and sites that were moderately or heavily thinned  

• differences in the direction, magnitude and/or certainty of change for sites with differing 
levels of within-stand competition prior to thinning. 

The experimental design is a complex partly nested design, with one between sites factor 
(site quality) and two crossed within-sites factors (treatment and time). In addition, the effects 
of pre-thinning stem density and flood-before or flood-after-thinning are of interest. Further 
complexity is present for the bird analyses, as multiple surveys were undertaken by different 
observers on different dates.  

An estimation approach to analysis was undertaken for most monitoring variables. The 
estimation approach involved first summarising and exploring the raw data. Then either 
Bayesian estimation or standard regression models were used to identify changes over time 
and among thinning treatments, while accounting for background variability. 

Conventional Before-After-Control-Impact (BACI) statistical significance testing was 
conducted for some variables. In BACI analyses, the mean of the response variable within 
each treatment type is compared before and after the treatment is applied. If there is a 
significant (p<0.05) interaction between time and treatment, the thinning treatment is 
considered likely to have caused a change in the mean of the response variable. BACI 
analyses distinguish changes that have occurred in all sites, from changes that have only 
occurred in the treatment sites.  

Both approaches look for evidence of an interaction between time and treatment to detect an 
effect of thinning. The estimation approach differs from conventional statistical significance 
testing by allowing for exploration of subtle effects, and emphasising interpretation of results 
in the context of knowledge and empirical data about monitoring variables. 

2.2 Bayesian estimation 

Bayesian estimation was used where all explanatory variables under consideration were 
categorical, e.g. site quality (categories SQ1 and SQ2) or thinning treatment (categories 
control, moderate and heavy). Bayesian estimation can also be used with continuous 
explanatory variables, but in this study, analyses involving continuous variables (e.g. pre-
thinning stem density) were carried out using regression approaches that could more easily 
detect non-linear responses (see Section 2.3 below).  

For a given monitoring variable, Bayesian estimation involves fitting an appropriate statistical 
distribution to the values of that variable within each combination of the explanatory variable 
categories (e.g. heavily thinned plots in SQ1). The choice of distribution depends on the type 
of measurement made for the monitoring variable such as proportions, counts or continuous 
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values. A numerical technique is used to explore a large range of possible fits of the 
statistical distribution to the monitoring data, resulting in a bounded estimate of the mean 
value for the monitoring variable for each combination of explanatory variable categories. 
Further information can also be derived, such as bounded estimates of differences between 
control and treatment plots within site quality categories. This allows the influence of each 
explanatory variable on the monitoring variable to be assessed while considering background 
variability. 

2.3 Linear and additive models 

Generalised linear or additive mixed models were fitted to each monitoring variable. These 
are regression methods that indicate the extent to which different values of explanatory 
variables are associated with different values of the response (monitoring) variable.  

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 relate the monitored variable to the explanatory 
variables via a ‘link’ function that is appropriate to the variable type 

• whether the relationship between the monitored variable and explanatory variable is 
constant across the full range of values, or whether the relationship may be non-linear.  

The following explanatory variables were included in the models: 

• pre-thinning total stem count per hectare (a continuous fixed effect) 

• site quality (a fixed effect with two levels: SQ1 and SQ2) 

• thinning treatment (a fixed effect with three levels: control, moderate and heavy) 

• survey year (a fixed effect with two levels: 2015 (pre-thinning) and 2017 (post-thinning)) 

• whether the plot was thinned after flooding (a fixed effect with two levels) 

• site (a random effect, to account for possible similarity of measurements within a given 
site or plot over the influence of explanatory variables). 

Interactions were included where appropriate, and other explanatory variables were included 
where relevant. In general, the more explanatory factors included in statistical models, the 
more samples are required to avoid incorrect assignation of significant effects. Consequently, 
models were fitted with a subset of predictors where relevant.  

Statistically significant effects are included in this monitoring report, but some additional and 
non-significant model results are not included.  

All model specifications and outputs, including model coefficients and significance values, 
are included in Appendix A. 

2.4 Permanova 

Permutational multivariate analysis of variance (permanova) is a statistical test used to 
compare a multivariate response variable among groups (Anderson 2017). The multivariate 
response variables analysed by permanova in this report are the plant and bird community 
data. Permanova starts with a species-by-plot matrix, then assesses ecological distance (or 
similarity) between all plots and treatments based on a chosen measure of ecological 
relatedness (e.g. Bray–Curtis). Permanova determines the sources of variation in the 
similarity matrix using an analysis of variance approach. Plots to accompany permanova 
models include ordinations, which summarise the information in the matrix to visualise the 
major relationships between sites (or other groupings) in a continuous space that is a simple 
representation of the ecological community being analysed. 
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3 Results: Stem density 

Key results 

The number of trees removed varied across thinning treatments, pre-
thinning stem densities and site qualities.   

The average number of stems removed across all thinning treatment plots 
was 377 per hectare. 

3.1 Stem density estimates 

Stem density was surveyed within 10 0.1-hectare subplots in each 9-hectare treatment plot, 
in 2015 and 2017. All stems were counted and allocated to dbh size classes, with the 
exception of <10 centimetres dbh stems in two of the subplots. For 10 of the 9-hectare plots, 
surveys were conducted post-thinning, in which new stumps were measured and counted to 
estimate pre-thinning densities. Control plots were not re-surveyed in 2017.  

In the pre-thinning data analyses, the actual stem counts (summed across the 10 subplots) 
were used as an explanatory variable in models. However, the actual stem counts were a 
sample of the stem density within the 9-hectare plot, and among subplots there was 
considerable variation in stem density, particularly for the smallest stem size class.  

Pre- and post-thinning stem density was subsequently modelled using a Bayesian 
bootstrapping method to generate a distribution of likely stem density values within each 9-
hectare plot. The modelling method is strongly driven by observed values. The modelled 
values are used as explanatory variables in models for monitoring variables.  

3.2 Change in stem density 

Change in total stem density was variable among sites and treatments (Figure 6, Table 3), 
due to differences in pre-thinning stem density and abundance of trees that were retained.  

 

Figure 6 Change in total stem density (stems per hectare) between 2015 and 2017 due to 
thinning, by site quality (SQ) and thinning treatment: (left) Moderate thinning; (right) 
Heavy thinning  

Each point is a 9-ha treatment plot.  
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Table 3 Modelled stem counts per hectare in each 9-ha treatment plot, pre- and post-ecological thinning treatment  

For each of the three plots in a site, the total modelled pre-thinning stem density per hectare (Pre-SD), thinning treatment, total modelled post-
thinning stem density per hectare (Post-SD), and the % change in stem density (% change) is given. Control plot stem density per hectare was 
measured once pre-thinning.  

Site Year 
thinned 

Plot 1 Plot 2 Plot 3 

Pre-
SD 

Treatment Post-
SD 

% 
change 

Pre-
SD 

Treatment Post-
SD 

% 
change 

Pre-
SD 

Treatment Post-
SD 

% 
change 

1 2017 679 Moderate 178 –74 1,360 Control   620 Heavy 133 –79 

2 2016 436 Heavy 238 –45 606 Control   301 Moderate 235 –22 

3 2017 737 Moderate 347 –53 699 Control   808 Heavy 394 –51 

4 2016 865 Moderate 792 –8 385 Heavy 243 –37 1,585 Control   

5 2016 942 Control   502 Moderate 387 –23 479 Heavy 322 –33 

6 2016 931 Moderate 804 –14 1,312 Control   857 Heavy 556 –35 

7 2017 625 Control   881 Moderate 171 –81 1,133 Heavy 159 –86 

8 2016 371 Moderate 220 –41 273 Heavy 182 –33 586 Control   

9 2017 416 Control   781 Heavy 167 –79 587 Moderate 195 –67 

10 2017 1,040 Control   788 Moderate 237 –70 693 Heavy 260 –62 

11 2017 701 Heavy 182 –74 1,309 Moderate 596 –54 586 Control   

12 2016 525 Control   440 Moderate 181 –59 555 Heavy 256 –54 

13 2016 494 Moderate 167 –66 379 Control   464 Heavy 184 –60 

14 2016 450 Moderate 196 –56 413 Control   597 Heavy 130 –78 

15 2017 1,063 Heavy 357 –66 685 Control   537 Moderate 188 –65 

16 2017 980 Moderate 324 –67 703 Control   481 Heavy 190 –60 

17 2016 403 Control   1,855 Moderate 1,694 –9 872 Heavy 264 –70 

18 2016 454 Moderate 192 –58 262 Control   346 Heavy 132 –62 
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Site Year 
thinned 

Plot 1 Plot 2 Plot 3 

Pre-
SD 

Treatment Post-
SD 

% 
change 

Pre-
SD 

Treatment Post-
SD 

% 
change 

Pre-
SD 

Treatment Post-
SD 

% 
change 

19 2017 882 Heavy 165 –81 1,275 Control   917 Moderate 420 –54 

20 2017 813 Heavy 231 –72 849 Moderate 415 –51 938 Control   

21 2017 742 Heavy 418 –44 437 Moderate 199 –54 816 Control   

22 2016 1,259 Moderate 942 –25 1,349 Control   870 Heavy 633 –27 
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Across all treatment plots, the average number of stems removed was 377 per hectare 
(Table 4). On average, the greatest number of trees per hectare were removed from Site 
Quality 2 sites under the heavy thinning treatment. 

Table 4 Average change in number of stems per hectare due to thinning treatment, by 
thinning treatment and site quality 

 Moderate thinning Heavy thinning Average 

Site Quality 1 –345 –386 –365 

Site Quality 2 –345 –432 –389 

Average –345 –409 –377 
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4 Results: Tree parameters 

4.1 Tree size class distribution 

Key results 

The abundance of stems in the 10 to 40 centimetre size classes reduced 
by 60% on average on thinned treatment plots. 

The abundance of stems in the <10 centimetre size class remained 
variable across thinned treatment plots after thinning. 

Tree size class distribution was surveyed in the stem density surveys described above. On 
each 9-hectare treatment plot, stems were counted in dbh size classes within 10 0.1-hectare 
subplots. Each size class spanned a 10 centimetre range (i.e. <10 centimetres, 10–
20 centimetres, etc.), with the exception of trees greater than 100 centimetres.  

Thinning treatments removed trees with a dbh of 10 centimetres to 40 centimetres between 
retained trees (Figure 7). Trees with dbh greater than 40 centimetres were not removed. 
Trees with dbh <10 centimetres were treated variably: on some sites some <10 centimetre 
trees were felled and on other sites <10 centimetre trees were retained. The abundance of 
stems in the smallest (<10 centimetres dbh) size class remained highly variable among 
treatment plots after thinning.  

 

Figure 7 Change in size class distribution due to thinning  

Each bar is a 9-ha treatment plot. Note the different scales for number of trees per hectare 
for moderate and heavy thinned treatments. 

The proportional reduction in stems <40 centimetres dbh was between 9% and 90%, with an 
average of 60% deduction. 
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4.2 Live basal area 

Key result 
The average reduction in live basal area due to thinning was 7 m2 per 
hectare. 

Live basal area (LBA) is the cross-sectional area of each tree at 1.3 metres height, summed 
across all trees and expressed as square metres (m2) per hectare. Live basal area is 
indicative of the size of trees in a stand: for a given stem density, stands with higher LBA 
contain more large trees.  

Change in LBA on thinning treatment plots was estimated from the stem density data for 
trees with a dbh <40 centimetres, described above. The midpoint of 10-centimetre size class 
intervals was used.   

Change in live basal area in <40 centimetres dbh trees was variable, from 17 square metres 
per hectare, to 2 square metres per hectare (Figure 8).  

 

Figure 8 Change in live basal area (m2 per hectare) from trees with <40cm dbh due to thinning 

Live basal area was calculated from the midpoint of 10 cm dbh size classes. Each point is 
a 9-ha treatment plot.  

On average, across all thinned treatment plots, the average reduction in live basal area as a 
result of thinning was 7 square metres per hectare (Table 5). The average reduction in basal 
area was higher in Site Quality 2 sites than in Site Quality 1 sites.   

Table 5 Average change in live basal area across all thinning treatment plots, by thinning 
treatment and site quality  

 Moderate thinning Heavy thinning Average 

Site Quality 1 –4.73 –7.49 –6.11 

Site Quality 2 –7.06 –8.85 –7.95 

Average –5.89 –8.17 –7.03 
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4.3 Tree growth rates 

Key result 

The growth rates of larger trees (>70 centimetres dbh) on control plots 
may have been faster than equivalent trees on thinning treatment plots, 
but the differences may have been pre-existing and the confidence 
bounds were largely overlapping. 

Diameter at breast height was measured on 30 permanently marked trees in each 9-hectare 
plot. The growth increment (mm / year) was calculated for each tree from change in dbh 
between the observation dates in 2015 and 2017. For multi-stemmed trees a single dbh 
value was assigned based on total stem area.  

The distribution of growth rates in thinning treatment plots did not appear to differ from 
control plots in a consistent manner across sites (Figure 9). 

 

Figure 9 Distribution of stem diameter growth rates (mm/year) on each site, showing control 
and thinning treatment plots  

A generalised additive model was fitted with individual tree dbh growth rate as the response 
variable. The model indicated a potential pre-existing difference between control and 
treatment plots, but the magnitude was very small.   

Predictions of the model indicated that trees on control plots with dbh greater than 
approximately 70 centimetres had higher growth rates than smaller trees on control plots, but 
the confidence regions were largely overlapping (Figure 10, Table 6). This result does not 
have a clear ecological driver, may be a function of a short time-since-thinning, and will need 
to be investigated with future data collection and analysis.  
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Growth rates were higher in Site Quality 1 sites than Site Quality 2 sites (Figure 10, Table 6), 
regardless of thinning treatment.  

 

Figure 10 Generalised additive model for diameter at breast height growth rate, by initial tree 
diameter, site quality (SQ1 and SQ2), initial live basal area (low stems, mid stems, 
high stems) and thinning treatment  

Note the increased growth rate of larger trees in control plots relative to treatment plots. 

To investigate the effect of pre-thinning stem density, two models were fitted: one with pre-
thinning total stem count included as a predictor; and another with pre-thinning live basal 
area included as a predictor. Pre-thinning total stem count was not identified as a significant 
predictor of growth rate, but higher pre-thinning live basal area was associated with higher 
growth rates. However, the magnitude of difference in growth rate due to pre-thinning live 
basal area was minor (Figure 10, Table 6).    

Table 6 General additive model results for individual tree dbh growth rate, with pre-thinning 
stem density represented by total stem count in the first model, and represented by 
live basal area in the second  

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of  
site quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

Pre-
thinning 
stem 
density 

Gaussian Identity No 
significant 
effect 

On control 
plots, trees 
with a 
higher dbh 
in 2015 had 
significantly 
higher 
growth 
rates  

Growth 
rates 
significantly 
higher in 
SQ1 

Stem 
count not 
significant 

19.4% 
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Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of  
site quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

Live basal 
area 

Gaussian Identity No 
significant 
effect 

On control 
plots, trees 
with a 
higher dbh 
in 2015 had 
significantly 
higher 
growth 
rates 

Growth 
rates 
marginally 
significantly 
higher in 
SQ1  

Significant 
positive 
increase in 
growth 
rate on 
sites with 
higher pre-
thinning 
live basal 
area  

20.3% 

4.4 Tree mortality 

Key result 
There was a slightly increased probability of mortality on moderately 
thinned plots in comparison with control and heavily thinned plots, 
although confidence bounds were wide. 

Tree mortality was estimated from the proportion of trees that were dead, which was 
surveyed by assessing 50 trees with dbh ≥10 centimetres as live or dead, along a north–
south transect in each 9-hectare treatment plot. Dead trees were defined as those with no 
live foliage and included ringbarked trees.  

Generalised additive models indicated that the probability of mortality slightly increased 
between 2015 and 2017 on moderately thinned plots (Figure 11, Table 7). The confidence 
region around the fitted values is wide, especially for Site Quality 1 sites (Figure 11). There 
were no apparent differences in mortality rates across site quality classes. 
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Figure 11 Fitted values predicted from generalised additive models for tree mortality rate 
(proportion of 50 trees ≥10 cm dbh that are dead in each 9-ha plot)  

Generalised additive models confirmed that the slight increase in mortality rates on 
moderately thinned sites after thinning was statistically significant, and indicated that 
mortality rates depended on pre-thinning stem counts (Table 7). Higher mortality rates 
occurred on sites with low stem densities (Figure 12). However, note the wide confidence 
bounds, particularly for high and very low stem densities (Figure 12). 

Table 7 Generalised additive model results for proportion of 50 trees ≥10 cm dbh that are 
dead in each 9-ha plot 

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

Tree 
mortality 

Binomial Logit No 
significant 
effect 

Mortality 
significantly 
higher in 
moderate 
treatment 
after 
thinning 

No 
significant 
effect 

Mortality 
higher at 
low 
densities  

54.7% 
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Figure 12 Fitted smooth relationship between pre-thinning total stem count (x axis) and 
predicted tree mortality rate (y axis), showing 95% confidence intervals  

4.5 Tree crown area 

Key result No effect of thinning was detected on tree crown area.  

Tree crown area was calculated from two perpendicular estimates of tree crown diameter 
(the distance between the edges of the canopy containing live foliage). 

The distributions of change in crown area for healthy trees (trees with stable or increasing 
crown extent between 2015 and 2017, as described below) were almost identical between 
trees in control plots and those in thinned plots (Figure 13). There was no need to analyse 
these data further. 
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Figure 13 Distributions of change in tree crown area among healthy trees between 2015 and 
2017, by thinning treatment and site quality 

For trees exhibiting signs of stress (decline in crown extent between 2015 and 2017 survey 
periods as defined in Section 4.5 below), the change in tree crown area was similar among 
treatment and control plots in Site Quality 2 sites (Figure 14). On Site Quality 1 sites, 
stressed trees on control and moderately thinned plots had similar changes in crown area, 
but most stressed trees on heavily thinned plots increased crown area by less than 20 
square metres and very few increased more than 30 square metres.  

 

Figure 14 Distributions of change in tree crown area among stressed trees between 2015 and 
2017, by thinning treatment and site quality 
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4.6 Tree height 

Key result 
Upper canopy tree height was lower in 2017 than 2015, but there was no 
effect of thinning treatment.  

Average upper canopy tree height was measured on up to four trees in three 0.04-hectare 
quadrats in each 9-hectare plot. Height was measured in metres, and averaged. In 2015, 
heights were estimated either by using the angle-tangent method or a laser range finder. In 
2017, all heights were estimated using a laser range finder.  

Average upper tree height was lower in 2017 than 2015, across thinning and control plots 
(Figure 15, Table 8). There was no effect of thinning treatment on average upper canopy 
height. Tree height was lower in Site Quality 2 sites, in both 2015 and 2017. 

Lower canopy height in 2017 than 2015 may have been a result of difference or error in 
measurement techniques between years.  

 

Figure 15 Average upper canopy height (in metres) by year, thinning treatment and site quality 

Table 8 Model results for average upper canopy height 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

GAM Negative 
binomial 

Log Upper 
canopy 
height 
significantly 
lower in 
2017 than 
2015 

Not 
significant 

Upper 
canopy 
height 
significantly 
lower in 
Site Quality 
2 

Not 
significant 

43.6% 
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4.7 Hollow bearing trees 

Key result 
Fewer dead hollow bearing trees were recorded in 2017 than 2015, but no 
effects of thinning were detected. 

All hollow bearing trees were recorded within a 2-hectare subplot located in the centre of 
each 9-hectare plot (Figure 3). The corners of the 2-hectare subplot were consistently 
positioned and marked in both survey seasons, but the boundaries of the subplot were 
approximately located. Hollow bearing trees are defined as any tree that has a visible hollow 
with an entrance of at least 5 centimetres diameter.  

Overall, there were fewer hollow bearing trees recorded in 2017 than 2015, but there were 
no significant differences among control and thinned plots (Figure 16, Table 9). The change 
in number of observed dead hollow bearing trees between 2015 and 2017 was marginally 
significant, while the change in number of observed live hollow bearing trees was not. 

The reduction in dead hollow bearing trees between survey periods may have been due to 
slight positional differences of the survey plot, or collapse of dead trees.  

 

Photo 5 Long-billed corellas using a tree hollow 

(Photo: Craig Dunne) 
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Figure 16 Number of dead, live and total (live + dead) hollow bearing trees per hectare, by year, 
thinning treatment and site quality 

Table 9 Generalised additive model results for number of hollow bearing trees per hectare 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site quality 

Effect of pre-
thinning 
density 

Deviance 
explained 

Live 
hollow 
bearing 
trees 

Negative 
binomial 

Log No 
significant 
effect 

No 
significant 
effect 

Significantly 
fewer live 
hollow 
bearing trees 
on SQ2 sites 

No significant 
effect 

6.67% 

Dead 
hollow 
bearing 
trees 

Negative 
binomial 

Log Marginally 
significantly 
fewer dead 
hollow 
bearing 
trees in 
2017 than 
2015 

No 
significant 
effect 

Significantly 
fewer dead 
hollow 
bearing trees 
on SQ2 sites 

Significantly 
fewer dead 
hollow bearing 
trees on sites 
with high pre-
thinning stem 
density 

23.3% 
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5 Results: Recruitment 

Recruitment of Eucalyptus camaldulensis was recorded in the 0.04-hectare floristic subplots. 
The count of germinants (cotyledons present), seedlings (<1.37 metres in height), and 
saplings (>1.37 metres in height and <10 centimetres dbh) were recorded in four quadrants 
of each subplot and summed. 

5.1 Germinants 

Key result 
Germinants were recorded on more plots in 2017 than 2015, but there 
were insufficient data to model the effect of thinning on germinants. 

Most of the 20 x 20 metre quadrat counts for germinants were zero (~90% in 2015; ~85% in 
2017) (Figure 17). This is expected as germinants are present for a short time before either 
dying or becoming seedlings.  

Although germinants were relatively rare in both survey periods, they occurred in a larger 
number of 9-hectare plots in the 2017 survey. Out of 22 plots per control or treatment group 
in 2015, germinants were recorded in three plots in each of the control, moderate and heavy 
treatments. In 2017, germinants were recorded in six control plots, nine moderately thinned 
plots and eight heavily thinned plots.  

 

Figure 17 Distributions of counts of germinants, seedlings and saplings in three 0.04 ha 
subplots within each 9 ha treatment plot, by year and thinning treatment 

Of the treatment plots with germinants in the 2017 post-thinning survey, about half had been 
thinned in 2016 prior to the major flood event: five out of the nine ‘moderate’ plots, and four 
out of the eight ‘heavy’ plots. At this stage it was not feasible to model the number of 
germinants in relation to treatments as there were relatively few non-zero counts and the 
distribution of germinants across plots was very patchy. 
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5.2 Seedlings 

Key result 
Modest increase in the probability of occurrence of seedlings (at the 0.04-
hectare subplot level) for heavily thinned plots.  

Seedlings occurred on almost all 9-hectare plots in 2015 and 2017 (Figure 17).  

A binomial regression was fitted for the number of 0.04 subplots per 9-hectare plot in which 
seedlings were recorded to investigate whether there were any differences between plot 
treatments at this level. A significant interaction between time and treatment was identified, 
such that seedlings were more likely to occur in more quadrats on heavily thinned plots than 
control plots in 2017 (Table 10). The magnitude of the increase was modest, with an 
increased log-odds of 1.87 relative to control plots.  

Table 10 Generalised linear mixed model results for occurrence of seedlings 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site quality 

Effect of 
pre-
thinning 
density 

Variance 
explained 

GLMM Binomial Logit No 
significant 
effect 

Significantly 
higher 
probability of 
seedlings in 
heavily 
thinned 
plots. 

Marginally 
significantly 
higher 
probability of 
seedlings in 
moderately 
thinned 
plots.  

Not 
included in 
the model 

Not 
included in 
the model 

33.9% 
(4.2% 
explained 
by fixed 
factors) 

5.3 Saplings 

Key result 
Thinning reduced the occurrence of saplings, with the effect being more 
pronounced in the heavily thinned plots.   

Saplings occurred on almost all 9-hectare plots in 2015 and 2017; however, the occurrence 
of saplings decreased as a direct result of thinning operations (Figure 17).  

A binomial regression was fitted for the number of 0.04-hectare subplots that contained 
saplings in each 9-hectare plot, to investigate differences in plot treatments at this level. 
Saplings occurred in fewer subplots in thinning treatments than control plots in 2017; with 
saplings likely to occur in fewer subplots after thinning in the heavy thinning treatment than in 
the moderate thinning treatment (Table 11). 
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Table 11 Generalised linear mixed model results for occurrence of saplings 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site quality 

Effect of 
pre-
thinning 
density 

Variance 
explained 

GLMM Binomial Logit No 
significant 
effect 

Decreased 
probability of 
saplings in 
subplots on 
moderate and 
heavily 
thinned plots 
after thinning 

Not 
included in 
the model 

Not 
included 
in the 
model 

53% (19% 
explained 
by fixed 
factors) 
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6 Results: Canopy condition 

6.1 Tree crown extent 

Within each 9-hectare treatment plot, 30 trees with >10 centimetres 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. 

6.1.1 Trees with reduced canopy extent 

Key result 
No relationship was detected between the incidence of trees with canopy 
stress and thinning treatment or pre-thinning tree density. 

Trees with a decline in crown extent between 2015 and 2017 were analysed separately, to 
determine whether tree canopy dieback was associated with thinning treatment. Raw data 
did not indicate a strong pattern in the distribution of stressed trees across sites (Figure 18).  

 

Figure 18 Proportional reduction in crown extent (stressed trees only), by site quality, year and 
thinning treatment 
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Plotting individual tree stress against pre-thinning tree density suggested a possible weak 
response to tree density for heavily thinned plots in the lower site quality class (SQ2). 
However, this trend line did not consider correlations between trees within each study plot. 

 

Figure 19 Percent reduction in crown extent, by pre-thinning stem density (trees per hectare), 
site quality and thinning treatment 

Generalised additive modelling was used to investigate further whether the occurrence of 
canopy stress was related to plot treatments or other site variables, taking into account 
correlations between trees within each study plot. The model did not detect any relationship 
between the incidence of canopy stress and plot treatment or pre-thinning tree density (Table 
12). 

Table 12 Generalised additive model results for trees with decline in crown extent 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

GAM Binomial Logit No 
significant 
effect 

No 
significant 
effect 

No 
significant 
effect 

No 
significant 
effect 

5.67% 
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6.1.2 Trees with stable or increased crown extent 

Key result 
No relationship was detected between increase in crown extent and 
thinning treatment or pre-thinning tree density. 

For trees with stable or increased crown extent, there was no evidence in the raw data of 
differences between control and thinning plots (Figure 20). To confirm this, a generalised 
additive model was fitted, in which the change values were treated as pseudo-discrete 
following a negative binomial distribution. The model found no relationship between crown 
extent increases and plot treatment or pre-thinning tree density (Table 13). 

 

Figure 20 Histograms of trees with positive or neutral change in tree crown extent (estimated 
to the nearest 5%), by site quality and thinning treatment 

Table 13 Generalised additive model results for trees with stable or increasing tree crown 
extent 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

GAM Negative 
binomial 

Log No 
significant 
effect 

No 
significant 
effect 

No 
significant 
effect 

No 
significant 
effect 

8.87% 
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6.2 Visually assessed canopy cover 

Key results 

Live canopy cover declined on treatment plots between 2015 and 2017.  

There was no change in the estimated dead canopy cover between survey 
periods or due to ecological thinning. 

Where tree crown extent (described above) is an estimate of foliage on individual trees, 
canopy cover is an on-ground estimate of the projective foliage cover of the trees in a stand. 
Canopy cover was visually estimated in each of the three 20 x 20 metre quadrats on each 9-
hectare plot. Total (live + dead) canopy cover, live canopy cover and dead canopy cover 
were estimated. 

6.2.1 Live canopy cover 

The distribution of live canopy cover estimates on thinned plots became more uniform after 
thinning, compared to the pre-thinning (2015) distribution (Figure 21). The modal (most 
frequently recorded) canopy cover value was also lower on thinned plots after thinning. The 
distributions of control plots were similar between the two survey periods. 

 

Figure 21 Distribution of mean live canopy cover values, by thinning treatment and year 

Bayesian estimation of credible intervals for mean values indicated that live canopy cover 
declined on treatment plots between 2015 and 2017 in both site quality classes. Live canopy 
cover on control plots was comparatively stable across the survey periods. 

A generalised additive model indicated that the reduction in live canopy cover between 2015 
and 2017 was significantly different between all thinning treatments (Table 14).   
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Figure 22 Mean live canopy cover (%) and 95% credible intervals for mean values, by year, 
thinning treatment and site quality 

Table 14 Model results for visually estimated live canopy cover 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

GAM Beta Logit No 
significant 
effect 

Significantly 
lower live 
cover on 
moderately 
and heavily 
thinned plots 

Significantly 
lower live 
cover on 
Site Quality 
2 sites 

Not 
included 
in model 

36% 

6.2.2 Dead canopy cover 

Dead canopy cover was estimated to be less than 1% in both survey periods (Figure 23). In 
2015 observers provided precise estimates; in 2017 observers’ estimates of <1% were 
assigned a value of 0.5%. There was effectively no change in the estimated dead canopy 
cover between survey periods or due to ecological thinning, and no additional analyses were 
required. 
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Figure 23 Distribution of mean dead canopy cover values, by thinning treatment and year 

6.3 Remotely-sensed canopy cover 

Key result 
Remotely-sensed canopy cover was significantly lower on heavily thinned 
treatment plots than control plots after thinning. 

Landsat is a satellite that provides remotely-sensed images at 30 metres resolution at 16-day 
intervals free of charge. Foliage projective cover (FPC) (Scarth et al. 2008) is a measure of 
canopy density derived from Landsat images that describes the fraction of green canopy for 
woody vegetation greater than 2 metres in height to ground cover. Median FPC data for each 
9-hectare plot was collated between May 2013 (when a new Landsat sensor became 
available) and March 2018.  

Change in canopy condition was investigated using Generalised Linear Mixed Modelling of 
FPC. Since 2013, FPC behaved in a stable manner exhibiting annually repeating cycles 
(Figure 24). Variables relating to flood magnitude and timing were included in the modelling, 
including weekly mean discharge of water from a regulator downstream of Yarrawonga weir, 
in gigalitres per week. A range of climatic variables were also included in the model, 
including temperature variables and southern oscillation index (SOI). 
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Figure 24 Foliage projective cover, actual median values for 9 ha treatment plots (points) and 
modelled values (lines) for Site Quality 1 and Site Quality 2 

Thinning treatments had a statistically significant effect on FPC (Figure 24, Table 15). This is 
likely to be due to the reduction in canopy density from tree removal, rather than canopy 
dieback of retained trees. Heavy thinning treatment plots had significantly lower canopy 
density than control plots (p < 0.01), while moderately thinned plots were not significantly 
different from control plots.  

By modelling the interaction between thinning completion date and treatment type, the 
divergence between treated sites and control sites become clear as more sites were thinned. 
By the end of the treatment phase, heavy treatment sites had the lowest canopy cover and 
control sites had the highest.  

Table 15 Generalised linear mixed model results for foliage projective cover 

Predictors include southern oscillation index (SOI) and site quality (SQ).  

Time 
period 

Model 
type 

Family Link Significant predictors Variance 
explained 

26/5/2013 
– 
21/3/2018 

GLMM Spherical (to 
account for 
autocorrelation 
among plots) 

Logit SQ + SOI + Mean Month Min Temp + 
Mean Month Max Temp + log(Weekly 
mean river discharge + 1) + Thinning 
Completion Date + Treatment Type + 
Seasonality 

28.2% 
(28.2% 

from fixed 
factors) 

Site quality was identified as a significant predictor of canopy condition (p < 0.01). Site 
Quality 1 sites had higher FPC values than Site Quality 2 sites (Figure 25, Table 15). Site 
Quality 1 and Site Quality 2 remained clearly distinct from one another both pre- and post-
treatment. 
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Figure 25 Foliage projective cover, actual median values for 9 ha treatment plots (points) and 
modelled values (lines) for Site Quality 1 and Site Quality 2  
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7 Results: Coarse woody debris 

7.1 Coarse woody debris volume  

Key result 
Mean volume of coarse woody debris was higher in Site Quality 1 sites but 
was not affected by thinning treatments or pre-thinning tree density. 

Coarse woody debris (CWD), logs with diameter >10 centimetres and length >0.5 metres) 
were measured in two 0.1-hectare subplots within each 9-hectare treatment plot, by 
recording the diameter and length of each log.  

Raw data indicated that the volume of CWD recorded in Site Quality 1 sites was greater than 
that recorded in Site Quality 2 sites, in both 2015 and 2017, and independent of thinning 
treatment (Figure 26).  

 

Figure 26 Volume of coarse woody debris per hectare, by site quality, year and thinning 
treatment 

An analysis using generalised additive modelling confirmed that the mean volume of coarse 
woody debris differed between the two mapped site quality classes but was not affected by 
thinning treatments or pre-thinning tree density (Table 16). 
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Table 16 Generalised additive model results for coarse woody debris (CWD) (cubic metres per 
hectare) 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of  
site quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

GAM Gamma Log No 
significant 
effect 

No 
significant 
effect 

CWD lower 
in Site 
Quality 2 

No 
significant 
effect 

37.4% 

 

Photo 6 Monitoring staff and coarse woody debris 

(Photo: Emma Gorrod)  
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7.2 Diversity of coarse woody debris size classes 

Key result 

CWD size diversity was lower on thinning treatment plots after thinning, 
with the effect being most marked for heavily thinned plots and in the 
lower site quality class (SQ2). There was a shift from larger to smaller size 
classes. 

Diversity of size classes of CWD was calculated using a measure based on Shannon entropy 
that approaches a value of 100 when sizes are evenly represented, and a value of zero when 
any one size dominates. A Bayesian procedure was used to estimate credible values for size 
diversity for each subplot, taking into account the number of pieces of CWD present. Using 
these estimates, a range of credible mean size diversity estimates was derived for each 
treatment plot (Figure 27).  

There was a reduction in size diversity on thinning treatment plots after thinning, with the 
effect being most marked for heavily thinned plots and in the lower site quality class (SQ2) 
(Figure 27).  

 

Figure 27 Predicted mean size diversity of coarse woody debris on 9 ha plots, by site quality, 
year and thinning treatment  

Lower size diversity values are more likely to be dominated by a single size class.  

The lower diversity of size classes in thinned plots, particularly those in the heavy thinning 
treatment, was associated with a shift from larger to smaller sizes (Figure 28). The proportion 
of coarse woody debris pieces in the <25 centimetre size class increased in thinning 
treatment plots, while the proportion of pieces in larger size classes (up to 75 centimetres in 
diameter) decreased.  
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Figure 28 Change in the proportion of coarse woody debris pieces in each size class from 
2015 to 2017, by site quality, size class and thinning treatment 
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8 Results: Fire risk 

Fire risk was assessed in three 0.04-hectare subplots within each 9-hectare treatment plot, 
using the method of Hines et al. (2010). The method involves the assessment of surface fuel 
hazard and near surface fuel hazard, which are combined into an overall surface fuel hazard 
category. Overall surface fuel hazard and elevated fuel hazard are then combined into an 
overall fuel hazard category (Figure 29). 

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’. 
Where possible, additional objective categories have been defined for each component fuel 
hazard assessment, detailed below.   

 

Figure 29 Fuel hazard assessment components (Hines et al. 2010) 

8.1 Surface fuel hazard 

Surface fuel hazard is calculated from assessment of litter depth and litter cover. 

8.1.1 Litter depth 

Key result 
There was no evidence of thinning treatment effects on litter depth. Mean 
litter depth values increased across Site Quality 1 sites.  

Litter depth was measured in 30 locations within each 9-hectare plot.   

The distribution of litter depth values for heavily thinned plots shifted slightly compared with 
the pre-thinning (2015) distribution and assumed a bimodal form, suggesting that plots within 
this treatment might be responding as two groups (Figure 30). In contrast, the distributions 
for control and moderate treatment plots are very similar between the two survey periods. 
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Figure 30 Distribution of litter depth values in 2015 and 2017 

Scaled density indicates the proportion of sites each litter depth value was recorded in.  

Mean litter depth values increased across Site Quality 1 sites while mean litter depth values 
were more stable in Site Quality 2 sites (Figure 31). There was no evidence of thinning 
treatment effects on litter depth. Differences among the different thinning treatments are 
apparent within Site Quality 1 sites, but these differences were present prior to thinning.  

 

Figure 31 Litter depth values and 95% credible intervals for mean values 

8.1.2 Litter cover 

Key result 
No apparent effect of thinning on mean litter cover values. More sites had 
lower litter cover values in both control and treatment plots in 2017. 
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Distributions of litter cover for the 2017 survey period were wider than those for 2015, 
indicating increased variability in litter cover values (Figure 32). A higher proportion of sites 
had lower litter cover values in both control and treatment plots in 2017. 

 

Figure 32 Distribution of litter cover values in 2015 and 2017 

Bayesian credible intervals were derived to examine differences between mean litter cover 
values. There were no apparent differences in the mean litter cover values between control 
and treatment plots (Figure 33). 

 

Figure 33 Litter cover values with 95% credible intervals for mean values 
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8.1.3 Surface fuel assessment 

Key result No apparent effect of thinning on surface fuel hazard. 

The categories for assessing surface fuel hazard defined by Hines et al. (2010) are 
incomplete (grey cells in Table 17). For instance, Hines et al. (2010) define surface fuel 
hazard as low when litter depth is <10 millimetres and litter cover <60%; and moderate when 
litter depth is 10–20 millimetres and litter cover is 60–80%. A category is not explicitly defined 
for sites with litter depth of <10 millimetres but litter cover >80%. Additional definitional 
categories were therefore defined to enable objective classification of all data (clear cells in 
Table 17). 

Table 17 Surface fuel hazard assessment categories 

Grey cells are defined by Hines et al. (2010); clear cells are additionally defined to enable 
classification of all data.  

Litter height 
(mm) 

Litter cover (%) 

<60 60–80 80–90 >90 >95 

<10 L L M M M 

10–20 L M M H H 

20–25 M M H H VH 

25–30 M H H VH VH 

30–35 H H VH VH VH 

35–45 H VH VH VH E 

>45 VH VH E E E 

Ordinal logistic regression was used to analyse the determinants of differences in surface 
fuel hazard categories across sites. There were no significant effects of time, thinning 
treatment, site quality or pre-thinning stem density on surface fuel hazard (Table 18 and 
Figure 38, below). 

Table 18 Ordinal regression results for surface fuel hazard assessment 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

Ordinal 
logistic 
regression 

Ordered 
categorical 

Identity Not 
significant 

Not 
significant 

Not 
significant 

Not 
significant 

4.55% 

8.2 Near surface fuel hazard 

Near surface fuel hazard is calculated from data on total near surface plant cover, and the 
proportion of total near surface cover that is dead. Near surface vegetation is vegetation that 
is generally between 0 and 1.5 metres in height. Live and dead near surface vegetation 
cover was visually estimated in three 0.04-hectare plots within each 9-hectare plot. 
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8.2.1 Live near surface vegetation cover 

Key result 
No clear effect of thinning on mean live near surface vegetation cover, 
although mean live cover declined on some moderately thinned plots. 

Changes in mean live near surface cover was modelled using Bayesian estimation. The 
modelled changes indicated an increase in the cover of live near surface vegetation across 
all control and heavily thinned plots (Figure 34). The change in live cover on moderately 
thinned plots was more variable with live cover decreasing on some moderately thinned 
plots, particularly in Site Quality 1. However, given the considerable variability in the data, no 
clear effect of thinning can be ascribed.  

 

Figure 34 Bayesian estimation of change (from 2015 to 2017) in mean values of live and dead 
near surface vegetation cover, by site quality and thinning treatment 

The magnitude of change in live near surface vegetation was further investigated in relation 
to the value of cover prior to thinning (Figure 35). Increases in cover appear to be restricted 
to subplots that had a pre-thinning cover of no more than 20–30%. No relationship between 
vegetation cover change and pre-thinning tree density was apparent.  
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Figure 35 Change in live near surface vegetation percent cover, relative to pre-thinning live 
near surface vegetation percent cover, by thinning treatment  

The axes have been scaled using a square root transformation to spread out low values. 
The dashed line indicates the maximum negative change that could be recorded (for 
example, pre-thinning percent cover was 25% and change in percent cover was –25%). 

8.2.2 Dead near surface vegetation cover 

Key result 
The mean cover of dead vegetation cover increased on most plots, but no 
effect of thinning was detected. 

Change in dead near surface vegetation cover was modelled using Bayesian estimation. 
There was a general increase in the cover of dead near surface vegetation, with no apparent 
difference between control and thinned plots (Figure 34). No relationship between vegetation 
cover change and pre-thinning tree density was apparent. 

8.2.3 Near surface fuel assessment 

Key result 
A general increase in the near surface fire risk in 2017, but no effect of 
thinning treatment.  

As described for surface fuel assessment, the near surface fuel assessment categories 
defined by Hines et al. (2010) are incomplete (grey cells in Table 19). Additional categories 
were defined to objectively allocate all data to a near surface fuel hazard category (clear cells 
in Table 19). 
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Table 19 Near surface fuel assessment categories (adapted from Hines et al. 2010)  

Grey cells are defined by Hines et al. (2010); clear cells are additionally defined to enable 
classification of all data.  

Proportion 

dead cover 

Total near surface plant cover (%) 

<10 10–20 20–40 40–60 >60 

<10 L M M M M 

10–20 L M M H H 

20–30 L H H H VH 

30–50 M H H VH VH 

>50 M H H VH E 

There was a general increase in the near surface hazard across all plots between the 2015 
and 2017 survey periods, which was statistically significant (Table 20). There were no 
significant effects of thinning treatment, site quality or pre-thinning stem density on near 
surface fuel hazard (Table 20 and Figure 38, below). 

Table 20 Ordinal logistic regression results for near surface fuel hazard 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

Ordinal 
logistic 
regression 

Ordered 
categorical 

Identity Significantly 
higher in 
2017  

No 
significant 
effect 

No 
significant 
effect 

No 
significant 
effect 

19% 

8.3 Combined surface and near surface risk 

Key result 
There was no significant change in combined surface and near surface 
fire risk, despite the general increase in the near surface fire risk in 2017. 

The surface and near surface fuel hazard categories are combined to determine a combined 
surface hazard category. All categories are defined by Hines et al. (2010) (Table 21). 

Table 21 Combined surface and near surface fuel hazard assessment categories (from Hines 
et al. 2010) 

Surface risk Near surface risk 

L M H VH E 

L L L M H VH 

M M M H VH E 

H H VH VH VH E 

VH VH VH E E E 

E E E E E E 
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No effects of time, thinning treatment, site quality or pre-thinning stem density on combined 
surface and near surface fuel hazard were detected (Table 22).  

Table 22 Ordinal logistic regression results for combined surface and near surface fuel 
hazard 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

Ordinal 
logistic 
regression 

Ordered 
categorical 

Identity Not 
significant 

Not 
significant 

Not 
significant 

Not 
significant 

2.57% 

8.4 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 vegetation cover is assessed by visual estimation in three 0.04-hectare plots within 
each 9-hectare plot. In river red gum forest the elevated stratum consists almost exclusively 
of Eucalyptus camaldulensis saplings and small trees.  

8.4.1 Live elevated vegetation cover 

Key result 
Live elevated vegetation reduced in thinned plots while control plots 
remained stable, as a direct result of tree removal. 

There was a reduction in the cover of live elevated vegetation in thinned plots while control 
plots remained stable (Figure 36). This is to be expected as a direct result of thinning 
operations removing some saplings and small trees. No relationship between vegetation 
cover change and pre-thinning tree density was apparent (Figure 37). 



River Red Gum Ecological Thinning Trial: Monitoring report 2018 

59 

 

Figure 36 Bayesian estimation of change (from 2015 to 2017) in mean live and dead elevated 
vegetation cover, by site quality and thinning treatment 

 

Figure 37 Change in live elevated vegetation cover in relation to pre-thinning live elevated 
vegetation cover 

8.4.2 Dead elevated vegetation cover  

Key result No change in dead elevated vegetation cover was detected.  
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There was no substantial change in the cover of dead elevated vegetation between 2015 and 
2017, with an increase of less than 2% observed on most sites (Figure 36). No differences 
among sites were apparent due to thinning, site quality or pre-thinning stem density.     

8.4.3 Elevated fuel hazard assessment 

Key result 
Elevated fuel hazard increased in 2017 across control and treatment plots, 
although this may be an artefact of the assessment method. 

The elevated fuel hazard assessment categories as defined by Hines et al. (2010) were 
incomplete (grey cells in Table 23). Additional elevated fuel hazard assessment categories 
were defined to enable objective classification of all data (clear cells in Table 23).  

Table 23 Elevated fuel hazard assessment categories (adapted from Hines et al. 2010) 

Proportion dead cover 

Total elevated plant cover (%) 

<5 <20 20–30 

<20 L L M 

20–30 M M M 

30–50 M M H 

>50 M H VH 

Elevated fuel hazard was significantly higher in 2017 than 2015 across all plots. This may be 
due to a conservative fuel hazard assessment category definition. For example, a plot with 
2% total elevated cover, of which 1% (half) is dead, receives an elevated fuel hazard 
assessment of moderate.  

Despite the reduction in live elevated vegetation cover on thinned plots (Figure 36), no 
significant effect of thinning was detected on elevated fuel hazard (Table 24 and Figure 38, 
below).  

Table 24 Ordinal logistic regression results for elevated fuel hazard assessment 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

Ordinal 
logistic 
regression 

Ordered 
categorical 

Identity Significantly 
higher in 
2017 

No 
significant 
effect 

No 
significant 
effect 

No 
significant 
effect 

27.6% 

8.5 Overall fuel hazard 

Key result No significant effects on overall fuel hazard were detected.  

Overall fuel hazard is scored on a scale with five categories, from low to extreme, based on the 
combined surface and near surface hazard category and the elevated fuel hazard category. 
Categories are defined by Hines et al. (2010) for all possible combinations (Table 25).  
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Table 25 Overall fuel hazard assessment categories (from Hines et al. 2010) 

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 

       

Despite the slight increases in near surface and elevated fuel hazard across all sites 
between 2015 and 2017, there was no increase in overall fuel hazard (Table 26). There was 
no statistically significant effect of thinning treatment or site quality on overall fuel hazard.  

Table 26 Ordinal logistic regression results for overall fuel hazard assessment 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

Ordinal 
logistic 
regression 

Ordered 
categorical 

Identity No 
significant 
effect 

No 
significant 
effect 

No 
significant 
effect 

No 
significant 
effect 

4.22% 
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Figure 38 Fuel hazard (fire risk) assessment results for control, moderately thinned and 
heavily thinned plots in 2015 and 2017 (categories low, medium, high, very high and 
extreme)  
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9 Results: Soil moisture 

Key result 
Soil moisture was lower on Site Quality 2 sites, but no effect of thinning 
was detected.  

Soil moisture was measured using a hand-held soil moisture meter inserted in the soil to a 
depth of 10–15 centimetres at 10 locations within each of three 20 x 20 metre quadrats on 
each 9-hectare plot. Mean soil moisture values were calculated from the 30 estimates per 9-
hectare plot.  

No effect of ecological thinning was detected using this method (Figure 39, Table 27). Soil 
moisture did not change significantly over time, and was not significantly different between 
site qualities. A significant positive relationship between pre-thinning stem density and soil 
moisture was detected, but the confidence bounds were wide, especially for high stem 
densities. 

 

Figure 39 Mean soil moisture (%) by year, thinning treatment and site quality  

Table 27 Generalised additive model results for soil moisture 

Model 
type 

Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site quality 

Effect of pre-
thinning 
density 

Deviance 
explained 

GAM Beta Logit No 
significant 
effect 

No 
significant 
effect 

No 
significant 
effect 

Slightly higher 
soil moisture on 
high stem 
density sites 

16.7% 
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10 Results: Floristic composition 

Floristic composition was surveyed by recording all plant species present in three 20 x 20 
metre quadrats on each 9-hectare plot. The cover abundance of each species was estimated 
(Table 28). 

Table 28 Cover abundance score estimated in the field, and the conversion used in data 
analyses 

Category Raw score as recorded in field Value used in analyses 

A <5% cover and up to 3 individuals 0.25 

B <5% cover and 3–50 individuals 0.5 

C <5% cover and 50–100 individuals 2.5 

D <5% cover and >100 individuals 4.0 

PE Point estimates given for >5% cover Point estimate 

Plant identifications for approximately 10% of the dataset were tentative at the time that data 
analyses were conducted.  

Plant species diversity was analysed using equity, Simpson’s diversity and Shannon’s 
diversity indices. Equity is a measure of how evenly distributed the abundance of species 
within a plot is. It ranges between 0 and 1, where 1 indicates that all species present have 
the same abundance and 0 indicates that 1 species dominates. Simpson’s and Shannon’s 
diversity account for abundance and evenness simultaneously. Shannon’s diversity index 
accounts for both species richness and evenness, such that diversity increases as both 
species richness and evenness increase. Consequently, it can be difficult to use Shannon’s 
to compare communities with very different species richness. Simpson’s diversity index is 
much less sensitive to species richness.  

Plant cover was analysed in three ways. The raw cover score was converted to a numerical 
value (Table 28) and then: 1) the average numerical value was calculated; 2) the total 
numerical value was tallied (such that the total may have been greater than 100%); 3) the 
total cover was tallied but capped at 100%. For each species on each 9-hectare plot, the 
maximum cover value (of the three 20 x 20 metre subplots) was used in calculations. 

10.1 Total plant species richness and diversity 

Key results 

Exotic species richness increased more on thinned plots than control 
plots.  

No significant changes in native species richness or diversity were 
detected.  

A total of 368 plant species were recorded over both monitoring seasons: 282 were recorded 
in 2015 and 270 were recorded in 2017; 184 species were common to both years; 98 were 
recorded only in 2015 and 86 were recorded only in 2017. The average number of species 
recorded per 20 x 20 metre quadrat was 26; the minimum was 7 and the maximum was 57. 
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Total species richness increased more on heavily thinned plots than control and moderately 
thinned plots after thinning (Figure 40, Table 29), which was primarily due to an increase in 
weed species diversity (see Section 10.3 below).  

 

Figure 40 Average total richness of plant species in 9 ha plots, by thinning treatment, before 
(2015) and after (2017) thinning treatments were applied  

Table 29 Linear mixed model results for total richness of plant species per 9 ha plot  

Model type Effect of 
time 

Effect of 
thinning 
treatment 

Effect of site 
quality 

Effect of pre-
thinning 
density 

Variance 
explained 

LMM No 
significant 
effect  

Change in 
species richness 
between 2015 
and 2017 greater 
in heavily 
thinned plots 
than other plots 

Change in 
species 
richness 
between 2015 
and 2017 
greater in SQ2 
than SQ1 
plots 

No significant 
effect 

Not 
reported 

The change in average species diversity (as measured by the Shannon diversity index) 
between 2015 and 2017 differed between treatment plots in the different site quality classes 
(Figure 41, Table 30). The diversity of species on Site Quality 2 plots increased between 
2015 and 2017, with the magnitude of increase greatest on the thinned plots. This was 
primarily due to an increase in diversity of exotic plant species (see Section 10.3 below). The 
diversity of species on Site Quality 1 plots decreased in control and moderately thinned plots 
and increased slightly in heavily thinned plots. 
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Figure 41 Average Shannon diversity of plants in Site Quality 1 and 2 plots by thinning 
treatment, before (2015) and after (2017) thinning treatments were applied 

Table 30 Linear mixed model results for Shannon plant species diversity in 9 ha plots 

Response Effect of 
time 

Effect of 
thinning 
treatment 

Effect of site 
quality 

Effect of pre-
thinning 
density 

Variance 
explained 

LMM No 
significant 
effect 

Diversity 
declined on SQ1 
control and 
moderately 
thinned plots; 
diversity 
increased on all 
other plots  

No significant 
effect 

Not assessed Not 
reported 

10.2 Native plant species 

10.2.1 Native plant species richness and diversity 

A total of 205 native plant species were recorded in both surveys. Of the native species, 113 
were common to both surveys, 50 were recorded only in 2015 and 42 were recorded only in 
2017. An additional 44 species were recorded for which it was possible to identify only to 
family level, and therefore not possible to classify as native or exotic. 

There was no apparent effect of ecological thinning on native plant richness, diversity or 
equity (Figure 42, Table 31). These measures of native plant species also did not change 
significantly between 2015 and 2017, or among site qualities. 
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Figure 42 Change in native plant species richness, Shannon diversity, Simpson diversity and 
equity in 9 ha plots, by thinning treatment, before (2015) and after (2017) thinning 
treatments were applied  

Table 31 Linear mixed model results for native plant species richness, equity, Shannon 
diversity and Simpson diversity in 9 ha plots, which were all qualitatively the same 

Model type Effect of 
time 

Effect of 
thinning 
treatment 

Effect of  site 
quality 

Effect of pre-
thinning 
density 

Variance 
explained 

LMM No 
significant 
effect  

No significant 
effect 

No significant 
effect 

No significant 
effect 

Not 
reported 

10.2.2 Native plant cover 

No effect of thinning was detected on native plant cover (Figure 43, Table 32). There was a 
pre-existing significant difference among treatment types for total and average cover by 
native species, which was not statistically significantly different between monitoring seasons.  



River Red Gum Ecological Thinning Trial: Monitoring report 2018 

68 

 
Figure 43 Change in native plant cover, by thinning treatment, before (2015) and after (2017) 

thinning treatments were applied 

Table 32 Linear mixed model results for native plant cover 

Model type Effect of 
time 

Effect of 
thinning 
treatment 

Effect of site 
quality 

Effect of pre-
thinning 
density 

Variance 
explained 

LMM No 
significant 
effect  

Pre-existing 
difference 
among treatment 
types for total 
and average 
native plant 
cover 

No significant 
effect 

No significant 
effect 

Not 
reported 

10.3 Exotic plant species 

10.3.1 Exotic plant species richness  

A total of 108 exotic (weed) species were recorded across both surveys: 57 species were 
common to both surveys; 25 species were recorded only in 2015 and 36 species were 
recorded only in 2017. In 2015, the overall proportion of species recorded that were weeds 
was 29.1%. In 2017, the overall proportion of species recorded that were weeds was 34.4% 

All plot types had more weed species in 2017 than 2015, with the greatest increase occurring 
on heavily thinned plots (Figure 44). Between 2015 and 2017 the number of exotic species 
increased by an average of 1.3 species on control plots, 3.3 species on moderately thinned 
plots and 4.1 species on heavily thinned plots. The increase in weed species on control plots 
was not statistically significant. In 2017, the moderately thinned plots did not have 
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significantly more exotic species than the control plots. In 2017 the heavily thinned plots did 
have significantly more exotic plant species than the control plots (Table 33).  

 

Figure 44 Average exotic plant species richness per 9 ha plot, by thinning treatment type, 
before (2015) and after (2017) thinning treatments were applied  

Table 33 Model results for exotic species richness per 9 ha plot 

Model type Effect of time Effect of 
thinning 
treatment 

Effect of site 
quality 

Effect of 
pre-thinning 
density 

Variance 
explained 

LMM Exotic species 
richness 
significantly 
higher in 2017 
than 2015 

Increase in 
exotic species 
richness 
significantly 
higher on 
heavily thinned 
plots than 
control plots 

Increase in 
exotic species 
richness 
significantly 
higher on Site 
Quality 2 sites 
than Site 
Quality 1 sites 

No 
significant 
effect 

Not 
reported 

The richness of exotic species increased significantly on Site Quality 2 sites, but remained 
relatively stable on Site Quality 1 sites (Figure 45, Table 33).  
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Figure 45 Average number of exotic plant species per 9 ha plot by site quality, before (2015) 
and after (2017) thinning treatments were applied 

10.3.2 Exotic plant cover 

Total cover of exotic species increased on all plot types between 2015 and 2017, but 
increased on thinned plots more than control plots (Figure 46). In 2015, there were no 
significant differences in exotic cover among plot types. In 2017, exotic plant cover on 
moderately thinned plots was not significantly greater than control plots, but exotic plant 
cover on heavily thinned plots was significantly greater than control plots (Table 34).  

 

Figure 46 Average weed cover by thinning treatment, before (2015) and after (2017) thinning 
treatments were applied 

Table 34 Linear mixed model results for weed cover 

Response Effect of time Effect of 
thinning 
treatment 

Effect of site 
quality 

Effect of pre-
thinning 
density 

Variance 
explained 

Total exotic 
cover 

No significant 
effect 

Increase in 
total exotic 
cover from 
2015 to 2017 

No significant 
effect 

No significant 
effect 

Not reported 
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Response Effect of time Effect of 
thinning 
treatment 

Effect of site 
quality 

Effect of pre-
thinning 
density 

Variance 
explained 

significantly 
higher on 
heavily thinned 
plots than 
other plots  

Average 
exotic cover 

Average weed 
species cover 
significantly 
higher in 2017 
than 2015 

No significant 
effect 

Increase in 
average 
exotic cover 
higher on Site 
Quality 2 
sites than 
Site Quality 1 
sites 

No significant 
effect 

Not reported 

An effect of thinning on the change in average weed cover (that is, the cover of each weed 
species) was not detected (Table 34). However, average weed cover changed differently 
over time in the site quality classes: average weed cover increased more on Site Quality 2 
sites than Site Quality 1 sites.   

10.4 Floristic community composition 

10.4.1 Plant assemblages 

Key result 
Floristic composition of plots between site quality classes changed 
significantly between 2015 and 2017, regardless of thinning treatment. 

Data from all three floristic subplots in each 9-hectare plot were included in multivariate 
analyses. 

There was a significant difference in the assemblages of plant species in plots across the 
forest between 2015 and 2017, regardless of whether the plots were thinned. No significant 
effect of thinning was detected using either Bray–Curtis or Jaccard measures (Table 35).  

The changes in floristic composition from 2015 to 2017 were dependent on site quality, with 
different species contributing to dissimilarity among sites within each site quality class (see 
Section 10.5 below).   

Table 35 Permanova model results based on Bray–Curtis distance between floristic species 
assemblages before and after thinning 

Results were the same for the Jaccard similarity index. 

Model type Effect of time Effect of 
thinning 
treatment 

Effect of site 
quality 

Effect of pre-
thinning 
density 

Variance 
explained 

Permanova Change in 
floristic 
dissimilarity 
between 2015 

No significant 
effect 

Change in 
floristic 
assemblages 
between 2015 
and 2017 

No significant 
effect 

Not reported 
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Model type Effect of time Effect of 
thinning 
treatment 

Effect of site 
quality 

Effect of pre-
thinning 
density 

Variance 
explained 

and 2017 on all 
plot types  

differed on 
SQ2 and SQ1  

The composition of exotic species assemblages followed similar patterns to all species, with 
significant differences between years and differences among site qualities, but no effect of 
thinning treatment.  

10.4.2 Individual plant species 

The species (native and exotic) that contributed at least 2% to the dissimilarity among sites 
were identified (Table 36). These results need to be interpreted with caution, as SIMPER 
(Similarity Percentage) analyses are known to single out species that are variable rather than 
those that contribute most to between group differences. 

Centipeda cunninghamii, Lachnagrostis filiformis and Alternanthera denticulata all increased 
in average cover score after the thinning treatments, and did so in both Site Quality 1 and 2 
plots. Eleocharis acuta, Carex tereticaulis, and Juncus amabilis all decreased in 2017 in all 
plot types.  

The species that contributed most to change between 2015 and 2017 differed for site quality 
classes. Rumex brownii and Eleocharis pallens were important increasers in cover score in 
Site Quality 2 sites between 2015 and 2017, while Myriophyllum crispatum, Persicaria 
decipiens, Ranunculus inundatus and Solanum nigrum (an exotic species) were all important 
increasers in Site Quality 1 plots. 

Table 36 Average cover score for species that contributed more than 2% of total to Bray–
Curtis dissimilarity of total plant species composition, for combinations of before 
and after and site quality comparisons   

Values are average cover score for each species and values are only included if the 
species contributes 2% or more of total dissimilarity. 

Species Exotic Before After SQ1 SQ2 SQ1–
Before 

SQ1–
After 

SQ2–
Before 

SQ2–
After 

Centipeda 
cunninghamii 

 0.96 3.31 2.41 1.87 1.52 3.3 0.39 3.32 

Eleocharis acuta  2.35 1.2 2.01 1.53 2.75 1.28 1.95 1.12 

Carex tereticaulis  2.15 1.76 2.11 1.79 2.33 1.89 1.96 1.63 

Lachnagrostis 
filiformis 

 1.12 2.56 1.85 1.84 1.46 2.23 0.77 2.89 

Alternanthera 
denticulata 

 2.11 3.4 3.19 2.33 2.52 3.85 1.69 2.95 

Juncus amabilis  1.92 1.29 1.77 1.44 2.07 1.47 1.77 1.11 

Paspalidium 
jubiflorum 

 2.01 2.29 1.51 2.8 1.46 1.55 2.56 3.03 

Carex inversa  1.58 1.14 0.66 2.06   2.27 1.86 

Conyza spp. * 0.13 1.46   0.07 1.6   

Rumex brownii  0.8 1.4     0.46 1.83 
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Species Exotic Before After SQ1 SQ2 SQ1–
Before 

SQ1–
After 

SQ2–
Before 

SQ2–
After 

Echium 
plantagineum 

*       1.11 1.18 

Eleocharis 
pallens 

       0 1.65 

Eleocharis 
pusilla 

   0.17 1.47   1.26 1.68 

Myriophyllum 
crispatum 

     0.39 1.5   

Persicaria 
decipiens 

     1.04 1.56   

Ranunculus 
inundatus 

     1.02 1.51   

Solanum nigrum *     0.69 1.55   

Wahlenbergia 
spp. 

   0.45 1.81   1.71 1.9 

The exotic species that contributed at least 2% of the dissimilarity among plots (Table 37) 
included Conyza spp., Cirsium vulgare and Solanum nigrum, which all increased in cover 
score in 2017. The cover score of Conyza bonariensis decreased in 2017 relative to 2015.  

The change in cover score for some exotic species differed among site quality classes, 
including Sonchus oleraceus, Echium plantagineum and Lactuca serriola, which all 
decreased in Site Quality 1 plots and increased in Site Quality 2 plots. Hypochaeris glabra 
tended to be replaced by Hypochaeris radicata in Site Quality 2 plots between 2015 and 
2017. 

Table 37 Average cover score for species that contributed more than 2% of total to Bray–
Curtis dissimilarity of exotic plant species composition, for combinations of before 
and after and site quality comparisons 

Species Before After SQ1 SQ2 SQ1–
Before 

SQ1–
After 

SQ2–
Before 

SQ2–
After 

Conyza spp. 0.13 1.46 0.84 0.76 0.07 1.6 0.2 1.31 

Cirsium vulgare 1.09 1.43 1.48 1.05 1.38 1.57 0.79 1.29 

Solanum nigrum 0.42 1.26 1.12 0.56 0.69 1.55 0.14 0.97 

Conyza bonariensis 0.96 0.35 0.76 0.54 1.23 0.3 0.68 0.4 

Sonchus oleraceus 1.22 1.31 1.12 1.41 1.23 1.01 1.21 1.61 

Echium plantagineum 0.82 0.78 0.46 1.15 0.54 0.39 1.11 1.18 

Lactuca serriola 0.62 0.82 0.69 0.75 0.76 0.63 0.48 1.01 

Hypochaeris glabra       0.68 0.34 

Hypochaeris radicata       0.31 0.59 

10.5 Threatened plant species 

One threatened plant species was recorded, floating swamp wallaby grass (Amphibromus 
fluitans) (Photo 7). This species is listed as vulnerable in the NSW Biodiversity Conservation 
Act 2016 and Commonwealth Environment Protection and Biodiversity Act 1999. This 
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species is almost exclusively aquatic and grows mostly near permanent swamps. Its 
occurrence tends to be temporary, associated with standing floodwaters. 

Amphibromus fluitans Site 22-1-B in 2017 

 

Photo 7 Amphibromus fluitans on Site 22-1 (floristic quadrat B) in 2017 

(Photos: Emma Gorrod) 

In 2015 Amphibromus fluitans was recorded on five 9-hectare treatment plots, including 
extensive distribution throughout two treatment plots (Table 38). In 2017 it was recorded on 
one 9-hectare plot. On a number of other plots, a grass species was recorded with 
insufficient material for identification.  

Table 38 Recordings of Amphibromus fluitans in 2015 and 2017 

Year  Site Plot Floristic plots 

2015  2 2 A, B and C 

 2 3 A, B and C 

 3 1 B 

 3 3 B 

 16 2 B and C 

2017  22 1 A and B 

There was insufficient data to determine the effect of thinning on Amphibromus fluitans, but 
the difference in occurrence between years is more likely to be related to flooding than 
thinning. The change in habitat suitability is apparent in the relative abundance of flood-
dependent and flood-tolerant plants in 2015 compared with 2017 (Photo 8). 
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Site 2-2-B in 2015 Site 2-2-B in 2017 

 

Site 16-2-B in 2015 Site 16-2-B in 2017 

 

Photo 8 Change in habitat suitability for Amphibromus fluitans between 2015 and 2017 

(Photos: OEH staff)  
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11 Results: Birds 

Birds were surveyed in a 2-hectare subplot within each 9-hectare treatment plot, with visual 
and auditory observations recorded for 20 minutes on four occasions (two pre-9am and two 
post-9am). Four different observers conducted the surveys, with three observers surveying in 
both 2015 and 2017 and one observer only surveying in 2017. Each observer tended to 
survey all sites over a period of three or four weeks, without necessarily overlapping in dates 
with other observers. 

Only the univariate means (or multivariate centroids) for before (2015) and after (2017) were 
used in the analyses, with values for all dates before and all dates after each thinning 
treatment averaged before analysis. This simplified the calculations because it removed the 
need to test the assumption of sphericity for the repeated measures within each plot through 
time. It also removed a lot of zeroes from the dataset, allowing the models to meet their 
assumptions of homogeneity and normality of residuals.  

Models that included observer effects were substantially more statistically complex, and in 
some cases made results difficult to interpret. Where appropriate, model results are 
described with or without observer effects included.  

There was a large amount of unexplained variation in the data set which is attributed to the 
naturally high variability in woodland bird communities in a 20-minute survey on a 2-hectare 
plot in Millewa. Natural differences in bird communities between sites also accounted for a 
large amount of the variation. The experimental factor that explained most of the remaining 
variation in the data was differences in species lists returned by the four different observers 
used during the study. 

 

Photo 9 Superb fairy-wren 

(Photo: Craig Dunne) 



River Red Gum Ecological Thinning Trial: Monitoring report 2018 

77 

11.1 Bird species richness 

Key results 

There was a significant reduction in bird species richness from 2015 to 
2017 across control and treatment plots. 

The effect of thinning was uncertain as two observers recorded fewer bird 
species on treatment plots after thinning, and one observer saw more bird 
species on treatment plots after thinning. 

Species richness is the total number of bird species recorded in a survey. 

A total of 90 bird species were included in the 2015 dataset and 78 bird species were 
included in 2017: 69 species were recorded in both years; 21 were recorded only in 2015 
and 9 were recorded only in 2017. All bird species recorded were Australian native species. 

Fewer bird species were detected in 2017 across control and treatment plots, independent of 
site quality or pre-thinning stem density (Table 39). Overall, fewer species were observed per 
plot in 2017 (average 7.9) than 2015 (average 9.0). 

Table 39 Linear mixed model results for bird species richness 

Model type Effect of time Effect of 
thinning 
treatment 

Effect of site 
quality 

Effect of pre-
thinning 
density 

Variance 
explained 

LMM Significant 
reduction in 
richness in 
2017  

Marginally 
significant 
interaction 
between 
observer, 
treatment, and 
time 

Significant 
interaction 
between 
observer and 
SQ 

No significant 
effect 

Not 
reported 

A marginally significant interaction between observer, thinning treatment and time was 
detected. This is because observer B saw more species in treatment plots after thinning, 
whereas observers A and C both saw fewer species in treatment plots after thinning (Figure 
47, Figure 48). Observer C returned lower total species richness than observers A and B 
(who were not different). Consequently, there is some uncertainty about the effect of thinning 
on bird species richness. 
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Figure 47 Species richness recorded per survey (20 minutes in a 2-ha subplot within each 9-ha 
plot), by year, thinning treatment, site quality and observer  

Data are shown as boxplots: horizontal line is the median; box contains 25% of the data 
above and below the median; vertical lines are 25 % of the data above and below the box 
and points are outliers. Observer D did not conduct surveys in 2015. 
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Figure 48 Change in average species richness from 2015 to 2017 by observer and thinning 
treatment  

Observer D did not conduct surveys in 2015. 

11.2 Bird species diversity 

Key result 
Bird species diversity declined from 2015 to 2017, but no effect of thinning 
was detected. 

Bird species diversity was analysed using equity, Simpson’s diversity and Shannon’s 
diversity indices, as described for plant species diversity (Section 10, above). Equity is a 
measure of how evenly distributed the abundance of species within a plot is. It ranges 
between 0 and 1, where 1 indicates that all species present have the same abundance and 0 
indicates that 1 species dominates. Simpson’s and Shannon’s diversity account for 
abundance and evenness simultaneously. Shannon’s diversity index accounts for both 
species richness and evenness, such that diversity increases as both species richness and 
evenness increase. Consequently, it can be difficult to use Shannon’s to compare 
communities with very different species richness. Simpson’s diversity index is much less 
sensitive to species richness.  

There was a general decrease in all diversity indices from 2015 to 2017 across control and 
treatment plots, when observer effects are excluded from the analyses (Figure 49).  
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Figure 49 Change in diversity and richness (+/– standard error) of bird species assemblages 
between 2015 (light green) and 2017 (dark green) 

When observer effects were included in the analyses, a significant observer interaction with 
time (i.e. 2015 and 2017 surveys) was detected for all indices of diversity, indicating that 
different observers reported different patterns of change in diversity between 2015 and 2017 
(Table 40).  

When observer effects were included in the analyses, a marginally significant observer 
interaction with thinning treatment was detected only for the Shannon diversity index (Table 
40). Thus, there is insufficient evidence to conclude that thinning treatment influenced bird 
species diversity.  

Table 40 Linear mixed model results for bird species diversity measures 

Response 
variable 

Effect of time Effect of 
thinning 
treatment 

Effect of site 
quality 

Effect of 
pre-thinning 
density 

Variance 
explained 

Equity Significant reduction 
in equity in 2017, 
with a significant 
observer interaction 

No significant 
effect 

No significant 
effect 

No significant 
effect 

Not 
reported 

Shannon 
diversity 

Significant reduction 
in Shannon in 2017, 
with a significant 
observer interaction 

Marginally 
significant 
interaction 
with observer 

No significant 
effect 

No significant 
effect 

Not 
reported 

Simpson 
diversity 

Significant reduction 
in Simpson in 2017, 
with a significant 
observer interaction 

No significant 
effect 

No significant 
effect 

No significant 
effect 

Not 
reported 
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11.3 Bird functional guilds 

11.3.1 Hollow-using species 

Key result 
The number of known hollow-using bird species declined in control plots 
between 2015 and 2017, but increased slightly in thinned plots.  

The average number of bird species that were known users of hollows declined in control 
plots between 2015 and 2017, while the number of tree hollow users increased in thinned 
plots after treatments were applied (Figure 50). The magnitude of these changes was small; 
less than one species per plot on average. Consequently, the proportion of bird species that 
are hollow users changed differently in control and treatment plots (Figure 51). A significantly 
higher proportion of tree hollow users occurred in moderately thinned plots after thinning.  

 

Figure 50 Least squares mean number (+/– standard error) of species that are known users of 
tree hollows in 2015 and 2017 surveys, by thinning treatment  

 

Figure 51 Estimated average proportion (+/– standard error) of bird species that were known 
users of tree hollows detected before and after thinning treatments were applied  

11.3.2 Other guilds 

No effect of thinning was detected on other guilds of bird species. Significant interactions 
between time and observer were detected for: number of species that feed at all levels; 
number of feeding habitats represented; and number of dietary types represented. All these 
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interactions reflect the results for species richness, in which different observers recorded 
different patterns of change across all sites between 2015 and 2017. 

11.4 Bird community composition 

Key results 

There was a large amount of variation in the bird dataset, due to: inherent 
variability in woodland bird communities (as surveyed for 20 minutes within 
2-hectare plots); and differences among observers.  

Regardless of observer effects, the bird assemblages changed more in 
thinned plots than in control plots after the thinning treatment.  

Bird assemblages were compared using Bray–Curtis and Jaccard similarity matrices. Bray–
Curtis uses species abundance (that is, square root transformed to increase the contribution 
of uncommon species) and Jaccard uses presence/absence.  

Multivariate (permanova) analyses using either the abundance or presence/absence of bird 
assemblages supported the univariate diversity assessment that fewer species and lower 
abundance was observed in the forest in 2017.   

In 2015 bird assemblages on control and treatment plots were not significantly different from 
each other (Figure 52), despite observer differences (discussed below).  

Change in bird species composition between 2015 and 2017 was not significant on control 
plots; however, change in bird species composition between 2015 and 2017 was significant 
on both moderately thinned and heavily thinned plots. After thinning, the centroid of the 
moderate assemblages differed significantly from the centroid of control plots and heavily 
thinned plots, but the control and heavily thinned plots were not significantly different from 
one another.  

 

Figure 52 Multidimensional scaling plot showing the relative distance between the centroids of 
bird composition in control and treatment plots before (2015) and after (2017) 
thinning treatment  

The distance is based on Bray–Curtis dissimilarity on square root transformed 
abundances. Note that the plot has been annotated with the significant differences 
identified by permanova (as indicated by red circles): after thinning the centroid of the 
moderate plots is different to the control plots, but the centroid of the heavily thinned plots 
is not different from the moderately thinned or control plots.  
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Different observers recorded significantly different bird assemblages, and these differences 
were also in significant interactions with thinning treatment and year (2015 and 2017). 
Observer C did not return significantly different species assemblages before and after the 
thinning trials, whereas A and B did. The significant differences in bird assemblages between 
observers may have confounded the significant differences among treatments before and 
after thinning. 

Regardless of observer effects, the bird assemblages changed more in thinned plots than in 
control plots after the thinning treatment.  

Differences in pre-thinning stem density between plots had little influence on the response of 
the bird assemblages to the thinning treatment.  

Almost half of the variability in the Bray–Curtis dissimilarity matrix was residual error. In other 
words, inherent or natural variation in bird communities within any plot is substantial. About 
15% of total variation was from differences in sites within the site quality factor and another 
6.5% was from each of the interactions of site quality with treatments, year and observer. In 
summary, the first 83% of the variation in the Bray–Curtis similarities was from residual and 
site variation and the first fixed factor to have any influence was the observer effect, which 
only explained 4.8% of total variation.   

11.5 Individual bird species 

Key result 
Individual bird species responses were variable, with different observers 
recording different changes among treatment plots between 2015 and 
2017. 

Similarity percentage (SIMPER) analyses report on the species that contribute most to 
differences among plots. SIMPER results should be interpreted with some caution as they 
are simple averages from the raw data matrix, and the random effect from site differences 
has not been partitioned out. As noted above, SIMPER analyses also tend to highlight 
species with variable presence or abundance. SIMPER analyses also only include species 
that contribute more than 5% of the total dissimilarity between groups, and therefore only 
include relatively abundant species.  

The response of individual species to thinning was varied, and differed among observers. 
There were no species for which all observers consistently reported significant contributions 
to differences among control and treatment plots (Figure 53). Thus, there is uncertainty about 
the immediate effects of ecological thinning on individual bird species. 

When observer effects were excluded from analyses, the abundances of rufous songlarks, 
rufous whistlers and western gerygones were strongly associated with pre-thinning 
assemblages; and the abundances of yellow thornbills, long-billed corellas and Australian 
magpies were strongly associated with post-thinning assemblages (Figure 54).  
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Figure 53 Important species identified by SIMPER analysis as contributing to the differences in 
bird assemblages before and after thinning as identified by different observers in the 
Millewa forest ecological thinning trial 

Vertical axis is average square root abundance. Species listed contribute to the first 25% of 
Bray–Curtis dissimilarity of before – after within the thinning treatment for each observer. 
Empty cells do not mean the species was not detected, it was just not as important for that 
observer. 
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Figure 54 Multidimensional scaling plot showing the relative distance between centroids of 
bird communities before and after thinning treatment (Stress<0.01), based on: 
(upper plot) Bray–Curtis dissimilarity of square root transformed abundances; 
(lower plot) Jaccard similarity of presence/absence of species  

Bird species whose changes in occurrence are highly correlated with the ordination space 
are included. The circle represents a maximum Spearman’s rank correlation of 1, species 
in grey font have a correlation >0.8 and those in black font have a correlation >0.9. 
Observer effects excluded. 

A set of 10 species was identified as important in differentiating changes in assemblages 
among the site quality classes before and after thinning (Table 41). Notably, superb fairy 
wrens contributed to differences in Site Quality 1 and 2 plots before and after thinning, but 
were more important after thinning. Similarly, sulphur-crested cockatoos, brown 
treecreepers, and yellow rosellas were identified as differentiating Site Quality 1 and 2 sites 
more after thinning than before thinning.  
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Table 41 Bird species identified by Simper analysis as contributing 5% or more in the Bray–
Curtis dissimilarity between Site Quality 1 and 2 plots before and after thinning  
Columns labelled B and A contain the average square root abundance before and after 
thinning; % columns indicate the proportion of total dissimilarity between the factor levels 
that are from the species. Only contributions of greater than 5% are included in the table. 

Species SQ1 SQ2 SQ1 V SQ2 

Before After BA% Before After BA% Before% After% 

Buff-rumped thornbill 1.22 0.87 5.4 1.23 0.83 5.9 5.7 4.4 

White-plumed 
honeyeater 

0.61 0.7 7.1 0.62 0.58 5.7 6.5 6.2 

Weebill 0.76 0.88 5.0 1.04 0.87 5.1 4.9 5.2 

Galah    0.57 0.63 4.9 4.1 4.7 

Striated pardalote    1.04 0.9 4.8 4.6  

Sulphur-crested 
cockatoo 

0.59 0.78 5.1 0.68 0.74 4.8 4.4 5.3 

Brown treecreeper    0.35 0.58 4.2  4.2 

Yellow rosella 0.69 0.81 4.1     4.6 

Superb fairy-wren 0.93 1.18 6.6    5.6 7.0 

White-throated 
treecreeper 

      4.2 4.5 

11.5.1 Threatened bird species 

Key result 

The scarlet robin, listed as vulnerable on the NSW Biodiversity 
Conservation Act 2016, may have declined in occurrence from 2015 to 
2017. There was insufficient data to analyse whether there was any 
deleterious effect associated with thinning.  

Five bird species that are listed as threatened on the NSW Biodiversity Conservation Act 
2016 have been recorded:  

• scarlet robin 

• superb parrot 

• white-bellied sea eagle 

• little eagle 

• varied sittella. 

Frequency of occurrence for four of these species was low, and not amenable to analysis. 
Frequency of occurrence of scarlet robins was lower in 2017 than 2015 (Table 42). This 
result was statistically significant when data from observer D (who did not survey in 2015) 
was excluded, but not significant when that observer was included (Chi squared test, 
p<0.05). This test also does not include site effects, so is a guide only. Scarlet robins were 
observed less frequently on thinned plots in 2017, while their presence on control plots was 
unchanged (Table 42). 
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Table 42 Frequency of occurrence of the scarlet robin by treatment   

Numbers in the table are the number of surveys the species was recorded in. Observer D 
data are included.  

 Control Moderate Heavy Combined 

2015 2017 2015 2017 2015 2017 2015 2017 

Scarlet robin 11 13 14 5 15 4 40 29 

The scarlet robin is primarily a resident in forests and woodlands, but some adults and young 
birds disperse to more open habitats after breeding. Scarlet robin pairs mainly breed 
between the months of July and January. 

Scarlet robin habitat usually contains abundant logs and fallen timber; these are important 
components of its habitat. Birds forage from low perches, fence-posts or on the ground, from 
where they pounce on small insects and other invertebrates which are taken from the 
ground, or off tree trunks and logs; they sometimes forage in the shrub or canopy layer. 

This species’ nest is an open cup made of plant fibres and cobwebs and is built in the fork of 
a tree usually more than two metres above the ground; nests are often found in a dead 
branch in a live tree, or in a dead tree or shrub. 

There were not enough observations of this species to determine whether ecological thinning 
had a statistically significant effect.  

In summary, frequency of occurrence declined from 2015 to 2017, and did so more on 
thinned plots than control plots, but insufficient data is available to confirm statistical 
significance. 
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12 Results: Bats 

Ultrasonic recording of bats occurred across three successive summers:  

• December 2015 immediately before the commencement of the thinning phase  

• February 2017 during the thinning phase but excluding plots where thinning was in 
progress  

• February 2018 after the thinning phase.  

Each survey period occurred around the time of the new moon. At the centre of each plot an 
Anabat detector was mounted on a tree facing towards a flyway and all ultrasonic sounds 
were recorded for three nights. The recordings were processed through Anascheme to 
separate recordings that only contained noise from those containing bat calls, with tentative 
identifications being provided for the calls. Sonograms of the calls were visually inspected to 
validate species identification. Identifications of some calls were tentative at the time 
analyses were conducted.  

Patterns of bat activity were analysed using generalised linear mixed models with thinning 
state at the time of each survey as the primary fixed effect of interest, but also using predictor 
variables of year, site quality, remotely-sensed foliage projective cover and temperature 
(maximum of the preceding day and minimum during the night of recording), with plot being 
designated as the random effect due to repeated sampling. 

12.1 Overall bat activity 

Key result 
Overall bat activity was lowest during the thinning phase, but increased on 
plots that had been heavily thinned. 

There were almost a quarter of a million sound recordings collected, of which 131,284 
contained bat calls. Analysis revealed that overall bat activity declined during the thinning 
phase, and then increased post-thinning (Table 43, Figure 55). The increase post-thinning 
was greatest on heavily thinned plots. Site quality had no detectable effect on bat activity, but 
increasing temperature and remotely-sensed foliage projective cover, indicative of larger 
trees, both had positive influences on bat activity. 

Table 43 Generalised linear mixed model results for bat activity 

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
pre-
thinning 
density 

Variance 
explained 

Overall 
bat activity 

Poisson Log Significant 
decline 
during 
active 
thinning; 
significant 
increase 
post-
thinning  

Significantly 
higher 
activity on 
heavy 
treatment 
plots  

No 
significant 
effect 

Not 
assessed 

49.5% 
(16.1% 
from fixed 
factor) 
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Figure 55 Model results for all bat activity, showing the modelled relationship between activity 
(passes per night per plot with 95% confidence intervals), and: (left) year; (centre) 
control, moderate (Thin1) and heavy (Thin2) thinning treatments; (right) foliage 
projective cover 

12.2 Bat guild activity 

Key results 

Clutter specialist activity declined over time, and was lowest on heavily 
thinned plots.   

Clutter avoider activity was lowest during the thinning phase but increased 
on plots that had been heavily thinned.   

12.2.1 Clutter specialists 

Species in the genus Nyctophilus have indistinguishable calls but all use the same feeding 
strategy of searching around vegetation for prey, and are grouped as the ‘clutter specialist’ 
guild.  

Overall activity declined across time and was lowest on plots that had been heavily thinned 
(Table 44, Figure 56). Site quality and remotely-sensed projective foliage cover had no 
detectable effects, but increasing temperature had a positive influence on bat activity.  

Table 44 Linear mixed model results for clutter specialist guild activity 

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
pre-
thinning 
density 

Variance 
explained 

Clutter 
specialist 
bat activity 

Poisson Log Significant 
decline 
across the 
period 

Significantly 
lower activity 
on heavy 
treatment 
plots 

No 
significant 
effect 

Not 
assessed 

64.6% 
(51.2% 
from fixed 
factor) 
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Figure 56 Model results for clutter specialist guild activity, showing the modelled relationship 
between activity (passes per night per plot with 95% confidence intervals) and: (left) 
year; (right) control, moderate (Thin1) and heavy (Thin2) thinning treatments 

12.2.2 Clutter avoiders 

Other species detected in the forest, excluding the genus Nyctophilus, have feeding strategies 
that avoid clutter. Once all the call identifications have been completed this group will be able 
to be split into specific feeding guilds, but are currently lumped in the ‘clutter avoider’ guild. 

Overall activity was lowest during the thinning phase but increased on plots that had been 
heavily thinned (Table 45, Figure 57). Analysis revealed that site quality had no detectable 
effect but increasing temperature and remotely-sensed foliage projective cover, indicative of 
larger trees, had positive influences on bat activity.  

Table 45 Linear mixed model results for clutter avoiders activity 

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

Clutter 
avoider 
bat activity 

Poisson Log Significant 
decline 
during active 
thinning; 
significant 
increase 
post-thinning 

Significantly 
higher activity 
on treatment 
plots 
especially 
heavily 
treated 

No 
significant 
effect 

Not 
assessed 

49.8% 
(16.5% 
from fixed 
factor) 

 
Figure 57 Model results for clutter avoider bat activity, showing the modelled relationship 

between activity (passes per night per plot with 95% confidence intervals), and: (left) 
year; (centre) control, moderate (Thin1) and heavy (Thin2) thinning treatments; 
(right) foliage projective cover 
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12.3 Individual bat species 

Two species were reliably identified by the initial Anascheme processing and have been 
analysed individually. 

Key results 

White-striped mastiff bat activity was lowest during the thinning phase but 
increased on plots that had been heavily thinned. 

Large forest bat activity decreased post-thinning on control and moderate 
plots, but increased on plots that had been heavily thinned. 

12.3.1 White-striped mastiff bat 

White-striped mastiff bats (Tadarida australis) are fast high fliers with powerful calls that often 
feed above the canopy.  

Overall activity was lowest during the thinning phase but increased on plots that had been 
heavily thinned (Table 46, Figure 58). Site quality had no detectable effect on white-striped 
mastiff bat activity but increasing temperature and remotely-sensed foliage projective cover, 
indicative of larger trees, had positive influences on bat activity.  

Table 46 Linear mixed model results for white-striped mastiff bat activity 

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

White-
striped 
mastiff bat 
activity 

Poisson Log Significant 
decline 
during 
active 
thinning; 
significant 
increase 
post-
thinning but 
not to 2015 
levels 

Significantly 
higher 
activity on 
treatment 
plots 
especially 
moderately 
treated 

No 
significant 
effect 

Not 
assessed 

45.5% 
(21.0% 
from fixed 
factor) 

 

Figure 58 Model results for white-striped mastiff bat activity, showing the modelled 
relationship between activity (passes per night per plot with 95% confidence 
intervals), and: (left) year; (centre) control, moderate (Thin1) and heavy (Thin2) 
thinning treatments; (right) foliage projective cover 
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12.3.2 Large forest bat 

Large forest bats (Vespadelus darlingtonia) are the largest and least manoeuvrable of the 
Vespadelus species. They often hunt in the spaces between the canopies.  

Overall activity was not significantly impacted during the thinning phase but decreased by 
2018; however, activity increased on plots that had been heavily thinned. Site quality had no 
detectable effect but increasing temperature and remotely-sensed foliage projective cover, 
indicative of larger trees, had positive influences on bat activity. The strong impact of the 
fixed factor of plot in the model indicates a patchy distribution within the forest being driven 
by factors other than those studied. 

Table 47 Linear mixed model results for large forest bat activity 

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
pre-
thinning 
density 

Deviance 
explained 

Large 
forest bat 
activity 

Poisson Log Marginal 
increase 
during active 
thinning; 
significant 
decrease 
post-
thinning 

Significantly 
different 
activity on 
treatment 
plots with 
varied 
response 

No 
significant 
effect 

Not 
assessed 

39.8% 
(5.2% 
from fixed 
factor) 

 

Figure 59 Model results for large forest bat activity, showing the modelled relationship 
between activity (passes per night per plot with 95% confidence intervals), and: (left) 
year; (centre) control, moderate (Thin1) and heavy (Thin2) thinning treatments; 
(right) foliage projective cover 
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Appendix A: Model specifications and results 

A.1 Tree growth rates 

A.1.1 Model with stem count 

Family: gaussian  
Link function: identity  
 
Formula: 
growth.per.year ~ s(diameter.2015, by = treat) + treat + s(ntrees) +  
     site.quality + multistem + postflood + s(fsite, bs = "re") 
  
Parametric coefficients: 
                 Estimate Std. Error t value Pr(>|t|)     
 (Intercept)       6.5510     0.6436  10.178  < 2e-16 *** 
 treatmoderate    -0.2003     0.3504  -0.572  0.56754     
 treatheavy       -0.1723     0.3523  -0.489  0.62479     
 site.qualitySQ2  -2.3120     0.8838  -2.616  0.00897 **  
 multistemyes      1.9506     0.4259   4.580 4.94e-06 *** 
 postfloodyes      0.2309     0.4312   0.535  0.59241     
 --- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
  
Approximate significance of smooth terms: 
                                   edf Ref.df      F  p-value     
 s(diameter.2015):treatcontrol   7.053  8.058  3.857 0.000146 *** 
 s(diameter.2015):treatmoderate  1.823  2.330  1.546 0.208105     
 s(diameter.2015):treatheavy     2.002  2.569  2.124 0.126429     
 s(ntrees)                       4.087  5.002  1.322 0.251539     
 s(fsite)                       18.595 20.000 10.586  < 2e-16 *** 
 --- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
  
R-sq.(adj) =  0.177   Deviance explained = 19.4% 
GCV = 21.955  Scale est. = 21.509    n = 1948 

A.1.2 Model with stem area (live basal area) 

Family: gaussian  
Link function: identity  
 
Formula: 
growth.per.year ~ s(diameter.2015, by = treat) + treat + s(stemarea.total) 
+  site.quality + multistem + postflood + s(fsite, bs = "re") 
 
Parametric coefficients: 
                Estimate Std. Error t value Pr(>|t|)     
(Intercept)       6.2467     0.5975  10.455  < 2e-16 *** 
treatmoderate    -0.2557     0.3704  -0.690   0.4902     
treatheavy       -0.2211     0.3544  -0.624   0.5328     
site.qualitySQ2  -1.5880     0.8214  -1.933   0.0534 .   
multistemyes      2.0475     0.4247   4.821 1.54e-06 *** 
postfloodyes      0.1455     0.4461   0.326   0.7444     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Approximate significance of smooth terms: 
                                  edf Ref.df     F  p-value     
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s(diameter.2015):treatcontrol   7.133  8.121 3.830 0.000149 *** 
s(diameter.2015):treatmoderate  1.824  2.332 1.238 0.291710     
s(diameter.2015):treatheavy     1.978  2.537 1.981 0.147551     
s(stemarea.total)               7.311  8.208 2.742 0.003761 **  
s(fsite)                       18.031 20.000 9.326  < 2e-16 *** 
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
R-sq.(adj) =  0.185   Deviance explained = 20.3% 
GCV = 21.773  Scale est. = 21.3      n = 1948 

A.2 Tree mortality 

A.2.1 Model with stem number 

y <- cbind(success = dat.model$ndead, failure = dat.model$nlive) 
 
Family: binomial  
Link function: logit  
 
Formula: 
y ~ survey.year * treat + site.quality + post.flood + s(ntrees,  
    k = 5) + s(fsite, bs = "re") 
 
Parametric coefficients: 
                              Estimate Std. Error z value Pr(>|z|)     
(Intercept)                   -2.32634    0.19018 -12.232   <2e-16 *** 
survey.year2017               -0.17608    0.15890  -1.108   0.2678     
treatmoderate                  0.05196    0.15193   0.342   0.7323     
treatheavy                     0.02544    0.15368   0.166   0.8685     
site.qualitySQ2               -0.19846    0.23057  -0.861   0.3894     
post.floodTRUE                 0.10091    0.16725   0.603   0.5463     
survey.year2017:treatmoderate  0.47543    0.22804   2.085   0.0371 *   
survey.year2017:treatheavy     0.28440    0.23093   1.232   0.2181     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Approximate significance of smooth terms: 
             edf Ref.df  Chi.sq p-value     
s(ntrees)  1.988  2.458   7.806  0.0311 *   
s(fsite)  16.688 20.000 105.718  <2e-16 *** 
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
R-sq.(adj) =  0.465   Deviance explained = 54.7% 
UBRE = 0.38374  Scale est. = 1         n = 132 

A.2.2 Model with stem area (live basal area) 

These model results were not included in the report – no significant effect of stem area.  

y <- cbind(success = dat.model$ndead, failure = dat.model$nlive) 
 
 
Family: binomial  
Link function: logit  
 
Formula: 
y ~ survey.year * treat + site.quality + post.flood + s(stemarea,  
   k = 5) + s(fsite, bs = "re") 
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Parametric coefficients: 
                              Estimate Std. Error z value Pr(>|z|)     
(Intercept)                   -2.29738    0.20418 -11.252   <2e-16 *** 
survey.year2017               -0.17540    0.15860  -1.106   0.2688     
treatmoderate                 -0.02822    0.15534  -0.182   0.8558     
treatheavy                    -0.07655    0.15940  -0.480   0.6310     
site.qualitySQ2               -0.14114    0.25571  -0.552   0.5810     
post.floodTRUE                 0.05300    0.16905   0.314   0.7539     
survey.year2017:treatmoderate  0.50023    0.22806   2.193   0.0283 *   
survey.year2017:treatheavy     0.30655    0.23190   1.322   0.1862     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Approximate significance of smooth terms: 
               edf Ref.df  Chi.sq p-value     
s(stemarea)  3.965  3.997   7.506   0.108     
s(fsite)    16.723 20.000 103.805  <2e-16 *** 
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
R-sq.(adj) =  0.455   Deviance explained = 54.5% 
UBRE = 0.41757  Scale est. = 1         n = 132 

A.3 Tree height 

Family: gaussian  
Link function: identity  
 
Formula:  
THmean ~ Treatment * Year + SQ + s(PSD_count, k = 5) + s(Site,  

    bs = "re") 
 
Parametric coefficients:  
                           Estimate Std. Error t value Pr(>|t|)     
(Intercept)                 29.2229     0.7277  40.156  < 2e-16 *** 
TreatmentModerate           -0.3017     0.9352  -0.323 0.747522     
TreatmentHeavy              -0.4975     0.9449  -0.527 0.599481     
Year2017                    -3.6036     0.9322  -3.866 0.000178 *** 
SQSQ2                       -4.4663     0.5784  -7.722 3.44e-12 *** 
TreatmentModerate:Year2017   1.1178     1.3183   0.848 0.398145     
TreatmentHeavy:Year2017      1.3569     1.3183   1.029 0.305368     
--- 

Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Approximate significance of smooth terms:  
                   edf Ref.df     F p-value 
s(PSD_count) 2.094e+00  2.591 1.276   0.241 
s(Site)      1.480e-09  1.000 0.000   0.336 
 
R-sq.(adj) =  0.399   Deviance explained = 43.6% 
GCV = 10.266  Scale est. = 9.5589    n = 132 

A.4 Hollow bearing trees 

A.4.1 Total hollow bearing trees 

Family: Negative Binomial(3.642)  
Link function: log  
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Formula:  
totHBTcount ~ Treatment * year + SQ + s(PSD_count, k = 5)  
 
Parametric coefficients:  
                         Estimate Std. Error z value Pr(>|z|)     
 (Intercept)            645.945878 139.830608   4.619 3.85e-06 *** 
TreatmentHeavy         124.473805 197.748415   0.629    0.529     
TreatmentModerate      -16.466215 197.597511  -0.083    0.934     
year                    -0.318824   0.069344  -4.598 4.27e-06 *** 
SQSQ2                   -0.290718   0.074528  -3.901 9.59e-05 *** 
TreatmentHeavy:year     -0.061762   0.098067  -0.630    0.529     
TreatmentModerate:year   0.008176   0.097992   0.083    0.934     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Approximate significance of smooth terms:  
               edf Ref.df Chi.sq p-value   
s(PSD_count) 1.021  1.042  3.346  0.0684 .  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
R-sq.(adj) =   0.31   Deviance explained = 26.1% 
-REML = 974.86  Scale est. = 1         n = 264 

A.4.2 Live hollow bearing trees 

Family: Negative Binomial(4.064)  
Link function: log  
 
Formula:  
liveHBTcount ~ Treatment * year + SQ + s(PSD_count, k = 5)  
 
Parametric coefficients:  
                         Estimate Std. Error z value Pr(>|z|)   
 (Intercept)             221.92838  180.30146   1.231   0.2184   
TreatmentHeavy         -102.81517  253.93823  -0.405   0.6856   
TreatmentModerate      -107.53904  253.62683  -0.424   0.6716   
year                     -0.10890    0.08944  -1.218   0.2234   
SQSQ2                    -0.26636    0.10753  -2.477   0.0132 * 
TreatmentHeavy:year       0.05102    0.12596   0.405   0.6854   
TreatmentModerate:year    0.05338    0.12581   0.424   0.6714   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Approximate significance of smooth terms:  
             edf Ref.df Chi.sq p-value 
s(PSD_count)   1  1.001  0.178   0.673 
 
R-sq.(adj) =  0.0219   Deviance explained = 6.67% 
-REML = 417.13  Scale est. = 1         n = 132 

A.4.3 Dead hollow bearing trees 

Family: Negative Binomial(6.251)  
Link function: log  
 
Formula:  
deadHBTcount ~ Treatment * year + SQ + s(PSD_count, k = 5)  
 
Parametric coefficients:  
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                        Estimate Std. Error z value Pr(>|z|)     
 (Intercept)            253.90883  143.60019   1.768   0.0770 .   
TreatmentHeavy         274.15963  204.34438   1.342   0.1797     
TreatmentModerate       43.90392  203.18216   0.216   0.8289     
year                    -0.12447    0.07123  -1.747   0.0806 .   
SQSQ2                   -0.35098    0.08685  -4.041 5.32e-05 *** 
TreatmentHeavy:year     -0.13604    0.10136  -1.342   0.1796     
TreatmentModerate:year  -0.02179    0.10079  -0.216   0.8288     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Approximate significance of smooth terms:  
              edf Ref.df Chi.sq p-value    
s(PSD_count) 1.01  1.019  6.848 0.00906 ** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
R-sq.(adj) =  0.204   Deviance explained = 23.3% 
-REML = 455.56  Scale est. = 1         n = 132 

A.5 Recruitment 

A.5.1 Germinants 

These model results were not included in the report – no significant effects. 

dat <- dat.germoccur %>% 
   
model <- lme4::glmer(y ~ survey.year * treat + (1 | fsiteplot), 
                     data = dat, family = binomial()) 
 
Generalized linear mixed model fit by maximum likelihood (Laplace 
  Approximation) [glmerMod] 
 Family: binomial  ( logit ) 
Formula: y ~ survey.year * treat + (1 | fsiteplot) 
   Data: dat 
 
     AIC      BIC   logLik deviance df.resid  
   213.6    233.8    -99.8    199.6      125  
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-1.6230 -0.4535 -0.3149 -0.2307  3.0183  
 
 Random effects: 
 Groups    Name        Variance Std.Dev. 
 fsiteplot (Intercept) 1.927    1.388    
Number of obs: 132, groups:  fsiteplot, 66 
 
Fixed effects: 
                              Estimate Std. Error z value Pr(>|z|)     
(Intercept)                   -3.56323    0.72907  -4.887 1.02e-06 *** 
survey.year2017                0.89890    0.69719   1.289    0.197     
treatmoderate                  0.80637    0.85752   0.940    0.347     
treatheavy                     0.00321    0.92924   0.003    0.997     
survey.year2017:treatmoderate  0.08188    0.88454   0.093    0.926     
survey.year2017:treatheavy     0.45272    0.96592   0.469    0.639     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Correlation of Fixed Effects: 
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                 (Intr) sr.2017 trtmdr trthvy srvy.yr2017:trtm 
srvy.yr2017      -0.653                                        
treatmodert      -0.739  0.536                                 
treatheavy       -0.646  0.488   0.545                         
srvy.yr2017:trtm  0.491 -0.784  -0.666 -0.384                  
srvy.yr2017:trth  0.435 -0.715  -0.377 -0.705  0.565 

A.5.2 Seedlings 

dat <- dat.seedoccur %>% 
 
model <- lme4::glmer(y ~ survey.year * treat + (1 | fsiteplot), 
                     data = dat, family = binomial()) 
 
Generalized linear mixed model fit by maximum likelihood (Laplace 
  Approximation) [glmerMod] 
 

Family: binomial  ( logit ) 
Formula: y ~ survey.year * treat + (1 | fsiteplot) 
   Data: dat 
 
     AIC      BIC   logLik deviance df.resid  
   273.4    293.6   -129.7    259.4      125  
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-2.0983 -0.5620  0.4180  0.5897  1.1861  
 
Random effects: 
 Groups    Name        Variance Std.Dev. 
 fsiteplot (Intercept) 1.476    1.215    
Number of obs: 132, groups:  fsiteplot, 66 
 
Fixed effects: 
                              Estimate Std. Error z value Pr(>|z|)     
(Intercept)                     2.1109     0.4923   4.288  1.8e-05 *** 
survey.year2017                -0.5936     0.4939  -1.202  0.22940     
treatmoderate                  -0.6597     0.6271  -1.052  0.29282     
treatheavy                     -0.9111     0.6206  -1.468  0.14213     
survey.year2017:treatmoderate   1.2817     0.6952   1.844  0.06524 .   
survey.year2017:treatheavy      1.8734     0.7137   2.625  0.00867 **  
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Correlation of Fixed Effects: 
                 (Intr) sr.2017 trtmdr trthvy srvy.yr2017:trtm 
srvy.yr2017      -0.593                                        
treatmodert      -0.732  0.453                                 
treatheavy       -0.742  0.459   0.564                         
srvy.yr2017:trtm  0.436 -0.714  -0.552 -0.331                  
srvy.yr2017:trth  0.439 -0.699  -0.323 -0.530  0.502 

A.5.3 Saplings 

dat <- dat.sapoccur %>% 
 
model <- lme4::glmer(y ~ survey.year * treat + (1 | fsiteplot), 
                     data = dat, family = binomial()) 
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Generalized linear mixed model fit by maximum likelihood (Laplace 
  Approximation) [glmerMod] 
Family: binomial  ( logit ) 
Formula: y ~ survey.year * treat + (1 | fsiteplot) 
   Data: dat 
 
     AIC      BIC   logLik deviance df.resid  
   239.8    260.0   -112.9    225.8      125  
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-1.8380 -0.2572  0.3085  0.3763  0.7842  
 
Random effects: 
 Groups    Name        Variance Std.Dev. 
 fsiteplot (Intercept) 2.374    1.541    
Number of obs: 132, groups:  fsiteplot, 66 
 
Fixed effects: 
                              Estimate Std. Error z value Pr(>|z|)     
(Intercept)                    2.97036    0.64084   4.635 3.57e-06 *** 
survey.year2017               -0.18307    0.60587  -0.302   0.7625     
treatmoderate                  0.01848    0.83190   0.022   0.9823     
treatheavy                     0.09402    0.83498   0.113   0.9104     
survey.year2017:treatmoderate -2.00986    0.83294  -2.413   0.0158 *   
survey.year2017:treatheavy    -2.59740    0.87523  -2.968   0.0030 **  
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Correlation of Fixed Effects: 
                 (Intr) sr.2017 trtmdr trthvy srvy.yr2017:trtm 
srvy.yr2017      -0.506                                        
treatmodert      -0.679  0.387                                 
treatheavy       -0.634  0.384   0.486                         
srvy.yr2017:trtm  0.314 -0.725  -0.599 -0.278                  
srvy.yr2017:trth  0.237 -0.688  -0.238 -0.607  0.534 

A.6 Tree crown extent 

A.6.1 Trees with reduced tree crown extent 

Family: binomial  
Link function: logit  
 
Formula: 
stressed ~ site.quality + treat + post.flood + s(ntrees, by = treat) +  
    s(fsiteplot, bs = "re") 
 
Parametric coefficients: 
                Estimate Std. Error z value Pr(>|z|)     
(Intercept)     -1.92095    0.19861  -9.672   <2e-16 *** 
site.qualitySQ2 -0.09659    0.19515  -0.495    0.621     
treatmoderate    0.38717    0.25668   1.508    0.131     
treatheavy       0.17146    0.27432   0.625    0.532     
post.floodTRUE  -0.24506    0.24012  -1.021    0.307     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Approximate significance of smooth terms: 
                           edf Ref.df Chi.sq  p-value     
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s(ntrees):treatcontrol   2.530  2.886  4.108    0.273     
s(ntrees):treatmoderate  1.001  1.001  0.010    0.921     
s(ntrees):treatheavy     1.001  1.001  0.205    0.651     
s(fsiteplot)            26.716 58.000 49.400 9.23e-05 *** 
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
R-sq.(adj) =  0.0283   Deviance explained = 5.67% 
UBRE = -0.19461  Scale est. = 1         n = 1967 

A.6.2 Trees with stable or increased crown extent 

Family: Negative Binomial(9.329)  
Link function: log  
 
Formula: 
change ~ site.quality + treat + post.flood + s(ntrees, k = 5) +  
    s(fsiteplot, bs = "re") 
 
Parametric coefficients: 
                  Estimate Std. Error z value Pr(>|z|)    
(Intercept)      2.525e-01  7.925e-02   3.186  0.00144 ** 
site.qualitySQ2  5.262e-02  8.164e-02   0.645  0.51921    
treatmoderate    3.582e-02  1.072e-01   0.334  0.73832    
treatheavy       1.500e-01  1.071e-01   1.401  0.16134    
post.floodTRUE  -7.311e-05  1.012e-01  -0.001  0.99942    
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Approximate significance of smooth terms: 
                edf Ref.df  Chi.sq  p-value     
s(ntrees)     1.938  2.098   0.347    0.756     
s(fsiteplot) 39.010 60.000 122.068 4.39e-15 *** 
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
R-sq.(adj) =  0.0804   Deviance explained = 8.87% 
-REML = 2649.7  Scale est. = 1         n = 1689 

A.7 Visually estimated canopy cover 

re.id = group_indices(., site, plot) 

mutate(fre.id = factor(re.id)) 

 

Family: Beta regression(35.892)  
Link function: logit  
 
Formula: 
pcover.live ~ survey.year * treat + site.quality + s(fre.id,  
    bs = "re") 
 
Parametric coefficients: 
                              Estimate Std. Error z value Pr(>|z|)     
(Intercept)                   -1.92597    0.09319 -20.666  < 2e-16 *** 
survey.year2017                0.03574    0.08654   0.413  0.67964     
treatmoderate                  0.06846    0.11690   0.586  0.55815     
treatheavy                    -0.15174    0.11872  -1.278  0.20120     
site.qualitySQ2               -0.21388    0.08240  -2.596  0.00944 **  
survey.year2017:treatmoderate -0.33398    0.12406  -2.692  0.00710 **  
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survey.year2017:treatheavy    -0.28162    0.12710  -2.216  0.02671 *   
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Approximate significance of smooth terms: 
            edf Ref.df Chi.sq  p-value     
s(fre.id) 37.38     62  97.83 7.43e-11 *** 
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
R-sq.(adj) =  0.272   Deviance explained =   36% 
-REML =   -609  Scale est. = 1         n = 392 

A.8 Remotely-sensed canopy cover 

Linear mixed-effects model fit by REML 
 Data: p3x  
        AIC       BIC   logLik 
  -282.4505 -201.9255 154.2252 
 
Random effects:  
 Formula: ~1 | Plot 
        (Intercept)  Residual 
StdDev: 0.002147555 0.4393021 
 
Correlation Structure: Spherical spatial correlation 
 Formula: ~Pass | Plot  
 Parameter estimate(s):  
   range  
15.50244  

 
Fixed effects: LogitFPC ~ CosTime + SQ_mapped + SOI + MeanMonthMinT + MeanM
onthMaxT +      log(WeeklyMD + 1) + Treatment + Site.Thinned  
                       Value  Std.Error   DF    t-value p-value 
 (Intercept)       -0.2057877 0.13585008 3558  -1.514814  0.1299 
CosTime           -0.1873680 0.02207163 3558  -8.489087  0.0000 
SQ_mappedSQ2      -0.3978247 0.03408469   62 -11.671655  0.0000 
SOI                0.0236652 0.00509067 3558   4.648737  0.0000 
MeanMonthMinT     -0.0432810 0.00349775 3558 -12.373967  0.0000 
MeanMonthMaxT      0.0274365 0.00273218 3558  10.041987  0.0000 
log(WeeklyMD + 1) -0.0198382 0.00978607 3558  -2.027190  0.0427 
TreatmentHeavy    -0.1300521 0.04326180   62  -3.006164  0.0038 
TreatmentModerate -0.0376162 0.04326180   62  -0.869502  0.3879 
Site.Thinned1     -0.2107575 0.03851101 3558  -5.472657  0.0000 

 
 Correlation:  
                  (Intr) CosTim SQ_SQ2 SOI MnMnthMnT MnMnthMxT l(WM+1 Trtmn
H TrtmnM 
CosTime            0.345                          
SQ_mappedSQ2      -0.126  0.001                 
SOI                0.010  0.187  0.001             
MeanMonthMinT      0.370 -0.042 -0.001 -0.238        
MeanMonthMaxT     -0.596 -0.415  0.000  0.072 -0.784   
log(WeeklyMD + 1) -0.914 -0.160  0.000  0.013 -0.294  0.372     
TreatmentHeavy    -0.155  0.011  0.003  0.027 -0.020  0.007  0.009  
TreatmentModerate -0.155  0.011  0.003  0.027 -0.020  0.007  0.009  0.535        
Site.Thinned1      0.024 -0.042 -0.012 -0.104  0.076 -0.028 -0.035 -0.263 -
0.263 
 
Standardized Within-Group Residuals:  
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       Min         Q1        Med         Q3        Max  
-4.3695278 -0.5016329  0.0398426  0.6504839  3.4256971  
 
Number of Observations: 3630 
Number of Groups: 66  
      R2m       R2c  
0.2820950 0.2821122 

A.9 Coarse woody debris 

A.9.1 Coarse woody debris volume 

Family: Gamma  
Link function: log  
 
Formula: 
totalvolume.m3ha ~ treat * survey.year + site.quality + s(ntrees,  
    k = 5) + s(fsite, bs = "re") 
 
Parametric coefficients: 
                              Estimate Std. Error t value Pr(>|t|)     
(Intercept)                    5.03485    0.12689  39.678  < 2e-16 *** 
treatmoderate                 -0.06196    0.10831  -0.572  0.56783     
treatheavy                    -0.14759    0.10974  -1.345  0.17994     
survey.year2017                0.14977    0.10735   1.395  0.16426     
site.qualitySQ2               -0.40476    0.15065  -2.687  0.00772 **  
treatmoderate:survey.year2017 -0.09784    0.15181  -0.644  0.51989     
treatheavy:survey.year2017    -0.07125    0.15181  -0.469  0.63928     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Approximate significance of smooth terms: 
             edf Ref.df     F  p-value     
s(ntrees)  2.951  3.447 1.648    0.117     
s(fsite)  16.155 20.000 4.781 2.34e-13 *** 
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
R-sq.(adj) =  0.359   Deviance explained = 37.4% 
GCV = 0.34649  Scale est. = 0.25352   n = 264 

A.9.2 Coarse woody debris diversity of size classes 

Bayesian credible interval estimation method 

model.path <- here::here("fitted_models", "jags_cwd_size_diversity.RData") 
 
if (FIT_MODELS || !file.exists(model.path)) { 
   
  # Size class counts are represented as multinomial data with 
  # probabilities of class membership drawn from a uniform 
  # Dirichlet distribution. 
   
  modelTxt <- "model { 
  for (i in 1:N) { 
    # Estimate size class probabilities from observed counts 
    y[i,] ~ dmulti(p[i,], total[i]) 
    p[i, 1:Nsizes] ~ ddirch(alpha) 
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    # Calculate diversity = entropy scaled 0 to 100 
    plogp[i, 1:Nsizes] <- p[i,] * log(p[i,]) 
    diversity[i] <- 100 * -sum(plogp[i,]) / log(Nsizes) 
  } 
}" 
   
  zz <- textConnection(modelTxt) 
   
  model <- jags.model(zz, 
                      data = list( 
                        N = nrow(y), 
                        Nsizes = Nsizes, 
                        y = y, 
                        total = total, 
                        alpha = rep(1.0, Nsizes) 
                      ), 
                       
                      n.chains = 2) 
   
  close(zz) 
   
  update(model, 1000) 
   
  sims <- coda.samples(model, 
                       variable.names = c("diversity"), 
                       n.iter = 1000) 
   
  stopifnot(all(gelman.diag(sims)$psrf[,1] < 1.1)) 
   
  save(sims, file = model.path) 
   
} else { 
  sims <- load_from(model.path) 
} 
 
sims <- as.matrix(sims) 

# Compile the set of MCMC diversity values for each subplot 
dat.mcmc <- dat.model %>% 
  select(site, plot, subplot, survey.year, treat, site.quality) %>% 
   
  bind_cols( as.data.frame( t(sims) ) ) %>% 
   
  tidyr::gather(iter, value, -c(site, plot, subplot, survey.year, treat, si
te.quality)) 
   
 
# For each MCMC iteration, calculate the mean diversity for each  
# combination of treatment X Site Quality X survey year 
dat.mcmc <- dat.mcmc %>% 
  group_by(treat, site.quality, survey.year, iter) %>% 
  summarize(value = mean(value)) 
   
 
# Finally, calculate median and tail estimates for mean diversity values 
dat.intervals <- dat.mcmc %>% 
  group_by(treat, site.quality, survey.year) %>% 
   
  summarize(lwr = quantile(value, 0.025), 
            mid = quantile(value, 0.5), 
            upr = quantile(value, 0.975)) 
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A.10 Fire risk 

A.10.1 Litter depth 

Bayesian credible interval estimation method 

# Fit JAGS cell-means model with random-effects for plots. 
# Data are treated as Gamma with a common shape parameter and 
# separate cell means. 
 
dat.model <- dat %>% 
  mutate(cell = group_indices(., survey.year, treat, site.quality), 
          
         # ID for site x plot random effect 
         re.id = group_indices(., site, plot)) 
 
cell.lookup <- dat.model %>% 
  distinct(cell, survey.year, treat, site.quality) %>% 
  arrange(cell) 
 
 
model.path <- here::here("fitted_models", "jags_litter_depth.RData") 
 
if (FIT_MODELS || !file.exists(model.path)) { 
   
  sims <- RRGcommon::jags_cell_means_gamma( 
    .data = dat.model,  
    yvar = "litter.depth",  
    cellvar = "cell",  
    re.idvar = "re.id") 
   
  save(sims, file = model.path) 
   
} else { 
  sims <- load_from(model.path) 
} 
 
 
ii <- str_detect(colnames(sims), "^mu") 
intervals <- HPDinterval(sims[, ii]) %>% as.data.frame() 
 
cell.means <- bind_cols( 
  cell.lookup, 
  intervals 
) 

A.10.2 Litter cover 

Bayesian credible interval estimation method 

# Fit JAGS cell-means model with random-effects for plots. 
# Cover data are expressed as proportions and treated as Beta-distributed. 
 
dat.model <- dat.model %>% 
  filter(!is.na(litter.cover)) %>% 
  mutate(litter.prop = litter.cover / 100) 
 
model.path <- here::here("fitted_models", "jags_litter_cover.RData") 
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if (FIT_MODELS || !file.exists(model.path)) { 
 
  sims <- RRGcommon::jags_cell_means_beta(.data = dat.model,  
                                          yvar = "litter.prop", 
                                          cellvar = "cell", 
                                          re.idvar = "re.id") 
 
  save(sims, file = model.path) 
   
} else { 
  sims <- load_from(model.path) 
} 
  
ii <- str_detect(colnames(sims), "^pcell") 
intervals <- coda::HPDinterval(sims[, ii]) %>% as.data.frame() 
 
cell.means <- cell.lookup %>% 
  bind_cols(intervals) %>% 
   
  # convert cell prob bounds to percentages 
  mutate(lower = 100 * lower, upper = 100 * upper) 

A.10.3 Surface fire hazard 

Risk variable: Surface  
 
Family: Ordered Categorical(-1,1.12,2.87,5.99)  
Link function: identity  
 
Formula: 
y ~ survey.year * treat + site.quality + s(ntrees, k = 5) + s(fsiteplot, bs 
= "re") 

Parametric coefficients: 
                              Estimate Std. Error z value Pr(>|z|)     
(Intercept)                    1.18013    0.28253   4.177 2.95e-05 *** 
survey.year2017                0.04544    0.32594   0.139    0.889     
treatmoderate                 -0.01505    0.34709  -0.043    0.965     
treatheavy                     0.26283    0.35492   0.741    0.459     
site.qualitySQ2                0.18991    0.23040   0.824    0.410     
survey.year2017:treatmoderate -0.23899    0.45355  -0.527    0.598     
survey.year2017:treatheavy    -0.41381    0.45830  -0.903    0.367     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Approximate significance of smooth terms: 
               edf Ref.df Chi.sq p-value   
s(ntrees)     1.00      1  1.846  0.1744   
s(fsiteplot) 17.29     61 24.486  0.0189 * 
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Deviance explained = 4.55% 
-REML = 517.89  Scale est. = 1         n = 392 
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A.10.4 Ground vegetation cover, live and dead 

Bayesian credible interval estimation method 

dat.jags <- dat.model %>% 
  tidyr::gather(veg, value, cover.cols) %>% 
   
  filter(!is.na(value)) %>% 
   
  mutate(veg = factor(veg, levels = cover.cols), 
          
         cell = group_indices(., survey.year, treat, site.quality, veg), 
          
         # ID for site x plot random effect 
         re.id = group_indices(., site, plot)) %>% 
   
  select(survey.year, treat, site.quality, veg, value, cell, re.id) %>% 
   
  # Slightly displace any boundary values 
  mutate(value = ifelse(value == 0, 1.0e-4, value)) 
 
 
cell.lookup <- dat.jags %>% 
  distinct(cell, survey.year, treat, site.quality, veg) %>% 
  arrange(cell) 
 
 
model.path <- here::here("fitted_models", "jags_ground_veg_cover.RData") 
 
if (FIT_MODELS || !file.exists(model.path)) { 
 
  sims <- RRGcommon::jags_cell_means_beta(.data = dat.jags, 
                                          yvar = "value", 
                                          cellvar = "cell", 
                                          re.idvar = "re.id") 
   
  save(sims, file = model.path) 
   
} else { 
  sims <- load_from(model.path) 
} 
 
# Join MCMC samples to site variables 
 
ii <- str_detect(colnames(sims), "^pcell") 
 
dat.mcmc <- cell.lookup %>% 
   
  bind_cols( as.data.frame( t(sims[,ii]) ) ) %>% 
   
  tidyr::gather(iter, value, -(!!colnames(cell.lookup))) 
 
# Calculate difference between survey periods for each 
# iteration within each combination of site variables 
 
dat.change <- dat.mcmc %>% 
  select(-cell) %>% 
  tidyr::spread(survey.year, value) %>% 
  mutate(change = `2017` - `2015`) %>% 
 
  group_by(veg, site.quality, treat) %>% 
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  summarize(mid = mean(change), 
            lwr = quantile(change, 0.025), 
            upr = quantile(change, 0.975)) %>% 
   
  ungroup() 

A.10.5 Near surface fuel hazard 

Risk variable: Near surface  
 
Family: Ordered Categorical(-1,1.91,5.34,7.59)  
Link function: identity  
 
Formula: 
y ~ survey.year * treat + site.quality + s(ntrees, k = 5) + s(fsiteplot, bs 
= "re") 
 
Parametric coefficients: 
                              Estimate Std. Error z value Pr(>|z|)     
(Intercept)                     0.2011     0.3610   0.557    0.577     
survey.year2017                 1.5611     0.3428   4.554 5.27e-06 *** 
treatmoderate                   0.1660     0.4500   0.369    0.712     
treatheavy                      0.6399     0.4558   1.404    0.160     
site.qualitySQ2                -0.4108     0.3213  -1.279    0.201     
survey.year2017:treatmoderate  -0.3761     0.4824  -0.780    0.436     
survey.year2017:treatheavy     -0.4484     0.4855  -0.924    0.356     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Approximate significance of smooth terms: 
                edf Ref.df Chi.sq  p-value     
s(ntrees)     1.001  1.002  0.534    0.466     
s(fsiteplot) 35.571 61.000 84.654 8.63e-09 *** 
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Deviance explained =   19% 
-REML = 413.07  Scale est. = 1         n = 398 

A.10.6 Combined surface and near surface 

Risk variable: Surface combined  

Family: Ordered Categorical(-1,0.98,1.65,4.16)  
Link function: identity  

Formula: 
y ~ survey.year * treat + site.quality + s(ntrees, k = 5) + s(fsiteplot,  
    bs = "re") 
 
Parametric coefficients: 
                              Estimate Std. Error z value Pr(>|z|)     
(Intercept)                    1.44493    0.26074   5.542    3e-08 *** 
survey.year2017                0.37057    0.32171   1.152    0.249     
treatmoderate                 -0.14359    0.32971  -0.435    0.663     
treatheavy                     0.24753    0.33463   0.740    0.459     
site.qualitySQ2                0.07822    0.21148   0.370    0.711     
survey.year2017:treatmoderate -0.29873    0.45106  -0.662    0.508     
survey.year2017:treatheavy    -0.36075    0.45612  -0.791    0.429     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
Approximate significance of smooth terms: 



River Red Gum Ecological Thinning Trial: Monitoring report 2018 

109 

                edf Ref.df Chi.sq p-value 
s(ntrees)     1.002  1.004   0.81   0.368 
s(fsiteplot) 10.422 61.000  12.69   0.120 
 
Deviance explained = 2.57% 
-REML = 552.66  Scale est. = 1         n = 392 

A.10.7 Elevated vegetation, live and dead 

See Ground vegetation cover, live and dead, above. 

A.10.8 Elevated fuel hazard 

Risk variable: Elevated  

Family: Ordered Categorical(-1,14.2,14.61,15.3)  
Link function: identity  
 
Formula: 
y ~ survey.year * treat + site.quality + s(ntrees, k = 5) + s(fsiteplot,  
    bs = "re") 

Parametric coefficients: 
                              Estimate Std. Error z value Pr(>|z|)     
(Intercept)                   -5.37221    1.02884  -5.222 1.77e-07 *** 
survey.year2017                3.57209    1.04156   3.430 0.000605 *** 
treatmoderate                  1.64732    1.12004   1.471 0.141353     
treatheavy                     0.74840    1.24707   0.600 0.548419     
site.qualitySQ2                0.30163    0.31029   0.972 0.331009     
survey.year2017:treatmoderate -1.52198    1.17087  -1.300 0.193645     
survey.year2017:treatheavy    -0.03956    1.28887  -0.031 0.975515     
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Approximate significance of smooth terms: 
               edf Ref.df Chi.sq p-value 
s(ntrees)    1.834   2.22  1.730   0.442 
s(fsiteplot) 7.754  61.00  8.779   0.211 
 
Deviance explained = 27.6% 
-REML = 164.13  Scale est. = 1         n = 398 

A.10.9 Overall fuel hazard 

Risk variable: Overall  

Family: Ordered Categorical(-1,1.67,17.48,18.18)  
Link function: identity  

Formula: 
y ~ survey.year * treat + site.quality + s(ntrees, k = 5) + s(fsiteplot,  b
s = "re") 
 
Parametric coefficients: 
                              Estimate Std. Error z value Pr(>|z|)     
(Intercept)                    1.37760    0.28516   4.831 1.36e-06 *** 
survey.year2017                0.36475    0.34308   1.063    0.288     
treatmoderate                 -0.02103    0.35881  -0.059    0.953     
treatheavy                     0.18874    0.36205   0.521    0.602     
site.qualitySQ2                0.14964    0.22925   0.653    0.514     
survey.year2017:treatmoderate -0.28597    0.47977  -0.596    0.551     
survey.year2017:treatheavy    -0.24216    0.48772  -0.497    0.620     
--- 
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Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Approximate significance of smooth terms: 
               edf Ref.df Chi.sq p-value   
s(ntrees)     1.00      1  0.923  0.3368   
s(fsiteplot) 11.85     61 14.692  0.0993 . 
--- 
Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
 
Deviance explained = 4.22% 
-REML = 357.25  Scale est. = 1         n = 392 

A.11 Soil moisture 
Family: Beta regression(155.991)  
Link function: logit  
 
Formula:  
SMmean/100 ~ Treatment * Year + SQ + s(PSD_count, k = 5) + s(Site,  
    bs = "re") 
 
Parametric coefficients:  
                           Estimate Std. Error z value Pr(>|z|)     
 (Intercept)                -1.90308    0.06596 -28.851   <2e-16 *** 
TreatmentModerate           0.07976    0.07327   1.089    0.276     
TreatmentHeavy             -0.01937    0.07532  -0.257    0.797     
Year2017                   -0.02034    0.07438  -0.273    0.784     
SQSQ2                      -0.06750    0.04429  -1.524    0.128     
TreatmentModerate:Year2017  0.09762    0.10355   0.943    0.346     
TreatmentHeavy:Year2017     0.08972    0.10509   0.854    0.393     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Approximate significance of smooth terms:  
                edf Ref.df Chi.sq p-value    
s(PSD_count) 1.0006  1.001  4.213 0.04015 *  
s(Site)      0.8691  1.000  6.621 0.00578 ** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
R-sq.(adj) =  0.121   Deviance explained = 16.7% 
-REML = -279.44  Scale est. = 1         n = 131 

 

Model fit of relationship between soil moisture (y axis) and pre-thinning stem density count (x 
axis) showing 95% confidence intervals.  
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A.12 Total (native + exotic) plant species richness and 

diversity  

A.12.1 Without pre-thinning stem density 

Mixed model results for univariate descriptors of total floristic species richness and diversity 
in river red gum (RRG) ecological thinning trial. TRT = thinning treatment, SQ = site quality, 
BA = before/after the thinning treatment. Significant effects are bolded (p < 0.05). 

Type 3 tests of fixed 
effects 

Species 
richness 

Equity Shannon 
diversity 

Simpson 
diversity 

Effect Num DF, 
Den DF 

F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F 

SQ 1 20 0.0 0.984 0.3 0.586 0.3 0.617 0.7 0.402 

TRT 2 40 0.8 0.441 1.3 0.277 1.0 0.373 0.2 0.856 

SQ×TRT 2 40 0.8 0.468 1.0 0.394 1.2 0.312 0.9 0.411 

BA 1 20 2.4 0.136 2.3 0.142 1.2 0.280 2.3 0.141 

SQ×BA 1 20 7.4 0.013 6.5 0.019 6.7 0.018 4.4 0.049 

TRT×BA 2 40 3.1 0.056 2.4 0.106 2.1 0.140 2.5 0.094 

SQ×TRT×BA 2 40 2.6 0.091 2.3 0.113 3.4 0.044 1.3 0.289 

A.12.2 With pre-thinning stem density 

Mixed model results for univariate descriptors of total richness and diversity from floristic 
surveys in RRG ecological thinning trial taking pre-thinning stem density into account. PTD = 
pre-thinning stem count per hectare, TRT = thinning treatment, SQ = site quality, BA = 
before/after the thinning treatment. Significant effects are bolded (p < 0.05). 

Type 3 tests of fixed 
effects 

Species 
richness 

Equity Shannon 
diversity 

Simpson 
diversity 

Effect Num DF, 
Den DF 

F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F 

PTD 1 21 1.99 0.173 0.59 0.450 1.45 0.242 1.62 0.218 

SQ 1 19 1.04 0.321 0.52 0.478 0.30 0.589 1.17 0.292 

TRT 2 19 1.54 0.239 0.22 0.802 1.19 0.326 1.85 0.184 

SQ×TRT 2 19 1.47 0.254 1.09 0.357 1.04 0.374 1.00 0.387 

BA 1 20 1.29 0.270 2.34 0.141 2.42 0.136 2.35 0.141 

SQ×BA 1 20 6.97 0.016 4.40 0.049 7.44 0.013 6.54 0.019 

TRT×BA 2 40 2.06 0.141 2.50 0.094 3.09 0.056 2.37 0.106 

SQ×TRT×BA 2 40 3.37 0.044 1.28 0.289 2.55 0.091 2.30 0.113 
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A.13 Native plant richness, diversity  

A.13.1 Without pre-thinning stem density 

Mixed model results for univariate descriptors of richness and diversity of native plant 
species from floristic surveys in RRG ecological thinning trial. TRT = thinning treatment, SQ 
= site quality, BA = before/after the thinning treatment. Significant effects are bolded (p < 
0.05). 

Type 3 tests of fixed 
effects 

Native species 
equity 

Native species 
richness 

Native species 
Shannon 
diversity 

Native species 
Simpson 
diversity 

Effect Num DF, 
Den DF 

F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F 

SQ 1 20 0.7 0.405 0.1 0.783 0.2 0.645 0.0 0.833 

TRT 2 40 0.2 0.834 0.6 0.556 0.5 0.599 0.7 0.479 

SQ×TRT 2 40 1.0 0.380 2.0 0.145 1.5 0.244 1.6 0.223 

BA 1 20 2.3 0.144 0.1 0.808 0.6 0.450 0.3 0.595 

SQ×BA 1 20 2.8 0.112 2.9 0.103 3.3 0.086 3.0 0.101 

TRT×BA 2 40 2.3 0.108 0.9 0.412 1.8 0.173 1.4 0.265 

SQ×TRT×BA 2 40 1.2 0.317 2.8 0.074 2.2 0.121 2.1 0.131 

A.13.2 With pre-thinning stem density 

Mixed model results for univariate descriptors of richness and diversity of native plant 
species from floristic surveys in RRG ecological thinning trial taking pre-thinning stem density 
into account. PTD = pre-thinning stem count per hectare, TRT = thinning treatment, SQ = site 
quality, BA = before/after the thinning treatment. Significant effects are bolded (p < 0.05). 

Type 3 tests of fixed 
effects 

Native species 
equity 

Native species 
richness 

Native species 
Shannon 
diversity 

Native species 
Simpson 
diversity 

Effect Num 
DF, 

Den DF 

F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F 

PTD 1 21 1.08 0.311 0.80 0.380 1.13 0.300 0.60 0.447 

SQ 1 19 0.23 0.633 0.00 0.992 0.01 0.937 0.00 0.985 

TRT 2 19 0.33 0.726 0.80 0.463 0.76 0.480 0.95 0.403 

SQ×TRT 2 19 1.44 0.261 2.24 0.134 1.67 0.214 1.64 0.220 

BA 1 20 2.32 0.144 0.06 0.808 0.59 0.450 0.29 0.595 

SQ×BA 1 20 2.76 0.112 2.91 0.103 3.27 0.086 2.96 0.101 

TRT×BA 2 40 2.35 0.108 0.91 0.412 1.84 0.173 1.37 0.265 

SQ×TRT×BA 2 40 1.18 0.317 2.78 0.074 2.23 0.121 2.14 0.131 
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A.14 Native plant cover 

A.14.1 Without pre-thinning stem density 

Mixed model results for univariate descriptors of cover of native plant species from floristic 
surveys in RRG ecological thinning trial. TRT = thinning treatment, SQ = site quality, BA = 
before/after the thinning treatment. Significant effects are bolded (p < 0.05). 

Type 3 tests of fixed effects Estimated total 
cover by native 

species 

Capped total cover 
(max. 100%) by 
native species 

Estimated 
(average) cover of 

native species 

Effect Num DF, 
Den DF 

F Value Pr > F F Value Pr > F F Value Pr > F 

SQ 1 20 5.0 0.036 1.2 0.284 3.7 0.069 

TRT 2 40 4.8 0.014 1.5 0.238 6.4 0.004 

SQ×TRT 2 40 1.8 0.178 0.3 0.738 0.1 0.891 

BA 1 20 1.6 0.224 10.2 0.005 0.0 0.837 

SQ×BA 1 20 1.9 0.182 3.5 0.078 0.5 0.469 

TRT×BA 2 40 0.3 0.748 2.1 0.138 1.6 0.212 

SQ×TRT×BA 2 40 0.2 0.851 0.0 0.958 0.5 0.595 

A.14.2 With pre-thinning stem density 

Mixed model results for univariate descriptors of cover of native plant species from floristic 
surveys in RRG ecological thinning trial taking pre-thinning stem density into account. PTD = 
pre-thinning stem count per hectare, TRT = thinning treatment, SQ = site quality, BA = 
before/after the thinning treatment. Significant effects are bolded (p < 0.05). 

Type 3 tests of fixed effects Estimated total 
cover by native 

species 

Capped total cover 
(max. 100%) by 
native species 

Estimated 
(average) cover of 

native species 

Effect Num DF, 
Den DF 

F Value Pr > F F Value Pr > F F Value Pr > F 

PTD 1 21 0.39 0.537 2.27 0.147 0.30 0.590 

SQ 1 19 4.37 0.050 0.58 0.456 5.11 0.036 

TRT 2 19 4.18 0.031 1.19 0.325 5.12 0.017 

SQ×TRT 2 19 1.59 0.230 0.09 0.916 0.18 0.833 

BA 1 20 1.54 0.229 9.92 0.005 0.04 0.837 

SQ×BA 1 20 1.87 0.186 3.37 0.081 0.55 0.469 

TRT×BA 2 40 0.29 0.747 2.12 0.133 1.63 0.209 

SQ×TRT×BA 2 40 0.16 0.850 0.04 0.957 0.53 0.592 
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A.15 Exotic plant richness 

A.15.1 Without pre-thinning stem density 

Mixed model results for univariate descriptors of exotic plant richness from floristic surveys in 
RRG ecological thinning trial. TRT = thinning treatment, SQ = site quality, BA = before/after 
the thinning treatment. Significant effects are bolded (p < 0.05). 

Type 3 tests of fixed effects Exotic species richness Proportion of species 
that are weeds 

Effect Num DF, 
Den DF 

F Value Pr > F F Value Pr > F 

SQ 1 20 2.5 0.127 1.6 0.220 

TRT 2 40 2.5 0.097 1.3 0.282 

SQ×TRT 2 40 0.3 0.753 2.2 0.128 

BA 1 20 13.2 0.002 18.0 0.000 

SQ×BA 1 20 12.7 0.002 17.2 0.001 

TRT×BA 2 40 7.5 0.002 1.7 0.196 

SQ×TRT×BA 2 40 1.4 0.267 0.0 0.974 

A.15.2 With pre-thinning stem density 

Mixed model results for univariate descriptors of exotic species richness from floristic surveys 
in RRG ecological thinning trial taking pre-thinning stem density into account. PTD = pre-
thinning stem count per hectare, TRT = thinning treatment, SQ = site quality, BA = 
before/after the thinning treatment. Significant effects are bolded (p < 0.05). 

Type 3 tests of fixed effects Exotic species richness Proportion of species 
that are weeds 

Effect Num DF, 
Den DF 

F Value Pr > F F Value Pr > F 

PTD 1 21 0.65 0.428 0.21 0.652 

SQ 1 19 2.89 0.105 1.36 0.258 

TRT 2 19 2.70 0.093 1.20 0.322 

SQ×TRT 2 19 0.18 0.835 2.17 0.141 

BA 1 20 13.21 0.002 17.98 0.000 

SQ×BA 1 20 12.66 0.002 17.15 0.001 

TRT×BA 2 40 7.47 0.002 1.70 0.196 

SQ×TRT×BA 2 40 1.37 0.267 0.03 0.974 
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A.16 Exotic plant cover 

A.16.1 Without pre-thinning stem density 

Mixed model results for univariate descriptors of exotic plant species cover and richness from 
floristic surveys in RRG ecological thinning trial. TRT = thinning treatment, SQ = site quality, 
BA = before/after the thinning treatment. Significant effects are bolded (p < 0.05). 

Type 3 tests of fixed effects Estimated 
(average) cover of 

exotic species 

Estimated total 
cover of exotic 

species 

Proportion of max. 
total cover that is 

from weeds 

Effect Num 
DF, 

Den DF 

F Value Pr > F F Value Pr > F F Value Pr > F 

SQ 1 20 2.5 0.127 0.0 0.849 1.4 0.248 

TRT 2 40 1.1 0.330 1.7 0.204 2.3 0.112 

SQ×TRT 2 40 1.4 0.267 0.4 0.680 0.5 0.622 

BA 1 20 4.8 0.041 5.6 0.028 7.1 0.015 

SQ×BA 1 20 6.3 0.020 0.5 0.488 5.6 0.028 

TRT×BA 2 40 0.5 0.601 4.0 0.027 1.7 0.198 

SQ×TRT×BA 2 40 0.6 0.557 0.3 0.745 0.1 0.864 

A.16.2 With pre-thinning stem density 

Mixed model results for univariate descriptors of exotic species cover and richness from 
floristic surveys in RRG ecological thinning trial taking pre-thinning stem density into account. 
PTD = pre-thinning stem count per hectare, TRT = thinning treatment, SQ = site quality, BA = 
before/after the thinning treatment. Significant effects are bolded (p < 0.05). 

Type 3 tests of fixed effects Estimated 
(average) cover of 

exotic species 

Estimated total 
cover of exotic 

species 

Proportion of max. 
total cover that is 

from weeds 

Effect Num 
DF, 

Den DF 

F Value Pr > F F Value Pr > F F Value Pr > F 

PTD 1 21 0.49 0.490 0.19 0.666 1.61 0.218 

SQ 1 19 1.96 0.177 0.01 0.916 0.76 0.395 

TRT 2 19 1.23 0.314 1.69 0.210 1.91 0.176 

SQ×TRT 2 19 1.49 0.250 0.45 0.645 0.23 0.796 

BA 1 20 4.76 0.041 5.61 0.028 7.09 0.015 

SQ×BA 1 20 6.34 0.020 0.50 0.488 5.64 0.028 

TRT×BA 2 40 0.52 0.601 3.97 0.027 1.69 0.198 

SQ×TRT×BA 2 40 0.59 0.557 0.30 0.745 0.15 0.864 
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A.17 Floristic composition 

A.17.1 Without pre-thinning stem density 

Permanova results based on Bray–Curtis distances and Jaccard similarity between floristic 
species assemblages before and after RRG ecological thinning trial (10,000 bootstraps). 
TRT = thinning treatment, SQ = site quality, BA = before/after the thinning treatment (10,000 
bootstraps). Significant effects are bolded (p < 0.05). 

  Bray–Curtis Jaccard 

Effect df SS MS Pseudo-F P(perm) Pseudo-F P(perm) 

SQ 1 20027 20027 5.5745 0.0001 4.6797 0.0002 

TRT 2 1764.9 882.43 1.289 0.1597 1.1834 0.2161 

BA 1 22844 22844 21.852 0.0001 12.262 0.0001 

SQ×TRT 2 2003.8 1001.9 1.4635 0.0842 1.4277 0.0634 

SQ×BA 1 3629.7 3629.7 3.4721 0.001 3.3792 0.0002 

TRT×BA 2 694.67 347.33 0.96766 0.4766 1.1155 0.2599 

SQ×TRT×BA 2 523.67 261.84 0.72946 0.8477 0.70487 0.9468 

Permanova results based on Bray–Curtis distances between exotic plant species 
assemblages before and after RRG ecological thinning trial (10,000 bootstraps). TRT = 
thinning treatment, SQ = site quality, BA = before/after the thinning treatment (10,000 
bootstraps). Significant effects are bolded (p < 0.05). 

  Bray–Curtis 

Effect df SS MS Pseudo-F P(perm) 

SQ 1 27985 27985 3.0314 0.0114 

TRT 2 5864.9 2932.5 1.3764 0.1562 

BA 1 60217 60217 15.635 0.0001 

SQ×TRT 2 7177.8 3588.9 1.6845 0.0571 

SQ×BA 1 16198 16198 4.2058 0.0006 

BA×TRT 2 2576.5 1288.2 0.92535 0.5220 

SQ×BA×TRT 2 1817.7 908.84 0.65283 0.8208 

A.17.2 With pre-thinning stem density 

Permanova results based on Bray–Curtis distances between floristic species assemblages 
before and after RRG ecological thinning trial (10,000 bootstraps). pt= pre-thinning stem 
density per hectare, TRT = thinning treatment, SQ = site quality, BA = before/after the 
thinning treatment (10,000 bootstraps). Significant effects are bolded (p < 0.05). 
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  Bray–Curtis 

Effect df SS MS Pseudo-F P(perm) 

pt 1 3643 3643 1.9309 0.0592 

BA 1 22844 22844 21.685 0.0001 

SQ 1 17919 17919 5.1911 1 

TRT 2 1875.6 937.78 1.4736 0.0913 

ptxTRT 2 1249.2 624.61 1.0178 0.4319 

BAxTRT 2 694.67 347.33 1.1704 0.2843 

ptxBAxTRT 2 1300.1 650.04 1.3636 0.1619 

SQxBA 1 3423.1 3423.1 3.363 0.0007 

SQxTRT 2 2132.1 1066 1.7371 0.0360 

SQxBAxTRT 2 588.1 294.05 0.92418 0.5366 

ptxSQ 1 832.54 832.54 2.8054 0.0111 

ptxBA 1 823.72 823.72 1.2871 0.2351 

ptxSQxBA 1 1274.4 1274.4 2.0206 0.0483 

ptxSQxTRT 2 1587.7 793.84 1.2936 0.2155 

ptxSQxBAxTRT 2 1253.1 626.53 1.2724 0.2108 

ptxSi(SQ) 20 14415 720.76 2.4287 0.0001 

A.18 Birds 

A.18.1 Bird species richness and diversity 

Mixed model results for univariate descriptors of woodland bird species richness and 
diversity in RRG ecological thinning trial. TRT = thinning treatment, SQ = site quality, BA = 
before/after the thinning treatment, OBS = observer effect. Significant effects are bolded. 

Type 3 tests of fixed effects Species 
richness 

Equity Shannon 
diversity 

Simpson 
diversity 

Effect Num 
DF 

Den 
DF 

F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F 

SQ 1 20 0.35 0.5619 0 0.9756 0.06 0.8065 0.01 0.9402 

TRT 2 40 0.6 0.5556 1.06 0.3573 0.81 0.454 1.76 0.1847 

SQ×TRT 2 40 1.44 0.2483 0.34 0.7138 1.01 0.3726 0.58 0.5666 

BA 1 20 8.87 0.0074 4.88 0.039 7.23 0.0141 4.83 0.0399 

SQ×BA 1 20 1.57 0.2246 0.39 0.5402 0.43 0.5193 0.36 0.5531 

TRT×BA 2 40 1.32 0.2781 1.42 0.2536 1.17 0.3211 0.69 0.5071 

SQ×TRT×BA 2 40 0.11 0.8951 0.16 0.8495 0.05 0.956 0.13 0.8827 

OBS 3 40 7.53 0.0004 3.62 0.021 6.79 0.0008 5.29 0.0036 

SQ×OBS 3 40 3.18 0.0343 0.31 0.8165 1.86 0.1523 1.34 0.2756 
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Type 3 tests of fixed effects Species 
richness 

Equity Shannon 
diversity 

Simpson 
diversity 

Effect Num 
DF 

Den 
DF 

F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F 

TRT×OBS 6 80 0.28 0.9466 1.27 0.2785 0.76 0.6059 0.74 0.6211 

SQ×TRT×OBS 6 80 1.14 0.3481 1.15 0.3407 1.34 0.2489 1.5 0.1885 

BA× OBS 2 40 6.37 0.004 3.34 0.0457 6.36 0.004 5.5 0.0077 

SQ×BA× OBS 2 40 0.59 0.5597 0.11 0.8976 0.29 0.7474 0.21 0.8151 

TRT×BA×OBS 4 80 2.4 0.057 1.11 0.3566 2.37 0.0594 2.01 0.1012 

SQ×TRT×BA×
OBS 

4 80 0.94 0.4447 1.02 0.401 1.63 0.174 1.4 0.2422 

A.18.2 Bird guilds 

Mixed model results for univariate descriptors of woodland bird guild richness and diversity in 
RRG ecological thinning trial incorporating observer effects in the analyses. OBS = observer 
effect, TRT = thinning treatment, SQ = site quality, BA = before/after the thinning treatment. 
Significant effects are bolded. 

   Number of species that are 
known tree hollow users 

Proportion of species that 
are known tree hollow users 

Effect Num 
DF 

Den 
DF 

F Value Pr > F F Value Pr > F 

SQ 1 20 1.57 0.2247 0.78 0.3863 

TRT 2 40 0.14 0.8694 1.38 0.2628 

SQ×TRT 2 40 0.27 0.7643 0.12 0.8841 

BA 1 20 0.04 0.8453 7.46 0.0129 

SQ×BA 1 20 5.69 0.0271 2.15 0.1581 

TRT×BA 2 40 3.9 0.0284 3.15 0.0538 

SQ×TRT×BA 2 40 0.8 0.4584 1.71 0.1938 

OBS 3 40 12.1 <.0001 3.05 0.0395 

SQ× OBS 3 40 1.74 0.1735 0.33 0.8007 

TRT× OBS 6 80 0.82 0.5593 0.9 0.499 

SQ×TRT× OBS 6 80 1.21 0.3102 1.54 0.175 

BA× OBS 2 40 1.42 0.2543 2.09 0.137 

SQ×BA× OBS 2 40 0.26 0.7759 0.03 0.9658 

TRT×BA× OBS 4 80 1.96 0.1081 0.31 0.868 

SQ×TRT×BA× 
OBS 

4 80 0.1 0.9825 2.21 0.0757 

Mixed model results for univariate descriptors of woodland bird guild richness and diversity in 
RRG ecological thinning trial incorporating observer effects in the analyses. OBS = observer 
effect, TRT = thinning treatment, SQ = site quality, BA = before/after the thinning treatment. 
Significant effects are bolded. 
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   Number of 
species  
with an 

invertebrate 
diet 

Number of 
species that 

feed at all 
levels 

Number of 
feeding 
habitats 

represented 

Number of 
dietary types 
represented 

Effect Num 
DF 

Den 
DF 

F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F F 
Value 

Pr > F 

SQ 1 20 0 0.970 0.19 0.669 0.67 0.422 0.84 0.370 

TRT 2 40 0.55 0.582 0.64 0.530 0.75 0.480 0.45 0.637 

SQ×TRT 2 40 1.79 0.179 0.13 0.879 0.25 0.777 0.08 0.923 

BA 1 20 11.75 0.003 0.05 0.833 5.98 0.024 1.77 0.199 

SQ×BA 1 20 1.85 0.189 0.14 0.709 6.33 0.021 10.8 0.004 

TRT×BA 2 40 0.91 0.412 1.04 0.362 0.19 0.827 0.61 0.546 

SQ×TRT×BA 2 40 0.59 0.558 0.28 0.760 0.93 0.402 0.32 0.724 

OBS 3 40 4.55 0.008 4.88 0.006 5.98 0.002 4.76 0.006 

SQ× OBS 3 40 2.75 0.055 2.17 0.106 3.83 0.017 1.13 0.348 

TRT× OBS 6 80 0.36 0.901 0.94 0.471 0.43 0.858 0.63 0.707 

SQ×TRT× OBS 6 80 1.6 0.157 1.84 0.102 0.61 0.725 0.77 0.593 

BA× OBS 2 40 2.4 0.104 3.74 0.033 5.56 0.007 9.52 0.000 

SQ×BA× OBS 2 40 2.89 0.067 0.58 0.565 2.28 0.116 2.34 0.109 

TRT×BA× OBS 4 80 2.11 0.087 1.27 0.290 0.15 0.963 0.42 0.795 

SQ×TRT×BA× 
OBS 

4 80 2.15 0.082 0.99 0.416 0.47 0.759 1.02 0.400 

A.18.3 Bird community composition 

Permanova results for Bray–Curtis dissimilarity based on square root abundance and 
Jaccard similarity based on presence/absence of woodland birds in the RRG ecological 
thinning trial including observer effects in the analyses. OBS = observer effect, TRT = 
thinning treatment, SQ = site quality, BA = before/after the thinning treatment. Bray–Curtis p 
values are based on 9999 randomisations and Jaccard p values are based on 999 
randomisations. Significant effects are bolded. 

    Bray–Curtis Jaccard 

Source df SS MS Pseudo-F P(perm) Pseudo-F P(perm) 

SQ 1 21340 21340 1.7012 0.139 1.5508 0.161 

BA 1 12972 12972 4.2834 0.0031 3.5565 0.003 

TRT 2 3427 1713.4 0.53754 0.9137 0.69018 0.854 

OBS 3 67492 22497 8.3456 0.0001 4.4973 0.001 

SQ×BA 1 6704 6704.1 2.2137 0.0528 2.1355 0.039 

SQ×TRT 2 7311 3655.6 1.1469 0.2909 1.0658 0.32 

SQ×OBS 3 8527 2842.4 1.0544 0.3672 1.0855 0.312 
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    Bray–Curtis Jaccard 

Source df SS MS Pseudo-F P(perm) Pseudo-F P(perm) 

BA×TRT 2 7666 3832.8 2.0029 0.0207 1.5842 0.044 

BA×OBS 2 8215 4107.5 1.7221 0.031 1.505 0.05 

TRT×OBS 6 8802 1466.9 0.92625 0.618 1.0102 0.428 

SQ×BA×TRT 2 4000 2000 1.0451 0.3805 1.1308 0.283 

SQ×BA×OBS 2 3060 1529.8 0.64141 0.8905 0.76718 0.818 

SQ×TRT×OBS 6 11404 1900.6 1.2001 0.1592 1.1162 0.217 

BA×TRT×OBS 4 2913 728.22 0.50424 0.997 0.73038 0.968 

SQ×BA×TRT×OBS 4 6582 1645.5 1.1394 0.2511 1.0006 0.472 

A.18.4 Individual bird species 

Model results with observer effects excluded. 

Permanova results based on Bray–Curtis distances of square root abundances of woodland 
bird species assemblages before and after RRG ecological thinning trial. Abundances were 
square root transformed before analyses. TRT = thinning treatment, SQ = site quality, BA = 
before/after the thinning treatment. Significant effects are bolded. 

Effect df SS MS Pseudo-F P(perm) 

SQ 1 6988.1 6988.1 1.9182 0.1046 

TRT 2 1363.3 681.65 0.7828 0.6491 

BA 1 4499.9 4499.9 5.5134 0.0004 

SQ×TRT 2 1962.7 981.35 1.1269 0.3053 

SQ×BA 1 1703.9 1703.9 2.0876 0.0636 

TRT×BA 2 1756.4 878.21 1.8436 0.0373 

SQ×TRT×BA 2 1179.5 589.77 1.2381 0.2284 

Res 40 19054 476.34   

Total 131 162530.0    

Average abundances per survey of individual species contributing more than 4% of the 
dissimilarity between before and after, or thinning treatments in survey sites in RRG 
ecological thinning trial. Blank cells do not mean the species is absent, rather that it is not as 
important in characterising the treatment or BA effect. 

 Before After % contribution 
to overall BA 
dissimilarity 

 Control Moderate Heavy Control Moderate Heavy 

White-plumed 
honeyeater 

0.67 0.66 0.5 0.64 0.68 0.61 6.32 

Superb fairy-
wren 

0.73 0.57 0.62 0.64 0.82 1.09 5.81 
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 Before After % contribution 
to overall BA 
dissimilarity 

 Control Moderate Heavy Control Moderate Heavy 

Buff-rumped 
thornbill 

1.39 1.21 1.07 1 0.7 0.86 5.54 

Weebill 0.89 0.96 0.86 0.98 0.81 0.85 4.92 

Sulphur-crested 
cockatoo 

0.65 0.62 0.63 0.75 0.72 0.8 4.87 

Galah 0.57 0.53 0.47 0.48 0.65 0.53 4.38 

Striated 
pardalote 

0.91  0.96 0.9  0.76 4.14 

Yellow rosella  0.53 0.51  0.81 0.83  

Permanova results for basic model analysing presence and absence of species and Jaccard 
similarity between surveys of woodland birds in the RRG ecological thinning project. 
Significant effects are bolded. 

Source df SS MS Pseudo-F P(perm) 

SQ 1 5497.7 5497.7 1.4134 0.1466 

TRT 2 3817.9 1908.9 1.1856 0.2028 

BA 1 5319.2 5319.2 2.8802 0.0013 

SQ×TRT 2 4564.7 2282.4 1.4176 0.0634 

SQ×BA 1 3185.1 3185.1 1.7247 0.0451 

TRT×BA 2 2828.3 1414.1 1.0662 0.3499 

SQ×TRT×BA 2 2477.4 1238.7 0.93395 0.5865 

Res 40 53051 1326.3   

Total 131 259870.00    

A.19 Bats 

A.19.1 Overall bat activity 

Generalized linear mixed model fit by maximum likelihood (Laplace 
Approximation) ['glmerMod']  

 
Family: poisson  ( log )  
Formula: Activity ~ Year + Treatment + logitFPC + log(MaxTemp) + 
log(MinTemp) +      (1 | Plot)  
 
     AIC      BIC   logLik deviance df.resid  
 32636.9  32675.7 -16309.5  32618.9      537  
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-16.336  -4.980  -1.008   3.887  37.212  
 
Random effects:  
 Groups Name        Variance Std.Dev.  
 Plot   (Intercept) 0.2552   0.5052   
Number of obs: 546, groups:  Plot, 66 
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Fixed effects:  
               Estimate Std. Error z value Pr(>|z|)     
 (Intercept)     2.05319    0.09776  21.003  < 2e-16 *** 
YearY2017      -0.19645    0.01805 -10.886  < 2e-16 *** 
YearY2018       0.06889    0.01347   5.113 3.17e-07 *** 
TreatmentThin1  0.01089    0.01661   0.656    0.512     
TreatmentThin2  0.07044    0.01369   5.145 2.68e-07 *** 
logitFPC        0.12726    0.01526   8.338  < 2e-16 *** 
log(MaxTemp)    0.60344    0.02333  25.865  < 2e-16 *** 
log(MinTemp)    0.49006    0.01171  41.859  < 2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Correlation of Fixed Effects:  
            (Intr) YY2017 YY2018 TrtmT1 TrtmT2 lgtFPC lg(MxT)  
YearY2017   -0.169                                            
YearY2018   -0.064  0.777                                     
TretmntThn1  0.011 -0.579 -0.696                              
TretmntThn2  0.102 -0.639 -0.802  0.543                       
logitFPC     0.227 -0.811 -0.498  0.453  0.354                
log(MaxTmp) -0.698  0.001 -0.081  0.069 -0.038 -0.114         
log(MinTmp)  0.068  0.107  0.122  0.002 -0.055  0.054 -0.466  

 
r.squaredGLMM(glm.test)  
      R2m       R2c  
0.1606345 0.4953286  

A.19.2 Clutter specialist guild activity 

Generalized linear mixed model fit by maximum likelihood (Laplace 
Approximation) ['glmerMod']  

 
Family: poisson  ( log )  
Formula: Nyct ~ Year + Treatment + log(MaxTemp) + log(MinTemp) + (1 |      
Plot)  
     AIC      BIC   logLik deviance df.resid  
  5748.7   5783.2  -2866.4   5732.7      538  
 
Scaled residuals:  
     Min       1Q   Median       3Q      Max  
-10.3689  -1.1832  -0.5483   0.6630  25.3926  
 
Random effects:  
 Groups Name        Variance Std.Dev.  
 Plot   (Intercept) 0.7745   0.8801   
Number of obs: 546, groups:  Plot, 66 
 
Fixed effects:  
               Estimate Std. Error z value Pr(>|z|)     
 (Intercept)    -1.25739    0.42665  -2.947  0.00321 **  
YearY2017      -0.76873    0.05627 -13.661  < 2e-16 *** 
YearY2018      -2.03640    0.07889 -25.812  < 2e-16 *** 
TreatmentThin1  0.04403    0.10479   0.420  0.67433     
TreatmentThin2 -0.76955    0.06990 -11.009  < 2e-16 *** 
log(MaxTemp)    0.67608    0.13962   4.842 1.28e-06 *** 
log(MinTemp)    0.57073    0.05636  10.127  < 2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Correlation of Fixed Effects:  
            (Intr) YY2017 YY2018 TrtmT1 TrtmT2 lg(MxT)  
YearY2017    0.059                                     
YearY2018    0.010  0.611                              
TretmntThn1 -0.030 -0.419 -0.502                       
TretmntThn2  0.223 -0.752 -0.638  0.383                
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log(MaxTmp) -0.922 -0.134 -0.062  0.021 -0.163         
log(MinTmp)  0.328  0.223  0.133  0.015 -0.085 -0.605  

 
r.squaredGLMM(glm.Nyct)  
      R2m       R2c  
0.5116902 0.6463945 

A.19.3 Clutter avoider guild activity 

Generalized linear mixed model fit by maximum likelihood (Laplace 
Approximation) ['glmerMod']  

 
Family: poisson  ( log )  
Formula: NotNyct ~ Year + Treatment + logitFPC + log(MaxTemp) + 
log(MinTemp) +      (1 | Plot)  
   Data: Batact 
 
     AIC      BIC   logLik deviance df.resid  
 32141.7  32180.4 -16061.8  32123.7      537  
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-14.523  -5.004  -1.132   3.907  37.049  
 
Random effects:  
 Groups Name        Variance Std.Dev.  
 Plot   (Intercept) 0.2779   0.5272   
Number of obs: 546, groups:  Plot, 66 
 
Fixed effects:  
               Estimate Std. Error z value Pr(>|z|)     
 (Intercept)     1.88723    0.10177  18.544  < 2e-16 *** 
YearY2017      -0.21178    0.01858 -11.398  < 2e-16 *** 
YearY2018       0.09532    0.01386   6.876 6.16e-12 *** 
TreatmentThin1  0.03964    0.01709   2.319   0.0204 *   
TreatmentThin2  0.17300    0.01424  12.146  < 2e-16 *** 
logitFPC        0.18831    0.01570  11.996  < 2e-16 *** 
log(MaxTemp)    0.61235    0.02413  25.373  < 2e-16 *** 
log(MinTemp)    0.51212    0.01216  42.120  < 2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Correlation of Fixed Effects:  
            (Intr) YY2017 YY2018 TrtmT1 TrtmT2 lgtFPC lg(MxT)  
YearY2017   -0.170                                            
YearY2018   -0.060  0.778                                     
TretmntThn1  0.005 -0.578 -0.697                              
TretmntThn2  0.094 -0.638 -0.800  0.544                       
logitFPC     0.226 -0.811 -0.498  0.456  0.361                
log(MaxTmp) -0.696  0.003 -0.084  0.075 -0.032 -0.116         
log(MinTmp)  0.058  0.110  0.121  0.002 -0.049  0.051 -0.456 
 

r.squaredGLMM(glm.NotNyct)  
      R2m       R2c  
0.1653769 0.4979458  

 

A.19.4 White-striped mastiff bat 

Generalized linear mixed model fit by maximum likelihood (Laplace 
Approximation) ['glmerMod']  

 
Family: poisson  ( log )  
Formula: Taus ~ Year + Treatment + logitFPC + log(MaxTemp) + log(MinTemp) +      
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(1 | Plot)  
 
     AIC      BIC   logLik deviance df.resid  
  8203.2   8241.9  -4092.6   8185.2      537  
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-7.4589 -2.1203 -0.7938  1.0937 16.1574  
 
Random effects:  
 Groups Name        Variance Std.Dev.  
 Plot   (Intercept) 0.8787   0.9374   
Number of obs: 546, groups:  Plot, 66 
 
Fixed effects:  
               Estimate Std. Error z value Pr(>|z|)     
 (Intercept)    -1.61211    0.38005  -4.242 2.22e-05 *** 
YearY2017      -1.35039    0.08941 -15.103  < 2e-16 *** 
YearY2018      -0.41866    0.05852  -7.154 8.41e-13 *** 
TreatmentThin1  0.80409    0.07778  10.338  < 2e-16 *** 
TreatmentThin2  0.20023    0.06073   3.297 0.000977 *** 
logitFPC        0.56044    0.07348   7.627 2.40e-14 *** 
log(MaxTemp)    0.92018    0.10694   8.605  < 2e-16 *** 
log(MinTemp)    0.47895    0.05165   9.273  < 2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Correlation of Fixed Effects:  
            (Intr) YY2017 YY2018 TrtmT1 TrtmT2 lgtFPC lg(MxT)  
YearY2017   -0.284                                            
YearY2018   -0.166  0.777                                     
TretmntThn1  0.081 -0.578 -0.696                              
TretmntThn2  0.159 -0.672 -0.842  0.586                       
logitFPC     0.331 -0.831 -0.569  0.477  0.448                
log(MaxTmp) -0.872  0.106  0.013 -0.021 -0.062 -0.197         
log(MinTmp)  0.050  0.052  0.099  0.058 -0.047  0.123 -0.408   
 

r.squaredGLMM(glm.Taus)  
      R2m       R2c  
0.2101746 0.4549571 

A.19.5 Vespadelus darlingtoni 

Generalized linear mixed model fit by maximum likelihood (Laplace 
Approximation) ['glmerMod']  

 
Family: poisson  ( log )  
Formula: Vdar ~ Year + Treatment + logitFPC + log(MaxTemp) + log(MinTemp) +      
(1 | Plot)  
   Data: Batact 
 
     AIC      BIC   logLik deviance df.resid  
  5335.0   5373.7  -2658.5   5317.0      537  
 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-5.6668 -1.6007 -0.5555  1.1166 11.2509  
 
Random effects:  
 Groups Name        Variance Std.Dev.  
 Plot   (Intercept) 0.8947   0.9459   
Number of obs: 546, groups:  Plot, 66 
 
Fixed effects:  
               Estimate Std. Error z value Pr(>|z|)     
 (Intercept)    -1.05742    0.42197  -2.506   0.0122 *   
YearY2017       0.13123    0.07802   1.682   0.0926 .   
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YearY2018      -0.13243    0.06548  -2.022   0.0431 *   
TreatmentThin1 -0.63068    0.08194  -7.697 1.39e-14 *** 
TreatmentThin2  0.26669    0.06610   4.034 5.47e-05 *** 
logitFPC        0.15684    0.07631   2.055   0.0398 *   
log(MaxTemp)    0.38064    0.12782   2.978   0.0029 **  
log(MinTemp)    0.57249    0.06665   8.589  < 2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
Correlation of Fixed Effects:  
            (Intr) YY2017 YY2018 TrtmT1 TrtmT2 lgtFPC lg(MxT)  
YearY2017   -0.150                                            
YearY2018    0.027  0.675                                     
TretmntThn1 -0.098 -0.538 -0.668                              
TretmntThn2 -0.035 -0.473 -0.697  0.443                       
logitFPC     0.281 -0.790 -0.342  0.409  0.160                
log(MaxTmp) -0.859 -0.087 -0.173  0.187  0.055 -0.109         
log(MinTmp)  0.088  0.215  0.177 -0.059 -0.011  0.009 -0.496 
 
r.squaredGLMM(glm.Vdar)  
       R2m        R2c  
0.05226584 0.39821448 

 


