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Attachment 4: Management Plan  
Instructions for completing the  

Biodiversity Stewardship Site Management Plan template 
This Biodiversity Stewardship Site Management Plan template is to be filled in by the assessor, reviewed by 
the Owner and included in the Biodiversity Stewardship Site Assessment Report submitted to the BCT as 
part of an application to establish a Biodiversity Stewardship Site. The standard words and format provided 
in this template must be used for the management actions.  

The BCT will review the management plan and make any necessary amendments in consultation with the 
Owner. The management plan will be incorporated into the Biodiversity Stewardship Agreement. 
There are seven sections to this template: 
• Section 1: Management Actions 
• Section 2: Fire for Conservation Management Plan 
• Section 3: Native Vegetation Management Plan  
• Section 4: Threatened Species Habitat Management Plan 
• Section 5: Integrated Feral Pest Management Plan 
• Section 6: Integrated Weed Management Plan 
• Section 7: Monitoring Plan 

 

  

Orange boxes like this one provide instructions and examples and will be deleted by the BCT before 
the Biodiversity Stewardship Agreement is processed. 

Yellow highlighted fields need to be customised by the Owner. Usually the Owner needs to provide 
the information required; sometimes the Owner will need to delete or retain provided options. It is 
important to ensure that, especially where fields are customised, that the management actions are 
certain, clear and specific so that it is clear what the requirements of the actions are.  

The format and wording of standard and additional management actions must not be changed. Enter 
site specific information into the yellow highlighted fields as required. 

Management actions are divided into ‘required management actions’ and ‘active restoration 
management actions’ in accordance with Subsections 13.3.2 and 13.3.3 of the BAM. Required 
management actions are those management actions that must be implemented on the biodiversity 
stewardship site to achieve the predicted management gain. Active restoration management actions 
are those management actions in addition to the required management actions that may be used to 
create biodiversity credits at a biodiversity stewardship site in addition to the biodiversity credits 
created for the required management actions.  

Both required management actions and active restoration management actions, when included in this 
management plan for a biodiversity stewardship site, must be undertaken in accordance with the 
management plan. 
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Definitions 

In this Management Plan, unless a contrary intention appears, a capitalised word or words has the meaning 
given in the corresponding row in the table below. 

Other terms are defined in the Dictionary. 

Word/s Meaning 

Biodiversity 
Stewardship 
Site 
Assessment 
Report 

The document described in Error! Reference source not found. 

Biodiversity 
Stewardship 
Site 
Management 
Actions Map 

The map showing Management Zones, management features (e.g. firetrails) and 
the location of Management Actions in the Biodiversity Stewardship Site 

Ecological 
Burn 

Burning of Native Vegetation undertaken to help stimulate Native Plant 
regeneration, control weeds and enhance Biodiversity 

Ecological 
Burn Map 

The map included in the Fire for Conservation Management Plan identifying the 
areas of the Biodiversity Stewardship Site to be burnt, based on broad habitat 
zones, during each Ecological Burn 

Ecological 
Burn Unit 

An area within the Biodiversity Stewardship Site comprised of one or more 
Management Zones over which the same regime of ecological burning is applied  

Ecosystem 
Credit 

The meaning given in the Biodiversity Assessment Method 

Note: This definition may change from time to time, with changes in the Biodiversity Assessment 
Method, but on the Agreement Date the meaning was: 
“a measurement of the value of threatened ecological communities, threatened species habitat for 
species that can be reliably predicted to occur within a PCT, and PCTs generally. Ecosystem credits 
measure the loss in biodiversity values at a development site and the gain in biodiversity values at a 
biodiversity stewardship site” 

Feral Pest Pest animal species not native to Australia including fox, cat, pig, goat, horse, 
avian pests and other miscellaneous species 

Fertiliser The meaning given in the Biosecurity Act 2015 (NSW) 

Note: This definition may change from time to time with changes in Law, but on the Agreement Date 
this meaning was: 
“(a)  a substance that consists of or contains nitrogen, phosphorus or potassium (or any 
combination of nitrogen, phosphorus or potassium) and is manufactured, represented, sold or used 
as a means for directly or indirectly supplying nutriment for the purpose of enhancing the 
development, productivity, quality or reproductive capacity of vegetation, other than a substance 
excluded from this definition by the regulations, or 
(b)  any other substance prescribed by the regulations to be a fertiliser” 

Fire for 
Conservation 
Management 
Plan 

The plan titled “Fire for Conservation Management Plan” included in Section 2 of 
this Management Plan  

High Threat 
Exotic Plant 
Cover 

The meaning given to it in the Biodiversity Assessment Method 

Note: The definition may change from time to time, with changes in the Biodiversity Assessment 
Method, but on the Agreement Date this meaning was “plant cover composed of vascular plants not 
native to Australia that if not controlled will invade and outcompete native plant species” 

High Threat 
Exotic Species 

A vascular plant not native to Australia that if not controlled will invade and 
outcompete Native Plant species. Also referred to in this Attachment as High 
Threat Weed Species 



Page 3 of 60 

Error! Reference source not found. 

Word/s Meaning 

Hollow-
dependent 
Threatened 
Species 

Threatened Species for which tree hollows (sometimes of a particular size or with 
particular characteristics) are a key component of their habitat and are critical for 
the persistence of that species in the landscape 

Integrated 
Feral Pest 
Management 
Plan 

The plan titled “Integrated Feral Pest Management Plan” included in Section 5 of 
this Management Plan  

Integrated 
Weed 
Management 
Plan 

The plan titled “Integrated Weed Management Plan” included in Section 6 of this 
Management Plan  

Large Woody 
Debris 

Large, fallen dead tree branches and trunks 

Living Ground 
Cover 

All living vegetation below 1m in height including native and non-native ground 
cover species 

Local Land 
Services 

The statutory corporation established under the Local Land Services Act 2013 
(NSW). 

Monitoring 
Plan 

The plan titled “Monitoring Plan” included in Section 7 of this Management Plan 

Native 
Vegetation 
Management 
Plan 

The plan titled “Native Vegetation Management Plan” included in Section 3 of this 
Management Plan 

Other Weed 
Species 

A plant not native to Australia and not otherwise identified as a High Threat Weed 
Species 

PCT Plant Community Type 

Pesticide The meaning given in Section 5 of the Pesticides Act 1999 (NSW) 

Note: This definition may change from time to time with changes in Law, but on the Agreement Date 
this meaning was: 
“(a)  an agricultural chemical product (within the meaning of the Agvet Code), or 
(b)  a veterinary chemical product (within the meaning of the Agvet Code) that: 
(i)  is represented as being suitable for, or is manufactured, supplied or used for, the external control 
of ectoparasites of animals, and 
(ii)  is concentrated and requires dilution or mixing in water before use, and 
(iii)  is not prescribed under the Stock Medicines Act 1989 as a low-risk veterinary chemical product. 

…a pesticide continues to be regarded as a pesticide even when it is mixed with some other 
substance (whether or not the other substance is a pesticide). However, a pesticide does not 
include a prescribed mixture or a mixture of a prescribed class or description” 

Photo Point A location within the Biodiversity Stewardship Site and identified in Part 9.2 of 
Section 1 of this Management Plan at which a series of photographs is taken in all 
directions (360°) for the purpose of monitoring change in vegetation condition 
over time 

Rubbish Any anthropogenic waste material other than that identified in this Management 
Plan as being used to achieve a specific biodiversity management purpose 

Sediment Trap A temporary or permanent structure used to collect, trap and store sediment to 
prevent entry of sediment to a waterway 

https://www.legislation.nsw.gov.au/#/view/act/1989/182
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Word/s Meaning 

Species 
Credits 

The meaning given in the Biodiversity Assessment Method. 

Note: This definition may change from time to time with changes in the Biodiversity Assessment 
Method, but on the Agreement Date the meaning was “the class of biodiversity credits created or 
required for the impact on threatened species that cannot be reliably predicted to use an area of 
land based on habitat surrogates. Species that require species credits are listed in the Threatened 
Biodiversity Data Collection” 

Species 
Polygon 

An identification of the area or count and location of the suitable habitat for a 
Species Credit species on the Biodiversity Stewardship Site, prepared as part of 
the Biodiversity Stewardship Site Assessment Report  

Stock The meaning given in the Local Land Services Act 2013 (NSW), and including 
any animal declared to be stock under the Local Land Services Regulation 2014 
(NSW)  

Note: This definition may change from time to time with changes in Law, but on the Agreement Date 
the meaning was: 
“cattle, horses, sheep, goats, camels, alpacas, llamas, pigs, deer, ostriches, emus or, in relation to 
any specified provision or provisions of this Act, any other kind of animal declared by the regulations 
to be stock for the purposes of that provision or those provisions” 

Targeted 
Supplementary 
Planting 

Planting of locally indigenous native plants in one or more areas of the 
Biodiversity Stewardship Site to:  
a) increase Native Plant species richness and foliage cover of a vegetation 
zone above the level determined for management gain, and/or  
b) restore or enhance the native plant species composition and structure of 
recognisable PCTs, and/or  
c) improve habitat suitability for specific Threatened Species 

Threatened 
Biodiversity 
Data Collection 

The meaning given to it in the Biodiversity Assessment Method 

Note: This definition may change from time to time with changes in the Biodiversity Assessment 
Method but on the Agreement Date the meaning was “part of the BioNet database, published by 
DPIE (previously the Office of Environment and Heritage) and accessible from the BioNet website at 
www.bionet.nsw.gov.au”  

Threatened 
Species 
Habitat 
Management 
Plan 

The plan titled “Threatened Species Habitat Management Plan” included in 
Section 4 of this Management Plan 

Threatened 
Species 
Habitat map 

The map of Threatened Species locations and Species Polygons within the 
Biodiversity Stewardship Site 

Vegetation 
Integrity 
Survey Plot 

The meaning given to ‘plot’ in the Biodiversity Assessment Method and described 
in Section 5.3.4 of the Biodiversity Assessment Method 

Note: This definition may change from time to time with changes in the Biodiversity Assessment 
Method, but on the Agreement Date the meaning was “an area within a vegetation zone in which 
site attributes are assessed” 

Vegetation 
Zone 

The meaning given in the Biodiversity Assessment Method 

Note: This definition may change from time to time with changes in the Biodiversity Assessment 
Method, but on the Agreement Date the meaning was “a relatively homogenous area of native 
vegetation on a development site, land to be biodiversity certified or a biodiversity stewardship site 
that is the same PCT and broad condition state” 

 

http://www.bionet.nsw.gov.au/
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Section 1: Management Actions 

Management Actions 
Biodiversity Stewardship Site Management Actions Map 

Figure 1 – Weed Density Map 

Figure 2 – Boundary Management Map 

 

 

The Biodiversity Stewardship Site Management Actions Map is to be produced so that the following features 
can be clearly identified: 

(a) Vegetation Zones 
(b) Management Zones  
(c) Management features (e.g. artificial structures on waterways, erosion, rubbish, fencing, gates, 

firetrails, access tracks, infrastructure and built assets to be retained). 
(d) Location of Management Actions in the Biodiversity Stewardship Site.   

Part 1 Fire management Timing 
1.1 
(Required 
management 
action) 

The Owner must implement and comply with the Fire for Conservation 
Management Plan. 

 

Ongoing from 
Agreement Date.  

Part 2 Grazing management Timing 

2.1 (a) The Owner must not graze Stock on the Biodiversity 
Stewardship Site except where it would improve 
Biodiversity Values. 

Ongoing from 
Agreement Date.  



Note: 
1. Boundaries are not survey accurate

2. Do not scale off this plan

Disclaimer: While all reasonable care has been taken to ensure the information shown on this 
map is up to date and accurate, no guarantee is given that the information portrayed is free from 
error or omission. Please verify the accuracy of all information prior to use.

Title: Weed Density Map

Client: Transnational Pastoral Pty Ltd and Stevens 
Group

Date: May 2021

AEP Ref: 1910.06

Location: Old Maitland Road, Mardi BOAMS Ref: 14546

Legend
Stewardship Site 
Boundary

Cadastre

Weed Density
Low

Moderate

Negligible

High

Unmapped

Zone 1

Zone 1

Zone 4

Zone 3

Zone 2

Zone 5



Note: 
1. Boundaries are not survey accurate

2. Do not scale off this plan

Disclaimer: While all reasonable care has been taken to ensure the information shown on this 
map is up to date and accurate, no guarantee is given that the information portrayed is free from 
error or omission. Please verify the accuracy of all information prior to use.

Title: Boundary Management

Client: Transnatiional Pastoral Pty Ltd and Stevens 
Group

Date: May 2021

AEP Ref: 1910.06

Location: Old Maitland Road, Mardi BOAMS Ref: 14546
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Management Actions 
(Required 
management 
action) 

If no grazing is to be allowed, replace the above part with: 

“The Owner must not graze Stock on the Biodiversity 
Stewardship Site.” 

Then delete the words in part 2.2 (but keep the numbering) and 
replace with: “This part is not applicable.” 

2.2 
(Required 
management 
action) 

(a) This part is not applicable.   
 

(b)  This part is not applicable.  
 

(c) This part is not applicable. 
 

(d) This part is not applicable. 
 

 

 Delete (b) and/or (c) if not relevant. 
Soil disturbance may be required (and is permitted) to encourage 
regeneration of native vegetation in conjunction with management of 
grazing for conservation. 

 

2.3 
(Required 
management 
action) 

If, at any time, the Owner observes Stock in any area of the 
Biodiversity Stewardship Site, other than an area where grazing is 
permitted, the Owner must take necessary measures to remove the 
Stock from the area immediately. 

Ongoing from 
Agreement Date 

Part 3 Native Vegetation management 
 

Timing 

3.1 
(Required 
management 
action) 

Native Vegetation on the Biodiversity Stewardship Site must not be cut 
down, felled, thinned, logged, killed, destroyed, poisoned, ringbarked, 
uprooted, burnt or otherwise removed, except: 
(a) in accordance with Part 3.6.4 of this section; 
(b) it is specifically permitted or required as part of a Management 

Action; or  
(c) it is essential to a carry out an action permitted under clause 6 

of this Deed. 

Ongoing from 
Agreement Date 

3.2 
(Required 
management 
action) 

Where Part 3.1 of this section permits Native Vegetation on the 
Biodiversity Stewardship Site to be burnt, it may only occur in 
accordance with the Fire for Conservation Management Plan. 

Ongoing from 
Agreement Date 

3.3 
(Required 
management 
action) 

Native Vegetation must be managed on the Biodiversity Stewardship 
Site to improve Threatened Species habitat if required as part of a 
Management Action for Threatened Species on the Biodiversity 
Stewardship Site under this Deed. 

Ongoing from 
First Payment 
Date. 
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Management Actions 
3.4 
(Required 
management 
action) 

(a) Except as permitted by Part 3.4(b), and to as far an extent 
practicable, the Owner must prevent nutrients from Fertilisers 
and other sources (other than those that would occur as a 
result of natural ecosystem function) from entering the 
Biodiversity Stewardship Site, including waterways within the 
Biodiversity Stewardship Site. 

(b) Fertilisers and Pesticides must not be applied on the 
Biodiversity Stewardship Site, except where permitted or 
required as part of a Management Action specified in the 
Native Vegetation Management Plan. Use of Fertilisers for 
establishing Native Vegetation through planting or seeding, 
use of herbicides for controlling weeds or use of Pesticides 
for controlling feral pests may be undertaken in accordance 
with best practice management when required to undertake 
Management Actions specified in the Native Vegetation 
Management Plan.  

Ongoing from 
Agreement Date 

3.5 
(Active 
restoration 
action) 

Native Vegetation and habitat management and augmentation must be 
implemented as set out in Part 3.6 (including sub-parts 3.6.1 to 3.6.5) 
and in Part 3.7 in accordance with Management Actions specified in 
the Native Vegetation Management Plan.  

Ongoing from 
First Payment 
Date. 

If no native vegetation and habitat management and augmentation 
active restoration activities are proposed, replace the above part with: 
“This Part 3.5 is not applicable.” and delete Part 3.6 (including sub-
parts 3.6.1 to 3.6.5) and Part 3.7. 

3.6 
(Active 
restoration 
action) 

a) This Part 3.6 is not applicable.  
If no Targeted Supplementary Planting is proposed, replace the above 
part with: “This Part 3.6 is not applicable.” and delete Parts 3.6.1 to 
3.6.5. 

3.6.1 
(Active 
restoration 
action) 

  

3.6.2 
(Active 
restoration 
action) 

  
Different years or heights for specific types of plants can be listed in 
the Native Vegetation Management Plan. 

3.6.3 
(Active 
restoration 
action) 

  

3.6.4 
(Active 
restoration 
action) 

  

3.6.5 
(Active 
restoration 
action) 

  

3.7 Hydrology management must be implemented in accordance with the 
Native Vegetation Management Plan to aid the restoration of Native 
Vegetation in instances where the hydrology of the Biodiversity 
Stewardship Site has been disrupted or altered. 

Ongoing from 
First Payment 
Date. 
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Management Actions 
(Active 
restoration 
action) 

If no changes to hydrology are proposed as an active restoration 
action, replace the above part with: “This Part is not applicable.” 

Part 4 Threatened Species habitat management and enhancement Timing 
4.1 
(Required 
management 
action) 

The Owner must protect breeding habitat features and sites for all 
Threatened Species for which Species Credits or Ecosystem Credits 
have been created. 
Known breeding sites of Threatened Species on the Biodiversity 
Stewardship Site are shown on the Threatened Species Habitat map.  

Ongoing from 
Agreement Date 

4.2 
(Required 
management 
action) 

The Owner must undertake all Management Actions described in the 
Threatened Species Habitat Management Plan. 

The Threatened Species Management Plan is to include all practical and 
relevant management actions identified in the Threatened Biodiversity 
Data Collection for a Threatened Species for which Species Credits or 
Ecosystem Credits have been created. 

TBDC actions; 

Glossy Black-Cockatoo – Application of ecological fire management 

Large-eared Pied Bat – none listed in TBDC 

Southern Myotis - Application of ecological fire management 

Green-thighed Frog – none listed in TBDC 

Melaleuca biconvexa - none listed in TBDC 

Syzygium paniculatum – none listed in TBDC 

Rhodamnia rubescens - none listed in TBDC 

Ongoing from 
First Payment 
Date 

4.3 
(Active 
restoration 
action) 

Habitat enhancement must be implemented as set out in Part 4.3.1 to 
4.3.4 in this Part and in accordance with Management Actions specified 
in the Threatened Species Habitat Management Plan. 

Ongoing from 
First Payment 
Date 

If no habitat enhancement active restoration activities are proposed, 
replace the above part with: “This Part is not applicable.” and delete 
Parts 4.3.1 – 4.3.4. 

4.3.1 
(Active 
restoration 
action) 

The Owner must include artificial nest boxes on the Biodiversity 
Stewardship Site to provide roosting and breeding habitat for Hollow-
dependent Threatened Species in accordance with the Threatened 
Species Habitat Management Plan. 
While not specifically required for Hollow-dependant Threatened 
Species, as an impact minimisation measure as a result of clearing on 
the adjacent development site, it is proposed to install a number of the 
artificial nest boxes within the Stewardship Site. The cost of installation 
will be borne by the proponent, rather than from funds within the TFD, 
however on-going maintenance and monitoring will be funded within the 
TFD.  
A total of 104 nest boxes are to be installed. While some of these nest 
boxes will be installed within riparian areas within development area, 
the majority will be installed within the Stewardship Site.  

Ongoing from 
First Payment 
Date 

If no artificial nest boxes are proposed as active restoration 
management action to improve habitat suitable for specific threatened 
species, replace the above Part with  
“This Part is not applicable”. 
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Management Actions 
4.3.2 
(Active 
restoration 
action) 

The Owner must relocate fallen logs from appropriate sources onto the 
Biodiversity Stewardship Site to improve habitat for Threatened Species 
in accordance with the Threatened Species Habitat Management Plan. 
In this Part 4.3.2, ‘appropriate sources’ means fallen logs that would not 
provide any habitat value if they remained in their current place.  
The amount (lineal metres) of fallen logs relocated to the site must be 
greater than any amount used for firewood or fencing in accordance 
with Part 8.1 such that there is a net increase in the amount of fallen 
logs within the Biodiversity Stewardship Site. 
The Owner must document in writing any timber brought from outside 
the Biodiversity Stewardship Site and keep such records in accordance 
with the record keeping and monitoring requirements set out in Part 1 of 
Attachment 3 of this Deed and the Monitoring Plan. The Owner must 
record the approximate amount of timber brought from outside the 
Biodiversity Stewardship Site (in lineal metres), the location where the 
timber was placed on the site and the date on which it was placed 
(month, year).  
Any timber brought onto the Biodiversity Stewardship Site is then 
subject to the requirements of Part 8.1. 

Ongoing from 
First Payment 
Date 

If relocation of fallen logs is not proposed as an active restoration 
management action to improve habitat suitable for specific threatened 
species, replace the above Part with: 

“This Part is not applicable.” 
4.3.3 

(Active 
restoration 
action) 

(a) This Part is not applicable.  
If relocation of dead hollow-bearing tree stags is not proposed as an 
active restoration management action to improve habitat suitable for 
specific threatened species, replace the above Part with: 

“This Part is not applicable.” 

4.3.4 

(Active 
restoration 
action ) 

This Part is not applicable.  
If relocation of rocks is not proposed as an active restoration 
management action to improve habitat suitable for specific threatened 
species, replace the above Part with: 

“This Part is not applicable.” 

Part 5 Hydrology Management  
5.1 
(Active 
restoration 
action) 

Hydrology management activities must be implemented as set out in the 
Threatened Species Habitat Management Plan and/or Native Vegetation 
Management Plan to aid the protection and restoration of Threatened 
Species habitat and/or PCTs in instances where the hydrology of the 
Biodiversity Stewardship Site has been disrupted or altered. 

 

If hydrology management activities will only be set out in either the 
Threatened Species Habitat Management Plan or Native Vegetation 
Management Plan, delete reference to the other plan in the highlighted 
section of the above part. If hydrology management activities are to be 
set out in both plans, replace ‘and/or’ with ‘and’ in the highlighted section 
of the above part. 

If no hydrology management is proposed as an active restoration action, 
replace the above part with “This part is not applicable” and delete Parts 
5.2 – 5.5. 
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Management Actions 
5.2 
(Active 
Restoration 
Action) 

This Part is not applicable.  

 If management activities related to artificial structures on waterways will 
only be set out in either the Threatened Species Habitat Management 
Plan or Native Vegetation Management Plan, delete reference to the 
other plan in the highlighted section of the above part. If activities are to 
be set out in both plans, replace ‘and/or’ with ‘and’ in the highlighted 
section of the above part. 

If management of artificial structures on waterways is not proposed as 
an active restoration action, replace the above Part with “This Part is not 
applicable”. 

 

5.3 

(Active 
restoration 
action) 

This Part is not applicable.  

5.4 

(Active 
restoration 
action) 

This Part is not applicable.  

5.5 

(Active 
restoration 
action) 

This Part is not applicable.  

Part 6 Integrated Feral Pest Control Timing 
6.1 
(Required 
management 
action) 

The Owner must implement and comply with the Integrated Feral Pest 
Management Plan. 

Ongoing from 
First Payment 
Date 

Part 7 Integrated weed management and control of High Threat Exotic 
Plants 

Timing 

7.1 
(Required 
management 
action) 

The Owner must implement the Integrated Weed Management Plan. 
The Integrated Weed Management Plan must include measures to: 

(a) control the spread of High Threat Exotic Species and other weed 
species within the Biodiversity Stewardship Site. 

(b) undertake fine-scale intensive removal of High Threat Exotic and 
other exotic vegetation. 

Ongoing from 
First Payment 
Date 

7.2 
(Active 
restoration 
action) 

(a) The Owner must remove and reduce High Threat Exotic Plant 
Cover through methods described in the Integrated Weed 
Management Plan. 

(b) High Threat Exotic Plant Cover must be replaced by Native 
Vegetation in accordance with Targeted Supplementary Planting 
described in Part 3.6 of this Section. 
The Owner may undertake other actions specified in the 
Integrated Weed Management Plan to reduce High Threat 
Exotic Plant Cover. 

Ongoing from 
First Payment 
Date 
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Management Actions 
If removal or reduction in cover of high threat weeds is not proposed as 
an active restoration management action within the Biodiversity 
Stewardship Site, replace the above part with: 

“This Part is not applicable.” 
Part 8 Management of human disturbance Timing 
8.1 
(Required 
management 
action) 

(a) Dead timber (whether standing or fallen and including branches 
and leaf litter) must not be removed from or moved within the 
Biodiversity Stewardship Site except for the personal (non-
commercial) use by the Owner for firewood for one dwelling only 
or for repair of fencing (not for construction of fencing). 

(b) The Owner must document in writing any dead timber used for 
firewood or for fencing repair and keep such records in 
accordance with the record keeping requirements described in 
Part 1 Attachment 3 of the Deed and the Monitoring Plan. The 
Owner must record the approximate amount of dead timber 
collected from the Biodiversity Stewardship Site for use as 
firewood or for fencing (in lineal metres), the location from which 
the dead timber was collected and the date it was collected 
(month, year). 

Ongoing from 
Agreement Date 

8.2 
(Required 
management 
action) 

(a) The Owner must take all reasonable steps to prevent, control 
and remedy erosion on the Biodiversity Stewardship Site. 

(b) Soil management for preventing and controlling erosion must be 
undertaken using best practice soil management techniques 
applied as relevant for the Biodiversity Stewardship Site. 

Ongoing from 
First Payment 
Date 

If there is no existing erosion, delete the last paragraph. 
8.3 
(Required 
management 
action) 

The Owner must not: 
(a) remove, or cause or permit to be removed, rocks from the 

Biodiversity Stewardship Site; or  
(b) move, or cause or permit to be moved, rocks within the 

Biodiversity Stewardship Site. 

Ongoing from 
Agreement Date 

8.4 
(Required 
management 
action) 

(a) Rubbish existing on the Biodiversity Stewardship Site at the 
Agreement Date is identified on the Biodiversity Stewardship 
Site Management Actions Map. 

(b) The Owner must remove Rubbish identified on the map 
described above in Part 8.4(a) from the Biodiversity Stewardship 
Site in an appropriate manner.  

Ongoing from 
First Payment 
Date 

If there is no rubbish within the Biodiversity Stewardship Site delete the 
words of this part (but retain the numbering) and replace with: ‘This part 
is not applicable.’ 

8.5 
(Required 
management 
action) 

The Owner must take all reasonable steps to remove Rubbish deposited 
by others on the Biodiversity Stewardship Site, or which is otherwise 
present on the Biodiversity Stewardship Site. 

Ongoing from 
First Payment 
Date 

8.6 
(Required 
management 
action) 

The Owner must not store, dispose of, or cause or permit to be disposed 
of, any Rubbish on the Biodiversity Stewardship Site. 
 

Ongoing from 
Agreement Date 
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Management Actions 
8.7 
(Required 
management 
action) 

(a) The Owner must install and maintain fencing and/or signage to 
deter human disturbance including Rubbish dumping. Signage 
must be obtained from the NSW BCT. 

(b) When installing and maintaining fencing and/or signage, the 
Owner must meet the following requirements: 

Permanent fencing will be installed and maintained along the 
development / stewardship site boundary interface as part of the 
adjacent development (shown in green on the Biodiversity Stewardship 
Site Map), This fencing will be suitable to exclude incursion from 
vehicles/stock. Signage identifying the site as a conservation area will be 
installed at existing and proposed gates on the Stewardship Site 
boundary, as shown in Figure - Boundary Management. This fencing will 
be installed and maintained by the development and on-going will be the 
responsibility of the estate which is being held under community title. 
Existing intact boundary fencing will be maintained as part of the 
Stewardship Agreement (as shown in Blue). 
The boundary of the Stewardship site adjoining Ourimbah State Forest 
and Mardi Dam, is not currently fenced (as shown in red), and is not 
proposed to be fenced given the remote location of this boundary. 
However illegal access will be managed by installing bollards and gates 
as required on entrances to existing easements/tracks adjoining the 
powerline easement along the south eastern boundary. A heavy-duty 
gate will also be installed where the Potters Gully fire trail enters the 
Stewardship site along the western boundary. 

Signage must 
be installed 
within 2 months 
of the First 
Payment Date 
 
All other 
requirements in 
Part 8.7 are 
ongoing from 
First Payment 
Date 

If only fencing or signage are to be installed and maintained delete 
reference to the other in the highlighted section of the above part. If both 
fencing and signage are to be installed and maintained, replace ‘and/or’ 
with ‘and’ in the highlighted section of the above part. 

Signage should be located at points of access and other practical 
locations interfacing with adjoining properties.  For Biodiversity 
Stewardship Sites that may be located fully within private landholdings, 
there should be at least one Biodiversity Stewardship Site sign to be 
placed at the main access gate to the site. 

8.8 
(Required 
management 
action) 

The locations of existing and proposed man-made structures (where 
permitted or required by a Management Action) on the Biodiversity 
Stewardship Site, including fencing, gates, firetrails and access tracks 
are identified on the Biodiversity Stewardship Site Management Actions 
Map. 

On Agreement 
Date 

8.9 
(Required 
management 
action) 

(a) Existing firetrails and access tracks within the Biodiversity 
Stewardship Site (identified on the Biodiversity Stewardship Site 
Management Actions Map), where retained, must be maintained 
to permit the carrying out of Management Actions.  

(b) All existing firetrails and access tracks within the Biodiversity 
Stewardship Site must be maintained to control and minimise 
erosion.  

Ongoing from 
Agreement Date 

Part 9 Monitoring Timing 
9.1 
(Required 
Management 
action) 

The Owner must undertake monitoring in accordance with the 
Monitoring Plan. 

Ongoing as 
specified in 
Section 7 – 
Monitoring Plan 

9.2 
(Required 
management 
action) 

The Owner must establish permanent Photo Points at locations within 
the Biodiversity Stewardship Site as described in the Monitoring Plan  

Ongoing from 
Agreement Date 
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Management Actions 
9.3 
(Required 
management 
action) 

The Owner must conduct, or arrange for the conduct of, an inspection of 
the Biodiversity Stewardship Site at the times, and having regard to the 
purpose, set out in the Monitoring Plan. 

Ongoing as 
specified in 
Section 7 – 
Monitoring Plan 

9.4 
(Required 
management 
action) 

(a) The Owner must establish permanent Vegetation Integrity 
Survey Plots within 12 months after the Agreement Date with the 
purpose of providing a baseline for assessing Biodiversity 
outcomes in the future.  

(b) The Vegetation Integrity Survey Plots must be permanently 
marked and labelled using steel posts (i.e. star picket or 
equivalent durable post).  

(c) The Owner must record the location and label of each of the 
Vegetation Integrity Survey Plots in the Monitoring Plan using 
the format described therein. 

Within 12 
months of the 
Agreement Date 
and ongoing 
thereafter 

9.5 
(Required 
management 
action) 

(a) The Owner must monitor the Biodiversity Stewardship Site for 
evidence of plant disease or dieback within the Native 
Vegetation present on the site.  

(b) The Owner must report any evidence of plant or animal disease 
on the site to the NSW BCT as soon as practicable. 

Ongoing as 
specified in 
Section 7 – 
Monitoring Plan 

9.6 
(Active 
restoration 
action) 

The monitoring plan must contain measurable performance targets 
related to the active restoration management actions such as: 

• evidence of occupation of and condition of artificial hollows or 
relocated logs and stags 

• persistence and abundance of species targeted by 
supplementary plantings or sowings. 

Ongoing as 
specified in 
Section 7 – 
Monitoring Plan 

If active restoration management actions are not proposed within the 
Biodiversity Stewardship Site, replace the above part with: 

“This part is not applicable.” 
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Section 2: Fire for Conservation Management Plan 

Completing the fire for conservation management plan  

A table is provided below for the fire conservation management plan. Add additional sections to the table if 
required. The plan must include, but is not limited to: 

• a map identifying the areas to be burnt during each Ecological Burn (the Ecological Burn Map). 
Areas to be burnt are to be based on broad habitat zones across the Biodiversity Stewardship Site. 

• the year the last fire went through, the type of fire and the extent of the fire and location, where 
known  

• frequency of natural fires in the area of the Biodiversity Stewardship Site, where known  
• a description of locations and Management Zones where Ecological Burns will be conducted and 

areas that will not be burnt  
• the methods that will be used for Ecological Burns 
• the fire frequency intervals recommended for the vegetation types and Threatened Species present, 

including any required adjustment to the schedule in the event of a wildfire or activities undertaken 
under the Rural Fires Act 1997 (NSW) to ensure minimum frequency between Ecological Burns 

• the fire intensity for the recommended vegetation types  
• the time of year suitable for Ecological Burns 
• clear, measurable objectives and performance indicators to demonstrate how the management 

action will achieve gain on the Biodiversity Stewardship Site. 

Requirements for monitoring the performance of the Fire for Conservation Management Plan are set out in 
Section 7 – Monitoring Plan and include: 

• methods for monitoring the outcomes of Ecological Burns  
• reporting and assessing the results from monitoring 
• the diary for recording actions taken in accordance with the Fire for Conservation Management Plan 

1. Previous known fire events affecting the land that is the Biodiversity Stewardship Site are described 
in the table in this plan titled ‘Fire history for previous 20 years (or longer if known)’ to provide an 
indication of local fire conditions including intensity and frequency.  

2. The Owner must carry out Ecological Burns for each Management Zone according to the following: 
(a) the method and frequency described in the table in this plan titled ‘Ecological Burning 

actions’; 

(b) the areas to be burnt identified in the Ecological Burn Map; 

(c) the requirements for each vegetation type or Threatened Species as described in the table in 
this plan titled ‘Fire requirements for vegetation types and threatened species’.  

(d) the following NSW Rural Fire Service publications: 

(i) ‘Rules and Notes for implementation of the Threatened Species Hazard Reduction List 
for the Bush Fire Environmental Assessment Code’;  

(ii) ‘Threatened Species Hazard Reduction List – Part 1 – Plants’; 

(iii) ‘Threatened Species Hazard Reduction List – Part 2 – Animals’; and  

(iv) Threatened Species Hazard Reduction List – Part 3 – Threatened Ecological 
Communities’; and  

(e) establish a mosaic-pattern of different burn ages (i.e. time since fire) across Ecological Burn 
Units (as displayed on the Ecological Burn Map) to ensure the Biodiversity Stewardship Site 
retains refuge areas for native fauna at all times. 

3. The Owner must take the fire frequencies recommended in BioNet or other published sources of 
any Threatened Species on the Biodiversity Stewardship Site into consideration when determining 
the frequency of Ecological Burns. 

4. The Owner must avoid areas containing Threatened Species when constructing fire containment 
lines. 

5. The Owner must implement the activities (if any) described in the table in this plan titled ‘Other fire 
management activities’.  
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6. The Owner must meet the performance measures described in the table in this plan titled ‘Fire 
Management Performance Measures’.  

7. The Owner must implement the monitoring and inspections of fires as described in the Monitoring 
Plan.  

Where Species Credits are generated on the Biodiversity Stewardship Site the Species Polygon must be 
displayed on the Map of areas to be burnt during each Ecological Burn. Where the fire regime of the species 
credit species differs from that of the surrounding vegetation the management plan must demonstrate how 
the species polygon will be treated or excluded to ensure inappropriate fire regimes do not adversely impact 
the species; 

Fire history for previous 20 years (or longer if known) 
Year of fire Hazard reduction, wildfire burn or Ecological Burn and extent of fire Management 

Zone/s 
2013 Treetops Adventure Prescribed burn – 1km NW of site Not in site 
2013 Mardi Grass fire – Wildfire – 200m east of site Not in site 
2016 Red Hill Road – Wildfire - 1km west of site Not in site 
2017 Old Maitland Road – Wildfire - SW boundary of lot Not in site 
2020 Mardi Dam – Prescribed burn – southern boundary Not in site 
Fire requirements for vegetation types and Threatened Species 
Vegetation 
type and/or 
Threatened 
Species 

Fire frequency 
required 

Time of year for 
burning 

Fire intensity required Adjustment 
required due to 
wildfires or 
activities 
undertaken under 
the Rural Fires Act 
1997 (NSW)  

PCT 1590 - 
Hunter-
Macleay Dry 
Sclerophyll 
Forests 

Dry Sclerophyll 
(shrub/grass 
subformation) 
 5-50yrs 

Preference for Autumn 
burning, although 
consideration of known 
threatened species within 
burn block is required. 
Occasional early spring 
low intensity burn may be 
desirable. 

Various intensities 
required. Occasional high 
intensity for Eucalyptus 
regeneration 
Occasional intervals 
greater than 25 years 
may be desirable 

Wildfire resets the 
fire frequency 
period. 
No slashing, 
trittering or tree 
removal. 

PCT 1720 - 
River-flat 
Eucalypt 
Forest on 
Coastal 
Floodplains 

Forested Wetlands 
Avoid high frequency 
fire 
11-50years 

Preference for Autumn 
burning, although 
consideration of known 
threatened species within 
burn block is required. 

Occasional low intensity 
fire on a more frequent 
basis may be necessary 
for the maintenance of 
understorey diversity 
Occasional intervals 
greater than 25 years 
may be desirable 

Wildfire resets the 
fire frequency 
period. 
No slashing, 
trittering or tree 
removal. 

PCT 1718 
and 1723– 
Swamp 
Sclerophyll 
Forest on 
Coastal 
Floodplains 

Forested Wetlands 
Avoid high frequency 
fire 
No fire more than once 
every 11-50years 

Preference for Autumn 
burning, although 
consideration of known 
threatened species within 
burn block is required. 

Occasional low intensity 
fire on a more frequent 
basis may be necessary 
for the maintenance of 
understorey diversity 
Occasional intervals 
greater than 25 years 
may be desirable 

Wildfire resets the 
fire frequency 
period. 
No slashing, 
trittering or tree 
removal. 

PCT 1071 – 
Freshwater 
Wetlands on 
Coastal 
Floodplains 

Freshwater Wetlands 
Exclude Fire 

Exclude Fire Exclude Fire Exclude Fire 

Scrub 
turpentine 
(Rhodamnia 
rubescens) 

Unknown Avoid flowering period 
between early to mid-
spring. 

Avoid high intensity fires Extremely 
susceptible to 
infection by Myrtle 
Rust. 
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Magenta 
Lilly Pilly 
(Syzygium 
paniculatum) 

Exclude Fire Exclude Fire Exclude Fire Exclude Fire 
No slashing, 
trittering or tree 
removal at known 
locations. 

Biconvex 
Paperbark 
(Melaleuca 
biconvexa) 

No fire more than once 
every 10 years 

Avoid flowering period 
between September and 
October 

Avoid high intensity fires No slashing, 
trittering or tree 
removal at known 
locations. 

Glossy 
Black-
Cockatoo 
(Calyptorhyn
chus 
lathami) 

Unknown Breeding Season April to 
August 

Low to moderate intensity 
not impacting on tree 
hollows 

No burning around 
known nesting sites 
at any time. 
No slashing, 
trittering or tree 
removal of or 
around known 
nesting sites 

Yellow-
bellied Glider 
(Petaurus 
australis) 

Unknown Avoid breeding period 
between August to 
December 

Low to moderate intensity 
not impacting on tree 
hollows 

Highly mobile 
species. 

Green 
thighed Frog 
(Litoria 
brevipalmata
) 

Unknown No burning of moist 
grassy habitats in Spring 
and Summer 

Unknown No slashing, 
trittering or tree 
removal of known 
habitat 

Southern 
Myotis  
(Myotis 
Macropus) 

Unknown Avoid breeding season of 
November to December 

Low to moderate intensity 
not impacting on tree 
hollows 

No fire around 
known roost sites  
No removal of trees  
Protect tree hollows 

Large-eared 
Pied Bat 
(Chalinolobu
s dwyer) 

Unknown Avoid breeding season of 
November through to 
January 

Exclude fire near known 
cave-roosting or 
sandstone bluff sites 

No slashing, 
trittering or tree 
removal around 
known roosting 
sites. 
No burning around 
known roost sites 

Ecological Burning actions 

Management 
Zone/s 

Actions Supervision & 
extinguishing 

techniques 

Time of 
year for 

Ecological 
Burn 

Frequency 
(years) 

Burn Block (BB) 
A 

Confirm containment lines and water 
supplies are accessible and adequate 
Minimise smoke emission near power 
lines 
Prepare Prescribed burn plan 
Traffic management along Old 
Maitland Rd 

Contract burning 
or RFS 
supervision 
Mop-up 
containment 
lines to 20m 
Undertake risk 
assessment and 
make fire ground 
safe 

Autumn First burn in 
2038 then 
every 15-50 
years 

BB B Confirm containment lines and water 
supplies are accessible and adequate 

Contract burning 
or RFS 
supervision 

Autumn First burn in 
2026 then 
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Minimise smoke emission near power 
lines 
Prepare Prescribed burn plan 
Traffic management along Old 
Maitland Rd 

Mop-up 
containment 
lines to 20m 
Undertake risk 
assessment and 
make fire ground 
safe 

every 15-50 
years 

BB C Confirm containment lines and water 
supplies are accessible and adequate 
Minimise smoke emission near power 
lines 
Prepare Prescribed burn plan 
Maintain low intensity for to mitigate 
erosion and water quality impacts 
Traffic management along Old 
Maitland Rd 

Contract burning 
or RFS 
supervision 
Mop-up 
containment 
lines to 20m 
Undertake risk 
assessment and 
make fire ground 
safe 

Autumn First burn in 
2047 then 
every 15-50 
years 

BB D Confirm containment lines and water 
supplies are accessible and adequate 
Prepare Prescribed burn plan 
Traffic management along Old 
Maitland Rd 

Contract burning 
or RFS 
supervision 
Mop-up 
containment 
lines to 20m 
Undertake risk 
assessment and 
make fire ground 
safe 

Autumn First burn in 
2032 then 
every 15-50 
years 

BB E Confirm containment lines and water 
supplies are accessible and adequate 
Minimise smoke emission near power 
lines 
Prepare Prescribed burn plan 
 

Contract burning 
or RFS 
supervision 
Mop-up 
containment 
lines to 20m 
Undertake risk 
assessment and 
make fire ground 
safe 

Autumn First burn in 
2044 then 
every 15-50 
years 

BB F Confirm containment lines and water 
supplies are accessible and adequate 
Prepare Prescribed burn plan 
Traffic management along Old 
Maitland Rd 

Contract burning 
or RFS 
supervision 
Mop-up 
containment 
lines to 20m 
Undertake risk 
assessment and 
make fire ground 
safe 

Autumn First burn in 
2023 then 
every 15-50 
years 

BB G Establish consent with neighbour to 
include area into burn program 
Confirm containment lines and water 
supplies are accessible and adequate 

Undertake in 
conjunction with 
NSW State 
Forest Corp. 

Autumn First burn in 
2041 then 
every 15-50 
years 
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Minimise smoke emission near power 
lines 
Prepare Prescribed burn plan 
Establish temporary containment lines 
Ignition from top of ridge downslope 
Include aviation resources as required 
Implement intensities to self-extinguish 
along creek lines 

Mop-up 
containment 
lines to 20m 
Undertake risk 
assessment and 
make fire ground 
safe 

BB H Establish consent with neighbour to 
include area into burn program 
Confirm containment lines and water 
supplies are accessible and adequate 
Prepare Prescribed burn plan 
Establish temporary containment lines 
Ignition from top of ridge downslope 
Include aviation resources as required 

Undertake in 
conjunction with 
NSW State 
Forest Corp. 
Mop-up 
containment 
lines to 20m 
Undertake risk 
assessment and 
make fire ground 
safe 

Autumn First burn in 
2029 then 
every 15-50 
years 

BB I Principle aim to support the life cycle of 
Melaleuca biconvexa, with low 
intensity fires 
Establish consent with neighbour to 
include are into burn program 
Confirm containment lines and water 
supplies are accessible and adequate 
Prepare Prescribed burn plan 
Establish temporary containment lines 
Ignition from top of ridge downslope 
Include aviation resources as required 

Contract burning 
or RFS 
supervision 
Mop-up 
containment 
lines to 20m 
Undertake risk 
assessment and 
make fire ground 
safe 

Autumn fire 
only 

First burn in 
2035 then no 
more than 
every 10 
years 

Fire Exclusion 
Zone (FEZ) 1 

Small patch of riparian vegetation to be 
protected to mitigate disturbance levels 

Direct attack and 
ignition 

N/A Exclude all 
fire 

Other fire management activities (where required) 

Fire trail maintenance: 

Maintain all identified trails to category 7 capacity. Annual maintenance prior to summer to ensure wildfire 
suppress access is provided. 

Water provisions: 

Confirm vehicle access to water sources on neighbouring properties and authority to access water. 

Temporary containment lines: 

Temporary containment lines to be rehabilitated following application of prescribed burn. 

Post Burning assessments: 

Post burning assessment to be completed and reported to NSW RFS for data capture and records. 

Asset Protection Zones: 



Page 19 of 60 

Error! Reference source not found. 

Ensure all asset protection zones adjacent to burn blocks within development area are sign posted and 
delineated with non-combustible bollards to reduce vegetation creep over time. 
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Ecological Burn Map 
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Fire Management Performance Measures 

Management 
Zone/s 

Performance indicator (e.g. % Management Zone burnt) 

BB A Reduce the fire fuel loads throughout 60-90% of the burn block burnt from ‘High Overall Fuel 
Hazard (OFH)’ to ‘Low OFH’ through the application of ground ignition. 

BB B Reduce the fire fuel loads throughout 60-90% of the burn block burnt from ‘High OFH’ to ‘Low 
OFH’ through the application of ground ignition. 

BB C Reduce the fire fuel loads throughout 60-90% of the burn block burnt from ‘High OFH’ to ‘Low 
OFH’ through the application of ground ignition. 

BB D Reduce the fire fuel loads throughout 60-90% of the burn block burnt from ‘High OFH’ to ‘Low 
OFH’ through the application of ground ignition. 

Exclude fire from Glossy Black-Cockatoo nest site. 

BB E Reduce the fire fuel loads throughout 60-90% of the burn block burnt from ‘High OFH’ to ‘Low 
OFH’ through the application of ground ignition. 

BB F Reduce the fire fuel loads throughout 60-90% of the burn block burnt from ‘High OFH’ to ‘Low 
OFH’ through the application of ground ignition. 

BB G Reduce the fire fuel loads throughout 60-90% of the burn block burnt from ‘High OFH’ to ‘Low 
OFH’ through the application of ground and aerial ignition. 

Manage ignition sequence and fire intensity to self-extinguish on approach to riparian areas. 

Exclude fire from riparian areas supporting Syzygium paniculatum. 

BB H Reduce the fire fuel loads throughout 60-90% of the burn block burnt from ‘High OFH’ to ‘Low 
OFH’ through the application of ground and aerial ignition. 

BB I Implement fire only when required to support Melaleuca biconvexa population.  

Exclude fire from riparian areas supporting Syzygium paniculatum. 

FEZ 1 Exclude fire by direct attack. 
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Section 3: Native Vegetation Management Plan 

Completing the Native Vegetation Management Plan 

A table is provided below for completing the Native Vegetation Management Plan. Add additional fields to 
the table as required. 

The description and location (Management Zones) of native vegetation management actions to be 
undertaken by the Owner are listed in the Native Vegetation Management Plan.  

This plan includes some management actions listed as required Native Vegetation Management actions in 
Section 13.3.2 of the BAM (2016) (“Required management actions”). It may also include actions to 
manage and augment threatened Native Vegetation and Threatened Species habitat where approved as 
active restoration management actions (Section 13.3.3 of the BAM). Active restoration management 
actions may be approved where it can be demonstrated that management and/or augmentation is feasible 
for the target Plant Community Type or Threatened Species of the proposed active restoration activity.  

The Native Vegetation Management Plan must: 
(i) identify the target PCTs for which management and augmentation will be undertaken and 

Management Zones where actions will be undertaken;  
(ii) specify the requirements for the ongoing management and maintenance within the 

Biodiversity Stewardship Site; and 
(iii) detail ongoing monitoring requirements for the relevant PCTs and include measures of 

success and contingencies in the event of failure. 
Where hydrology management activities are proposed, the Native Vegetation Management Plan must: 

(i) identify the PCT for which hydrology management will be undertaken;  
(ii) specify the requirements for the ongoing management and maintenance of hydrology 

within the Biodiversity Stewardship Site; and 
(iii) detail ongoing monitoring requirements for the relevant PCT and include measures of 

success and contingencies in the event of failure. 
The locations and extent of areas proposed for Native Vegetation Management must be clearly identified 
and mapped.  

Where Targeted Supplementary Planting is proposed as an active restoration management action to 
manage and/or augment Native Vegetation or Threatened Species habitat, the Native Vegetation 
Management Plan must include detailed prescriptions for planting schedules, including: 

• species list per Management Zone 
• planting method – specify whether plants are to be tubestock, direct seeding or another method  
• number of plants per area – for tubestock, the number of plants should be rounded to the nearest 

100 if there are more than 1,000 plants or to the nearest 10 if there are 1,000 plants or fewer;  
• timing – described as the number of months (or Year if relevant) for completion of planting after 

First Payment Date.  
• Management of supplementary planting includes watering, slashing, scalping, spraying of weeds, 

and plant replacement. 

Appropriate site treatment (e.g. weed control) of each area of planting or seeding identified in the planting 
schedule must be identified in the Native Vegetation Management Plan and undertaken prior to such 
planting. 

The Native Vegetation Management Plan must set out the period following planting or seeding over which 
grazing must be excluded from areas of Targeted Supplementary Planting.  The period may be expressed 
as a date following planting or seeding, or as a minimum height that must be obtained by all planted or 
seeded plants before grazing is permitted. 

The Native Vegetation Management Plan must contain clear, measurable objectives and performance 
indicators to demonstrate how the Management Action will achieve gain on the Biodiversity Stewardship 
site.  
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Requirements for monitoring the performance of the Native Vegetation Management Plan are set out in 
Section 7 – Monitoring Plan and include: 

• methods for monitoring the outcomes of Native Vegetation Management  
• reporting and assessing the results from monitoring 
• the diary for recording actions taken in accordance with the Fire for Conservation Management 

Plan 

1. The Owner must carry out Native Vegetation Management for each Management Zone according 
to the method and frequency described in the table in this plan titled ‘Native Vegetation 
Management Actions’; 

2. The Owner must undertake Targeted Supplementary Planting in accordance with the table in this 
plan titled ‘Targeted Supplementary Planting Schedule at the Biodiversity Stewardship Site’.  

3. The Owner must meet the performance measures described in the table in this plan titled ‘Native 
Vegetation Management Performance Measures’.  

4. The Owner must implement the monitoring of Native Vegetation management as described in the 
Monitoring Plan.  

Native Vegetation Management Actions 

Management 
Zone 

Description of Vegetation Management action  Frequency and 
timing 

Management 
Action Type 
(Required or 
Active) 

1, 2, 3, 4, 5 Primary Weeding 

Undertake primary removal of HTE and other priority 
weeds (in particular Lantana & Camphor Laurel) from 
all management zones within areas mapped as 
moderate to high density. 

Undertake follow up weeding of HTE weeds from 
previously treated areas.  

80% reduction in cover of HTEs. 

Year 1 
Year 2 
Year 3 

Required 

1, 2, 3, 4, 5 Maintenance Weeding 

Undertake ongoing maintenance of HTE and other 
priority weeds in all management zones, including 
previous primary treatments, and areas mapped as 
low density. 

Increase in species abundance from natural 
regeneration following primary treatment. 

Year 3 - ongoing Required 

1, 2, 3, 4, 5 Implement prescribed burning in accordance with Fire 
for Conservation Management Plan. 

2023 - ongoing Required 

1, 2, 3, 4, 5 Undertake vegetation monitoring in accordance with 
the Monitoring Plan 

Year 1 - ongoing Required 

 

Targeted Supplementary Planting Schedule at the Biodiversity Stewardship Site 

Species’ 
common 
name 

Species scientific name  Management 
Zone/s of 
planting 

Number of 
plants per 
area 

Planting 
method 

Timing 
(months or 
Year) 

 NA     
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Native Vegetation Management Performance Measures 

Manage-
ment 
Zone/s 

Manage-
ment 
Action 

Performance indicator (e.g. % of Management Zone treated per year, 
% survival rate of plantings, species abundance).  

Timing 

1, 2, 3, 4, 
5 

Primary 
Weeding 

80% reduction in cover of HTEs  

Observed increase in species abundance from natural regeneration 
following primary treatment. 

Year 1 

Year 3 

1, 2, 3, 4, 
5 

Maintenanc
e Weeding 

Community composition, structure, and function continues to improve in 
line with predicted VI under management. 

Year 2 
ongoing 
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Section 4: Threatened Species Habitat Management Plan 

Completing the Threatened Species Habitat Management Plan 

A table is provided below for completing the Threatened Species Habitat Management Plan. Add additional 
fields to the table as required. 

The description and location (Management Zones) of threatened species habitat management actions to be 
undertaken by the Owner are listed in the Threatened Species Habitat Management Plan.  

This plan includes some management actions listed as required management actions in Section 13.3.2 of 
the BAM (2016) (“Required management actions”). It may also include actions to enhance and augment 
threatened species habitat where approved as active restoration management actions (Section 13.3.3 of the 
BAM). 

Active restoration management actions relating to Threatened Species Habitat Management may be 
approved where it can be demonstrated that restoration of habitat is feasible for the target species of the 
proposed active restoration activity.  

The Threatened Species Habitat Management Plan must: 
(i) identify the target Threatened Species for which habitat enhancement will be undertaken 

and the species polygon in which habitat enhancement actions will be implemented;  
(ii) specify the requirements for the ongoing management and maintenance of habitat 

enhancement within the Biodiversity Stewardship Site; and 
(iii) detail ongoing monitoring requirements for the relevant species and include measures of 

success and contingencies in the event of failure. 
Where hydrology management activities are proposed, the Threatened Species Habitat Management Plan 
must: 

(i) identify the Threatened Species and their species polygon for which hydrology 
management will be undertaken;  

(ii) specify the requirements for the ongoing management and maintenance of hydrology within 
the Biodiversity Stewardship Site; and 

(iii) detail ongoing monitoring requirements for the relevant species and include measures of 
success and contingencies in the event of failure. 

 
The locations and extent of areas proposed for threatened species habitat management must be clearly 
identified and mapped on the Threatened Species Habitat Map. Breeding sites identified on the Biodiversity 
Stewardship Site must also be mapped on the Threatened Species Habitat Map and protected from 
disturbance.  

Where Targeted Supplementary Planting is proposed as an active restoration management action to 
improve habitat suitability for specific Threatened Species, this should be identified in the Threatened 
Species Management Plan with reference made to relevant activities in the Native Vegetation Management 
Plan.  

Habitat enhancement measures may include the installation of artificial nesting boxes, breeding ponds, 
relocation of fallen logs, relocation and securing of dead hollow bearing stags and/or the relocation of rocks. 
The Threatened Species Habitat Management Plan must include detailed prescriptions for the ongoing 
management, replacement and maintenance of installed habitat structures. 

Where habitat enhancement measures include the installation of habitat structures, the Threatened Species 
Habitat Management Plan must: 

(i) specify the target Threatened Species, and type of habitat structures to be installed.  

(ii) Specify the number and location of each type of habitat structure to be installed. 

(iii) provide for ongoing management, replacement and maintenance of the installed habitat 
structures.  



Page 26 of 60 

Error! Reference source not found. 

(iv) detail the ongoing monitoring requirements for the installed habitat structures and include 
measures of success and contingency actions in the event of failure of the habitat structures 
to improve roosting and breeding habitat for target Threatened Species; and 

(v) provides reference material to support evidence of the target Threatened Species’ use of the 
habitat structures. 

The Threatened Species Habitat Management Plan must contain clear, measurable objectives and 
performance indicators to demonstrate how the Management Action will achieve gain on the Biodiversity 
Stewardship site. 

Requirements for monitoring the performance of the Threatened Species Habitat Management Plan are set 
out in Section 7 – Monitoring Plan and include: 

• methods for monitoring the outcomes of Threatened Species Habitat Management 
• reporting and assessing the results from monitoring 
• the diary for recording actions taken in accordance with the Threatened Species Habitat 

Management Plan 

1. The Owner must carry out the Management Actions for each Management Zone according to the 
method and frequency described in the table in this plan titled ‘Threatened Species Habitat 
Management Actions’; 

2. The Owner must meet the performance measures described in the table in this plan titled 
‘Threatened Species Habitat Management Performance Measures’.  

3. The Owner must implement the monitoring of Threatened Species habitat management as 
described in the Monitoring Plan.  
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Threatened Species Habitat map 

 

  



Note: 
1. Boundaries are not survey accurate

2. Do not scale off this plan

Disclaimer: While all reasonable care has been taken to ensure the information shown on this 
map is up to date and accurate, no guarantee is given that the information portrayed is free from 
error or omission. Please verify the accuracy of all information prior to use.

Title: Threatened Species Management

Client: Transnational Pastoral Pty Ltd and Stevens 
Group

Date: May 2021

AEP Ref: 1910.06

Location: Old Maitland Road, Mardi BOAMS Ref: 14546

Legend
Stewardship Site 
Boundary

Glossy Black Cockatoo Buffer

Melaleuca biconvexa polygon

S. paniculatum species polygon

R. rubescens species polygon

Management Zones
Zone 1

Zone 2

Zone 3

Zone 4

Zone 5

Monitoring Points

Myotis Species Polygon Note that the species polygon for C.dwyeri covers all 
vegetation within the stewardship site
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Threatened Species Habitat Management Actions 

Name of 
Threatened 
Species 

Description of habitat management action  Manage-
ment 
Zone/s 

Frequen
cy and 
timing 

Manageme
nt Action 
Type 
(Required 
or Active) 

Glossy Black-
Cockatoo 
(Calyptorhynchus 
lathami) 

Monitor nest site for breeding activity.  

Ensure protection of nest site during ecological burns via 
adequate burn planning. 

Ensure fire regime/frequency is adequate to maintain 
stands of Forest Oak (SOS Action). 

Vehicle movements only on identified access tracks. 

5 

 

All 

Annual 
 
As 
required 

Required 
 
Required 
 
Required 

Large-eared Pied 
Bat (Chalinolobus 
dwyeri) 

Implement appropriate fire regime, do not burn at too-
frequent intervals. 

All As 
required 

Required 

Southern Myotis 
(Myotis Macropus) 

Protect water quality of foraging habitat. 

Manage exotic vegetation species or overabundant native 
species (such as Typha) where appropriate to provide 
open water for foraging. Monitor annually. 

Vehicle movements only on identified access tracks. 

2, 3, 4 Ongoing 
 
As 
required 

Active 
 
Required 

Green-thighed 
Frog (Litoria 
brevipalmata) 

Protect water quality of breeding habitat.  

Develop appropriate fire regime management strategies 
for the species in non-breeding habitat. 

Vehicle movements only on identified access tracks. 

2, 3, 4 Ongoing 
 
As 
required 

Active 
 
Required 

Biconvex 
Paperbark 
(Melaleuca 
biconvexa) 

Protect from slashing/maintenance and other edge effects 
along tracks 

Protect from damage during subdivision construction and 
property boundary maintenance by neighbours. 

Reduce and maintain weed densities at low levels (SOS 
Action), as per Native Vegetation Management Plan. Only 
manual weeding to be undertaken within species polygon 
areas (no foliar spraying). Large exotic canopy trees to be 
eradicated to remain in-situ. 

Vehicle movements only on identified access tracks. 

1, 2, 5 Ongoing 
 

Required  

Scrub Turpentine 
(Rhodamnia 
rubescens) 

Protect from slashing/maintenance and other edge effects 
along tracks 

Protect from damage during subdivision construction and 
property boundary maintenance by neighbours. 

Reduce and maintain weed densities at low levels, as per 
Native Vegetation Management Plan. Only manual 
weeding to be undertaken within species polygon areas 
(no foliar spraying). Large exotic canopy trees to be 
eradicated to remain in-situ. 

Undertake monthly primary fungicide treatment over six 
months for the first 5 years of management, then 
treatments every following 5 years. Details of suitable 
fungicide to control myrtle rust are contained in references 
within Attachment 6.  

Vehicle movements only on identified access tracks. 

All Ongoing 
 

Required  
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Magenta Lilly Pilly 
(Syzygium 
paniculatum) 

Protect from slashing/maintenance and other edge effects 
along tracks 

Protect from damage during subdivision construction and 
property boundary maintenance by neighbours. 

Maintain appropriate fire regime for the 
species/community. 

Reduce and maintain weed densities at low levels (SOS 
Action), as per Native Vegetation Management Plan. Only 
manual weeding to be undertaken within species polygon 
areas (no foliar spraying). Large exotic canopy trees to be 
eradicated to remain in-situ. 

Vehicle movements only on identified access tracks. 

2, 3 Ongoing 
 

Required 

 

Threatened Species Habitat Management Performance Measures 

Manage-
ment 
Zone/s 

Manage-
ment 
Action 

Performance indicator (e.g. % of Management Zone treated per year, 
% survival rate of plantings, species abundance, number of 
nestboxes occupied).  

Timing 

All Required Species resources increase in line with predicted VIS improvement Ongoing 

All Nest Boxes While not specifically required for Threatened Species Habitat 
Management, nest boxes will be installed within the stewardship 
site. The performance indicator is for 95% of the boxes to be 
serviceable and for occupancy or signs of occupancy of 10% or 
greater. 

It is proposed for the nest boxes to be maintained for a period of 
20 years, after which time they will remain in place and be subject 
to attrition 

Yearly up to 
year 20. 
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Section 5: Integrated Feral Pest Management Plan 
Completing the compulsory Integrated Feral Pest Management Plan  

A table is provided below for the integrated feral pest management plan. Add additional fields to the table if 
required. The plan must include, but is not limited to:  

• a description of the target fauna species e.g foxes, cats, pigs, goats, avian pests, horses, other 
miscellaneous species as relevant 

• consideration of relevant current DPIE and other pest management programs  
• the methods of feral pest control in each Management Zone determined in accordance with best 

management practice 
• the frequency and timing of pest control actions in each Management Zone  
• clear, measurable objectives and performance indicators to demonstrate how the management 

action will achieve gain on the Biodiversity Stewardship site. 

All pest species identified as requiring management on a Biodiversity Stewardship site must be included in 
the integrated feral pest management plan. 

Separate management plans may be developed for each pest species. 

When the management plan is reviewed, control activities may be amended, deleted or added to take into 
account pest species found on the site at that time. 

Details of monitoring to assess the effectiveness of Integrated Feral Pest Management activities are to be 
described in Section 7 – Monitoring Plan and are to include: 

• methods for monitoring the success of pest animal control actions  
• reporting and assessing the results from monitoring 
• a timetable and measures for inspections to identify new pest species that may negatively impact 

on Threatened Species on the Biodiversity Stewardship site  
• a diary for recording actions taken in accordance with the integrated feral pest management plan  

1. Feral Pests existing on the Biodiversity Stewardship Site, and their extent or severity of impact, as 
at the Agreement Date are listed in the table below titled “Feral pests”.  

2. The table below titled “Methods considered” lists possible methods of control of Feral Pests and the 
suitability of such methods to the Biodiversity Stewardship Site.  

3. The Owner must control Feral Pests for each Management Zone according to the method and 
frequency described in the table below titled “Methods of control”. The methods of control will apply 
to the Feral Pests listed in the ‘Feral pests’ table.  

4. The Owner should seek advice from Local Land Services on how to effectively and legally 
implement Feral Pest control prior to commencing any control methods on the Biodiversity 
Stewardship Site. If any methods advised or recommended by Local Land Services differ from 
those identified in this Integrated Feral Pest Management Plan, the Owner must advise the NSW 
BCT in writing prior to commencing control activities. 

5. The Owner must carry out such activities as are specified (if any) in the table below titled “Other 
Management Activities”.  

6. The Owner must implement monitoring of existing and new Feral Pests on the Biodiversity 
Stewardship Site, as described in the Monitoring Plan and with reference to the performance 
measures specified in the table below titled “Integrated Feral Pest Management Performance 
Measures”.   

7. The Owner must complete the templates in the Monitoring Plan titled “Diary template for Feral Pest 
management” and “Template for reporting of monitoring activities – Feral Pest management” to 
record implementation of this Integrated Feral Pest Management Plan and monitoring activities.  

Feral Pests 

Pest Name of Feral Pest  
(e.g. foxes, cats, pigs, goats, avian 
pests, horses, other miscellaneous 
species) 

Description of extent/severity of impact Management Zone/s 
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A Hare / Rabbits None observed, assumed intermittent 
presence 

All 

B Cat None observed, assumed intermittent 
presence 

All 

C Dog / Fox Fox observed. No active den sites observed, very 
low instances of scats observed. Assumed low 
density. 

All 

D Feral Deer / Goats / Pigs None observed, no evidence of activity/herbivory 
observed, assumed not present 

All 

E Misc., Horses, wandering 
livestock etc. 

Livestock currently present (cattle and horses) in 
paddocks within the adjacent proposed 
development site. Currently fencing does not 
restrict movement into the stewardship site. 
Livestock will be removed prior to commencement 
of the Stewardship Agreement. 

All 

Methods considered 

Pest 
type 

Name and description of program or method Describe suitability 

A Monitor for presence. 
 
If required bait with pindone poison in line with Local Land Services (LLS) 
guidelines; 

or, Shoot on sight during night time sweeps along tracks or where previously 
observed or in accordance with local directives from LLS. 

Shooting poses lower 
off target threat to 
native herbivores and 
secondary poisoning 
of higher order 
predators  

B Monitor for presence. 
 
Trap with fresh meat baits free of poison; 
 
or, shoot on sight during night time sweeps along tracks or where previously 
observed. 

Cage trapping is 
simple and effective 
over small areas. 
Shooting is highly 
specialised and labour 
intensive. 

C Bait with 1080 poison in line with Local Land Services (LLS) guidelines; 
 
or, shoot on sight during night time sweeps along tracks or where previously 
observed or in accordance with local directives from LLS. 

Baiting most likely 
to be successful, 
trapping and 
shooting pose lower 
off target threat to 
native carnivores 

E Ensure all stock are removed from the site prior to commencement of the 
Stewardship Agreement. 
 
Ensure boundary fencing is suitable to exclude stock and maintained accordingly. 
 
Contact local landholders for retrieval of wandering livestock if required. 

None have been 
observed on the site, 
a flexible approach is 
necessary to tailor 
responses to different 
species 

 

 

 

 

Methods of control  



Page 32 of 60 

Error! Reference source not found. 

Management 
Zone/s 

Feral 
Pest 
type 

Method of control Frequency and 
timing 

All C Bait with 1080 poison in line with Local Land Services (LLS) 
guidelines; 

As needed or in 
conjunction with 
control programs by 
neighbouring 
landholders (State 
Forests, Central Coast 
Council) 

Other management activities 

Ensure all stock are removed from the site prior to commencement of the Stewardship Agreement. 
 
Ensure boundary fencing is suitable to exclude stock and maintained accordingly. 
 
Contact local landholders for retrieval of wandering livestock if required. 

 

Integrated Feral Pest Performance Measures 

Feral Pest species Performance indicator (e.g. numbers treated/year, level of threat abatement to be 
achieved, total area to be treated (in hectares)).  

Dog / Fox Level of activity/sign kept to current standards or better, ie intermittent usage. 

Section 6 - Integrated Weed Management Plan 
Completing the compulsory Integrated Weed Management Plan 

A table is provided below for the Integrated Weed Management Plan. Add additional sections to the table if 
required.  

The plan must include, but is not limited to:  

• a description of the high threat weeds and other weeds present on the Biodiversity Stewardship Site 
and their locations, linked to each Management Zone where weeds are present 

• the method/s of weed control in each Management Zone 
• the frequency of weed control activities at the site, taking into account management practices where 

weeds are providing habitat for native species  
• the timing of any planting of native plant species required in each Management Zone to provide 

alternative habitat for native species affected by weed control activities 

When the management plan is reviewed, weed control activities may be amended, deleted or added to take 
into account the weed species on the site at the time of the review. 

The Integrated Weed Management Plan must contain clear, measurable objectives and performance 
indicators to demonstrate how the weed management actions will achieve gain on the Biodiversity 
Stewardship Site. 

Details of monitoring to assess the effectiveness of Integrated Weed Management activities are to be 
described in Section 7 – Monitoring Plan and are to include: 

• methods for monitoring the success of integrated weed management  
• reporting and assessing the results from monitoring 
• a timetable/measures for inspections to identify new weed species 
• a diary for recording actions taken in accordance with the Integrated Weed Management Plan  
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1. The weeds present, and their locations, on the Biodiversity Stewardship Site as at the Agreement 
Date are listed in the table below titled “Weed Species present”. 

2. The permitted methods of control of weeds on the Biodiversity Stewardship Site for each weed type 
are listed in the table below titled “Methods of Weed control”.  

3. Other Management Actions to control weeds (if any) are specified in the table below titled “Other 
Weed management activities”.  

4. The Owner must implement the monitoring and inspection of existing and new weeds on the 
Biodiversity Stewardship Site as described in the Monitoring Plan and with reference to the 
performance measures listed in the table below titled “Integrated Weed Management Performance 
Measures”.  

 

Weed species present 

 Common 
name of 
Weed  

Scientifi
c name 
of Weed 

High 
Threat 
Weed 
Species 

(Y/N) 

Description of infestation (e.g. intensity [% Projected 
Foliage Cover (PFC)] & location within zone) 

Management 
Zone/s 

A Lantana Lantana 
camara 

Y Low to high density infestations occur throughout all 
management zones. Highest densities occur within Zone 
3, 4, and 5, predominantly within wet sclerophyll/gullies, 
requiring significant primary control. Higher slopes 
grading to dry sclerophyll contain low to negligible 
infestations. 

All 

B Camphor 
Laurel 

Cinnamo
mum 
camphor
a 

Y Low to high density infestations occur throughout the 
majority of management zones. Highest densities 
(mature individuals) occur within Zone 2, 3, and 5, 
predominantly within wet sclerophyll/gullies, requiring 
significant primary control. Higher slopes grading to dry 
sclerophyll contain low to negligible infestations. 

All 

C Coral Tree Erythrina 
x sykesii 

Y Scattered occurrences at low to moderate densities, 
predominantly within Zone 5 along disturbed edges. 
Target during primary works. 

1, 6 

D Ground 
Asparagus 

Asparagu
s 
aethiopic
us 

Y Scattered occurrences at low densities, predominantly 
within Zone 5. Target during maintenance works. 

1, 5, 6 

E Small-
leaved 
Privet 

Ligustru
m 
sinense 

Y Scattered occurrences at low densities. Target during 
maintenance works. 

1, 2, 3 

F Large-
leaved 
Privet 

Ligustru
m 
lucidum 

Y Scattered occurrences at low densities. Target during 
maintenance works. 

1, 2, 3 

G Ochna Ochna 
serrulata 

Y Scattered occurrences at low densities. Target during 
maintenance works. 

1, 4, 5, 6 

H Cats Claw 
Creeper 

Dolichan
dra 
unguis-
cati  

Y Scattered occurrences at low densities. Target during 
primary works. 

6 
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I Blackberry Rubus 
anglocan
dicans  

Y Scattered occurrences at low to moderate densities, 
predominantly within Zone 3 within floodplain areas. 
Target during primary works. 

2, 6 

J Japanese 
Honeysuck
le 

Lonicera 
japonica 

Y Scattered occurrences at low densities. Target during 
maintenance works. 

2 

 

Methods of Weed control 

Management 
Zone/s 

Weeds Method of Weed control Frequency and 
timing 

All Lantana Manual removal of smaller plants which can be hand pulled and left to 
dry off the ground 

Cut and paint application of Glyphosate of larger plants 

Large patches can be controlled via foliar application of herbicide. 
Chemical selection to be fit for purpose, i.e. selective where possible 
to limit off target damage to native grasses and sedges. 

Primary works 
within the first 2 
years 

Avoid excessively 
hot days or 
prolonged dry 
conditions 

All Camph
or 
Laurel 

Coral 
Tree 

Small-
leaved 
Privet 

Large-
leaved 
Privet 

Manual removal of small plants where they can be pulled from the soil 
with roots intact.  

Larger individual plants to be treated with cut-stump or ‘drill and frill’ 
application of Glyphosate. 

For large, dense infestations cut trees into manageable pieces and 
pile in such a manner to prevent regrowth from cuttings. Where 
possible, pile in the open away from desirable native canopy trees to 
facilitate a pile burn reduction of biomass if suitable conditions occur in 
the following 6 to 18 months. 

Coral Tree - 
Spring to Autumn 
when actively 
growing 

2, 6 Blackbe
rry 

Manually remove small and isolated plants.  

Scrape and paint application of herbicide of small to medium isolated 
plants 

Foliar application of herbicide to control established plants and large 
patches. Chemical selection to be fit for purpose, ie. selective where 
possible to limit off target damage to native grasses and sedges. 

Primary works 
within the first 2 
years 

 

1, 4, 5, 6 Ochna Stem scrape and paint with Glyphosate. Ongoing 
maintenance 

1, 5, 6 Ground 
Aspara
gus 

Manual removal and destruction of whole plant (small plants) or 
removal of crown and fruit on large plants. 

Ongoing 
maintenance 

6 Cat’s 
Claw 
Creeper 

Foliar spray and/or painting of cut stumps with appropriate herbicide. 
Skirt if climbing into canopy. 

Primary works 
within the first 2 
years 

Spring to Autumn 
when actively 
growing 

2 Japane
se 
Honeys
uckle 

Given the low density of infestation, manual scrape and paint with 
appropriate herbicide is recommended. Skirt if climbing into canopy. 

Ongoing 
maintenance 
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Other Weed Management Actions 

Management 
Zone/s 

Weeds Management Action Frequency and 
timing 

    

 

Integrated Weed Management Performance Measures 

Management 
Zone/s 

Weeds Performance indicator (e.g. % of Management Zone treated per year, weed 
PFC/abundance remaining per Management Zone). 

All Lantana 

Camphor 
Laurel 

80% reduction in HTE cover within moderate to high infestations within the first 3 years. 

All All Continual suppression (maintenance weeding) to be undertaken to ensure weeds to 
remain absent/supressed within the Stewardship site, following primary removal. 

All Lantana 

Camphor 
Laurel 

Moderate to high HTE infestations replaced with resilient native vegetation community 
currently displaced by the infestation. 
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Section 7 - Monitoring Plan 

1. The Owner must implement monitoring as described in Section 7A.  
2. The Owner must complete the diary templates and reports of monitoring activities contained in the 

more recent of: 
a) the templates contained in section 7B or; 
b) the templates published from time to time on the BCT website.  
 
The completed diary templates and reports of monitoring activities relating to a Reporting Period 
must be submitted with the Annual Report.  

Section 7A – Monitoring methods and frequency 

7A.1- Photo 
Points 

(a) The Owner must establish permanent Photo Points at locations 
specified below within the Biodiversity Stewardship Site and ensure 
that photographs are taken from each point within 12 months of the 
Agreement Date and then at least every 12 months thereafter.  

(b) The Owner must take photographs according to the specifications 
below and at the locations listed below. 

 

 Locations of Photo Points 
Projected coordinate system: [GDA 94 Zone 56] 

 

 Photo Point 
reference 
number 

Easting Northing   

 1568 MP1 349386.2 6315592  
 1568 MP2  349064.8 6315250  
 1590 MP1 349487 6316275  
 1718 MP1 349406.3 6315242  
 1720 MP1 350276.3 6316272  
 1723 MP1 349781.8 6315837  
 684 MP1 349729.1 6316280  
 684 MP2 350408 6315526  
 The photographs must: 

(i) be taken in all directions (360°) from the Photo Point. 
(ii) be taken at the same location, with the same starting direction 

for the commencement and direction of the sweep, with the 
camera held at the same location, height and angle; 

(iii) show exactly the same field of view each monitoring event, to 
enable comparison across years; 

(iv) be clear and of suitable resolution to show detail, and taken at 
appropriate light conditions to display optimal contrast. 

(v) be dated, and labelled with the corresponding Photo Point 
reference number.  

(vi) retained by the Owner for the duration of the Deed. 

 

7A.2 - 
Biodiversity 
Stewardship 
Site inspections 

Inspection of the Biodiversity Stewardship Site must be undertaken by a 
suitably qualified person at the times, and having regard to the purpose, set 
out below: 

 

 Site inspection  
 A. Purpose B. Interval (starting from the 

Agreement Date) 
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 To determine the percentage of Living 
Ground Cover present on the 
Biodiversity Stewardship Site for the 
purposes of grazing Stock in accordance 
with part 2.1 of section 1 of the 
Management Plan (if applicable). 

Every 12 months   

 To determine the number of Stock and 
date/s when Stock have entered the 
Management Zones on the Biodiversity 
Stewardship Site 

Every 3 months  

 To determine the physical condition of 
fencing and gates and whether they are 
maintained to a standard that can: 
̶ control the movement of Stock if 

required under Part 2.2 of Section 1 of 
the Management Plan 

̶ control human disturbance if required 
under Part 8 in Section 1 of the 
Management Plan 

̶ control the movement of Feral Pests if 
required under Part 6.1 of Section 1 of 
the Management Plan 
 

Every 12 months  

 To determine any human disturbance on 
the Biodiversity Stewardship Site 
Note: Part 8 of section 1 of the Management Plan 
and clause 4 of this Deed place restrictions on 
human activities on the Biodiversity Stewardship 
Site 

Every 6 months  

 To determine the physical condition of 
existing firetrails and access tracks 
within the Biodiversity Stewardship Site, 
their navigability and evidence of 
erosion.  
The Owner must also document any 
evidence of erosion within other areas of 
the Biodiversity Stewardship Site. 
Note: Parts 8.2 and 8.9 of Section 1 of the 
Management Plan contain requirements for 
erosion control 

Every 6 months  

 To determine the presence of Rubbish 
on the Biodiversity Stewardship Site 
Note: Part 8.3 and 8.6 of Section 1 of the 
Management Plan contains requirements for 
storing and disposing of Rubbish on the 
Biodiversity Stewardship Site 

Every 6 months  

 Baseline Biodiversity monitoring  Every 5 years  
 To assess the effectiveness of 

Threatened Species habitat 
management actions 

Every 12 months or as specified 
in the Threatened Species 
Habitat Management Plan 

 

7A.3 - Baseline 
biodiversity 
monitoring – 
Vegetation 
Integrity Survey 
Plots  

Vegetation Integrity Survey Plots must be established with the purpose of 
providing a baseline for assessing Biodiversity outcomes in the future at the 
locations specified below. 
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 Locations of Vegetation Integrity Survey Plots 
Projected coordinate system: [GDA 94 Zone 56] 

 

 Plot reference Easting Northing Direction of plot 
(magnetic degrees) 

 1568 MP1 349386.2 6315592 180 
 1568 MP2  349064.8 6315250 310 
 1590 MP1 349487 6316275 220 
 1718 MP1 349406.3 6315242 90 
 1720 MP1 350276.3 6316272 280 
 1723 MP1 349781.8 6315837 40 
 684 MP1 349729.1 6316280 100 
 684 MP2 350408 6315526 90 
7A.4 - 
Monitoring  

The Owner must carry out monitoring against the performance measures 
using the methods and frequency specified below. 

 

Monitoring Fire for conservation management  

Performance 
Measure 

Management Zone/s Method of monitoring Timing 

Exclude fire 
from Glossy 
Black-
Cockatoo nest 
site 

Zone 5 Walkthrough of nest site species 
polygon 

Annual 

Exclude fire 
from riparian 
areas 
supporting 
Syzygium 
paniculatum.  

Zone 3 Walkthrough of riparian zone 
associated with species polygon 

Annual  

Recruitment 
of species 
increasing 
PCT species 
closer to 
benchmark. 
Removal of 
any weed 
regrowth 
 

All Vegetation Integrity Monitoring Plots 

 

 

5 -yearly 

Monitoring Native Vegetation Management 

Performance 
indicator 

Management zone(s) Method of monitoring Timing 

PCTs VI 
increasing to 
reflect 
benchmark 
levels 

All Vegetation Integrity Monitoring Plots 

 

 

5 -yearly 
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Weeds to 
remain absent 
/ supressed 

All Weed surveys (rapid point) 

 

Vegetation Integrity Monitoring Plots 

Annual 

 

5 -yearly 

Monitoring Threatened Species Habitat Management 

Performance 
indicator 

Managemen
t Zone/s 

Threatene
d species 

Method of monitoring Timing 

Habitat is 
preserved or 
improved 

5 Glossy 
Black-
Cockatoo 

Walkthrough of nest site species 
polygon, record nest condition and 
evidence of activity (chewed cones) 

Annual 

Habitat is 
preserved or 
improved 

3 Syzygium 
paniculatu
m 

Transect of riparian zone associated 
with species polygon, record 
species health, weed levels, 
threatening processes 

Annual 

Habitat is 
preserved or 
improved 

All Rhodamni
a 
rubescens 

Sample abundance plots/transects, 
condition assessment - record 
species health, weed levels, 
threatening processes & crown 
transparency to measure 
effectiveness of fungicide 
treatments. 

Opportunistic random meander in 
conjunction with annual surveys to 
assess general health. 

5-yearly 

 

 

Annual 

Habitat is 
preserved or 
improved 

2, 3 Melaleuca 
biconvexa 

Area of occupancy transect, 
condition assessment (record 
species health, weed levels, 
threatening processes) 

5-yearly  

Habitat is 
preserved or 
improved 

1, 2, 3, 4, 5 Large-
eared Pied 
Bat 

Deploy anabat recorders within 
species polygon. 

5-yearly 

Habitat is 
preserved or 
improved 

1, 2, 3, 4, 5 Southern 
Myotis 

Deploy anabat recorders within 
species polygon. 

5-yearly 

Habitat is 
preserved or 
improved 

1, 2, 3, 4, 5 Green-
thighed 
Frog 

Aural survey 500m transect through 
species polygon after significant rain 

5-yearly 

Monitoring Integrated Feral Pests Management 

Performance 
indicator 

Managemen
t Zone/s 

Pest 
species 

Method of monitoring Timing 

Level of feral 
animal signs 
is not 
increasing 
 

All All Scat / activity search (random 
meander) in conjunction with annual 
weed surveys and accessing 
monitoring plots. 

Annually 

 

 

5-yearly 
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Installation of camera traps in 
suitable areas as identified during 
annual surveys. 

Level of feral 
animal signs 
is not 
increasing 
 

All Fox/Wild 
Dog 

Utilise camera traps as part of 
baiting program to observe night 
time activity along tracks or edges. 

As 
required 

Monitoring Integrated Weed Management 

Performance 
indicator 

Managemen
t Zone/s 

Weed 
species 

Method of monitoring Timing  

HTE’s 
replaced with 
resilient native 
vegetation 
community 
currently 
displaced by 
the infestation 
Exotic weeds 
remain absent 
/ supressed in 
stewardship 
site. 

All All Rapid point assessment of weed 
densities at fixed monitoring plots 
and other areas of identified weed 
infestations. 

Vegetation Integrity Monitoring Plots  

Annually 

 

 

5 Yearly 
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Section 7B - Templates for reporting monitoring activities 

Diary template for fire management 

The Owner must complete this template following any fire event (including prescribed ecological burns, wildfire and arson) within the 
Biodiversity Stewardship Site.  

Completed templates must be submitted with the next Annual Report. 

Completed by:  
 
Date of fire: 
 
Cause of fire: 
 
Management Zone/s affected: 
 
Area burnt (hectares) (attach map):  
 
Canopy scorched (%): 
 
Leaf litter remaining (%): 
 
Intensity of fire: 
 
Other comments/observations: 
 
 
 
 
 
 
 
 
 
 
 
 

Template for the reporting of monitoring activities – Integrated Fire management 

The Owner must complete this template for each Management Zone. The template must be completed each year and submitted with 
the Annual Report.    

It is required to be completed by a suitably qualified ecologist or bush regenerator. 

Completed by:  

Date:  
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Management Zone/s:  

Date of fires on the 
Biodiversity Stewardship 
Site: 

 

General description of the 
vegetation structure and 
species composition at 
time of reporting 

 

 

 

 

 

Observations of the health 
of threatened flora and its 
response to previous fires 

 

 

 

 

 

Interpretation of other 
ecological outcomes of 
previous fires 

 

 

 

 

Assessment of results of 
management actions (refer 
to performance measures) 

 

Recommendation on the 
timing and location for 
future planned fires within 
the Management Zone(s) 
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Diary template for Native Vegetation management 

The Owner must complete this template to record the details of any Native Vegetation Management Actions implemented on the 
Biodiversity Stewardship site.  

Completed templates are to be submitted with the next Annual Report.  

Completed by: 

Date of activity: 

Management Zone/s: 

Description and type of action undertaken Include details of the Targeted Supplementary Planting, site treatment and other 
actions. 

 

 

 

 

 

 

 

Assessment of results of management actions (refer to performance measures). Include details of the results of the 
action and how it could be improved in future 

 

 

 

 

 

 

 

Minor variations from management plan (if any) (Include details and reasons) 
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Template for reporting of monitoring activities – Native Vegetation management 

The Owner must complete this template to record the outcomes of Native Vegetation Management Actions implemented on the 
Biodiversity Stewardship site.  

The template must be completed each year and submitted with the Annual Report.  

Manage-
ment 
Zone/s 

Date Observations and assessment of monitoring against performance measures 
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Diary Template for the reporting of monitoring activities - threatened species habitat management 

The Owner must complete this template to record the details of any Threatened Species Habitat Management Actions implemented on 
the Biodiversity Stewardship site.  

Completed templates are to be submitted with the next Annual Report. 

Completed by: 

Date of activity: 

Management zone/s: 

Description and type of management undertaken Include details of the target species and the management activity used. 

 

 

 

 

 

 

 

 

Assessment of effectiveness of threatened species habitat management action (refer to performance 
measures). Include details of the results of the management activity implemented and how it could be improved in future 

 

 

 

 

 

 

 

 

 

Minor variations from management plan (if any) (Include details and reasons) 
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Template for reporting of monitoring activities – Threatened Species Habitat Management 

The Owner must complete this template to record the outcomes of Threatened Species Habitat Management Actions 
implemented on the Biodiversity Stewardship site.  

The template must be completed each year and submitted with the Annual Report.  

Manage-
ment 
Zone/s 

Date Observations and assessment of monitoring against performance measures 
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Diary template for Feral Pest management 

The Owner must complete this template to record the details of any Feral Pest management control actions implemented on the 
Biodiversity Stewardship site.  

Completed templates are to be submitted with the next Annual Report. 

Completed by: 

Date of activity: 

Management zone/s: 

Description and type of control undertaken Include details of the target species and the control technique used. 

 

 

 

 

 

 

 

Assessment of results of control technique action (refer to performance measures). Include details of the results of 
the control technique and how it could be improved in future 

 

 

 

 

 

 

 

Minor variations from management plan (if any) (Include details and reasons) 
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Template for reporting of monitoring activities – Feral Pest management 

The Owner must complete this template to record the outcomes of Feral Pest management control actions implemented on the 
Biodiversity Stewardship site.  

The completed template must be submitted with the next Annual Report.  

Manage-
ment 
Zone/s 

Date Current level of impact on vegetation 
or threatened fauna species 

This column must record impact as 
Negligible, Minimal, Moderate or High 

Observations and assessment of monitoring 
against performance measures 

    

    

    

    

    

    

    

 

 

Diary Template Integrated Weed management 

This template must be completed to record the details of any Integrated Weed Management actions implemented on the Biodiversity 
Stewardship site.  The template must be completed by a suitably qualified bush regenerator or ecologist on behalf of the Owner.   

Completed templates are to be submitted with the next Annual Report. 

Completed by: 

Date of activity: 

Management Zone: 

Description and type of control undertaken  

Provide a summary of all weed control activities undertaken within the previous 12 months. As a minimum, this should include number 
of person hours worked, methods used, type and quantity of chemical used, approximate area (ha) of primary weed treatment and 
follow-up weed treatment, and the main weeds that were treated. Attach a map of locations worked. 
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Assessment of results of control technique action (refer to performance measures). Include details of the results of 
weed control activities and how they could be improved in future. Assess effectiveness through evaluation against the relevant 
performance measures for the management zone. 

 

 

 

 

 

 

 

Minor variations from management plan (if any) (Include details and reasons) 

 

 

 

 

 

 

 

 

Template for the reporting of monitoring activities – integrated weed management 

This template must be completed annually for each Management Zone by a suitably qualified bush regenerator or ecologist.   

The completed template must be submitted with the next Annual Report. 

Management Zone: 

Completed by: Date: 

Weed control summary 

Provide a summary and review of all weed control activities undertaken within the previous 12 months and their effectiveness through 
evaluation against the relevant performance measures for the management zone. As a minimum, this should include number of person 
hours worked, methods used, type and quantity of chemical used, approximate area (ha) of primary weed treatment and follow-up 
weed treatment, and the main weeds that were treated. Attach a map of locations worked. 
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Description and recommendations for remaining weed infestations 

Provide a summary of the type and density of the main weeds that remain in the Management Zone, their location (mark on a map if 
necessary), and describe the recommended techniques for controlling these weeds. 

Condition  

Record each of the following condition measures as either absent, occasional, moderate or frequent when assessed across the part of 
the management zone where active integrated weed management has commenced  

 Absent Occasional Moderate Frequent 

Regeneration of native canopy 
species 

    

Regeneration of native shrubs      

Regeneration of native groundcovers      

Dieback of native species     

Erosion     

Comments on condition 

Provide any additional comments on the condition of the Management Zone, including reference to areas where supplementary 
planting or erosion control is required or has occurred (mark on a map where necessary). 
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Annual Reporting Template 

Biodiversity Stewardship Site Annual Report 
Location details 
Biodiversity Stewardship 
Agreement ID:  

 Name of Owner/s:   

Reporting period:  Property address:  
Management action  Required completion 

time and frequency 
Action 
completed 
(Yes/No) 

Actual completion 
date/s  

Description of actions undertaken 
(including where undertaken (including 
reference to Management Zones), any 
variations and the reasons for variation) 

Visual observations 
and other comments 
(including reasons for 
non-completion) 

1 Management of fire for 
conservation 

     

2 Management of grazing 
for conservation  

     

3 Native vegetation 
management 

     

4 Threatened species 
habitat management 

     

5 Hydrology management      
6 Integrated feral pest 
management 

     

7 Integrated weed 
management  

     

8 Management of human 
disturbance 

     

9 Monitoring      
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Records submitted with this report 

☐    Photographs taken at the Photo Point locations specified in the Management Plan in the Biodiversity Stewardship Agreement 
☐    Results of any monitoring, inspections or surveys required to be conducted under the Biodiversity Stewardship Agreement. This should include all completed 
diary templates and completed templates for the reporting of monitoring activities.   

Signature and certification 

I hereby declare that the information supplied in this report is accurate and complies with the reporting requirements under the Biodiversity Stewardship Agreement 
Note: If the land that forms the Biodiversity Stewardship Site is owned by multiple persons, each Owner must sign this Annual Report 
Signed: Signed: 
Date: Date: 
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Attachment 5: Dictionary  
In this Deed, unless a contrary intention appears, a capitalised word or words has the meaning given in the 
corresponding row in the table below:  

Note: Definitions used only within the Management Plan are defined within the Management Plan and are not defined in this 
Dictionary 

Word/s Meaning 

Aboriginal 
Objects  

The same meaning that “Aboriginal 
objects” has in the NPW Act 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meaning was “Aboriginal object 
means any deposit, object or 
material evidence (not being a 
handicraft made for sale) relating to 
the Aboriginal habitation of the area 
that comprises New South Wales, 
being habitation before or 
concurrent with (or both) the 
occupation of that area by persons 
of non-Aboriginal extraction, and 
includes Aboriginal remains” 

Aboriginal Places The same meaning that “Aboriginal 
places” has in the NPW Act 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meaning was “Aboriginal place 
means any place declared to be an 
Aboriginal place under section 84” of 
the NPW Act 

Accredited Person The meaning given to it in section 1.6 
of the Biodiversity Conservation Act 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meant a person accredited to 
prepare biodiversity assessment 
reports in accordance with the 
Biodiversity Assessment Method, 
under the scheme for the 
accreditation that is prepared in draft 
by the Environment Agency Head 
and published by the Minister on the 
NSW legislation website 

Agreement Date The date on which the last party 
executes the Deed, being the date set 
out in Error! Reference source not 
found. 

Annual 
Contribution 

The annual contribution payable in 
relation to the Biodiversity Stewardship 
Site, determined in accordance with 
clause 6.27 of the Biodiversity 
Conservation Regulations 

Annual Report An annual report for each Reporting 
Period in the form of, and attaching the 
information and documents required 
by, the Annual Reporting Template  

Word/s Meaning 

Annual Reporting 
Template 

The form entitled “Annual Reporting 
Template” which has been available to 
the Owner by whichever is the most 
recent of the following: 

̶ as attached to this Deed in 
Attachment 4 

̶ on the NSW BCT website  
̶ as supplied to the Owner by the 

Minister’s Representative from 
time to time 

Assessment Date The date on which the assessment for 
the preparation of the Site Assessment 
Report commenced 

Attachment A numbered attachment at the end of 
this Deed 

Authorised 
Entrant 

Any one or more of the following: 
̶ the Minister 
̶ the Minister’s Representative 
̶ the Environment Agency Head 
̶ an officer of DPIE or the NSW 

BCT  
̶ any other person that the 

Minister, the Environment Agency 
Head or an officer of DPIE or the 
NSW BCT requests the Owner to 
allow onto the Land to carry out 
Research and/or Monitoring 
where the Owner has consented 
to such request (such consent not 
to be unreasonably withheld or 
delayed) 

Authorised Officer A person who is appointed as an 
authorised officer under Part 12 of the 
Biodiversity Conservation Act  

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date, the 
Environment Agency Head may 
appoint any person (including a 
class of persons) as an authorised 
officer 

Authority Any federal, state or local government 
authority, body or department having 
jurisdiction in relation to the Premises 
or this Deed and includes any 
governmental or semi-governmental or 
local governmental authority, 
administrative or judicial body or 
tribunal, department, commission, 
public authority, agency, minister, 
statutory corporation or instrumentality 
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Word/s Meaning 

Biodiversity The meaning given to it in section 1.5 
of the Biodiversity Conservation Act 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meaning was “the variety of living 
animal and plant life from all 
sources, and includes diversity 
within and between species and 
diversity of ecosystems” 

Biodiversity 
Assessment 
Method 

The method established under section 
6.7 of the Biodiversity Conservation 
Act 

Biodiversity 
Conservation Act 

The Biodiversity Conservation Act 
2016 (NSW) and any regulations from 
time to time in force under that Act 

Biodiversity 
Conservation 
Regulations 

The Biodiversity Conservation 
Regulation 2017 (NSW) 

Biodiversity 
Credit 

A biodiversity credit created under this 
Deed   

Biodiversity 
Stewardship 
Payments Fund 

The fund established under Part 6 of 
the Biodiversity Conservation Act to 
hold funds from the transfer or 
retirement of Biodiversity Credits, and 
other funds 

Biodiversity 
Stewardship Site 

The area described in Error! 
Reference source not found. beside 
the words “Biodiversity Stewardship 
Site”  

Word/s Meaning 

Biodiversity 
Values 

The meaning given to it in section 1.5 
of the Biodiversity Conservation Act  

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meaning was: 

“- vegetation integrity—being the 
degree to which the composition, 
structure and function of vegetation 
at a particular site and the 
surrounding landscape has been 
altered from a near natural state, 
- habitat suitability—being the 
degree to which the habitat needs of 
threatened species are present at a 
particular site, 
- threatened species abundance—
being the occurrence and 
abundance of threatened species or 
threatened ecological communities, 
or their habitat, at a particular site, 
- vegetation abundance—being the 
occurrence and abundance of 
vegetation at a particular site, 
- habitat connectivity—being the 
degree to which a particular site 
connects different areas of habitat of 
threatened species to facilitate the 
movement of those species across 
their range, 
- threatened species movement—
being the degree to which a 
particular site contributes to the 
movement of threatened species to 
maintain their lifecycle, 
- flight path integrity—being the 
degree to which the flight paths of 
protected animals over a particular 
site are free from interference, 
- water sustainability—being the 
degree to which water quality, water 
bodies and hydrological processes 
sustain threatened species and 
threatened ecological communities 
at a particular site” 

Business Day A day that is not: 
̶ a Saturday, Sunday, public 

holiday or bank holiday in 
Sydney, Australia; or 

̶ 24, 27, 28, 29, 30 or 31 of 
December  

Claim Any claim, damage, demand, liability, 
Cost, loss, suit, proceeding (whether 
actual or potential), right of action and 
claim for compensation  

Cost Any cost, expense, charge, payment, 
outgoing, loss or other expenditure of 
any nature whether direct, indirect or 
consequential and whether accrued or 
paid and includes legal costs and 
expenses on whichever is the higher of 
a full indemnity basis or solicitor and 
own client basis  
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Word/s Meaning 

CPI The Consumer Price Index All Groups 
number relating to Sydney published 
from time to time by the Australian 
Bureau of Statistics (or if that index 
ceases to be published then such other 
index which is, in the reasonable 
opinion of the Minister, a similar index 
which reflects changes in the cost of 
living in Sydney at the relevant time)  

Deed This deed and includes any 
attachments, annexures or schedules 
attached to this deed   

Development The meaning given to it in section 1.6 
of the Biodiversity Conservation Act 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meaning was: 
“(a)  the use of land, and 
(b)  the subdivision of land, and 
(c)  the erection of a building, and 
(d)  the carrying out of a work, and 
(e)  the demolition of a building or 
work, and 
(f)  any other act, matter or thing 
referred to in section 26 of the 
Environmental Planning and 
Assessment Act 1979 (NSW) that is 
controlled by an environmental 
planning instrument, 
but does not include the demolition 
of a temporary structure” 

Dictionary This Attachment 5 and includes any 
replacement or updated component of 
such Attachment from time to time 

Disclosure 
Information 

The information contained in this Deed, 
including a copy of the Deed and 
details of the location of the Land and 
Management Actions and 
Management Payments under this 
Deed 

Dispute A dispute, difference or claim in 
connection with this Deed (but 
excluding any dispute, difference or 
claim in connection with clause Error! 
Reference source not found.) 

Dispute Notice A notice setting out: 
̶ the nature, or subject matter, of 

the Dispute, including a summary 
of any efforts made to resolve 
other than in accordance with the 
Dispute Resolution Process; 

̶ the identity of any other person 
centrally involved in the Dispute; 

̶ the intent to invoke the Dispute 
Resolution Process; and 

̶ (if practicable) the outcomes 
which the notifying party wishes 
to achieve 

Dispute 
Resolution 
Process 

The process set out in clauses Error! 
Reference source not found. and 
Error! Reference source not found. 

DPIE The Department of Planning, Industry 
and Environment 

Word/s Meaning 

Environment 
Agency Head 

The meaning given to it in section 1.6 
of the Biodiversity Conservation Act 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meaning was “the Secretary of the 
Department of Planning, Industry 
and Environment” 

First Payment 
Date 

The date of the first occasion when the 
balance in the Relevant Account is 
equal to or greater than 100% of the 
Total Fund Deposit  

Force Majeure 
Event 

An event that is beyond the reasonable 
control of the Owner, including any 
natural disaster, fire, flood, accident, 
war, riot, act of terrorism, biohazard, a 
serious epidemic, or a change in 
legislation, but only to the extent that 
such events were beyond the Owner’s 
reasonable control. A force majeure 
event does not however include any 
obligation to pay money, a labour 
dispute or shortage of materials or 
labour  

Formal Review A review conducted by an Accredited 
Person or by an appropriately qualified 
person to consider the efficacy of the 
Management Plan, including the 
Management Actions, and any 
amendments to the Management Plan 
that the reviewer considers appropriate 
to ensure the conservation of 
Biodiversity and of Biodiversity Values 
on the Biodiversity Stewardship Site 
and a written report summarising the 
findings of that review  

Fund Manager The person appointed from time to 
time under Part 6 of the Biodiversity 
Conservation Act as the “fund 
manager” in respect of the Biodiversity 
Stewardship Payments Fund, and who, 
as at the Agreement Date, is the 
person listed in Error! Reference 
source not found. 

Funding 
Acknowledgement 
Guidelines 

The Funding Acknowledgement 
Guidelines for recipients of NSW 
Government infrastructure grants 
published by the NSW Government 
and as updated from time to time 

GST Act A New Tax System (Goods and 
Services Tax) Act 1999 (Cth).  

The expressions “GST”, “Input Tax 
Credit”, “Recipient”, “Supply”, “Tax 
Invoice” and “Taxable Supply” have the 
meanings given to those expressions 
in the GST Act and “Supplier” means 
the party who made the Taxable 
Supply 
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Word/s Meaning 

Identified Legal 
Requirements 

Any one or more of the requirements 
listed below: 
̶ under the Biosecurity Act 2015 

(NSW): 
+ an emergency order under 

section 44; 
+ a control order under section 62; 
+ a requirement to assist an 

authorised officer under section 
103; or 

+ a biosecurity direction under 
section 128; 

+ a weed control notice issued 
under and prior to the repeal of 
the Noxious Weeds Act 1993 
(NSW); 

̶ under the Local Land Services 
Act 2013 (NSW): 

+ a pest control order under section 
130, 

+ an eradication order under 
section 144, 

+ a requirement for destruction of 
pests under section 152, or 

+ a requirement to assist an 
authorised officer under section 
179 

+ a direction under section 37A of 
the State Emergency and 
Rescue Management Act 1989 
(NSW) in relation to a state of 
emergency or a direction under 
section 22A of that Act, 

̶ under the Rural Fires Act 1997 
(NSW):  

+ any notified steps under section 
63, 

+ a direction under section 45 for 
the prevention, control or 
suppression of any bush fire, 

+ a bush fire hazard reduction 
notice under section 66, 

+ an emergency fire fighting act 
within the meaning of that Act, 

+ emergency bush fire hazard 
reduction work within the 
meaning of that Act, 

+ otherwise as part of any 
managed bushfire hazard 
reduction work that is carried out 
in accordance with a current 
bushfire hazard reduction 
certificate that applies to the work 
or the provisions of any bushfire 
code applying to the land 
specified in the certificate 

Item A numbered item in the terms schedule 
at the beginning of this Deed 

Land The land described in Error! 
Reference source not found. beside 
the word “Land”  

Law  The common law, any requirement of 
any rule, statute, proclamation, 
regulation, ordinance or by-law, 
present or future, and whether state, 
federal or otherwise and the 
requirements of any Authority  

Management 
Action 

An obligation to act or an obligation to 
refrain from doing something set out in 
section 1-7 of the Management Plan 

Word/s Meaning 

Management 
Payments 

A payment to be made to the Owner in 
accordance with clause Error! 
Reference source not found. 

Management Plan The management plan attached to this 
Deed in Attachment 4 and includes any 
replacement or updated component of 
such Attachment from time to time 

Management Zone An area of a given vegetation zone 
within the Biodiversity Stewardship Site 
subject to the same regime of 
management identified as a 
management zone on the map 
immediately below the words “Property 
Management Actions” included in the 
Management Plan 

Minister’s 
Representative 

The person nominated by the Minister 
to be his or her representative from 
time to time and who, as at the 
Agreement Date, is the person set out 
in Error! Reference source not 
found. 

Monitoring Observing and making records (in any 
form) of any one or more of the 
following: 
̶ the status of and changes to 

Biodiversity and Biodiversity 
Values 

̶ the success of the Management 
Plan in improving Biodiversity 

̶ compliance by the Owner with 
this Deed and the Biodiversity 
Conservation Act 

Native Plant The meaning given to it in section 5 of 
the NPW Act 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meaning was “native plant means 
any tree, shrub, fern, creeper, vine, 
palm or plant that is native to 
Australia, and includes the flower 
and any other part thereof” 

Native Vegetation The meaning given to it in section 1.6 
of the Biodiversity Act  

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meant any plants (including trees, 
saplings, shrubs, scrub, 
groundcover) native to New South 
Wales (ie established in New South 
Wales before European settlement) 

New Owner Any transferee, assignee or novatee of 
part or all of the Owner’s interest under 
this Deed, including by way of a sale of 
the Land, or any part of the Land 

Nominated Bank 
Account 

The bank account nominated by the 
Owner in accordance with clause 
Error! Reference source not found. 
or as updated from time to time in 
accordance with clause Error! 
Reference source not found. 
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Word/s Meaning 

Note Any indented or italicised text in this 
point 8 font and prefaced by the 
word “Note:” 

Notice Address The address set out in Error! 
Reference source not found., Error! 
Reference source not found., Error! 
Reference source not found. or 
Error! Reference source not found. 
beside the words “Address for service 
of notices” for the party to whom the 
notice is to be given 

Notified Occupant Any Occupant that the Minister is 
aware of because the Owner has 
provided the notification required under 
clause Error! Reference source not 
found. 

NPW Act The National Parks and Wildlife Act 
1974 (NSW) and any regulations from 
time to time in force under that Act 

NSW BCT The Biodiversity Conservation Trust of 
New South Wales established under 
the Biodiversity Conservation Act 

Occupancy 
Agreement 

Any lease or licence or other 
agreement which permits entry to or 
occupancy of any part of the Land 
(including the Biodiversity Stewardship 
Site)  

Occupant Any person who occupies any part of 
the Land pursuant to an Occupancy 
Agreement (but does not include an 
Owner) 

Ongoing In relation to the timing of carrying out 
a Management Action means 
commencing on the Agreement Date 
or First Payment Date (as indicated) 
and continuing in perpetuity, unless 
specified otherwise  

Operational 
Deficit 

The meaning given to it in the 
Biodiversity Conservation Regulations 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meant the balance of the biodiversity 
stewardship site account is less than 
the total present value of all 
scheduled management payments in 
respect of the biodiversity 
stewardship site for the period 
starting from the most recent 
anniversary of the date on which the 
biodiversity stewardship agreement 
was entered into and extending to 
perpetuity. 

Word/s Meaning 

Operational 
Deficit Threshold 

The meaning given to it in the 
Biodiversity Conservation Regulations 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meant: 

(a) 20% of the total present value of 
all scheduled management 
payments in respect of the 
biodiversity stewardship site for the 
period starting from the most recent 
anniversary of the date on which the 
biodiversity stewardship agreement 
was entered into and extending to 
perpetuity, or 

(b) such other amount as the 
Minister determines, having regard 
to the advice of the Fund Manager 

Owner The person described as “Owner” at 
Part A at the beginning of this Deed, 
any successor or assign under clause 
Error! Reference source not found. 
and any person who is an “owner” 
within the meaning given to that term in 
section 1.6 of the Biodiversity 
Conservation Act 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meaning was that owner of land 
includes: 

(a)  every person who, either at law 
or in equity: 

(i)  is entitled to the land for any 
estate of freehold in possession, or 
(ii)  is a person to whom the Crown 
has lawfully contracted to sell the 
land under the Crown Lands Act 
1989 (NSW) or any other Act 
relating to the alienation of lands of 
the Crown, or 
(iii)  is entitled to receive, or is in 
receipt of, or if the land were let to a 
tenant would be entitled to receive, 
the rents and profits in respect of the 
land, whether as beneficial owner, 
trustee, mortgagee in possession or 
otherwise, and 

(b)  a person who leases land under 
the Crown Lands Act 1989, the 
Crown Lands (Continued Tenures) 
Act 1989 (NSW) or the Western 
Lands Act 1901 (NSW), and 

(c)  any other person who, under the 
regulations, is taken to be the owner 
of the land, 

but (unless the regulations otherwise 
provide) does not include a 
beneficiary of a trust relating to the 
land 

Owner Associate Any representative, servant, 
contractor, consultant, agent, lessee, 
licensee or invitee of the Owner 
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Error! Reference source not found. 

Word/s Meaning 

Ownership 
Change Date 

The date that the Minister’s 
Representative is notified of a change 
in Owner of the Land  

Payment Amount Each amount set out in, or calculated 
in accordance with, the Payment 
Tables for a Payment Year, increased 
in accordance with the method set out 
in clause Error! Reference source 
not found. 

Payment Tables The tables in Error! Reference 
source not found. and Error! 
Reference source not found. 

Payment Year Each 12 month period: 
̶ commencing on the First 

Payment Date; and  
̶ each yearly anniversary of the 

First Payment Date 
Permitted 
Exception 

An activity specified in the table in 
Error! Reference source not found., 
provided it is carried out in accordance 
with the requirements within that table, 
and only in the Management Zones for 
which the activity is permitted 

Protected Animal The same meaning that it has in 
section 1.6 of the Biodiversity 
Conservation Act 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meaning was “an animal of a 
species listed or referred to in 
Schedule 5 of the Biodiversity 
Conservation Act” and “animal 
means any animal, whether 
vertebrate or invertebrate and in any 
stage of biological development, but 
does not include: 

(a)  humans, or 

(b)  fish within the meaning of the 
Fisheries Management Act 1994 
(NSW)” 

Protected Person Each and all of the following: 
̶ the Minister 
̶ the Minister’s Representative 
̶ the Environment Agency Head 
̶ the employees or officers of DPIE 
̶ the NSW BCT 
̶ the members and committees of 

the Board of the NSW BCT 
̶ the employees and officers of the 

NSW BCT 
̶ any other person acting under the 

delegation, direction or control of 
the Minister, the Minister’s 
Representative, the Environment 
Agency Head or the NSW BCT 
for any purpose 

̶ the Crown in right of the State of 
New South Wales 

Word/s Meaning 

Registration Registration of this Deed, or the 
variation or termination of this Deed, in 
the Register kept under the Real 
Property Act 1900 (NSW) and 
includes, where the context allows, an 
application to register this Deed and 
“Register” has a corresponding 
meaning 

Registration Date The date on which the Minister 
receives notification from the Registrar-
General that this Deed has been 
registered under Section 5.12 of the 
Biodiversity Conservation Act 

Relevant Account The biodiversity stewardship site 
account within the Biodiversity 
Stewardship Payments Fund kept by 
the Fund Manager in accordance with 
the Biodiversity Conservation 
Regulations 

Reporting 
Obligations 

The reporting and record keeping 
requirements as set out in Attachment 
Error! Reference source not found. 

Reporting Period Each of the following: 
̶ prior to the First Payment Date: 

+ the 12 month period commencing 
on the Agreement Date; and  

+ each subsequent 12 month 
period commencing on each 
anniversary of the Agreement 
Date  

̶ on and from the First Payment 
Date: 

+ the 12 month period commencing 
on such First Payment Date; and 

+ each subsequent 12 month 
period commencing on each 
anniversary of the First Payment 
Date 

Research The investigation into and study of 
facts relating to Biodiversity and 
Biodiversity Values, and the 
conservation of Biodiversity and 
Biodiversity Values 

Review Date ̶ Until the first Ownership Change 
Date, each 5th anniversary of the 
Agreement Date 

̶ On and after the Ownership 
Change Date, on the Ownership 
Change Date and each 5th 
anniversary of the Ownership 
Change Date 

Sell To sell, transfer, gift, assign or 
otherwise dispose of and “Sale” has a 
corresponding meaning 

Site Assessment 
Report 

The report described in Error! 
Reference source not found. 

Site Sketch Plan A plan in registrable form which is part 
of this Deed showing the boundaries of 
the Biodiversity Stewardship Site, but 
not a deposited plan or subdivision 
plan which is separate to this Deed 
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Word/s Meaning 

Site Splitting A gifting or transfer of part only of the 
Land, including a Subdivision in 
preparation for such a gift or transfer  

Note: For example, if the Owner 
wanted the Owner’s children to each 
own part of the Land 

Special 
Conditions 

The terms and conditions set out in 
Error! Reference source not found. 

Standard 
Provisions 

Clauses Error! Reference source not 
found. to Error! Reference source 
not found. of this Deed, and this 
Dictionary 

Subdivide To physically or legally (or both) split or 
separate the Land into portions or to 
make any application to an Authority 
for such a split or separation 

Templates The Templates available on the NSW 
BCT website 

Threatened 
Ecological 
Community 

Vegetation communities that are: 

̶ known to occur within the 
Conservation Area and specified 
as a threatened ecological 
community in the Site Values 
Report; or 

̶ listed in Schedule 2 to the 
Biodiversity Conservation Act; or 

̶ listed in accordance with the 
Environment Protection and 
Biodiversity Conservation Act 
1999 (Cth) 

Threatened 
Species 

The same meaning as in section 1.6 of 
the Biodiversity Conservation Act 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date a 
list of threatened species was 
available at 
https://www.legislation.nsw.gov.au/#/ 
view/act/2016/63/sch1  

Word/s Meaning 

Total Fund 
Deposit 

The meaning given to it in section 
6.21(7) of the Biodiversity 
Conservation Act and for this 
Biodiversity Stewardship Site is the 
amount specified in Error! Reference 
source not found. 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meant, for a site, an amount 
determined (subject to the 
regulations) by the Environment 
Agency Head as the present value 
of the total of all scheduled 
management payments in respect of 
the site (under the biodiversity 
stewardship agreement) during the 
life of the agreement. The present 
value is to be determined by 
applying the discount rate 
determined and published by the 
Environment Agency Head from time 
to time. 

Waste The meaning given to it in the 
Protection of the Environment 
Operations Act 1997 (NSW) 

Note: This definition may change 
from time to time with changes in 
Law, but on the Agreement Date this 
meaning included: 

(a)  any substance (whether solid, 
liquid or gaseous) that is discharged, 
emitted or deposited in the 
environment in such volume, 
constituency or manner as to cause 
an alteration in the environment, or 

(b)  any discarded, rejected, 
unwanted, surplus or abandoned 
substance, or 

(c)  any otherwise discarded, 
rejected, unwanted, surplus or 
abandoned substance intended for 
sale or for recycling, processing, 
recovery or purification by a 
separate operation from that which 
produced the substance, or 

(d)  any processed, recycled, re-
used or recovered substance 
produced wholly or partly from waste 
that is applied to land, or used as 
fuel, but only in the circumstances 
prescribed by the regulations, or 

(e)  any substance prescribed by the 
regulations to be waste. 

A substance is not precluded from 
being waste merely because it is or 
may be processed, recycled, re-
used or recovered 
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Impact of the invasive rust Puccinia psidii (myrtle rust)
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Abstract The invasive rust Puccinia psidii (myrtle
rust) was detected in Australia in 2010 and is now

established along the east coast from southern New

SouthWales to far north Queensland. Prior to reaching
Australia, severe damage from P. psidii was mainly

restricted to exotic eucalypt plantations in South

America, guava plantations in Brazil, allspice planta-
tions in Jamaica, and exotic Myrtaceous tree species in

the USA; the only previous record of widespread

damage in native environments is of endangered
Eugenia koolauensis in Hawai’i. Using two rainforest

tree species as indicators of the impact of P. psidii, we

report for the first time severe damage to endemic
Myrtaceae in native forests in Australia, after only

4 years’ exposure to P. psidii. A 3-year disease

exclusion trial in a natural stand of Rhodamnia

rubescens unequivocally showed that repeated, severe
infection leads to gradual crown loss and ultimately

tree mortality; trees were killed in less than 4 years.

Significant (p\ 0.001) correlations were found
between both incidence (r = 0.36) and severity

(r = 0.38) of P. psidii and subsequent crown loss

(crown transparency). This provided supporting evi-
dence to conclude a causal association between P.

psidii and crown loss and tree mortality in our field

assessments of R. rubescens and Rhodomyrtus psid-
ioides across their native range. Assessments revealed

high levels of damage by P. psidii to immature leaves,

shoots and tree crowns—averaging 76 % (R. rubes-
cens) and 95 % (R. psidioides) crown transparency—

as well as tree mortality. For R. psidioides, we saw

exceptionally high levels of tree mortality, with over
half the trees surveyed dead and 40 % of stands with

greater than 50 % tree mortality, including two stands

where all trees were dead. Tree mortality was less
prevalent for R. rubescens, with only 12 % of trees
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surveyed dead and two sites with greater than 50 %

mortality. Any alternative causal agents for this tree

mortality have been discounted. The ecological
implications of this are unclear, but our work clearly

illustrates the potential for P. psidii to negatively

affect Australia’s biodiversity.

Keywords Invasive fungi ! Guava rust ! Eucalyptus
rust ! Biodiversity ! Environmental monitoring !
Ecological impacts ! Extinction risk ! Environmental

change

Introduction

Puccinia psidii Winter is an invasive pathogen of
global significance that has rapidly expanded its

international range over the past decade. It infects

and kills newly expanding leaves and stems, as well as
fruit and flowers (Ferreira 1983; Coutinho et al. 1998),

and has a wide host range within Myrtaceae (Carnegie

and Lidbetter 2012; Giblin and Carnegie 2014).
Described from common guava (Psidium guajava) in

Brazil (Winter 1884), and believed to be native to

South and Central America, it gained notoriety in its
country of origin in the 1970s following severe

damage in nurseries and plantations of exotic Euca-

lyptus species (Ferreira 1983). Puccinia psidii has also
significantly affected guava production in Brazil

(Ferrari et al. 1997; Lim and Manicom 2003). While

not known to cause severe damage in undisturbed
natural environments in Brazil, probably due to co-

evolution of hosts and pathogen, the invasive potential

of P. psidii was realized when it established on new
continents. Although known for many years in

Jamaica on exotic Syzygium jambos (Dale 1955), a

new strain detected in 1934 caused extensive damage
to Pimento dioica (allspice) plantations, resulting in

the collapse of the allspice industry in certain regions

within two years (MacLachlan 1938). In Florida,
USA, P. psidii was first identified on P. dioica in 1977

(Marlatt and Kimbrough 1980), but it was not until

new strains invaded that severe epiphytotics occurred;
firstly on Melaleuca quinquenervia in the late 1990s

(Rayachhetry et al. 1997) and more recently on

Rhodomyrtus tomentosa (Rayamajhi et al. 2013)—
both exotic invasive weeds in Florida. When P. psidii

reached Hawai’i in 2005 (Uchida et al. 2006), it spread

quickly and within several years was causing

extensive damage to exotic S. jambos (Uchida and
Loope 2009) and threatening native endangered

Myrtaceae (Loope 2010). In the past decade, P. psidii

has also invaded Japan (Kawanishi et al. 2009), China
(Zhuang and Wei 2011), Australia (Carnegie et al.

2010), South Africa (Roux et al. 2013) and New

Caledonia (Giblin 2013). The disease it causes is
variably known as guava rust, eucalyptus rust or

myrtle rust.

Prior to reaching Australia, the known host range
for P. psidii was 129 species in 33 genera of

Myrtaceae, including important Australian genera

such as Eucalyptus, Melaleuca and Leptospermum
(Carnegie and Lidbetter 2012). Australia is floristi-

cally dominated by Myrtaceae, which is widespread

and abundant across the continent and thus important
in many ecological processes (Myerscough 1998).

Many industries are reliant on Myrtaceae, including

forestry, nursery, essential oils and cut flower, and the
conservation and biodiversity reliance on Myrtaceae

cannot be overstated. As such, P. psidii had been

recognized as a serious biosecurity threat in Australia
for some time (Commonwealth Department of Pri-

mary Industry 1985; Grgurinovic et al. 2006; Glen

et al. 2007). In April 2010, P. psidii was detected in
New South Wales (NSW), Australia; an eradication

attempt ensued, but ultimately failed (Carnegie et al.

2010; Carnegie and Cooper 2011). Once established
outside of nurseries, it spread rapidly, becoming

established in the natural ecosystem throughout

coastal NSW and south-east Queensland by mid-
2011 and in far north Queensland by mid-2012

(Carnegie and Lidbetter 2012; Pegg et al. 2014).

Puccinia psidii has now established, albeit with
limited distribution, in Victoria (http://agriculture.

vic.gov.au), Tasmania (http://dpipwe.tas.gov.au) and

the Northern Territory (http://www.nt.gov.au/). A
large number of naı̈ve hosts have thus been exposed to

this pathogen and as a result the host range has rapidly

expanded. There are now 232 species known as hosts
due to natural infection in Australia (all but 18 native

to Australia) and another 115 hosts recorded from
artificial inoculation only, bringing the total hosts for

P. psidii globally to over 450 species and 73 genera

(Carnegie and Lidbetter 2012; Morin et al. 2012; Pegg
et al. 2014; Giblin and Carnegie 2014).

The perceived threat to Australian biodiversity and

industry is now being realized. Severe damage to key
species has been observed in native environments,
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including rainforest understorey species such as
Rhodamnia rubescens and Rhodomyrtus psidioides

and the keystone wetland species M. quinquenervia

(Carnegie and Cooper 2011; Carnegie and Lidbetter
2012; Pegg et al. 2014). The essential oil industry is

being significantly affected, particularly lemon myrtle

(Backhousia citriodora), and although P. psidii has
been found in eucalypt plantations, the forest industry

has not yet been severely affected (Carnegie 2015).

Puccinia psidii has been listed as a key threatening
process to the natural environment in NSW (http://

www.environment.nsw.gov.au/determinations/exoti

crustfungiFD.htm), and was recently nominated (un-
successfully) as a key threatening process at the fed-

eral level (Makinson 2014). However, limited studies

on the effects of P. psidii in the native environment
have been initiated. This is surprising considering the

heightened publicity P. psidii received prior to intro-

duction and during the emergency response, and the
anticipated threat to native Myrtaceae and biodiver-

sity. Thus our objective was to gather critical data on

the potential threat of P. psidii in natural ecosystems in
eastern Australia using two rainforest species—R.

rubescens and R. psidioides—as indicators of the

impact of P. psidii. We conducted a manipulative field
experiment (disease exclusion trial) in a natural stand

of R. rubescens over 3 years to gather rigorous quan-

titative data on the progression of disease and its
subsequent effects on crown health and tree survival.

Extensive field assessments of P. psidii damage and

tree health were conducted across the native range of
our two indicator species to obtain an understanding of

the extent and severity of the impact of P. psidii in

natural ecosystems in Australia.

Methods

Selected study species

We selected two rainforest species to quantify the

impact of P. psidii in natural ecosystems in Australia
and to illustrate the potential for P. psidii to affect

similarly susceptible Myrtaceae. The two species, R.

rubescens and R. psidioides, are listed as highly to
extremely susceptible to P. psidii, including fruit

infection, based on field observations in Australia

(Carnegie and Cooper 2011; Carnegie and Lidbetter
2012; Pegg et al. 2014). Rhodamnia rubescens (brush

turpentine) is a common pioneer species in subtrop-
ical, cool and warm temperate rainforests, with a

coastal distribution from Batemans Bay in southern

NSW to Gympie in southern Queensland (Floyd 1989)
(Fig. 1). It is an understorey shrub to small tree with

dense foliage, and although reported to reach heights

of 25 m (Floyd 1989), we rarely observed trees over
15 m. Rhodomyrtus psidioides (native guava) is an

understorey shrub to small tree (to 12 m) found in

littoral rainforests and wet sclerophyll forests with a
coastal distribution from Gosford on the Central Coast

of NSW to Gympie in southern Queensland (Floyd

1989) (Fig. 2). It is known as a pioneer species in
disturbed environments (Williams and Adam 2010).

Puccinia psidii is known to have been established

across the range of these species since mid-2011
(www.bionet.nsw.gov.au/; Carnegie and Lidbetter

2012; Pegg et al. 2014). There is a paucity of botanical

or ecological research on these two species: both are
known to be susceptible to drought and frost, but have

few natural enemies, and are often described as good

‘‘screen’’ trees for their dense foliage (Floyd 1989;
Shaw 2015; www.noosanativeplants.com.au). Neither

species was considered as either rare or of conserva-

tion concern prior to 2010 and are still currently listed
as ‘Least Concern’ under state and federal legislation

(http://www.environment.nsw.gov.au/threatenedspeci

es/; http://www.ehp.qld.gov.au/wildlife/threatened-spec
ies/; http://www.environment.gov.au/biodiversity/threat

ened/species).

Effect of repeated damage by Puccinia psidii

on Rhodamnia rubescens: Olney State Forest

disease exclusion trial

Trial design

A disease exclusion trial was established in Olney

State Forest (SF) (33"0705300S, 151"15003000E) on the

Central Coast of NSW to quantify the effect of
repeated damage from P. psidii on R. rubescens and

examine the progress of disease symptoms over time.
The site selected was a wet sclerophyll forest in a

moist gully with an abundance of R. rubescens ranging

in size from newly emerging seedlings to 12 ? m
trees. Overstorey trees included Syncarpia glomulif-

era and Eucalyptus spp., with the understorey dom-

inated by R. rubescens and Allocasuarina sp. Puccinia
psidii was first detected in Olney SF in October 2010
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(Carnegie and Cooper 2011), 6 months after P. psidii

was detected in Australia; Olney SF is less than 10 km

north of the first known infected location in Australia.
It is likely that P. psidii had been present for several

months prior to being detected.

Twenty trees were selected by walking a line-

transect through the forest and every 5 m selecting the

nearest R. rubescens tree *0.5 to *4.0 m in height
(trees above this height would be too difficult to

spray). Ten trees were then randomly assigned as
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Fig. 1 Map of Rhodamnia rubescens survey sites. Native distribution of R. rubescens (grey triangles) obtained from Atlas of Living
Australia (www.ala.org.au) and mean crown transparency of survey plots (graduated circles)
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treated (sprayed) and 10 as untreated (not sprayed). All

foliage on treated trees was sprayed to run-off with the

fungicide triadimenol (50 mL/100 L)—which is reg-
istered in Australia for control of P. psidii (http://

permits.apvma.gov.au/PER12319.PDF)—with a manual

pressurized back-pack spray unit. Fungicide application

generally occurredmonthly fromAugust 2011 toOctober

2014. From June 2013, the ten treated trees were split into
two groups with five individuals randomly selected for

ongoing fungicide treatment while the other five were no
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Impact of the invasive rust Puccinia psidii (myrtle rust) on native Myrtaceae 131

123

http://permits.apvma.gov.au/PER12319.PDF
http://permits.apvma.gov.au/PER12319.PDF
http://www.ala.org.au


longer treated with fungicide (hereafter termed ‘‘partially
treated’’). This was carried out so that trees could recover

from infection for a period, so that we could then follow

disease progression from initial infection onwards, simi-
lar to original disease establishment in the forest.

Tree assessments

The whole crown of each tree was assessed for crown

transparency (Schomaker et al. 2007) monthly from
August 2011 to October 2014 to provide an indication

of the impact on tree health due to repeated damage

from P. psidii: low transparency (e.g. 25 %) indicated
many leaves in the crown and limited impact from P.

psidii infection; high transparency (e.g. 75 %) indi-

cated few leaves and a high level of impact. No other
causal agent of defoliation (e.g. herbivores or drought)

was observed during the course of the study. Incidence

and severity of P. psidiiwas assessed on leaves to gain
an understanding of the relationship between leaf dam-

age and crown transparency and to follow progression

of damage over time. Incidence (% infected) and
severity (% leaf area affected on diseased leaves) of

P. psidii was assessed on leaves on individual

branches from August 2011 to December 2012 and
thereafter on leaves in the whole crown up to October

2014 as follows. Three branches per tree were

randomly selected and tagged 30 cm from the tip
and each month from August 2011 to December 2012

the number of leaves (immature and mature leaves

combined) on each branch counted and the incidence
and severity of P. psidii on these leaves assessed.

‘‘Immature’’ leaves had recently been produced and

were still susceptible; ‘‘mature’’ leaves, representing
several leaf cohorts, had previously been susceptible,

but had since matured and were no longer susceptible

to new infection. From March 2013 to October 2014,
individual branches were no longer assessed and the

incidence and severity of P. psidii on the immature

leaves only, across the whole crown, was assessed at
monthly intervals. The methodology was modified as

many of the tagged branches on the untreated trees had
died by March 2013, hence further data was collected

by assessing P. psidii in the whole crown. Only these

later assessments (March 2013–October 2014) were
used to conduct comparative analysis with crown

transparency and leaf flush. An estimate of the

proportion of immature leaves in the whole crown,
providing an indication of leaf flush events, was also

assessed monthly from March 2013 to October 2014.
Development of flowers and fruit, and incidence of

rust on each, was to be assessed, however neither

flower nor fruit production was observed during this
study.

Quantification of infected leaf area and leaf size
on Rhodamnia rubescens at Olney SF

Within 6 months of initiation of the Olney SF disease
exclusion trial we observed a difference in disease

severity and an apparent difference in the size of newly

developed (immature) leaves between treated and
untreated trees. We hypothesized that this difference

in leaf size was due to repeated severe leaf damage and

subsequent defoliation on untreated trees resulting in
reduced carbon assimilation, thus affecting ongoing

leaf development. To further examine this, leaves

were collected and the leaf area damaged by P. psidii
(severity) and the total leaf area (size) of both treated

and untreated trees were assessed. Three branches per

tree from each of the 20 trees were randomly selected
(but avoiding tagged branches above) and two leaves

per leaf category (old, mature and immature) were

sampled six months after treatment began (i.e. 2
leaves 9 3 leaf categories 9 3 branches = 18 leaves/

tree). For this experiment we designated three cate-

gories of leaf age to try to differentiate the effect of
treatment on leaf production (=leaf size): ‘‘old’’ leaves

had matured prior to commencement of the trial and so

any rust on these was from previous episodes of
infection; ‘‘mature’’ leaves, representing several leaf

cohorts, would have been produced after the trial

commenced and so would have been susceptible, but
had matured and were no longer susceptible at the time

they were sampled; ‘‘immature’’ leaves had recently

emerged and were susceptible. Whole leaves were
removed, placed in paper bags, pressed in a herbarium

press while still fresh and scanned using an HP Color

LaserJet CM3530fs MFP. The image processing
software QUANT (Vale et al. 2003) was used to

quantify leaf area (mm2) and the percentage of leaf
area damaged by P. psidii (P. psidii severity).

The impact of Puccinia psidii on indicator species
across their native range

To gain an understanding of the impact of P. psidii on
our indicator species, and ascertain whether there was
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any variation in susceptibility, we assessed native
stands of each species across the range of their natural

distribution. Stands were selected via feedback of

local ecologists (e.g. Forestry Corporation of NSW;
National Parks and Wildlife Service) and from species

location data obtained from the Atlas of Living

Australia (www.ala.org.au/). While some stands
were already known to have a history of P. psidii

related dieback, such as those listed in the Atlas of

NSW Wildlife (www.bionet.nsw.gov.au/), many sites
were selected without any prior knowledge of P. psidii

presence to remove bias from site selection. Stands

were selected if they were in native forests and ideally
contained at least 20 individuals. At each site (GPS

coordinates obtained), a central point was located

within the stand and the nearest 20 individuals marked
for assessment. Individuals smaller than *0.5 m in

height were not included.

For each tree, assessments were made of P. psidii
infection and damage: (1) crown transparency (Scho-

maker et al. 2007), (2) incidence of P. psidii

(% infected) on (a) immature leaves, (b) mature leaves
and (c) flowers and fruits (if present), and (3) a disease

rating score (Pegg et al. 2012). Dead trees were classed

as 100 % crown transparency; results from the Olney
SF exclusion trial, and our extensive field observa-

tions, indicated that such trees might produce epi-

cormic growth or re-shoot, but that this foliage
subsequently became infected and died. No other

causal agent of defoliation (e.g. herbivores or drought)

was observed during our assessments. For disease
incidence assessments, immature leaves were those

that had not fully expanded and were thus still

susceptible to P. psidii; mature leaves were no longer
susceptible, but may have previously been infected

when immature and were still retained on trees.

Disease rating (0–4 scale) was based on the scale
developed by Pegg et al. (2012), where 0 = no

evidence of P. psidii symptoms, up to 4 = rust

pustules present on the majority of immature leaves
and shoots and evidence of stem and shoot dieback.

Based on results from the Olney SF disease exclusion
trial, a posteriori knowledge of our indicator species,

and typical foliage and stem and branch dieback

symptoms associated with repeated infection (Pegg
et al. 2014), we were confident that damage and crown

loss observed at sites assessed was caused by P. psidii.

Both our indicator species are evergreen.

Binoculars were used to assess tall trees where
necessary. Tree height (m) was measured with either a

height pole or laser rangefinder/height meter. Sites were

assessed between January and October 2014, roughly
3–3.5 years after P. psidii had established in natural

ecosystems across the natural range of these two species.

At each site we examined trees for typical symp-
toms of P. psidii infection and damage (Carnegie and

Lidbetter 2012; Pegg et al. 2014) to confirm presence

of the disease. This included yellow sori on immature
leaves and stems, old grey sori on mature leaves which

had been infected when immature, and branch and

stem dieback. No other disease established in Aus-
tralia presents similar symptoms (Walker 1983). At a

selection of sites, samples were collected for further

examination in the laboratory and molecular confir-
mation of P. psidii (results presented in Pegg et al.

2014; Machado et al. 2015).

Statistical analyses

Effect of repeated damage by Puccinia psidii
on Rhodamnia rubescens: Olney State Forest disease

exclusion trial

Crown transparency data were measured at regular

intervals so the data are a time series and the

observations over time on the same experimental unit
(tree) cannot be assumed to be independent. A mixed

effect model was used to model the auto-correlation

structure. An auto-correlation between the residuals of
different time points was modeled by introducing a

stationary auto-correlation function of order 1 (Chat-

field 2003; Diggle 1990). This error structure models
the residuals at time t (ut) as a function of residuals at

time t - 1 (ut - 1) along with the noise (et):

ut ¼ qut#1 þ et ð1Þ

The parameter q is unknown, and needs to be

estimated from the data. This error structure results in

the following correlation structure:

cor ut; usð Þ ¼ 1 if t ¼ s
q s#tj j else

!
ð2Þ

Treatment and time were used as fixed effects.

Initial plotting indicated a non-linear trend with time,

so a smoothing spline was fitted with time. The fitted
model is:
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Response variable ¼ intercept þ Treatment

þ f1 timeð Þ : Treatment þ e

ð3Þ

where crown transparency is the response variable,

treatment (=treated, untreated and partially treated),
and time is the number of days since the start of the

study period. A separate spline function (f1) is fitted for

each treatment over time rather than assuming a linear
relationship.

Maximum likelihood was used when comparing

nested models where the fixed effects differed (Zuur
et al. 2009). Likelihood ratio tests and t statisticswere used

to identify the significant fixed effect terms in the model.

Model was validated by inspecting the residual plots to
check for homogeneity, independence and normality.

Quantification of infected leaf area and leaf size
at Olney SF

Observations were made within trees for the leaf area
data, so the observations are not independent and hence a

mixed effects model was fitted to the data. Fixed effects

that were included in the model were treatment, crown
transparency and leaf class (old, mature, immature).

Crown transparencywas included in themodel aswe had

hypothesized that high crown transparency would result
in a reduction in photosynthetic area and thus a reduction

in size of newly produced leaves due to depletion of

reserves. For the analysis, we included crown trans-
parency assessment dates that we believed would have

had some effect on foliage production for each leaf class

(i.e. crown transparency prior to or at the time of foliage
production): for immature leaves, we used mean crown

transparency from the two preceding assessments (Fe-
bruary 2012 and December 2011); for mature leaves we

used mean crown transparency for the December 2011

and November 2011 assessments (these leaves had
matured by the February 2012 assessment); for old leaves

we used crown transparency from August 2011 only.

The full model fitted is:

Response variable ¼ intercept þ Treat þ LC

þ Transþ Treat : LC þ aþ e

ð4Þ

where response variable is the leaf area or the severity

of P. psidii on leaves (P. psidii severity), Treat, LC,

Trans, Treat:LC, are the terms for fixed effects for

treatment, leaf class, crown transparency and the
interaction of treatment and leaf class, and a, e are the
random effects for the tree and the error terms. The

variances for the treated and the untreated for severity
data were different. The heteroscedasticity structure

was specified by weights argument in the model. The

model was fitted using likelihood ratio tests for
significance testing.

The impact of Puccinia psidii on indicator species
across their native range

The crown transparency data has an inherent nested
structure as the trees are nested within locations and

cannot be assumed to be independent as is required for

linear regression. The data were therefore analyzed
using mixed models (Pinheiro and Bates 2000).

Restricted maximum likelihood (Zuur et al. 2009)

was used to compare nested models in which only the
random effects differed. Following the final random

effect structure the model was tested for fixed effects.

Likelihood ratio tests and t statistics were used to
identify the significant fixed effect terms in the model.

Previous rust (site with a known history of P.

psidii), disease rating, disease incidence on immature
leaves, disease incidence on mature leaves, and height

were used as the fixed variables. Location was used as

the random variable. The full model that was fitted
was:

Response variable ¼ intercept þ DRþ PRþML

þ Ht þ ILþ aþ e

ð5Þ

where crown transparency is the response variable,

DR, PR, ML, IL, Ht, are the fixed effect terms for
disease rating, previous rust, disease incidence on

mature leaves, disease incidence on immature leaves

and height, and a, e are the random effects for the
location and the error terms. We included previous

rust in the analysis to determine whether there was any

bias in our selection of sites we already knew had
disease compared to those with an unknown disease

history.

We also tested whether region—using Köppen
climate classification and seasonal rainfall data (www.

bom.gov.au)—had an effect on disease of R. rubes-

cens and R. psidioides across the survey sites. How-
ever, there was no effect so we did not report on this
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further. Pearson correlation coefficient was calculated
between crown transparency, severity on immature

and mature leaves and disease scores.

All analyses were conducted using R (R Core Team
2014), nlme (Pinheiro et al. 2014) and plotting was

done using ggplot2 (Wickham 2009) and lattice

(Sarkar 2008).

Results

Effect of repeated damage by Puccinia psidii

on Rhodamnia rubescens: Olney State Forest
disease exclusion trial

Monthly application of the fungicide triadimenol was
effective in controlling P. psidii on R. rubescens in the

native environment (Figs. 3, 4, Supplementary

Fig. 1). If fungicide application extended beyond this
time-frame, control was not effective (Supplementary

Fig. 1, arrows). Active P. psidii infection (sori

producing yellow urediniospores) was observed at
every assessment date on untreated trees. There was a

significant difference (p\ 0.001) in crown trans-

parency between treated, untreated and partially
treated trees (Fig. 3). There was a significant autocor-

relation (q) between values over time for each tree

(q = 0.2, p = 0.01). The smoother terms were all

significant (p\ 0.001) and had 5, 3 and 5 degrees
freedom for untreated, treated and partially treated

trees, respectively, indicating that the trends in crown

transparency over time are non-linear. Based on data
from March 2013 to October 2014, crown trans-

parency was moderately correlated with incidence

(r = 0.36, p\ 0.001) and severity (r = 0.38,
p\ 0.001) of disease on immature leaves and with

percentage new flush (r = 0.51, p\ 0.001); incidence

and severity were highly correlated (r = 0.86,
p\ 0.001); and percentage new flush was moderately

correlated with incidence (r = 0.34, p\ 0.001) and

severity (r = 0.31, p\ 0.001) of disease on immature
leaves.

This trial allowed observations of disease progres-

sion, and the subsequent impact of this on trees, over
time. At the beginning of the trial, all trees had similar

crown transparency (Fig. 3) as well as incidence and

severity on mature and immature leaves (data not
shown). As the trial progressed, incidence and severity

of P. psidii infection on treated trees effectively

became zero while disease on untreated trees fluctu-
ated, but was significantly greater than on treated trees

(Supplementary Fig. 1). This corresponded with an

increase in crown transparency on untreated trees and
a decrease on treated trees (Fig. 3). Significant periods

of leaf production (leaf flush) generally followed a

trend of increasing during warm wet periods of the

Fig. 3 Time series plot of
mean crown transparency of
all Rhodamnia rubescens
trees for the disease
exclusion trial at Olney State
Forest. The lines are locally
weighted scatterplot
smoothing curves (loess)
and the shaded areas are the
95 % confidence interval.
Red untreated, Blue treated,
Green partially treated
(treatment ceased in June
2013)
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year (i.e. spring to summer), but this was not always
consistent (Supplementary Fig. 1). Untreated trees

had a greater proportion of the crown as new flush,

compared to treated trees, as the majority of matured
leaves had fallen on untreated trees. Incidence and

severity of P. psidii generally followed a trend of

increasing during periods of high rainfall and reducing
during dry periods over winter (Supplementary

Fig. 1), but again this was not always consistent. A

similar trend, with a slight time lag, was observed for
crown transparency (Fig. 3). Generally, peaks in

incidence and severity occurred a month or so
following peaks in leaf flush (Supplementary Fig. 1).

A more detailed epidemiological study will be carried

out on this data.
Time-series observations of untreated trees

revealed that immature leaves became infected and

often distorted and died. This resulted in a prolifera-
tion of new shoots and immature leaves that subse-

quently became infected and distorted with many

dying. Within 6 months of the trial commencing, any
new (immature) leaves on untreated trees were

noticeably smaller than those on treated trees. Over

time, mature leaves that had been retained on
untreated trees prior to the trial beginning were shed,

with little replacement (thus increasing crown trans-
parency). Occasionally, a new flush of leaves did not

coincide with conditions optimal for disease, resulting

in little infection and a cohort of leaves surviving to
maturity (and a subsequent decrease in crown trans-

parency). In contrast, on treated trees, immature leaves

were able to fully expand and were retained on trees,
thus resulting in a decrease in crown transparency.

When we divided the treated trees into two groups

in June 2013, we saw no noticeable change in disease
incidence and severity or crown transparency in the

now untreated (partially treated) trees for 6 months,
then a sharp increase in incidence and severity in early

2014 (Supplementary Fig. 1) followed by an increase

in crown transparency (Fig. 3), significantly different
(p\ 0.001) from the treated trees.

In December 2013 we began to observe some

untreated trees almost completely defoliated and with
any retained immature leaves distorted and dead

(Fig. 4a). These trees subsequently produced a small

amount of new flush, which was again severely
infected, and by August 2014 these trees ceased to

produce new flush and had died. A separate assess-

ment of 100 trees in this stand (see section below ‘‘The
impact of Puccinia psidii on selected species across

Fig. 4 Comparison of untreated tree (a) and treated tree (b) of Rhodamnia rubescens in the disease exclusion trial at Olney State Forest
24 months after commencement of the trial and approx. 3 years after Puccinia psidii established in the forest
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their native range’’), revealed that 53 % of trees had
died by October 2014. Thus, tree mortality had

occurred in this native ecosystem less than four years

after P. psidii had established in this forest.

Quantification of infected leaf area and leaf size

Severity of P. psidii on leaves collected from the

disease exclusion trial at Olney SF was significantly

(p\ 0.001) higher on the untreated compared to the
treated trees for all three leaf classes, but more so for

the mature and immature leaves. The size of leaves

(leaf area) was not significantly different between
treated and untreated trees for the old and mature leaf

class, but was significantly different between treat-

ments for the immature leaf class (p = 0.004). Mean
and standard errors (SE) for severity of P. psidii and

leaf area are presented in Table 1. Immature leaves

assessed using QUANT were produced generally
4–5 months after initiation of the trial, and so we

expected some influence of reducing crown trans-

parency of untreated trees on leaf production. How-
ever, previous crown transparency on trees from

which leaves were collected was not a significant

factor in determining leaf area or disease severity.

The impact of Puccinia psidii on indicator species

across their native range

For R. rubescens, we assessed 43 sites across the

native range from Murramarang National Park
(35"4004500S, 150"1605500E) near Batemans Bay,

NSW, to Traveston Crossing (26"1104300S,
152"2503000E) near Gympie, Queensland (Fig. 1), with
P. psidii present at all sites. The mean crown

transparency was 76.29 % (SE 0.81 %), with the
majority (79 %) of trees having greater than 60 %

transparency (Fig. 5a). Based on the disease exclusion

trial, and a posteriori knowledge of the species, we
surmise the normal crown transparency of R. rubes-

cens in an understorey is approx. 30–35 %. We

observed tree mortality at 18 sites, mostly only a few
trees, but five sites with between 20 and 40 % of trees

dead, one site with half the trees dead and another with

three-quarters of the trees dead (Table 2). Overall,
12 % of trees surveyed were classed as dead (Fig. 5a).

There was no evidence of any other primary causal

agent that could have been responsible for this tree
mortality. Mean disease incidence was greater on

immature leaves [56.37 % (SE 2.08 %)] than on

mature leaves [29.76 % (SE 1.16 %)], with a mean
disease rating (score) of 2.40 (SE 0.08). Crown

transparency was significantly (p\ 0.001) negatively

correlated with tree height, and positively correlated
with disease rating and incidence of disease on mature

leaves (Table 3), but not with incidence of disease on

immature leaves or previous presence of rust at the
location. The disease rating score was highly corre-

lated with incidence on immature leaves (r = 0.89,

p\ 0.001).
For R. psidioides, we assessed 18 sites from

Wambina Nature Reserve (33"2406000S, 151"2003400E)
near Gosford, NSW, to Tallebudgera Valley
(28"701500S, 153"1204800E) near Beechmont, Queens-

land (Fig. 2), with P. psidii present at all sites. The

mean crown transparency was 94.88 % (SE 0.53 %),
with the majority of trees (82 %) having greater than

90 % transparency (Fig. 5b). Based on a posteriori

knowledge of the species, we surmise the normal
crown transparency of R. psidioides in an understorey

Table 1 Mean and standard error (SE) of percentage severity of Puccinia psidii and leaf area of old, mature and immature leaves
from treated and untreated trees analyzed with the image processing software QUANT from the Olney SF disease exclusion trial

Treatment Leaf class P. psidii severity (%) Leaf area (mm2)

Mean SE Mean SE

0 Old 16.81 3.70 71.32 8.51

1 Old 6.40 0.78 68.83 8.27

0 Mature 11.06 2.54 58.03 11.43

1 Mature 0.36 0.08 69.12 8.50

0 Immature 19.13 5.81 14.03 3.21

1 Immature 0.97 0.50 49.44 5.61

0 = untreated; 1 = treated
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is approx. 25–35 %. All but 3 sites had exceptional

levels of treemortality (Table 4), with four sites having
50–75 % dead trees, two sites with 95 % dead trees,

and two sites with all trees (100 %) dead. Overall,

57 % of trees surveyed were dead (Fig. 5b). Trees of
all sizes were killed, including trees as tall as 12 m in

height (Fig. 6), with the stage of decline indicating

some had been dead for at least 1 year (i.e. 2 years after
P. psidii established in the region). There was no

evidence of any other primary causal agent that could

have been responsible for this tree mortality. Mean
disease incidence was greater on immature leaves

[94.46 % (SE 2.12 %)] than on mature leaves

[38.44 % (SE 3.18 %)], with a mean disease rating
(score) of 3.87 (SE 0.05). Crown transparency was not

significantly correlated with any other variable

assessed (data not shown).
For both these species, we observed severely

damaged trees with epicormic shoots infected and

killed by P. psidii.Ad hoc observations during surveys
revealed few regenerating seedlings and/or suckers,

and all with P. psidii infection and associated dieback.

Discussion

The disease exclusion trial at Olney SF unequivocally

showed that repeated, severe infection by P. psidii
results in a reduction in foliage production, severely

affects crown health and can lead to tree death. It also

revealed that myrtle rust is capable of killing mature
trees in a native forest ecosystem in fewer than four

years. This trial provided strong supporting evidence

for our conclusions that the severe crown loss, dieback

and tree mortality we observed in R. rubescens and R.
psidioides across their native range was a result of

repeated infection by P. psidii. Any alternative causal

agents have been discounted. This is supported by
previous studies (Pegg et al. 2014; Shaw 2015).

Puccinia psidii has caused significant damage in

commercial plantations and orchards in South and
Central America (to both exotic and endemic species),

to invasive weed species in Florida and Hawai’i, and

to endangered endemic species in Hawai’i. This
disease is now causing significant damage to endemic

Myrtaceae in natural ecosystems in Australia. Severe

infection and crown loss, dieback and tree mortality
were observed in our indicator species—R. rubescens

and R. psidioides—across their entire native range.

Rhodomyrtus psidioides has been particularly
affected, with deaths of over half the trees in many

stands within 2–3 years of P. psidii establishing,

including mature trees up to 12 m tall. This species is
now undergoing a process of rapid decline across its

range as a result of P. psidii invasion: of the 297 trees
across 18 stands that we assessed, 57 % are dead, with

all but three sites having exceptional levels of tree

mortality. We know from observations of botanists
and seed collectors that stands of R. psidioides were

healthy prior to P. psidii establishing (Shaw 2015).

Thus, based on our data, R. psidioides has undergone a
population decline of greater than 50 % in less than

five years. Similar impact has been observed in

Hawai’i to endangered Eugenia koolauensis and
mature trees of the exotic S. jambos (Uchida and

Loope 2009; Loope 2010), but not previously to an

Fig. 5 Total tree counts
(across all sites) for crown
transparency (grey bars)—
in 10 % classes—and tree
mortality (black bar)
associated with Puccinia
psidii for a Rhodamnia
rubescens and
b Rhodomyrtus psidioides
from field assessments
across the species’ native
ranges
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abundant endemic species. The damage to R. rubes-
cens is just as extensive but less severe, with 12 % of

trees assessed as dead in our study, and tree mortality

observed in fewer than half the stands. It appears,
however, that R. rubescens can cope better with the

disease because it can manage to produce some flush

even after substantial defoliation. Still, based on our
surveys, R. rubescens numbers have declined by over

10 % in less than five years; this abundant species is

also undergoing significant decline across its range.
Our quantitative findings for both species are

supported by field botanists who have conducted

extensive surveys of these species during routine
botanical surveys and seed collecting over many

years: ‘‘…all sites of R. rubescens visited since 2010

are in serious decline…with no flowering or seed
observed’’ (Doug Beckers, Senior Botanist, National

Parks and Wildlife Service, pers. comm., May 2014);

‘‘R. rubescens and R. psidioides are seriously threat-
ened, with significant decline in all stands visited…the

worst area in the Bellinger Valley [NSW] where

hundreds of plants have died…’’ (Richard Johnstone,
Seed Bank Officer/Botanist, The Australian Botanic

Garden Mount Annan, pers. comm., July 2014);

‘‘Neither R. rubescens or R. psidioides have flowered
since 2010, with at least half of R. rubescens dead and

all known R. psidioides dead at monitoring sites’’ (Deb

Holloman, Bush Regeneration Coordinator, National
Parks and Wildlife Service, May 2015). Monitoring of

R. rubescens and R. psidioides stands in northern

NSW—which prior to 2011 appeared to be vigorous
and in robust health—revealed devastating effects,

with 75 % tree mortality in some areas (Smith, M.,

National Parks and Wildlife Service, 2014, unpub-
lished). The impact of P. psidii on these hitherto

widespread species, neither of which is legislatively

‘listed’ under state or federal legislation, is likely to be
sufficient to justify a change in their status to

‘threatened’ (IUCN 2001). While further investiga-

tions are required to determine the impacts on a range
of host species, those considered threatened prior to P.

psidii being detected in Australia and identified as
being susceptible may be at greater risk of becoming

extinct. Preliminary studies have already identified

that the currently threatened species Rhodamnia
angustifolia, a species with only 12 trees remaining

in the wild, has been further threatened, with repeat

infection resulting in loss of fecundity and rapid
dieback (Pegg et al. 2014).

Table 2 Percentage of Rhodamnia rubescens trees assessed as
dead at each survey site

Location Percent
dead

Austinmer, NSW 0.0

Bagawa SF, NSW 15.0

Bongil Bongil NP, NSW 10.0

Brill Brill SF, NSW 30.0

Brisbane Water NP, NSW 0.0

Chichester SF, NSW 8.3

Conglomerate SF, NSW 0.0

Cunninghams Gap, QLD 0.0

Ewingar SF 1, NSW 0.0

Ewingar SF 2, NSW 0.0

Flat Rock SF, NSW 0.0

Gibraltar Range NP, NSW 0.0

Gold Creek Reservoir, QLD 73.3

Goongery, NSW 15.4

Kiwarrak SF, NSW 26.3

McDonald SF, NSW 4.8

Mebbin NP 2, NSW 0.0

Mebbin NP 4, NSW 0.0

Middle Brother SF, NSW 0.0

Morton NP, NSW 0.0

Murramarang NP 1, NSW 4.5

Murramarang NP 2, NSW 8.3

Murramarang NP 3, NSW 16.7

Olney SF 1, NSW 53.3

Olney SF 2, NSW 0.0

Pine Creek SF, NSW 0.0

Red Head, NSW 40.0

Richmond Range NP, NSW 0.0

Royal NP, NSW 23.3

Seven Mile Beach NP, NSW 16.7

Tallebudgera Valley 1, QLD 25.0

Tallebudgera Valley 2, QLD 0.0

Termeil SF 1, NSW 0.0

Termeil SF 2, NSW 0.0

Tomerong SF, NSW 0.0

Tomerong, NSW 0.0

Traveston Crossing 1, QLD 0.0

Traveston Crossing 2, QLD 13.3

Upper Burringbar, NSW 0.0

Upper Sleepy Hollow, NSW 0.0

Wambina NR, NSW 11.1

Way Way SF, NSW 0.0

Yabbra SF, NSW 0.0

SF State Forest, NP National Park, NR Nature Reserve
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The assessments of R. rubescens in Olney SF
provided information not only on the effects of the

disease on R. rubescens but on the progression of

disease and rate of decline in the plant population. This
revealed not only how quickly the tree crown declines

(within 6 months) following repeated infection of

immature leaves and subsequent defoliation, but also
fluctuations in incidence and severity of disease over

time. The study using the image processing software

QUANT (Vale et al. 2003) provided more rigorous
data on the effects of P. psidii on R. rubescens at Olney

SF. For the immature leaf class, we saw a significant

difference in both disease severity and leaf area
between treatments, indicating a causal relationship

between disease and reduced leaf area. We had

hypothesized that reduced leaf size would be associ-

ated with increased crown transparency on trees:

fewer leaves resulting in less photosynthesis leading to
a gradual decline in carbohydrates for ongoing leaf

production. However, we did not see a significant

correlation between these traits. This may be an
artifact of the trial design, as there were only three

assessments (August, November, December 2011) of

crown transparency prior to sampling leaves (February
2012). The data did, however, show that untreated

trees had more disease, smaller leaves (when they did

reach maturity) and higher crown transparency com-
pared to treated trees. We surmise that the gradual

decline in foliage retention on diseased trees resulted

in a decrease in photosynthetic capability of these trees
leading to a reduction in the size of newly produced

Fig. 6 Native stand of mature Rhodomyrtus psidioides in north
coastal NSWwhere the majority of trees have been killed within
2–3 years of Puccinia psidii establishing. Photo P. Entwistle

Table 3 ANOVA table for
fixed effects of field
assessments of Rhodamnia
rubescens

Variables Value SE t-value p value

Intercept 70.13 3.57 19.66 \0.001

Disease rating 3.17 0.66 4.77 \0.001

Height (m) -2.15 0.44 -4.90 \0.001

Disease incidence on mature leaves 0.20 0.03 6.04 \0.001

Table 4 Percentage of Rhodomyrtus psidioides trees assessed
as dead at each survey site

Location Percent
dead

Baggotville 1, NSW 69.2

Baggotville 2, NSW 60.0

Bongil Bongil NP, NSW 72.5

Broken Ridge, NSW 100.0

Cudgen NR, NSW 0.0

Ewingsdale, NSW 100.0

Goolawah RP, NSW 24.0

Myall Lakes NP, NSW 23.1

Port Macquarie 1, NSW 11.8

Port Macquarie 2, NSW 0.0

Red Head, NSW 0.0

Seal Rocks RP, NSW 20.0

Tallebudgera Valley, Qld 96.7

Tweed Coast, NSW 15.0

Upper Burringbar, NSW 95.7

Upper Sleepy Hollow, NSW 12.5

Wamberal Lagoon NR, NSW 50.0

Wambina NR, NSW 33.3

NP National Park, NR Nature Reserve, RP Regional Park
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leaves. Over time this likely resulted in the depletion
of stored carbohydrates, affecting further leaf devel-

opment and foliage replacement. Like P. dioica in

Jamaica (MacLachlan 1938) and S. jambos in Hawai’i
(Uchida and Loope 2009), R. rubescens and R.

psidioides are severely defoliated by P. psidii, result-

ing in the production of highly susceptible new
growth, which in-turn becomes severely infected and

defoliated. Repeated defoliation leads to reduced

foliage re-growth, affects reproduction, and ultimately
causes tree morality, likely due to carbohydrate

depletion (McPherson and Williams 1998).

The time-series observations of disease progression
at Olney SF provide some corroboration of the

published environmental factors that influence disease

development. Periods of rainfall were generally fol-
lowed by an increase in leaf production, even during

winter. This abundant susceptible foliage, with con-

tinued high humidity and rainfall, provided ideal
conditions for infection by P. psidii, and a subsequent

increase in incidence and severity of disease generally

within a month. Duration of leaf wetness and high
relative humidity combined with nocturnal tempera-

tures ranging from 18 to 22 "C have been recognized

in previous studies as being triggers for disease
outbreaks (Tessmann et al. 2001). The frequency and

quantity of rainfall is also a likely factor of signifi-

cance influencing rate and quantity of new leaf
growth.

Our work showed that P. psidii has expanded across

the entire natural range of our two study species, was
found on every plant surveyed, and the damage to

individual plants was generally high to extreme. The

overall impact of an invasive species can be measured
by the total area occupied (range), the abundance

across that range, and the damage on individual plants

(Parker et al. 1999). Thus, based on the metrics
proposed by Parker et al. (1999), the impact of P.

psidii on these two endemic species in natural

ecosystems in Australia is severe. Our study, however,
only investigated damage to individuals within pop-

ulations, and as such more research is required to gain
an understanding of the effects on plant communities

and ecosystem processes (Parker et al. 1999). The

short-term ecosystem-level impacts of P. psidii are
likely to include a reduction in photosynthesis and

productivity, stimulation of decomposition and

changes in microclimate and light condition in the
forest due to crown loss and mortality of highly

susceptible species (Lovett et al. 2006). Longer term
effects are likely to be related to a change in species

composition, due to local extirpation of highly

susceptible species, and subsequent changes of forest
structure, productivity, and nutrient cycling. Already

we are observing changes in plant community struc-

ture, with native grasses and exotic weeds (e.g.
Lantana camara) colonizing gaps provided by mor-

tality of R. psidioides stands (authors, pers. obs.).

Our selected species have proven useful in illus-
trating the potentially severe impact of P. psidii on

other highly or extremely susceptible species in an

ecologically critical family (Myrtaceae) that consti-
tutes about 10 % of the Australian flora by species—

about half of which occur in climatic zones identified

as conducive to P. psidii naturalisation (Kriticos et al.
2013). Pegg et al. (2014) considered 48 species in

Queensland alone to be highly or extremely suscep-

tible to P. psidii. We recommend a greater range of
species with a broader variation in susceptibility be

monitored, including both currently ‘listed’ threatened

species and ‘non-listed’ species. Understanding the
variability in species susceptibility is critical in order

to optimize scarce resources for potential species

recovery plans. Such monitoring will also assist in
detecting changes in disease severity due to local and

regional variation in climate and potentially herald the

incursion of new strains of P. psidii (e.g. Loope 2010).
The introduction of new strains of P. psidii into

Jamaica (MacLachlan 1938) and Florida (Rayachhetry

et al. 1997) resulted in devastating epidemics not
previously seen in those counties. Furthermore, it is

imperative that monitoring of plant communities and

ecosystems are initiated to fully understand the long-
term impact of this devastating invasive pathogen.

In just the short time that P. psidii has been

established in Australian natural ecosystems we have
observed significant damage and tree mortality. There

are few exotic diseases in Australia that threaten a

wide range of Australian flora. The most significant of
these is Phytophthora cinnamomi, which is associated

with mortality of a wide range of overstorey and
understorey species in multiple families including

Myrtaceae, Proteaceae, Epacridaceae and Papil-

ionaceae (Wills 1992; Weste 1994). Phytophthora
cinnamomi is associated with significant ecological

impact in plant communities in south-eastern

and south-western Australia, with declines in species
richness, plant abundance and percentage cover
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(Wills 1992; Weste 1994). Fauna dependent on these
plant communities are also affected. While P. psidii-

associated mortality of dominant overstorey trees has

not yet been recorded (although effects on vegetative
and seedling recruitment of these remain unknown),

over time we are likely to see significant alterations to

understorey plant communities due to P. psidii.
There are numerous examples of invasive forest

pathogens causing landscape-level ecological impacts

(Ellison et al. 2005; Loo 2009), including chestnut
blight (Cryphonectria parasitica) in North America

(Anagnostakis 1987), Dutch elm disease (Ophiostoma

ulmi and O. nova-ulmi) in Europe and North America
(Gibbs 1978) and phytophthora dieback (Phytoph-

thora cinnamomi) in Australia (Wills 1992; Weste

1994). The greatest impacts occur when invasive
pathogens cause mortality of foundation species

(Ellison et al. 2005; Loo 2009). Death of foundation

species are also often very dramatic, garnering gov-
ernment and public attention, e.g. phytophthora die-

back, Dutch elm disease and chestnut blight. Although

receiving government and public attention prior to
reaching Australia (e.g., O’Neill 2000; Grgurinovic

et al. 2006), and during the emergency response

following detection (e.g., Carnegie and Cooper 2011;
Makinson 2012), interest in P. psidii in Australia has

waned, partly because the ‘‘mycological firestorm’’

that ‘‘environmentalists predicted’’ does not appear to
have eventuated (according to McRae 2013); there has

been no large scale tree mortality and minimal affects

to industries so far. Our studies, while currently
limited, have shown that P. psidii is severely affecting

key species in natural ecosystems, and likely to be

significantly affecting a wider range of species. Local
extirpation of highly susceptible species is likely,

potentially leading to species extinction. This work

clearly illustrates the potential for P. psidii to nega-
tively affect Australia’s biodiversity.
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(revised with advice from CTSSC and Qld, October 2018) 
 
Rhodamnia rubescens (Benth.) Miq. (Myrtaceae) 
Distribution: NSW, Qld 
Current EPBC Act Status: Not listed  
Current NSW BC Act Status: Not listed (Preliminary Determination to list as Critically Endangered 
made under BC Act) 
 
Summary of Conservation Assessment 
Rhodamnia rubescens was found to be eligible for listing as Critically Endangered under the BC 
Act 2016 under Clause 4.2 (equivalent to IUCN Criteria A3(e)). To be listed as threatened under 
Clause 4.2 the species must have experienced a population reduction of 80% (CR threshold) over 
three generations or 10 years (whichever is longer). The effect of Austropuccinia psidii (Myrtle 
Rust) infection on R. rubescens is severe across the species entire range based on quantitative 
evidence from field surveys. An > 80% reduction in the population of R. rubescens across Australia 
over the three generations is projected given documented levels of mortality due to A. psidii 
infection and high susceptibility to A. psidii in both mature individuals and seedlings. 
 
Description and Taxonomy 
Rhodamnia rubescens (Benth.) Miq. (family Myrtaceae) is described by PlantNET as: 
“Shrub or small tree to 25 m high, bark reddish brown, fissured; young stems densely tomentose. 
Leaves with lamina ovate to elliptic, 5–10 cm long, 2–4.5 cm wide, shortly acuminate, base cuneate 
to rounded, upper surface green and sparsely hairy, lower surface paler and sparsely to densely 
hairy with erect hairs; strongly 3-veined from base, lateral veins transverse; oil glands distinct, 
moderately dense; petiole 4–9 mm long. Inflorescences 1–3 per axil, each usually 3-flowered; 
peduncle 5–22 mm long. Hypanthium sparsely pubescent. Sepals 2–3 mm long, caducous. Petals 
4–6 mm diam., white. Stamens 3–5 mm long. Style 4–5 mm long. Fruit globose, 5–8 mm diam., 
red turning black.”  
 
Synonyms: Rhodamnia trinervia (Sm.) Blume, Monoxora rubescens Benth.  
 
Common name: Scrub Turpentine, Brown Malletwood 
 
NOTE: Myrtle rust was previously known as Puccinia psidii (see Beenken 2017). 
 
 
Distribution and abundance  
 
Rhodamnia rubescens is known to occur from coastal districts of NSW north from Batemans Bay 
(35.71° S, 150.18° E) to Bundaberg in Queensland (24.86° S, 152.35° E). The distribution of R. 
rubescens occasionally extends inland onto the escarpment up to 600 m a.s.l. in areas with rainfall 
of 1,000-1,600 mm (Benson & McDougall 1998).  
 
There are 2,740 records associated with the name R. rubescens in Australia in the Atlas of Living 
Australia (http://www.ala.org.au accessed 4/4/2018). Of these records, 329 are associated with 
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vouchered herbarium specimens and 2,266 with the NSW Office of Environment & Heritage Atlas 
of NSW Wildlife (BioNet). All records for R. rubescens from Herbarium and Atlas databases were 
accessed and cleaned to remove duplicates and erroneous records. Note that two records from 
the Wet Tropics region of Queensland were assumed to be incorrectly identified as this species is 
not known to occur north of Gympie (Floyd 2008).  
 
 
Populations 
The number of distinct populations of Rhodamnia rubescens is unknown but is expected to be large 
given the wide distribution of the species. Occurrences of R. rubescens are contiguous along the 
entire range of the species with no significant disjunctions.  
 
No formal estimates of total abundance of Rhodamnia rubescens across the range of the species, 
or of extinction-risk status prior to 2010, have been located (Australian Network for Plant 
Conservation, in litt. April 2016). It is reasonably suspected that given the large geographic range 
size of R. rubescens and its characterisation as a ‘common’ species (Benson and McDougall 1998; 
Floyd 2008) that the number of mature individuals may be large (i.e., not < 10,000, the IUCN 
threshold for Vulnerable). However, there is clear evidence of R. rubescens mortality and a lack of 
successful seedling recruitment due to infection by Austropuccinia psidii documented at multiple 
sites across the species entire range (Carnegie et al. 2016; Pegg et al. 2017; J. Neldner in litt. 
March 2018). 
 
 
AOO and EOO estimates 
Rhodamnia rubescens has a large geographic distribution. 
 
The extent of occurrence (EOO) was estimated to be 147,340 km2. The EOO is estimated based 
on a minimum convex polygon enclosing all mapped occurrences of the species, the method of 
assessment recommended by IUCN (2017).  
 
The area of occupancy (AOO) was estimated to be 3,360 km2. This calculation was based on the 
species occupying 840 (2 km x 2 km) grid cells, the spatial scale of assessment recommended by 
IUCN (2017). 
 
 
Evidence of population decline  
 
The 'Introduction and establishment of Exotic Rust Fungi of the order Austropucciniales pathogenic 
on plants of the family Myrtaceae' is listed as a Key Threatening Process under the NSW BC Act 
(gazetted 15/4/2011). In 2014-2015, the Commonwealth Threatened Species Scientific Committee 
considered a public nomination to list ‘exotic rust fungi of the order Pucciniales that are pathogenic 
on plants of the family Myrtaceae’ as a Key Threatening Process under the Environment Protection 
and Biodiversity Conservation Act 1999. The Committee decided that such pathogens are 
encompassed within the existing ‘Novel biota and their impact on biodiversity’ Key Threatening 
Process and did not prioritise the assessment. 
 
Austropuccinia psidii was first detected in Australia on the NSW Central Coast in April 2010 and 
has since established in natural ecosystems throughout coastal NSW, south-east Queensland and 
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far north Queensland and has a limited distribution in Victoria, Tasmania and the Northern Territory 
(Carnegie and Lidbetter 2012; Pegg et al. 2014).  
 
Rhodamnia rubescens is a known host of A. psidii (Zauza et al. 2010) and is characterised as 
'Highly to Extremely Susceptible' to infection (Pegg et al. 2014). All plant parts have been 
documented as being affected by A. psidii infection, including leaves, stems, flowers and fruits 
(Pegg et al. 2014; Carnegie et al. 2016). A disease rating system documents species susceptibility 
to A. psidii infection from Relatively Tolerant to Extremely Susceptible (Pegg et al. 2014). Highly 
susceptible species exhibit “rust sori…on 50–80% of expanding leaves and shoots, evidence of 
rust on juvenile stems and older leaves, leaf and stem blighting and distortion, multiple sori per 
leaf/stem” whereas Extremely Susceptible species exhibit “rust sori…on all expanding leaves, 
shoots and juvenile stems; foliage dieback; evidence of stem and shoot dieback” (Pegg et al. 2014). 
A susceptibility study of wild-collected seed of R. rubescens to A. psidii inoculation documented 
60.5% of R. rubescens seedlings as being resistant to infection (Zauza et al. 2010). The fungal 
isolate used in this glasshouse trial (UFV-02 (Race 1; Junghans et al. 2003) has not been confirmed 
as the strain of A. psidii that is currently present in Australia. No significant variation in susceptibility 
of populations of R. rubescens has been noted in field surveys (Carnegie et al. 2016). However, 
field surveys have detected relatively healthy individual R. rubescens plants in some locations 
which could be targeted for additional research (J. Willis in litt. April 2018). 
 
Extensive field assessments of A. psidii damage on R. rubescens across its entire range have 
been, and continue to be, conducted (Carnegie et al. 2016; Pegg et al. 2017; J. Neldner in litt. 
March 2018; J. Ferris in litt. Jan 2018; J. Willis in litt. April 2018). Carnegie et al. (2016) surveyed 
forty-three sites to assess for the impact of A. psidii on R. rubescens between January and October 
2014 which was approximately 3-3.5 years after A. psidii had established across the range of this 
host species (Carnegie and Lidbetter 2012; Pegg et al. 2014). Sites were distributed between 
Murramarang National Park near Batemans Bay, NSW in the south, to Traveston Crossing near 
Gympie, Queensland, in the north and are representative of A. psidii impacts across the population. 
Sites were selected for assessment if they contained predominantly native vegetation and 
approximately 20 individuals of R. rubescens. A. psidii was detected as present at all sites, and no 
other plant disease established in Australia presents similar symptoms (Walker 1983). At all sites, 
approximately 20 individuals of R. rubescens were assessed for crown transparency (Schomaker 
et al. 2007) and the incidence of A. psidii (% infected) on mature leaves, immature leaves, flowers 
and fruit and a disease rating score of 0-4 (Pegg et al. 2012) was allocated. Dead trees were 
classed as 100% crown transparency.  
  
The comprehensive assessments conducted by Carnegie et al. (2016) across the range of R. 
rubescens document large levels of tree mortality across sites. Mortality of R. rubescens was 
recorded across 18 of the 43 sites. Most sites contained only a few dead trees with the following 
exceptions: five sites had between 20 and 40% mortality, one site with 50% mortality and one site 
with 75% mortality (Carnegie et al. 2016). Across all sites mean crown transparency was 76.3% 
(standard error 0.8%), with the majority (79%) of trees having greater than 60% transparency. 
Based on prior knowledge of the species the normal crown transparency in an understorey is 
approximately 30-35% (Carnegie et al. 2016).  
 
Of the 669 trees assessed across the range of R. rubescens by Carnegie et al. (2016), 12% were 
dead (77 individuals) equating to an annualised rate of decline (r) of -0.03 across the 3.5-year study 
period. The generation length of R. rubescens is suspected to be at least 30-40 years given the 
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height (> 25 m) which the species can attain (Floyd 2008). Using a generation time of 30-40 years, 
R. rubescens is projected to decline by 96-99% over 3 generations.  
 
 
All age classes of trees and plant parts were affected by A. psidii infection (Carnegie et al. 2016). 
Disease incidence was greater on immature leaves (average incidence of 56.4% (standard error 
2.1%) than on mature leaves (average incidence of 29.8% (standard error 1.2%) and an average 
disease rating score of 2.4 (0-4 scale; standard error 0.08) was documented. Further observations 
of R. rubescens infection with A. psidii since the publication of Carnegie et al. (2016) indicate that 
at two surveyed sites (Bongil Bongil National Park and Royal National Park) mortality has increased 
from 10% and 23% respectively to > 50% (ANPC in litt. April 2016). A new monitoring site in Pine 
Creek State Forest also has >50% mortality (ANPC in litt. April 2016). 
 
Information held by the National Environmental Science Program (NESP) database further 
confirms the findings of Carnegie et al. (2016) that R. rubescens is highly impacted by A. psidii, 
with an average damage assessment of c. 4 (4 = 50-90% branch death or branches with 50-90% 
dieback or >80% crown transparency). The NESP database indicates that the majority of 
populations where damage has been assessed have disease rating scores of 4 or above (48 of 90 
populations), with an additional 24 populations of a disease rating of 3.    
 
In parallel with the whole-of-range field surveys, a three-year disease exclusion trial was performed 
in a natural stand of Rhodamnia rubescens in Olney State Forest on the Central Coast of NSW. 
This trial “unequivocally showed that repeated, severe infection leads to gradual crown loss and 
ultimately tree mortality” (Carnegie et al. 2016). Significant correlations were found between both 
incidence (r = 0.36; p > 0.001) and severity (r = 0.38 p > 0.001) of A. psidii infection and subsequent 
crown loss (crown transparency). This trial documents the relationship between severe crown loss, 
dieback and tree mortality observed in R. rubescens across its native range and repeated infection 
by A. psidii. Any alternative causal agents have been discounted. This is supported by previous 
studies (Pegg et al. 2014).  
 
Ongoing observations in 2016 of a smaller sub-sample of observed populations from Carnegie et 
al. (2016) since the end of the documented study period (2011-2014) estimate mortality has 
increased to over 50% (A. Carnegie in litt. July 2016). Ongoing observations also indicate that there 
has been no evidence of regenerating populations surviving, with no seedlings observed (A. 
Carnegie in litt. July 2016). Mortality in mature R. rubescens individuals is continuing to increase 
in a sub-sample of survey plots and this effect is consistent across much of the native range (A. 
Carnegie in litt. July 2016). At one monitoring site the average canopy transparency rating, 
indicating dieback levels has increased to 88% (June 2016) from 72% in (2014) in >50 trees 
assessed (G. Pegg in litt. July 2016). A small trial was established at Tucki Tucki Nature Reserve 
in northern NSW to examine the impact of A. psidii infection on flower and fruit production and 
survival. Branches with flowers were sprayed with fungicide monthly and survival compared to 
untreated branches. While fruit were produced on the untreated branches, all became infected and 
none survived until maturity (G. Pegg in litt. July 2016). 
 
An obvious change in species composition following mortality of R. rubescens has been detected 
in a sub-sample of surveyed plots. The tree Cupaniopsis anacardioides has replaced R. rubescens 
in some of the coastal areas as have a mix of species in inland areas including weeds (including 
Lantana camara) (G. Pegg in litt. July 2016).  
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Monitoring has also documented declines in the population of Rhodamnia rubescens in the north 
western corner of Bongil Bongil National Park in East Boambee, 10 km south of Coffs Harbour, 
NSW (M. Smith in litt. Aug 2016). This monitoring survey assessed the impact of A. psidii infection 
on 30 R. rubescens plants between 2011-2014 and documented mortality of > 80% over this time 
period (25 of the 30 plants dead, all with severe levels of infection). Return surveys in Aug 2016 
document mortality in the five remaining plants (i.e. 100% mortality between 2012-2016). A nearby 
population of 11 plants was monitored for infection with A. psidii between 2014-2016. Three of the 
11 plants have died in the last two years, three have severely declined (foliage loss over two years 
of between 80-95% of 2014 levels), two have suffered decline in foliage coverage of around 50% 
from 2012 levels. All these three plants displayed active and abundant A. psidii spores during this 
recent inspection. The remaining three plants have stabilised their foliage loss (M. Smith in litt. Aug 
2016). Resurveys of many of these sites and popualtions have documented continuing decline and 
mortality (J. Willis in litt. April 2018).  
 
Quantitative findings of large declines in Rhodamnia rubescens populations are supported by field 
botanists who have conducted extensive surveys during routine botanical surveys and seed 
collecting over many years. Specific comments reported about the rapid and widespread decline 
of the in Carnegie et al. (2016) include: 
 
"... all sites of R. rubescens visited since 2010 are in serious decline ... with no flowering or seed 
observed" 
  
" ... R. rubescens [is] seriously threatened, with significant decline in all stands visited ... the worst 
area in the Bellinger Valley [NSW] where hundreds of plants have died ... "  
 
"R. rubescens [has not] flowered since 2010, with at least half of R. rubescens dead…at monitoring 
sites''  
 
 
Large reductions in population size across the range of R. rubescens since infection with of A. 
psidii have been documented over a short period of time (10% mortality over a period of 3-3.5 
years (2011 -2014)) relative to the generation length of the species. The generation length of R. 
rubescens is suspected to be at least 30-40 years given the height (> 25 m) which the species can 
attain (Floyd 2008). Soil-stored seed banks are unlikely to be extensive for this species given its 
affinity for rainforest environments with high litter decomposition rates. The inferred median time to 
germination of seed is 1.5 months being described as “1-2 months” in Benson and McDougall 
(1998). 
 
 
Based on tree mortality data from extensive field surveys (Carnegie et al. 2016), ad hoc 
observations of infection and mortality in regenerating shoots and seedlings (various pers. comm) 
and expert opinion about the apparent health of populations prior to the spread of A. psidii and 
recent declines it is estimated that R. rubescens has already undergone a population reduction of 
approximately 10% in less than five years. However, given the relatively long, suspected 
generation length of the species and high susceptibility to A. psidii infection across all age-classes 
of the species it is reasonably suspected that declines of greater than 80% of individuals may occur 
within three generations.  
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Multiple factors indicate that the rapid decline of R. rubescens is likely to continue into the future. 
These factors include: 
 
Lack of effective or practical control 
No effective or practical chemical, biological or management control is currently available for 
protecting populations of Rhodamnia rubescens in natural ecosystems from A. psidii infection. 
Repeated monthly application of registered fungicides (e.g. triadimenol) for extremely high value 
assets concentrated in small local areas may be feasible but is impractical for widespread control. 
Where triadimenol has been used in experimental trials of A. pisdii control in natural populations of 
R. rubescens applications repeated at longer than a monthly interval did not control infection 
(Carnegie et al. 2016). In the absence of an effective control strategy for A. psidii further rapid 
reductions of R. rubescens populations and individuals are highly likely.  
 
The ubiquity of susceptible species in the family Myrtaceae in the Australian landscape makes 
broad-scale eradication or containment of A. psidii unlikely (Glen et al. 2007). Surviving plants and 
populations of R. rubescens will continue to be subject to spore load (whether as wind-borne spores 
or by other vectors) from other species which severely reduces the likelihood of population recovery 
(ANPC in litt. April 2016). Whilst some biological control agents have been trialled in other countries 
to control A. psidii in Eucalyptus plantations the likelihood that these controls will become viable 
options for eradication in Australia in the time frame relevant to the regeneration capacity of R. 
rubescens are negligible (Glen et al. 2007). Manipulation of the environment via management 
actions (e.g. fire management) to control A. psidii on established trees would likely lead to high 
infection rates on highly susceptible resprouting leaf material (Carnegie et al. 2016).  
 
Inadequate ex-situ collections 
No adequate ex-situ collections of R. rubescens material exist (G. Errington in litt. October 2016). 
For example, current holdings of wild-collected seed at the NSW Seedbank number < two hundred 
seeds from two accessions. Tests on these holdings have shown extremely variable rates of seed 
fill (ranging from less than 1% to about 70%) (ANPC in litt. April 2016). Soft-fruited Myrtaceae from 
rainforest environments are characterised by seeds which are desiccation-intolerant and, therefore, 
not suited to long-term conservation storage (Sommerville and Offord 2014). The Australian Seed 
Bank partnership reports that the conservation seed bank at Mt Coot-tha, Brisbane, has one batch 
of R. rubescens seed of unknown quantity (ANPC in litt. April 2016). Tissue culture collections are 
currently held within the NSW PlantBank at the Australian Botanic Garden, Mount Annan NSW. 
 
On the basis field observations of fruit production decline since 2012, NSW Seedbank collectors 
only expect to be able to find significant collectable quantities of fruit or seed of R. rubescens at 
some locations for another couple of years (ANPC in litt. April 2016).  
 
 
Ecology 
Rhodamnia rubescens commonly occurs in all rain forest subforms except cool temperate 
rainforest. The species occupies a range of volcanically derived and sedimentary soils and is a 
common pioneer species in eucalypt forests (Floyd 2008). Populations and individuals of R. 
rubescens are often found in wet sclerophyll associations in rainforest transition zones (including 
open forest of Eucalyptus tereticornis and E. bosistoana in the Sydney region) and creekside 
riparian associations (Benson and McDougall 1998). 
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R. rubescens flowers from late winter through spring, with a peak in October and fruits appear in 
December in the Sydney region. The species is able to resprout from rootstock after fire and 
produce suckers which may develop into thickets (Benson and McDougall 1998). The species is 
characterised as a common understory tree (M. Smith in litt. Aug 2016). 
 
The habitat of R. rubescens is likely to include the following vegetation classes: Subtropical 
Rainforests, Northern Warm Temperate Rainforests, Littoral Rainforest, North Coast Wet 
Sclerophyll Forests, Northern Hinterland WSF, Northern Escarpment WSF, Southern Lowland 
WSF, and probably the northern patches of South Coast WSF and Southern Escarpment WSF, 
and perhaps easterly patches of Northern Tableland WSF. It may also occur as a pioneer in 
adjacent areas of dry sclerophyll and grassy woodland associations (Keith 2004; Floyd 2008).  
 
Under the BC Act, R. rubescens is listed as a characteristic species in the Final Determination for 
the Endangered Ecological Community (EEC) ‘Littoral Rainforest in the New South Wales North 
Coast, Sydney Basin and South East Comer Bioregions’. Rhodamnia spp. are listed as 
characteristic species for the in the Final Determination EEC ‘Lowland Rainforest in the NSW North 
Coast and Sydney Basin Bioregions’ and the distribution of R. rubescens coincides with the spatial 
currently documented spatial extent of this EEC.  
 
The species is also highly likely to occur in the followings EECs listed under the BC Act (though is 
not listed as a characteristic species): ‘Lowland Rainforest on Floodplain in the New South Wales 
North Coast Bioregion’, ‘Subtropical Coastal Floodplain Forest of the New South Wales North 
Coast Bioregion’ and ‘Illawarra Subtropical Rainforest in the Sydney Basin Bioregion’. The species 
may possibly occur in the following EECs listed under the Act (though is not listed as a 
characteristic species): ‘Hunter Lowland Redgum Forest in the Sydney Basin and New South 
Wales North Coast Bioregions’, ‘River-Flat Eucalypt Forest on Coastal Floodplains of the New 
South Wales North Coast, Sydney Basin and South East Corner Bioregions’, ‘Swamp Sclerophyll 
Forest on Coastal Floodplains of the New South Wales North Coast, Sydney Basin and South East 
Corner Bioregions’, ‘Kurnell Dune Forest in the Sutherland Shire and City of Rockdale’, ‘Milton 
Ulladulla Subtropical Rainforest in the Sydney Basin Bioregion’ and ‘Pittwater and Wagstaffe 
Spotted Gum Forest in the Sydney Basin Bioregion’.  
 
Threats 
 
Mortality caused by infection by Austropuccinia psidii (see ‘Evidence of population decline’).   
 
It is reasonably suspected that some populations of R. rubescens may also have undergone 
decline as a result of threatening processes in the past, such as land-clearing (particularly in 
rainforest clearing efforts in northern NSW for agriculture), fragmentation of populations, and weed 
invasion. These threats have been documented as causes of decline in the EEC ‘Littoral Rainforest 
in the New South Wales North Coast, Sydney Basin and South East Corner Bioregions’ where R. 
rubescens is a named as a characteristic species (Adam 1987, 1992; Floyd 1990; Mills 1996). 
 
 
Assessment against BC Act/ IUCN Red List criteria  
 
For this assessment is it considered that the survey of Rhodamnia rubescens has been adequate 
and there is sufficient scientific evidence to support the assessment outcome.  
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Clause 4.2 – Reduction in population size of species (Equivalent to IUCN criterion A) 
 
Assessment Outcome: Clause/Criterion met at Critically Endangered threshold.   
Justification: To be listed as threatened under Clause 4.2/IUCN Criteria A the species must have 
experienced a population reduction of 80% (CR threshold) over three generations or 10 years 
(whichever is longer). The effect of Austropuccinia psidii (Myrtle Rust) infection on Rhodamnia 
rubescens is severe across the species entire range based on quantitative evidence from field 
surveys. All age classes of R. rubescens have been documented to be affected by A. psidii 
(Carnegie et al. 2016) which severely reduces the capacity of infected populations to recover 
through time. Populations of R. rubescens are projected to continue to decline rapidly as a 
consequence of infection by A. psidii. Within three generations, assuming a generation time of 30-
40 years, a quantitative estimate of decline of 96-99% has been made based on documented rates 
of mortality across the range.  
 
(1) - The species has undergone or is likely to undergo within a time frame appropriate 
to the life cycle and habitat characteristics of the taxon: 
  

(a)  
(b) 
(c) 

for  
critically endangered species 
endangered species 
vulnerable species 

 
a very large reduction in population size. 
a large reduction in population size 
a moderate reduction in population size 

(2) - The determination of that criteria is to be based on any of the following: 
 (a) direct observation, 
 (b) an index of abundance appropriate to the taxon, 
 (c) a decline in the geographic distribution or habitat quality, 
 (d) the actual or potential levels of exploitation of the species, 
 (e) the effects of introduced taxa, hybridisation, pathogens, pollutants, competitors or 

parasites. 



NSW Threatened Species Scientific Committee 
 

 

Established under the Biodiversity Conservation Act 2016 
PO Box 1967 Hurstville BC NSW 1481   02 9585 6940 - Fax: 9585 6606 

scientific.committee@environment.nsw.gov.au 

 
Clause 4.3 - Restricted geographic distribution of species and other conditions  
(Equivalent to IUCN criterion B) 
Assessment Outcome: Clause/Criterion not met.   
Justification: Rhodamnia rubescens has a large geographic range.    
 
Extent of Occurrence: The extent of occurrence (EOO) for Rhodamnia rubescens is estimated to 
be 147,340 km2.  
 
Area of Occupancy: The area of occupancy (AOO) for Rhodamnia rubescens is estimated to be 
3,360 km2 (based on the species occupying 840 (2 x 2 km) cells, the scale of measurement 
recommended by IUCN 2017).  
 
The geographic distribution of the species is: 
  

(a) 
(b) 
(c) 

for  
critically endangered  
endangered species 
vulnerable species 

 
very highly restricted  
highly restricted 
moderately restricted 
 

and at least 2 of the following 3 conditions apply: 
 (d) the population or habitat of the species is severely fragmented or nearly all the 

mature individuals of the species occur within a small number of locations, 
 (e) there is a projected or continuing decline in any of the following: 
  (i) an index of abundance appropriate to the taxon, 
  (ii) the geographic distribution of the species, 
  (iii) habitat area, extent or quality, 
  (iv) the number of locations in which the species occurs or of populations of the 

species. 
 (f) extreme fluctuations occur in any of the following: 
  (i) an index of abundance appropriate to the taxon, 
  (ii) the geographic distribution of the species, 
  (iii) the number of locations in which the species occur or of populations of the 

species. 
 
IUCN sub clauses 
In addition to these thresholds, at least two of three other conditions must be met. These conditions 
are: 

a) The population or habitat is observed or inferred to be severely fragmented or there is 1 (CR), 
≤5 (EN) or ≤10 (VU)locations. 

b) Continuing decline observed, estimated, inferred or projected in any of: (i) extent of 
occurrence; (ii) area of occupancy; (iii) area, extent and/or quality of habitat; (iv) number of 
locations or subpopulations; (v) number of mature individuals 

c) Extreme fluctuations. 
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Clause 4.4 - Low numbers of mature individuals of species and other conditions (Equivalent 
to IUCN criterion C)  
Assessment Outcome: Clause/Criterion not met.  
Justification: Although the total population of Rhodamnia rubescens is unknown, it is reasonably 
suspected that given the large geographic range size of the species and its characterisation as a 
‘common’ species (Benson and McDougall 1998; Floyd 2008) that the number of mature individuals 
may be large (i.e. exceeding the threshold for VU (≥ 10,000 mature individuals).  
 
The estimated total number of mature individuals of the species is: 
 (b) for  

critically endangered species 
endangered species 
vulnerable species  

 
very low  
low  
moderately low 

and either of the following 2 conditions apply: 
 (d) a continuing decline in the number of mature individuals that is (according to an 

index of abundance appropriate to the species): 
  (ii) for  

critically endangered species 
endangered species 
Vulnerable species 

 
Very large  
Large 
moderate, or 

 (e) both of the following apply: 
  (i) a continuing decline in the number of mature individuals (according to an 

index of abundance appropriate to the species), and 
  (ii) at least one of the following applies: 
   (A) the number of individuals in each population of the species is: 
    (II) for  

critically endangered species 
endangered species 
Vulnerable species 

 
Extremely low 
very low 
low, or 

   (B) all or nearly all mature individuals of the species occur within one 
population, 

   (C) extreme fluctuations occur in an index of abundance appropriate to the 
species. 

 
IUCN sub clauses 
At least one of two additional conditions must be met. These are: 

C1. An observed, estimated or projected continuing decline of at least (up to a max. of 100 years 
in future). 
C2. An observed, estimated, projected or inferred continuing decline 

In addition, at least 1 of the following 3 conditions: 
a (i). Number of mature individuals in each subpopulation ≤50 (CR) ; ≤250 (EN) or 

≤1000 (VU). 
a (ii). % of mature individuals in one subpopulation is 90-100% (CR); 95-100% (EN) 

or 100% (VU) 
b. Extreme fluctuations in the number of mature individuals 
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Clause 4.5 - Low total numbers of mature individuals of species (Equivalent to IUCN 
criterion D)  
Assessment Outcome: Clause/Criterion not met. 
Justification: The total number of mature individuals of Rhodamnia rubescens is unknown but is 
estimated to be more than 100,000. To be listed under Criterion D1 a species must have <1000 
mature individuals.  
 
The total number of mature individuals of the species is: 
 (b) for  

critically endangered species 
endangered species 
Vulnerable species  

 
Extremely low 
very low 
low. 

 
IUCN sub clauses 
To be listed as Vulnerable, a species must meet at least one of the two following conditions: 

D1. Population size estimated to number fewer than 1,000 mature individuals 
D2. Restricted area of occupancy (typically <20 km2) or number of locations (typically <5) with a 
plausible future threat that could drive the taxon to CR or EX in a very short time. 

 
Clause 4.6 - Quantitative analysis of extinction probability 
Assessment Outcome: Data Deficient.   
Justification: Currently there is not enough data to undertake a quantitative analysis to determine 
the extinction probability of Rhodamnia rubescens. 
 
The probability of extinction of the species is estimated to be: 
 (b) for  

critically endangered species 
endangered species 
Vulnerable species 

 
Extremely high 
very high. 
High 

 
Conservation and Management Actions 
There is no currently NSW Saving Our Species site-managed program for Rhodamnia rubescens. 
The following actions are derived from threat information. 
 
Habitat loss, disturbance and modification 

• Develop hygiene protocols to minimise spread of Myrtle Rust.  
 
Invasive species 

• Weed control measures at known sites must ensure adequate hygiene protocols to minimise 
spread of Myrtle Rust.  

 
Ex situ conservation 

• Support continued seed storage enablement study in train at NSW PlantBank. 
• Secure germplasm (high quantity, geographically and genetically representative).  
• Secure germplasm of any detected or suspected resistant individuals. 
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Stakeholder Management 

• Inform land owners and managers of sites, particularly private land holders, mining and 
State Forests, where there are known populations and consult with these groups regarding 
options for conservation management and protection of the species and identification of 
occurrence of myrtle rust. 

• Provide up to date information on best phytosanitory practices for reducing risk of spread of 
myrtle rust. 

 
Survey and Monitoring priorities 
 

• Establish permanent monitoring sites to track decline (utilising Carnegie et al. (2016) sites 
and permanent plot/transect sites).  

• Conduct field survey for, and monitoring of, populations exhibiting low levels of Myrtle Rust 
infection or resistance (especially inland occurrences near and on the Great Escarpment) 

 
Information and Research priorities 

• Seek resources for genetic and physiological research into the resistance and 
susceptibility of Rhodamnia rubescens to Austropuccinia psidii. 

• Understand the best techniques for long term seed and tissue storage. Investigate and 
implement options for tissue culture and/or inter-situ live collections (in sites amenable to 
fungicidal management), as alternatives to seed banking if the species proves storage-
intolerant, and/or as resources for seed production and resistance studies. 
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Exhibition period: 01/02/19 – 29/03/19 Proposed Listing date: 01/02/19 
 

Notice of and reasons for the Final Determination  
 

The NSW Threatened Species Scientific Committee, established under the Biodiversity 
Conservation Act 2016 (the Act), has made a Final Determination to list the tree Rhodamnia 
rubescens (Benth.) Miq. as a CRITICALL  ENDANGERED SPECIES in Part 1 of Schedule 1 of 
the Act.  Listing of Critically Endangered species is provided for by Part 4 of the Act. 
 
Summary of Conservation Assessment 
 
Rhodamnia rubescens is eligible for listing as Critically endangered under Clause 4.2 (a) (e) 
because: i) the species is projected to experience a population reduction of > 80% (CR threshold) 
over three generations or 10 years due to the effects of introduced taxa, hybridisation, pathogens, 
pollutants, competitors or parasites.  
 
The NSW Threatened Species Scientific Committee has found that: 
 
1. Rhodamnia rubescens (Benth.) Miq. (family Myrtaceae) is described as a “Shrub or small tree 

to 25 m high, bark reddish brown, fissured; young stems densely tomentose. Leaves with lamina 
ovate to elliptic, 5–10 cm long, 2–4.5 cm wide, shortly acuminate, base cuneate to rounded, 
upper surface green and sparsely hairy, lower surface paler and sparsely to densely hairy with 
erect hairs; strongly 3-veined from base, lateral veins transverse; oil glands distinct, moderately 
dense; petiole 4–9 mm long. Inflorescences 1–3 per axil, each usually 3-flowered; peduncle 5–
22 mm long. Hypanthium sparsely pubescent. Sepals 2–3 mm long, caducous. Petals 4–6 mm 
diam., white. Stamens 3–5 mm long. Style 4–5 mm long. Fruit globose, 5–8 mm diam., red 
turning black.” (PlantNET 2018). 
 

2. Rhodamnia rubescens is currently known to occur in coastal districts north from Batemans Bay 
in New South Wales (NSW), approximately 280 km south of Sydney, to areas inland of 
Bundaberg in Queensland. Populations of R. rubescens typically occur in coastal regions and 
occasionally extend inland onto escarpments up to 600 m a.s.l. in areas with rainfall of 1,000-
1,600 mm (Benson and McDougall 1998).  
 

3. Rhodamnia rubescens flowers in late winter through to spring, with a peak in October, and fruits 
typically begin to appear in December (PlantNET 2018). Populations and individuals of R. 
rubescens are often found in wet sclerophyll associations in rainforest transition zones and 
creekside riparian vegetation (Benson and McDougall 1998). Rhodamnia rubescens commonly 
occurs in all rainforest subforms except cool temperate rainforest. The species occupies a range 
of volcanically derived and sedimentary soils and is also a common pioneer species in eucalypt 
forests (Floyd 2008). Suitable habitat for R. rubescens is likely to occur in the following 
vegetation types: Subtropical Rainforests, Warm Temperate Rainforests, Littoral Rainforests, 
and Wet Sclerophyll Forests. It may also occur as a pioneer in adjacent areas of dry sclerophyll 
and grassy woodland associations (Keith 2004; Floyd 2008;). Rhodamnia rubescens has been 
documented occurring in association with Acacia melanoxylon, Acmena smithii, Breynia 
oblongifolia, Corymbia intermedia, Endiandra discolor, Eucalyptus bosistoana, E. tereticornis, 
Glochidion sumatranum, Guioa semiglauca, Lophostemon suaveolens and Mallotus 
philippensis.  
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4. In NSW, Rhodamnia rubescens is listed as a characteristic species in the Final Determination 
for the Endangered Ecological Community (EEC) ‘Littoral Rainforest in the New South Wales 
North Coast, Sydney Basin and South East Comer Bioregions’. Rhodamnia spp. are listed as 
characteristic species for the Final Determination of the EEC ‘Lowland Rainforest in the NSW 
North Coast and Sydney Basin Bioregions’ and the distribution of R. rubescens coincides with 
the documented spatial extent of this EEC. The species is also highly likely to occur in the 
followings EECs listed under the Act (although is not listed as a characteristic species): 
‘Lowland Rainforest on Floodplain in the New South Wales North Coast Bioregion’, ‘Subtropical 
Coastal Floodplain Forest of the New South Wales North Coast Bioregion’ and ‘Illawarra 
Subtropical Rainforest in the Sydney Basin Bioregion’. Rhodamnia rubescens may possibly 
occur in the following EECs listed under the Act (although is not listed as a characteristic 
species): ‘Hunter Lowland Redgum Forest in the Sydney Basin and New South Wales North 
Coast Bioregions’, ‘River-Flat Eucalypt Forest on Coastal Floodplains of the New South Wales 
North Coast, Sydney Basin and South East Corner Bioregions’, ‘Swamp Sclerophyll Forest on 
Coastal Floodplains of the New South Wales North Coast, Sydney Basin and South East Corner 
Bioregions’, ‘Kurnell Dune Forest in the Sutherland Shire and City of Rockdale’, ‘Milton Ulladulla 
Subtropical Rainforest in the Sydney Basin Bioregion’ and ‘Pittwater and Wagstaffe Spotted 
Gum Forest in the Sydney Basin Bioregion’. 

 
5. Rhodamnia rubescens has a large geographic range. The estimated extent of occurrence 

(EOO) of R. rubescens across Australia is 147,340 km2. The EOO is based on a minimum 
convex polygon enclosing all occurrences of the species, the method of assessment 
recommended by IUCN (2016). The area of occupancy (AOO) is estimated as 3,360 km2 based 
on 2 km x 2 km grid cells, the scale recommended for assessing AOO by IUCN (2016). 
 

6. The number of mature individuals of Rhodamnia rubescens is currently unknown. No formal 
estimates of total abundance of the species across its range prior to 2010 has been located (B. 
Makinson in litt. April 2016). However, it is reasonably suspected that given the large geographic 
range size of R. rubescens and its characterisation as a common species (Benson and 
McDougall 1998; Floyd 2008) that a large number of mature individuals may have existed prior 
to 2010.   
 

7. The survival of Rhodamnia rubescens is severely threatened by infection from the exotic rust 
fungus Austropuccinia psidii (myrtle rust). Austropuccinia psidii was first detected in Australia 
on the NSW Central Coast in April 2010 and has since established in natural ecosystems 
throughout coastal NSW, south-east Queensland and far north Queensland (Carnegie and 
Lidbetter 2012; Pegg et al. 2014). Austropuccinia psidii also has a limited distribution in Victoria, 
Tasmania and the Northern Territory (Carnegie et al. 2016). The 'Introduction and 
establishment of Exotic Rust Fungi of the order Pucciniales pathogenic on plants of the family 
Myrtaceae' is listed as a Key Threatening Process under the Act. 
 

8. Rhodamnia rubescens is a known host of Austropuccinia psidii (Zauza et al. 2010) and is 
characterised as ‘Highly to Extremely Susceptible' to infection (Pegg et al. 2014). All plant parts 
have been documented as being affected by A. psidii infection, including leaves, stems, flowers 
and fruits (Pegg et al. 2014; Carnegie et al. 2016). The disease rating system of Pegg et al. 
(2014) documents species susceptibility to A. psidii infection along a continuum from ‘Relatively 
Tolerant’ to ‘Extremely Susceptible’. ‘Highly Susceptible’ species exhibit “rust sori…on 50–80% 
of expanding leaves and shoots, evidence of rust on juvenile stems and older leaves, leaf and 
stem blighting and distortion, multiple sori per leaf/stem” whereas ‘Extremely Susceptible’ 
species exhibit “rust sori…on all expanding leaves, shoots and juvenile stems; foliage dieback; 
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evidence of stem and shoot dieback” (Pegg et al. 2014). Results of field trials designed to 
actively prevent infection of R. rubescens by A. psidii establish a clear relationship between the 
incidence/severity of A. psidii infection and subsequent crown loss (% crown transparency) in 
this species (Carnegie et al. 2016). Any alternative causal agents of crown loss have been 
discounted. A similar, but smaller, trial was established at Tucki Tucki Nature Reserve in 
northern NSW to examine the impact of A. psidii infection on flower and fruit production and 
survival in R. rubescens. Branches with flowers were sprayed with fungicide monthly and 
survival compared to untreated branches. While fruit were produced on the untreated branches, 
all became infected and none survived until maturity (G. Pegg in litt. July 2016). Approximately 
17 populations of R. rubescens have been identified as having lower incidence of damage from 
A. psidii and these may be useful targets for germplasm collection (J. Willis in litt. April 2018). 
 

9. Extensive field assessments of Austropuccinia psidii infection on Rhodamnia rubescens across 
its entire range show infection is widespread and severe (Carnegie et al. 2016; J. Willis in litt. 
April 2018). Carnegie et al. (2016) assessed 43 sites for the impact of A. psidii on R. rubescens 
between January and October 2014, approximately 3–3.5 years after A. psidii had established 
across the range of this host species. Sites were distributed between Murramarang National 
Park, near Batemans Bay in NSW, to Traveston Crossing, near Gympie, Queensland. Sites 
were a mixture of locations where A. psidii infection on R. rubescens was already known to 
occur, and where no known infection had been documented (A. Carnegie in litt. July 2016). 
Austropuccinia psidii was detected as present on R. rubescens plants in a range of age classes 
at all sites, and no other plant disease established in Australia presents similar symptoms 
(Walker 1983). At all sites, approximately 20 individuals of R. rubescens were assessed for 
crown transparency using the scheme of Schomaker et al. (2007), the incidence of A. psidii (% 
infected) on mature leaves, immature leaves, flowers and fruit and rated for disease prevalence 
using the scheme from Pegg et al. (2012). Individuals were considered dead when crown 
transparency reached 100%. These comprehensive assessments of populations document 
mortality in R. rubescens across 18 of the 43 sites surveyed, where 12% of all the 669 surveyed 
trees were dead. Most sites contained only a few dead trees with the following exceptions: five 
sites had between 20 and 40% mortality, one site with 50% mortality and one site with 75% 
mortality (Carnegie et al. 2016). Across all sites mean crown transparency was 76.3% (standard 
error 0.8%), with the majority (79%) of trees having greater than 60% transparency. Based on 
prior knowledge of the species the normal crown transparency in an understorey is 
approximately 30-35% (Carnegie et al. 2016). All age classes of trees, as assessed by tree 
height, were similarly affected by A. psidii infection (Carnegie et al. 2016). Across all sites 
surveyed, disease incidence was greater on immature leaves (average incidence of 56.4%; 
standard error 2.1%) than on mature leaves (average incidence of 29.8%; standard error 1.2%) 
and an average disease rating score of 2.4 (0-4 scale; standard error 0.08) was documented.  
 

10. Ongoing observations in 2016 of a smaller sub-sample of populations from Carnegie et al. 
(2016) since the end of the documented study period (2011–2014) estimate mortality has 
increased to over 50% at Bongil Bongil National Park and Royal National Park (A. Carnegie in 
litt., July 2016). Greater than 50% mortality has also been observed at a new monitoring site in 
Pine Creek State Forest on the mid-north coast of NSW (B. Makinson in litt. April 2016). 
Ongoing observations also indicate that there has been no evidence of regenerating 
populations surviving, with all seedlings/suckers observed being killed by A. psidii (A. Carnegie 
in litt. July 2016). The continued decline of mature plants and lack of successful regeneration 
threaten the long-term viability of R. rubescens in the wild.   
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11. Populations of Rhodamnia rubescens are projected to continue to rapidly decline due to 
infection by Austropuccinia psidii. Reductions in population size across the range of R. 
rubescens since infection from A. psidii have been documented over a short period of time (12% 
mortality over a period of 3–3.5 years (2011–2014)) relative to the inferred generation length of 
at least 30–40 years (Floyd 2008). Soil-stored seed banks are unlikely to be extensive for this 
species given its affinity for rainforest environments with high litter decomposition rates. Under 
documented rates of decline due to infection by A. psidii, R. rubescens is projected to undergo 
a 96–99% reduction in population size across its range within three generations. All age classes 
of R. rubescens have been documented to be affected by A. psidii (Carnegie et al. 2016) which 
severely reduces the capacity of infected populations to recover through time.  

 
12. Quantitative findings of very large declines in Rhodamnia rubescens populations due to 

Austropuccinia psidii infection reported in Carnegie et al. (2016) are supported by field botanists 
who have encountered the species during routine botanical surveys and seed collecting over 
multiple years (B. Makinson in litt. April 2016; J. Willis in litt. April 2018). 

 
13. There has been no confirmed evidence of resistance to Austropuccinia psidii infection in field 

populations of Rhodamnia rubescens to date (Pegg et al. 2014). Approximately 17 populations 
assessed across the range of R. rubescens have relatively low damage following infection by 
A. psidii (J. Willis in litt. April 2018). These populations may be important sources of naturally 
resistant germplasm. However, the prospect for naturally selected resistance emerging before 
the collapse of populations is currently considered small.  

 
14. No effective or practical chemical, biological or management control is currently available for 

protecting populations of Rhodamnia rubescens in natural ecosystems from Austropuccinia 
psidii infection. Repeated monthly application of registered fungicides (e.g. triadimenol) for 
extremely high value assets concentrated in small local areas may be feasible but is impractical 
for widespread control. Where triadimenol has been used in experimental trials of A. pisdii 
control in natural populations of R. rubescens, applications repeated at longer than a monthly 
interval did not control infection (Carnegie et al. 2016). Whilst some biological control agents 
have been trialled to control A. psidii in Eucalyptus plantations overseas the likelihood that these 
controls will become viable options for eradication in Australia in the time frame relevant to the 
regeneration capacity of R. rubescens is negligible (Glen et al. 2007). Manipulation of the 
environment via management actions (e.g. fire management) to control A. psidii on R. 
rubescens would likely lead to high infection rates on resprouting leaf material which is known 
to be highly susceptible to infection (Carnegie et al. 2016). In the absence of an effective control 
strategy for A. psidii further rapid declines of R. rubescens populations are highly likely.  

 
15. The ubiquity of susceptible species in the family Myrtaceae in the Australian landscape makes 

broad-scale eradication or containment of Austropuccinia psidii unlikely (Glen et al. 2007). The 
predominantly airborne nature of the rust spores and inadvertent dispersal by human activity 
(Carnegie and Cooper 2011) infers that Rhodamnia rubescens populations and individuals in 
conservation reserves may be no more secure than any other land tenure. It is expected that 
surviving plants and populations of R. rubescens will continue to be subject to a significant 
spore load, whether as wind-borne spores or by other vectors. This continued exposure 
severely reduces the likelihood of population recovery in R. rubescens (B. Makinson in litt. April 
2016).  

 
16. No adequate ex-situ collections of Rhodamnia rubescens material exist (G. Errington in litt.  

October 2016). Current holdings of wild-collected seed at the NSW Seedbank number < 20 
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seeds from two accessions. Tests on these seed-lots have shown extremely variable rates of 
seed fill (ranging from less than 1% to about 70%) (B Makinson in litt. April 2016). Soft-fruited 
Myrtaceae from rainforest environments are characterised by seeds which are desiccation-
intolerant and, therefore, not suited to long-term conservation storage (Sommerville and Offord 
2014). The Australian Seed Bank partnership reports that the conservation seed bank at Mt 
Coot-tha, Brisbane, has one batch of R. rubescens seed (B. Makinson in litt. April 2016). On 
the basis that field observations have shown a severe decline in fruit production since 2012, 
NSW Seedbank collectors do not expect to be able to find significant collectable quantities of 
fruit or seed of R. rubescens now or in the future (R. Johnstone in litt. October 2014). Some 
tissue culture collections are currently held within the NSW PlantBank at the Australian Botanic 
Garden, Mount Annan NSW.  
 

17. It is reasonably suspected that some populations of Rhodamnia rubescens may also have 
undergone significant decline because of other past and current threats, such as land-clearing 
(particularly in rainforest clearing efforts in northern NSW for agriculture), fragmentation of 
populations, and weed invasion. These threats have been documented as causes of decline in 
the EEC ‘Littoral Rainforest in the New South Wales North Coast, Sydney Basin and South East 
Comer Bioregions’ where R. rubescens is named as a characteristic species (Adam 1987; 
1992; Floyd 1990; Mills 1996).  

 
18. Rhodamnia rubescens (Benth.) Miq. is eligible to be listed as a Critically Endangered species 

as, in the opinion of the NSW Threatened Species Scientific Committee, it is facing an extremely 
high risk of extinction in Australia in the immediate future as determined in accordance with the 
following criteria as prescribed by the Biodiversity Regulation 2017: 

 
Clause 4.2 – Reduction in population size of species  
(Equivalent to IUCN criterion A) 
Assessment Outcome: Critically Endangered under Clause 4.2 1 (a), 2 (e).   
 
(1) - The species has undergone or is likely to undergo within a time frame 
appropriate to the life cycle and habitat characteristics of the taxon: 
 (a)  

 
for critically endangered 
species 

a very large reduction in population size 

 (b) endangered species a large reduction in population size 
 (c) vulnerable species a moderate reduction in population size 
(2) - The determination of that criteria is to be based on any of the following: 
 (a) direct observation, 
 (b) an index of abundance appropriate to the taxon, 
 (c) a decline in the geographic distribution o r  habitat quality, 
 (d) the actual or potential levels of exploitation of the species, 
 (e) the effects of introduced taxa, hybridisation, pathogens, pollutants, competitors 

or parasites. 
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Clause 4.3 - Restricted geographic distribution of species and other conditions  
(Equivalent to IUCN criterion B) 
Assessment Outcome: Clause/Criterion not met.   
 
The geographic distribution of the species is: 
 (a) for critically endangered very highly restricted 
 (b) endangered species highly restricted 
 (c) vulnerable species moderately restricted 
and at least 2 of the following 3 conditions apply: 
 (d) the population or habitat of the species is severely fragmented or nearly all the 

mature individuals of the species occur within a small number of locations, 
 (e) there is a projected or continuing decline in any of the following: 
  (i) an index of abundance appropriate to the taxon, 
  (ii) the geographic distribution of the species, 
  (iii) habitat area, extent or quality, 
  (iv) the number of locations in which the species occurs or of populations of the 

species. 
 (f) extreme fluctuations occur in any of the following: 
  (i) an index of abundance appropriate to the taxon, 
  (ii) the geographic distribution of the species, 
  (iii) the number of locations in which the species occur or of populations of the 

species. 
 
Clause 4.4 - Low numbers of mature individuals of species and other conditions ( 
Equivalent to IUCN criterion C)  
Assessment Outcome: not met.  
 
The estimated total number of mature individuals of the species is: 
 (b) for  

critically endangered 
species 
endangered species 
vulnerable species  

 
very low  
low  
moderately low 

and either of the following 2 conditions apply: 
 (d) a continuing decline in the number of mature individuals that is (according to an 

index of abundance appropriate to the species): 
  (ii) for  

critically endangered 
species 
endangered species 
Vulnerable species 

 
Very large  
Large 
moderate, or 

 (e) both of the following apply: 
  (i) a continuing decline in the number of mature individuals (according to an 

index of abundance appropriate to the species), and 
  (ii) at least one of the following applies: 
   (A) the number of individuals in each population of the species is: 
    (II) for  

critically endangered species 
 
Extremely low 
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endangered species 
Vulnerable species 

very low 
low, or 

   (B) all or nearly all mature individuals of the species occur within one 
population, 

   (C) extreme fluctuations occur in an index of abundance appropriate to 
the species. 

 
Clause 4.5 - Low total numbers of mature individuals of species  
(Equivalent to IUCN criterion D)  
Assessment Outcome: not met. 
 
The total number of mature individuals of the species is: 
 (b) for  

critically endangered species 
endangered species 
Vulnerable species  

 
Extremely low 
very low 
low. 

 
Clause 4.6 - Quantitative analysis of extinction probability 
(Equivalent to IUCN criterion E) 
Assessment Outcome: Data Deficient. 
 
The probability of extinction of the species is estimated to be: 
 (b) for  

critically endangered species 
endangered species 
Vulnerable species 

 
Extremely high 
very high. 
High 

 
Clause 4.7 - Very highly restricted geographic distribution of species–vulnerable species 
(Equivalent to IUCN criterion D2) 
Assessment Outcome: not met 
 
For vulnerable 
species,  

the geographic distribution of the species or the number of locations 
of the species is very highly restricted such that the species is prone 
to the effects of human activities or stochastic events within a very 
short time period. 

 
 
Dr Marco Duretto 
Chairperson 
NSW Threatened Species Scientific Committee 
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