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Executive Summary
The construction phase of the W2B rainforest monitoring program commenced at the start of
2017, consistent with other components of the project ecological monitoring program.
Fourteen Impact and Control rainforest community plots and 213 threatened rainforest plants
were monitored. Rainforest community plots were recorded biannually in autumn and spring
2017, and threatened rainforest plants were recorded quarterly in February, May, August
and November 2017.  Baseline data were collected in February 2014 (EMM 2014). The
same monitoring methods were applied in the baseline (2014) and construction (2017)
monitoring.
Rainforest community plot data were analysed using ordination, cluster analysis and data
summary methods. Cluster analysis confirmed the initial field classification of rainforest types
present in the study area into littoral rainforest, swamp rainforest, riparian rainforest and
rocky hillside rainforest.  No major changes in species composition, structure and condition
were detected in Impact or Control plots between 2014 and 2017. Some increase/decrease
in mean species crown cover was indicated but these were subtle and gradual, as expected
in regenerating rainforest over a relatively short period of time. Exotic species diversity
remained constant at an average of 3-6 species were sub-plot across the data set. Exotic
species abundance/crown cover varied significantly between rainforest types and there was
trend evidence of a temporal increase in exotic species abundance in some plots compared
to the baseline data. As construction did not start on Section 10-11 until the end of 2017, any
changes between 2014 and 2017 were unrelated to potential construction impacts such as
edge disturbance.
Overall, variation in species composition data between 2014-2017 appeared to be related to:
(i) change in species composition related to rainforest regeneration or succession.
(ii) random data variability inherent in the observational methods applied.
For the second component of the rainforest monitoring program, the rainforest plants
monitoring, where individuals of threatened rainforest species were monitored, no major
changes in plant condition were evident between the 2014 baseline data and first year of
construction monitoring in 2017. One possible mortality due to natural causes was recorded,
a tree that may still reshoot.
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1 Introduction
NSW Roads and Maritime Services (Roads and Maritime) aims to minimise impacts on
threatened rainforest communities and rainforest plant species during construction and
operation of Sections 10 and 11 of the Woolgoolga to Ballina (W2B) Upgrade of the Pacific
Highway. To achieve this aim, a management plan was prepared specifically for rainforest
communities and threatened species, which included methods for monitoring potential
impacts of highway construction and changes in species composition and condition. These
are set out in the Woolgoolga to Ballina Threatened Rainforest Communities and Rainforest
Plants Management Plan (Roads and Maritime 2015). Further information on monitoring
methodology is given in Rainforest Communities and Threatened Rainforest Plants
Preconstruction Targeted Surveys and Baseline Monitoring Report (EMM 2014), the
baseline monitoring report.
This report describes the results of the first year of construction monitoring of rainforest
communities and plants, which commenced at the start of 2017, consistent with other
components of the project’s ecological monitoring program. The monitoring methods
implemented for this report were carried out according to methods and specifications set out
in the two documents above. Baseline data were collected in February 2014 (EMM 2014)
using the same methods applied during the first year of the construction monitoring.
Small patches of rainforest are present on sections of the W2B project further south, but the
main occurrence of rainforest, which this monitoring report is concerned with, is on Sections
10 and 11, between southern outskirts of Ballina and the Wardell area.
The contents of this annual monitoring report are set out as follows:

· Section 2 describes methods of data collection, analysis and assessment used
during monitoring of rainforest communities and species.

· Section 3 describes the monitoring results including trends in native and exotics
species composition between the baseline 2014 and first year of construction
monitoring in 2017.

· Section 4 presents a discussion and assessment of rainforest data recorded between
the baseline 2014 and first year of construction monitoring in 2017.
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2 Methods

2.1 Background
The objective of monitoring is to determine the effectiveness of mitigation measures in
avoiding direct and indirect impacts and maintaining the condition of rainforest communities
and species (after clearing) during highway construction and operation (RMS 2015). This
section describes the monitoring and assessment methods applied, including sampling
strategy, data collection, data analysis and evaluation. Baseline data was collected in 2014
and construction monitoring commenced at the start of 2017. Actual construction on
Sections 10-11 did not begin until the end of 2017. The data collected from 2014-17
provides a useful basis for making comparisons with baseline condition as it records the
vegetation changes over a three year period rather than a single reference point, before the
start of potential construction related impacts.
Data analysis was carried out with a view to identifying any natural variance in the condition
of the communities and species over three years for comparison with ongoing construction
monitoring data. Multivariate statistical methods were applied to examine rainforest
community species composition between 2014-2017 and indices indicating relative
abundances of exotic and indigenous species were derived. These methods are described
below.

2.2 Threatened Rainforest Species
2.2.1 Subject Species
Eight threatened rainforest plant species have been recorded within or in close proximity to
the project boundary outside the clearing limit and are currently being monitored:

· Rough-shelled Bush Nut (Macadamia tetraphylla) (vulnerable under the Biodiversity
Conservation Act, 2016 (BC Act) & Environment Protection and Biodiversity
Conservation Act (EPBC Act);

· Green-leaved Rose Walnut (Endiandra muelleri subsp. bracteata) (endangered under
the BC Act);

· White Lace Flower (Archidendron hendersonii) (vulnerable under the BC Act);

· Rusty Rose Walnut (Endiandra hayesii) (vulnerable under the BC Act &  EPBC Act);

· Stinking Cryptocarya (Cryptocarya foetida) vulnerable under the BC Act & EPBC Act);

· Southern Ochrosia (Ochrosia moorei) (endangered under the BC Act & EPBC Act);

· Red Lilly Pilly (Syzygium hodgkinsoniae) (vulnerable under the BC Act & EPBC Act);

· Smooth Davidsonia (Davidsonia johnsonii) (endangered under the BC Act & EPBC Act).

Two other threatened species were recorded, but have since been removed from the
monitoring program for reasons described below:

· Whalebone Tree (Streblus pendulinus var. brunonianus) (listed as endangered under the
EPBC Act).

· Scented Acronychia (Acronychia littoralis) (endangered under the TSC Act & EPBC Act);
Whalebone Tree on mainland Australia is a common species and a related taxon known as
Siah’s Backbone occurs on Norfolk Island. Previously they were regarded as separate
species, the mainland species known as Streblus brunonianus and the Norfolk Island
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species as S. pendulinus. This changed when the two species were merged by an expert on
this genus from Europe, giving both the name of the Norfolk Island species (Streblus
pendulinus) which had precedence according to the rules of botanical naming when two
species are merged. The change was accepted and incorporated into the online version of
the Census of Australian Plants (2007), effectively changing S. brunonianus to S. pendulinus
(syn. brunonianus, the syn meaning synonymous) (Conn 2015).  As S. pendulinus was listed
as endangered under the EPBC Act (Norfolk Island being an Australian territory), this meant
that all mainland Whalebone Tree automatically became endangered, or had to be treated
as endangered by regulators until the naming situation or listing was sorted out.
The taxonomy was subsequently revisited by Conn (2015), who reinstated mainland
Whalebone Tree to S. brunonianus and the species from Norfolk Island to S. pendulinus.
The endangered taxon S. pendulinus therefore no longer occurs on the W2B project (see
Conn, B. J. (2015). Re-straightening the story of Streblus brunonianus and S. pendulinus
(Moraceae). Telopea, Volume 18:73-78.)
The second species Acronychia littoralis was removed from the monitoring program as the
survey by EMM (2014) found that it had been misidentified. Fruits are needed to positively
identify Acronychia littoralis and trees appear to have been identified previously only from
leaves. The fruits of A. littoralis are slightly lobed, whereas the fruits of A. wilcoxiana are
deeply divided into segments. Fruits were found during the EMM survey and sent with leaf
specimens to the Queensland Herbarium where they were identified as Acronychia
wilcoxiana, a common species. The leaves of A. wilcoxiana also have a more pungent smell
and a higher density of oil dots than A. littoralis, consistent with leaves from W2B.

2.2.2 Baseline data - in situ threatened rainforest plants
On reviewing the Management Plan and associated documents, it was found that two sets of
baseline data were recorded in 2014 for monitoring in situ threatened rainforest plants.
These were recorded by Jacobs (2014) and EMM (2014).
Ecos Environmental was only aware of the EMM (2014) data at the outset and during
monitoring in 2017, and continued with the latter dataset for consistency with the
management plan. To make it clear what monitoring methods are currently being used for
the on-going monitoring program, the information recorded by the two baseline datasets is
described below:
EMM
In February 2014, EMM conducted targeted surveys for threatened plants and established
14 impact and control plots for monitoring rainforest communities. Threatened plant
individuals were tagged and recorded for on-going monitoring. The report states: “The
current surveys provide the baseline data for ongoing monitoring of threatened rainforest
plants and communities within the established plots, and for the tagged plants. A total of 14
monitoring plots were established in rainforest areas. A total of 261 plants were tagged for
eight of the nine threatened plants identified in Sections 10 and 11. Specimens of the
Whalebone Tree were not tagged due to the number of individuals identified during the
surveys. Indicative habitat for this species has been mapped instead. Identified plots and
plants should continue to be monitored in accordance with the draft management plan
(Roads and Maritime 2013). It is noted however that monitoring should always be adaptive,
and where necessary additional data or alternative data should be considered at each
monitoring occasion. This will ensure that monitoring is targeted to the site, the potential
impacts of the upgrade, and any disturbances in adjacent rainforest areas.” (EMM 2014, p.
22)
Nine species were recorded, including Syzygium hodgkinsoniae and Davidsonia johnsonii
not listed in the Jacobs (2014) baseline monitoring. The information collected for each
tagged individual was as follows: general condition of the area of population noted and notes
were made on the health of plants, any signs of disease, weed presence, recruitment, flower
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or fruit presence and any disturbances that could affect the health and ongoing monitoring of
the plants (EMM 2014, p. 5).
Jacobs (2014) The Management Plan presented the following information about threatened
plant monitoring: “In situ monitoring sites and control monitoring sites have been finalised for
the threatened flora species identified during targeted flora surveys by Jacobs in 2014.
There are six in situ monitoring locations for threatened rainforest species established by
Jacobs (2014). Monitoring locations for in situ threatened flora populations directly adjacent
to the clearing boundary were established to collect baseline data for ongoing monitoring of
plant health and habitat condition during construction and operation of the project (Section
9.2.2). The table below lists the monitoring sites (but they don’t appear to equal six).
Monitoring plots were recorded for the following species: Acronychia littoralis, Archidendron
hendersonii, Cryptocarya foetida, Endiandra muelleri ssp. bracteata, Macadamia tetraphylla,
Ochrosia moorei and Streblus brunonianus ssp. pendulinus. ” Baseline data was collected at
the in situ and control monitoring locations as part of the targeted surveys. Information
collected includes condition scores on a scale from 0 to 5, leaf condition, flower/fruit
presence, length of new shoots, disease symptoms, recruitment, weed abundance and
composition cover and height. The purpose of the control site is to monitor natural variation
within populations and habitats which are not attributable to the impacts associated with the
project.” (Plan, Section 9.2.2)
Species Section No of in situ

monitoring sites
No of control sites

Acronychia littoralis 10 0 1
Archidendron
hendersonii

10 2 1

Cryptocarya foetida 10 1 0
Endiandra muelleri
subsp. bracteata

4 and 10 2 1

Macadamia
tetraphylla

8 and 10 4 2

Ochrosia moorei 10 0 1
Streblus pendulinus 4, 8, 10 and 11 5 3

The first and last of these species no longer apply to the W2B study area.

2.2.3 Baseline data going forward
Following review of the two datasets, it was considered appropriate to continue the
monitoring program with the more comprehensive baseline dataset recorded by EMM
(2014). More threatened species and individuals were recorded, species identification was
more thorough (e.g. Acronychia littoralis) and data recording methods were consistent with
the Plan. EMM recorded 261 individuals of which 213 were recorded during the 2017
construction monitoring. Jacobs recorded ~10 monitoring plots on Sections 10 and 11
containing threatened rainforest plants (see table above), but some were threatened species
no longer identified on the W2B project following completion of the EIS.
Other complications also arose at the start of the 2017 construction monitoring. On
resurveying the individuals tagged and recorded by EMM in 2014 a number of tagged
individuals had been translocated, several could not be found  because the wire attaching
the button tag to the plant had rusted through and the button was nowhere to be seen, there
were duplicates (individuals given the same monitoring number) and a number of plants had
button tags attached but were not included in the EMM report. After sorting through these
records, 213 plants recorded in 2014 were subsequently recorded during the 2017
monitoring. These included individuals with button tags but not on the EMM list. Numbers of
individuals of each species included in the 2017 construction monitoring are shown in Table
1. About one third of these plants are in EMM’s rainforest community monitoring plots. All
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individuals are also listed in Appendix 2 with their coordinates. The 2017 data represents the
most comprehensive dataset collected to date and suitable for commencing year 2 of the
construction monitoring phase in 2018.
Table 1: Number of individuals of rainforest species to be monitored during 2018

Species No. of individuals
Rough-shelled Bush Nut (Macadamia tetraphylla) 74

Green-leaved Rose Walnut (Endiandra muelleri subsp. bracteata) 56

White Lace Flower (Archidendron hendersonii) ( 36

Rusty Rose Walnut (Endiandra hayesii) + E. pubens 2 (+2)

Stinking Cryptocarya (Cryptocarya foetida) 12

Southern Ochrosia (Ochrosia moorei) 1

Red Lilly Pilly (Syzygium hodgkinsoniae) 4

Smooth Davidsonia (Davidsonia johnsonii) 26

Total 213

2.2.4 Data recorded – threatened plants
Field data recorded on threatened plants during 2017 were as follows:  Individual monitoring
number (as per EMM 2014), GPS location, Plant Condition on a scale of 0-5 (Table 2),
Flowering/seeding, Insect/grazing damage, Evidence of disease and Recruitment. Height
and Girth were also recorded in 2017, as there was no indication in the baseline data of the
size of individuals (was it a 20 m tall tree or a seedling?). Habitat condition was recorded
with reference to the rainforest community plots and general observation. Distance to the
edge of clearing will be recorded when clearing has finished.
Table 2: Condition scores applied to threatened rainforest species (all trees)

Score Condition
0 Dead

1 Leafless, possibly still alive and may reshoot.

2 Small (<0.7- 1m), seedling or sapling, reasonably healthy; or taller
plant that has died off but still has some leaves

3 Sapling or small tree, healthy, evidence of recent new growth, not
reproductively mature; or tree showing evidence of minor dieback

4 Reproductively mature, healthy but relatively small for the species

5 Reproductively mature, healthy, good size
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Figure 1: Location of threatened rainforest plant species and rainforest communities in the
W2B project area. Source RMS (2015)



7

2.3 Threatened Rainforest Communities
2.3.1 Rainforest types
Two threatened rainforest communities are present within and adjacent to Sections 10 and
11 of the upgrade:

· Lowland Rainforest of the NSW North Coast and Sydney Basin Bioregion (herein
referred to as Lowland Rainforest) - an Endangered Ecological Community (EEC)
listed under the NSW Biodiversity Conservation Act 2016 (BC Act).This community is
synonymous with the Commonwealth Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act) listed Lowland Rainforest of Subtropical
Australia, which has the status of critically endangered ecological community
(CEEC); and

· Littoral Rainforest in the South East Corner, Sydney Basin and NSW North Coast
Bioregions (herein referred to as Littoral Rainforest) - listed under the TSC Act as an
EEC, synonymous with the EPBC Act listed Littoral Rainforest and Coastal Vine
Thickets of Eastern Australia, which is listed as a CEEC.

The rainforest sampling strategy applied by EMM (2014) recognised four rainforest types on
Sections 10-11, the last three representing different sub-types of Lowland Rainforest:

· Littoral rainforest
· Swamp rainforest
· Rainforest on alluvium
· Hillside rainforest regrowth

This classification was checked using ordination and cluster analysis of the plot data (see
Section 2.5.1 below). Different types of rainforest need to be identified if present, as
differences or changes in vegetation condition and species abundance in monitoring plots at
different locations may be reflect rainforest type rather than construction related factors.

2.3.2 Data recording – rainforest communities
Monitoring sites were established at control and impact sites for each rainforest type. Control
sites were located within 100 m of the upgrade boundary, but beyond 20 m of the clearing
boundary, in accordance with the Management Plan. Impact sites were located as close to
the clearing boundary as was possible. Impact sites are sites expected to be subject to the
indirect impacts of clearing, such as edge effects, weed invasion, changes in microclimate
etc. Control sites are expected to remain the same once construction of the upgrade begins,
and through operation of the upgrade (EMM 2014).
Each impact site was paired with a control site of the same vegetation community and type.
The exception to pairing of plots with closely similar rainforest was Plot 10 and Plot 11.
Because of the restricted distribution of Littoral Rainforest within the upgrade, no Littoral
Rainforest impact site could be found to pair with Plot 10 (Littoral Rainforest control site).
Plot 11 was therefore located in habitat similar to Plot 10, being a flat area with sandy/loamy
soil, surrounded by paddocks and small in area. The sites were also located to encompass
as many of the threatened plants recorded in the earlier surveys as possible. Details of the
paired sites are provided in Table 3 and locations in Figure 2.
An additional plot (No. 15) recorded in mature rainforest on Coolgardie Road was added to
the data set from the senior botanist’s records. This was to compare floristics and structure
of the generally disturbed examples of regrowth rainforest adjacent to the highway corridor
with a less disturbed example of the same type of rainforest from the local area.
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Figure 2: Location of rainforest monitoring plots. Source EMM (2014)

Table 3: Details of rainforest community monitoring plots, including impact and control pairs,
rainforest type at each plot and notes on habitat and location.
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Table 3: Details and habitat description of paired impact and control monitoring plots

Plot
No.

Impact/
Control

Rainforest type Habitat/Location

1 Impact Littoral rainforest Flat, Pleistocene sand bench, off
Kays Rd

5 Control ~20m east

2 Impact Lowland Rainforest on creek
alluvium

Both plots on Randell’s Creek

3 Control Disturbed, mostly open
canopy

~300m upstream

4 Impact Rainforest regrowth on rocky
hillside

Regrowth, weedy, lower slope

6 Control ~300m north

7 Impact Swamp rainforest –
Bangalow Palm

Flat floodplain swale, flood-prone,
peaty soil

12 Control ~100m apart very similar

8 Impact Rainforest regrowth on rocky
hillside

Regrowth, weedy, lower to mid slope

9 Control ~300m north

10 Impact Littoral rainforest/Lowland
Rainforest

Flat Pleistocene sand merging with
bedrock hillslope

11 Control ~2.5km north; not merging with
bedrock

13 Impact Rainforest regrowth on
hillside

Lower slope, north of Çoolgardie Rd.

14 Control ~50m north

15 Reference
plot

Mature rainforest Coolgardie Rd

A total of 14 plots were surveyed at the control and impact monitoring sites (Table 3; Figure
2).  An additional reference plot (plot 15) was selected in mature lowland rainforest. Each
monitoring plot was 20m x 20m and divided into four sub-plots (a,b,c and d), measuring 20
m x 5 m (Figure 3). The long edge of the monitoring plot was aligned to be parallel with the
clearing boundary of the upgrade. Sub-plot ‘a’ of each plot was always placed closest to the
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clearing boundary, while sub-plot ‘d’ was placed furthest from the boundary. Figure 3
illustrates the plot layout in relation to the clearing boundary.

Figure 3: Plot layout for rainforest monitoring. Plots were 20m x 20m and divided into four
20 m x 5 m sub-plots.

The south-east corner of each plot was used to record the position of the plot, and
photographs of the plot were taken. Hardwood stakes (1.2 m height) were used to mark the
corners of each plot, while smaller stakes (60 cm height) were used to mark the ends of sub-
plots a,b,c and d within each plot (see Figure 3).

Within each of the four sub-plots, the following was recorded:
• the general health of the plants;
• any disturbances or weed infestations;
• general attributes (slope, aspect, soils etc); and
• all species and their abundance were recorded in five fixed vertical height strata or layers:
0-1 m; 1-5 m; 5-10 m; 10-20 m; and 20+ m.
Species abundance was recorded as crown-cover, which is the proportion (percentage) of
the plot area (sub-plot) covered by the vertical projection onto the ground of the perimeter or
outline of plant crowns. All the area within the crown perimeter contributes to crown cover
regardless of spaces between leaves – i.e. the crown area is treated as opaque. The
estimate is made visually, where 1 x 1 m2 of cover = 1% of the plot area, 5 m x 5m = 25%
etc. Species with less than 1% cover were recorded as 0.5%. Species crown cover was
recorded for each height strata.
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Species abundances were estimated without referring back to the data sheets recorded at
the previous monitoring. This meant that observations were not biased by values recorded
previously (although variability may have increased by removing checks).
A certain lack of precision is inherent in recording plant species abundance by visually
estimating crown cover, but it is usually the only practical method available if recording large
numbers of species abundances. Other measures can be applied by visual estimation such
as foliage projective cover, but they have the same limitation, or are even more prone to
observer variation. Variability can be minimised by same observer recording data at each
event and calibrating other observers to ensure crown cover is being estimated in the same
way. Visually estimate crown cover is adequate for detecting marked shifts in species
abundance over time.

2.4 Monitoring Schedule
The following monitoring schedule is being implemented for the W2B threatened rainforest
communities and plants monitoring program on sections 10-11:

Monitoring / Report Year Phase Section
1st quarter - Rainforest Plant Monitoring 1 Construction S10-11
2nd quarter - Rainforest Plant Monitoring 1 Construction S10-11
3rd quarter -Rainforest Plant Monitoring 1 Construction S10-11
4th quarter - Rainforest Plant Monitoring 1 Construction S10-11
Autumn - Rainforest Community Monitoring 1 Construction S10-11
Spring - Rainforest Community Monitoring 1 Construction S10-11
1st half - Rainforest Plant Monitoring 2 Construction S10-11
2nd half - Rainforest Plant Monitoring 2 Construction S10-11
Autumn - Rainforest Community Monitoring 2 Construction S10-11
Spring - Rainforest Community Monitoring 2 Construction S10-11
Annual monitoring - Rainforest Plants 3 Construction S10-11
Autumn - Rainforest Community Monitoring 3 Construction S10-11
Spring - Rainforest Community Monitoring 3 Construction S10-11
Annual monitoring - Rainforest Plants 4 Operation S10-11
Annual monitoring - Rainforest Communities 4 Operation S10-11
Annual monitoring - Rainforest Plants (Provisional) 5 Operation S10-11
Annual Monitoring - Rainforest Communities (Provisional) 5 Operation S10-11
Annual monitoring - Rainforest Plants (Provisional) 6 Operation S10-11
Spring - Rainforest Community Monitoring  (Provisional) 6 Operation S10-11

2.5 Data Analysis
2.5.1 Ordination and cluster analysis
Ordination and cluster analysis were used to: (i) confirm the classification of rainforest into
different types established by EMM 2014, and (ii) to assess changes in species composition
and abundance from 2014 to 2017.
Each plot was recorded as 4 sub-plots and rather than attempting to derive a combined
species abundance measure for each plot, each sub-plot was treated as an individual
sampling unit, so that the data as analysed included 60 sub-plots (15 x 4).
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Ordination analysis of plots was performed using the vegan package v. 2.4-5 (Oksanen al.
2017) in R v. 3.4.3. (R Core Team 2017). First, the raw data matrix was converted to a
triangular dissimilarity matrix using Bray-Curtis as the dissimilarity measure. The plot
dissimilarities were then mapped non-linearly onto ordination space using non-metric
multidimensional scaling (NMDS). As plant species responses to environmental gradients
are non-linear, NMDS is most suitable for plant species richness and abundance data.
Hierarchical cluster analysis was also performed on the plot dissimilarities and the result was
presented as a dendrogram.
The position of site samples in ordination space on an ordination diagram shows at a glance
their underlying similarity (or dissimilarity), any grouping of similar sites and sites that have
low or high values relative to others.
Cluster analysis another way of examining how the site samples are related to each other in
terms of species composition and abundance. The output of cluster analysis is a
dendogram, or tree diagram, showing how plots group together hierarchically at different
levels of floristic similarity. Rainforest types were recognised at a dissimilarity cut-point of
0.7-0.8 on the tree diagram. Analysis was conducted using the stats package R (Oksanen
2017; R core team 2017).

2.5.2 Exotic species diversity and abundance
Exotic species diversity (strictly species richness) and exotic species abundance were used
as indices of rainforest community condition.
Exotic species diversity was derived as follows: the number of exotic species in each sub-
plot was counted then averaged across the four sub-plots.
Exotic species abundance was derived as follows: abundances (crown-cover) of exotic
species were summed for each sub-plot then the summed abundances were averaged
across the four sub-plots.
Table 4: How values for average abundance of exotics were interpreted

Average Abundance of Exotics per Sub-
plot (summed and averaged)

Interpretation of level of weed infestation

<10 Low

10-20 Moderate

20-50 High

50-100 Very high

100+ Extremely high

2.5.3 Overall species diversity
Overall species diversity was employed as an indicator of rainforest condition. Increase in
diversity was interpreted as improving condition; decrease in diversity was interpreted as
declining condition (factoring in scale effects)/
Overall species diversity was derived as follows: a count was made of the number of species
in each sub-plot, then these were averaged across the four sub-plots.

2.5.4  Tree recruitment
Tree recruitment was used as an indicator of rainforest community health and resilience.
An index of tree recruitment was calculated as the frequency or number of plots in which a
species was present in 0-1m height class. Individuals of tree species present in the height
class were assumed to be recruited from seed or possibly root suckering.
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2.5.5 Impact distance
Individuals closer to the edge of clearing that 20m will be classed as indirectly impacted
(different levels of impact can also be defined) and those more than 20m will be controls.
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3 Results

3.1 Rainforest Communities
3.1.1  Classification
Cluster analysis and ordination confirmed the rainforest types recognised in the initial
classification by EMM (2014):

· Littoral rainforest
· Swamp rainforest
· Rainforest on alluvium
· Rainforest on rocky hillsides

Littoral rainforest and swamp rainforest were the most distinct. As would be expected,
gradation is evident between the main rainforest groups.

Figure 4: Dendogram showing the relationships of 60 subsamples. The blue group is
Littoral Rainforest and the green group is Lowland (Subtropical) Rainforest. It can be seen
how distinct these two groupings are even though they occur alongside each other. This is
due to difference in geology, the Littoral Rainforest occurring on Pleistocene sand and the
Lowland Rainforest on bedrock soil (metasediment). Subsamples of a given plot generally
cluster together indicating patch homogeneity, but differences between patches.
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Baseline 2014

Figure 5: Ordination diagrams comparing baseline 2014 with baseline Spring 2017. The
arrangement of subsamples is very similar although some of the indicator species are
different indicating relatively small changes in species composition and variability inherent
in crown cover estimation.
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3.1.2 Species diversity
A total 295 plant species including 34 exotic species were recorded in the rainforest plots
sampled adjacent to Sections 10-11 of W2B. The 245 native species were made up of 114
tree species, 43 vines, 35 shrubs, 23 ferns, 12 graminoids and 18 herbs. (Unidentified plants
contributing to total excluded.)
Rainforest types varied in species richness (alpha diversity) as follows: Swamp Rainforest
(Bangalow Palm) < Littoral Rainforest < Rainforest on Alluvium & hillside rainforest regrowth.
Swamp Rainforest was the least diverse with 13 to 23 species per sub-plot, about the half
the number of species in Rainforest on alluvium & Hillside rainforest (24 to 52 species per
sub-plot).  Littoral rainforest on Pleistocene sand also had relatively low species richness –
19 to 29 species (excluding Plot 11 which is influenced by bedrock colluvium.)
Table 5: Species Richness expressed as the average of number of species in four
contiguous 20 m x 5 m sub-plots, recorded Feb 2014 and the Autumn and Spring 2017.

Plot
No.

Impact/
Control

EEC/Vegetation type Average Species Richness
per sub-plot

EEC - Littoral Rainforest Feb
2014

Autumn
2017

Spring
2017

Comm1 1 Impact Littoral rainforest on flat
Pleistocene sand bench off Kays
Rd

23 26 29

5 Control 24 19 19

10 Impact Littoral rainforest/Lowland
Rainforest on Pleistocene sand

26 23 27

11 Control merging with bedrock soil
(Comm 4)

39 35 39

EEC - Lowland Rainforest
Comm2 2 Impact Lowland Rainforest on alluvium,

Randles Ck
26 25 27

3 Control 43 35 52

EEC - Lowland Rainforest
Comm3 7 Impact Swamp rainforest – Bangalow

Palm
22 23 19

12 Control 18 16 14

EEC - Lowland Rainforest
Comm4 8 Impact Rainforest regrowth on rocky

hillside
35 25 24

9 Control 42 33 35

4 Impact Rainforest regrowth on rocky
hillside

28 26 30

6 Control 29 24 30

13 Impact Rainforest regrowth on hillside 42 31 33

14 Control 39 29 40
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Overall Average 31 26 31

EEC - Lowland Rainforest
15 Reference

plot
Mature rainforest on hillside 42

3.1.3 Successional stage
The reestablishment and maturation of a plant community after being wholly or partly
destroyed by disturbance is known as succession.  Rainforest in the project area is
undergoing succession after being almost totally destroyed by 100 years of logging, clearing
and grazing. Most rainforest was almost totally cleared, but elements of the original
rainforest survived on poor sandy soil, stony ground and creek banks. With a decline in the
intensity of agricultural land management in the 1960s, rainforest was able to regenerate
from scattered saplings, trees and scrubby thickets. Exotic trees played a key role in
rainforest regrowth, particularly on rocky slopes of the escarpment above the project (the
Blackwall Range), where the majority of the rainforest canopy still consists of exotic Large-
leaved Privet (Ligustrum lucidum) and Camphor Laurel (Cinnamomum camphora). If not for
these two species, regrowth would probably consist of a low Lantana dominated scrub and
lower native species diversity. Large-leaved Privet has been particularly effective in
colonising rocky ground which covers most of the escarpment slopes.
Presently, the canopy is dominated by two exotic tree species, but there is increasing growth
of native vines through the canopy and native trees, shrubs, ferns and herb have colonised
the understorey. The exotic species canopy has acted as a protective shield allowing
seedlings of native species to re-establish, birds probably playing a major role in dispersing
seeds. The monitoring data show that native species diversity is relatively low and a number
of species found in local, mature rainforest are absent or rare (see below).
The present rainforest communities represent 50-60 year old, mid stage, successional
regrowth after clearing.  Hillside and to a lesser extent the Riparian rainforest have a high
proportion of exotics. Swamp rainforest and Littoral rainforest have a low proportion of
exotics. The regrowth has developed to a stage where the rainforest communities are
structurally and floristically similar to undisturbed Littoral Rainforest and Lowland
(Subtropical) Rainforest, although depauperate in species diversity. As the rainforest is in an
active stage of regrowth, gradual changes in species composition at Impact and Control can
be expected due to successional dynamics.

3.1.4 Tree recruitment
The tree species with the highest frequency (not density) of active recruitment was Three-
veined Laurel (Cryptocarya triplinervis), followed by Bangalow Palm, Pepperberry Tree
(Cryptocarya obovata), Tuckeroo (Cupaniopsis anacardioides), Rough-leaved Elm
(Aphananthe philipensis) and Guioa (Guioa semiglauca). These species are all bird
dispersed producing smallish fruits with a fleshy outer layer, or black or red bird attracting
seeds.
Recruitment frequencies were derived from data pooled across all rainforest types and in
some instances actively recruiting species were limited largely to one rainforest type, for
example, Brown Bolly Gum (Litsea australis) and Bennetts Ash (Flindersia bennettiana),
which occurred almost exclusively in Littoral Rainforest.
Although Native Guava (Rhodomyrtus psidioides) is severely affected by Myrtle Rust and
trees are killed by the rust, juvenile plants were still relatively common, mainly in Littoral
Rainforest. The root system was excavated in a patch of dead Native Guava trees and
juveniles were found to be root suckers, so it appears that even though tree stems are killed
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by the fungus, the roots survive and individuals persist by reshooting from their roots.
Suckers appear to be killed off again by the rust when they reach 30-50cm in height.
Of the 141 native tree species, 74 species were present in the 0-1m height stratum
indicating active recruitment and 40 species were absent from this stratum indicating very
low or zero recruitment. In the latter category were several species that would have been
common in the original rainforest including Australia Teak (Flindersia australis), White
Booyong (Argyrodendron trifoliatum), Syzygium crebrinerve and White Beach (Gmelina
leichhardtiana), which persist as a few stunted, remnant trees. Many other species such as
the large figs Ficus macrophylla, F. watkinsiana, F. virens and F. superba almost certainly
present in the original rainforest, were also absent and no evidence of recolonization was
seen. To assist with regeneration of the original rainforest these and other non-recruiting
species should be included in replanting programs.
Although regrowth rainforest is presently dominated by two exotic tree species, Large-leaved
Privet and Camphor Laurel, recruitment (in terms of frequency in the 0-1m rainforest
stratum) was less for these two exotics that the top ten native recruiting species (see Table
6).
Table 6: The 30 most frequent native tree species showing evidence of recruitment in ~50
year old regrowth rainforest by presence of juveniles in the 0-1m height stratum.

Native Percent frequency of plants in  0-1m
height stratum in 20 m x 5 m

subplots (n=60)

Cryptocarya triplinervis 48

Archontophoenix cunninghamiana 43

Cryptocarya obovata 40

Cupaniopsis anacardioides 40

Aphananthe philippinensis 33

Guioa semiglauca 32

Jagera pseudorhus var. pseudorhus 32

Litsea australis 27

Flindersia schottiana 25

Sarcopteryx stipata 25

Flindersia bennettiana 21

Cupaniopsis parvifolia 18

Mallotus phillippensis 18

Rhodomyrtus psidioides 17

Arytera distylis 15

Livistona australis 15

Streblus brunonianus 15

Melicope elleryana 13

Cyclophyllum coprosmoides 12

Elaecarpus obovatus 12



19

Araucaria cunninghamii 10

Diploglottis australis 10

Sterculia quadrifida 10

Acmena smithii 8

Diospyros pentamera 8

Dysoxylum muelleri 8

Ficus coronata 8

Macademia tetraphylla 8

Neolitsea australiensis 8

Exotic tree species

*Cinnamomum camphora 20

*Ligustrum lucidum 18

3.1.5 Exotic species
In terms of average number of exotic species per sub-plot, exotic species diversity was
relatively uniform across the baseline Impact and Control plots, generally ranging from an
average of 3-6 species per sub-plot (Table 7).
Table 7: Number of exotic species per plot (alpha diversity ) expressed as the average of
number of exotic species in four contiguous 20m x  5m sub-plots.  Results of the EEM
baseline survey 2014 and construction phase surveys Autumn and Spring 2017 are shown.

Plot
No.

Impact/
Control

EEC/Vegetation type Average Number of  Exotics
per sub-plot

EEC - Littoral Rainforest Feb
2014

Autumn
2017

Spring
2017

Comm1 1 Impact Littoral rainforest on flat
Pleistocene sand bench off Kays
Rd

3 3 4

5 Control 4 2 4

10 Impact Littoral rainforest/Lowland
Rainforest on Pleistocene sand

4 3 3

11 Control merging with bedrock soil 4 4 5

EEC - Lowland Rainforest
Comm2 2 Impact Lowland Rainforest on alluvium,

Randles Ck
4 2 3

3 Control 4 3 4

EEC - Lowland Rainforest
Comm3 7 Impact Swamp rainforest – Bangalow

Palm
3 2 1

12 Control 2 1 1
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EEC - Lowland Rainforest
Comm4 8 Impact Rainforest regrowth on rocky

hillside
5 3 4

9 Control 4 3 3

4 Impact Rainforest regrowth on rocky
hillside

6 3 5

6 Control 6 4 6

13 Impact Rainforest regrowth on hillside 7 6 6

14 Control 4 3 4

Overall Average 4 3 4

EEC - Lowland Rainforest
15 Reference

plot
Mature rainforest on hillside 3

Noticeable differences between plots were evident in the exotic species abundance data.
Littoral Rainforest and Swamp Rainforest had low exotic species abundance. Hillside
rainforest had high exotic species abundance and there was evidence of increase over three
years in Plots 4 and 8 (Table 8).
Table 8: Abundance of exotic species per plot expressed as the average of summed exotic
species abundances (crown-covers) in four contiguous 20m x 5m sub-plots.  Results of the
EEM baseline survey 2014 and construction surveys in Autumn and Spring 2017 are shown.

Plot
No.

Impact/
Control

EEC/Vegetation type Average Abundance of
Exotics Per Sub-plot

EEC - Littoral Rainforest Feb
2014

Autumn
2017

Spring
2017

Comm1 1 Impact Littoral rainforest - Pleistocene
sand flat off Kays Rd

2 4 14

5 Control 12 10 18

10 Impact Littoral rainforest/Lowland
Rainforest Pleistocene sand, flat
Whytes Lane

4 2 2

11 Control merging with bedrock soil 4 12 19

EEC - Lowland Rainforest
Comm2 2 Impact Lowland Rainforest on alluvium,

Randles Ck
11 36 18

3 Control 4 7 7

EEC - Lowland Rainforest
Comm3 7 Impact Swamp rainforest – Bangalow

Palm
2 1 1

12 Control 1 1 <0.5
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77 EEC - Lowland Rainforest
Comm4 8 Impact Rainforest regrowth on rocky

hillside
103 92 127

9 Control 68 42 63

4 Impact Rainforest regrowth on rocky
hillside

61 81 102

6 Control 28 41 37

13 Impact Rainforest regrowth on hillside 38 54 37

14 Control 5 2 6

Overall Áverage 24 27 31

EEC - Lowland Rainforest
15 Reference

plot
Mature rainforest on hillside 16

3.2 Rainforest Plant Species
Table 9: Number of individuals of threatened rainforest species present 2014 (baseline) and
2017

Species No. of individuals 2014 and 2017
Rough-shelled Bush Nut (Macadamia tetraphylla) 74

Green-leaved Rose Walnut (Endiandra muelleri
subsp. bracteata)

56

White Lace Flower (Archidendron hendersonii) ( 36 (35)

Rusty Rose Walnut (Endiandra hayesii) + E. pubens 2 (+2)

Stinking Cryptocarya (Cryptocarya foetida) 12

Southern Ochrosia (Ochrosia moorei) 1

Red Lilly Pilly (Syzigium hodgkinsoniae) 4

Smooth Davidsonia (Davidsonia johnsonii) 26

213

Only one potential mortality was recorded over the three-year baseline period – a White
Laceflower (Archidendron hendersonii) tree, which may still reshoot, as the population on
Pleistocene sand has a lignotuber/rootstock.
Flowering and/or seed production was observed in 2017 on four of the eight species being
monitored - Rough-shelled Bush Nut (Macadamia tetraphylla), Green-leaved Rose Walnut
(Endiandra muelleri subsp. bracteata), Rusty Rose Walnut (Endiandra hayesii) + E. pubens
and Red Lilly Pilly (Syzigium hodgkinsoniae)
There was no evidence of excessive leaf grazing by insects. Moderate insect grazing of
Rough-shelled Bush Nut (Macadamia tetraphylla) leaves was recorded in both Impact and
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Control plots. Possible evidence of disease (e.g. moulds) was very minor. There was no
difference in plant condition at Impact and Control sites between 2014 – 2017.

4 Discussion and Assessment

4.1 Threatened Species
4.1.1 Plant condition 2014 - 2017
All monitored individuals except one survived the period from 2014 to 2017 and there were
very few changes in plant condition. One White Laceflower tree in poor condition at the start
of 2017 appeared to be dead in November 2017, although it may reshoot as the population
at this site is lignotuberous. Several species flowered and/or fruited in 2017 including
Macadamia tetraphylla, Endiandra muelleri ssp. bracteata and Syzygium hodgkinsoniae

4.1.2 Habitat condition
Habitat condition remained more-or-less constant over three years. Cattle grazing was
removed from Plot 11 resulting in an increase in understorey vegetation (natives and
exotics). Plots 4, 8 and 13 were also grazed up until around the start of 2017.  All these plots
are Impact sites.

4.2 Threatened Plant Communities
4.2.1 Community diversity and floristics 2014- 2017
There were no marked changes in overall species composition and abundance in Impact
and Control pairs over 3 years.

4.2.2 Exotic species 2014-2017
There was evidence of an increase in exotic species abundance (crown cover) but not
species richness during the baseline period. An increase in Asparagus fern juveniles was
noticeable in Plot 13 (Impact site) and an increase in Ochna crown cover in some plots in
only three years, particularly in Plot 6 (Control site). This could be related to the removal of
cattle which are effective in controlling understorey weed growth. Ochna has the potential to
spread and dominate the rainforest understorey throughout the project and should be a
priority for removal along with Asparagus Fern.
The landscape design provides details for the re-establishment of native vegetation within
areas disturbed by construction, such as batters and bare areas to provide protection for in
situ threatened species and rainforest communities. Specific detail regarding revegetation is
included in the Urban Design and Landscape Plan (UDLP).
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4.3 Indirect Impacts
The results of monitoring will be used to assess indirect as described in the Threatened
Rainforest Communities and Rainforest Plants Management Plan (Roads and Maritime
2015).

4.4 Performance Criteria
The results of monitoring will be evaluated with respect to the performance criteria specified
in the Threatened Rainforest Communities and Rainforest Plants Management Plan (Roads
and Maritime 2015). No impacts or corrective actions were noted at time of monitoring.

4.5 Recommendations
Based on monitoring results to date, the following recommendations are made for adaptive
management to minimise a decline the condition of rainforest communities within the W2B
project boundary due to proliferation of exotic species:

· Ochna and Asparagus Fern should be priority exotic species for removal from
rainforest communities within the project boundary. These two understorey exotic
species have increased in abundance since removal of forest grazing by cattle and
have the potential to build up dense populations, impacting on threatened rainforest
communities and species.

· Removal of exotic trees (i.e. camphor laurel and broad-leaved privet), which are well
established, should be implemented gradually, as they are playing a useful ecological
role in creating protected microclimatic conditions for native species regeneration.

· Exotic species removal from rainforest areas to be carried out by a bush regeneration
specialist rather than a general weed control contractor to minimised impact on non-
target species.
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Appendix 1: Rainforest Community Monitoring Data - Autumn and 
Spring 2017 
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Autumn 2017 - Plot 1 
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Autumn 2017 - Plot 2
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Autumn 2017 - Plot 3 
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Autumn 2017 - Plot 4 
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Autumn 2017 - Plot 5 
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Autumn 2017 - Plot 6 
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Autumn 2017 - Plot 7 
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Autumn 2017 - Plot 8 
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Autumn 2017 - Plot 9 
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Autumn 2017 - Plot 10 
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Autumn 2017 - Plot 11 
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Autumn 2017 - Plot 12 
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Autumn 2017 - Plot 13 
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Autumn 2017 - Plot 14 
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Spring 2017 – Plot 1 
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 Spring 2017 – Plot 2 

 



65 
 

 



66 
 

 



67 
 

 



68 
 

 

Spring 2017 – Plot 3 

 



69 
 

 



70 
 

 



71 
 

 



72 
 

 

Spring 2017 – Plot 4 
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Spring 2017 – Plot 5 
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Spring 2017 – Plot 6 
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Spring 2017 – Plot 7 
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Spring 2017 – Plot 8 
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Spring 2017 – Plot 9 
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Spring 2017 – Plot 10 
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Spring 2017 – Plot 11 
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Spring 2017 – Plot 12 
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Spring 2017 – Plot 13 
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Spring 2017 – Plot 14 
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Spring 2017 – Plot 15 
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Appendix 2: Rainforest Threatened Species Monitoring Data –
Winter 2017 and Spring 2017 
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              Threatened Plant Monitoring Results August/Winter 2017 
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            Threatened Plant Monitoring Results November/Spring 2017 
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Appendix 3: Photographs – Plates 1-20. Rainforest monitoring plots 
1-14 and selection of threatened rainforest plants, November 2017 
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; Rusty Rose Walnut no. 83, plot2; Rusty Rose Walnut no. 83, plot2 

Plate 1: Plot 1 impact site Littoral Rainforest, paired with control plot 5. November 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 2: Plot 5 control site Littoral Rainforest, paired with impact plot 1. November 2017 

  



139 
 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 3: Plot 2 impact site Alluvial Rainforest on Randles Ck, paired control plot 3. November 2017 
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Plate 4: Plot 2 impact site Alluvial Rainforest on Randles Ck. Clearing of the road corridor underway. 
Plot boundary marked by orange flagging and yellow tape measure. November 2017 

 



140 
 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 5: Plot 4 impact site, Rocky Hillside Rainforest on lower slope, paired with control plot 6. Tree 
runk in foreground is Camphor Laurel, November 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 6: Plot 6 control site, Rocky Hillside Rainforest on lower slope, paired with control plot 6. Shrubs 
in the foreground are the exotic species Ochna serrulata November 2017 
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Plate 7: Plot 12 control site, Bangalow Palm Swamp Rainforest, paired with impact plot 7, November 
2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 8: Plot 7 impact site, Bangalow Palm Swamp Rainforest, paired with control plot 12, November 
2017 
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Plate 9: Plot 8 impact site, Rocky Hillside Rainforest, paired with control plot 9. Plants in the 
foreground are exotic Broad-leaved Privet (Ligustrum lucidum) seedlings on the edge of rainforest 
regrowth. November 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 10: Plot 9 control site, Rocky Hillside Rainforest, paired with impact plot 9. The large trees are 
all exotic Broad-leaved Privet (Ligustrum lucidum). November 20 
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Plate 11: Plot 11 impact site, Littoral Rainforest ecotone, paired with control plot 10. November 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 12: Plot 10 control site, Littoral Rainforest, paired with impact plot 11. November 2017 
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Plate 13: Plot 13 impact site, Rocky Hillside Rainforest, paired with control plot 14. November 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 14: Plot 14 control site, Rocky Hillside Rainforest, paired with impact plot 13. November 2017 
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Plate 15: Threatened Plants – Red Lilly Pilly (Syzygium hodgkinsoniae) no. 81, Randles Creek 
November 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 16: Threatened Plants – White Laceflower (Archidendton hendersonii) Part of a cluster of 11 
tagged juveniles recruited from seed, from 15cm to 55cm tall under a large mother tree, in Plot 11.  
November 2017 
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Plate 17: Threatened Plants – Rusty Rose Walnut (Endiandra muelleri subsp. bracteata) no. 274. 
Juvenile recruited from seed in Plot 2.  November 2017 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Plate 18: Threatened Plants – Rusty Rose Walnut (Endiandra muelleri subsp. bracteata) no. 91. 
Small tree in Plot 2.  November 2017 
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Plate 19: Threatened Plants – Top Left clockwise, White Laceflower no. 88, plot 2; Rusty Rose 
Walnut no. 83, plot2; Macadamia no. 285, plot 13; Rusty Rose Walnut no. 91, plot 13.  November 
2017 
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Plate 20: Threatened Plants – Macadamia (Macadamia tetraphylla) no. 386, plot 13.  November 2017 
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