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Introduction 
 
In 2008, a Restoration Agreement was signed between the Queensland Government and 
Australian Rainforest Conservation Society Inc (ARCS). Under the Agreement, ARCS 
has undertaken to carry out a restoration project on a number of properties on 
Springbrook Plateau purchased by Queensland Government for addition to the 
Protected Area estate and eventually to the Gondwana Rainforests of Australia World 
Heritage Area. This work is carried out by ARCS for the State Government on an 
entirely pro bono basis. 
 
In early 2010, ARCS provided the Department of Environment and Resource 
Management (DERM) with a progress report, Springbrook Rescue Restoration Project — 
Performance Story Report 2008–2009. The report was structured to be consistent with the 
Australian Government’s Monitoring, Evaluation, Reporting and Improvement (MERI) 
framework, and with guidelines established by the International Society for Ecological 
Restoration (SER). 
 
A second progress report was provided to the Department in September 2011. This 
present report covers the period to the end of 2012. 
 
The Desired Outcomes defined in the Performance Story Report 2008–2009 provide the 
framework for these annual reports. 
 
The Performance Story Report 2008–2009 defined four stages: Foundational activities, Initial 
activities and outcomes (0–3 years), Intermediate activities and outcomes (4–9 years) and 
Longer-term outcomes (!10 years). This present report applies to the first year of the 
‘Intermediate activities’. However, to set the context, we have provided a summary of the 
situation at the end of the ‘Initial activities’ period (31 December 2011) with some up to 
date changes as a result of progressive adaptive management. 
 
As appendices to this report, we have included our 3-year Plan, Activities Report and 
Threat Management Plan. 
 
In June 2012, ARCS was awarded a grant of $270,000 over 3 years under the Biodiversity 
Fund Round One 2011–12 (http://www.environment.gov.au/cleanenergyfuture/ 
biodiversity-fund/projects/pubs/qld-round1.pdf).  
 
The restoration project has been included as one of 12 Case Studies, The Springbrook 
Rainforest Project: Restoring World Heritage rainforests in Australia, in the IUCN World 
Commission on Protected Areas publication, Ecological Restoration for Protected Areas - 
Principles, Guidelines and Best Practices. Best Practice Protected Area Guidelines Series No. 18. 
 
The project is comprehensively described on the web site launched in January 2013: 
http://www.springbrookrescue.org.au. 
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Progress report 
 
 
1. Initial activities and outcomes — Summary 
The Initial Activities and Outcomes covered the three years from 2009 to 2011. It is appropriate to provide a summary at this time as it marks the starting point and 
baseline for this current reporting period. 

 

Desired outcome Situation at 31 December 2011 

Threats and barriers to ecological restoration 
under active control based on observation and 
monitoring 

Threats and barriers to ecological restoration were detailed in the foundation report (2008–2009). As noted in the 
2009–11 report, the most significant biological threats and barriers to natural regeneration observed to date 
include heavy and prolonged frosts, weeds (especially Aristea ecklonii and Kahili Ginger), introduced mat-forming 
grasses (Kikuyu, Setaria, Dactylus), herbivory by insects and mammals, predation of wildlife by foxes or wild 
dogs, physical damage by large dogs and apparently deliberate damage by humans. 

The abovementioned weeds and grasses are under active control using a range of approaches including removal 
by digging, herbicide application, and mowing, slashing and brushcutting. 

The project is based on facilitation of natural regeneration. Weeds and introduced grasses are under active 
management where they are inhibiting natural regeneration. The Restoration Plan incorporated in the Restoration 
Agreement between ARCS and the Queensland Government specifies the approach to weed control: 

In general, weed infestations will not be addressed unless they are inhibiting natural regeneration 
without active intervention or there is a legal requirement to remove them (e.g. fireweed, 
groundsel bush, giant rat’s tail grass). 

Those weeds occurring on the Properties that will be eradicated naturally by shading from 
advancing regeneration will not be actively removed, unless it can be demonstrated that medium- 
to long-term benefits can be achieved regarding site capture, accelerated growth or reduced 
mortality of regenerating species. 

Extent of invasion by Aristea ecklonii and other 
priority weeds identified; control options 
assessed and measures underway 
 

The extent of invasion by Aristea ecklonii and Kahili Ginger on the restoration properties is established. Control 
measures are being applied. It has been established that digging up aristea plants, with close attention being given 
to removal of the rhizome, is the most effective measure but is very time consuming. Application of glyphosate 
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Desired outcome Situation at 31 December 2011 

can also be effective but timing is difficult and inappropriate near habitats for threatened frogs. 

Kahili Ginger is treated by cutting plants off at the base and applying glyphosate immediately to the cut surface. 

Restoration equipment purchased ARCS has purchased the following equipment for restoration work: 

• a tractor and slasher,  

• 2 ride-on mowers,  

• 5 brushcutters,  

• 1 chipper,  

• 3 chainsaws (including a pole saw),  

• 2 backpack spraying systems for herbicide application,  

• 4 rope wicks for herbicide application 

• numerous hand tools 
The total cost of this equipment was more than $45,000 

Volunteers recruited; training, safety, insurance 
and accommodation in place 

To date, over 200 volunteers have been involved. These include parties of around 15 volunteers who attend on a 
regular basis (close to monthly). ARCS has appointed a volunteer recruitment and coordination officer and a 
volunteer recruitment plan is in place to enable the achievement of our restoration goals. All volunteers are 
trained and instructed on safety and biosecurity hygiene matters. 

Public liability insurance is in place (at a cost of $8000 per annum). 

Volunteer accommodation is provided primarily at The Lodge (one of the accommodation buildings included in 
the Restoration Agreement). Regular maintenance is carried out at The Lodge to ensure the accommodation 
meets required standards. Day facilities at Warblers are essential for volunteers working long hours at eradicating 
weeds, particularly given the unpredictability of the weather. 

Funding sources established 
 

ARCS continues to profitably operate the two accommodation businesses at Springbrook, Koonjewarre and 
Springbrook Lyrebird Retreat, from which all net income is applied to the Springbrook Rescue project. This 
business model has proved appropriate as a sustainable means of long-term support so necessary for ecological 
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Desired outcome Situation at 31 December 2011 

restoration projects such as this.  

In June 2012, ARCS was successful in obtaining a grant from the Biodiversity Fund for $270,000 over three 
years. The specific purpose of this grant is to help eradicate, as the highest priority, the highly invasive Aristea 
ecklonii. 

Monitoring equipment purchased 
 

ARCS has purchased 9 Song Meters (Wildlife Acoustics) for audiorecording wildlife at sites at various stages of 
regeneration in 5 different catchments. The purpose is to monitor critical habitat recovery.  

ARCS has also purchased and installed 9 weather stations which record humidity, temperature, soil moisture and 
photosynthetically active solar radiation. Six of the stations also record rainfall and one records soil water 
potential (plant available water).  These complement and extend the coverage obtained by the wireless sensor 
network system involving the CSIRO. 

A range of other monitoring equipment includes both video and still camera systems for recording wildlife 
(camera trapping). 
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Desired outcome Situation at 31 December 2011 

 

Location of audio-recorders (Song Meters) 

GIS mapping resources established; grid-based 
monitoring and reporting adopted and cells 
(16.67 m square) permanently marked 
 

ARCS holds a licence for ArcGIS software. Aerial photography and Digital Terrain Model data, both at a 
resolution of 5 metres, have been provided by Gold Coast City Council. Grid-based monitoring and reporting 
has been carried out every 3 months on 15 permanently marked grid cells. 

Sensor system installed for recording of 
environmental parameters 
 

A system comprised of 175 wireless sensor nodes is installed on the Pallida property. This is the result of a 
collaborative project involving ARCS, Department of Environment and Heritage Protection and CSIRO.  
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Desired outcome Situation at 31 December 2011 

 
The Wireless Sensor Network on Pallida (each green symbol is a node) 

Long-term monitoring plots set up; growth 
rate, soil moisture and other measurements 
initiated; trials started 
 

Fifteen long-term monitoring plots have been established and measurements of plant growth, health, herbivory, 
mortality and recruitment carried out at the beginning of each season. We now have the benefits of results 
accumulated since 2009. Seventeen measure periods have been completed at the end of 2012. In addition to vital 
rates on all individual plants, the plots and nested sub-plots are designed to provide information on ecosystem 
processes — competition, facilitation, assembly, successional trends or drifts to undesired alternative stable 
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Desired outcome Situation at 31 December 2011 

states. The plots allow trials on the effects of controlled disturbances to help guide potential interventions in the 
broader restoration areas. To date, a range of both wind- and animal-dispersed species is occurring among the 
regeneration. More than 50 species from 42 genera and 25 families have been recorded from the growth plots to 
date including species that have not been reported from the plateau in 40 years.  

 
Location of plant growth plots 

Natural regeneration identified, evaluated and 
mapped 
 

Natural regeneration is being monitored through growth plot data and photomonitoring points of which over 50 
have been established. The frequency of repeat photography is determined by either inherent rates of change or 
by the need to monitor the results of specific restoration interventions. ARCS has also purchased a licence 
($4500) for use of aerial photography by NearMap which is updated approximately every 6 months to facilitate 
quantifying progress in achieving landscape connectivity using repeat aerial photography. Baselines were 
established from the time properties were purchased. All cleared areas were digitised and rectified for analysis 
from 2005 aerial photographs using ArcGIS software. This is described in more detail in the Springbrook Rescue 
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Desired outcome Situation at 31 December 2011 

website relating to photomonitoring: http://www.springbrookrescue.org.au/PhotoMonitoring.html 

Flora and fauna surveys carried out in 
adjoining rainforest (species pool) 
 

Flora and fauna surveys of adjoining rainforest were carried out during the acquisition stage of the project and 
continue onwards. A range of survey techniques is used: manual, camera trapping and in situ autonomous audio 
surveillance with commercially available wildlife recorders. The results give confidence that ecosystem and 
landscape integrity and stability are achievable in the long term. 

Reference sites selected and attributes 
documented 
 

Ten primary reference sites have been established in 6 catchments representing the three main forest types: 
Regional Ecosystems 12.8.2, 12.8.5, and 12.8.19. 

Web site designed and online; brochures 
designed and printed; display designed and 
installed; 3 field days held; Scenario Based 
Learning (SBL) Tool started 

The web site, www.springbrookrescue.org.au, was not completed until the end of the current reporting period 
(2011–12). The purpose of the web site was to provide as much information as possible about the project, 
including the approach to restoration, the social and ecological conceptual models that underpin the project, the 
world heritage values of the area, the topography, geology, climate and soils of the area affecting restoration, the 
sites that are being restored, and opportunities and accommodation available for volunteers. Hence, the 
development of the web site and the preparation of the content was a mammoth task involving 105 pages (many 
of considerable length) and took much longer than anticipated. 

Because it was considered that the web site was the key underpinning of our communication and reporting 
strategy for dissemination of information about the project, release of brochures was delayed until recently to 
coincide with the launch of the web site. Field days have been held in conjunction with restoration activities by 
visiting groups during this reporting period. All groups receive a briefing on the project, its purpose, world 
heritage values, restoration strategies and progress to date.  

A display is installed in the Project Room at The Lodge comprising 6 boards on which A1-sized posters are 
rotated according to the special interests of the visiting volunteer groups. Portable display boards, brochures and 
information sheets are for use at external “talk” venues. 

The SBL Tool has not been progressed as it is not considered appropriate at this stage of the project, until 
sufficient long-term data from restoration learnings are accumulated. 

Road verges, powerline easements managed to 
restore microclimate, protect habitat and 

Negotiations were occurring with the Queensland Government and draft guidelines for road verge management 
were drawn up based on those for the Wet Tropics World Heritage Area. It is understood that discussions were 
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Desired outcome Situation at 31 December 2011 

reduce spread of weeds 
 

ongoing between the State and Gold Coast City Council. Those processes have stalled. 

 
 
2. Intermediate activities and outcomes 
 

This reporting period represents the first year of the ‘Intermediate activities and outcomes’ phase which extends from Year 4 to Year 9 (2012–17). 

 

Desired outcome Activity reporting 

Supplementary planting in selected areas 
unable to regenerate naturally (by direct 
seeding, transplanting or growing nursery 
stock) 
 

As stated above and incorporated in the Restoration Agreement, restoration will be based on facilitating natural 
regeneration. Planting will only be undertaken when it is judged that the particular area is showing no signs of 
natural regeneration. This approach is fully consistent with the IUCN WCPAs Best Practice Protected Area 
Guidelines Series No. 18: Ecological Restoration for Protected Areas: Principles, Guidelines and Best Practices 
(2012). These guidelines formally underpin advice to signatory countries of the International Convention on 
Biological Diversity for meeting their restoration targets. The Springbrook project is Case Study 11 in these 
guidelines. 

In the case of the Warblers property, regeneration is occurring naturally across the entire 3-ha area as predicted 
and no planting is likely to be required. 

On Ashmiha, regeneration is occurring naturally across the major part of the property and no planting is being 
considered at this stage. Isolated nurse plants are developing in key areas, consistent with the ‘nucleation’ model 
of ecological restoration. However, it will be necessary to carefully monitor a band across (east-west) the middle 
of the property which lies between the regeneration to the north (largely Eucalyptus oreades, E. campanulata,, Lomatia 
arborescens and Acacia spp.) and that to the south (Leptospermum spp., Lomatia arborescens and Acacia spp.). This band 
is dominated by the mat-forming grasses, kikuyu and setaria which have the potential to block regeneration if not 
controlled strategically. Strategies involve reaching a fine balance between the competition and facilitation 
processes served by these invasive species. Both function to rehabilitate compacted soils and to create 
microclimates that facilitate germination and survival of native species during periods of prolonged high 
evaporative demand. 
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Desired outcome Activity reporting 

On Pallida, natural regeneration is progressing well on the upper and middle slopes and along the western 
boundary. On the lower flatter section, natural regeneration is limited by the presence of the mat-forming 
grasses, kikuyu and setaria. As for Ashmiha, this area will require careful monitoring in case active intervention is 
deemed necessary.  

The Ankuna property is being monitored but it is considered unlikely that any planting will be necessary. It will, 
however, be necessary to control and eventually eradicate the aristea occurrence on the southern part of the 
property. There was an infestation of montbretia in a swampy area south of Little Nerang Creek which flows 
through the property which appears to have been eradicated by our removals. 

Kanimbla has also been monitored and it is considered that natural regeneration will occur with few obstacles. 
There are plantings of exotic species which will need to be removed in the future. 

The Quolls property requires little intervention as it is almost entirely remnant or regrowth rainforest. Exotic 
species around the clearing for the building have been removed. Follow-up will be required to deal with any 
regeneration of exotics. 

What has to be remembered is that “year” and “facilitation” effects are critically important, consistent with 
results reported in the literature, and that “patience” is paramount. To intervene when unnecessary can have 
seriously counterproductive results on ecosystem resilience in the long term. 

Aristea ecklonii declared a Class 2 weed; 
nurseries cease selling it; local landholders 
participate in removing it from their land 
 

ARCS has made repeated approaches to Biodiversity Queensland in an attempt to have Aristea ecklonii declared a 
Class 2 weed. Biodiversity Queensland carried out and published a risk assessment of the plant. The report is 
available at http://www.daff.qld.gov.au/documents/Biosecurity_EnvironmentalPests/IPA-Blue-Stars-Risk-
Assessment.pdf. The following a is a quote from the risk assessment: 

A. ecklonii has a history as a weed in New Zealand and interstate (New South Wales and Victoria). As such, 
it is predicted to become a weed within comparable habitat types and climate zones in Queensland. 

Based on climatic and habitat information from its native range, habitats at risk of invasion appear to be 
limited to open or otherwise disturbed sites in mesic, upland rainforests in sub-tropical Queensland (open 
grassy areas/pastures, roadsides, tracks and riparian habitats). Remaining areas of the state are predicted to 
be either too hot or dry. 

Even though A. ecklonii is listed as a weed interstate and overseas, there is very limited information available 
on its impact. It is reported to be replacing native vegetation in New Zealand, but the scale of such impacts 
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Desired outcome Activity reporting 

is poorly described. 

A. ecklonii is in an early stage of invasion in Queensland and could become a significant pest within suitable 
habitats after its population has had sufficient time to develop. 

In short, Biodiversity Queensland has declined to list the plant as a pest. It would appear that it is the intention to 
allow the species to develop to the point where it becomes a significant pest, threatening the viability of a World 
Heritage area, before taking any action. 

Many private landholders are now aware of the threat posed by this new class of shade-tolerant weed that is 
capable of invading undisturbed forests, and are actively removing it from their properties. This awareness and 
action is critical as the seeds are now recognised as being bird-dispersed. 
 
Regarding control of aristea, we have established that application of the herbicide can be effective even when the 
plants are fruiting. Plants bearing well developed green fruits were treated with glyphosate during December and 
monitored. The fruits dried out and opened up exposing the seeds as the plant died. However, seeds were 
collected and 200 seeds tested for germination. No germination occurred. 
 

More projects using wireless sensor networks 
for monitoring of restoration 
 

The Springbrook wireless sensor network project is arguably the largest of its kind in the world and won the 2012 
Queensland iAwards for Research and Development. This award is acknowledgment of the transformational 
potential of this technology in environmental monitoring. The project allowed the CSIRO to further develop the 
technology to improve its performance and affordability. The CSIRO reports on the progressive uptake of this 
technology on their dedicated web site. 

Results of monitoring reviewed and 
incorporated into adaptive management 
 

The process of Monitoring, evaluation, review and improvement in the adaptive management Decision 
Framework is described in detail in the Springbrook Rescue website: 
http://www.springbrookrescue.org.au/DecisionFramework.html  

1. CONTEXT. The socio-economic context has seen some changes in the past 12 months which is normal 
during a long-term project that ecological restoration necessarily has to be. However, despite fluctuations 
in economic uncertainty which affects both business revenue and volunteer availability, risk assessment 
in our decision framework remains essentially unchanged. The ecological context from the point of view 
of climate change worsens, but merely highlights the importance of the project towards helping protect 
the outstanding universal value of this World Heritage Area. The ‘problem’ as originally assessed remains 
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Desired outcome Activity reporting 

valid — loss and impairment of critical habitat and landscape connectivity. Our biodiversity surveys, 
assessments of fauna and flora most vulnerable to these impacts, and identification of the most pressing 
bottlenecks to functional connectivity has assisted prioritisation of objectives for the 2012-2015 
Restoration Plan (See Attachment). 

2. GOAL: The original Goal of the project remains valid and unchanged by results of monitoring and 
review over the foundation period. The Goal is fundamentally tied to implementing obligations under 
the World Heritage Convention and its associated Operational Guidelines. 

3. OBJECTIVES: The ecological restoration objectives remain unchanged, based as they are on those 
recommended by the International Society for Ecological Restoration and in the IUCN WCPAs 
“Ecological Restoration for Protected Areas: Principles, Guidelines and Best Practices” (2012). These objectives, and 
thereby the Goal, are achieved and reported on through time-bound, measurable actions detailed in each 
3-year Restoration Plan (Attached). This plan details the baseline, the expected results and how they will 
be measured.  

4. RESOURCES: Our access to material, financial, in-kind, informational and legal resources remains 
adequate for the viability or sustainability of the project. Our Management Plan and detailed costings 
allow us to apply for grants in a strategic and targeted way to supplement core funding. These resources 
are a major in-kind community contribution that helps the Queensland Parks and Wildlife Service, 
achieve its objective of protecting, managing and restoring Queensland’s outstanding biodiversity. 

5. RISK ASSESSMENT: Our risk assessment framework provides an integrated systems approach to 
considering social, economic or ecological barriers to achieving the project’s Goals and Outcomes 
allowing continual improvement as part of adaptive management. 

6. MANAGEMENT ACTIVITIES: All management activities are guided by evidence and our ecological 
and social conceptual models, as well as principles of best practice. These are detailed in our earlier 
reports and website (http://www.springbrookrescue.org.au/DecisionFramework.html). Key lessons 
learned to date include: 
(a) our conceptual models have stood the test of evidence for the past 4 years and give vital guidance 
(b) “facilitation”, as an ecosystem process, is key to the success of ecological restoration in refugia 
(c) understanding “year” effects for mass seeding events avoids costly financial and ecological mistakes 
(d) a long-term view & patience are needed for ecological restoration of viable & resilient communities 
(e) a business model that can provide sustainable long-term funding is vital for ecological restoration 
(f) management without monitoring is likely to fail as required solutions are often counter-intuitive 
(g) understanding “social learning” is important for an effective communication & engagement strategy 
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Desired outcome Activity reporting 

(h) convincing people about the important role of weeds as nurse plants is essential but challenging 

In summary, the most significant learning from monitoring is that even weeds can serve an ecological function 
for a time without which restoration can fail under particular circumstances. Plants from old lineages and with 
conservative traits can fail to germinate or survive in microclimates radically different from their evolutionary 
past. Any plant, whether native or alien, can serve to ameliorate conditions inimical to regeneration. A scientific 
approach coupled with monitoring is essential to guide the timing of interventions when the role of weeds shifts 
from facilitation to competition. Given the historically and generally valid view of weed invasions as one of the 
most threatening processes known, accepting a constructive role for weeds can require a paradigm shift which is 
difficult. 

Community skills, knowledge and engagement 
increased; SBL Tool completed 
 

Around 200 volunteers have been involved in the project and have gained relevant skills. We continue to attract 
additional volunteers. 

The Springbrook Rescue web site (http://www.springbrookrescue.org.au) should considerably increase 
community understanding and support for the project. A brochure explaining the project and providing the URL 
for the web site has been distributed to all properties at Springbrook. 

In parallel with the web site, a Facebook page has been created and is receiving considerable interest. 

As noted above, the SBL Tool has not been progressed. 

Community understands the project and its 
significance for World Heritage 
 

There has been significant progress in this regard. There are clear indications that a large proportion of the local 
community supports the program for greater protection of biodiversity generally and World Heritage values 
specifically. A well supported local group “Springbrook Wildlife Appreciation Group” (SWAG) has formed, 
produced web and associated Facebook social networking sites enabling local community members to share 
experiences and voice support. More articles relating to nature occur in the local newspaper “Springbrook 
Voices”. Almost all accommodation businesses at Springbrook now use World Heritage in their advertising when 
in 2005 only one did so. The Springbrook Chamber of Commerce increasingly deals positively with World 
Heritage and has produced a brochure highlighting World Heritage as the basis of a sustainable local tourism 
industry. It is distributed to visitors through tourism venues. Events are scheduled to celebrate World Heritage as 
a means of attracting visitors to the area. 

Institutional, organisational and policy change As noted above, some progress was made in negotiations with the Queensland Government and between The 
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Desired outcome Activity reporting 

facilitating control of threatening processes 
 

Queensland Government and Gold Coast City Council. Those negotiations stalled. 
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Appendix 3 
 
THREAT MANAGEMENT PLAN 
!"#$%&'(

!"#$%&'(&)*+),+"-$.+(.%"-(+-*/+
&(#+#)0%$"#+-*/+&1'-$(#+

)*+&#*,-./*+&0+1$+/2((

2$(&)*#+()+%"/0$"+)%+1-*-3"+(."+(.%"-(+

!"##3#*-&#$%&'()*#+(,,-.-)/(%0#
12./%0(/3#2,#,.2'/4'-)'(/(5-#
60%)/'#()#-762'-+#%.-%'#
8-'6-$(%003#()#$2..(+2.#
92//0-)-$:#%.-%';#

# <=>?@ABCDEFG#=.(5-.H#

A/(0('-#)%/&.%0#-$2'3'/-1#6.2$-''-'#2,#I,%$(0(/%/(2)J#93#1%()/%()()*#
6.2/-$/(5-#8K)&.'-L;#60%)/#$25-.#8()$0&+()*#M--+'#%)+#*.%'';#%.2&)+#
'--+0()*'#&)/(0#,.2'/#6-.(2+#N%'#6%''-+O#/(1-#*.%''#%)+#M--+#$2)/.20#
$%.-,&003#/2#1%7(1('-#,%$(0(/%/(2)#6.2$-''-'#MN-)#)--+-+#%)+#1()(1('-#
$216-/(/(2)#6.2$-''-'#/N%/#/N.-%/-)#)%/(5-#60%)/#5(%9(0(/3#
D/#%#0(1(/-+#'$%0-P#'&$N#%'#.-*-)-.%/(2)#)2+-'P#(,#)2#)&.'-#60%)/'#%.-#
%5%(0%90-P#-(/N-.#8%;#1%7(1('-#M%/-.#%5%(0%9(0(/3#/2#/N-#60%)/'#/N.2&*N#
1&0$N()*P#2.#89;#/.3#.-+&$()*#M%/-.#02''#5(%#/.%)'6(.%/(2)#&'()*#,20(%.#%)/(4
/.%)'6(.%)/'#

Q"##30#$#$%&'-+#93#%$$(+-)/P#
%.'2)P#2.#)%/&.%0#$%&'-'#

# <=>?@ABCDEFG#=.(5-.H#

>160-1-)/#%#R(.-#S0%)#/N%/#8%;#12)(/2.'#,(.-#.(':O#89;#(+-)/(,(-'#N(*N#.(':#
(*)(/(2)#62()/'O#89;#&/(0('-'#)%/&.%0#,(.-49.-%:'#8.(6%.(%)#%.-%'P#.-1)%)/#2.#
%+5%)$-+#.-*.2M/N#2,#.%(),2.-'/#%)+#M-/#'$0-.26N300#,2.-'/;O#8$;#.-+&$-'#
.(':#2,#/.-'6%''#/N.2&*N#'(*)%*-O#8+;#.-+&$-'#.(':#2,#(*)(/(2)#,.21#
$%.-0-'')-''#/N2&*N#-+&$%/(2)#2,#520&)/--.'O#8-;#1%()/%()'#N(*N4.(':#*.%''#
$25-.#8:(:&3&P#'-/%.(%;#%/#02M#N-(*N/'#26/(1%0#,2.#92/N#,%$(0(/%/()*#
.-*-)-.%/(2)#%)+#.-+&$()*#,(.-#.(':#

T"##)%/&.%0#.-*-)-.%/(2)#
8#$/#40&5$+&6(3%0,4#$#+&-#
/2#%9(2/($#%)+#9(2/($#
9%..(-.'#

8%;#<?SGF>G?#SUUV#=.(5-.H#
89;#<C>U=>WGB?>@X#=.(5-.#Y#

'6-$(-'#()/-.%$/(2)'Z#
KN-.9(52.3LH#

8$;#<BG?UABFG?#[#FV>\D@G#
=.(5-.H#

D''-''#0(:-03#$%&'-8';#%)+#1(/(*%/(2)#1-%'&.-'Z##
8%;#-7$/0$-(7**,#+-,($(-)$3#2.#+('6-.'%0#,%(0&.-'#]#'&660-1-)/#93#+(.-$/#
'--+()*P#/.%)'60%)/()*#2.#9(2+(5-.'-#60%)/()*'O#
89;#G'/%90('N1-)/#,%(0&.-#+&-#/2#&))%/&.%003#N(*N#626&0%/(2)#0-5-0'#2,#
1%11%0(%)#N-.9(52.-'#86%+-1-02)';#8-7$/0$-(0+&$#%/&0*+-6#]#/.3#
-'/%90('N()*#-7$0&'(2)#,-)$-'#()#$.(/($%0#%.-%'#8$2..(+2.#92//0-)-$:'#%)+#
62/-)/(%0#$.(/($%0#N%9(/%/;#
8$;#M--+#$2)/.20#2,#/N-#12'/#-$202*($%003#+%1%*()*P#)-%.4()/.%$/%90-#
M--+'#,%(0()*#M(/N#$&..-)/#.-'2&.$-'#87#*8$/&##$-*4#/$-6#]#'--:#
%++(/(2)%0#.-'2&.$-'#%)+#'&662./#/2#$219%/#/N-#12'/#'-.(2&'#/N.-%/'#8-"*"#
2%&#("-+"$45)*&&;#
#8$;#-)5(.2)1-)/%0#9%..(-.'#8'2(0#+%1%*-O#%+5-.'-#
1($.2$0(1%/-';8#$-*4#/$-(9(/,05%&$6#]#%++.-''#93#12)(/2.()*#%)+#
(16.25()*#'2(0#N-%0/N#8.-/%()#*.%''#$25-.#2,#'6-$(-'#M(/N#N(*N#'2(0#
.-1-+(%/(2)#62/-)/(%0P#-"*"#:(:&3&P#,2.#6-.(2+'#.-^&(.-+#93#12)(/2.()*#
+%/%O##(16.25-#1($.2$0(1%/-#,2.#5&0)-.%90-#'--+0()*#0(,-#'/%*-#/N.2&*N#
$%.-,&0#/(1()*#2,#,%$(0(/%/(2)#93#)&.'-#60%)/'#8/N-'-#1%3#-5-)#9-#M--+#
'6-$(-';#

_"##>)$.-%'-+#12./%0(/3#,.21#
7$-&-(%+:(:0-$%-$#

8!;#\2)(/2.#0-%,#%)+#'/-1#N-.9(52.-#626&0%/(2)'#%)+#$2)/.20#93#/N-#12'/#
-,,-$/(5-P#-,,($(-)/#%)+#'%,-#1-%)'#%5%(0%90-#(,#)-$-''%.3#
8Q;#\2)(/2.#+('-%'-#()$(+-)$-#8-"*"#\3./0-#B&'/#()#'&'$-6/(90-#60%)/'O#
$N3/.(+#,&)*&'#()#,.2*'O#2/N-.#:)2M)#2.#-1-.*()*#,&)*%0`5(.%0#6%/N202*(-'#
]#12)(/2.`#.-62./`#()'/(/&/-#%66.26.(%/-#N3*(-)-#6.2/2$20'#/2#1(/(*%/-#
'6.-%+#%)+#(16%$/'##

a"#,%(0&.-#/2#.-$.&(/#520&)/--.(
#$-*4#/$-#

D''-''#-,,-$/(5-)-''#2,#.-$.&(/1-)/#'/.%/-*(-'P#.-5(-M#%)+#(16.25-#/N-#
W20&)/--.#B-$.&(/1-)/#S0%)#

b"##,%(0&.-#/2#*-)-.%/-#'&,,($(-)/#
#$-*4#/$-#/2#'&662./#/N-#
6.2c-$/#

8%;#R()+#%++(/(2)%0#'2&.$-'#8*.%)/'P#+2)%/(2)'P#9-^&-'/;O##
89;#.%/(2)%0('-#6.2*.%1#%$/(5(/(-'#/2#/N-#12'/#/(1-4$.(/($%0#

1 Threats are categorized in terms of ‘drivers’ identified in our ecological conceptual model 
!


