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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 shaded grey. 

Tree growth 
rate 

 Rates were fastest for smaller trees on plots with high 
stem density prior to thinning that had been heavily 
thinned.  
Rates were faster on sites that had been thinned-then-
flooded, than sites that had been flooded-then-thinned. 
Rates on control plots did not vary strongly with tree 
diameter and tended to be lower than thinned plots. 

Tree height  No effect of ecological thinning detected. 

Tree mortality  Marginally higher on heavily thinned plots in 2018–19. 

Tree 
recruitment 

Germinants No detectable effect of thinning on occurrence. 

Seedlings Higher likelihood of occurring on heavily thinned plots in 
2017–18 and 2018–19, with the effect diminishing in 
2018–19. 

Saplings Lower likelihood of occurring on thinned plots in 2017–18 
and 2018–19, with the effect diminishing in 2018–19. 

Canopy 
condition 

Canopy 
extent 

Marginally fewer trees with decline on moderately 
thinned plots than control or heavily thinned plots. 
Heavily thinned plots on Site Quality 2 sites were 
marginally more likely to have higher numbers of trees 
with stable or increasing crown extent. 

Canopy 
cover 

No effect of ecological thinning in 2018–19 detected. 
Lower on drier Site Quality 2 sites. 

Foliage 
projective 
cover 

Lower on thinned plots in post-thinning period. 
Higher on sites with high pre-thinning live basal area, 
especially on wetter Site Quality 1 sites. 

Litter Litter depth No effect of ecological thinning detected. 

Litter cover No effect of ecological thinning detected. 
Increases in 2018–19 likely due to inclusion of 1–2 
millimetre material in the definition of leaf litter. 
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Near surface 
vegetation 
cover 

Live cover Mean cover declined between 2017–18 and 2018–19, 
with no significant effect of ecological thinning. 

Dead cover Mean cover reduced on heavily thinned plots but 
remained stable on control and moderately thinned plots. 

Elevated 
vegetation 
cover 

Live cover Live elevated vegetation cover remained lower on 
thinned plots than control plots. 

Dead cover No evidence of change in dead elevated cover with time 
or ecological thinning treatment. 

Fuel hazard Overall No effect of ecological thinning detected. 
Slight increase in the proportion of plots in the high 
overall fuel hazard category since 2017–18. 

Surface No effect of thinning on surface fuel hazard. 

Near 
surface 

No effect of thinning on near surface fuel hazard. 

Combined 
surface 

No effect of ecological thinning treatment detected. 
Slight increase in the likelihood of being in a higher 
category of combined surface and near surface hazard in 
2018–19 compared with 2017–18. 

Elevated Significantly higher in 2018–19 than 2015–16, with no 
effect of ecological thinning. 

Plant richness Native 
richness 

Native and exotic plant species richness was slightly 
higher on thinned plots than control plots. 
Native and exotic plant species richness declined in 
2018–19 in comparison to previous years. 

Plant cover  Fewer high cover values for 2018–19 period compared to 
the two earlier periods, with no value greater than 25% 
recorded. 

Plant 
assemblages 

 No strong evidence of an effect of ecological thinning on 
overall floristic community composition. 

Threatened 
plant species 

 No threatened plant species were recorded in 2018–19. 

Bird richness  Bird species richness declined from 2017–18 to 2018–
19.  
On drier Site Quality 2 sites, bird species richness 
declined on control and moderately thinned plots and 
remained stable on heavily thinned plots. 
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Bird diversity  Median bird diversity was lower in Site Quality 2 
treatment plots than control plots in 2018–19, but the 
effect was not statistically significant. 

Individual bird 
species 

Non-
threatened 

Species accounting for differences between control and 
treatment plots in 2018–19: 

• more abundant on control plots – thornbills, striated 
pardalotes and white-throated treecreepers 

• more abundant on thinned plots – superb fairy 
wrens. 

Threatened 
species 

Data was insufficient to determine statistical significance 
for all threatened bird species. 
The scarlet robin was recorded in more control plots than 
thinned plots in 2018–19. 

Bird 
assemblages 

 Bird community composition changed more on thinned 
plots than control plots over time. 

Bat activity  Overall bat activity declined in 2019 relative to all 
previous survey periods.  
Overall bat activity was significantly higher on thinned 
plots than control plots. 

Bat guilds Clutter 
specialists 

Clutter specialists significantly higher activity in 2019 and 
significantly lower on moderately thinned plots than 
control and heavily thinned plots. 

Clutter 
avoiders 

Clutter avoiders significantly declined overall in 2019, but 
activity was significantly higher on thinned plots than 
control plots. 

Individual bat 
species 

White-
striped 
mastiff bat 

Significantly lower overall in 2019, but significantly higher 
on thinned plots than control plots. 

Large forest 
bat 

In 2019, significantly higher on thinned plots than control 
plots. 
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1. Introduction 

1.1 Ecological thinning trial 
The aims and details of the experimental design are fully described in Ecological thinning trial 
in New South Wales and Victorian River Red Gum forests: Experimental design and 
monitoring plan (OEH 2012), which was included in Appendix 1 of Public Environment 
Report: Ecological thinning trial in New South Wales River Red Gum forests OEH (2014).  
The experimental design is summarised briefly below. 

1.1.1 Aims of the trial 
The ecological thinning trial aims to learn about the effectiveness of ecological thinning for 
addressing a range of conservation concerns associated with widespread high stem density 
stands and canopy dieback in Eucalyptus camaldulensis (river red gum) forests. Specifically, 
the trial has a hierarchy of aims: 

• The primary aim for the trial is to determine whether any of several levels of ecological 
thinning positively affect biodiversity, canopy condition 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.  

• The secondary aim for the trial is to determine whether any of several levels of 
ecological thinning positively affect characteristics of the stands that are reasonably 
expected to lead to the primary aim, and whether these effects depend on water 
availability and initial stem density. For example: hollow bearing tree recruitment levels, 
and understory species diversity. 

• The tertiary aim for the trial is to determine whether any of several levels of ecological 
thinning positively affect 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. For example: tree diameter growth rates, tree diameter distribution 
diversity, crown shape and health. 

1.1.2 Number of ecological thinning trial sites 
A total of 22 sites are located in the Millewa precinct of Murray Valley National Park in New 
South Wales. The numbers and locations of ecological thinning trial sites were selected to 
represent a spectrum of within-stand competition (Table 1, Figure 1). Competition was 
characterised by stem density and a surrogate of water availability (site quality). Site quality 
is derived from tree height mapping (Baur 1984): Site Quality 1 (SQ1) is associated with 
increased water availability and taller trees than Site Quality 2 (SQ2). 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 
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Figure 1 Locations of ecological thinning sites 

N.P. = national park; SQ = site quality 
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1.1.3 Size of ecological thinning trial sites 
Each site consists of three 9 hectare (ha) 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 (m). 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 of the vegetation, flora and fauna parameters of interest. The three 
treatment plots were intended to be similar to each other prior to thinning. 

1.1.4 Ecological thinning treatments 
Three ecological thinning 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 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 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 (cm)  
• all trees with a visible hollow  
• all dead trees with a dbh of >20 centimetres. 
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 centimetre 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 10–40 centimetre 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. 
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Between retained trees all trees with dbh between 10 and 40 centimetres were removed. 
Following felling, each stump was painted with Roundup 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. 

1.2 Hypotheses 
A series of hypotheses have been specified 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 (OEH 2012). 
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 (<1.37 m) and saplings (>1.37 m, <10 cm dbh) 
1.g. Increased structural diversity of mid- and understorey strata  
1.h. Higher levels of coarse woody debris (45–50 tonnes/ha) maintained in 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 
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1.3 Monitoring 
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 2). 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 
(OEH 2012), and are summarised in the results section for each variable in this report.  

 
Figure 2 Layout of monitoring subplots within each 9 hectare treatment plot 

1.4 Ecological thinning trial implementation and 
monitoring to date 

1.4.1 Pre-thinning monitoring 
Half of the sites (1–12) were monitored in 2012–13. These data are not included in this 
report. 
Pre-thinning monitoring surveys were undertaken on all sites between September 2015 and 
February 2016. All variables were measured in this survey period. Results were fully 
described in the River red gum pre-ecological thinning monitoring report 2017 (OEH 2017).  
These data are referred to as 2015–16 survey period in this report. 
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1.4.2 Thinning treatments 
Thinning treatments commenced in April 2016. Half of the treatment plots were thinned prior 
to a major flood event in September 2016, in which all control and treatment plots were 
inundated. Thinning treatments recommenced in February 2017 and were completed in 
August 2017.  

1.4.3 Post-thinning monitoring 

First post-thinning monitoring 2017–18 
The first round of post-thinning monitoring commenced in October 2017 and was completed 
in February 2018. All variables were measured in this survey period. The results of the first 
post-thinning monitoring are described in the River red gum ecological thinning trial 
monitoring report 2018 (OEH 2018). 
These data are referred to as 2017–18 survey period in this report. 

Second post-thinning monitoring 2018–19 
The second round of post-thinning monitoring commenced in October 2018 and was 
completed in February 2019. A subset of variables were measured in the 2018–19 survey 
period and the results of this monitoring are described in this report.  
These data are referred to as 2018–19 survey period in this report. 

1.4.4 Sequence of events 
As a result of the 2016 flood event, the sequence of flooding and thinning differed among 
sites (Figure 3).  

 
Figure 3 Sequence of monitoring, thinning and flood events  

The amount of time that elapsed between thinning implementation and the first post-thinning 
monitoring varied among sites, and also differed by monitoring variable. 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. 

1.5 Climate and flooding 

1.5.1 Flooding 
No major floods occurred during 2018 (Figure 4).  
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Figure 4 Average daily discharge (in megalitres) through Tocumwal and Edwards River 

Offtake, averaged per month 
Source: Murray–Darling Basin Authority, River Murray Data, accessed10/1/2019. 

1.5.2 Rainfall 
Rainfall was low between the 2017–18 and 2018–19 monitoring periods, with a maximum 
monthly total of 40 millimetres at Mathoura (Figure 5). 

 
Figure 5 Total monthly precipitation at Mathoura 

Source: Australian Bureau of Meteorology, gauge no. 074129, accessed 20/5/2019. 
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1.5.3 Evapotranspiration 
Precipitation minus evapotranspiration at Deniliquin airport had lower maximum and 
minimum values in 2018 and 2019 than previous years (Figure 6). 

 
Figure 6 Monthly precipitation minus evapotranspiration at Deniliquin airport 

Source: Australian Bureau of Meteorology, gauge no. 074258, accessed 20/5/2019. 

1.6 This report 
The analyses in this report seek to explore the effects of ecological thinning on a range of 
variables. 
This monitoring report describes the second post-thinning monitoring data that were 
collected in 2018–19, and compares them with both the pre-thinning data collected in 2015–
16 and the first post-thinning data collected in 2017–18.  
Monitoring and reporting will continue annually until 2022, at which time the monitoring plan 
will be reviewed. 
As specified in the experimental design and monitoring plan (OEH 2012), variables that are 
expected to change from year-to-year are monitored annually (Table 3).  
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Table 3 Variables monitored annually 

Variable 

Tree diameter at breast height over bark (trees ≥10 cm dbh) 

Live/dead status of 50 trees (trees ≥10 cm dbh) 

Tree crown extent (%) 

Foliage projective cover 

Number of seedlings 

Number of saplings  

Cover of litter and bare ground 

Depth of forest litter 

Bat species richness and diversity; use level by individual and all species 

Abundance and frequency of use by woodland bird species 

Number of trees with glider notches 

Fox track or scat evidence 

Diversity and abundance of exotic plant species 

Diversity and abundance of native plant species 

Soil moisture 

Photo points 

Fuel assessment method 

1.6.1 Variables not included in this report 
As specified in the experimental design and monitoring plan (OEH 2012), variables that are 
expected to change over longer timeframes were monitored in pre-thinning in2015–16, in the 
first year post-thinning in 2017–18 and will not be monitored again until five years post-
thinning in 2021–22 (Table 4). 
These variables are therefore not included in this report.  

Table 4 Variables monitored five-yearly 

Variable 

Distribution of trees amongst size classes 

Number of trees with hollows 

Opaque crown (m2) 

Plant Area Index from hemispherical photos 

Cover, abundance and height of dominant species in understorey strata 

Count of standing dead trees (stags) 

Volume of coarse woody debris (>10 cm diameter) 

Basal area 

Survival of trees ≥80 cm dbh 
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1.6.2 Alterations from the monitoring plan 
A number of minor modifications have been made to the monitoring plan as it was described 
in OEH (2012) (Table 5). 

Table 5 Modifications to the monitoring plan  

Variable Comment 

Annual monitoring  

Fate of individual of saplings The placement and maintenance of tags on 
thousands of saplings across the national park was 
impractical and this variable has been replaced with 
count of saplings in each 0.04 hectare subplot 

Number of trees with glider notches This variable is expected to change over long 
timeframes and will be measured again in 2021–22 

Soil moisture Soil moisture results reported on in 2015–16 and 
2017–18 indicated that hand-held soil moisture meter 
measurements were inadequate for discriminating 
between flooded and dry sites and have been 
discontinued 

Fuel hazard Note that the frequency of monitoring for this variable 
was inconsistently described in the experimental 
design and monitoring plan and will be monitored 
annually 

Five-yearly monitoring  

Plant Area Index Hemispherical photographs required for the 
calculation of Plant Area Index have not been 
captured effectively to date. They will be captured in 
2019 and reported on in next year’s monitoring report 

Survival of trees ≥80 cm dbh Note that the frequency of monitoring for this variable 
was inconsistently described in the experimental 
design and monitoring plan and will be monitored 
every 5 years 
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2. Methods 

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 the raw data to explore change over time and 
among thinning treatments. Two common methods of summarising raw data are density 
curves (Figure 7) and boxplots (Figure 8). If exploration of raw data indicated an effect may 
have been present, Bayesian estimation and/or standard regression models were used to 
identify whether changes were likely to differ among control and thinning treatments given 
background variability. 

 
Figure 7 Generic density plot 
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Figure 8 Generic boxplot  

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 
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. This allows the 
influence of each explanatory variable on the monitoring variable to be assessed while taking 
into account background variability. 
Bayesian negative binomial regression models were used to relate plant species richness to 
time (survey period), plot treatments and mapped site quality classes. Random effects were 
also included to allow for systematic plot-level differences due to unobserved variables and 
spatial correlation. 

2.3 Linear and additive models 
Generalised linear or additive mixed models are regression methods that indicate the extent 
to which different values of explanatory variables are associated with different values of the 
response (monitoring) variable.  
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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 
linear in form across the full range of values, or whether the relationship may be non-
linear.  

The following explanatory variables were included in all the models: 
• survey year (a fixed effect with three levels: 2015–16, 2017–18 and 2018–19) 
• thinning treatment (a fixed effect with three levels: control, moderate and heavy) 
• site quality (a fixed effect with two levels: SQ1 and SQ2) 
• site (a random effect, to account for possible similarity of measurements within a given 

site or plot over the influence of explanatory variables). 
In some models additional explanatory variables were also included, such as: 
• pre-thinning total stem count per hectare (a continuous fixed effect) 
• whether the plot was thinned after flooding (a fixed effect with two levels) 
• diameter or cover prior to thinning (continuous fixed effects). 
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 required to avoid incorrectly inferring significant effects. Consequently, models 
were fitted with a subset of predictors where relevant.  
Statistically significant effects are included in this 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 Bayesian ordination 
An ordination approach was used to investigate whether changes in plant community 
composition within the 9 hectare experimental plots between the 2015 (pre-treatment) and 
2018 survey periods were influenced by thinning treatments. An ordination analysis seeks to 
arrange the plots in a two-dimensional graph such that plots with similar species 
compositions are close together while those with dissimilar compositions are further apart. 
A Bayesian ordination technique was used called BORAL: Bayesian Ordination and 
Regression Analysis (Hui 2016). Models were fitted for native and exotic species separately, 
and were fitted allowing for plot-level random effects. As BORAL models are fitted using 
Bayesian methods, the position of each experimental plot in the ordination graph is 
represented as a distribution of credible locations that takes into account the degree of 
certainty possible given the data. To visualise overall results, the average (median) position 
for each plot was graphed in each survey period. To relate changes in species composition 
within plots between the 2015 and 2018 surveys, the whole distribution of positions was used 
to arrive at a distribution of change for each plot that was then summarised in terms of 50% 
and 95% intervals. 

2.5 Photographs 
Multiple photographs are taken each year in the same location at each 0.04 hectare plot. 
Examples of them are included in Table 6, Table 7 and Table 8 to indicate the general nature 
of change over time. 
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Table 6 Examples of the photos of control plots taken in 2015–16 (left column), 2017–18 (centre column) and 2018–19 (right column) 
Photos by OEH staff and contractors.  

Control plots 2015–16 Control plots 2017–18 Control plots 2018–19 
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Control plots 2015–16 Control plots 2017–18 Control plots 2018–19 

   

Table 7 Example photos of moderately thinned plots taken in 2015–16 (left column), 2017–18 (centre column) and 2018–19 (right column) 
Photos by OEH staff and contractors.  

Before thinning 2015–16 Post-thinning 2017–18 Post-thinning 2018–19 
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Before thinning 2015–16 Post-thinning 2017–18 Post-thinning 2018–19 
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Table 8 Example photos of heavily thinned plots taken in 2015–16 (left column), 2017–18 (centre column) and 2018–19 (right column) 
Photos by OEH staff and contractors.  

Before thinning 2015–16 Post-thinning 2017–18 Post-thinning 2018–19 
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Before thinning 2015–16 Post-thinning 2017–18 Post-thinning 2018–19 
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3. Results: Tree parameters 

3.1 Tree growth rates 

Key result 

Tree growth rates were fastest for smaller trees on plots that had high 
stem density prior to thinning and had been heavily thinned.  
Tree growth rates were faster on sites that had been thinned-then-flooded, 
than sites that had been flooded-then-thinned. 
Tree growth rates on control plots did not vary with tree diameter and 
tended to be lower than thinned plots. 

Within each 9 hectare treatment plot, 30 trees with >10 centimetre dbh were randomly 
selected along a north-south transect in the centre of the plot. These 30 trees are 
permanently marked and are surveyed for diameter at breast height to the nearest 
millimetre. The growth increment (mm / year) was calculated for each tree from change in 
dbh between the observation dates in 2015, 2017 and 2018. For multi-stemmed trees a 
single dbh value was assigned based on total stem area. Out of 1980 permanently marked 
trees, 13 have died since the 2015–16 surveys. Replacement trees were not included in 
these analyses.  
Growth rates between 2017–18 and 2018–19 were predominantly positive (Figure 9). On 
Site Quality 2 sites, the median growth rate among trees on control plots was close to zero 
and lower than thinned plots. 

 
Figure 9 Tree diameter growth rates between 2017–18 and 2018–19 (in millimetres per 

year) among plots, by ecological thinning treatment and site quality (SQ1 and 
SQ2)  
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A generalised additive model was fitted to data on tree dbh growth rates between 2017–18 
and 2018–19 observation dates, accounting for correlations among trees within plots (Table 
9, Figure 10). The model tested for differences in tree growth rates among ecological 
thinning treatments and site quality classes, and also whether tree growth rates varied 
depending on tree size prior to thinning and the density of trees in a stand.  
On thinned plots, tree growth rates varied depending on tree diameter prior to 2015–16, site 
quality and pre-thinning stem density (Table 9, Figure 10).  
On thinned plots: 

• There was an inverse relationship between tree diameter prior to thinning and growth 
rate, such that smaller trees had higher growth rates: 
o the highest growth rates were observed for small trees (<40 cm dbh) on sites with 

high pre-thinning stem density that were heavily thinned 
o trees with a diameter of greater than approximately 40 centimetres prior to thinning 

had slightly higher growth rates on moderately thinned plots than heavily thinned 
plots 

o growth rates for trees with a larger diameter prior to thinning (>60 cm or >80 cm 
dbh, depending on site quality, pre-thinning stem density and thinning treatment) 
were zero or below. 

• Growth rates were higher on plots that were flooded after thinning than plots that were 
flooded prior to thinning. 

On control plots: 

• Growth rates were relatively stable for trees of all diameters. 
• Growth rates were around zero for sites with low and medium stem density, and slightly 

higher on sites with higher stem density. 

Table 9 General additive mixed model results for individual tree diameter at breast height 
growth rate, with pre-thinning stem density represented by total stem count  

Response Family  Link Effect of 
pre-
thinning 
stem dbh 

Effect of 
thinning 
treatment 

Effect of 
pre-
thinning 
density 

Effect of 
site quality 

Deviance 
explained 

Growth 
rate 
2017–18 
and  
2018–19 

Gaussian Identity See below Significantly 
higher for 
flooding 
after 
thinning 

Marginally 
significantly 
higher on 
plots with 
higher pre-
thinning 
stem count 

No 
significant 
difference 

14.7% 

Interaction between pre-
thinning stem diameter and 
thinning treatment: growth 
rates vary by pre-thinning 
stem diameter in a 
different way for each 
thinning treatment 
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Figure 10 Generalised additive model for diameter at breast height growth rate, by initial tree 

diameter, site quality (SQ1 and SQ2), initial total stem density (low stems, mid 
stems, high stems) and thinning treatment 
Number of stems was included as a continuous variable in the model, and the 25th, 50th 
and 75th quantiles are shown here as low, mid and high stems. 

3.2 Tree height 

Key result No significant effects of thinning on upper tree height. 

Average upper canopy tree height was measured on up to four trees in three 0.04 hectare 
subplots in each 9 hectare plot. Height was measured in metres, and averaged. In 2015–16, 
heights were estimated either by using the angle-tangent method or a laser range finder. In 
2017–18 and 2018–19, all heights were estimated using a laser range finder.  
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In the 2018–19 survey period, credible intervals for the mean indicated that average upper 
tree height on thinned plots included slightly higher values than control plots (Figure 11), but 
the ranges were largely overlapping. Differences were not statistically significant in a 
generalised linear mixed model (Table 10). Average upper tree heights were significantly 
higher in wetter Site Quality 1 sites than drier Site Quality 2 sites, regardless of thinning 
treatment (Table 10).   

 
Figure 11 Average upper canopy height (in metres) with 95% credible intervals for the mean, 

by year, thinning treatment and site quality (SQ1 and SQ2) 

Table 10 Generalised additive mixed model results for average upper canopy height  

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of site 
quality 

Deviance 
explained 

Average 
upper tree 
height 

Gaussian Identity Significantly 
lower in 
2018–19 than 
2015–16 

No 
significant 
difference  

Significantly 
higher in Site 
Quality 1 

52.8% 

Change in upper canopy height between 2017–18 and 2018–19 was not substantially 
different among control and thinning treatments, with distributions largely overlapping (Figure 
12). However, a larger range of values was recorded on control and moderately thinned 
plots in Site Quality 1 sites.  
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Figure 12 Change in upper canopy height (in metres) between 2017–18 and 2018–19, 

averaged across three 0.04 hectare subplots per 9 hectare treatment plot, by year, 
thinning treatment and site quality (SQ1 and SQ2) 

3.3 Tree mortality 

Key result Tree mortality marginally significantly higher on heavily thinned plots in 
2018–19. 

Tree mortality 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. Tree mortality was analysed as the 
likelihood of a tree being alive. 
In 2015–16, the distribution of number of dead trees among plots was similar for all 
treatment types (Figure 13). In 2017–18, the modal value for control plots was lower than the 
thinned plots, with higher numbers of dead trees observed on more plots in thinned plots on 
Site Quality 1. In 2018–19, there are more thinned plots with higher numbers of dead trees 
than control plots – with the exception of moderately thinned plots on Site Quality 1, which 
have very similar distributions to control plots. 
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Figure 13 Distribution of plots among numbers of dead trees, by thinning treatment, year 

and site quality (SQ1 and SQ2) 

Minor fluctuations of numbers of dead trees were observed in control plots across survey 
periods (Figure 14). The median number of dead trees in moderately thinned plots increased 
slightly, and higher values were recorded in Site Quality 2 in 2018–19. The median number 
of dead trees in heavily thinned plots has increased in both site quality classes over time.  

 
Figure 14 Number of dead trees (out of 50) by year, thinning treatment and site quality (SQ1 

and SQ2) 
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Generalised linear modelling indicated that the probability of a tree being alive on heavily 
thinned plots was slightly lower in 2018–19, although the significance was marginal 
(Table 11). There were no apparent differences in probability across site quality classes. 

Table 11 Generalised linear mixed model results for probability of a tree being alive, from a 
sample of 50 trees 

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site quality 

Variance 
explained 
(conditional) 

Likelihood of 
tree being 
alive 

Binomial Logit Marginally significant 
interaction with heavily 
thinned plots having a lower 
probability in 2018–19 

No 
significant 
effect 

8.8% 
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4. Results: Recruitment 
Recruitment of Eucalyptus camaldulensis was recorded in three 0.04 hectare floristic 
subplots per 9 hectare plot. The count of germinants (cotyledons present), seedlings 
(<1.37 m in height), and saplings (>1.37 m in height and <10 cm dbh) were recorded in four 
quadrants of each subplot and summed. 
The distributions of recruitment abundance among plots (Figure 15) is described separately 
for the different recruit types below. 

 
Figure 15 Distribution of counts of germinants, seedlings and saplings in three 0.04 hectare 

subplots within each 9 hectare treatment plot, by year and thinning treatment 
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4.1 Germinants 

Key result No detectable effect of thinning on the likelihood of occurrence of 
germinants. 

Counts of germinants for most of the 0.04 hectare subplots were zero (~90% in 2015–16; 
~85% in 2017–18; ~88% in 2018–19) (left-hand column of Figure 15, above). This is 
expected as germinants are present for a short time before either dying or becoming 
seedlings.  
On 9 hectare plots, germinants were recorded in fewer plots in all of the control and 
treatment types in 2018–19 than 2017–18 (Table 12). There was no substantial evidence of 
an effect of ecological thinning on the occurrence of germinants. 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.  

Table 12 Number of 9 hectare plots with germinants present, by treatment, order of flooding 
and thinning, and year 

 Control Moderate 
thin + flood 

Moderate 
flood + thin 

Heavy  
thin + flood 

Heavy  
flood + thin 

2015–16 3 0 3 3 0 

2017–18 6 4 5 4 4 

2018–19 5 2 4 2 1 

4.2 Seedlings 

Key result Significantly higher likelihood of seedlings occurring on heavily thinned 
plots in 2017–18 and 2018–19, with the effect diminishing in 2018–19. 

In all years, the distribution of seedling abundance values among 0.04 hectare subplots was 
almost identical, with most plots having non-zero values and few plots having 300 or more 
(central column of Figure 15, above). In 2018–19, seedlings were recorded in 82% of 0.04 
hectare subplots, and almost all 9 hectare plots.  
A binomial regression was fitted for the number of 0.04 subplots per 9 hectare plot in which 
seedlings were recorded. A significant interaction between time and treatment was identified, 
such that seedlings were more likely to occur in more subplots on heavily thinned plots than 
control plots in both 2017–18 and 2018–19 (Table 13). The magnitude of the increase was 
modest relative to control plots.  
The likelihood that seedlings would occur on more subplots was higher on wetter Site 
Quality 1 sites than drier Site Quality 2 sites, although the statistical significance was 
marginal (Table 13).   
A second regression model was fitted with order of flooding and thinning included (i.e. 
flooded and then thinned or vice versa), which was not significant and did not improve the 
variance explained by the model (see Seedlings in Appendix A).  
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Table 13 Generalised linear mixed model results for likelihood of occurrence of seedlings in 
number of 0.04 subplots per 9 hectare plot 

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site quality 

Variance 
explained 
(conditional) 

Likelihood of 
seedlings 
occurring 

Binomial Logit Interaction: significantly 
higher in 2017–18 and 
2018–19 on heavily thinned 
plots, with effect diminishing 
in 2018–19 

Marginally 
significantly 
lower in drier 
plots 

34.6% 

4.3 Saplings 

Key result 
Significantly lower likelihood of saplings occurring on heavily and 
moderately thinned plots in 2017–18 and 2018–19, with effect diminishing 
in 2018–19. 

Saplings were recorded on almost all 9 hectare plots in 2015–16, 2017–18 and 2018–19. 
The occurrence of saplings decreased as a direct result of thinning operations and remained 
lower than control plots in 2018–19 (right-hand column of Figure 15, above).  
A binomial regression was fitted for the number of 0.04 hectare subplots that contained 
saplings in each 9 hectare plot (Table 14). The model detected a significantly lower 
likelihood of saplings occurring on thinned plots in comparison with control plots in 2018–19. 
Saplings were also significantly less likely to occur in drier Site Quality 2 sites.  

Table 14 Generalised linear mixed model results for occurrence of saplings 

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of site 
quality 

Variance 
explained 
(conditional) 

Likelihood 
of 
saplings 
occurring 

Binomial Logit Interaction: significantly lower 
on heavily and moderately 
thinned plots, with effect 
diminishing in 2018–19 

Significantly 
lower in drier 
Site Quality 2 
plots 

65.0% 
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5. Results: Canopy condition 
5.1 Tree crown extent 
Within each 9 hectare treatment plot, 30 trees with >10 centimetre dbh were randomly 
selected along a north-south transect in the centre of the plot. These 30 trees are 
permanently marked and will be repeatedly measured for a range of parameters, including 
tree crown extent.  
Crown extent is defined as the percentage of the potential crown that contains live foliage, 
including epicormic growth. The potential crown is estimated from the existing branching 
structure. Crown extent is sometimes referred to as ‘crown vigour’ in relevant literature. It 
was visually estimated to the nearest 5% for each of the 30 trees per plot. 

 
Plate 1 Eucalyptus camaldulensis canopy 

Photo by OEH staff. 

5.1.1 Trees with decline in canopy extent 

Key result Marginally lower incidence of decline in canopy extent on moderately 
thinned plots than control or heavily thinned plots. 

Trees with a decrease in crown extent between 2017–18 and 2018–19 were analysed 
separately, to determine whether tree canopy dieback was associated with thinning 
treatment.  
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The average proportion of trees with a lower crown extent in 2018–19 than 2017–18 across 
all plots was 25.9%. For the vast majority of trees with a lower crown extent in 2018–19 than 
2017–18, the reduction was approximately 5% of the 2017–18 value (Figure 16). 

 
Figure 16 Proportional reduction in crown extent between 2017–18 and 2018–19 (declining 

trees only), by thinning treatment and site quality (SQ1 and SQ2) 

The median proportion of trees (out of 30 permanently marked trees) with decline in crown 
extent was lower in thinned plots than control plots, although the distributions were largely 
overlapping (Figure 17). The effect was statistically significant for moderately thinned plots 
(Table 15).  

 
Figure 17 Proportion of trees for which the proportional change in tree crown extent from 

2017–18 to 2018–19 was negative (i.e. (extent 2017 – extent 2018)/extent 2017), 
by ecological thinning treatment and site quality (SQ1 and SQ2) 
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Table 15 Generalised linear mixed model for proportion of trees with decline in crown 
extent  

Response Family  Link Effect of 
thinning 
treatment 

Effect of site 
quality 

Deviance 
explained 

Proportion of 
trees with 
decline in 
extent 2017–18 
to 2018–19 

Binomial Logit Significantly lower 
proportion of 
declining trees on 
moderately 
thinned plots 

No significant 
effect 

7.2% 

5.1.2 Trees with stable or increased crown extent 

Key result Heavily thinned plots on Site Quality 2 sites were marginally more likely to 
have higher numbers of trees with stable or increasing crown extent. 

Trees with increases in crown extent between 2017–18 and 2018–19 most commonly had 
an increase of 5% (the second bar on the histograms in Figure 18), with increases of 10% or 
more observed on very few trees. The number of trees with increases in crown extent was 
higher on thinned plots than control plots, and was lowest on control plots in Site Quality 2 
sites. 
The number of trees with stable crown extent between 2017–18 and 2018–19 was higher on 
control plots in Site Quality 2 sites than other treatment and site quality types (the left-most 
bar on the histograms in Figure 18). 

 
Figure 18 Histograms of trees with neutral or positive change in tree crown extent (estimated 

to the nearest 5%) between 2017–18 and 2018–19, by ecological thinning treatment 
and site quality (SQ1 and SQ2) 
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For trees with stable or increasing crown extent, a generalised additive model was fitted for 
the change values (to the nearest 5%). The model found that heavily thinned plots on drier 
Site Quality 2 sites were more likely to have higher numbers of trees with stable or 
increasing crown extent, though the increase was modest and the significance was marginal 
(Table 16). 

Table 16 Generalised additive model results for trees with stable or increasing tree crown 
extent with change values treated as pseudo-discrete following a negative 
binomial distribution 

Stable or increasing trees only. 

Response Family  Link Effect of thinning 
treatment 

Effect of site 
quality 

Deviance 
explained 

Change in 
crown 
extent 
2017–18 
to  
2018–19 

Negative 
binomial 

Log Significant interaction: increased likelihood 
of stable or increased extent on heavily 
thinned plots in Site Quality 2. 

7.12% 

The median proportion of trees with stable or increasing crown extent between 2017–18 and 
2018–19 was also higher on thinned than control plots (Figure 19); and the effect was more 
pronounced on drier Site Quality 2 sites.  

 
Figure 19 Proportion of trees (out of approximately 30) for which absolute change in tree 

crown extent between 2017–18 and 2018–19 was stable or increasing, by thinning 
treatment and site quality (SQ1 and SQ2)  
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5.2 Visually assessed canopy cover 

Key result 
Significant differences between thinned and control plots last year were 
not present in 2018–19. Canopy cover was significantly lower on drier Site 
Quality 2 sites. 

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 0.04 hectare subplots on each 9 hectare 
plot. Total (live + dead) canopy cover, live canopy cover and dead canopy cover were 
estimated. 

5.2.1 Live canopy cover 
Patterns for live tree canopy cover differed among site quality classes in 2018–19 (Figure 
20). In Site Quality 1 sites, heavily thinned plots had a lower modal (most commonly 
recorded) value and fewer instances of higher values, than moderately thinned and control 
plots. In Site Quality 2 sites, both moderately and heavily thinned plots had lower modal 
(most commonly recorded) values than control plots. Note the narrower range of values 
recorded on control plots in Site Quality 2 in comparison to 2017–18, possibly caused by dry 
climatic conditions. 

 
Figure 20 Distribution of mean live canopy cover values, by thinning treatment, year and site 

quality (SQ1 and SQ2) 

Bayesian estimation of credible intervals for mean values indicated that live tree cover 
declined slightly on control plots from 2017–18 to 2018–19 and remained relatively stable on 
thinned plots in both site quality classes (Figure 21). 
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Figure 21 Mean live canopy cover (%) and 95% credible intervals for mean values, by year, 

thinning treatment and site quality (SQ1 and SQ2) 

A generalised additive model indicated that drier Site Quality 2 sites had significantly lower 
live canopy cover; and the significant differences between thinned and control plots last year 
were not present in 2018–19 (Table 17). 

Table 17 Generalised additive mixed model results for visually estimated live canopy cover 
averaged across the three subplots per 9 hectare treatment plot  

Response Family  Link Effect of time Effect of 
thinning 
treatment 

Effect of site 
quality 

Deviance 
explained 

Mean per 
cent live 
canopy 
cover  

Beta Logit No significant interaction in 
2018–19 

Significantly 
lower in Site 
Quality 2 

35.8% 

5.2.2 Dead canopy cover 
Dead canopy cover is comprised of dead leaves attached to live trees. In 2015 observers 
provided precise estimates; in 2017–18 and 2018–19 observers’ estimates of <1% were 
assigned a value of 0.5%.  
There were more heavily thinned plots with dead cover estimates of 1% in 2018–19, but the 
modal value remained the same as moderate and control plots (Figure 22). 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 22 Distribution of mean dead canopy cover values, by thinning treatment, year and 

site quality (SQ1 and SQ2) 
In some plots, the distributions for different treatment types are not visible because they 
are overlapping. 

5.3 Remotely sensed canopy cover 

Key result 

Foliage projective cover (FPC) remained significantly lower in thinned 
plots than control plots in the post-thinning period. 
Foliage projective cover depended on pre-thinning live basal area (LBA) of 
the stand, such that higher FPC values were associated with higher pre-
thinning LBA, and the relationship differed among site quality classes. 

The Landsat satellite 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 percentage of ground area 
occupied by the vertical projection of green foliage of woody vegetation greater than two 
metres in height. 
Multiple images (30 x 30 m pixels) are available per 9 hectare plot for each date. On each 
cloud-free date between May 2013 (when a new Landsat sensor became available) and 
February 2019, the median FPC was calculated for each 9 hectare plot (Figure 23).  
Change in canopy condition was investigated using generalised linear mixed modelling. 
First, data was modelled from the whole six-year period 2013–2019; then during the post-
treatment phase from 2017–2019 only. 
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5.3.1 Foliage projective cover 2013–2019 
FPC on ecological thinning treatment plots declined during the treatment phase as trees 
were removed, with divergence between treated sites and control sites becoming clearer as 
more sites were thinned (treatment phase in Figure 23). Heavy thinning treatments had a 
statistically significant negative effect on FPC, while moderately thinned plots were not 
significantly different from control plots (Figure 23, Table 18).  

 
Figure 23 Median foliage projective cover (FPC) values for 9 hectare treatment plots (points) 

and modelled values (lines) for control, moderate thinning and heavy thinning 
treatments  
Data to the right of the dotted vertical line has been captured since the previous 
monitoring report (OEH 2018). 

FPC was consistently higher on wetter Site Quality 1 sites than drier Site Quality 2 sites 
throughout the period from 2013 to 2019 (Figure 24, Table 18).  

 
Figure 24 Median foliage projective cover (FPC) values for 9 hectare treatment plots (points) 

and modelled values (lines) for Site Quality 1 and Site Quality 2 
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In a generalised linear mixed model for the 2013–2019 period, other significant predictors of 
FPC included (Table 18): 
• flood magnitude and timing – as represented by weekly mean discharge of water from a 

regulator directly upstream from the study sites at Yarrawonga weir, in gigalitres per 
week 

• climatic variables – mean monthly minimum and maximum temperature and Southern 
Oscillation Index (SOI)  

• seasonality reflecting repeat annual cycles – as represented by sin and cos parameters. 

Table 18 Generalised linear mixed model results for foliage projective cover 
Predictors include Southern Oscillation Index (SOI) and site quality (SQ).  

Time 
period 

Family Link Significant predictors Variance 
explained 

26/5/2013 
to 
20/2/2019 

Spherical  
(to account for 
autocorrelation 
among plots) 

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

34.2% 
(32.1% from 
fixed 
factors) 

5.3.2 Foliage projective cover post-thinning 2017–2019 
Significant predictors of canopy condition for the post-treatment phase were different to 
those for the pre- and post-treatment phase (Table 19). In the post-treatment phase, the 
significant predictors of FPC were: 

• ecological thinning treatment, with significantly lower FPC on moderate and heavily 
thinned plots than control plots (Figure 25) 

• a positive interaction between pre-thinning live basal area (LBA) and site quality 
(Figure 26), such that: 
o sites with higher pre-thinning LBA increased their canopy condition at a faster rate 

than sites with lower pre-thinning LBA 
o the effect was more pronounced for wetter Site Quality 1 sites than drier Site 

Quality 2 sites 
• climatic variables mean monthly minimum and maximum temperature and Southern 

Oscillation Index (SOI)  
• seasonality reflecting repeat annual cycles, as represented by sin and cos parameters. 

Table 19 Generalised linear mixed model results for foliage projective cover post-treatment  
Predictors include Southern Oscillation Index (SOI) and an interaction between site quality (SQ) and 
live basal area (LBA). 

Time 
period 

Family Link Significant predictors Variance 
explained 

6/6/2017 to 
20/2/2019 

Spherical  
(to account for 
autocorrelation 
among plots) 

Logit Thinning Treatment + SOI + Mean Month 
Min. Temp + LBA*SQ + Seasonality 

54% 
(46.2% 
from fixed 
factors) 
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Figure 25 Foliage projective cover (FPC), actual median values for 9 hectare treatment plots 

(points) and modelled values (lines) for Site Quality 1 and Site Quality 2 

 
Figure 26 Partial effects plot illustrating the relationship between live basal area (LBA) and 

foliage projective cover (FPC) for Site Quality 1 (solid line) and Site Quality 2 
(dashed line) sites 
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6. Results: Fuel hazard 
Fuel hazard 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. Then overall surface fuel hazard and elevated fuel hazard are then 
combined into an overall fuel hazard category (Figure 27). 
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 27 Fuel hazard assessment components (Hines et al. 2010) 

6.1 Overall fuel hazard 

Key result 
Statistically significant slight increase in the proportion of plots in the high 
overall fuel hazard category since 2017–18, but no effect of ecological 
thinning. 

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 (Table 20). Categories are defined by Hines et al. (2010) for all possible 
combinations.  
Bark hazard was low to moderate on all plots. 
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Table 20 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 

Low and 
moderate 

L L M M H H 

M L M M H H 

H L M H VH VH 

VH VH VH VH VH VH 

E E E E E E 

From 2017–18 to 2018–19 there was an increase in the proportion of plots in the high overall 
hazard category, which occurred across control and thinning treatments and site quality 
classes (Figure 28).  
Ordinal logistic regression indicated that the likelihood of being in a higher overall fuel 
hazard category increased in 2018–19, but that there were no significant differences 
between ecological thinning treatments or site quality classes (Table 21). 
The increase in overall fuel hazard was driven by an increase in the combined surface and 
near surface hazard. The data and analyses for each fuel hazard component are detailed 
below. 

Table 21 Ordinal logistic regression results for overall fuel hazard assessment  

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site quality 

Deviance 
explained 

Likelihood 
of increase 
in overall 
fuel hazard 
category 

Ordered 
categorical 

Identity Significantly 
higher in 
2018–19 

No effect of 
treatment 

No effect of 
site quality 

6.33% 
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Figure 28 Proportion of plots in each fuel hazard category (low, medium, high and very high), 

by site quality (SQ1 top; SQ2 bottom), fuel hazard type (surface, near surface, 
surface combined, elevated and total), ecological thinning treatment and year 



River red gum ecological thinning trial: monitoring report 2019 

42 

6.2 Surface fuel hazard 
Surface fuel hazard is calculated from assessment of litter depth and litter cover. 
Litter is defined as leaves, twigs, bark and other fine fuel lying on the ground (Hines et al. 
2010). In 2018–19 the assessment of litter was refined in the field assessment method to 
include any plant material separated from a live plant. This included very fine material 1–2 
millimetres in diameter.  

6.2.1 Litter depth 

Key result There was no evidence of differences in litter depth among ecological 
thinning treatments.  

Litter depth was measured in 10 locations in each 20 x 20 metre plot and averaged, giving 
three values per 9 hectare plot.   
Litter depth was similar on all treatments in Site Quality 1 sites in 2018–19, with moderately 
thinned plots having slightly fewer records of values above 20 millimetres than control and 
heavily thinned plots (Figure 29). In Site Quality 2 sites, more heavily thinned plots had 
values between 20 and 40 millimetres depth than control or moderately thinned plots.  

 
Figure 29 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 declined on control plots in 2018–19 relative to 2017–18, particularly 
on Site Quality 1 sites (Figure 30). Mean litter depth remained relatively stable on thinned 
plots. The magnitude of changes was small and there was no evidence of thinning treatment 
effects on litter depth.  
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Figure 30 Litter depth values and 95% credible intervals for mean values by year, thinning 

treatment and site quality (SQ1 and SQ2) 

6.2.2 Litter cover 

Key result 
There was no evidence of differences in litter cover among ecological 
thinning treatments, but there was a significant increase in 2018–19 most 
likely associated with refinement of the definition of leaf litter to always 
include material of 1–2 millimetres. 

Litter cover was visually estimated in three 0.04 hectare subplots in each 9 hectare 
treatment plot.  
The coverage of litter increased on all treatments in 2018–19 in both site quality classes and 
there were no differences among thinning treatments (Figure 31, Figure 32). This result is 
partly due to the refinement of the definition of leaf litter.  
Bayesian credible intervals indicated that litter cover values increased in 2018–19 across 
control and treatment plots, and both site quality classes (Figure 32).  
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Figure 31 Distribution of litter cover values in 2015, 2017 and 2018 

 
Figure 32 Litter cover values with 95% credible intervals for mean values, by year, ecological 

thinning treatment and site quality (SQ1 and SQ2) 
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6.2.3 Surface fuel assessment 

Key result No 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 22). 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 
categories were therefore defined to enable objective classification of all data (clear cells in 
Table 22). 

Table 22 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 

Figure 28 (above) indicates that slightly higher proportions of plots were in the high and very 
high categories for surface fuel hazard in 2018–19. This is driven primarily by the increase in 
litter cover.  
Ordinal logistic regression was used to investigate whether differences in surface fuel hazard 
categories across sites were statistically significant. There were no significant differences 
among years, thinning treatments or site quality classes (Table 23). 

Table 23 Ordinal regression results for surface fuel hazard assessment 

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site quality 

Deviance 
explained 

Likelihood 
of being in a 
higher 
surface fuel 
hazard 
category 

Ordered 
categorical 

Identity No 
significant 
effects 

No 
significant 
effects 

No 
significant 
effects 

3.2% 



River red gum ecological thinning trial: monitoring report 2019 

46 

6.3 Near surface fuel hazard 
Near surface fuel hazard is calculated from data on total near surface vegetation 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 is visually estimated in three 0.04 hectare plots within each 9 hectare plot. 

6.3.1 Live near surface vegetation cover 

Key result Mean live near surface vegetation cover declined between 2017–18 and 
2018–19, with no significant effect of ecological thinning. 

Very few plots recorded live near surface vegetation cover values above 25% in 2018–19, in 
contrast to previous years (Figure 33, Figure 34). The modal (most common) value for live 
near surface vegetation cover among plots in 2018–19 was slightly lower for moderately 
thinned plots than control and heavily thinned plots.  

Figure 33 Distribution of live and dead near surface vegetation cover values, by year and 
ecological thinning treatment 
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A narrower range of values was recorded on Site Quality 2 sites than Site Quality 1 sites for 
all control and thinning treatments (Figure 34).  

 
Figure 34 Live near surface vegetation per cent cover, averaged over three 0.04 hectare 

subplots per 9 hectare treatment plot, by year, ecological thinning treatment and 
site quality (SQ1 and SQ2) 

Table 24 Generalised additive model results for visually estimated live near surface 
percentage cover, averaged over three subplots per treatment plot  

Model type Family  Link Effect of time Effect of 
thinning 
treatment 

Effect of site 
quality 

Deviance 
explained 

Per cent live 
near 
surface 
vegetation 
cover 

Beta Logit Significantly 
lower in  
2018–19 

No significant 
effect 

Significantly 
lower in drier 
Site Quality 2 
sites 

43.7% 

Change in mean live near surface cover was modelled using Bayesian estimation 
(Figure 35). Mean live near surface cover declined on all treatments and site quality classes 
between 2017–18 and 2018–19. The greatest reduction was on the control plots in wetter 
Site Quality 1 sites and the smallest reduction was on the moderately thinned plots in drier 
Site Quality 2 sites.  
The magnitude of change in live near surface vegetation was further investigated in relation 
to the value of cover prior to thinning (Figure 36). Increases in cover appear to be restricted 
to subplots that had a pre-thinning cover of less than 25%.  
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Figure 35 Bayesian estimation of change (from 2017–18 to 2018–19) in mean values of live 

and dead near surface vegetation cover, by site quality and thinning treatment   

 
Figure 36 Change in live near surface vegetation per cent cover, relative to pre-thinning live 

near surface vegetation per cent 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 per cent cover was 25% and change in per cent cover was –25%). 
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6.3.2 Dead near surface vegetation cover 

Key result Mean dead near surface cover reduced on heavily thinned plots but 
remained stable on control and moderately thinned plots. 

Change in dead near surface vegetation cover was modelled using Bayesian estimation 
(Figure 35). On heavily thinned plots, the mean dead cover decreased by around 2–6%. On 
control and moderately thinned plots the mean dead cover remained approximately stable.  

6.3.3 Near surface fuel assessment 

Key result No effect of thinning or time on near surface fuel hazard. 

As described for surface fuel assessment, the near surface fuel assessment categories 
defined by Hines et al. (2010) are incomplete (grey cells in Table 25). Additional categories 
were defined to objectively allocate all data to a near surface fuel hazard category (clear 
cells in Table 25). 

Table 25 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 

Figure 28 (above) indicates slight differences in the proportion of plots in the high near 
surface fuel hazard category: slightly fewer on the control and heavily thinned plots; and 
slightly more on the moderately thinned plots.  
Ordinal logistic regression was used to investigate whether differences in near surface fuel 
hazard categories across sites were statistically significant. There were no significant 
differences among years, thinning treatments or site quality classes (Table 26). 

Table 26 Ordinal logistic regression results for near surface fuel hazard 

Response Link Effect of time Effect of 
thinning 
treatment 

Effect of site 
quality 

Deviance 
explained 

Likelihood of 
being in a higher 
category for 
near surface 
fuel hazard 

Identity No significant 
effects 

No significant 
effects 

No significant 
effects 

10% 
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6.4 Combined surface and near surface hazard 

Key result 
Slight increase in the likelihood of being in a higher category of combined 
surface and near surface hazard in 2018–19 compared with 2017–18, but 
no effect of ecological thinning treatment. 

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 27). 

Table 27 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 

Figure 28 (above) indicates there was an increase in the proportion of plots in the high 
combined surface hazard category, and that this occurred across all ecological thinning 
treatments.  
Ordinal logistic regression was used to investigate whether differences in surface fuel hazard 
categories across sites were statistically significant. There was a slight increase in the 
probability of a plot being in a higher category 2018–19, but no significant difference among 
thinning treatments or site quality (Table 28).  

Table 28 Ordinal logistic regression results for combined surface and near surface fuel 
hazard 

Response Link Effect of time Effect of 
thinning 
treatment 

Effect of site 
quality 

Deviance 
explained 

Likelihood of 
being in a 
higher 
category for 
combined 
surface fuel 
hazard 

Identity Significantly 
higher in  
2018–19 

No significant 
effects 

No significant 
effects 

4.27% 
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6.5 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.  

6.5.1 Live elevated vegetation cover 

Key result Live elevated vegetation cover remained lower on thinned plots than 
control plots.  

The modal (most common) value for live elevated vegetation cover remained lower on 
thinned plots than control plots (Figure 37).  

 
Figure 37 Distribution of live and dead elevated vegetation cover, by year and ecological 

thinning treatment 
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Figure 38 shows that elevated vegetation cover remained substantially lower on thinned 
plots than control plots in 2018–19. A larger range of elevated cover values were recorded 
on thinned plots in wetter Site Quality 1 sites than thinned plots in drier Site Quality 2 sites.  

 
Figure 38 Live elevated vegetation per cent cover, averaged across three 0.04 hectare 

subplots per 9 hectare treatment plot, by year, ecological thinning treatment and 
site quality (SQ1 and SQ2) 



River red gum ecological thinning trial: monitoring report 2019 

53 

Mean live elevated cover was stable or slightly increased (up to 2.5%) on all thinning 
treatments and both site quality classes between 2017–18 and 2018–19 (Figure 39). 

 
Figure 39 Bayesian estimation of change (from 2017–18 to 2018–19) in mean live and dead 

elevated vegetation cover, by site quality and thinning treatment 
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Increase in mean live elevated vegetation cover occurred on plots with pre-thinning elevated 
cover values up to 7.5% on control plots and up to 5% on thinned plots (Figure 40). 
However, very few plots had live elevated cover values above 7.5%.  

 
Figure 40 Change in live elevated vegetation cover in relation to pre-thinning live elevated 

vegetation cover 

6.5.2 Dead elevated vegetation cover  

Key result No evidence of change in dead elevated cover with time or ecological 
thinning treatment. 

Dead elevated vegetation cover remained relatively stable on all thinning treatments and 
both site quality classes between 2017–18 and 2018–19 (Figure 37, Figure 39). 

6.5.3 Elevated fuel hazard assessment 

Key result Significantly higher in 2018–19 than 2015–16, with no effect of ecological 
thinning. 

The elevated fuel hazard assessment categories as defined by Hines et al. (2010) were 
incomplete (grey cells in Table 29). Additional elevated fuel hazard assessment categories 
were defined to enable objective classification of all data (clear cells in Table 29).  
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Table 29 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 

The fuel hazard assessment category is based on proportion of total elevated cover that is 
dead; for example, a plot with 2% total elevated cover, of which 1% (half) is dead receives 
an elevated fuel hazard assessment of moderate.  
Figure 28 (above) indicates that the proportion of plots in the medium category for elevated 
hazard increased from 2015–16 to 2017–18, but remained relatively stable from 2017–18 to 
2018–19. This pattern was apparent among all ecological thinning treatments. Ordinal 
logistic regression results also indicated that the only statistically significant effects were 
differences from 2015–16 values (Table 30).  

Table 30 Ordinal logistic regression results for elevated fuel hazard assessment  

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site quality 

Deviance 
explained 

Likelihood 
of being in a 
higher 
category for 
elevated 
fuel hazard 

Ordered 
categorical 

Identity Significantly 
higher in 
2017–18 and 
2018–19 
than  
2015–16 

No 
significant 
effects 

No 
significant 
effects 

28.5% 
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7. Results: Floristic composition 
Floristic composition was surveyed in three 0.04 hectare subplots on each 9 hectare plot, 
with a total of 198 subplots. Surveys involved recording all plant species present and 
estimating the cover abundance of each species (Table 31). 

Table 31 Cover abundance score estimated in the field 

Category Raw score as recorded in field 
A <5% cover and up to 3 individuals 

B <5% cover and 3–50 individuals 

C <5% cover and 50–100 individuals 

D <5% cover and >100 individuals 

PE Point estimates given for >5% cover 

Plant identifications for approximately 10% of the dataset in 2017–18 were tentative at the 
time data analyses were conducted and were updated for analyses in this report.  

7.1 Plant species richness  

Key result 

Native and exotic plant species richness was slightly higher on thinned 
plots than control plots. 
Native and exotic plant species richness declined in 2018–19 in 
comparison to previous years. 

Species richness is the total number of plant species recorded in a survey. 
Total, native and exotic plant species richness was lower in 2018–19 in comparison with 
previous years (Table 32).  

Table 32 Total, native and exotic plant species richness per survey period 

Period Exotic Native Total 

2015–16 68 125 193 

2017–18 75 126 201 

2018–19 62 112 174 

The majority of species have been recorded in all three survey periods, with substantially 
fewer unique records in 2018–19 (Figure 41). 
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Figure 41 Number of native and exotic plant species recorded in each survey period 

7.1.1 Native plant species richness  
In wetter Site Quality 1 sites, native plant species richness was relatively similar across 
control and thinning plots in 2018–19 (top-right panel of Figure 42), although slightly lower 
values were more commonly recorded on control plots and a wider range of values was 
recorded in moderately thinned plots.  
In drier Site Quality 2 sites, the distributions of native plant species richness values were 
largely overlapping but slightly lower on control plots (bottom-right panel of Figure 42).  

 
Figure 42 Number of native plant species per 9 hectare plot by year, thinning treatment and 

site quality (SQ1 and SQ2) 
Boxplots with the central 50% range of data shown in thick black segments, and the central 
95% of data shown in thin black lines. 
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A Bayesian regression model of the effect of thinning treatment on native plant species 
richness indicated that native species richness was lower for all plot types in 2018–19 than 
they were in 2017–18. The distributions of values for control and thinned plots were largely 
overlapping, but included higher values for thinned plots than control plots in Site Quality 1 in 
2018–19 (Figure 43). 

 
Figure 43 Modelled effect of ecological thinning treatment on expected native plant species 

richness, by time and site quality (SQ1 and SQ2) 

The model estimated that thinned treatments had a slightly higher probability of containing 
more native plant species than control plots in both 2017–18 and 2018–19, with minor 
differences among site quality classes (Table 33).  

Table 33 Predicted probability of ecological thinning treatment plots containing more native 
plant species than a control plot  

Survey Treatment Site quality % probability 

2017–18 Moderate SQ1 55.26 

SQ2 54.74 

Heavy SQ1 58.20 

SQ2 57.64 

2018–19 Moderate SQ1 55.08 

SQ2 55.80 

Heavy SQ1 59.64 

SQ2 58.70 
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7.1.2 Exotic plant species richness  
In wetter Site Quality 1 sites, exotic plant species richness was similar across control and 
thinning plots in 2018–19 (top-right panel of Figure 44), although slightly lower values were 
more commonly recorded on control plots and a wider range of values was recorded in 
moderately and heavily thinned plots.  
In drier Site Quality 2 sites, exotic plant species richness values were higher on moderately 
thinned plots and a wider range of values were commonly recorded in control plots (bottom-
right panel of Figure 44).  

 
Figure 44 Number of exotic plant species per 9 hectare plot, by year, thinning treatment type 

and site quality (SQ1 and SQ2) 
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A Bayesian regression model of the effect of thinning treatment indicated that exotic species 
richness on thinned plots commonly included higher values than control plots, particularly on 
moderately thinned plots (Figure 45). 

 
Figure 45 Modelled effect of ecological thinning treatment on expected exotic plant species 

richness, by time and site quality (SQ1 and SQ2) 

The model estimated that thinned treatment plots had a higher probability of containing more 
exotic plant species than control plots in both 2017–18 and 2018–19 (Table 34).  

Table 34 Predicted probability of ecological thinning treatment plots containing more exotic 
plant species than a control plot  

Survey Treatment Site quality % probability 

2017–18 Moderate SQ1 56.80 

SQ2 57.66 

Heavy SQ1 65.76 

SQ2 67.26 

2018–19 Moderate SQ1 61.50 

SQ2 62.18 

Heavy SQ1 57.00 

SQ2 58.46 
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7.2 Plant cover 

Key result There were fewer high cover values for the 2018–19 period compared to 
the two earlier periods, with no value greater than 25% recorded. 

In both the 2015–16 and 2017–18 survey periods a number of species were recorded with 
cover values above 25% (Figure 46). There were fewer high cover values for the 2018–19 
period compared to the two earlier periods, with no value greater than 25% recorded. 

 
Figure 46 Distribution of raw cover scores by year, thinning treatment and site quality (SQ1 

and SQ2) 

The species that had cover values of >25% in 2015–16 and 2017–18 were largely flood-
dependent or aquatic species (Table 35). Reduced cover in 2018–19 may be due to drier 
hydro-climatic conditions. 

Table 35 Plant species with greater than 25% cover recorded in 2015–16 and/or 2017–18 and 
number of observations 

Species Number Species Number 
Alternanthera denticulata 5 Paspalidium jubiflorum 1 

Carex inversa 2 Persicaria decipiens 3 

Carex tereticaulis 5 Persicaria hydropiper 3 
Eleocharis spp. 6 Ranunculus inundatus 3 

Eucalyptus camaldulensis 17 Sagittaria platyphylla 1 

Juncus amabilis 2 Stellaria angustifolia 1 
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7.3 Floristic community composition 2018–19 

Key result No strong evidence of an effect of ecological thinning on floristic 
community composition. 

There was no evidence that the overall floristic composition of control plots was distinct from 
the composition of thinned plots in a cross-classification of floristic community composition 
(Figure 47).  

 
Figure 47 Cross-classification of native and exotic plant occurrence within 9 hectare plots 

during the 2018–19 survey, coloured by ecological thinning treatment 
Each row represents a single species, each column represents a treatment plot, and a 
coloured tile indicates species presence in a plot. Only species recorded in five or more plots 
included. If the composition of control plots was distinct from composition of thinned plots, 
horizontal blocks of black tiles would be apparent. Vertical striping occurs because plots 
within the same sites tend to occur together. 
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Floristic composition was relatively distinct among site quality classes, when native and 
exotic plant species (recorded in five or more plots) were included in a cross-classification 
(Figure 48). 

 
Figure 48 Cross-classification of native and exotic plant occurrence within survey plots 

during the 2018–19 survey, coloured by site quality  
Each row represents a single species, each column represents a treatment plot, and a 
coloured tile indicates species presence in a plot. 

When cross-classification was conducted on native species only, there was some evidence 
that groups of heavily thinned and control plots had similar native plant assemblages (top 
panel, Figure 49); however, it was apparent that site quality was a strong driver of native 
plant composition (bottom panel, Figure 49). 
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Figure 49 Cross-classification of native plant species recorded on five or more 9 hectare 

plots during the 2018–19 survey, coloured by ecological thinning treatment (top 
panel) or site quality (bottom panel) 
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When cross-classification was conducted on exotic species only, there was little evidence of 
differences among thinning treatments, but distinction among site quality classes 
(Figure 50). 

 

 
Figure 50 Cross-classification of exotic plant occurrence on five or more 9 hectare plots 

during the 2018–19 survey, coloured by ecological thinning treatment (top panel) 
or site quality (bottom panel) 
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7.4 Change in plant community composition  
7.4.1 Change in native plant species composition 
There were clear differences in overall native plant species composition between the site 
quality classes in both the pre- (2015–16) and post-treatment (2018–19) data (Figure 51). 
There was a suggestion of slightly increased differences between plots in the 2018–19 
survey compared to 2015–16, but no evidence that this was related to ecological thinning. 

 
Figure 51 Bayesian ordination of native plant community composition in 2015–16 and 2018–

19, with 9 hectare plots coloured by site quality and ecological thinning treatment 

There was no obvious relationship between changes in native plant species composition 
over time and ecological thinning treatments (Figure 52). 

 
Figure 52 Change in native plant species composition between 2015–16 and 2018–19, with 

9 hectare treatment plots coloured by site quality and ecological thinning treatment 
Point: 2015–16 plot position. Arrow: direction and magnitude of change to 2018–19. 
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7.4.2 Change in exotic plant species composition  
In the corresponding ordination for exotic species the two site quality classes were generally 
mixed in the 2015–16 (pre-thinning) survey, whereas there is a suggestion of increased 
separation of site quality classes in 2018–19 (Figure 53). 

 
Figure 53 Bayesian ordination of exotic plant community composition in 2015–16 and 2018–

19, with 9 hectare plots coloured by site quality and ecological thinning treatment 

When the movements in position of the 9 hectare plots in ordination space between survey 
periods were displayed there was no obvious relationship between changes in exotic plant 
species composition and plot thinning treatments; however, there appears to be more 
consistency in the direction of change (generally downwards in the graph) than was the case 
for native plant species, indicating that changes over time in the exotic species assemblage 
were similar across treatment and site quality classes. 

 
Figure 54 Change in exotic plant species composition between 2015–16 and 2018–19, with 

9 hectare treatment plots coloured by site quality and ecological thinning treatment 
Point: 2015–16 plot position. Arrow: direction and magnitude of change to 2018–19. 
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7.5 Threatened plant species 
The threatened plant species floating swamp wallaby grass (Amphibromus fluitans) was 
recorded in previous surveys but was not recorded in 2018–19. This species is listed as 
vulnerable in the NSW Biodiversity Conservation Act 2016 and Commonwealth Environment 
Protection and Biodiversity Conservation Act 1999.  
The habitat for Amphibromus fluitans is almost exclusively aquatic. Its occurrence tends to 
be temporary, associated with standing floodwaters. The ongoing dry conditions are likely to 
have limited appropriate habitat conditions during 2018–19 (Photo 1).  
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Site 2-2-B in 2015–16 Site 2-2-B in 2017–18 Site 2-2-B in 2018–19 

   

Site 16-2-B in 2015–16 Site 16-2-B in 2017–18 Site 16-2-B in 2018–19 

   

Photo 1 Change in habitat suitability for Amphibromus fluitans between 2015–16, 2017–18 and 2018–19.  
Photos by OEH staff.  
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8. 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-9 am and two 
post-9 am). Five different observers conducted the surveys in 2018–19, with three observers 
having also surveyed in 2015–16 and 2017–18, one observer having also surveyed in 2017–
18, and one observer only surveying in 2018–19. Each observer tended to survey all sites 
over a period of three or four weeks, without necessarily overlapping in dates with other 
observers. 

8.1 Bird species richness 

Key result 

Bird species richness declined from 2017–18 to 2018–19. 

On drier Site Quality 2 sites, median bird species richness declined on 
control and moderately thinned plots and remained stable on heavily 
thinned plots. 

Species richness is the total number of bird species recorded in a survey. 
A total of 103 bird species have been recorded across the three survey periods. Fewer 
species were recorded in the most recent survey period than previous periods (Figure 55). 
Sixty-one species are common to all surveys; six new species were recorded in 2018–19. All 
bird species recorded were Australian native species. 

 
Figure 55 Number of bird species recorded in each survey year  

Median bird species richness was relatively stable on wetter Site Quality 1 sites over time, 
across all thinning treatments (Figure 56). On drier Site Quality 2 sites, median bird species 
richness declined on control and moderately thinned plots but remained stable on heavily 
thinned plots. This effect was marginally significant in a generalised linear model (Table 36). 
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Figure 56 Total bird species richness (20 minutes in a 2 hectare subplot within each 9 hectare 

plot), by survey year, thinning treatment and site quality (SQ1 and SQ2) 
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. 

Table 36 Generalised linear mixed model results for bird species richness 

Response Family Link Effect of time Effect of 
thinning 
treatment 

Effect of 
site quality 

Variance 
explained 
(conditional) 

Bird 
species 
richness 

Poisson Log Significantly 
lower in 2017–18 
and 2018–19 
than 2015–16 

See below No 
significant 
effect 

29.8% 

Marginally significantly higher in 
heavily thinned plots in 2018–19 
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8.2 Bird species diversity 

Key result Median bird diversity was lower in Site Quality 2 treatment plots than 
control plots in 2018–19, but the effect was not statistically significant. 

Bird species diversity was analysed using Simpson’s diversity and Shannon’s diversity 
indices, which simultaneously account for both species richness and the abundance of each 
species. Shannon’s diversity index increases as both species richness and evenness 
increase. Simpson’s diversity index gives more weight to common or dominant species and 
is much less sensitive to species richness and the presence of rare species.  
Bird diversity declined in 2018–19 relative to previous years, across all treatment plots 
(Figure 57, Table 37). In drier Site Quality 2 sites in 2018–19, median bird diversity was 
lower on thinning treatment plots than control plots according to both indices, but the 
differences were not statistically significant. 

 
Figure 57 Boxplots of bird diversity by year, treatment, site quality (SQ1 and SQ2) and 

diversity index  
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Table 37 Linear mixed model results for bird species diversity measures  

Response Effect of time Effect of thinning 
treatment 

Effect of site 
quality 

Variance 
explained 
(conditional) 

Shannon 
diversity 

Significantly lower 
in each year 

No significant 
effect in 2018–19 

No significant 
effect  

58% 

Simpson 
diversity 

Significantly lower 
in each year 

No significant 
effect in 2018–19 

No significant 
effect  

50% 

8.3 Bird community composition 

8.3.1 Bird community composition in 2018–19 

Key result 

There was some evidence of differences in bird community composition 
among thinning treatments in 2018–19, dependent on site quality. 

Bird community composition changed more on thinned plots than control 
plots over time. 

Bird occurrence within survey plots during the 2018–19 survey was analysed using 
hierarchical clustering on both species and plots, producing a cross-classification (Figure 58). 
The clustering was calculated using presence–absence data, where presence indicated that 
a species was observed during at least one visit to a survey plot. In the cross-classification 
plot, species are arranged on the vertical axis so that each is close to other species with 
which it was frequently observed. Plots are arranged on the horizontal axis such that each 
has similar bird species composition to its neighbours. Plots are shaded by thinning 
treatment (Figure 58), or by site quality (Figure 60). If bird occurrences are strongly 
influenced by treatment or site quality, we expect to see well-defined vertical blocks of 
shading.  
There is some limited evidence that bird composition was associated with thinning treatment 
in 2018–19: moderately thinned plots tend to occur on the left of the figure; and heavily 
thinned plots tend to occur on the right (Figure 58); however, some of the clustering is 
associated with site quality (Figure 60) and spatial correlation (sites located near each other). 
In particular, most of the moderately thinned and control plots that cluster in the centre of the 
figure are Site Quality 1 sites that are located in the central portion of the national park 
(Figure 1). 
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Figure 58 Cross-classification of bird occurrence within survey plots during the 2018–19 

survey, coloured by ecological thinning treatment 
Each row represents a single species, each column represents a survey plot, and a 
coloured tile indicates species presence in a plot during at least one survey visit. 
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Figure 59 Cross-classification of bird occurrence within survey plots during the 2018–19 

survey, coloured by site quality 
Each row represents a single species, each column represents a survey plot, and a 
coloured tile indicates species presence in a plot during at least one survey visit.  
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8.3.2 Change in bird community composition over time 
Change in bird assemblages over time was analysed using permutational multivariate 
analysis of variance (PERMANOVA) (Anderson 2017). PERMANOVA tests for similarity 
among groups of sites based on a chosen distance measure. The distance measure used 
was Bray–Curtis, which is a measure of compositional dissimilarity between sites that is 
based on counts of species (that is square root transformed to increase the contribution of 
uncommon species) at each site. Sites that do not share any species have a Bray–Curtis 
value of 1, and sites with all species in common have a Bray–Curtis value of 0.  
The results of the PERMANOVA indicated that in each survey period the centroids for control 
and thinning treatments were similar to each other (i.e. the same shapes are clustered in 
Figure 60). The centroids of the control plots (coloured black in Figure 60) remained similar 
to one another in the three different survey periods. The centroids of the thinning treatment 
plots changed more over time than the control plots did.  

 
Figure 60 Multidimensional scaling plot showing the relative distance between the centroids 

of bird composition in control and treatment plots before (2015–16) and after 
(2017–18 and 2018–19) thinning treatment  
The distance is based on Bray–Curtis dissimilarity on square root transformed 
abundances. 
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8.4 Individual bird species 

Key result 

Three bird species were more abundant on control plots than thinned plots 
in 2018–19: thornbills, striated pardalotes and white-throated treecreepers. 

Superb fairy wrens were more abundant on thinned plots than control plots 
in 2018–19. 

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. SIMPER analyses also tend to highlight species with variable 
presence or abundance, and only include species that contribute to more than 5% of the total 
dissimilarity between groups, i.e. relatively abundant species.  
Species that contributed to differences among thinning treatments in 2018–19, which were 
more abundant on control plots than thinned plots: buff-rumped thornbill; striated pardalote; 
white-throated treecreeper; yellow thornbill; striated thornbill.  
Species that contributed to differences among thinning treatments in 2018–19, which were 
more abundant on thinned plots than control plots: superb fairy-wren. 

 
Figure 61 Top ten species identified by SIMPER analysis as contributing to the differences in 

bird assemblages among thinning treatment plots in 2018–19  
Vertical axis is average square root abundance. Species listed contributed to the first 
25% of Bray–Curtis dissimilarity between thinning treatments.  

8.4.1 Threatened bird species 

Key result 
The scarlet robin, listed as vulnerable under the NSW Biodiversity 
Conservation Act 2016, was recorded in more control plots than thinned 
plots in 2018–19. 
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Six bird species listed as threatened under the NSW Biodiversity Conservation Act 2016 
have been recorded (Table 38). With the exception of the scarlet robin (Petroica boodang), 
frequency of occurrence was low and not amenable to analyses for differences among 
control and thinning treatment plots.  

Table 38 Number of observations per year for threatened bird species 

Name Habitat Number of 9 hectare plots 

2015–16 2017–18 2018–19 

Dusky 
woodswallow 

Forest with open or sparse understorey 
and groundcover of grasses, sedges or 
fallen woody debris. Forages primarily 
over leaf litter and dead timber. 

9 7 9 

Little eagle Habitat includes eucalypt forest and 
riparian woodlands. Nests in tall living 
trees. Soars above woodland or swoops 
from trees to take prey from the ground, 
trees or bushes. 

1 1 – 

Scarlet robin Abundant logs and fallen timber. 
Forages from low perches or the ground; 
sometimes the shrub or canopy layer. 
Nests are often found in a dead branch 
in a live tree, or a dead tree or shrub. 

29 21 29 

Superb parrot Feeds on the ground and in understorey 
shrubs and trees. Nests in the hollows of 
large trees (dead or alive). 

3 1 2 

Varied sitella Eucalypt forests with mature smooth-
barked gums with dead branches. 
Forages in crevices in rough or 
decorticating bark, dead branches, 
standing dead trees and branches in the 
tree canopy. Nests in an upright tree fork 
high in the living tree canopy. 

5 4 11 

White-bellied sea 
eagle 

Large areas of open water. Breeds in 
mature tall open forest close to foraging 
habitat. Nests in large emergent 
eucalypts often with emergent dead 
branches or large dead trees nearby.  

2 – 2 

8.4.2 Scarlet robin 
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 that 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. 
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Scarlet robins were flagged in the 2017–18 monitoring report as having declined on thinned 
plots, but remained stable on control plots.  
Scarlet robins were recorded on more control plots in 2018–19 (13 plots), than the previous 
year (10 plots) (Figure 62). Scarlet robins were also recorded on more heavily thinned plots 
in Site Quality 1 (6 plots) than the previous year (2 plots) (Figure 62). On all the other thinned 
treatment types, scarlet robins were recorded on three or four plots in 2018–19.  

 
Figure 62 Number of plots scarlet robins were recorded in, by year, treatment and site quality 

(SQ1 and SQ2) 

There was insufficient data to model whether scarlet robins were recorded on more control or 
thinning treatment plots. 
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9. Results: Bats 
Ultrasonic recording of bats occurred across four 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; after thinning in February 
2018; and February 2019. 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. 

9.1 Overall bat activity 

Key result Significantly lower in 2019 than previous years, but in 2019 thinned plots 
were significantly higher than control plots.  

There were 308,314 sound recordings collected of which 174,297 contained bat calls. 
Generalised linear mixed models indicated that overall activity declined in 2019 on control 
and treatment plots (Table 39, Figure 63). Declines in bat activity were of the greatest 
magnitude on control plots. No significant effect of site quality was detected. 

Table 39 Generalised linear mixed model results for bat activity 

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
temperature 

Variance 
explained 

Overall 
bat activity 

Poisson Log Significantly lower in 
2019 than previous 
years, but thinned plots 
significantly higher than 
control plots in 2019 

No 
significant 
effect 

Significant 
positive 
relationship 

98.8% 
(33.2% 
from fixed 
factors) 

 
Figure 63 Model results for overall bat activity, showing the modelled relationship between 

activity (passes per night per plot, on the y-axis) and the explanatory variables 
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9.2 Bat guild activity 

Key result 

Clutter specialists significantly higher activity in 2019 and significantly 
lower on moderately thinned plots than control and heavily thinned plots. 
Clutter avoiders significantly declined overall in 2019, but activity was 
significantly higher on thinned plots than control plots. 

9.2.1 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’ or closed-
canopy specialist guild. Clutter specialist activity declined in 2018, but increased again in 
2019 (Table 40, Figure 64). In 2019, clutter specialist activity was lowest on plots that had 
been moderately thinned. Site quality had no detectable effects on bat activity. 

Table 40 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 
temperature 

Deviance 
explained 

Clutter 
specialists 
bat activity 

Poisson Log Significantly higher in 
2019 than 2018. In 2019 
significantly higher in 
control and heavily 
thinned plots than 
moderately thinned 
plots. 

No 
significant 
effect 

Significant 
positive 
effect 

95.0% 
(61.2% 
from fixed 
factors) 

 
Figure 64 Model results for clutter specialist guild activity, showing the modelled relationship 

between activity (passes per night per plot, on the y-axis) and the explanatory 
variables 
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9.2.2 Clutter avoiders 
Other species detected in the forest, excluding the genus Nyctophilus, have various feeding 
strategies that avoid ‘clutter’ or closed canopies and instead feed in canopy gaps. Overall 
activity of clutter avoiders increased in 2018 after thinning, but declined markedly on all plot 
types in 2019 (Table 41, Figure 65). In 2019, clutter avoider activity was significantly higher 
on thinned plots than control plots. Site quality had no detectable effect on clutter avoider bat 
activity. 

Table 41 Linear mixed model results for clutter avoider activity 

Response Family  Link Effect of 
time 

Effect of 
thinning 
treatment 

Effect of 
site 
quality 

Effect of 
temperature 

Deviance 
explained 

Clutter 
avoiders 
bat activity 

Poisson Log Significantly lower in 
2019 than 2018. In 
2019, thinned plots 
significantly higher than 
control plots. 

No 
significant 
effect 

Significant 
positive 
effect 

98.8% 
(36.5% 
from fixed 
factor) 

 
Figure 65 Model results for clutter avoider bat activity, showing the modelled relationship 

between activity (passes per night per plot, on the y-axis) and the explanatory 
variables 
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9.3 Individual bat species 
Two species were reliably identified by the initial Anascheme processing and have been 
analysed individually. 

9.3.1 White-striped mastiff bat 

Key result Significantly lower overall in 2019, but significantly higher on thinned plots 
than control plots. 

White-striped mastiff bats are fast high fliers with powerful calls that often feed above the 
canopy. White-striped mastiff bat activity was lower in 2019 than 2018 on control and heavily 
thinned plots, but increased slightly on moderately thinned plots (Figure 66, Table 42). In 
2019, white-striped mastiff bat activity was significantly higher on thinned plots than control 
plots. Site quality had no detectable effect on white-striped mastiff bat activity. 

Table 42 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 
temperature 

Deviance 
explained 

White-
striped 
mastiff bat 
activity 

Poisson Log Significantly lower in 2019 
than 2018. In 2019, control 
plots significantly lower 
than thinned plots. 

No 
significant 
effect 

Significant 
positive 
effect 

92.5% 
(36.5% 
from fixed 
factor) 

 
Figure 66 Model results for white-striped mastiff bat activity, showing the modelled 

relationship between activity (passes per night per plot, on the y-axis) and the 
explanatory variables 



River red gum ecological thinning trial: monitoring report 2019 

84 

9.3.2 Large forest bat 

Key result In 2019, significantly higher on thinned plots than control plots. 

Large forest bats (Vespedalus darlingtoni) are the largest and least manoeuvrable of the 
Vespedalus species. They often hunt in the spaces between tree canopies. Large forest bat 
activity declined slightly on control plots but increased on thinned plots in 2019 (Table 43, 
Figure 67). The strong impact of the random factor of plot in the model indicates a patchy 
distribution within the forest being driven by factors other than those studied. Site quality had 
no detectable effect on large forest bat activity. 

Table 43 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 
temperature 

Deviance 
explained 

Large 
forest bat 
activity 

Poisson Log In 2019, significantly 
higher on thinned plots 
than control plots 

No 
significant 
effect 

Significant 
positive 
effect 

40.8% 
(9.1% 
from fixed 
factor) 

 
Figure 67 Model results for large forest bat activity, showing the modelled relationship 

between activity (passes per night per plot, on the y-axis) and the explanatory 
variables 
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Appendix A: Full model results 
All analyses were conducted in the R statistical environment (R Core Team 2013). 

Tree parameters 

Tree DBH growth 

model2 <- gam(growth.per.year ~ s(diameter.2015, by = treat) + treat +  
                s(ntrees) + site.quality + multistem + postflood + 
                s(fsiteplot, bs="re"), data = dat) 
##  
## Family: gaussian  
## Link function: identity  
##  
## Formula: 
## growth.per.year ~ s(diameter.2015, by = treat) + treat + s(ntrees) +  
##     site.quality + multistem + postflood + s(fsiteplot, bs = "re") 
##  
## Parametric coefficients: 
##                 Estimate Std. Error t value Pr(>|t|)    
## (Intercept)       1.6630     0.5521   3.012  0.00263 ** 
## treatmoderate     0.8467     0.7449   1.137  0.25585    
## treatheavy        0.6329     0.7494   0.845  0.39845    
## site.qualitySQ2  -0.2195     0.5705  -0.385  0.70047    
## multistemyes      1.4431     0.5719   2.523  0.01171 *  
## postfloodyes      1.2845     0.7039   1.825  0.06818 .  
## --- 
## 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   1.000  1.000  1.664  0.19721     
## s(diameter.2015):treatmoderate  1.000  1.000 11.422  0.00074 *** 
## s(diameter.2015):treatheavy     1.712  2.173 11.473 7.19e-06 *** 
## s(ntrees)                       1.838  1.978  2.268  0.08668 .   
## s(fsiteplot)                   42.701 60.000  2.518  < 2e-16 *** 
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## R-sq.(adj) =  0.122   Deviance explained = 14.7% 
## GCV = 38.916  Scale est. = 37.825    n = 1936 

Also ran a model with stem area, instead of stem density. 

model1 <- gam(growth.per.year ~ s(diameter.2015, by = treat) + treat +  
                s(stemarea.total) + site.quality + multistem + postflood + 
                s(fsiteplot, bs="re"), data = dat) 
##  
## Family: gaussian  
## Link function: identity  
##  
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## Formula: 
## growth.per.year ~ s(diameter.2015, by = treat) + treat + s(stemarea.tot
al) +  
##     site.quality + multistem + postflood + s(fsiteplot, bs = "re") 
##  
## Parametric coefficients: 
##                 Estimate Std. Error t value Pr(>|t|)    
## (Intercept)       1.2679     0.6227   2.036  0.04187 *  
## treatmoderate     0.6260     0.7367   0.850  0.39553    
## treatheavy        0.5691     0.7390   0.770  0.44137    
## site.qualitySQ2   0.2911     0.7345   0.396  0.69189    
## multistemyes      1.4886     0.5720   2.603  0.00933 ** 
## postfloodyes      1.9844     0.6631   2.993  0.00280 ** 
## --- 
## 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   1.000  1.000  1.756 0.185225     
## s(diameter.2015):treatmoderate  1.000  1.000 11.416 0.000743 *** 
## s(diameter.2015):treatheavy     1.697  2.153 12.292 3.28e-06 *** 
## s(stemarea.total)               2.565  2.758  2.424 0.101287     
## s(fsiteplot)                   41.958 60.000  2.420  < 2e-16 *** 
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## R-sq.(adj) =  0.122   Deviance explained = 14.7% 
## GCV = 38.916  Scale est. = 37.826    n = 1936 

Tree parameters: tree height 

Family: gaussian  
Link function: identity  
 
Formula: 
height.upper ~ treat * survey.year + site.quality + s(fsiteplot,  
    bs = "re") 
 
Parametric coefficients: 
                              Estimate Std. Error t value Pr(>|t|)     
(Intercept)                    28.9674     0.7239  40.015  < 2e-16 *** 
treatmoderate                  -0.2325     0.9157  -0.254   0.7996     
treatheavy                     -0.5358     0.9127  -0.587   0.5574     
survey.year2017                -3.8600     0.6005  -6.428 2.89e-10 *** 
survey.year2018                -3.0243     0.6051  -4.998 7.89e-07 *** 
site.qualitySQ2                -4.0736     0.6286  -6.481 2.10e-10 *** 
treatmoderate:survey.year2017   1.3969     0.8452   1.653   0.0989 .   
treatheavy:survey.year2017      1.2670     0.8389   1.510   0.1315     
treatmoderate:survey.year2018   1.2865     0.8484   1.516   0.1300     
treatheavy:survey.year2018      1.2495     0.8422   1.484   0.1385     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
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Approximate significance of smooth terms: 
               edf Ref.df     F p-value     
s(fsiteplot) 49.68     62 3.955  <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
 
R-sq.(adj) =  0.475   Deviance explained = 52.8% 
GCV = 12.794  Scale est. = 11.496    n = 588 

Tree parameters: tree mortality 

Y<-cbind(live, dead) 
Generalized linear mixed model fit by maximum likelihood (Laplace Approxim
ation) ['glmerMod'] 
 Family: binomial  ( logit ) 
Formula: y ~ year * treat + SQ + (1 | siteplot.x) 
   Data: dat.model 
     AIC      BIC   logLik deviance df.resid  
   906.3    942.4   -442.1    884.3      187  
Scaled residuals:  
     Min       1Q   Median       3Q      Max  
-2.63164 -0.46681  0.06538  0.58223  1.68381  
Random effects: 
 Groups     Name        Variance Std.Dev. 
 siteplot.x (Intercept) 0.2774   0.5266   
Number of obs: 198, groups:  siteplot.x, 66 
Fixed effects: 
                       Estimate Std. Error z value Pr(>|z|)     
(Intercept)             2.44243    0.17403  14.034   <2e-16 *** 
year2017                0.17807    0.15847   1.124   0.2611     
year2018                0.03610    0.15385   0.235   0.8145     
treatmoderate          -0.07590    0.22110  -0.343   0.7314     
treatheavy             -0.06186    0.22144  -0.279   0.7800     
SQSQ2                   0.08460    0.14851   0.570   0.5689     
year2017:treatmoderate -0.53051    0.21145  -2.509   0.0121 *   
year2018:treatmoderate -0.29956    0.20936  -1.431   0.1525     
year2017:treatheavy    -0.33730    0.21508  -1.568   0.1168     
year2018:treatheavy    -0.34738    0.20921  -1.660   0.0968 .   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
Correlation of Fixed Effects: 
            (Intr) yr2017 yr2018 trtmdr trthvy SQSQ2  yr2017:trtm yr2018:t
rtm yr2017:trth 
year2017    -0.422                                         
year2018    -0.436  0.479                                         
treatmodert -0.644  0.332  0.343                                      
treatheavy  -0.644  0.332  0.342  0.507                                   
SQSQ2       -0.420  0.000  0.000 -0.003  0.000                             
yr2017:trtm  0.316 -0.749 -0.359 -0.487 -0.249  0.000                     
yr2018:trtm  0.320 -0.352 -0.735 -0.492 -0.252  0.000  0.514              
yr2017:trth  0.311 -0.737 -0.353 -0.245 -0.480  0.000  0.552  0.259        
yr2018:trth  0.320 -0.352 -0.735 -0.252 -0.495 -0.001  0.264  0.540  0.509 
r.squaredGLMM(mod.y.t) 
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R2m        R2c 
theoretical 0.011200582 0.08808115 
delta       0.003480123 0.02736762 

Recruitment  

Germinants 
Model for germinants failed to converge. 

Seedlings 

modelseed <- glmer(seed.pres ~ survey.year * treat + SQ + (1 | fsiteplot), 
data = datseed, family = binomial(), glmerControl(optimizer="bobyqa", optC
trl = list(maxfun = 100000))) 
summary(modelseed) 
## Generalized linear mixed model fit by maximum likelihood (Laplace 
##   Approximation) [glmerMod] 
##  Family: binomial  ( logit ) 
## Formula: seed.pres ~ survey.year * treat + SQ + (1 | fsiteplot) 
##    Data: datseed 
## Control:  
## glmerControl(optimizer = "bobyqa", optCtrl = list(maxfun = 1e+05)) 
##  
##      AIC      BIC   logLik deviance df.resid  
##    390.1    426.2   -184.0    368.1      187  
##  
## Scaled residuals:  
##     Min      1Q  Median      3Q     Max  
## -2.6984 -0.4073  0.3673  0.5648  1.3078  
##  
## Random effects: 
##  Groups    Name        Variance Std.Dev. 
##  fsiteplot (Intercept) 1.399    1.183    
## Number of obs: 198, groups:  fsiteplot, 66 
##  
## Fixed effects: 
##                               Estimate Std. Error z value Pr(>|z|)     
## (Intercept)                     2.4957     0.5229   4.773 1.81e-06 *** 
## survey.year2017                -0.5940     0.4930  -1.205   0.2283     
## survey.year2018                -0.3727     0.5008  -0.744   0.4567     
## treatheavy                     -0.8935     0.6134  -1.457   0.1452     
## treatmoderate                  -0.6745     0.6180  -1.091   0.2751     
## SQSQ2                          -0.7590     0.3911  -1.941   0.0523 .   
## survey.year2017:treatheavy      1.8959     0.7137   2.656   0.0079 **  
## survey.year2018:treatheavy      1.6747     0.7184   2.331   0.0197 *   
## survey.year2017:treatmoderate   1.2753     0.6915   1.844   0.0651 .   
## survey.year2018:treatmoderate   0.6877     0.6800   1.011   0.3118     
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## Correlation of Fixed Effects: 
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##                  (Intr) sr.2017 sr.2018 trthvy trtmdr SQSQ2  
## srvy.yr2017      -0.551                                      
## srvy.yr2018      -0.532  0.551                               
## treatheavy       -0.671  0.459   0.447                       
## treatmodert      -0.673  0.456   0.444   0.562               
## SQSQ2            -0.415  0.011   0.007  -0.012 -0.002        
## srvy.yr2017:trth  0.405 -0.695  -0.383  -0.531 -0.321 -0.029 
## srvy.yr2018:trth  0.395 -0.388  -0.699  -0.525 -0.316 -0.026 
## srvy.yr2017:trtm  0.402 -0.714  -0.394  -0.329 -0.556 -0.017 
## srvy.yr2018:trtm  0.397 -0.406  -0.737  -0.330 -0.562 -0.010 
##                  srvy.yr2017:trth srvy.yr2018:trth srvy.yr2017:trtm 
## srvy.yr2017                                                         
## srvy.yr2018                                                         
## treatheavy                                                          
## treatmodert                                                         
## SQSQ2                                                               
## srvy.yr2017:trth                                                    
## srvy.yr2018:trth  0.465                                             
## srvy.yr2017:trtm  0.498            0.279                            
## srvy.yr2018:trtm  0.283            0.516            0.502 
r.squaredGLMM(modelseed) 
## Warning: The null model is correct only if all variables used by the 
## original model remain unchanged. 
##                    R2m       R2c 
## theoretical 0.06726702 0.3455316 
## delta       0.04133488 0.2123255 

Another model was run including postflood (whether plots were thinned-then-flooded or 
flooded-then-thinned).  

modelseedflood <- glmer(seed.pres ~ survey.year * treat + SQ + postflood + 
(1 | fsiteplot), data = datseed, family = binomial(), glmerControl(optimiz
er="bobyqa", optCtrl = list(maxfun = 100000))) 
summary(modelseedflood) 
## Generalized linear mixed model fit by maximum likelihood (Laplace 
##   Approximation) [glmerMod] 
##  Family: binomial  ( logit ) 
## Formula:  
## seed.pres ~ survey.year * treat + SQ + postflood + (1 | fsiteplot) 
##    Data: datseed 
## Control:  
## glmerControl(optimizer = "bobyqa", optCtrl = list(maxfun = 1e+05)) 
##  
##      AIC      BIC   logLik deviance df.resid  
##    392.0    431.5   -184.0    368.0      186  
##  
## Scaled residuals:  
##     Min      1Q  Median      3Q     Max  
## -2.6867 -0.4070  0.3634  0.5678  1.3161  
##  
## Random effects: 
##  Groups    Name        Variance Std.Dev. 
##  fsiteplot (Intercept) 1.397    1.182    
## Number of obs: 198, groups:  fsiteplot, 66 
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##  
## Fixed effects: 
##                               Estimate Std. Error z value Pr(>|z|)     
## (Intercept)                    2.49862    0.52316   4.776 1.79e-06 *** 
## survey.year2017               -0.59391    0.49299  -1.205  0.22832     
## survey.year2018               -0.37270    0.50077  -0.744  0.45673     
## treatheavy                    -0.85077    0.66102  -1.287  0.19807     
## treatmoderate                 -0.63472    0.65889  -0.963  0.33538     
## SQSQ2                         -0.76550    0.39282  -1.949  0.05133 .   
## postfloodthin-flood           -0.08254    0.47705  -0.173  0.86264     
## survey.year2017:treatheavy     1.89670    0.71386   2.657  0.00788 **  
## survey.year2018:treatheavy     1.67549    0.71852   2.332  0.01971 *   
## survey.year2017:treatmoderate  1.27495    0.69136   1.844  0.06517 .   
## survey.year2018:treatmoderate  0.68749    0.67985   1.011  0.31190     
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## Correlation of Fixed Effects: 
##                  (Intr) sr.2017 sr.2018 trthvy trtmdr SQSQ2  pstfl- 
## srvy.yr2017      -0.550                                             
## srvy.yr2018      -0.531  0.551                                      
## treatheavy       -0.607  0.425   0.414                              
## treatmodert      -0.617  0.428   0.416   0.619                      
## SQSQ2            -0.417  0.011   0.007  -0.048 -0.036               
## pstfldthn-f      -0.039  0.001   0.000  -0.373 -0.348  0.098        
## srvy.yr2017:trth  0.405 -0.694  -0.383  -0.490 -0.298 -0.030 -0.009 
## srvy.yr2018:trth  0.395 -0.388  -0.699  -0.483 -0.293 -0.027 -0.009 
## srvy.yr2017:trtm  0.402 -0.714  -0.394  -0.306 -0.522 -0.017  0.002 
## srvy.yr2018:trtm  0.396 -0.406  -0.737  -0.307 -0.527 -0.009  0.001 
##                  srvy.yr2017:trth srvy.yr2018:trth srvy.yr2017:trtm 
## srvy.yr2017                                                         
## srvy.yr2018                                                         
## treatheavy                                                          
## treatmodert                                                         
## SQSQ2                                                               
## pstfldthn-f                                                         
## srvy.yr2017:trth                                                    
## srvy.yr2018:trth  0.465                                             
## srvy.yr2017:trtm  0.498            0.279                            
## srvy.yr2018:trtm  0.283            0.516            0.502 
r.squaredGLMM(modelseedflood) 
## Warning: The null model is correct only if all variables used by the 
## original model remain unchanged. 
##                    R2m       R2c 
## theoretical 0.06770805 0.3455843 
## delta       0.04160718 0.2123645 

Saplings 

modelsap <- lme4::glmer(sap.pres ~ survey.year * treat + SQ + (1 | fsitepl
ot), data = datsap, family = binomial(), glmerControl(optimizer="bobyqa", 
optCtrl = list(maxfun = 100000))) 
summary(modelsap) 
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## Generalized linear mixed model fit by maximum likelihood (Laplace 
##   Approximation) [glmerMod] 
##  Family: binomial  ( logit ) 
## Formula: sap.pres ~ survey.year * treat + SQ + (1 | fsiteplot) 
##    Data: datsap 
## Control:  
## glmerControl(optimizer = "bobyqa", optCtrl = list(maxfun = 1e+05)) 
##  
##      AIC      BIC   logLik deviance df.resid  
##    333.6    369.7   -155.8    311.6      187  
##  
## Scaled residuals:  
##     Min      1Q  Median      3Q     Max  
## -2.4554 -0.2061  0.1700  0.3830  0.9224  
##  
## Random effects: 
##  Groups    Name        Variance Std.Dev. 
##  fsiteplot (Intercept) 3.245    1.801    
## Number of obs: 198, groups:  fsiteplot, 66 
##  
## Fixed effects: 
##                               Estimate Std. Error z value Pr(>|z|)     
## (Intercept)                     4.5603     0.8356   5.457 4.83e-08 *** 
## survey.year2017                -0.1989     0.6314  -0.315 0.752767     
## survey.year2018                -0.3823     0.6211  -0.616 0.538167     
## treatheavy                      0.1406     0.9403   0.149 0.881182     
## treatmoderate                  -0.2170     0.9188  -0.236 0.813271     
## SQSQ2                          -2.1331     0.5916  -3.606 0.000312 *** 
## survey.year2017:treatheavy     -3.0131     0.9276  -3.248 0.001160 **  
## survey.year2018:treatheavy     -2.6177     0.9144  -2.863 0.004200 **  
## survey.year2017:treatmoderate  -2.0822     0.8536  -2.439 0.014709 *   
## survey.year2018:treatmoderate  -1.8988     0.8455  -2.246 0.024724 *   
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## Correlation of Fixed Effects: 
##                  (Intr) sr.2017 sr.2018 trthvy trtmdr SQSQ2  
## srvy.yr2017      -0.404                                      
## srvy.yr2018      -0.422  0.532                               
## treatheavy       -0.558  0.355   0.365                       
## treatmodert      -0.637  0.364   0.376   0.498               
## SQSQ2            -0.545  0.006   0.012   0.005  0.074        
## srvy.yr2017:trth  0.158 -0.678  -0.357  -0.583 -0.215  0.113 
## srvy.yr2018:trth  0.175 -0.359  -0.675  -0.592 -0.224  0.103 
## srvy.yr2017:trtm  0.262 -0.739  -0.392  -0.260 -0.557  0.033 
## srvy.yr2018:trtm  0.273 -0.390  -0.733  -0.265 -0.566  0.029 
##                  srvy.yr2017:trth srvy.yr2018:trth srvy.yr2017:trtm 
## srvy.yr2017                                                         
## srvy.yr2018                                                         
## treatheavy                                                          
## treatmodert                                                         
## SQSQ2                                                               
## srvy.yr2017:trth                                                    
## srvy.yr2018:trth  0.658                                             
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## srvy.yr2017:trtm  0.515            0.278                            
## srvy.yr2018:trtm  0.276            0.508            0.612 
r.squaredGLMM(modelsap) 
## Warning: The null model is correct only if all variables used by the 
## original model remain unchanged. 
##                   R2m       R2c 
## theoretical 0.3049016 0.6500856 
## delta       0.2456560 0.5237672 

Tree crown extent 

Declining trees 
Model for the change in extent between 2017–18 and 2018–19, stressed trees (trees with 
decline in extent) only. 

dat.model<-dat %>% 
mutate(stress.2018 = pmax(0, (`2017` - `2018`) / `2017`)) %>% 
mutate(stressed = stress.2018 > 0) 
model <- gam(stressed ~ site.quality + treat + post.flood + 
               s(ntrees, by = treat) +  
               s(fsiteplot, bs = "re"), 
             data = dat.model, family = binomial()) 
summary(model) 
##  
## 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)     -0.76279    0.17173  -4.442 8.92e-06 *** 
## site.qualitySQ2 -0.21467    0.17702  -1.213   0.2253     
## treatmoderate   -0.41398    0.23440  -1.766   0.0774 .   
## treatheavy      -0.38851    0.24886  -1.561   0.1185     
## post.floodTRUE   0.04578    0.22442   0.204   0.8384     
## --- 
## 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):treatcontrol   1.001  1.002  0.002    0.967     
## s(ntrees):treatmoderate  1.000  1.001  0.005    0.944     
## s(ntrees):treatheavy     1.002  1.002  2.424    0.120     
## s(fsiteplot)            34.729 58.000 79.443 9.94e-08 *** 
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## R-sq.(adj) =  0.0478   Deviance explained = 5.99% 
## UBRE = 0.11873  Scale est. = 1         n = 1966 
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Model for the proportion of trees that are stressed, where stressed is (2017– 2018)/2017 >0 

y<-cbind(success = dat.model2$nstressed, failure = dat.model2$nhappy) 
model2 <- glmer(y ~ treat + site.quality + (1|fsiteplot), data=dat.model2, 
family = binomial()) 
summary(model2) 
## Generalized linear mixed model fit by maximum likelihood (Laplace 
##   Approximation) [glmerMod] 
##  Family: binomial  ( logit ) 
## Formula: y ~ treat + site.quality + (1 | fsiteplot) 
##    Data: dat.model2 
##  
##      AIC      BIC   logLik deviance df.resid  
##    358.7    369.7   -174.4    348.7       61  
##  
## Scaled residuals:  
##      Min       1Q   Median       3Q      Max  
## -1.64446 -0.49882  0.07579  0.40968  1.23154  
##  
## Random effects: 
##  Groups    Name        Variance Std.Dev. 
##  fsiteplot (Intercept) 0.2164   0.4651   
## Number of obs: 66, groups:  fsiteplot, 66 
##  
## Fixed effects: 
##                 Estimate Std. Error z value Pr(>|z|)     
## (Intercept)      -0.7791     0.1535  -5.076 3.85e-07 *** 
## treatmoderate    -0.3979     0.1910  -2.084   0.0372 *   
## treatheavy       -0.2890     0.1899  -1.522   0.1281     
## site.qualitySQ2  -0.2070     0.1564  -1.324   0.1855     
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## Correlation of Fixed Effects: 
##             (Intr) trtmdr trthvy 
## treatmodert -0.593               
## treatheavy  -0.603  0.482        
## sit.qltySQ2 -0.505 -0.001  0.008 
r.squaredGLMM(model2) 
## Warning: 'r.squaredGLMM' now calculates a revised statistic. See the he
lp 
## page. 
## Warning: The null model is correct only if all variables used by the 
## original model remain unchanged. 
##                     R2m        R2c 
## theoretical 0.011141949 0.07216224 
## delta       0.007225751 0.04679849 

Stable and increasing trees 

dat.model <- dat.stress %>% 
  filter(!stressed) %>% 
  mutate(dextent = extent.2018 - extent.2017) %>% 
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  mutate(change = round(dextent / 5)) 
model <- gam(change ~ site.quality + treat + post.flood + 
               s(ntrees, k=5) + 
               s(fsiteplot, bs = "re"), 
             data = dat.gam, family = nb()) 
summary(model) 
##  
## Family: Negative Binomial(1.24)  
## 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)     -1.240408   0.142257  -8.719   <2e-16 *** 
## site.qualitySQ2 -0.092973   0.138229  -0.673   0.5012     
## treatmoderate    0.252747   0.185988   1.359   0.1742     
## treatheavy       0.370223   0.189100   1.958   0.0503 .   
## post.floodTRUE   0.004581   0.161076   0.028   0.9773     
## --- 
## 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)     1.009  1.014  2.277 0.131805     
## s(fsiteplot) 24.368 60.000 42.328 0.000421 *** 
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## R-sq.(adj) =  0.0173   Deviance explained = 7.17% 
## -REML = 1141.7  Scale est. = 1         n = 1457 

Visually estimated canopy cover 
dat.gams$pcover.live <- dat.gams$cover.live/100 
xmodel <- gam(pcover.live ~ survey.year * treat + site.quality + 
                s(fre.id, bs = "re"), data = dat.gams, family = betar()) 
summary(xmodel) 
##  
## Family: Beta regression(42.047)  
## 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)                   -1.95768    0.08826 -22.181  < 2e-16 *** 
## survey.year2017                0.04184    0.08099   0.517  0.60539     
## survey.year2018               -0.15306    0.08366  -1.830  0.06731 .   
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## treatmoderate                  0.07403    0.11177   0.662  0.50776     
## treatheavy                    -0.14998    0.11355  -1.321  0.18655     
## site.qualitySQ2               -0.19498    0.07472  -2.609  0.00907 **  
## survey.year2017:treatmoderate -0.34381    0.11623  -2.958  0.00310 **  
## survey.year2018:treatmoderate -0.19253    0.11827  -1.628  0.10354     
## survey.year2017:treatheavy    -0.28641    0.11925  -2.402  0.01631 *   
## survey.year2018:treatheavy    -0.16272    0.12194  -1.334  0.18207     
## --- 
## 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) 43.69     62  152.3  <2e-16 *** 
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## R-sq.(adj) =   0.29   Deviance explained = 35.8% 
## -REML = -984.14  Scale est. = 1         n = 591 

Remote sensed canopy cover 
Model for all years, 2013 to 2019.  

Linear mixed-effects model fit by REML 
 Data: p3x  
        AIC       BIC   logLik 
  -838.9747 -755.1221 432.4873 
 
Random effects: 
 Formula: ~1 | Plot 
        (Intercept)  Residual 
StdDev:  0.07578066 0.4285908 
 
Correlation Structure: Spherical spatial correlation 
 Formula: ~Pass | Plot  
 Parameter estimate(s): 
   range  
15.54383  
Fixed effects: LogitFPC ~ CosTime + SQ_mapped + SOI + MeanMonthMinT + Mean
MonthMaxT +      log(WeeklyMD2 + 1) + Treatment + Site.Thinned  
                        Value  Std.Error   DF    t-value p-value 
(Intercept)         0.0802935 0.11822359 4614   0.679167  0.4971 
CosTime            -0.1817623 0.01916290 4614  -9.485114  0.0000 
SQ_mappedSQ2       -0.4035039 0.03588987   62 -11.242835  0.0000 
SOI                 0.0125447 0.00448372 4614   2.797839  0.0052 
MeanMonthMinT      -0.0365591 0.00311500 4614 -11.736468  0.0000 
MeanMonthMaxT       0.0181864 0.00226864 4614   8.016438  0.0000 
log(WeeklyMD2 + 1) -0.0318634 0.00876528 4614  -3.635181  0.0003 
TreatmentHeavy     -0.1225238 0.04596911   62  -2.665351  0.0098 
TreatmentModerate  -0.0180008 0.04596911   62  -0.391584  0.6967 
Site.Thinned1      -0.2104926 0.03348397 4614  -6.286369  0.0000 
 Correlation:  
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                   (Intr) CosTim SQ_SQ2 SOI    MnMnthMnT MnMnthMxT l(WM+1 
TrtmnH TrtmnM 
CosTime             0.302                                                               
SQ_mappedSQ2       -0.152  0.000                                                        
SOI                 0.006  0.128  0.000                                                 
MeanMonthMinT       0.290 -0.112 -0.001 -0.290                                          
MeanMonthMaxT      -0.499 -0.339  0.000  0.150 -0.791                                   
log(WeeklyMD2 + 1) -0.904 -0.138  0.000  0.001 -0.215     0.282                         
TreatmentHeavy     -0.181  0.012  0.003  0.013 -0.017     0.007     0.005               
TreatmentModerate  -0.181  0.012  0.003  0.013 -0.017     0.007     0.005  
0.543        
Site.Thinned1       0.010 -0.041 -0.009 -0.045  0.058    -0.022    -0.016 
-0.293 -0.293 
 
Standardized Within-Group Residuals: 
        Min          Q1         Med          Q3         Max  
-8.01617601 -0.50296962  0.01845199  0.56776278  3.54221247  
 
Number of Observations: 4686 
Number of Groups: 66  
 
r.squaredGLMM(p3x.lme.2019c) 
           R2m       R2c 
[1,] 0.3212878 0.3418631 

Model results for post-thinning years, 2017 to 2019. 

Linear mixed-effects model fit by REML 
 Data: p2018  
        AIC      BIC   logLik 
  -1662.886 -1590.37 844.4428 
Random effects: 
 Formula: ~1 | Plot 
        (Intercept)  Residual 
StdDev:    0.044147 0.3430637 
Correlation Structure: Spherical spatial correlation 
 Formula: ~Pass | Plot  
 Parameter estimate(s): 
   range  
17.70349  
Fixed effects: LogitFPC ~ Treatment + SOI + MeanMonthMinT + LBA*Site.Quali
ty + CosTime + SinTime  
                           Value  Std.Error   DF    t-value p-value 
(Intercept)                -0.6498397 0.20987484 1895  -3.096320  0.0020 
TreatmentHeavy             -0.3328647 0.05571949   60  -5.973936  0.0000 
TreatmentModerate          -0.1859841 0.05512253   60  -3.374013  0.0013 
SOI                        -0.0271149 0.00458584 1895  -5.912741  0.0000 
MeanMonthMinT              -0.0282714 0.00232472 1895 -12.161225  0.0000 
EG_LBA.from.lg.tree.data    0.0196124 0.00510345   60   3.842972  0.0003 
Site.QualitySQ2             0.1597889 0.27790044   60   0.574986  0.5675 
CosTime                    -0.1436408 0.02382205 1895  -6.029739  0.0000 
SinTime                     0.0457516 0.01651256 1895   2.770714  0.0056 
LBA:Site.QualitySQ2        -0.0123479 0.00821404   60  -1.503265  0.1380 
 Correlation:  
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                 (Intr) TrtmnH TrtmnM SOI  MnMnMT LBA SQSQ2 CosTim SinTim 
TreatmentHeavy      -0.302                             
TreatmentModerate   -0.212  0.508                   
SOI                  0.019  0.001  0.002                      
MeanMonthMinT       -0.097 -0.001 -0.001 -0.175                   
LBA                 -0.972  0.178  0.084  0.000  0.000                  
Site.QualitySQ2     -0.714  0.117  0.101  0.002 -0.002  0.714           
CosTime              0.070  0.000  0.000  0.080 -0.703  0.000  -0.001     
SinTime              0.016  0.002  0.002  0.116 -0.275  0.000  0.003  0.20
8        
LBA:Site.QualitySQ2  0.605 -0.100 -0.100 -0.003  0.002 -0.619 -0.977  0.00
1 -0.004 
Standardized Within-Group Residuals: 
         Min           Q1          Med           Q3          Max  
-10.49630615  -0.49378168   0.05205375   0.54187748   2.53549588  
Number of Observations: 1965 
Number of Groups: 66  
 
r.squaredGLMM 
           R2m       R2c 
[1,] 0.5332596 0.5408628 

Fuel hazard 

Total fuel hazard 

## ========================== 
## Risk variable: Total  
##  
##  
## Family: Ordered Categorical(-1,-0.77,5.27,17.84)  
## 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)                   -1.05570    0.27008  -3.909 9.27e-05 *** 
## survey.year2017               -0.10981    0.34159  -0.321   0.7479     
## survey.year2018               -0.86212    0.36085  -2.389   0.0169 *   
## treatheavy                    -0.04195    0.35663  -0.118   0.9064     
## treatmoderate                  0.17746    0.35553   0.499   0.6177     
## site.qualitySQ2                0.17912    0.20168   0.888   0.3745     
## survey.year2017:treatheavy    -0.11816    0.48336  -0.244   0.8069     
## survey.year2018:treatheavy    -0.28268    0.51843  -0.545   0.5856     
## survey.year2017:treatmoderate  0.06847    0.48087   0.142   0.8868     
## survey.year2018:treatmoderate  0.02875    0.50575   0.057   0.9547     
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
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##  
## Approximate significance of smooth terms: 
##                edf Ref.df Chi.sq p-value   
## s(ntrees)     1.00  1.001   0.00  0.9963   
## s(fsiteplot) 15.23 61.000  20.03  0.0504 . 
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## Deviance explained = 6.33% 
## -REML = 496.91  Scale est. = 1         n = 591 

Litter 
Bayesian estimation indicated that significance testing was not required. 

Surface fuel hazard 

## ========================== 
## Risk variable: Surface  
##  
##  
## Family: Ordered Categorical(-1,3.16,3.48,5.04)  
## 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)                    3.45542    0.25661  13.466   <2e-16 *** 
## survey.year2017                0.13738    0.31635   0.434    0.664     
## survey.year2018               -0.24473    0.32987  -0.742    0.458     
## treatheavy                     0.37147    0.33682   1.103    0.270     
## treatmoderate                 -0.13701    0.33393  -0.410    0.682     
## site.qualitySQ2                0.08103    0.18639   0.435    0.664     
## survey.year2017:treatheavy    -0.52643    0.44665  -1.179    0.239     
## survey.year2018:treatheavy    -0.02946    0.46260  -0.064    0.949     
## survey.year2017:treatmoderate  0.27662    0.44181   0.626    0.531     
## survey.year2018:treatmoderate  0.22104    0.46144   0.479    0.632     
## --- 
## 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   1.41  0.2356   
## s(fsiteplot) 17.083 61.000  23.61  0.0264 * 
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## Deviance explained =  3.2% 
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## -REML = 766.63  Scale est. = 1         n = 591 
##  

Near surface vegetation cover 

Family: Beta regression(13.314)  
Link function: logit  
Formula: 
near.live ~ survey.year * treat + site.quality + s(SitePlot,  
    bs = "re") 
Parametric coefficients: 
                              Estimate Std. Error z value Pr(>|z|)     
(Intercept)                   -1.49232    0.13858 -10.769  < 2e-16 *** 
survey.year2017               -0.01974    0.11775  -0.168  0.86683     
survey.year2018               -0.94069    0.13875  -6.780 1.21e-11 *** 
treatheavy                    -0.20216    0.17826  -1.134  0.25677     
treatmoderate                 -0.13808    0.17816  -0.775  0.43831     
site.qualitySQ2               -0.33422    0.12331  -2.710  0.00672 **  
survey.year2017:treatheavy     0.12279    0.16900   0.727  0.46750     
survey.year2018:treatheavy     0.09319    0.19768   0.471  0.63735     
survey.year2017:treatmoderate  0.04899    0.17050   0.287  0.77385     
survey.year2018:treatmoderate  0.21467    0.19690   1.090  0.27562     
--- 
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(SitePlot) 46.29     62  194.4  <2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
R-sq.(adj) =  0.343   Deviance explained = 46.7% 
-REML = -663.16  Scale est. = 1         n = 556 

Near surface fuel hazard 

## ========================== 
## Risk variable: Near surface  
##  
##  
## Family: Ordered Categorical(-1,4.27,4.93,9.69)  
## 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)                     4.9270     0.2993  16.462   <2e-16 *** 
## survey.year2017                -0.4525     0.3308  -1.368    0.171     
## survey.year2018                -0.2426     0.3312  -0.732    0.464     
## treatheavy                     -0.2422     0.3864  -0.627    0.531     
## treatmoderate                   0.5585     0.3939   1.418    0.156     
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## site.qualitySQ2                 0.2879     0.2526   1.140    0.254     
## survey.year2017:treatheavy      0.4890     0.4706   1.039    0.299     
## survey.year2018:treatheavy      0.5895     0.4701   1.254    0.210     
## survey.year2017:treatmoderate   0.4399     0.4891   0.899    0.368     
## survey.year2018:treatmoderate  -0.5833     0.4806  -1.214    0.225     
## --- 
## 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)     2.179  2.426  4.441    0.236     
## s(fsiteplot) 31.222 61.000 61.561 8.34e-06 *** 
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## Deviance explained =   10% 
## -REML = 612.68  Scale est. = 1         n = 597 
##  

Surface combined fuel hazard 

## ========================== 
## Risk variable: Surface combined  
##  
##  
## Family: Ordered Categorical(-1,0.28,0.57,1.61)  
## 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)                    1.29839    0.25788   5.035 4.78e-07 *** 
## survey.year2017               -0.12276    0.31787  -0.386   0.6993     
## survey.year2018                0.81594    0.34128   2.391   0.0168 *   
## treatheavy                    -0.18042    0.33825  -0.533   0.5938     
## treatmoderate                  0.10917    0.33395   0.327   0.7437     
## site.qualitySQ2                0.08665    0.19381   0.447   0.6548     
## survey.year2017:treatheavy     0.39777    0.45007   0.884   0.3768     
## survey.year2018:treatheavy     0.33031    0.48340   0.683   0.4944     
## survey.year2017:treatmoderate  0.03126    0.44121   0.071   0.9435     
## survey.year2018:treatmoderate -0.82010    0.47153  -1.739   0.0820 .   
## --- 
## 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)     1.002  1.003  0.104  0.7496   
## s(fsiteplot) 18.545 61.000 26.215  0.0189 * 
## --- 



River red gum ecological thinning trial: monitoring report 2019 

102 

## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## Deviance explained = 4.27% 
## -REML = 783.68  Scale est. = 1         n = 591 
##  

Elevated vegetation cover 
Bayesian estimation indicated that significance testing was not required. 

Elevated fuel hazard 

## ========================== 
## Risk variable: Elevated  
##  
##  
## Family: Ordered Categorical(-1,8.51,24.28,24.98)  
## 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)                    4.47787    0.83334   5.373 7.73e-08 *** 
## survey.year2017                3.35041    0.84425   3.969 7.23e-05 *** 
## survey.year2018                3.43474    0.84391   4.070 4.70e-05 *** 
## treatheavy                     0.51105    1.06872   0.478    0.633     
## treatmoderate                  1.39562    0.95620   1.460    0.144     
## site.qualitySQ2                0.04921    0.29144   0.169    0.866     
## survey.year2017:treatheavy     0.17711    1.10371   0.160    0.873     
## survey.year2018:treatheavy     0.28295    1.10396   0.256    0.798     
## survey.year2017:treatmoderate -1.27313    0.99874  -1.275    0.202     
## survey.year2018:treatmoderate -0.76432    0.99738  -0.766    0.443     
## --- 
## 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)     1.421  1.583  0.272 0.69142     
## s(fsiteplot) 28.131 61.000 47.264 0.00063 *** 
## --- 
## Signif. codes:  0 '***' 0.001 '**' 0.01 '*' 0.05 '.' 0.1 ' ' 1 
##  
## Deviance explained = 28.5% 
## -REML = 306.68  Scale est. = 1         n = 597 
##  
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Floristics 

Native plant species richness 

model1 <- brms::brm(richness ~ period*treat + site.quality + (1|siteplot), 
                family = negbinomial(), 
                data = DAT.richness, 
                warmup = 1000, iter = 5000, chains = 4, cores = 4) 
   
  # Check convergence diagnostics 
  x <- summary(model1) 
  cat("Rhat measure of model convergence\n") 
  print(x$fixed[, 'Rhat']) 
   
  # Check number of effective samples 
  cat("\nEstimate of effective samples\n") 
  print(x$fixed[, 'Eff.Sample']) 
   
## Start sampling 
## Rhat measure of model convergence 
##             Intercept               period2017               period2018  
##             1.0002474                0.9999995                1.0001178  
##         treatmoderate               treatheavy          site.qualitySQ2  
##             1.0001503                1.0004053                1.0001253  
## period2017:treatmoderate period2018:treatmoderate    period2017:treathe
avy  
##             0.9999601                1.0002315                1.0000628  
##    period2018:treatheavy  
##             1.0002351  
##  
## Estimate of effective samples 
##             Intercept               period2017               period2018  
##              5450.899                 7104.055                 7845.306  
##         treatmoderate               treatheavy          site.qualitySQ2  
##              5988.651                 5226.444                 6773.110  
## period2017:treatmoderate period2018:treatmoderate    period2017:treathe
avy  
##              7647.042                 8166.057                 7262.564  
##    period2018:treatheavy  
##              8111.392 

Exotic plant species richness 

model1x <- brm(richness ~ period*treat + site.quality + (1|siteplot), 
                 family = negbinomial(), 
                 data = DAT.richness, 
                 warmup = 1000, iter = 5000, chains = 4, cores = 4) 
  # Check convergence diagnostics 
  x <- summary(model1x) 
  cat("Rhat measure of model convergence\n") 
  print(x$fixed[, 'Rhat']) 
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  # Check number of effective samples 
  cat("\nEstimate of effective samples\n") 
  print(x$fixed[, 'Eff.Sample']) 
## Compiling the C++ model 
## Start sampling 
## Rhat measure of model convergence 
##             Intercept               period2017               period2018  
##              1.000766                 1.000093                 1.000157  
##         treatmoderate               treatheavy          site.qualitySQ2  
##              1.000163                 1.000751                 1.000595  
## period2017:treatmoderate period2018:treatmoderate    period2017:treathe
avy  
##              1.000078                 1.000144                 1.000082  
##    period2018:treatheavy  
##              1.000151  
##  
## Estimate of effective samples 
##             Intercept               period2017               period2018  
##              5092.259                 6575.659                 6745.798  
##         treatmoderate               treatheavy          site.qualitySQ2  
##              5369.575                 5013.265                 5089.142  
## period2017:treatmoderate period2018:treatmoderate    period2017:treathe
avy  
##              7163.550                 7505.746                 7040.826  
##    period2018:treatheavy  
##              7038.071 

Bird univariate 

Bird richness 

rich.glm <- glmer(rich ~ year * treat + site.quality + (1|fsiteplot), fami
ly = poisson(), data = dat) 
Generalized linear mixed model fit by maximum likelihood (Laplace Approxim
ation) ['glmerMod'] 
 Family: poisson  ( log ) 
Formula: rich ~ year * treat + site.quality + (1 | fsiteplot) 
   Data: dat 
     AIC      BIC   logLik deviance df.resid  
  1147.9   1184.0   -562.9   1125.9      187  
Scaled residuals:  
     Min       1Q   Median       3Q      Max  
-2.08587 -0.45423  0.01731  0.53808  1.70087  
Random effects: 
 Groups    Name        Variance Std.Dev. 
 fsiteplot (Intercept) 0.01992  0.1411   
Number of obs: 198, groups:  fsiteplot, 66 
Fixed effects: 
                          Estimate Std. Error z value Pr(>|z|)     
(Intercept)                3.02110    0.06089  49.613  < 2e-16 *** 
year2017–18               -0.13735    0.06884  -1.995  0.04602 *   
year2018–19               -0.20832    0.07018  -2.968  0.00299 **  
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treatmoderate             -0.09476    0.08035  -1.179  0.23831     
treatheavy                -0.09222    0.08029  -1.149  0.25076     
site.qualitySQ2           -0.01552    0.04808  -0.323  0.74680     
year2017–18:treatmoderate  0.13978    0.09791   1.428  0.15341     
year2018–19:treatmoderate  0.12197    0.09999   1.220  0.22252     
year2017–18:treatheavy     0.13493    0.09785   1.379  0.16792     
year2018–19:treatheavy     0.18628    0.09904   1.881  0.06000 .   
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
Correlation of Fixed Effects: 
               (Intr) yr2017–18 yr2018–19 trtmdr trthvy st.SQ2 yr2017–18:t
rtm yr2018–19:trtm yr2017–18:trth 
year2017–18    -0.526                                         
year2018–19    -0.516  0.457                                     
treatmodert    -0.640  0.399     0.391                           
treatheavy     -0.638  0.399     0.392     0.483                 
sit.qltySQ2    -0.397  0.000     0.000     0.006  0.002             
yr2017–18:trtm  0.370 -0.703    -0.321    -0.589 -0.281  0.000     
yr2018–19:trtm  0.362 -0.321    -0.702    -0.577 -0.275  0.000  0.473   
yr2017–18:trth  0.370 -0.703    -0.321    -0.281 -0.588  0.000  0.495  0.2
26  
yr2018–19:trth  0.366 -0.324    -0.709    -0.277 -0.581  0.000  0.228  0.4
97  0.477 
R2m       R2c 
delta     0.04199569 0.2989151 
lognormal 0.04278252 0.3045156 
trigamma  0.04119648 0.2932265 

Shannon diversity 

Linear mixed model fit by REML. t-tests use Satterthwaite's method ['lmerM
odLmerTest'] 
Formula: shannon ~ year * treat + site.quality + (1 | fsiteplot) 
   Data: div.model 
REML criterion at convergence: 29.3 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-2.6059 -0.5151  0.1067  0.5501  1.9620  
Random effects: 
 Groups    Name        Variance Std.Dev. 
 fsiteplot (Intercept) 0.04312  0.2076   
 Residual              0.03461  0.1860   
Number of obs: 198, groups:  fsiteplot, 66 
Fixed effects: 
                         Estimate Std. Error        df t value Pr(>|t|)     
(Intercept)              2.77409    0.06604 102.42270  42.008  < 2e-16 *** 
year2017–18             -0.17318    0.05609 126.00002  -3.088  0.00248 **  
year2018–19             -0.18899    0.05609 126.00002  -3.369  0.00100 **  
treatmoderate           -0.06781    0.08406 115.28585  -0.807  0.42152     
treatheavy              -0.06182    0.08406 115.28585  -0.735  0.46355     
site.qualitySQ2         -0.01776    0.05755  61.99996  -0.309  0.75868     
year2017–18:treatmod     0.14399    0.07932 126.00002   1.815  0.07187 .   
year2018–19:treatmod     0.06990    0.07932 126.00002   0.881  0.37992     
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year2017–18:treathea     0.13933    0.07932 126.00002   1.757  0.08143 .   
year2018–19:treathea     0.05971    0.07932 126.00002   0.753  0.45298     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
Correlation of Fixed Effects: 
               (Intr) yr2017–18 yr2018–19 trtmdr trthvy st.SQ2 yr2017–18:t
rtm 
year2017–18    -0.425                                                         
year2018–19    -0.425  0.500                                                  
treatmodert    -0.636  0.334     0.334                                        
treatheavy     -0.636  0.334     0.334     0.500                              
sit.qltySQ2    -0.436  0.000     0.000     0.000  0.000                       
yr2017–18:trtm  0.300 -0.707    -0.354    -0.472 -0.236  0.000                
yr2018–19:trtm  0.300 -0.354    -0.707    -0.472 -0.236  0.000  0.500         
yr2017–18:trth  0.300 -0.707    -0.354    -0.236 -0.472  0.000  0.500         
yr2018–19:trth  0.300 -0.354    -0.707    -0.236 -0.472  0.000  0.250         
               yr2018–19:trtm yr2017–18:trth 
yr2017–18:trth  0.250                        
yr2018–19:trth  0.500          0.500         
            R2m      R2c 
[1,] 0.05360864 0.578612 

Simpson diversity 

Linear mixed model fit by REML. t-tests use Satterthwaite's method ['lmerM
odLmerTest'] 
Formula: simpson ~ year * treat + site.quality + (1 | fsiteplot) 
   Data: div.model 
REML criterion at convergence: 965.1 
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-2.6205 -0.5723  0.0360  0.5536  2.9107  
Random effects: 
 Groups    Name        Variance Std.Dev. 
 fsiteplot (Intercept) 4.858    2.204    
 Residual              5.465    2.338    
Number of obs: 198, groups:  fsiteplot, 66 
Fixed effects: 
                        Estimate Std. Error        df t value Pr(>|t|)     
(Intercept)             13.19809    0.75528 113.73149  17.474   <2e-16 *** 
year2017–18             -1.58834    0.70484 126.00001  -2.253   0.0260 *   
year2018–19             -1.63844    0.70484 126.00001  -2.325   0.0217 *   
treatmoderate           -0.27114    0.96875 129.16528  -0.280   0.7800     
treatheavy              -0.05985    0.96875 129.16528  -0.062   0.9508     
site.qualitySQ2         -0.13382    0.63628  61.99998  -0.210   0.8341     
year2017–18:treatmod     0.89738    0.99680 126.00001   0.900   0.3697     
year2018–19:treatmod    -0.22135    0.99680 126.00001  -0.222   0.8246     
year2017–18:treathea     1.18999    0.99680 126.00001   1.194   0.2348     
year2018–19:treathea    -0.43666    0.99680 126.00001  -0.438   0.6621     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
Correlation of Fixed Effects: 
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               (Intr) yr2017–18 yr2018–19 trtmdr trthvy st.SQ2 yr2017–18:t
rtm 
year2017–18    -0.467                                                      
year2018–19    -0.467  0.500                                               
treatmodert    -0.641  0.364     0.364                                     
treatheavy     -0.641  0.364     0.364     0.500                           
sit.qltySQ2    -0.421  0.000     0.000     0.000  0.000                    
yr2017–18:trtm  0.330 -0.707    -0.354    -0.514 -0.257  0.000             
yr2018–19:trtm  0.330 -0.354    -0.707    -0.514 -0.257  0.000  0.500      
yr2017–18:trth  0.330 -0.707    -0.354    -0.257 -0.514  0.000  0.500      
yr2018–19:trth  0.330 -0.354    -0.707    -0.257 -0.514  0.000  0.250      
yr2017–18:trth  0.250                        
yr2018–19:trth  0.500          0.500         
            R2m       R2c 
[1,] 0.06156677 0.5032193 

Bats 

Overall bat activity 
Status is a factor variable that indicates whether or not the plot had been thinned in 2017. 
Temperature predictors were maximum of the preceding day and minimum during the night 
of recording. 

Generalized linear mixed model fit by maximum likelihood (Laplace Approxim
ation) ['glmerMod'] 
 Family: poisson  ( log ) 
Formula: Activity ~ Year * Treatment + Status + log(MaxTemp) + log(MinTemp
) +      (1 | Plot) 
   Data: Batact 
Control: glmerControl(optimizer = "bobyqa", optCtrl = list(maxfun = 1e+05)
) 
     AIC      BIC   logLik deviance df.resid  
 44973.7  45052.1 -22469.8  44939.7      726  
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-16.642  -5.305  -1.029   4.096  34.686  
Random effects: 
 Groups Name        Variance Std.Dev. 
 Plot   (Intercept) 0.2196   0.4686   
Number of obs: 743, groups:  Plot, 66 
Fixed effects: 
                            Estimate Std. Error z value Pr(>|z|)     
(Intercept)                  0.83067    0.11784   7.049 1.80e-12 *** 
YearY2017                   -0.04532    0.01436  -3.156   0.0016 **  
YearY2018                    0.05398    0.01281   4.212 2.53e-05 *** 
YearY2019                   -0.34114    0.01347 -25.323  < 2e-16 *** 
TreatmentModerate           -0.08987    0.14179  -0.634   0.5262     
TreatmentHeavy              -0.02251    0.14175  -0.159   0.8738     
StatusModerate              -0.33804    0.01508 -22.416  < 2e-16 *** 
StatusHeavy                 -0.15737    0.01321 -11.913  < 2e-16 *** 
log(MaxTemp)                 0.82173    0.02105  39.036  < 2e-16 *** 
log(MinTemp)                 0.62985    0.01089  57.843  < 2e-16 *** 
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YearY2017:TreatmentModerate  0.24814    0.01997  12.428  < 2e-16 *** 
YearY2018:TreatmentModerate  0.34282    0.01816  18.873  < 2e-16 *** 
YearY2019:TreatmentModerate  0.44841    0.01885  23.789  < 2e-16 *** 
YearY2017:TreatmentHeavy     0.12093    0.01825   6.625 3.48e-11 *** 
YearY2018:TreatmentHeavy     0.43288    0.01681  25.757  < 2e-16 *** 
YearY2019:TreatmentHeavy     0.44561    0.01757  25.360  < 2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
r.squaredGLMM(glm.Act.int2) 
                R2m       R2c 
delta     0.3316896 0.9875668 
lognormal 0.3316981 0.9875923 
trigamma  0.3316810 0.9875412 

Activity of clutter specialists 
Status is a factor variable that indicates whether or not the plot had been thinned in 2017. 
Temperature predictors were maximum of the preceding day and minimum during the night 
of recording. 

Generalized linear mixed model fit by maximum likelihood (Laplace Approxim
ation) ['glmerMod'] 
 Family: poisson  ( log ) 
Formula: Nyct ~ Year * Treatment + Status + log(MaxTemp) + log(MinTemp) +      
(1 | Plot) 
   Data: Batact 
Control: glmerControl(optimizer = "bobyqa", optCtrl = list(maxfun = 1e+05)
) 
     AIC      BIC   logLik deviance df.resid  
  7634.2   7712.6  -3800.1   7600.2      726  
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-8.3327 -1.4138 -0.4599  1.0381 27.0551  
Random effects: 
 Groups Name        Variance Std.Dev. 
 Plot   (Intercept) 0.7013   0.8374   
Number of obs: 743, groups:  Plot, 66 
Fixed effects: 
                            Estimate Std. Error z value Pr(>|z|)     
(Intercept)                 -1.15648    0.40958  -2.824  0.00475 **  
YearY2017                    0.19739    0.06119   3.226  0.00126 **  
YearY2018                   -1.97469    0.10407 -18.974  < 2e-16 *** 
YearY2019                    0.14910    0.05262   2.834  0.00460 **  
TreatmentModerate            0.45809    0.25704   1.782  0.07472 .   
TreatmentHeavy               0.09418    0.25707   0.366  0.71409     
StatusModerate               0.42568    0.08360   5.092 3.54e-07 *** 
StatusHeavy                 -1.08436    0.06076 -17.847  < 2e-16 *** 
log(MaxTemp)                 0.58091    0.13032   4.458 8.29e-06 *** 
log(MinTemp)                 0.60638    0.05461  11.104  < 2e-16 *** 
YearY2017:TreatmentModerate -1.61979    0.08659 -18.707  < 2e-16 *** 
YearY2018:TreatmentModerate -1.07192    0.16289  -6.581 4.68e-11 *** 
YearY2019:TreatmentModerate -1.57321    0.07883 -19.956  < 2e-16 *** 
YearY2017:TreatmentHeavy    -0.52928    0.08541  -6.197 5.75e-10 *** 
YearY2018:TreatmentHeavy     1.23049    0.13251   9.286  < 2e-16 *** 
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YearY2019:TreatmentHeavy    -0.01971    0.07605  -0.259  0.79549     
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
r.squaredGLMM(glm.Ncyt.int2) 
                R2m       R2c 
delta     0.6121836 0.9502707 
lognormal 0.6136571 0.9525580 
trigamma  0.6105638 0.9477563 

Activity of clutter avoiders 
Status is a factor variable that indicates whether or not the plot had been thinned in 2017. 
Temperature predictors were maximum of the preceding day and minimum during the night 
of recording. 

Generalized linear mixed model fit by maximum likelihood (Laplace Approxim
ation) ['glmerMod'] 
 Family: poisson  ( log ) 
Formula: NotNyct ~ Year * Treatment + Status + log(MaxTemp) + log(MinTemp) 
+      (1 | Plot) 
   Data: Batact 
Control: glmerControl(optimizer = "bobyqa", optCtrl = list(maxfun = 1e+05)
) 
     AIC      BIC   logLik deviance df.resid  
 45093.8  45172.2 -22529.9  45059.8      726  
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-15.436  -5.322  -1.031   4.023  33.005  
Random effects: 
 Groups Name        Variance Std.Dev. 
 Plot   (Intercept) 0.224    0.4733   
Number of obs: 743, groups:  Plot, 66 
Fixed effects: 
                            Estimate Std. Error z value Pr(>|z|)     
(Intercept)                  0.55513    0.11983   4.633 3.61e-06 *** 
YearY2017                   -0.07152    0.01496  -4.782 1.74e-06 *** 
YearY2018                    0.09842    0.01317   7.471 7.95e-14 *** 
YearY2019                   -0.40915    0.01418 -28.861  < 2e-16 *** 
TreatmentModerate           -0.17932    0.14329  -1.251 0.210769     
TreatmentHeavy              -0.01208    0.14322  -0.084 0.932773     
StatusModerate              -0.38910    0.01557 -24.998  < 2e-16 *** 
StatusHeavy                 -0.05132    0.01376  -3.729 0.000193 *** 
log(MaxTemp)                 0.85074    0.02166  39.282  < 2e-16 *** 
log(MinTemp)                 0.65457    0.01126  58.123  < 2e-16 *** 
YearY2017:TreatmentModerate  0.42189    0.02095  20.134  < 2e-16 *** 
YearY2018:TreatmentModerate  0.45594    0.01900  23.991  < 2e-16 *** 
YearY2019:TreatmentModerate  0.65028    0.01999  32.535  < 2e-16 *** 
YearY2017:TreatmentHeavy     0.13199    0.01898   6.953 3.57e-12 *** 
YearY2018:TreatmentHeavy     0.36250    0.01737  20.874  < 2e-16 *** 
YearY2019:TreatmentHeavy     0.46846    0.01841  25.452  < 2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
r.squaredGLMM(glm.NotNcyt.int2) 
                R2m       R2c 
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delta     0.3652624 0.9877334 
lognormal 0.3652722 0.9877600 
trigamma  0.3652524 0.9877066 

White-striped mastiff bat 
Status is a factor variable that indicates whether or not the plot had been thinned in 2017. 
Temperature predictors were maximum of the preceding day and minimum during the night 
of recording. 

Generalized linear mixed model fit by maximum likelihood (Laplace Approxim
ation) ['glmerMod'] 
 Family: poisson  ( log ) 
Formula: Taus ~ Year * Treatment + Status + log(MaxTemp) + log(MinTemp) +      
(1 | Plot) 
   Data: Batact 
Control: glmerControl(optimizer = "bobyqa", optCtrl = list(maxfun = 1e+05)
) 
     AIC      BIC   logLik deviance df.resid  
 11087.9  11166.3  -5527.0  11053.9      726  
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-8.0332 -2.1764 -0.8588  1.0807 20.5426  
Random effects: 
 Groups Name        Variance Std.Dev. 
 Plot   (Intercept) 0.568    0.7537   
Number of obs: 743, groups:  Plot, 66 
Fixed effects: 
                            Estimate Std. Error z value Pr(>|z|)     
(Intercept)                 -4.32155    0.33288 -12.982  < 2e-16 *** 
YearY2017                   -1.15618    0.07416 -15.590  < 2e-16 *** 
YearY2018                   -0.24371    0.04903  -4.970 6.69e-07 *** 
YearY2019                   -1.14284    0.05906 -19.351  < 2e-16 *** 
TreatmentModerate           -0.47396    0.23299  -2.034   0.0419 *   
TreatmentHeavy              -0.22081    0.23200  -0.952   0.3412     
StatusModerate               0.50126    0.07212   6.950 3.65e-12 *** 
StatusHeavy                 -0.40318    0.05851  -6.891 5.54e-12 *** 
log(MaxTemp)                 1.55707    0.09647  16.140  < 2e-16 *** 
log(MinTemp)                 0.57899    0.04888  11.845  < 2e-16 *** 
YearY2017:TreatmentModerate  0.77084    0.10038   7.679 1.60e-14 *** 
YearY2018:TreatmentModerate  0.02018    0.07951   0.254   0.7996     
YearY2019:TreatmentModerate  1.08083    0.08392  12.879  < 2e-16 *** 
YearY2017:TreatmentHeavy     0.93701    0.09341  10.032  < 2e-16 *** 
YearY2018:TreatmentHeavy     0.85152    0.07027  12.118  < 2e-16 *** 
YearY2019:TreatmentHeavy     1.23356    0.07922  15.572  < 2e-16 *** 
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
r.squaredGLMM(glm.Taus.int2) 
                R2m       R2c 
delta     0.3646819 0.9253162 
lognormal 0.3656658 0.9278127 
trigamma  0.3636285 0.9226435 
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Large forest bat 
Status is a factor variable that indicates whether or not the plot had been thinned in 2017. 
Temperature predictors were maximum of the preceding day and minimum during the night 
of recording. 

Generalized linear mixed model fit by maximum likelihood (Laplace Approxim
ation) ['glmerMod'] 
 Family: poisson  ( log ) 
Formula: Vdar ~ Year * Treatment + Status + log(MaxTemp) + log(MinTemp) +      
(1 | Plot) 
   Data: Batact 
Control: glmerControl(optimizer = "bobyqa", optCtrl = list(maxfun = 1e+05)
) 
     AIC      BIC   logLik deviance df.resid  
  7860.4   7938.8  -3913.2   7826.4      726  
Scaled residuals:  
    Min      1Q  Median      3Q     Max  
-5.5072 -1.7257 -0.7004  1.1465 15.9102  
Random effects: 
 Groups Name        Variance Std.Dev. 
 Plot   (Intercept) 0.859    0.9268   
Number of obs: 743, groups:  Plot, 66 
Fixed effects: 
                            Estimate Std. Error z value Pr(>|z|)     
(Intercept)                 -3.18236    0.38786  -8.205 2.31e-16 *** 
YearY2017                    0.06652    0.07607   0.875  0.38184     
YearY2018                    0.31072    0.07533   4.125 3.71e-05 *** 
YearY2019                   -0.15890    0.07990  -1.989  0.04674 *   
TreatmentModerate            0.41299    0.28955   1.426  0.15377     
TreatmentHeavy               0.75836    0.28825   2.631  0.00852 **  
StatusModerate              -1.19598    0.06598 -18.126  < 2e-16 *** 
StatusHeavy                  0.27968    0.06667   4.195 2.73e-05 *** 
log(MaxTemp)                 0.85222    0.11417   7.465 8.36e-14 *** 
log(MinTemp)                 0.55631    0.05870   9.478  < 2e-16 *** 
YearY2017:TreatmentModerate  0.81258    0.09952   8.165 3.21e-16 *** 
YearY2018:TreatmentModerate -0.05663    0.10359  -0.547  0.58462     
YearY2019:TreatmentModerate  1.12407    0.09964  11.281  < 2e-16 *** 
YearY2017:TreatmentHeavy     0.01124    0.09125   0.123  0.90200     
YearY2018:TreatmentHeavy    -0.72440    0.09668  -7.493 6.75e-14 *** 
YearY2019:TreatmentHeavy     0.30117    0.09440   3.190  0.00142 **  
--- 
Signif. codes:  0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘ ’ 1 
r.squaredGLMM(glm.Vdar.int2) 
                R2m       R2c 
delta     0.2924027 0.9273343 
lognormal 0.2933866 0.9304547 
trigamma  0.2913281 0.9239264 
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Appendix B: Plant species recorded 
Number of 0.04 hectare subplots each species has been recorded in (out of 199 – note that 
one 9 hectare plot has four 0.04 hectare subplots). Species with the same number in the left-
hand column have been analysed as the same species.  

Exotic Species name 2015–16 2017–18 2018–19 

 Acacia dealbata 2 3 3 

 Acaena novae-zelandiae 3 2 5 

* Aira cupaniana 1 0 4 

* Aira elegantissima 0 4 0 

 Alternanthera denticulata 177 191 183 

 Amphibromus fluitans 10 2 0 

 Amphibromus nervosus 20 17 7 

 Amyema miquelii 2 11 0 

 Amyema miraculosum 1 0 0 

 Amyema pendula 2 1 0 

* Anagallis arvensis 25 50 43 

* Anthoxanthum odoratum 1 1 0 

* Arctotheca calendula 1 1 0 

 Arthropodium minus 2 7 3 

* Aster subulatus 47 34 28 

 Atriplex semibaccata 1 3 4 

 Austrostipa scabra 4 0 3 

* Avena barbata 19 3 4 

* Avena fatua 5 2 0 

 Azolla filiculoides 4 13 5 

 Azolla pinnata 3 0 3 

 Boerhavia dominii 0 1 1 

 Brachyscome basaltica 41 62 47 

* Briza minor 2 5 0 

* Bromus diandrus 1 1 2 

* Bromus hordeaceus 1 1 5 

* Bromus molliformis 8 0 0 

* Bromus rubens 0 1 0 

* Callitriche stagnalis 0 3 0 

 Calotis scapigera 10 10 17 

* Capsella bursa-pastoris 0 3 1 

 Cardamine moirensis 3 4 0 

 Cardamine paucijuga 5 5 9 
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Exotic Species name 2015–16 2017–18 2018–19 

* Carduus tenuiflorus 2 1 0 

 Carex bichenoviana 3 0 0 

 Carex inversa 139 79 102 

 Carex tereticaulis 142 141 139 

* Centaurea melitensis 1 2 2 

* Centaurium tenuiflorum 5 9 2 

 Centella asiatica 1 0 6 

 Centella cordifolia 1 7 4 

 Centipeda cunninghamii 90 188 153 

 Centipeda minima 2 27 2 

 Chamaesyce drummondii 4 0 4 

* Chenopodium album 1 0 0 

 Chloris truncata 0 1 1 

* Chondrilla juncea 0 0 12 

 Chrysocephalum apiculatum 5 6 0 

* Cirsium vulgare 128 150 140 

* Conyza spp. 134 166 157 

 Cotula australis 6 31 15 

 Craspedia paludicola 0 17 9 

 Crassula colorata 0 1 0 

 Crassula helmsii 2 0 0 

* Cucumis myriocarpus 8 0 0 

 Cycnogeton spp. 27 32 44 

 Cynodon dactylon 66 48 53 

* Cyperus eragrostis 3 26 0 

 Cyperus exaltatus 7 10 2 

 Cyperus gunnii 0 1 0 

 Damasonium minus 15 11 2 

 Daucus glochidiatus 7 4 8 

 Deyeuxia quadriseta 7 7 12 

 Dianella longifolia 9 7 9 

 Dichelachne crinita 0 2 0 

 Dichondra repens 4 20 19 

* Dittrichia graveolens 0 1 1 

 Dysphania pumilio 20 2 1 

 Echinochloa colona 2 0 0 

* Echinochloa crus-galli 1 0 0 

* Echium plantagineum 78 77 55 
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Exotic Species name 2015–16 2017–18 2018–19 

* Echium vulgare 1 0 0 

 Eclipta platyglossa 50 61 102 

* Ehrharta erecta 1 2 4 

* Ehrharta longiflora 5 1 4 

 Einadia nutans 31 33 45 

 Elatine gratioloides 5 5 0 

 Eleocharis spp. 176 175 154 

 Elymus scaber 7 0 4 

 Enchylaena tomentosa 4 0 2 

 Enteropogon acicularis 1 0 0 

 Epilobium billardiereanum 12 50 23 

 Epilobium hirtigerum 22 6 10 

 Eragrostis elongata 1 0 0 

 Eryngium ovinum 1 1 1 

 Eucalyptus camaldulensis 198 199 199 

 Eucalyptus melliodora 1 0 1 

 Euchiton involucratus 8 5 8 

 Euchiton sphaericus 15 41 6 

 Eulalia aurea 2 1 0 

 Euphorbia drummondii 35 56 53 

* Euphorbia peplus 0 1 3 

 Exocarpos strictus 12 10 9 

 Fimbristylis aestivalis 0 1 0 

* Fumaria muralis 14 32 45 

* Fumaria officinalis 3 0 0 

* Galium aparine 4 3 7 

 Glinus lotoides 0 1 0 

 Glossostigma elatinoides 0 6 4 

 Pseudognaphalium luteoalbum 16 114 53 

* Gnaphalium polycaulon 0 2 0 

 Goodenia geniculata 1 0 0 

 Goodenia gracilis 49 55 47 

 Gratiola peruviana 2 1 1 

 Gratiola pumilo 0 2 1 

 Haloragis heterophylla 1 3 0 

* Hedypnois rhagadioloides 1 6 0 

 Helichrysum bracteatum 2 30 25 
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Exotic Species name 2015–16 2017–18 2018–19 

* Heliotropium europaeum 1 1 0 

* Helminthotheca echioides 12 31 1 

* Hordeum glaucum 0 1 4 

 Hydrocotyle sibthorpioides 2 5 4 

 Hypericum gramineum 3 1 2 

* Hypericum perforatum 2 0 4 

* Hypochaeris glabra 44 29 15 

* Hypochaeris radicata 34 52 41 

 Isolepis hookeriana 1 0 0 

 Juncus amabilis 148 114 143 

 Juncus aridicola 1 2 1 

 Juncus australis 3 0 0 

 Juncus flavidus 13 19 4 

 Juncus holoschoenus 26 13 14 

 Juncus ingens 10 13 11 

 Juncus procerus 0 2 0 

 Juncus radula 0 1 0 

 Juncus remotiflorus 1 0 0 

 Juncus semisolidus 0 0 2 

 Juncus sp. D1 1 1 0 

 Juncus sp. H 0 1 0 

 Juncus sp. I 0 2 1 

 Juncus sp. M 0 1 0 

 Juncus sp. Q 1 2 4 

 Juncus sp. U 0 1 0 

 Juncus subglaucus 7 1 0 

 Juncus subsecundus 17 14 18 

 Lachnagrostis filiformis 123 187 102 

* Lactuca saligna 1 13 4 

* Lactuca serriola 99 119 87 

 Lemna disperma 0 0 2 

* Leontodon taraxacoides 1 2 2 

 Lepidium pseudohyssopifolium 0 1 3 

 Linum marginale 13 16 13 

* Lolium loliaceum 1 0 2 

* Lolium perenne 2 2 0 

* Lolium rigidum 26 35 19 
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Exotic Species name 2015–16 2017–18 2018–19 

* Lotus subbiflorus 1 0 0 

* Ludwigia palustris 3 13 10 

 Ludwigia peploides 13 15 9 

 Lythrum hyssopifolia 21 51 19 

 Maireana enchylaenoides 0 1 0 

* Marrubium vulgare 9 21 29 

 Marsilea angustifolia 0 1 0 

 Marsilea costulifera 35 25 35 

 Marsilea drummondii 25 31 22 

* Medicago polymorpha 0 1 2 

 Mentha australis 0 2 0 

 Mentha diemenica 2 0 4 

 Mentha laxiflora 1 0 0 

* Mentha pulegium 1 2 2 

 Mentha satureioides 1 0 1 

* Modiola caroliniana 0 1 1 

 Myriophyllum spp. 65 84 63 

 Nymphoides crenata 24 24 31 

 Ottelia ovalifolia 6 0 0 

 Oxalis perennans 61 50 58 

* Panicum capillare 0 0 1 

 Paspalidium jubiflorum 162 151 169 

 Paspalum distichum 3 2 0 

 Persicaria decipiens 48 54 40 

 Persicaria hydropiper 23 36 21 

 Persicaria prostrata 29 48 33 

* Petrorhagia dubia 12 11 5 

* Phalaris paradoxa 0 11 7 

 Phragmites australis 4 3 4 

* Phyla canescens 0 5 7 

* Phyla nodiflora 0 0 3 

* Plantago coronopus 1 1 0 

 Plantago cunninghamii 1 0 0 

 Plantago gaudichaudii 0 1 1 

 Poa labillardierei 15 14 7 

* Polycarpon tetraphyllum 1 0 0 

* Polygonum arenastrum 3 0 0 
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Exotic Species name 2015–16 2017–18 2018–19 

* Polygonum aviculare 7 26 7 

 Potamogeton cheesemanii 1 10 11 

 Pratia concolor 35 60 50 

 Pratia pedunculata 1 0 0 

 Pseudoraphis spinescens 15 26 27 

 Ranunculus inundatus 40 76 48 

 Ranunculus lappaceus 0 3 2 

 Ranunculus pumilio 0 12 2 

 Rhodanthe corymbiflora 0 1 3 

* Rorippa nasturtium-aquaticum 1 0 0 

* Rorippa palustris 0 1 1 

* Rostraria cristata 3 0 0 

* Rubus fruticosus 0 1 2 

 Rumex brownii 103 123 124 

 Rumex tenax 0 41 14 

 Rytidosperma bipartitum 0 1 0 

 Rytidosperma caespitosum 3 0 6 

 Rytidosperma duttonianum 2 3 0 

 Rytidosperma erianthum 0 0 1 

 Rytidosperma fulvum 3 5 1 

 Rytidosperma pilosum 0 0 1 

 Rytidosperma setaceum 26 7 9 

* Sagittaria platyphylla 2 2 2 

 Sclerolaena muricata 1 0 0 

* Scorzonera laciniata 0 1 0 

 Senecio campylocarpus 3 5 8 

 Senecio quadridentatus 160 149 149 

 Senecio runcinifolius 14 8 6 

 Sigesbeckia orientalis 15 31 21 

* Sisymbrium irio 0 1 0 

* Solanum nigrum 54 131 115 

 Solenogyne dominii 6 4 7 

* Sonchus asper 20 49 22 

* Sonchus oleraceus 146 158 134 

 Spergularia brevifolia 0 1 2 

* Spergularia diandra 2 0 0 

 Stellaria angustifolia 32 41 32 
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Exotic Species name 2015–16 2017–18 2018–19 

 Stellaria caespitosa 0 9 0 

* Stellaria media 4 17 4 

 Stellaria pungens 3 1 0 

 Stellaria spaff-angustifolia 0 2 0 

* Taraxacum officinale 2 1 1 

* Trifolium angustifolium 0 2 2 

* Trifolium arvense 16 15 7 

* Trifolium campestre 11 6 6 

* Trifolium cernuum 1 9 1 

* Trifolium dubium 0 10 0 

* Trifolium globosum 0 0 1 

* Trifolium glomeratum 3 32 20 

* Trifolium hirtum 2 0 1 

* Trifolium subterraneum 0 1 0 

* Trifolium tomentosum 0 6 0 

 Typha australis 0 0 1 

 Typha domingensis 1 1 1 

 Typha orientalis 2 0 0 

* Urtica urens 0 3 0 

* Verbascum virgatum 1 8 16 

* Verbena bonariensis 9 32 37 

 Verbena gaudichaudii 4 4 2 

* Verbena officinalis 0 14 17 

* Veronica peregrina 0 17 0 

* Vicia hirsuta 2 0 4 

* Vicia sativa 0 1 0 

 Viola betonicifolia 1 0 0 

 Vittadinia cuneata 6 34 44 

 Vittadinia gracilis 37 52 62 

 Vulpia bromoides 4 4 0 

* Vulpia muralis 8 6 12 

* Vulpia myuros 7 6 1 

 Wahlenbergia spp. 104 110 90 

 Walwhalleya proluta 0 0 1 

* Xanthium spinosum 5 3 5 

 Xerochrysum bracteatum 25 1 1 

 Xerochrysum viscosum 1 0 0 
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Appendix C: Bird species recorded 
Species 2015–16 2017–18 2018–19 

Australian hobby x   

Australian magpie x x x 

Australian raven x x x 

Australian reed warbler x x  

Australian shelduck x   

Australian white ibis x x  

Australian wood duck  x  

Azure kingfisher  x  

Black-chinned honeyeater x   

Black-faced cuckoo-shrike x x x 

Blue-faced honeyeater x x  

Brahminy kite   x 

Brown falcon  x  

Brown goshawk x x x 

Brown thornbill x x x 

Brown treecreeper x x x 

Brown-headed honeyeater x x x 

Buff-rumped thornbill x x x 

Collared sparrowhawk  x  

Common bronzewing x x x 

Crested shrike-tit x x x 

Crimson rosella   x 

Dollarbird x x x 

Dusky woodswallow x x x 

Eastern great egret x   

Eastern rosella x x x 

Emu x x x 

Fan-tailed cuckoo x x  

Fork-tailed swift   x 

Galah x x x 

Golden whistler x x  

Great egret x   

Grey butcherbird   x 

Grey fantail x x x 

Grey shrike-thrush x x x 
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Species 2015–16 2017–18 2018–19 

Grey teal x   

Grey-crowned babbler  x  

Hooded robin x x  

Horsfield’s bronze-cuckoo x x x 

Intermediate egret x   

Jacky winter x x x 

Laughing kookaburra x x x 

Leaden flycatcher x x  

Little eagle x x  

Little friarbird x x x 

Little grassbird x x  

Little raven x x x 

Long-billed corella x x x 

Magpie-lark x x  

Mistletoebird x x x 

Nankeen night heron x  x 

Noisy friarbird x x x 

Olive-backed oriole x   

Pacific black duck x x x 

Painted button-quail x x  

Painted honeyeater   x 

Pallid cuckoo  x x 

Peaceful dove x x x 

Peregrine falcon x x x 

Pied butcherbird x x  

Rainbow bee-eater x x x 

Red wattlebird x   

Red-capped robin x x x 

Red-rumped parrot x x x 

Restless flycatcher x x  

Royal spoonbill x   

Rufous fantail  x  

Rufous songlark x x  

Rufous whistler x x x 

Sacred kingfisher x x x 

Satin flycatcher  x  

Scarlet robin x x x 
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Species 2015–16 2017–18 2018–19 

Shining bronze-cuckoo x x x 

Silvereye x x x 

Southern boobook x   

Spotted pardalote x x x 

Striated pardalote x x x 

Striated thornbill x x x 

Sulphur-crested cockatoo x x x 

Superb fairy-wren x x x 

Superb parrot x x x 

Tree martin x x x 

Varied sittella x x x 

Wedge-tailed eagle x x x 

Weebill x x x 

Welcome swallow x x x 

Western gerygone x x x 

Whistling kite x x x 

White-bellied sea eagle x  x 

White-breasted woodswallow x x x 

White-browed babbler x x x 

White-browed scrubwren x x x 

White-browed woodswallow   x 

White-faced heron x x x 

White-necked heron x x  

White-plumed honeyeater x x x 

White-throated treecreeper x x x 

White-winged chough x x x 

White-winged triller x x x 

Willie wagtail x x x 

Yellow rosella x x x 

Yellow thornbill x x x 

Yellow-rumped thornbill x x x 
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