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A MESSAGE FROM THE MAYOR 
It gives me great pleasure to introduce the Biodiversity Management Strategy 2019–2030 for the Port Macquarie-
Hastings Local Government Area. 

The Port Macquarie-Hastings is rich in biodiversity. The area’s natural values are a major reason so many people 
enjoy living in and visiting the area. Council recognises that biodiversity is fundamental to the region. It contributes to 
the ecological balance necessary for successful functioning of our important agricultural and primary industries. The 
challenge is to protect these important natural biodiversity values for current and future generations while facilitating 
sustainable development and economic prosperity for the area. 

This	Biodiversity	Management	Strategy	identifies	the	most	important	natural	assets	of	the	area,	the	threats	to	these	
assets and the actions that can be undertaken to manage these threats. 

The Strategy builds on Council’s strategic planning work, environmental modelling and natural resource projects 
undertaken. It uses the best possible current science to deliver its objectives. This Biodiversity Management Strategy 
is integral to delivering the goals of the Towards 2030 Community Strategic Plan and underpins the Urban Growth 
Management Strategy and the Port Macquarie-Hastings Council Local Environment Plan.

Council looks forward to engaging with the community in order to responsibly deliver the Biodiversity Management 
Strategy over the coming years.

Peta Pinson

Mayor
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DEFINITIONS AND ACRONYMS
Ecological resilience In ecology, resilience is the capacity of an ecosystem to respond to a disturbance (or 

perturbation) by resisting damage and recovering quickly.
Ecological maintenance A state in which the majority of layers of vegetation (i.e. strata) and species are present in 

an ecosystem (with few weeds) such that the site becomes resilient to future disturbances 
such as weed invasion.

Environmental weeds Environmental weeds are plants that invade native ecosystems and adversely affect the 
survival	of	native	flora	and	fauna.

Environmental weeds can be foreign plants accidentally or intentionally introduced into 
Australia, or they can be native plants that have become weedy because they are outside 
of their normal range. In the Port Macquarie-Hastings area, for example, many plants from 
northern Queensland become weedy.

Biodiversity Biodiversity	is	defined	as	the	variety	of	living	organisms	on	the	planet.	It	includes	terrestrial,	
aquatic and other ecosystems and the ecological complexes of which they are a part. 
Biodiversity occurs at a variety of scales including genetic diversity, species diversity and 
ecosystem diversity. In this Strategy, biodiversity refers to plants and animals native to the 
Port Macquarie-Hastings Local Government Area.

Forestry Lands For the purposes of this Strategy, ‘Forestry Lands’ are taken to be: 
 ● Areas with a private native forestry licence (as of October 2016)
 ● Forestry Corporation NSW lands outside Protected Areas.

GAP CLoSR General Approach to Planning Connectivity from Local Scales to Regional. A modelling tool 
which can be used to examine landscape connectivity and habitat fragmentation.

Habitat component An	area	defined	by	GAP	CLoSR	wherein	wildlife	may	move	around	within	the	component,	but	
not out of the component, due to impermeable barriers or a lack of linking habitat. They are 
like ‘islands’ in the landscape that wildlife cannot move from. 

Habitat linkage An	area	defined	by	GAP	CLoSR	that	effectively	links	two	habitat	patches	together.	These	
links may be narrow strips of vegetation or scattered paddock trees (which act like ‘stepping 
stones’ across the landscape). They are too small to be considered as a ‘habitat patch’ but 
play an important role in connectivity. 

Habitat patch A	consolidated	area	of	vegetation	wherein	wildlife	has	sufficient	resources	(food,	shelter,	
mates) available for long-term survival. 

LEP Local Environment Plan
Mesic In ecology, a mesic habitat is a type of habitat with a moderate or well-balanced supply of 

moisture, e.g. a mesic forest.
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National parks This includes all parks and reserves in National Parks and Wildlife Service estate, including 
national parks, nature reserves, state conservation areas and historic sites.

Precautionary principle The	precautionary	principle	states	that	when	a	human-induced	activity	raises	a	significant	
threat of harm to the environment or human health, then precautionary measures 
should	be	taken	even	if	there	is	no	scientific	consensus	regarding	cause	and	effect.	It	
is akin to ‘better safe than sorry’. It is embedded in much national and international 
environmental legislation. 

Protected Areas For the purposes of this Strategy, ‘Protected Areas’ are taken to be: 
 ● National Parks and Wildlife Service estate (national parks, nature reserves, historic 

areas, state conservation areas)
 ● Forestry Corporation lands dedicated under the Forest Management Zones 1 or 2 

purely for biodiversity conservation 
 ● E2 Lands within Port Macquarie-Hastings Council’s ‘Managed Public Bushland’ 

portfolio (as of June 2016). 
Silviculture Silviculture is the practice of controlling the establishment, growth, composition, health and 

quality of forests to meet diverse needs and values. 
Threatened ecological 
community

An ecological community is a group of native plants, animals and other organisms that 
naturally occur together and interact in a unique habitat. A threatened ecological community 
is one that has limited geographic distribution and is therefore at risk of extinction. These 
communities may be protected under state and/or federal legislation.

Threatened species Plant or animal species that are at risk of becoming extinct. These species may be protected 
under state and/or federal legislation.

Transforming weeds Invasive plant species which have the capacity to undermine the ecological processes 
which maintain the health of native vegetation and hence the habitat of indigenous plants 
and	animals.	Many	transforming	weeds	can	change	the	ecosystem	to	benefit	their	species	
ahead	of	native	species,	such	as	through	changing	soil	chemistry	or	fire	regimes.	

Zonation Zonation is a modelling tool (developed by the University of Helsinki) which seeks to rank 
the landscape in terms of the relative importance of areas for supporting biodiversity 
values. ‘High value’ sites may support a high diversity or abundance of species, or may 
support just one species found nowhere else. 

NC LLS North Coast Local Land Services
PMHC Port Macquarie-Hastings Council
OEH Office	of	Environment	and	Heritage
NPWS National Parks and Wildlife Service
ARI Average recurrence interval
UGMS Urban Growth Management Strategy
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HOW TO USE THIS STRATEGY
This	Biodiversity	Management	Strategy	is	divided	into	five	
chapters. 

Chapter 1 provides some context for the importance 
of biodiversity to the Port Macquarie-Hastings Local 
Government Area (LGA) and why a Strategy is required. It 
outlines the aims and objectives of the Strategy and the 
legislative context. It also outlines the various datasets 
that were used to conduct the modelling and mapping 
associated with this Biodiversity Management Strategy. 

Chapter	2	identifies	and	maps	the	biological	values	of	
the Port Macquarie-Hastings LGA, such as landscape 
units, vegetation communities, important wetlands and 
threatened species. It outlines the program ‘Zonation’ 
which was used to compile various datasets and identify 
the most important areas for biodiversity in the LGA. 

Chapter 3 examines the concepts of landscape 
connectivity and habitat fragmentation. It outlines the 
program ‘GAP CLoSR’ which was used to examine how well 
the Port Macquarie-Hastings LGA is ‘connected’ for wildlife 
and which areas may require some additional assistance 
to reconnect them or consolidate tenuous links. It also 
examines issues such as broader-scale wildlife corridors 
and the connectedness of wetland systems. 

Chapter 4 uses the knowledge derived from Chapters 2 
and 3 to derive a ‘Priority Investment Layer’. These are 

the areas on private lands and land managed/owned by 
Council where strategic investment for biodiversity (such 
as through government funding streams or the biodiversity 
offset market) would be best spent. Helping to conserve 
these	areas	would	be	highly	beneficial	to	protecting	the	
biodiversity of the Port Macquarie-Hastings LGA. 

Chapter	5	identifies	threats	to	the	biological	assets	of	
the LGA and considers the relative threats operating in 
different landscape units. It includes some quantitative 
analysis of the impacts of climate-induced sea-level rise 
on biological assets and the amount of land affected by 
private native forestry. 

Chapter 6 outlines the four key themes that Council will 
use to identify actions in the annual operational plan(s)  
and future delivery program which assist in delivering 
biodiversity conservation.

All	scientific	names	for	species	mentioned	are	in	
Appendix A.

All	technical	terms	are	defined	in	the	Definitions	and	
Acronyms (at the front of the Strategy).

We hope this Strategy helps develop a new or improved 
understanding of the valuable biological resources of the 
Port Macquarie-Hastings LGA, the threats that face these 
resources and the actions that are required to protect 
them for future generations. 
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SUMMARY
The Port Macquarie-Hastings Local Government Area (LGA) 
is a biodiverse area and these biological assets are highly 
valued by the Council and community. They contribute to 
the cultural, lifestyle, aesthetic and recreational identity 
of our LGA. The importance of biodiversity to the local 
economy (e.g. property values, tourism, agriculture, 
silviculture, and economic development generally) is also 
highly valued and recognised. 

There are, however, untold challenges for the 
biodiversity of our LGA, including feral pest invasion, 
clearing for development and agriculture, and a rapidly 
changing climate. 

The key messages from this Strategy are:

 ● We need to protect our most important biological 
assets to maximise biodiversity conservation.

 ● These important areas need to be ecologically 
connected so they can function properly.

 ● We need to manage the threats that undermine the 
resilience of these important areas.

 ● Everyone in the Port Macquarie-Hastings community 
and visitors to the region have a role to play in 
protecting biodiversity.

This Biodiversity Management Strategy:

 ● identifies	the	most	important	biological	priority	
areas in our LGA (using Zonation and other software 
packages)

 ● identifies	islands/patches	of	contiguous	vegetation	
and where the key habitat linkages and connections 
are between these patches (using GAP CLoSR)

 ● identifies	threats	to	biodiversity	

 ● identifies	four	overarching	themes,	or	programs,	to	
generate annual biodiversity actions. 

A major focus of the Biodiversity Management Strategy 
has been to use the best available information and 
science to identify the areas that are most valuable for 
biodiversity in the Port Macquarie-Hastings LGA. This work 
has allowed us to create a Priority Investment Layer that 
can be used to assist landholders to direct biodiversity 
offset schemes and apply for funding to protect key 
biological assets on private lands. 

The Port Macquarie-Hastings LGA has an educated 
and inspired community, with some amazing examples 
of community-led initiatives that support biodiversity 
conservation. Port Macquarie-Hastings Council plays 
a key role in bringing together different stakeholders 
(government, education, private individuals, community 
groups etc.) to attract funding and deliver projects to make 
a difference. 

This Biodiversity Management Strategy provides many 
spatially explicit outputs (using tools such as Zonation, 
GAP CLoSR, climate change modelling, species 
distribution models) that can inform future strategic 
planning and conservation initiatives. Possessing such 
models, and using these to justify projects, will greatly 
increase the chances of receiving funding for projects 
in the LGA. These spatially explicit models can also help 
guide biodiversity management and protection in the LGA, 
particularly in a time where environmental legislation is 
undergoing a radical overhaul. 

Many of the challenges to biodiversity are not easy to 
solve, but they do present exciting opportunities along the 
way. The challenges are certainly worth the knowledge 
that we stand our children in better stead to inherit a world 
still rich in natural wonders and capable of supporting the 
full range of ecosystem services we all rely on. 
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1. INTRODUCTION
1.1 PORT MACQUARIE-

HASTINGS LOCAL 
GOVERNMENT AREA

The Port Macquarie-Hastings Local Government Area 
(LGA) (Figure 1) is an area rich in biodiversity supporting 
a	diverse	and	significant	assemblage	of	both	terrestrial	
and	aquatic	plants	and	animals.	Situated	in	the	Macleay–
McPherson overlap, the area contains elements of both 
tropical and temperate biota. The LGA, with an area of 
3680 km2, also spans a wide range of altitudes — from 
the high plateaus of Werrikimbe National Park through to 
the coastal plains. For many species, the Port Macquarie-
Hastings area is a stronghold for the population (such 
as	the	Koala	or	the	White-flowered	Wax	Plant),	while	for	
others it is an area where the species is at the edge of 
either their southern or northern geographical distribution 
(such as the Lesser Swamp-orchid and Coastal Pandanus). 

Conserving the altitudinal and latitudinal ranges of 
species is important given impending changes to climate. 
Some species, such as the North Brother Wattle and 
the Big Nellie Hakea, are found virtually nowhere else in 
the world.

The	LGA	also	includes	specific	areas	of	biological	
importance. For example, Limeburners Creek Nature 
Reserve is one of only two coastal wilderness areas in 
NSW. Lake Innes Nature Reserve is considered the ‘engine 
room’ for Koala populations in the LGA and contains a 
‘nationally	significant	population’	(as	defined	by	federal	
government criteria). Sea Acres Nature Reserve and 
adjoining Council land are some of the largest remaining 
patches of littoral rainforest, particularly outside far-
northern Queensland, and the Antarctic Beech forests of 
Werrikimbe National Park (with Gondwanan origins) are 
of	great	significance.	The	estuaries	and	foreshores	of	the	
Camden Haven area as well as those around Pelican Point,

Figure 1. Port Macquarie-Hastings Local Government Area 
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including Woregore Nature Reserve, are of immense 
importance for migratory shorebirds listed under 
international conventions and agreements. Clearly we live 
in an area with nationally and internationally important 
biological values.

The identity and economy of the Port Macquarie-Hastings 
LGA is strongly tied to its rich biological values, with many 
people attracted to live, work or play in the area because 
of these values. A community research survey undertaken 
in	2008	identified	that	the	natural	environment/beauty	of	
the area was the item that 21% of residents valued most 
about living in the LGA. Residents were also asked to rate 
the	importance	of	specific	criteria	in	regards	to	planning	of	
the LGA in the next 10 years. The items considered to be 
of highest importance (across all criteria) were:

 ● ‘That water is conserved’ and

 ● ‘That bushland, open spaces and natural habitats 
are protected’.

Furthermore, Environmental Monitoring and Protection 
was ranked of higher importance than Managing 
Commercial Development, or Managing Residential 
Development (importance scores of 4.43, 4.01 and 4.24 
respectively). A similar study of Port Macquarie residents 
in 2015 showed that:

 ● 98% of residents surveyed ‘believed that looking 
after the biodiversity value of Port Macquarie’s green 
spaces is important’

 ● 95% of residents agreed that removing weeds from 
bushland reserves is important

 ● virtually all (99%) residents agreed that the bushland 
corridors are important for wildlife 

 ● the vast majority (89%) of people believed that the 
bushland reserves are important for views

 ● 97% of residents stated that they liked living in a 
place near wildlife

 ● more than 93% of residents stated that they were 
attracted to live at their residence because of 
proximity to/views of the bush. 

Numerous studies around the world have shown that 
proximity to/views of green spaces can increase the value 
of urban dwellings.

Port Macquarie-Hastings LGA prides itself in having the 
largest remaining coastal population of Koalas, and many 
people view this species as a ‘cultural icon’ for the area. 
Cultural	or	historical	ties	to	forestry,	fishing	and	farming	
across the LGA ensure that some people feel passionate 
about, for example, the long-term conservation of 
ecologically functional forest and marine ecosystems. The 
Birpai and Dunghutti peoples of this area also have strong 
cultural ties to the biodiversity of the area and a strong 
interest in the protection of the area’s biological values. 
Of particular importance are the seven Birpai animal 
dreaming totems, several of which have declined in extent 
in our LGA and elsewhere, including pademelons (species 
uncertain) and the Australian Bass. 

While the Port Macquarie-Hastings LGA has numerous 
national parks and nature reserves with high biological 
importance, the majority of these reserves are located in 
areas historically not suitable for housing development, 
forestry or agriculture, such as swamps and steep 
ridges. Thus, while such reserved areas capture some 
of the biological values of the area, they are not fully 
comprehensive or representative of the LGA’s biodiversity. 
Land outside the formally protected area network 
therefore has an important role to play in conserving 
the full range of biodiversity found within our local 
government area. 

The Port Macquarie-Hastings LGA is undergoing rapid 
economic expansion and development. For example, 
from 2011 to 2016, the average number of development 
applications received each month has increased by 63% 
and the population of Port Macquarie is expected to 
increase by 30% to 103,000 in the next 20 years. Port 
Macquarie-Hastings Council faces the challenge of trying 
to preserve its biological values, while simultaneously 
accommodating such economic opportunities. 
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BOx 1.  BIODIVERSITY IS PART OF US

The	Port	Macquarie-Hastings	Local	Government	Area	has	magnificent	natural	values.	Our	
spectacular sweeping beaches and fertile coastal plains are backed by the spectacular 
hinterland with the distinctive Three Brothers and the Bago Bluff mountains. Beyond this, 
the landscape rises to the heights of the escarpments of Mount Seaview and Werrikimbe 
National Park. Our landscape is diverse and as such it supports a diversity of plants and 
animals. Both tropical and temperate plants and animals abound in the Port Macquarie-
Hastings, with many species occurring at the edge of their range.

The region’s identity is strongly tied to its natural values and the way people connect 
with them. Our biodiversity is part of our existence, our lifestyle and collective memories. 
Our legendary Koala populations, the region’s strong history with the forestry industry, 
childhood reminiscences of summertime Christmas Bells on the Christmas Bells Plains, 
the dawn bird chorus and evening frog call cacophony, the spectacular backdrop of littoral 
rainforest along Shelly Beach, enjoying our beautiful rainforests on a hot summer’s day, or 
appreciating our coastal lakes and rivers. 

Henry Kendall (The Song of the Shingle-splitters), writing during his time in the state 
forests of this area, captures this sense of our biodiversity being with us wherever we go.

In dark wild woods, where the lone owl broods
And the dingoes nightly yell

Where the curlew’s cry goes floating by,
We splitters of shingles dwell.

And all day through, from the time of the dew
To the hour when the mopoke calls,

Our mallets ring where the woodbirds sing
Sweet hymns by the waterfalls.
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1.2 THE IMPORTANCE OF 
BIODIVERSITY

Biodiversity	is	defined	as	the	variety	of	life,	or	the	
variability of living organisms on the planet. It includes 
terrestrial, aquatic and other ecosystems and the 
ecological complexes of which they are a part. Biodiversity 
occurs at a variety of scales including genetic diversity, 
species diversity and ecosystem diversity. Biodiversity 
is recognised as an important feature of healthy natural 
assets	and	increases	flexibility	and	resilience	in	the	face	
of change (i.e. resilience from natural disasters including 
floods,	droughts	and	fires).	The	more	healthy	and	diverse	a	
system is, the more able the system as a whole is able to 
absorb stresses and compensate for damage or loss that 
may occur in one part of the system. 

Conserving biodiversity is an essential part of 
safeguarding the biological life support systems. All living 
creatures, including humans, depend on and contribute to 
these life support systems for the necessities of life. For 
example, we need oxygen to breathe, clean water to drink, 
fertile soil for food production, and physical materials 
for shelter and fuel. These necessities can be described 
collectively as ‘ecosystem services’. Ecosystem services 
are provided by healthy ecosystems. These functions are 
supported by biodiversity and its attributes, including 
the number of different species in an area, the number 
of individuals of each species (i.e. their abundance), the 
composition or mix of species in any particular area, 
and the interactions between these species. Ecosystem 
services can be divided into four groups: 

1.	 provisioning	services	(e.g.	food,	fibre,	fuel,	fresh	water)

2. cultural services (e.g. spiritual values, recreation and 
aesthetic values, knowledge systems)

3. supporting services (e.g. primary production, habitat 
provision, nutrient cycling, atmospheric oxygen 
production, soil formation and retention) 

4. regulating services (e.g. pollination, seed dispersal, 
climate regulation, pest and disease regulation, 
water	purification).

The resilience of ecosystems in Australia and around 
the world is currently being reduced by a number of 
threats, including habitat loss and consequent loss of 
species, degradation and fragmentation, invasive species, 
unsustainable use and management of natural resources, 
changes	to	the	aquatic	environment	and	water	flows,	
changing	fire	regimes	and	climate	change.	For	ecosystems	
to be resilient to these and other threats, they need a 
healthy diversity of individuals, species and populations.

This Biodiversity Management Strategy provides a 
framework for actions to protect our local biodiversity 
in the Port Macquarie-Hastings LGA and preserve 
these values for the wellbeing of future generations. As 
Australia’s Biodiversity Conservation Strategy 2010–2030 
states, ‘business as usual is no longer an option’ if 
ongoing damage to biodiversity is to be prevented.

Throughout this Strategy, the term 

‘biodiversity’ means the biodiversity 

that is native to the Port Macquarie-

Hastings LGA. 

A major focus of the Strategy has been terrestrial 
biodiversity; an element over which local government has 
jurisdiction (compared with marine diversity for which 
Council has no jurisdiction). The Strategy uses the best 
available information and focuses on the species that 
have a good amount of information available. Therefore, 
animals such as invertebrates, although highly important, 
are largely not considered due to a lack of information on 
their occurrence and requirements. 
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BOx 2.  BIODIVERSITY: AT THE HEART OF EVERYTHING WE DO

Who wouldn’t want to live in a region with beautiful beaches, waterways, nature reserves 
and over 40,000 hectares of national park and state forest? Talk to any local and they 
will tell you that life in the Port Macquarie-Hastings region is enriched by our natural 
environment. It’s our biodiversity which sets us apart, allowing our unique waterways, 
flora	and	fauna	to	thrive.	But	it’s	more	than	just	lifestyle.	Our	local	economy	is	supported	
by	agriculture,	aquaculture,	forestry	and	fishing	sectors	which	sell	more	than	$100	million	
worth of goods out of our region each year. All of these industries are reliant on our 
natural resources and biodiversity conservation. 

Our tourism sector is also heavily dependent on our biodiversity assets. Some of the 
most	popular	tourist	activities	in	the	Port	Macquarie	area	are	nature-based.	Visitors	flock	
to our region to enjoy our beaches, coastal walks, national parks and wildlife — Koalas 
being the clear favourite with our international visitors. Locals and visitors alike are 
increasingly taking an interest in where their food comes from (choosing food sources 
which have a ‘clean and green’ image or other sustainable credentials) and emerging 
farm-gate experiences are adding to the range of ways which we can enjoy our natural 
environments.	Tourism	Research	Australia	recently	confirmed	that	the	‘unprecedented	
numbers of domestic travellers pursuing outdoor nature-based and cultural activities’ has 
underpinned the strong growth in holiday-based travel. 

Our region’s biological resources are precious. As a community, we are all stewards of 
our local environment and we need to take responsibility for using and sharing it in a 
responsible and sustainable way.
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1.3 PRINCIPLES AND 
OBJECTIVES OF 
THE BIODIVERSITY 
MANAGEMENT STRATEGY

Principles

Australia’s Biodiversity Conservation Strategy 2010–2030 
(Natural Resource Management Ministerial Council, 
Commonwealth of Australia, 2010) outlines a number of 
principles, including:

 ● We share the Earth with many other life forms that 
have intrinsic value and warrant our respect. 

 ● All	Australians	benefit	from	biodiversity;	all	
Australians can and should contribute to 
its wellbeing. 

 ● Biodiversity is best conserved by protecting existing 
natural habitats. 

 ● Effective conservation of biodiversity operates at the 
landscape scale across public and private tenures. 

 ● Natural	ecosystems	are	dynamic	but	have	a	finite	
capacity to recover from external impacts. 

 ● Building resilience (see Box 3) recognises the critical 
links between ecological and social systems. 

 ● Knowing that our knowledge is limited, we 
should apply the ‘precautionary principle’ while 
employing adaptive management approaches 
using new science and practical experience. The 
precautionary principle is that the lack of full 
scientific	certainty	should	not	be	used	as	a	reason	
for postponing a measure to prevent degradation 
of the environment where there is a risk of serious 
environmental damage.

The principles have been taken into account in the 
development of this Strategy. These principles are 
commensurate with the objectives also outlined in the Port 
Macquarie-Hastings Council’s Towards 2030 Community 
Strategic Plan (discussed in further detail below). 

Objectives

This Strategy is a local response to Australia’s 
Biodiversity Conservation Strategy, the Draft New South 
Wales Biodiversity Strategy 2010–2015, the Northern 
Rivers Regional Biodiversity Management Plan (the 
Port Macquarie-Hastings LGA is part of the Northern 
Rivers region) and the Draft Mid North Coast Regional 
Conservation Plan. 

The Objectives of this Strategy are in accordance with 
these broader guiding documents and are to:

1. Maintain and improve biodiversity and ecological 
processes by protecting, rehabilitating and 
managing native vegetation across all land 
tenures, particularly those areas with high 
biological values.

2. Promote landscape connectivity to help 
biodiversity conservation and reduce climate 
change impacts (such as rising sea levels, 
increased	drought,	fire,	flood	events).

3. Contribute to identifying and mitigating threats 
acting on biodiversity values.

4. Provide targeted actions to protect and assist the 
recovery of biodiversity across all ecosystems.

5. Improve awareness of the importance of 
biodiversity conservation and ways this can be 
achieved. 

6. Work cooperatively with regional, state and 
federal stakeholders on biodiversity conservation 
initiatives. 

While Council will work towards these Objectives, it is 
important to remember that many of the impacts on 
biodiversity in the region are beyond the control of Council, 
either because of the scale at which they operate, or 
because the power of jurisdiction rests at the state or 
federal level or with private individuals, or because Council 
simply	does	not	have	the	financial	resources	to	address	
the issue. There are also ‘lag’ effects from historical 
disturbances which are not readily reversible. For example, 
the full loss of biodiversity from clearing and/or habitat 
fragmentation is often only observed years after the 
clearing event. However, the knowledge gained from this 
Strategy will greatly aid the community and Council in its 
ability to lobby other sectors and stakeholders as well as 
to empower and educate the community, even for issues 
over which Council has no direct control. 

This Biodiversity Management Strategy also seeks to 
guide delivery of key goals outlined in the Towards 2030 
Community Strategic Plan, including:

 ● Goal 4.6 Restore and protect natural areas

 ● Goal 4.3 Facilitate development that is compatible 
with the natural and built environment 

 ● Goal 4.8 Increase awareness of issues affecting our 
environment	including	preservation	of	flora	and	fauna.	
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BOx 3.  BUILDING ECOSYSTEM RESILIENCE: THE IMPORTANCE 
OF BUSHLAND RESTORATION

Objective 1 of this Strategy is to ‘Maintain and improve biodiversity and ecological 
processes by protecting, rehabilitating and managing native vegetation across all land 
tenures, particularly those areas with high biological values’. 

Since 2006, Port Macquarie-Hastings Council has taken a pro-active approach in the 
management of 5000 hectares of native bushland under its jurisdiction through its 
Strategic Bushland Reform Program. Much of this vegetation is one of a number of listed 
threatened ecological communities and supports a wide range of threatened plant and 
animal species. 

A six-person Bushland Management Team, alongside community volunteers such as 
Landcare, works hard to remove weeds and rubbish from urban community bushland and 
restore the biological values and ecological functioning of these important areas. The aim 
is to bring these sites to ‘ecological maintenance’ — that is, a state in which the majority 
of the strata (or layers of vegetation) and species are present in the ecosystem, such that 
the site becomes resilient to future disturbances such as weed invasion. 

Weed invasion has a major impact on the resilience of vegetation. Weedy areas do 
not support the full range of potential species that should occur there, are visually 
unappealing	and	often	have	a	higher	fire	risk	due	to	exotic	annual	grasses	and	vine	
weeds. Conversely, when the full complement of native species is present in the ground 
layer there are no available spaces for weed species to germinate and colonise the site. 
These sites are more resilient and are closer to the ideal ‘ecological maintenance’ state. 

Monitoring of sites in the LGA has demonstrated the success of our collective bushland 
management program.

Port Macquarie Landcare members in a rehabilitated area.
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1.4 THE ROLE OF LOCAL 
GOVERNMENT 
IN BIODIVERSITY 
CONSERVATION 

Local government is a key player in the conservation and 
management of terrestrial biodiversity and threatened 
species in an area. As land-use planners, local government 
has legislative responsibilities for planning and regulating 
many activities which may impact biodiversity and 
threatened species. Councils must therefore consider 
such activities against numerous pieces of state and 
federal legislation governing biodiversity conservation. 
Councils also manage large areas of public land, much of 
which contain important biodiversity values. 

Local government regularly considers biodiversity in its 
day-to-day operations including:

 ● strategic land use
 ● assessing development applications
 ● managing public operational land (e.g. sewage 

plants, water tower reserves, drainage areas)
 ● managing public bushland
 ● supporting landholders
 ● planning and constructing infrastructure
 ● ensuring that Council operations do not adversely 

impact the environment
 ● acting as the local control authority for 

biosecurity issues.

Port Macquarie-Hastings Council has recognised the 
importance of the preservation of the biological values of 
the LGA in a number of policy and planning documents. 
The Towards 2030 Community Strategic Plan states that:

We understand and manage the impact that the 
community has on the natural environment. We 
protect the environment now and in the future 
(Focus Area 4). 

The Port Macquarie-Hastings Urban Growth Management 
Strategy states that we will work:

To maintain and improve existing environmental 
values in the Port Macquarie-Hastings LGA (Key 
Natural Environment Strategy). 

The Port Macquarie-Hastings Council Operational Plan 
(2016–2017) states that we will:

Prepare a draft Biodiversity Management 
Strategy to determine environmental priorities for 
conservation and restoration (Action 4.7.1.2). (This 
Strategy	ultimately	fulfils	that	aim). 

Many existing Council programs are outlined in 
Appendix B. 

1.5 KNOWLEDGE IS KEY
The knowledge delivered by this Strategy will help Council 
to meet planning obligations under the North Coast 
Regional Plan 2036: Implementation Plan 2017–2019, 
Action 2.1 which states:

Focus development to areas of least biodiversity 
sensitivity in the region and implement the ‘avoid, 
minimise, offset’ hierarchy to biodiversity, including 
areas of high environmental value. 

Information is fundamental to local government when 
making decisions which protect biodiversity and when 
providing high quality advice. This includes knowledge 
on where the most important areas for biodiversity are, 
the regional patterns and drivers in the distribution of 
biodiversity, knowledge on which species are threatened, 
and key threats to species. These areas of knowledge 
form the basis for this Biodiversity Management Strategy, 
which seeks to: 

1. identify areas of high biological importance in the LGA 
(see Section 2 and Section 4)

2. identify patterns in landscape connectivity (see 
Section 3)

3. identify threats to key biological values in the LGA (see 
Section 5)

4. provide a framework to develop annual action plans to 
help mitigate these threats (see Section 6).

This Biodiversity Management Strategy aims to deliver this 
information in a spatially explicit (i.e. mapped) manner 
wherever possible. Most importantly, this knowledge 
has been delivered at a scale appropriate to the Port 
Macquarie-Hastings LGA. While the Northern Rivers 
Regional Biodiversity Management Plan (DECCW 2010) 
similarly	identified	areas	of	biological	importance	and	
threats to biodiversity, it is of too coarse a scale to be 
of practical assistance for many areas considered by 
Council. The knowledge delivered by this Strategy will 
greatly aid strategic planning. It will assist Council, private 
landholders and other parties to gain grant funding to 
protect important biological areas. It will help inform the 
biodiversity offset market (see Box 4). For offset works 
to be appropriate, Council must understand areas that 
represent ‘like-for-like’. The relative biological values of 
an area must also be understood spatially and temporally 
across all species to uphold the ‘maintain or improve’ 
concept of offsetting.
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BOx 4.  BIODIVERSITY OFFSETTING: AN ExAMPLE

A development company, Prosperity Enterprises, buys a property for a housing 
development. They draw up full plans (a substantial investment) and then engage an 
ecological	consultant	to	assess	the	impact.	The	consultant	finds	that	there	are	Squirrel	
Gliders on site. Squirrel Gliders are a threatened species under NSW legislation. Some 
Squirrel Glider habitat will be lost if the housing development proceeds. 

The ecological consultant concludes that there is no point trying to plant trees for 
Squirrel Gliders on the site as it is not large enough (so would not support a sustainable 
population) and the housing development will allow dogs and cats (which are key threats 
to the gliders). Furthermore, the land surrounding the site is also scheduled for future 
developments and any plantings on the site would therefore effectively become an 
‘island’	in	a	sea	of	suburbia	within	the	next	5	years.	The	Bushfire	Consultant	concludes	
that	the	proposed	development	is	in	a	bushfire	prone	zone	and	any	tree	planting	would	
contravene asset protection zone requirements. The development cannot, however, 
proceed without mitigating the impacts to Squirrel Gliders.

Port Macquarie Hastings Council agrees that the development can proceed if the 
developer can ‘offset’ the impacts by improving Squirrel Glider habitat elsewhere in the 
LGA. Modelling associated with this Biodiversity Management Strategy has shown that 
Farmer Smith’s property nearby has good potential for Squirrel Gliders. An ecological 
consultant surveys the site and determines that, while a small colony of Squirrel Gliders 
is present, the population is not at its full potential due to the presence of foxes and a 
depauperate (i.e. not diverse) mid-storey vegetation layer. If foxes were controlled and 
wattles planted, the population would increase. Farmer Smith is very happy to get some 
money to do fox control on his farm and plant some wattles. Prosperity Enterprises 
pays Farmer Smith to manage his farm for Squirrel Gliders for a number of years and a 
biodiversity offset has occurred. The development proceeds.

.
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1.6 DATASETS USED IN 
THIS BIODIVERSITY 
MANAGEMENT STRATEGY

Port Macquarie-Hastings Council has been active in 
preparing and compiling datasets for informing the 
Strategy. In addition, a range of freely available datasets 
have been utilised. The datasets used are outlined in 
Table 1 (see Appendix C for a detailed description of 
these datasets). 

This Biodiversity Management Strategy has been prepared 
using the best available datasets and methodology 
available at the time of preparation. Nonetheless, no 
mapping or modelling process is ever 100% accurate 
due to issues with scale, on-ground disturbances and 
input data (see Box 5). Therefore, due to limitations with 
both the available datasets and the modelling processes 

used,	on-ground	verification	will	always	be	required	to	
determine the accuracy of the mapping. The information 
is primarily intended to direct strategic planning at the 
local government area scale and intended only as a broad 
guide for individual sites. Individual landholders should 
seek professional advice to verify the data at the site level 
prior to any decision-making processes.

The Biodiversity Management Strategy should also be 
viewed as constantly evolving. For example, priority 
species	identified	in	this	Strategy	may	be	downgraded	in	
the future should a new, larger threat emerge. Conversely, 
the relative value of an area may be upgraded if other 
similar areas were to be progressively cleared over time. 

Due to such limitations and the ever-changing world 
in which we live, it is proposed that the Biodiversity 
Management Strategy be reviewed every 5 years.

Table 1. Datasets used to inform the Biodiversity Management Strategy

Dataset Brief description

Port Macquarie-Hastings Council 
vegetation community mapping

Maps patches of vegetation existing in 2009 outside of national parks and 
state	forests.	Maps	developed	using	aerial	photographs	and	field	surveys.

CRAFTI vegetation mapping Comprehensive Regional Assessment Forestry Type Inventory mapping of 
national parks and state forests across New South Wales. Created in the mid-
1990s. Less accurate than PMHC vegetation mapping.

Koala habitat mapping Maps different classes of Koala habitat across the LGA. Maps developed in 
2013.

Threatened ecological community 
(TEC) mapping

Maps created using PMHC vegetation community mapping plus other datasets 
of geomorphic features (e.g. elevation and soil type).

BioNet Publicly available NSW Government database of plant and animal records in the 
State. Formerly the Atlas of NSW Wildlife.

Atlas of Living Australia Publicly available information on Australia’s biodiversity (including records, 
calls, images).

BirdLife Australia Birdata Comprehensive database administered by Birdlife Australia. Data was 
purchased for use in species distribution modelling.

Climate change scenarios Estuarine and coastal inundation maps of Hastings, Lake Cathie/Lake Innes 
and Camden Haven developed as part of PMHC Sea Level Rise Mapping Project 
(data and report available from Council upon request).

ANUCLIM Bioclimatic data (e.g. rainfall, altitude, aspect) from ANUCLIM was used by the 
University of Melbourne for species distribution modelling.
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BOx 5.  A WORD OR TWO ON MODELLING

The American statistician, George Box, once stated that ‘All models are wrong but some 
are useful’. Similarly, the statisticians, Burnham and Anderson, noted ‘A model is a 
simplification	or	approximation	of	reality	and	hence	will	not	reflect	all	of	reality’.	

A good model can be compared to a good map — it will never replicate each and every 
intricacy of reality, but it will give good direction (and is certainly better than no map at 
all when navigating unclear terrain!). Similarly, the models and mapping produced by 
this report provide an approximation of reality. They will always require ground validation 
and checking.
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2. BIOLOGICAL VALUES OF THE LGA
2.1 FLORA AND FAUNA IN 

THE LGA
The Port Macquarie-Hastings LGA is a biodiverse 
area supporting a varied and important assemblage 
of terrestrial and aquatic plants and animals across 
approximately 368,000 hectares. Situated in the 
Macleay–McPherson	overlap	(i.e.	the	overlap	between	
tropical and temperate bioregions), the area contains a 
mix of both tropical and temperate species. The LGA also 
spans a wide range of altitudes — from the high altitude 
plateaus of Werrikimbe National Park (1266 metres above 
sea level) through to the low coastal plains and beaches. 

The Port Macquarie-Hastings LGA can be broadly divided 
into four landscapes: Coastal Plains, Midland Hills, 
Escarpment Ranges and Tablelands (see Figure 2). 
Each of these different landscape units has different 
biophysical factors (e.g. geology and climate) and 
therefore supports a different assemblage, or mix, of 
plants and animals. Each of these landscape units also 
experiences different levels of environmental protection. 
For instance, while close to 100% of the Tablelands 
Landscape is protected in national parks, only 10% of the 
Midland Hills Landscape is similarly protected. This means 
that species typical of the Midland Hills are currently 
poorly represented in the formal reserve network in the 
Port Macquarie-Hastings LGA. Each landscape unit also 
experiences different levels of development, grazing and 
tree cover. 

Figure 2. Landscape units in the Port Macquarie-Hastings LGA 

Each landscape unit has different biological values and supports different assemblages of plants and animals.
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Compared to many other local government areas, the 
Port Macquarie-Hastings LGA still has a good coverage 
of remaining native vegetation at the LGA-wide scale, 
with around 283,000 hectares (76%) remaining (including 
for the purposes of this Biodiversity Management 
Strategy, native grasslands and wetland vegetation). 
Nonetheless, the amount of remnant vegetation does not 
occur equally between the four landscape units. The very 
small area of Tablelands Landscape in the LGA is entirely 
vegetated (being national park and state forest) and the 
Escarpment Ranges retain 86% of their vegetation. At 
the other end of the scale, and not surprisingly with its 
many current and historical developments, the Coastal 
Plains Landscape has undergone the heaviest clearing 
and has 56% remaining vegetation. The Midland Hills, 
with its predominantly agricultural land uses, is still 72% 
vegetated. However, much forested land has been, or is, 
subject to timber harvesting. Much of the vegetation is 
therefore ‘regrowth’ of varying ages and does not support 
trees of large diameter, stately formation and hollow-
bearing characteristics as in old-growth forest. Old-growth 
forest is highly important to a wide range of animals, 
particularly hollow-dependent species (such as gliders and 
large forest owls). Such forests only now occur in limited 
extent in the Port Macquarie-Hastings LGA and elsewhere.

A wide range of broad vegetation formations are 
represented in the LGA (Table 2). Of these broad types, 
Wet Sclerophyll Forests are the predominant forest 
type and occur on all landscapes and account for over 
half of the vegetation types of the Port Macquarie-
Hastings LGA (~187,500 hectares or 66%). Rainforests 
are another dominant vegetation type and account 
for 58,744 hectares or 20% of the total native woody 
vegetation in the LGA. Grassy Woodlands are rare across 
the LGA, occupying only 1,340 hectares (0.5%). Figure 3 
shows the broad vegetation formations in the LGA. 

Table 2. Native vegetation formations by area and 
percentage of total

Formation Area (ha) % of 
total

Wet Sclerophyll Forests (Grassy) 99,408 33.9
Wet Sclerophyll Forests 
(Shrubby)

88,143 30.9

Rainforests 58,744 20.6
Dry Sclerophyll Forests (Shrubby) 11,100 3.9
Dry Sclerophyll Forests (Grassy) 7,141 2.5
Forested Wetlands 7,132 2.5
Heathlands 5,958 2.1
Freshwater Wetlands 2,250 0.8
Saline Wetlands 1,954 0.7
Grassy Woodlands 1,340 0.5
TOTAL 283,169

Separate to the broad vegetation formation maps, Port 
Macquarie-Hastings Council has completed very detailed 
vegetation community mapping of all remnants 
outside state forests and national parks across the LGA 
(see Box 6). In the LGA, 83 vegetation communities are 
described	in	detail	and	mapped	at	a	very	fine	scale.	The	
communities are too detailed to illustrate in this Strategy, 
however, an example of an area is included in Box 7, 
and the maps are available from Council upon request. 
The	mapping	has	identified	that	while	some	vegetation	
communities are widespread (e.g. Grey Gum - Tallowwood 
- White Mahogany Grassy Forest), others are very limited 
in their extent (such as Themeda Headland Grassland). 
Council’s mapping work also revealed an entirely new 
vegetation community, Lighthouse Gully Subtropical 
Rainforest, which is currently only known to occur in the 
Port Macquarie LGA. 

The Port Macquarie-Hastings LGA supports an amazing 
array of species with some 1890 native plant species 
and 621 native animal species recorded for the LGA. 
Among these, there are around 140 threatened animals, 
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50 threatened plants and 9 threatened ecological 
communities as listed under New South Wales and/or 
federal legislation. These numbers are given as estimates 
only	as	the	official	list	of	threatened	species	changes	
frequently and knowledge on which species occur in the 
LGA is imperfect. Most of the ecological communities 
listed	as	threatened	occur	in	the	flattest,	most	fertile	
parts of the landscape where clearing has affected the 
largest area. For individual species, mammals, birds 
and plants together make up the bulk of the threatened 
species. Each of these animals and plants has different 
habitat requirements and life cycles. Some of the animals 
move widely around the landscape to satisfy feeding 
and breeding requirements (and thus require a ‘whole of 
landscape’ approach to conservation), while others are 
quite sedentary and may be highly reliant on one small 
area for their survival. Some of our threatened species 
are found nowhere else in the world, such as the North 
Brother Wattle (see Box 8). The habitat of some animals 
is principally found on private land (for instance 80% of 
primary Koala habitat in the LGA is on private land), and 

for other species, national parks and state forests provide 
important habitat. It is therefore clear that all stakeholders 
within the Port Macquarie-Hastings LGA (government 
agencies like Forestry Corporation of NSW and National 
Parks and Wildlife Service, private landholders, the 
community and Council) have a role to play in protecting 
threatened species and other plants and animals that are 
native to the LGA.

Having a large number of threatened species can be 
considered both a blessing and a curse. While it is 
a good thing that these species are still present and 
utilising habitat in the LGA, it is still unfortunate that 
their long-term persistence in the wild across the full 
extent of their range is not secure. A large number of 
threatened species in the LGA therefore represents an 
opportunity to help reverse their decline while there is 
still time and in a place where there is still hope. The new 
NSW Biodiversity Conservation Act 2016 fully recognises 
that such opportunities be followed through with funding 
under Biodiversity Stewardship arrangements for 
private landholders.

Figure 3. Broad Vegetation Formations across the LGA 

It should be noted that while some vegetation formations are widespread, others are limited in spatial extent and/or 
are restricted to one landscape unit.
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BOx 6.  VEGETATION CLASSIFICATION

A	classification	is	any	ordered	grouping	of	objects.	Vegetation	in	Australia	is	‘classified’	
using a range of features such as vegetation structure, physiognomy (i.e. physical 
appearance or features), and species composition (i.e. the mix of different plants). 
Classifying vegetation helps us to simplify and distil the complex patterns of vegetation 
that	occur	across	the	landscape.	These	classifications	are	also	used	to	create	maps	and	
systems which are valuable tools for communicating fundamental information about 
the environment. 

In	New	South	Wales,	the	adopted	standards	follow	the	hierarchical	classification	system	
which is outlined in the book Ocean Shores to Desert Dunes by David Keith (2004). 
At the highest level, vegetation is assigned to a vegetation formation. These broad 
groups tend to be based on structural features, for example Rainforest, Grasslands or 
Heathlands, but may also be based on locations where they are found, for example Saline 
Wetlands or Alpine Complexes. 

At the next level, the vegetation is assigned to a vegetation class. These groups are 
defined	mainly	by	overall	floristic	(species)	similarities,	although	they	may	also	share	
structural and habitat characteristics. So for instance, nested within the Rainforest 
vegetation formation are Subtropical Rainforests and Cool Temperate Rainforests 
vegetation	classes.	A	Subtropical	Rainforest	would	be	readily	identifiable	from	a	
Cool Temperate Rainforest by the species present, with the former likely to support 
Rosewoods, Moreton Bay Figs, Red Cedars, and Booyongs and the latter readily 
identifiable	by	species	such	as	Antarctic	Beech	and	Mountain	Laurel.	Unfortunately,	
species patterns are highly complex due to geographic variation and other factors such as 
disturbance history. 

Vegetation is then assigned to a plant community. These are assemblages of plant 
species that live together, generally at the same time. They are usually the features found 
in vegetation maps. They also frequently share structural similarities, although these vary 
based on the condition of the vegetation. 

Changes in vegetation species are frequently representative of changes in other 
biodiversity as well, with some species, for instance, only occurring in one vegetation 
class.	Some	species	may	be	so	specific	they	only	occur	in	one	plant	community	type.	
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Within the Port Macquarie-Hastings LGA, vegetation mapping revealed 83 different plant 
communities, including ‘derived’ or ‘novel’ vegetation communities (e.g. Camphor Laurel 
Forest). These are referred to as Port Macquarie-Hastings Vegetation Communities. 

Vegetation formation

Vegetation class

Plant community type

Rainforest

Littoral rainforest

Brushbox headland littoral rainforest, NSW North Coast Bioregion 
and Southern Eastern Queensland Bioregion

Within New South Wales, a great deal of work is currently being undertaken to conduct 
comprehensive analysis of plant community types and associated mapping. Port 
Macquarie-Hastings	Council	is	currently	working	with	the	Office	of	Environment	and	
Heritage to align the Port Macquarie Vegetation Communities with the plant community 
types used under the Biodiversity Conservation Act. 

The Biodiversity Conservation Act dictates that environmental impacts be calculated 
relative to these plant community types. At the local level, councils may wish to conduct 
their own vegetation community mapping, which further splits NSW plant community 
types into locally recognised discrete communities. Mapping plant community types is 
not easy because areas frequently include components of two community types — this 
is particularly true where the communities occur adjacent to each other (in what are 
called ecotones). 

Box 6 continued
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BOx 7.  VEGETATION COMMUNITIES

As	described	above,	vegetation	communities	are	much	more	finely	detailed	than	
vegetation classes or formations, and at the local level, even more detailed than plant 
community types. An example of the diversity of plant community types that can be 
found	in	a	small	local	area	is	shown	in	the	figure	for	Googleys	Island	below.	The	area	(or	
spatial extent) of some communities also varies over time. For instance, work by the Port 
Macquarie-Hastings Council’s Bushland Management Team has shown the recovery and 
increase in the spatial extent of the Littoral Rainforest on this island over time. 

N
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BOx 8.  NORTH BROTHER WATTLES

The North Brother Wattle is found only in the Laurieton district, occurring on North 
Brother, Middle Brother and South Brother mountains. It is not known from anywhere else 
in the world. North Brother Wattle usually grows on steep, dry, rocky slopes and in mixed 
dry forest on shallow soils, often under a canopy of White Mahogany and Grey Gum.

It	is	a	tall	shrub	or	weeping	tree	7–20	metres	high.	The	bark	is	smooth	and	grey	when	
young and later becomes black and furrowed. Small branches are a maroon-brown colour. 
The leaves are dull green and narrow, up to 18 centimetres long, and have a small gland 
on the leaf edge just above the stem. From late spring to mid-summer, spikes of pale 
yellow	globular	flowers	are	produced	followed	by	straight	or	curved,	narrow	woody	pods	up	
to 18 centimetres long.

It is at risk of extinction due to the low numbers of individuals known to exist, and 
it	is	threatened	by	inappropriate	disturbance	regimes,	particularly	fire	but	also	road	
construction and Lantana encroaching habitat and preventing germination. The 
conservation of this species within its natural range in the Port Macquarie-Hastings LGA is 
therefore	of	high	significance.

North	Brother	Wattle	in	flower.	Photo	©	Louisa	Billeter	-	https://www.flickr.com/photos/louisa_catlover/8165797045/
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2.2 BIOLOGICALLY SIGNIFICANT 
AREAS IN THE LGA

2.2.1 OVERVIEW
While the Port Macquarie-Hastings LGA is important for 
biodiversity, not all areas have equal importance. For 
strategic planning purposes at the LGA scale, it is very 
important to understand the relative	biological	significance	
of a particular parcel of land or location compared with 
other locations. This is because examining locations in 
isolation reveals very little about their importance for the 
long-term conservation of biodiversity (or of a particular 
species) in the LGA as a whole. For instance, if a site 
supported only one species it may be concluded that this 
site was of low biological diversity and therefore of low 
importance. It might be concluded that this site had few 
ecological constraints for development and that the site 
was of low value for environmental funding opportunities. 
If the species was, for example, an Australian Raven which 
is widely distributed and very common, this would be an 
accurate conclusion … But what if the one species on 
the site occurred nowhere else in the LGA? Clearly the 
goalposts have shifted entirely. 

The Port Macquarie-Hastings LGA supports more than 
2500 native plant and animal species. Therefore, the 
‘one species’ example above is simplistic and the reality 
of conservation planning across the LGA is extremely 
complex. The large number of species in the LGA coupled 
with the fact that most species are not just limited to one 
easily	identified	site	make	strategic	planning	very	complex.	
This is compounded by the lack of information on where 
species are distributed across the LGA, as not all areas 
have been surveyed.

A basic principle of biodiversity conservation is to ensure 
that species that are native to an area do not become 
extinct. Ultimately, the goal of biodiversity conservation 
is to conserve as much habitat as possible for as many 
locally native species as possible. In practice, this goal 
must be balanced against many competing land uses. 
For the Port Macquarie-Hastings LGA we used Zonation, 
a spatial prioritisation modelling software package, to 
identify which areas of land will work together to best 
conserve the habitats of all species that are native to 
the LGA. Zonation uses species distribution models as 
a fundamental input to the modelling process. These 
models show the location of the species’ predicted 
habitat in the LGA.

Protection of habitat for species of limited spatial extent 
(i.e. species that only occur in a small area) is prioritised 
first	and	foremost	to	ensure	their	conservation.	The	
modelling	identifies	the	minimal	area	of	land	that	will	
make the biggest contribution to biodiversity conservation. 
So, for instance, the best 20% of lands might represent 
habitat for 70% of species, whereas the best 80% of lands 
might still only represent habitat for 80% of species. The 
process	of	‘prioritising’	land	identified	as	having	high	
biological importance does not, however, automatically 
ensure species conservation because:

 ● the	mapping	only	identifies	priority	areas	—	it	does	
not change planning rules or dictate what activities 
may or may not be appropriate

 ● no	model	is	ever	perfect	and	field	verification	is	
always required

 ● the model does not examine threats to species (such 
as predation from foxes or disease) in reserved lands 

 ● the model does not examine minimum patch sizes or 
connectivity, both of which are fundamental to long-
term species persistence (and hence the use of the 
GAP CLoSR analysis). 

Nonetheless, spatial prioritisation models are of great 
value for strategic planning, particularly in examining 
landscape patterns and allowing all stakeholders to 
know the likely value of a parcel of land for biodiversity 
conservation.

Port Macquarie-Hastings Council engaged experts from 
the University of Melbourne in 2015 to undertake spatial 
prioritisation modelling to prioritise areas within the Port 
Macquarie-Hastings LGA based on their importance for 
representing the LGA’s biodiversity. The assessment 
aimed to ensure that the best data and science is used 
to inform strategic planning and biodiversity investment 
in the LGA. The full report prepared by the university is 
available from Council on request. The work was done in 
conjunction with an analysis undertaken for the Upper 
Hunter group of Councils. 

2.2.2 SPECIES DISTRIBUTION MODELS
For the Biodiversity Management Strategy, Zonation used 
the species distribution models that were developed 
for the broader Upper Hunter assessment, restricted to 
the Port Macquarie-Hastings LGA. This increased the 
statistical power of the analysis for the Port Macquarie-
Hastings LGA and allowed for consideration of the full 
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range of natural environments that various species are 
found in. 

Two different types of models were used as inputs 
to Zonation:

 ● species distribution models which are based on 
available records (i.e. locations where the species is 
known to occur) and other environmental datasets 
(e.g. vegetation and soil)

 ● species	presence–absence	models	which	are	based	
on available records only.

Information on where each species was known to occur 
was obtained from online public databases, such as 
BioNet, and from records held by Council. MaxEnt, a freely 
available software package, was used to construct the 
species distribution models.

Species distribution models were developed for 404 
species	for	which	there	was	sufficient	data	(i.e.	at	least	
20 records). This included a range of native fauna and 
threatened plants (not all plants could be included and 
the available datasets were quite biased, e.g. there were a 
very large number of orchid records). 

Species	distribution	models	show	the	likelihood	of	finding	
a species in each ‘pixel’ (i.e. each 100x100 metre grid cell 
in the LGA) given the environmental conditions that exist 
in that pixel relative to the environmental conditions in 
pixels where that species is known to occur. See Figure 4. 
The environmental conditions were assessed using (one or 
more of) 18 ecologically relevant environmental variables 
to predict the distribution of species. These included 
variables describing the climate, vegetation, topography 
and soils (the full list of variables is shown in Appendix D). 
So for instance, if a species is known to occur in an 
area with vegetation type X, topography A, soil type B 
and climatic conditions C, D, E, other areas with these 
characteristics (X, A, B, C, D, E) would be predicted to have 
a high likelihood of supporting that species as well.

The vegetation variables included both CRAFTI mapping 
and the Port Macquarie Vegetation Communities mapping 
(see Table 1). The models considered the vegetation 
occurring in the 100x100 metre grid cell as well as the 
vegetation context of the area (e.g. how much rainforest, 
wet sclerophyll or dry sclerophyll forest a grid cell had 
around it). Where more than one of these environmental 
variables	was	significantly	correlated	(or	strongly	linked)	
to the known locations for a species, only the one with 
the highest explanatory power was retained in the model 

outputs. For example, the records for a species may 
all occur in a vegetation community that is restricted 
to only one soil type, but soil type is the more strongly 
linked	variable	so	the	final	model	only	used	soil	type,	
not vegetation. 

An important step was to account for observer bias. 
Publicly held species records such as BioNet are incredibly 
useful, however, they are strongly biased towards the 
areas that people visit regularly or areas that have been 
surveyed. In our LGA, this includes national parks and 
state forests, locations along the coast and the more 
populated areas of the LGA. Failure to correct for such 
geographic	biases	can	produce	models	that	reflect	the	
levels of visitation or survey effort rather than true species 
distribution. Sampling bias grids were introduced into 
the modelling process to remove observer biases and 
ensure all areas were treated more equally. Average 
model performance was around 80% which indicates a 
robust model. 

The species distribution model for one species, the 
Burton’s	Snake-lizard,	was	identified	as	being	poorly	
modelled by MaxEnt. The species had only 63 records 
so	it	was	converted	to	a	presence–absence	model.	
This resulted in 403 species distribution models being 
available for the analysis.

Species presence–absence models were developed 
for 32 species with less than 20 records in the LGA. To 
do this, the point locations were overlain with a 100x100 
metre grid cell to indicate their known locations. 

In total, 435 models were developed: 403 species 
distribution	models	and	32	presence–absence	models.	
See Table 3 for a taxonomic breakdown and Appendix E 
for the list of species.

Table 3. Taxonomic breakdown of the 435 
species models

Taxonomic group Number of species

Frogs 37
Reptiles 50
Birds 265
Mammals 63
Threatened Plants 20
TOTAL 435

While species distribution models give an excellent 
oversight into potential habitat for a species, there may 
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be a mismatch between the species’ actual, current 
distribution and their predicted distribution. For example, 
a species may be absent from a site that is predicted to be 
suitable habitat. There are various reasons why this may 
occur, for example:

 ● other species may be competitively excluding 
the species

 ● the species may have a low dispersal ability that 
prevents it from colonising the site

 ● there may be historic factors that have excluded the 
species from a previously occupied site (e.g. land-use 
practices may have changed the habitat). 

However, while these areas may not currently be occupied, 
they are likely to represent potentially suitable habitat 
for the species concerned and may still be important for 
conservation purposes. The models may also predict a 
species absence, when in fact it is present or visa versa. 
Field surveys are therefore always required to validate 
the models. 

A) SPECIES DISTRIBUTION MODELLING

Species occurrence data Environmental data
Vegetation Climate Topography

Species distribution model

Biodiversity Priority AreasBiological features
Species distribution models
& point data

Conservation Priority Areas

B) SPATIAL PRIORITISATION

+

Zonation

MaxEnt

Figure 4. Schematic diagram representing the two-step modelling process used to generate the biodiversity 
prioritisation

a) Species records (occurrence data) were combined with environmental data to produce species distribution models. 

b) These models were clipped to the PMHC area and combined with additional biodiversity features (i.e. point 
data for species for which there was too little data to complete formal modelling) in the spatial conservation 
prioritisation	software,	Zonation,	to	identify	priority	areas	for	biodiversity.	We	identified	the	top	30%	of	the	landscape	
as conservation priorities (‘Biodiversity Priority Areas’). By accounting for how well species are already conserved 
in currently ‘Protected Areas’ in the LGA (dark green areas on map), we can then identify priorities outside current 
Protected Areas for potential biodiversity investment (‘Conservation Priority Areas’).
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2.2.3 ZONATION
Zonation conservation planning software: 
what it is and what it can do

‘Zonation’ was used to identify areas of high biodiversity 
value in the Port Macquarie-Hastings LGA. Zonation 
is a publicly available conservation planning software 
program, and a framework for conservation prioritisation 
and	large-scale	spatial	conservation	planning.	It	identifies	
areas, or landscapes, that are important for retaining 
habitat quality and connectivity simultaneously for 
multiple species (or any other biodiversity features). As 
such it provides a quantitative method for enhancing 
persistence of biodiversity in the long term. Zonation uses 
information about biodiversity features — such as species, 
their relative occurrences and biological needs — to create 
a hierarchical ranking of sites across any given landscape. 
See Figure 4. 

The hierarchical ranking of sites is created through 
a ‘removal’ process where the software starts by 
assuming that all sites (i.e. 100x100 metre grid cells) in 
the landscape are to be protected. It then proceeds by 
removing the grid cells that cause the smallest marginal 
loss in conservation value (in terms of species abundance 
and diversity). This is repeated until all cells have been 
removed.	The	least	valuable	cells	are	removed	first	and	
the most valuable cells are retained until the very end. 
The order in which cells are removed produces a ranking, 
or priority value, for each cell. These can be grouped into 
classes (e.g. to identify the highest ranking areas). In 
this way, landscapes can be mapped according to their 
potential for biodiversity conservation. 

The purpose is not to produce a detailed conservation 
plan for a large region, but to identify priority areas of 
the landscape that could be subjected to more detailed 
analysis and planning that accounts for other land-use 
pressures. It helps to identify the least important parts of 
the landscape, that is, those areas where human activity 
would cause the least harm to biodiversity value, as well 
as those areas that have high biological values and should 
be targeted for biodiversity protection and investment. 
The output of Zonation should be seen as an analysis of 
conservation value which feeds into a broader land-use 
planning framework where planning and political decisions 
are made and where other constraints and opportunities 
are considered. 

Analysis for the Biodiversity Management 
Strategy

In this Strategy, priority areas are the 30% of sites 
which together best captured the biodiversity of the Port 
Macquarie-Hastings LGA. Thirty percent was chosen as the 
target for priority areas for several reasons, notably:

 ● Many studies (e.g. Walpole 1999; Doerr et al. 2013) 
have shown that landscapes where native vegetation 
cover falls below 30% experience rapid declines in 
biodiversity conservation and ecological services (a 
‘threshold’ effect). 

 ● Examination of the Zonation outputs for Port 
Macquarie-Hastings LGA showed that the amount 
of predicted habitat captured under various 
percentages increased most markedly up to 30% 
(and indeed, probably beyond). The top 30% of 
priorities encompassed, on average, 40% of species’ 
predicted habitat. 

 ● It is unlikely that even 30% of lands outside existing 
conservation reserve networks can all be subject 
to biodiversity investment works, either because of 
a lack of landholder desire/willingness, or a lack of 
available funds. A target of 30% is therefore likely 
to	pick	up	sufficient	lands	to	enable	choice	among	
species, locations and landholder wishes while still 
clearly identifying the ‘most important’ areas. 

For each of the 435 species that were modelled (see 
Section 2.2.2 and Appendix E), an individual map 
showing the species’ predicted distribution within the 
LGA (as produced by the species modelling) was used 
as input data for spatial prioritisation. Each model was 
‘clipped’ to the Port Macquarie-Hastings LGA. All input 
layers were also restricted to areas of remnant native 
vegetation within the LGA. All species were assigned 
equal importance (i.e. not weighted). While there may 
be some merit to assigning threatened species a higher 
conservation weighting, if they are naturally rare in the 
landscape they will automatically be assigned a higher 
ranking by virtue of the way that Zonation operates. 

Zonation	was	used	in	three	stages.	The	first	stage	was	to	
run a ‘tenure-blind analysis’. This tenure-blind analysis 
identified	the	relative	value	of	all	areas	for	biodiversity	
across	the	entire	LGA.	Cells	which	were	identified	as	
‘Biodiversity Priority Areas’ in this analysis (i.e. the top 
ranked 30%) are of paramount importance for biodiversity 
conservation. They are likely to have values which are 
irreplaceable and should be protected wherever possible. 
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The second stage was to assume that lands within 
‘Protected Areas’ were secure. The ranking process 
was then re-run to show the highest priority areas 
outside Protected Areas. These areas are referred to as 
‘Conservation Priority Areas’. 

Protected Areas include: 

 ● National Parks and Wildlife Service estate (national 
parks, nature reserves, historic areas, state 
conservation areas)

 ● Forestry Corporation lands dedicated under 
the Forest Management Zones 1 or 2 purely for 
biodiversity conservation 

 ● lands zoned E2 (environmental conservation in the 
PMHC LEP) within Port Macquarie-Hastings Council’s 
‘Managed Public Bushland’ portfolio.

This	analysis	identified	which	lands	outside	formal	
conservation reserves could best complement the 
Protected Areas to ensure that the maximum amount of 
species habitat is protected. 

The third stage was to remove Forestry Lands (i.e. areas 
with a private native forestry licence as of October 2016 
and Forestry Corporation lands outside Protected Areas) 
from the Conservation Priority Areas layer to create 
‘Priority Action Areas’. These areas comprised community 
land (i.e. Crown land managed by Council and Council-
owned land) and private lands. These Priority Action Areas 
fed into the Priority Investment Layer and form priorities 
for funding (see Section 4). 

These three analyses are explained in further detail below. 

Analysis 1: Tenure-blind results – 
Biodiversity Priority Areas

In	the	first	step,	Zonation	was	run	‘tenure-blind’	to	
examine the relative biodiversity value of ALL lands across 
the LGA irrespective of their tenure. The results are shown 
in Figure 5 (in 10% priority classes). The highest ranked 
30% of lands are referred to as ‘Biodiversity Priority Areas’. 
These Biodiversity Priority Areas are likely to represent 
lands with values which cannot easily be replaced. For 
instance, they may support rare species that only occur 
in a single location or only a few locations in the LGA, 
or they may support a high diversity and abundance of 
native species.

The results showed that many of the Biodiversity Priority 
Areas were within existing Protected Areas (see Table 4). 
Werrikimbe National Park; the cross-section of Kippara 
and Mount Boss State Forest and Willi National Park; 
Limeburners Creek and Lake Innes nature reserves; the 
combined area of Dooragan, Crowdy Bay and Middle 
Brother national parks and Middle Brother State Forest; 
and along Comboyne, Upsalls Creek and Kerewong state 
forests were areas of high biological importance. 

Concentrations of Biodiversity Priority Areas outside 
Protected Areas were found mostly along the coastal 
region near Camden Haven River in Kew and Rossglen; 
along Maria River at Torrens Island and Blackmans Point; 
and in several other locations such as Fernbank Creek, 
Riverside, North Shore and Thrumster East. More isolated 
areas of high priority were also present in Birdwood, 
around Koorebang Nature Reserve and along the Hastings 
and Forbes rivers. 
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The area of predicted habitat for each species 
encompassed by the Biodiversity Priority Areas varied 
greatly — from 22% to 100% — and averaged 47% for 
all species modelled. The amount of predicted habitat 
encompassed within these priority areas also varied 
between species guilds. For instance, shorebirds were 
the best represented guild with about 81.2% of species 
distributions within Biodiversity Priority Areas. On the 
other hand, frugivorous birds, cave-roosting bats and the 
group ‘phalangers, phascogales and their predators’ had 
the lowest relative representation, with only on average 
36%, 37% and 34% of predicted habitat encompassed 
respectively. This is approaching the minimum 30% 
threshold	below	which	significant	declines	are	likely.	These	
results are not surprising as shorebirds are found only 
at a few sites, which are quickly captured by the iterative 
process, whereas frugivorous birds are widely distributed 
across many sites in the LGA (and indeed require many 
dispersed areas to satisfy their requirements).

The amount of different land tenures that was 
encompassed within the Biodiversity Priority Areas is 
shown in Table 4. 

Table 4. Biodiversity Priority Areas in different land 
tenures

Tenure % of total Biodiversity 
Priority Areas

Protected Areas 50%
Forestry Lands 24%
Community/Private lands 26%

The analysis shows that only half (50%) of Biodiversity 
Priority Areas are protected (see Protected Areas 
definition),	the	rest	of	these	vitally	important	areas	are	not	
formally protected. 

While some species have relatively large areas of 
predicted habitat occurring within Protected Areas, others 
do not, such that on average across all species Protected 
Areas only encompassed 36% of predicted habitat. Eight 
species occurred completely outside Protected Areas, 
namely: White-eared Monarch, Speckled Warbler, Brown 
Treecreeper, Brown Tree Frog, Black-chinned Honeyeater, 
Central-eastern Broad-nosed Bat, Rough-scaled Snake 
and Tyler’s Toadlet. It should, however, be noted that 
many of these species were rare and/or under-surveyed 
in the study area indicating further work is required. Four 
of these species are listed as vulnerable under NSW 
legislation.	Of	specific	‘guilds’	of	conservation	interest	
(with the exception of shorebirds the habitat of which were 
well-represented in Protected Areas), most averaged just 
over 30% of predicted habitat occurring within Protected 
Areas (again representing a minimum threshold). The 
above analysis shows that the most preferred habitat for 
numerous species does not align with existing Protected 
Areas. The best conservation opportunities for these 
species must therefore be sought outside these Protected 
Areas, necessitating additional prioritisation analysis. 
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Figure 5. Biological priorities in the Port Macquarie-Hastings LGA, including Biodiversity Priority Areas

The	figure	shows	areas	of	least	biological	importance	(green)	through	to	areas	of	highest	biological	importance	(red).	
The top 30% are the ‘Biodiversity Priority Areas’.

Analysis 2: Priorities outside of Protected 
Areas – Conservation Priority Areas 

In the second step, Zonation was used to rank priorities 
on lands outside of Protected Areas (as described above). 
Zonation includes these Protected Areas in the top 
biodiversity priorities regardless of their actual predicted 
biodiversity	value.	This	analysis	allowed	identification	of	
areas that would best complement existing Protected 
Areas and therefore most effectively increase their 
representativeness in terms of local biodiversity in the 
Port Macquarie-Hastings LGA. 

The highest ranked 30% are called ‘Conservation Priority 
Areas’ and are shown in Figure 6. Conservation Priority 
Areas were evenly divided between Forestry Corporation 
lands (50%, see Figure 7) and Community/Private 
lands (50%). 

Conservation Priority Areas were found across the LGA 
with particular concentrations in the Kippara/Bril Bril, 
Kerewong/Swans Crossing, Batar Creek/Ross Glen, 
Bonny Hills-Lake Cathie, Dunbogan, Lake Innes, Upper 
Pappinbarra, Thrumster/Sancrox and Comboyne localities.

Analysis revealed that protection of all the Conservation 
Priority Areas (i.e. the top 30%) could increase the 
average coverage of species distributions from the 36% 
currently protected, to 73%. Even just securing the top 
5% would increase the average coverage to 47% of 
species distributions. More importantly, securing this top 
5% would ensure that no species would be left without 
protection and that all species would have a least 25% 
of their distribution protected within the Port Macquarie-
Hastings LGA. 
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Figure 6. Conservation Priority Areas in the Port Macquarie-Hastings LGA 

These	areas,	if	protected,	provide	the	maximum	benefit	to	help	ensure	the	conservation	of	all	species	distributions	
across the LGA (it is assumed that species habitats within Protected Areas are secure). It should be noted that other 
sites may be suitable for incentive funding or works for an individual species (the species distribution models can 
help to identify such sites).

Analysis 3: Priority Action Areas

The	final	analysis	was	to	identify	‘Priority	Action	Areas’	in	
the LGA.

For this analysis, Forestry Corporation lands were simply 
deleted from the Conservation Priority Areas layer. Forestry 
Corporation lands are areas with a private native forestry 
licence as of October 2016 and Forestry Corporation lands 
outside Protected Areas. As such, the Priority Action Areas 
are either community lands (i.e. Crown land managed by 
Council and Council-owned land) or private lands. They 
do not include ‘protected’ Council Lands which are part 
of Council’s Bushland Management Program and already 
managed for conservation outcomes.

To ensure maximum interpretation of the Zonation model 
outputs and to ensure that the model was contemporary, 

additional mapping work was then performed. This 
included the following:

1. Removing all areas which have been cleared since 
publication of the aerial imagery which underpinned 
the	Zonation	model	(i.e.	the	2010–2012	imagery).	
This was performed using the latest Near Map 
imagery for any area as shown in Appendix F.

2. Working to identify which natural feature(s) the 
Zonation raster (gridded cell) ‘polygons’ indicated. 
This was done by examining all natural features in an 
area (aspect, slope, vegetation communities, riparian 
features, the underlying species distribution models 
and a knowledge of such species’ biology) and then 
mapping those local features which best matched the 
Zonation model output.
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3. Removing isolated individual grid cells, unless 
they were part of a ‘chain’ of natural features (as 
commonly occurred along ridge tops or drainage lines 
for example). A buffering tool was used to help inform 
whether cells were isolated or part of a chain.

The	final	Priority	Action	Areas	Layer	contained	slightly	
more areas than captured by the Conservation Priority 
Layer. This is because either:

 ● no	natural	features	differentiated	the	area	identified	
by the raster polygon from surrounding features, or

 ● at	a	fine	scale,	there	were	a	multitude	of	single	raster	
polygons scattered through a locality and thus that 
whole locality was picked up using natural features. 

These Priority Action Areas are a major component of the 
Priority Investment Layer (see Section 4). Port Macquarie-
Hastings Council can direct biodiversity investment funds 
towards priority areas on Council land and similarly can 
work with interested private landholders, Crown Lands 
and other stakeholders to help them prioritise and direct 
biodiversity	actions	in	areas	where	the	most	benefit	can	
be gained. Council can also work with such individuals to 
help secure conservation funding opportunities. 

Two percent (837 hectares) of Priority Action Areas are 
on land owned or managed by Council. The remaining 
98% are on private lands. A total of 47,418 hectares 
of	land	are	identified	as	Priority	Action	Areas,	providing	
ample opportunities for works through the life of this 
Biodiversity Management Strategy. 

On Council lands, three particularly large and consolidated 
areas	of	importance	were	identified	by	Zonation:	

1. The area of bushland around the MotoCross Track. 
This land contains the unique Narrow-leaved Red 
Gum	–	Orange	Gum	Swamp	Woodland	and	important	
Koala habitat. 

2. The area of bushland around the Port Macquarie 
Airport	(currently	part	of	a	Biocertification	process	
which will protect key areas of the Airport lands 
in perpetuity). This area contains unique wetland 
vegetation communities and numerous threatened 
flora	and	fauna	species,	including	important	
populations of the Wallum Froglet. 

3. Areas around Kew, including lands associated with 
the new Kew Waste Transfer Station and associated 
environmental offset lands, and the Kew sewerage 
treatment works. 

The latter example illustrates the importance of 
having models such as Zonation for strategic planning 
purposes. Zonation was not available at the time of this 
development, although the biological importance of the 
land was recognised and offset works conducted. Another 
relatively large area of biological importance on Council 
land was also found at the western end of Rosendahl 
Reservoir. This area is managed for weeds and vertebrate 
pests, and Koala stiles have been installed to allow Koalas 
and other arboreal marsupials to access this area. Having 
such areas highlighted as Priority Action Areas can help 
inform future planning decisions.

Examining Priority Action Areas on lands owned or 
managed by Council can help inform Council’s bushland 
management priorities and indeed, since the Zonation 
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analysis was completed, some such areas have been 
added to the Bushland Management Portfolio using 
specific	grant	funding	(e.g.	the	links	running	from	
Dooragan National Park to the estuaries using the 
Estuarine Lakeside Linkages project funding). The 
importance of these links was previously recognised by 
Council staff anecdotally and Zonation gave quantitative 
evidence to further support works programs. 

On private lands, Priority Action Areas are quite widely 
distributed across the LGA. Localities with higher 
concentrations of Priority Action Areas included 
Thrumster/Sancrox, Lake Innes, North Shore, Lake 
Cathie, Bonny Hills, Grants Beach, Dunbogan, Kew, 
Comboyne, Byabarra, Ellenborough, Lakewood and 
Kippara. Consolidated areas of importance were 
also found on the North Shore and around the Maria 

River. One of these properties has subsequently been 
incorporated into Limeburners Creek Nature Reserve 
while another was purchased by the Koala Hospital for 
conservation opportunities. 

Figure 8 shows the location of Priority Action Areas on 
Council owned/managed land across the LGA and Figure 
9 shows the location of Priority Action Areas on private 
lands. It is important to note that, in recognition of their 
high biological values, many Priority Action Areas mapped 
using Zonation have already been incorporated into NSW 
regulatory mapping layers, such as the Biodiversity Values 
layer under the Biodiversity Conservation Act, the Coastal 
Wetlands layer under the Coastal Management Act and 
the Sensitive and Vunerable lands layers under the Local 
Land Services Act.

Figure 7. Conservation Priority Areas (as identified by Zonation) on Forestry Corporation lands in the Port 
Macquarie-Hastings LGA 
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Figure 8. Priority Action Areas on Council-owned or -managed land in the Port Macquarie-Hastings LGA 

 

Figure 9. Priority Action Areas on private land in the Port Macquarie-Hastings LGA

The sites indicated show those areas where Council can work with interested landholders to better conserve 
biodiversity, such as through targeted investment schemes. 
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2.2.4 SUMMARY OF BIODIVERSITY 
PRIORITISATION ANALYSIS

The	results	of	the	analysis	revealed	three	major	findings.	

The	first	was	that	the	current	Protected	Areas	within	the	
Port Macquarie-Hastings LGA encompass or represent the 
distribution of species relatively well. Across all species 
and nominated guilds of conservation interest, the 
average proportion of predicted habitat within Protected 
Areas was 36%. However, there is notable variation among 
species: some species have their entire distribution within 
Protected Areas but others have none of their distribution 
within Protected Areas. Therefore, clear opportunities 
exist to improve biodiversity conservation within currently 
unprotected areas of the Port Macquarie-Hastings LGA. 

The second point is that if additional relatively small, 
but well prioritised, areas were to be managed for 
conservation, all species could be adequately protected in 
the LGA (i.e. could have more than 30% of their predicted 
distribution being managed for conservation). Even just 
managing	the	top	5%	of	the	identified	Conservation	
Priority Areas for conservation would increase the average 
percent of predicted habitat to 47% and, most importantly, 
would ensure that all species have at least 25% of their 
predicted habitat being managed for conservation.

The third point is that community and, in particular, private 
lands can play a big role in biodiversity conservation 
with 25% of the Biodiversity Priority Areas occurring on 
these lands. When Protected Areas are excluded from the 
analysis, Zonation showed that 49% of the most important 
Conservation Priority Areas (or just over 28,000 hectares) 
are on private land. 

It should be noted that this work is not ‘static’. It 
represents a snapshot in time. If some areas of habitat/
vegetation, particularly within high priority areas, are lost 
through clearing or other land use changes as a result 
of	natural	impacts	such	as	fire	or	climate	change	this	
rapidly results in other areas automatically assuming 
a higher importance. For this reason, some areas that 
are not currently Priority Action Areas may emerge as 
being important priority areas in the future because they 
possess values being lost elsewhere in the landscape. 
Some areas may be so unique (again, particularly high 
priority areas) that they simply cannot be replicated or 
protected/represented elsewhere in the landscape (such 
as through biodiversity offset schemes). 

Finally, it should be mentioned that like all data modelling 
exercises this work has unavoidable uncertainties. 
Nonetheless,	the	final	models	were	statistically	robust	
and	therefore	provide	a	significant	improvement	to	our	
understanding of biodiversity patterns within the Port 
Macquarie-Hastings LGA and the relative value that any 
one area of land plays in the protection of species’ habitat 
at the LGA scale (see Box 9). The work will have many 
applications, including:

 ● informing landholders about the value of their land 
for biodiversity

 ● informing prospective developers about the likely 
ecological constraints they may face on a parcel of 
land prior to purchase

 ● informing those interested in entering the rapidly 
burgeoning biodiversity offset market about where 
the best opportunities exist

 ● providing much-needed knowledge for those 
community members interested in applying for land 
management or biodiversity conservation grants 
(allowing	them	for	the	first	time	to	express	the	
importance of their grant in a broader context — a 
necessity in this increasingly competitive grant 
funding environment). 

2.3 IMPORTANT WETLANDS 
AND COASTAL LAKES

Estuarine	wetlands,	coastal	floodplain	wetlands	and	
coastal lakes are ecologically, socially and economically 
important. They provide many ecosystem functions, 
ecosystem services (see Section 1.2) and habitats for 
a	wide	range	of	animals	(e.g.	waterbirds,	fish,	frogs	
and invertebrates) and water-dependent plants (e.g. 
sedges, rushes and various tree species), including 
many threatened species and ecosystems. Estuarine 
and coastal wetlands and coastal lakes also provide 
shelter, breeding grounds and nurseries for a variety of 
fauna,	particularly	insects,	fish,	frogs	and	waterbirds,	
including migratory birds listed under various international 
agreements including the Bonn Convention and the 
bilateral migratory bird agreements with Japan, China and 
the Republic of Korea. 

The Port Macquarie-Hastings LGA has some very 
significant	estuarine	and	coastal	wetlands	and	coastal	
lakes located along its coastal strip. These include 
wetlands within Limeburners Creek Nature Reserve (listed 
on the Directory of Important Wetlands in Australia), 
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BOx 9.  HOW DOES ZONATION COMPARE AGAINST ON-GROUND 
ECOLOGICAL ASSESSMENTS?

In 2015, Port Macquarie-Hastings Council contracted Echo Ecology to do a 
comprehensive on-ground ecological assessment of the biological values on an area 
of land near Wauchope (Yippin Creek) to determine areas of low, medium and high 
ecological	constraints	which	could	influence	a	proposed	housing	development	on	the	site.	
The study examined a broad range of taxa, including mammals, plants, birds, amphibians 
and	micro-chiropteran	bats.	The	study	also	identified	areas	of	threatened	ecological	
communities.	The	results	are	shown	in	the	figures	below.

The results of this survey were compared against the tenure-blind outputs of Zonation 
because they provide an idea of the importance of a site relative to the whole LGA. 
Zonation	has	correctly	identified	that	the	majority	of	the	land	is	of	moderate	biological	
value.	It	also	identified	that	there	is	an	area	of	higher	biological	value	in	the	northern	
section of the site, but under-predicted the spatial extent of this. Zonation also ranked 
an	area	in	the	southern	section	of	the	site	as	‘moderate’	that	was	identified	by	Echo	
Ecology as ‘high’ value. It ranked a few areas in the eastern section of the site ‘high’ 
which	were	identified	by	Echo	Ecology	as	‘moderate’	but	which	also	supported	numerous	
large hollow-bearing trees. Overall the results of Zonation should be considered as a good 
overall guide to the likely biological constraints operating in the area. The Zonation output 
also relates to a tenure-blind analysis of the LGA. Areas may have been ranked higher if 
using the priorities focusing on areas outside reserve networks.
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Figure 10. Location of coastal and estuarine wetlands and lakes

Partridge Creek, Lake Innes, Saltwater Lake, Lake Cathie, 
Googleys Lagoon (Watson-Taylor Lake) and Queens Lake. 
Such areas are highly valued by the community and 
biodiversity alike. Saltwater Lake is considered to be in 
‘near pristine condition’ (as per ‘EcoHealth’ Assessments 

undertaken by the University of New England). The 
location	of	these	important	biological	assets	(as	identified	
and	classified	by	the	Northern Rivers Biodiversity 
Management Plan) is shown in Figure 10. 
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BOx 10.  AN UNLIKELY PLACE TO START A FAMILY?

Magpie Geese are listed as a threatened species in New South Wales as they 
disappeared from south-east Australia by 1920 due to draining and overgrazing of their 
breeding habitat. Since the 1980s there have been an increasing number of records 
from central and north New South Wales. The only record of a breeding pair in southern 
Australia (until 2015!) was of introduced birds at the Shortland Wetlands near Newcastle. 

Imagine the surprise when, in 2015, staff of Port Macquarie-Hastings Council not only 
saw	three	of	these	birds	(one	male	and	two	females)	inhabiting	overflow	ponds	associated	
with the Port Macquarie sewage treatment plant, but then saw them building a nest! 
They quickly contacted Council’s ecologist, who recommended that scheduled cleaning 
works	of	the	ponds	be	delayed	until	the	chicks	could	be	fledged.	The	example	shows	that	
humans and biodiversity can at times happily co-exist, even somewhere as unlikely as a 
sewage treatment plant!

Magpie Geese are medium-sized waterbirds standing about 90 centimetres high and with 
a wingspan of up to 1.8 metres. With a black head, a distinctive knob on the crown (larger 
in males) which increases in size with age, and a hooked bill, they are quite unmistakable. 
Unlike other waterfowl, the Magpie Goose has half-webbed feet. The call is a resonant 
honk. Magpie Geese are mainly found in shallow water such as large wetlands and dams, 
especially with dense growth of rushes or sedges and with permanent lagoons and 
grasslands nearby. The Magpie Goose is a specialised feeder with wild rice, Oryza, some 
grasses and spike-rush forming the bulk of its diet.

During the breeding season Magpie Geese build nests in secluded places, usually close to 
wetlands (and sometimes in sewage treatment plants!). The nest is almost single-handedly 
constructed by the male. It usually consists of a simple unlined cup placed either in a 
floating	platform	of	trampled	reeds	or	built	in	tree-tops.	Pairs	of	geese	mate	for	life,	but	a	
male may have two females. Two females may occasionally use the same nest to lay the 
large, oval, off-white coloured eggs. All adults share incubation and care for the young.

Magpie Geese and young at the STP. Photo by Lark Whittingham.
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The coastal lakes and wetlands of the Port Macquarie-
Hastings area support numerous threatened species. 
In particular, some areas such as Partridge Creek and 
Lake Innes support notable populations of Black Bittern 
and Wallum Froglet. Black-necked Stork intermittently 
utilise many of the wetlands across the Port Macquarie-
Hastings landscape, which is encouraging as the species 
has declined across the southern part of its range. The 
threatened	Giant	Dragonfly,	one	of	the	largest	dragonflies	
in the world, is also known from wetlands within the 
Port Macquarie-Hastings LGA. Areas of Queens Lake 
are important roosting grounds for wading birds and 
shorebirds (many threatened) and indeed the Port 
Macquarie-Hastings area is included among the Key 
Biodiversity Areas of Australia (as recognised by BirdLife 
International), in part for its shorebirds, particularly the 
Sharp-tailed Sandpiper as well as wading birds such as 
the Australasian Bittern. 

Even relatively small wetlands on private property, such 
as around King Creek, can be important. For instance, 
properties in this area are known to support Comb-
crested Jacanas, which is unusual as the species is 
usually found only north of Grafton. Magpie Geese, now 
threatened in New South Wales and largely absent from 
southern Australia since the 1920s, have also been 
sighted in wetlands of the Port Macquarie area. Some 
even bred in the ‘wetlands’ of the Port Macquarie sewage 
treatments works! (See Box 10.)

2.4 THREATENED ECOLOGICAL 
COMMUNITIES

Ecological communities are groups of plants and animals 
that occur together in a particular area. This area is 
characterised by a set of environmental conditions which 
define	suitable	habitats,	for	example,	soil	types,	landforms	
and climatic conditions. As a result, an ecological 
community may be distinguished from others by its 
characteristic species and the area in which it occurs (for 
example,	a	wetland	on	the	coastal	floodplain	on	alluvial	
soils). Ecological communities are complex, so correct 
identification	often	requires	specialist	advice.

Some ecological communities are threatened with 
extinction, either because their distribution has been 
significantly	reduced	by	clearing	(this	is	particularly	true	
for those communities that occur on fertile land favoured 
for housing or agriculture), or because their distribution 

is naturally restricted which means that the whole 
community	is	susceptible	to	significant	threats.	Ecological	
communities may also be threatened if the ecological 
function	of	that	community	is	undergoing	a	significant	
decline. For instance, a community may be particularly 
prone to invasion of a feral species resulting in a change 
in the structure and composition of the community and 
resulting in its fragmentation and degradation. Some 
communities are also threatened because they only occur 
under a narrow set of climatic conditions (e.g. alpine 
bogs). Ecological communities can be listed under state or 
federal legislation as critically endangered, endangered or 
vulnerable, depending on their risk of extinction. 

With its coastal location and long history of agriculture 
and	housing	development	on	the	rich	coastal	floodplains,	
the Port Macquarie-Hastings LGA supports numerous 
threatened ecological communities. The LGA is an 
important stronghold for many types, such as Littoral 
Rainforest,	Lowland	Rainforest,	coastal	floodplain	forest	
communities and various wetland communities. Figure 11 
shows the location of these important biological assets. 
The report outlining the methodology for mapping these 
threatened ecological communities is listed in Table 1 and 
available from Council upon request.

In addition to communities listed under state or federal 
legislation, an area may support ‘novel’ communities 
that have not yet been fully described or subject to the 
formal listing process. This is certainly the case in the 
Port Macquarie-Hastings LGA, where Council’s vegetation 
community	mapping	has	identified	the	presence	of	three	
ecological communities which are of particular interest 
because they: 

1. have a narrow spatial distribution

2. largely occur outside formal conservation 
reserve networks 

3.	 are	experiencing	significant	declines	in	
ecological function due to a range of external 
threatening processes. 

These	three	communities	are	the	Orange	Gum	–	Swamp	
Gum Woodland (see Box 11), Serpentinite Grasstrees 
Woodland and the Lighthouse Gully Subtropical Lowland 
Rainforest. These areas require additional work to help 
secure their protection and to gain additional funding 
for works to reverse declines in their condition. Port 
Macquarie-Hastings Council are working closely with 
the	NSW	Office	of	Environment	and	Heritage	to	better	
determine	other	locally	significant	plant	communities.	
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Figure 11. Location of threatened ecological communities within the LGA outside Forestry Lands or 
Protected Lands 

Some additional threatened ecological communities are likely to occur in the LGA, particularly in Protected Areas, 
such as Werrikimbe National Park, high in the Escarpment (e.g. Montane Peatlands and Swamps of the New 
England Tableland, NSW North Coast, Sydney Basin, South East Corner, South Eastern Highlands and Australian Alps 
bioregions). Knowledge of their spatial extent is poor.

2.5 HIGH VALUE FOREST AREAS
The Port Macquarie-Hastings LGA has always been an 
important area for the timber harvesting industry. Cedar 
cutters moved into the area in the 1830s following 
establishment of the penal settlement in Port Macquarie 
in 1823. 

Logging did not take place evenly across the landscape. 
Certain species with superior timber qualities and 
occurring in particular vegetation communities were 
selected	and	felled	first	and	in	higher	quantities	than	other	
less desirable species. 

The rush for ‘red gold’ saw the near extermination of Red 
Cedar from many rainforests in the region. Tallowwood, 

Blackbutt and various ironbarks were also heavily targeted 
for bridge timbers, railway sleepers, power poles and 
building timber. Large trees were also preferentially felled. 
Trees of large dimensions are known to offer superior 
habitat opportunities for many animals (see Box 12). Trees 
in	flatter,	more	accessible	areas	were	also	preferentially	
logged for logistical and operational reasons. However, 
these	trees	on	flat,	more	fertile	country	are	also	superior	
habitat for a range of animals, including Koalas and Swift 
Parrots, compared to trees on steeper, rocky country. 

Learning from the loss of the valuable Red Cedar industry, 
from 1871 the NSW Government declared some areas 
to be ‘forest reserves’ (now called state forests). While 
some of these forests are still within Forestry Corporation 
of NSW estate, others have been reserved as national 
parks in recognition of their natural values and are 
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BOx 11.  ORANGE GUM WOODLAND ON SERPENTINITE: A 
UNIQUE VEGETATION COMMUNITY WORTHY OF PROTECTION

Vegetation mapping by the Northern Rivers Catchment Management Authority revealed a 
spatially restricted vegetation community found only in the Port Macquarie-Hastings LGA. 
The community has no known equivalents in New South Wales or the Northern Rivers 
region.	The	community	was	classified	as	‘NR	222	Orange	Gum	woodland	on	serpentinite	
in	the	Burrawan	–	Cowarra	area,	NSW	North	Coast	Bioregion’.	More	recent vegetation 
mapping	by	Biolink	(2012)	for	Port	Macquarie-Hastings	Council	confirmed	the	presence	and	
floristic	composition	of	this	community	and	found	that	only	212	hectares	of	this	community	
existed outside state forests or national parks (areas which were not mapped by Biolink). 

This vegetation community is found only on serpentinite soils, which are known to give rise 
to unique assemblages of plants. The majority of serpentinite communities occur on dry 
rocky outcrops and are made up of native grasses and a diversity of forbs (herbaceous 
plants) and grasstrees. They tend to be treeless. The Orange Gum Woodland on 
Serpentinite community is unique for serpentinite in the area because it is dominated by a 
tree, the Orange Gum, which reaches around 10 metres high in this community. The area 
where the community occurs is also much moister than other areas supporting serpentinite 
vegetation communities. 

The mid-high to tall woodland is dominated by Orange Gum and also includes Red 
Mahogany, Narrow-leaved Red Gum, Turpentine, Tallowwood and White Stringybark. 
Orange Gum, Narrow-leaved Red Gum and Tallowwood are important Koala food trees 
and therefore the Orange Gum Woodland on Serpentinite community is important Koala 
habitat.	The	mid-storey	and	understorey	reflect	the	moist	ground	layer	and	include	a	
variety of paperbarks, Swamp Oaks, tea-tree and Willow Bottlebrush. The groundcover is 
a mid-high sedgeland; again typical of wetter environments and not typical of serpentinite 
communities. 

The term ‘serpentine’ refers to magnesium- and iron-rich rocks, principally serpentinite and 
peridotite, and the soils derived from them. Serpentine is a harsh environment for plants 
because of its low nutrient levels, high levels of metal (causing metal toxicity) and, in some 
cases, poor water-holding capacity. Throughout the world, vegetation on serpentine is more 
sparse, stunted and drier (xeromorphic) than the vegetation of most other soils. Distinctive 
vegetation communities and plants occur on serpentine, both because it excludes many 
plant species from the surrounding communities, and because it often supports specialist 
species	(‘serpentine	endemics’).	Many	ecologists	have	noted	that	serpentine	endemic	flora	
provides excellent examples of the linkage between adaptation and speciation. 

Vegetation	communities	on	serpentinite	often	support	a	high	abundance	of	wildflowers.	
Many plants have even developed specialised adaptations to exist on serpentine soils and 
such plants have been used to treat environmental problems by taking up certain heavy 
metals from polluted soil. 

The	NSW	Threatened	Species	Scientific	Committee	Guidelines considers the geographic 
extent of vegetation communities and the number of locations in its consideration to list an 
ecological community as ‘threatened’ or ‘endangered’. The narrow geographic extent of this 
community, as well as the threats to it from potential mining and inappropriate recreational 
uses as well as weed incursion, certainly would make this unique and restricted vegetation 
community a candidate. Port Macquarie-Hastings Council will continue to work with the 
NSW	Office	of	Environment	and	Heritage	to	protect	this	community.
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now managed by NSW National Parks and Wildlife 
Service (NPWS). 

We are fortunate in our LGA to have outstanding examples 
of old-growth forests in national parks and state forests, 
such as Willi Willi National Park (formerly the Wilson 
River Primitive Reserve) and Middle Brother National 
Park. Other precious pockets of old-growth forest remain 
on private properties, scattered across the LGA, even 
in coastal areas, however the extent of these is quite 
limited and generally little understood. In the Coffs 
Harbour LGA, a study revealed that old-growth forests 
comprise less than 1% of all forests on private land 
(therefore a very small percentage of all freehold land in 
total). It is likely that a similar pattern occurs in the Port 
Macquarie-Hastings LGA due to similar land-use histories 
and landscapes. It is important that private landholders 
understand the supreme importance of such areas for 
biodiversity and receive appropriate advice and assistance 
to aid their long-term protection.

2.6 LOCAL PRIORITY AREAS, 
COMMUNITIES AND 
SPECIES

This Biodiversity Management Strategy was formulated 
with the assistance of an Expert Panel (comprised of 
members of NSW Government agencies from the North 
Coast and local practicing ecologists), and a Community 
Panel (comprised of a diversity of various stakeholders 
in the community, including those with a good deal of 
knowledge about biodiversity in the local area). Members 
of both the Expert Panel and the Community Panel were 
asked to identify local priority areas, communities and/or 
species. 

The	Expert	Panel	identified	areas	they	believed	were	
important for different species (see Figure 12). These 
areas were largely within Biodiversity Priority Areas 
identified	by	Zonation	in	the	tenure-blind	analysis	(see	
Section 2.2.3). In a few instances, the areas depicted by 
the Expert Panel gave a bit more emphasis to an area 
than did Zonation. The values of the areas are listed 
in	Table	5.	In	addition,	the	Expert	Panel	identified	a	
number of vegetation communities they believed were of 
importance (see Figure 12). 

PORT MACQUARIE-HASTINGS COUNCIL | BIODIVERSITY MANAGEMENT STRATEGY 2019–2030 | PAGE 51 



BOx 12.  OLD TREES: THERE’S NOTHING QUITE LIKE ‘EM

Large eucalypts have undergone serious declines as a result of selective logging 
practices. The mighty eucalypts once seen regularly by timber-getters are now scarce to 
non-existent. Many of the largest ‘giants’ felled in the days of cross-saws and bullocks 
would have been 500 years or older when felled, and it takes many eucalypts more than 
100 years to attain stately proportions and basic hollows. 

The loss of large eucalypts has had serious consequences for wildlife. This is because 
large eucalypts offer superior habitat opportunities. 

Old trees support more hollows as well as different types of hollows (e.g. hollows of 
different sizes, shapes, volumes and positions in the tree). Animals require this diversity 
of hollows in the landscape because each species has different hollow requirements. An 
abundance of hollows is also required, not only to support a good abundance of animals, 
but because many animals require more than one hollow to call home. Swapping hollows 
prevents the build-up of parasites, keeps would-be predators guessing and assists with 
moving in response to seasonal requirements. 

Old trees also support the highest volumes of loose and shedding bark (also called 
‘decorticating’ bark). This bark is home to a vast variety of invertebrates (e.g. spiders, 
bugs and insects) which are important prey items for many vertebrate animals. Some 
animals	also	like	to	roost	under	the	flaking	bark	layers,	notably	geckoes	and	micro-
chiropteran bats such as the Eastern Freetail-bat. 

Large, old trees also support the highest amounts of eucalypt blossom and nectar 
flow.	A	study	by	the	NSW	Department	of	Primary	Industries	found	that	mature	forest	
produces almost 10 times more sugar per hectare than recently logged forest. This 
resource is extremely important for birds such as honeyeaters, as well as mammals such 
as possums and gliders. 

Large, old trees also have better perching sites for animals due to the size and 
diversity of branches. They also often support epiphytes (e.g. orchids, ferns, mosses and 
lichens) and mistletoes which are an important food resource.

Clearly, old trees are vastly important resources in the landscape and every remaining 
one in the LGA is precious. Unfortunately nest boxes are a poor substitute for the real 
thing, require maintenance and tend only to attract common species. The loss of any 
remaining large eucalypts cannot be ‘offset’ in our lifetime, or our children’s lifetime, or 
their children’s lifetime, or their grandchildren’s lifetime….

Photo	©	Bernard	Dupont	-	https://www.flickr.
com/photos/berniedup/10559975966/
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Figure 12. Priority areas identified by the Biodiversity Strategy Expert Panel 

These areas are known by the Panel to support important biological assets, including healthy populations of 
threatened species (see key in Table 5), and rare vegetation communities (see map legend).

Table 5. Key to Expert Panel priority areas

Number Broad location Biological assets identified by Expert Panel

1 Red Hill Red Hill Basalt. Complex vegetation assemblages, important populations of 
frugivorous	birds	and	Pacific	Bazas.

2 Pappinbarra Right Arm Diverse and abundant fauna populations including many threatened species 
(e.g. Giant Barred Frog, Red-legged Pademelon). 

3 Pappinbarra Left Arm Diverse and abundant fauna populations including many threatened species 
(e.g. Giant Barred Frog, Red-legged Pademelon). 

4 Diamond Head Southern Limit of Coastal Pandanus.
5 King Creek King Creek wetlands. Good populations of waterbirds including Comb-Crested 

Jacanas. 
6 Hastings River Important Rainbow Bee-eater nesting habitat on banks of Hastings River near 

Beechwood. 
7 Logans Crossing Flying-fox	camp	(first	area),	mostly	Grey-headed	Flying-foxes.
8 Logans Crossing Flying-fox camp (second area), mostly Grey-headed Flying-foxes.
9 Brombin Range extension of Eucalyptus nobilis.
10 Crowdy Bay Substantial area of Needlebark Stringybark in Crowdy Bay National Park. 
11 Long Flat to Ellenborough Range extension of Drooping Ironbark.
12 East Kew Important populations of arboreal marsupials (Yellow-belled Glider, Squirrel 

Glider, Brush-tailed Phascogale) and Wallum Froglets. 
13 Cooks Trail Sphagnum Frog at low elevations (and buried sphagnum).
14 Upper Rollands Plains Maternal colony of Southern Myotis.
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In	contrast,	the	Community	Panel	predominantly	identified	
species and ecological communities they felt were ‘iconic’ 
to the Port Macquarie-Hastings LGA. Those species/
communities that fell within the scope of this report (i.e. 
terrestrial biota) are listed below. In addition, both groups 
identified	the	limestone	caves	in	the	Toms	Creek	area	
and old mining shafts in the Kippara area to be critical 
habitat for cave-roosting bats. These have not been 
spatially depicted. 

Important biological areas and species 
of interest:

Mammals

 ● Platypus

 ● Koala

 ● Brush-tailed Phascogale

 ● Red-legged Pademelon

 ● Red-necked Pademelon

 ● Long-nosed Potoroo

 ● Grey-headed Flying-fox

 ● Black Flying-fox

 ● Little Red Flying-fox

 ● Spotted-tailed Quoll

 ● Dingoes

 ● Hastings	River	Mouse	(identified	by	Expert	Panel)

Frogs

 ● Green-thighed Frog (Expert Panel)

 ● Green and Golden Bell-frog

 ● Giant-barred Frog

Birds

 ● shorebirds

 ● Eastern Curlew

 ● Glossy Black-cockatoo

 ● Rose-crowned Fruit-dove

 ● forest owls (Expert Panel)

 ● Brolgas and Black-necked Storks (Hastings River 
Drive)

Plants

 ● Antarctic Beech

 ● Melaleuca biconvexa

 ● Christmas Bells

 ● Orange Gum

 ● plants at northern and southern end of their range 
(e.g. Coastal Pandanus, Lesser Swamp-orchid, Silver 
Bush)

Invertebrates

 ● Spiny	Crayfish	(Eustacus spp.)

 ● native bees

 ● Fritillary	Butterfly	(Expert	Panel)
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Communities

 ● Serpentinite Grass Tree Woodland

 ● littoral rainforest

 ● wetlands

 ● alluvial terraces

 ● mangroves and sea grass

 ● hardwood forests

 ● Swamp Mahogany/ Forest Red Gum Associations for 
Swift Parrots
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3. CONNECTING THE DOTS: LANDSCAPE 
CONNECTIVITY IN THE LGA

3.1 INTRODUCTION
A	significant	consequence	of	increased	human	activity	
and development is the loss of habitat, most generally 
caused by habitat clearing and destruction. When habitat 
is lost, the original contiguous natural landscapes become 
subdivided (fragmented) into a mosaic of remnant 
habitats surrounded by the ‘landscape matrix’. This 
process is known as habitat fragmentation; and habitat 
fragmentation reduces habitat connectivity. 

The landscape matrix which surrounds remnant habitat 
will	exist	in	different	configurations	and	be	comprised	
of different elements depending on the land-use history 
of an area. For example, the landscape matrix may be 
predominantly built elements such as buildings and 
urban areas, industrial areas, and highways and roads. 
Or it may be comprised of unbuilt elements such as rural 
landscapes with native grasses, paddocks and scattered 
trees. In the case of Port Macquarie-Hastings LGA, the 
landscape matrix surrounding remnant vegetation is a mix 
of built and unbuilt elements.

Some parts of the landscape matrix will be more 
‘permeable’ (i.e. able to be crossed by species) and 
therefore provide greater connectivity. Rural landscapes 
with native grasslands and scattered paddock trees are 
a good example of what a ‘permeable matrix’ is for 
many species. On the other hand, an industrial estate 
with a busy four-lane highway would be a relatively 
‘impermeable matrix’ for many species. 

3.1.1 HABITAT FRAGMENTATION
Habitat fragmentation is a serious threat to wildlife 
because many of the habitat patches that remain are too 
small to support viable populations of biota in the longer 
term.	Also,	habitat	fragmentation	directly	influences	the	
ability of wildlife to move about the landscape to breed 
and	feed.	Specific	issues	are	discussed	here.

Reduced genetic exchange

Habitat	fragmentation	reduces	genetic	flow	between	
populations and therefore reduces genetic vigour and 
the resilience of the population to disturbances, such as 

disease and climatic variability. Isolated habitat patches 
may be restricted from any genetic exchanges, resulting in 
in-breeding depression. 

Reduced patch size

The net effect of sustained habitat fragmentation is 
a reduction in the average size of remaining habitat 
patches, such that they no longer provide the resources 
necessary for an animal’s long-term survival. Some 
animals have very large home ranges (for instance a 
Spotted-tailed Quoll requires several hundred hectares) 
and small patches cannot cater to their long-term 
existence. Exceptions occur when animals may satisfy 
some or all of their life-history requirements by, for 
example: 

 ● using different elements of the landscape matrix 
(e.g. mobile species using scattered paddock 
trees for shelter or feeding, or honeyeaters using 
urban gardens) 

 ● by occupying multiple connected habitat patches 
(e.g. several small habitat patches that occur in close 
proximity separated by a ‘permeable’ matrix). 

Increased edge effects

Smaller habitat patches tend to have an increased 
edge:area ratio. Larger, more blocky shaped patches 
have a lower edge:area ratio than long, narrow patches 
of vegetation. Edges of habitat patches offer less intact 
habitat	for	flora	and	fauna,	and	often	have	higher	weed	
loads, and suffer from wind effects and sunlight.

Increased susceptibility to 
disturbance events

Habitat fragmentation often results in a steady reduction 
in populations of species across the landscape because 
individual populations in isolated patches are easily lost 
as a result of random (i.e. stochastic) disturbance events, 
such	as	wildfire	and	drought.	This	is	because	animals	
are unable to leave the ‘habitat island’ or if they do, they 
are quickly lost in an inhospitable matrix. Such patches 
cannot then be recolonised as they are isolated from any 
other populations. 
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Inability to perform seasonal movements

Many animals move in response to the seasons. Such 
animals include ‘latitudinal migrants’ (for example, the 
Swift Parrot moves from Tasmania as far as south-eastern 
Queensland each year) and ‘altitudinal migrants’ (for 
example, the Noisy Pitta moves from rainforests high in 
the	hinterland	to	the	coastal	floodplain	each	winter).	Many	
other species are ‘locally nomadic’, moving about widely 
between	habitat	patches	to	find	sufficient	resources	(fruit-
doves and honeyeaters are classic examples). During the 
breeding season, some animals such as the male Koala 
will	move	widely	to	find	mates.	Many	animals	will	also	
move to drought refuges in response to drier periods. All 
of these animals require their multiple habitat patches 
to be connected at various scales, or at least be within a 
permeable matrix, for them to perform these important 
seasonal movements.

3.1.2 HABITAT CONNECTIVITY
Connectivity	can	be	defined	as	the	extent	to	which	a	
landscape facilitates the movements of organisms and 
their genes. Connectivity operates at multiple scales 
relative to individual species’ movement abilities. What 
is therefore connected habitat for a small, mouse-sized 
Brown Antechinus is very different to what is connected for 
a highly mobile Black-necked Stork. Different species are 
also able to move through different types of ‘landscape 
matrix’ with various levels of success. Some landscape 
matrixes will be more permeable to some species 
than others. For example, a Noisy Miner readily moves 
through	and	occupies	a	range	of	highly	modified	habitats,	
whereas	a	Paradise	Riflebird	is	highly	restricted	to	high	
quality consolidated habitat. These different abilities 
and	tolerances	for	modified	landscapes	mean	that	each	
species views the relative habitat connectivity of the same 
landscape differently. 

Connectivity is built around core habitats (also known 
as refugia) including areas protected in formal reserves 
and areas of private land. These core habitats are 
linked across different land uses by patches of 
remnant vegetation, corridors and ‘stepping stones’. So 
connectivity is not just about corridors — it includes core 
habitats, small and large patches of vegetation, stepping 
stones, areas managed for conservation, and remnant 
vegetation such as scattered trees and narrow corridors 
along roadsides or riparian areas (see Figure 13).

Figure 13. Examples of habitat patches and various 
kinds of connectivity within the landscape matrix 

In this example, some animals are able to cross from 
patch to patch using the corridor or the ‘stepping 
stones’, but are unable to cross the open ground to 
move directly between the two lower patches. 

Wildlife corridors are typically thought of as vegetated 
(i.e. woody, treed) areas stretching across the landscape 
and linking up areas of more consolidated patches of 
habitat. In fact, corridors come in all shapes, sizes and 
types. For example, some species disperse across suitable 
grasslands, while others move from rocky outcrop to 
rocky outcrop. 

Corridors also exist at different scales, from continental 
to local. For instance, The Great Eastern Ranges Corridor 
extends 3600 kilometres from the Victorian Alps to the 
Atherton Tablelands in Far North Queensland. The Great 
Eastern Ranges Corridor contains Australia’s longest and 
most	unfragmented	north–south	mountainous	landscapes	
and habitats. 

Within the North Coast Bioregion, wildlife corridors have 
also	been	identified	at	the	regional	and	subregional	scale	
(see Figure 14 and refer to Scotts, D (2003), Key Habitats 
and Corridors for Forest Fauna. Occasional Paper 32. 
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NSW NPWS for more information on how these were 
derived). These broad-scale corridors help to identify major 
woody-vegetated areas forming natural corridors (e.g. 
along river systems) and in so doing identify important 
pathways for altitudinal and latitudinal migrants and areas 
that link key populations. Nonetheless, they are restricted 
to identifying broad patterns and are limited in number. 
Such broad-scale corridors alone do not provide the full 
range of connectivity required for effective conservation. 

Every	day,	all	around	us,	there	is	a	flow	of	biota	and	
associated genetic material between parcels of habitat. 
Such	flow	does	not	always	occur	along	lines	of	woody	
vegetation or mapped corridors, and in many cases the 
distances travelled between habitat is small. For short 
distances, animals are able to cross open space, or use 
stepping stones such as isolated paddock trees. Seeds 
may even wash across open ground from one habitat 
patch to another. Increasingly, empirical studies are 
revealing that the dispersal movements of animals in 
fragmented	landscapes	depend	on	very	fine-resolution	
elements of structural (woody) connectivity, such as 
roadside corridors, scattered paddock trees or small 
patches. These short distance connections are 
numerous, and represent the reality of how the landscape 
is actually working every day. Some such links are more 
important than others, representing the ‘vital link’ in the 
chain of habitat.

Empirical studies also highlight the importance of habitat 
patches along linkages (e.g. vegetated corridors or 
stepping stones, such as scattered trees). Just as we 

need regular pit-stops for food and rest while driving along 
the highway, so too dispersing biota need regular access 
to patches of habitat to survive. Studies of dispersing 
woodland birds have shown that they will only move from 
a habitat patch along a linkage for about 1.1 kilometres. 
If no habitat patch is encountered at this distance, 
they will return to the original habitat patch. The spatial 
distribution of habitat patches is therefore fundamental 
to species’ survival and ability to move through the 
landscape. Traditional corridor models fail to highlight 
their importance.

New modelling approaches such as ‘GAP CLoSR’ (The 
General Approach to Planning Connectivity from Local 
Scales to Regional — see below) are seeking to model 
these	finer-scale	connectivity	features	at	the	landscape	or	
regional scale. These new approaches consider a number 
of these factors, such as: 

 ● biota will cross ‘gaps’ in the landscape only for 
finite	distances

 ● different elements of the ‘landscape matrix’ 
have different crossing costs, with some simply 
being impassable

 ● biota	can	only	move	along	links	for	finite	distances	
unless patches are encountered

 ● fine-scale	elements,	such	as	scattered	trees,	are	an	
essential part of landscape connectivity. 

The underlying data is empirical based on expert opinion. 
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Figure 14. Regional and subregional corridors in the Port Macquarie-Hastings LGA (as identified in the Northern 
Rivers Biodiversity Management Plan) 

Source: Scotts, D (2003), Key Habitats and Corridors for Forest Fauna. Occasional Paper 32. NSW NPWS

3.2 MAPPING CONNECTIVITY IN 
THE LGA

3.2.1 AN INTRODUCTION TO GAP 
CLOSR

As habitats become increasingly fragmented, smaller 
landscape features such as paddock trees and narrow 
strips of roadside vegetation become more important. 
These features can act as stepping stones to connect 
larger patches of vegetation.

GAP CLoSR (The General Approach to Planning 
Connectivity from Local Scales to Regional) is a software 
package that is able to pick up these small-scale features 
at a regional level. 

GAP CLoSR identifies the most important 

patches and appropriate locations for 

wildlife connectivity based on the habitat 

and dispersal requirements of target 

species.

(Lechner & Lefroy 2014)

The software uses high resolution spatial data (aerial 
imagery) to examine the environments encountered by 
species in the landscape and considers these against the 
actual movement patterns of species, groups of species, 
or ‘biodiversity’ as a whole. For instance, will a species 
cross open ground and, if so, for what distance? How big 
does a habitat patch need to be to sustain a population 
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of that species? If moving through stepping stones, such 
as isolated paddock trees, how far would it use these 
stepping stones before giving up? 

GAP CLoSR is a free software modelling program 
developed by the University of Tasmania (Lechner & 
Lefroy 2013), and has previously been used to aid 
strategic planning by local councils, such as through the 
Upper Hunter. 

3.2.2 INPUTS TO GAP CLOSR
GAP CLoSR uses a number of inputs to map the important 
patches and locations for wildlife connectivity — referred 
to as the connectivity map in this strategy. The 
fundamental layer that drives the analysis is a map of 
woody vegetation. Other inputs represent the habitat 
and dispersal requirements of target species (the target 
species may be a single species, or in the case of this 
Biodiversity Management Strategy, multiple species which 
are all encapsulated under the habitat and dispersal 
parameters set). The model also uses a land surface 
crossing costs layer. These inputs are discussed here.

Woody vegetation layer

A ‘Woody vegetation/No woody vegetation’ layer was 
derived as an input to GAP CLoSR. This was based on the 
latest aerial imagery available for any given area of the 
LGA (ranging from 2018 for the Camden Haven area to 
2010 for the western hinterland areas). The aerial imagery 
was converted to a grid (raster) layer using 5 metre pixels 
(i.e.	5x5	metre	grid	cells)	in	ArcGIS	software.	Reflectivity	
(colour-matching) software was used to accurately pick 
woody vegetation from non-woody vegetation across the 
LGA. Given that most trees within the LGA easily have 
canopies equal to, or larger than, the pixel size used, any 
grid cell accurately predicted whether it was occupied by a 
tree or not. 

The resultant layers were then visually checked by Council 
staff	to	find	and	remove	any	errors	across	the	LGA	(for	
instance, the verdant green of sewage treatment ponds 
often	reflected	as	vegetation).	Areas	known	to	have	been	
cleared since the aerial imagery was taken were also 
manually removed, as were areas where clearing will take 
place in the near future (for instance because of approved 
developments). Some vegetation was also added into the 
vegetation layer, for instance, areas which are known to 
have been (or will be) planted since the aerial imagery 
was  captured. 

GAP CLoSR software considers connectivity for species 
reliant on woody vegetation only, that is, trees and 
shrubs. As such, some vegetation communities were 
excluded from the Woody vegetation/No woody vegetation 
layer, either because they did not support large trees 
or shrubs, or because they did have trees or shrubs 
but had a very wet understorey impermeable to many 
terrestrial animals. This was done by overlaying the 
Woody vegetation/No woody vegetation layer with CRAFTI 
vegetation mapping and Port Macquarie Vegetation 
Communities and cutting some vegetation communities 
out. The list of vegetation communities removed from the 
vegetation layer is provided in Appendix G. Species whose 
dispersal is reliant on different habitat, for instance, hill-
tops	(e.g.	butterflies),	wetlands	(e.g.	frogs)	or	grassslands	
are therefore not appropriately considered by this model 
as their key habitat has not been modelled.

Biodiversity habitat and dispersal 
requirements

Before running GAP CLoSR, the Expert Panel met to 
discuss the input parameters to represent the habitat 
and dispersal requirements of biodiversity in the LGA. 
The Expert Panel included people with diverse areas of 
interest (plants, mammals, birds, reptiles), and individuals 
provided advice/input based on their areas of expertise 
while also considering published literature. 

As mentioned previously, connectivity works at multiple 
scales and, unlike other regional corridors models, the 
GAP	CLoSR	model	is	able	to	pick	up	very	fine-scale	
habitat elements such as scattered paddock trees. The 
challenge for the Expert Panel was to determine the best 
parameters to use to derive a connectivity map suitable 
for ‘biodiversity’ at the scale of the Port Macquarie-
Hastings LGA. The model parameters had to represent the 
requirements of as many species as possible. Following 
discussion, it was felt that many species in our LGA would 
be captured by a model which incorporated the following 
parameters:

 ● A ‘gap-crossing distance’ of 60 metres. Most 
species could cross open ground (i.e. no trees or 
shrubs) for 60 metres. As examples, many small 
birds can easily disperse from tree to tree over this 
distance, while a Squirrel Glider can glide 50 metres 
on average (but up to 100 metres depending on 
the terrain).
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 ● A patch size of 10 hectares. Populations of many 
species in the LGA would survive in patches that 
were 10 hectares or larger.

 ● An ‘inter-patch distance’ of 550 metres. Most 
species would continue to use stepping stones for 
550 metres before ‘giving up’ and returning to their 
original patch, or before encountering an unfortunate 
end, such as predation.

The Expert Panel considered that these biodiversity 
requirements represented a range of species across 
taxonomic groups (mammals, reptiles, birds) native to the 
LGA. The Common Ringtail Possum (see picture) is just 
one example of a species for which the GAP CLoSR model 
is likely to be appropriate. 

As a result of this rule set, the model may fail to identify or 
explain the appropriate connectivity for small or sedentary 
species (such as the Eastern Pygmy Possum or Yellow-
throated Scrubwren) that are unable or unwilling to cross 
open ground for 60 metres. Neither would it provide for 
species which require consolidated habitat patches much 
larger than 10 hectares for their survival (for instance, the 
Spotted-tailed Quoll). 

For some highly mobile species, such as larger birds like 
the Powerful Owl and Black-necked Stork, the model may 
be overly constrained, showing a fragmented landscape 
when in fact these species could easily cross the 
landscape. Similarly, the model may be overly pessimistic 
for species that have small home ranges and can have 
large, sustainable populations existing in a 10 hectare 
patch (for instance Delicate Skinks). A future application 
of GAP CLoSR is running models for key species such as 
the Koala.

A list of species likely, and not likely, to be represented by 
this model is contained at Appendix H.

GAP CLoSR trials were also undertaken using different 
metrics to consider the performance of the model and 
the results discussed with the Expert Panel. For instance, 
while it may be intuitive to make patch sizes bigger (to 
ensure that they are large enough to cater for the long-
term persistence of a broader range of species), the trials 
revealed that locally known important patches in the 
landscape were not detected (because they were smaller 
than the patch size used in the trial). Similarly, reducing 
the gap-crossing distance to 40 metres frequently caused 
‘breaks’ in connectivity when the Expert Panel believed 
that the area probably was connected for most species.

The Common Ringtail Possum is an example of an animal 
covered by the GAP CLoSR parameters. Photo © David Cook

The Eastern Pygmy Possum is an example of a species which 
requires	finer-scale	connectivity	than	provided	by	the	GAP	CLoSR	
modelling. It has a predicted inter-patch crossing distance of only 
200 metres. 

Often this was a result of the ‘pixel shading’ in the 
underlying maps, something which seemed to be largely 
overcome when the gap-crossing distance was increased 
to 60 metres. 

Land surface crossing costs

The other input required for the GAP CLoSR model was a 
layer showing land surface crossing costs. This provides 
a mapped representation of the matrix referred to above 
(and how permeable or impermeable) it is in the LGA. This 
input considers the different ‘land surfaces’ through which 
biodiversity of the LGA would have to cross. A land surface 
layer was derived for the LGA using maps including the 
Local Environmental Plan, land information mapping  
(e.g. for roads and streams), forestry maps and private 
native forestry maps. 

Each of the different land surfaces was assigned a 
nominal/relative ‘crossing cost’ as shown in Table 6. 
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The costs are based on the principle that it is harder 
for an animal (or it is less likely that the animal will be 
successful) to move through an industrial estate than it is 
for them to move through a grassy paddock. Some land 
surfaces	are	so	difficult	for	an	animal	to	cross	that	the	
crossing	cost	must	be	considered	as	‘infinite’.	An	infinite	
cost	was	defined	by	the	Expert	Panel	as	presenting	a	
barrier to an animal wherein it would be unable to either 
cross this surface at all, or cross this surface repeatedly 
and still live out its natural lifespan. For instance, the 
Pacific	Highway	was	defined	as	a	barrier	with	infinite	
crossing cost due to the paucity of crossing places 
suitable for a wide range of biodiversity, the associated 
fencing	and	the	large	volume	of	traffic.	These	crossing	
costs are consistent with those used for similar surfaces 
in previous GAP CLoSR models.

Table 6. Crossing costs for biodiversity though various 
land surfaces (least cost to infinite cost)

Category Crossing 
cost

Environment (land managed for this purpose) 10
Native vegetation on rural land (not PNF) 10
Streams	of	order	1–3	(highest	in	catchment) 10
Environmental management areas (E3 and 
E4 lands) 

20

Parks	and	fields 20
Forestry	–	Operational	Forestry	
Corporation lands

20

Forestry	–	private	native	forestry	(PNF) 20
Sub-arterial roads 20
Streams	of	order	4–6	(e.g.	mid-lower	
Pappinbarra River)

20

Hardwood plantation 20
Rural land (paddocks etc.) 20
Other arterial roads 30
Developed areas 40
Streams of order 7 and above  
(e.g. Hastings River)

40

Pacific	Highway Infinite
Oxley Highway (to Huntingdon) Infinite
Hastings River Drive Infinite
Ocean Drive Infinite
Lake Road Infinite
John Oxley Drive Infinite
North Coast Railway Infinite

3.2.3 OUTPUTS OF GAP CLOSR
The GAP CLoSR software applies the parameters for 
biodiversity requirements and the crossing costs layer rule 
sets to the woody vegetation layer to map ‘components’ 
and ‘habitat linkages’. 

Components

Components represent islands in the landscape. 
Components encompass areas of woody and non-woody 
vegetation. The woody vegetation in a component may be 
present as consolidated habitat patches (shown by the 
coloured patches) or as unconsolidated habitat patches 
(i.e. those that are too small or fragmented to meet the 10 
hectare minimum patch size — see Section 3.2.2). 

Biodiversity can survive and move around 

within components, but is unable to move 

beyond them because the component is 

not connected by woody vegetation to the 

adjacent component, or there is a hard 

barrier (such as a river or a highway) 

which animals cannot cross. 

If habitat is scant within a component, it may be 
insufficient	to	sustain	a	local	population	of	a	particular	
species in the longer term. In these areas, intervention is 
needed to link adjoining components through plantings 
or other works (such as fauna road crossings) to create 
a	bigger	component	with	sufficient	habitat.	If	large	
consolidated areas of habitat are present and connected 
within a component, its isolation from other areas will 
not be an issue for the long-term survival of many wildlife 
populations. 

Habitat linkages

Habitat linkages are areas where 

biodiversity moves through existing 

vegetation, that is not part of a patch, 

to get from habitat patch to habitat 

patch. These areas may be corridors of 

vegetation or scattered trees which act as 

‘stepping stones’.
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This vegetation may be roadside vegetation, a narrow 
planting in an otherwise cleared paddock, small clumps 
of isolated paddock trees or native trees in people’s 
backyards. While such vegetation may not look to be 
important	upon	field	inspection,	the	results	of	GAP	CLoSR	
can reveal its true importance in helping to link potentially 
highly important habitat patches. 

The presence of habitat linkages within a component is 
significant	because	the	GAP	CLoSR	model	does	not	‘split’	

a larger component into smaller components where there 
are	sufficient	linkages	to	enable	adequate	connectivity	
within the component.

As such, the habitat linkages mapped by GAP CLoSR are 
vitally important connectivity links. Such links need to be 
strengthened where possible, such as through widening 
the corridor and undertaking strategic planting programs 
to slowly replace weedy species with native species. 
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3.2.4 GAP CLOSR MODEL RESULTS: 
THE PORT MACQUARIE-HASTING 
CONNECTIVITY MAP

Woody vegetation model

The GAP CLoSR connectivity map for Port Macquarie-
Hastings LGA is shown in Figure 15. 

Components (shown outlined in red) are those ‘islands’ 
in the landscape where target species can move around 
within the area, but not out of the area, given the 
parameters (60 metre gap-crossing distance, 550 metre 
inter-patch crossing distance, 10 hectare minimum 
patch size) and land costs adopted. Habitat linkages 
(shown as purple dots) represent the vital links within 
the components. Areas with many small components 
represent parts of the landscape that are less connected 
than areas with larger components.

Overall, the results showed that with current levels of 
woody vegetation the Port Macquarie-Hastings LGA has 
generally good levels of connectivity. The largest 
‘component’	encompasses	the	area	west	of	the	Pacific	
Highway (heading north from Johns River) to Herons 
Creek, then to Wauchope, Telegraph Point then following 
the	Pacific	Highway	north.	This	represents	the	most	
connected part of the LGA. The most fragmented areas 
(small components) of the LGA occur along the Hastings 
River	floodplain	and	north	of	the	Hastings	River	in	areas	
near	the	Pacific	Highway.	The	immediate	environs	of	Port	
Macquarie are also, not surprisingly quite fragmented, but 
closer inspection also reveals that the habitat linkages 
in Port Macquarie’s urban areas (Sea Acres, Wrights 
and Yarranabee creeks and Kooloonbung Creek) are 
fundamental to the ecological connectivity and health of 
the coast and urban areas. 

The results strongly showed that within the Port 
Macquarie-Hastings LGA, the coastal corridor is an 
amazingly	connected	resource,	particularly	for	north–
south migrants. This can be seen in the large components 
to the north and south of Port Macquarie. Collaborative 
work with Kempsey Shire Council showed that this corridor 
extends north beyond the Port Macquarie-Hastings LGA, 
revealing	its	true	magnitude	and	significance.	

Unfortunately, the results also showed that the Pacific 
Highway and North Coast Railway line represent 

serious barriers to species movement and therefore 
ecological connectivity in the LGA. The Oxley Highway also 
represents a barrier to movements which will no doubt 
increase over time as the road becomes busier. The 
results also showed that some areas along the Hastings 
River	floodplain,	particularly	where	they	occur	near	the	
highway, are quite fragmented and do not currently 
support	sufficient	habitat	for	the	long-term	survival	of	
many species. 

The results showed that some areas are at risk 
of becoming seriously fragmented, such as the 
Comboyne Plateau. The reason why GAP CLoSR did not 
map Comboyne Plateau as a separate component is the 
presence of many stepping stones. Unfortunately, many 
of these are narrow, tenuous links comprised of thickets 
of Privet along fencelines. Work to control these Privet 
thickets in otherwise open landscapes may have both 
positive and negative ecological outcomes.

A similar example, which highlights the important of 
stepping stones is the area around Hyndmans Creek. A 
snapshot is discussed in Box 13.

Figure 15 also shows the different habitat patches within 
the LGA that are greater than 10 hectares (as set in 
the species movement ruleset). The largest is 164,000 
hectares and includes adjoining large areas of national 
parks and state forests, as well as private lands. The 
smaller patches are approaching the lower end of what is 
sufficient	habitat	for	many	species.	Examining	the	smaller	
patches in this way reveals places where any further 
clearing, or habitat fragmentation, would effectively 
render an existing patch ‘ecologically redundant’ for 
many species. Examples are found on the Hastings 
River	floodplain.

If habitat is scant within a component, it may be 
insufficient	to	sustain	a	local	population	of	a	particular	
species in the longer term. There are several areas along 
the	Hastings	River	floodplain	dissected	by	the	Pacific	
Highway which illustrate this concept. 

Importantly, members of the Expert Panel and Community 
Panel all felt that the results of the GAP CLoSR modelling 
were	an	appropriate	reflection	of	important	links	and	
habitat patches in the LGA and supported previous 
decision-making by Port Macquarie-Hastings Council 
regarding areas important for connectivity (see Box 14).
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Figure 15. Habitat components and linkages in the Port Macquarie-Hastings LGA
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BOx 13.  THE IMPORTANCE OF HABITAT LINKAGES

The	Hastings	River	floodplain	supports	rich	alluvial	soil,	much	prized	for	agriculture.	As	a	
result, it has been largely cleared. This cleared swathe on both sides of the river, together 
with the river itself, therefore presents a barrier for many species as they attempt to 
make	north–south	movements	across	otherwise	quite	consolidated	areas	of	bushland.	
The	figure	below	shows	how	seemingly	small	and	insignificant	strips	of	vegetation	(purple	
lines)	that	run	from	ridges	down	to	and	across	the	Hastings	River	floodplain	can	play	a	key	
role as habitat linkages preventing landscape fragmentation. 

N
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BOx 14.  CONNECTIVITY IN PORT MACQUARIE-HASTINGS LGA

The GAP CLoSR modelling showed that the LGA has generally good levels of connectivity. 

Green ribbons of Port Macquarie’s urban areas (Sea Acres, Wrights and Yarranabee 
creeks and Kooloonbung Creek) are fundamental to the ecological connectivity and 
health of the coast and urban areas.

Within the Port Macquarie-Hastings LGA and stretching north into Kempsey Shire, 
the	coastal	corridor	is	an	amazingly	connected	resource,	particularly	for	north–
south migrants.

The	Pacific	Highway	and	North	Coast	Rail	lines	represent	serious	barriers	to	species	
movement and therefore ecological connectivity in the LGA. The Oxley Highway and Ocean 
Drive also represent barriers to movements which will no doubt increase over time as the 
roads become busier.

Some	areas	along	the	Hastings	River	floodplain,	particularly	where	they	occur	near	the	
highway	are	quite	fragmented	and	do	not	support	sufficient	habitat	for	the	long-term	
survival of many species. 

Some areas, such as the Comboyne Plateau, are at the edge of becoming seriously 
compartmentalised, only still working in a connected fashion courtesy of many narrow, 
tenuous ‘links’. Unfortunately, many of these links are actually thickets of Privet along 
fencelines, indicating that work to control such Privet thickets in otherwise open 
landscapes may have both positive and negative ecological outcomes. 

The GAP CLoSR results matched with local Expert Panel knowledge about important 
areas for connectivity.

A tranquil area within Kooloonbung Creek Nature Reserve: an important area for ecological connectivity.
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BOx 15.  A REAL-WORLD TEST CASE FOR GAP CLOSR

During the development of the Waverley Glade Estate at Shelly Beach, Port Macquarie, 
it was argued that the vegetation on the site was part of an important wildlife corridor, 
linking	the	World	Heritage–listed	Sea	Acres	National	Park	with	the	Wrights	Creek	
system and beyond. The development was allowed to proceed and, with support of the 
developer, the southernmost portion of the site was retained to facilitate at least some 
remaining connectivity (see picture on the right). This area was placed under a vegetation 
management plan to protect this important area and increase the biological functioning 
of this narrow strip of vegetation. 

The aerial imagery used in the GAP CLoSR connectivity pre-dated the Waverley Glade 
development	and	the	whole	site	was	identified	by	GAP	CLoSR	as	being	a	significant	link	
in the landscape that facilitated connectivity (see picture on the left). The modelling 
outputs validates the planning process and will help to identify other areas in the 
LGA where protective measures may be needed to maintain connectivity and improve 
biodiversity values.
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Wet sclerophyll and rainforest only model

The Port Macquarie-Hastings LGA has numerous 
significant	stands	of	rainforest	and	wet	sclerophyll	forest.	
Many species are restricted to these habitats and yet must 
move around widely between these habitat patches to 
satisfy life-history requirements. Particular examples are 
frugivorous birds, such as the Rose-crowned Fruit-dove 
and Wompoo Fruit-dove (both of which are threatened 
species in New South Wales). To illustrate the different 
ways that species view the environment, habitat patches 
and connectivity, a GAP CLoSR model was constructed to 
consider only rainforest and wet sclerophyll forest.

The Expert Panel agreed that the inter-patch crossing 
distance and patch size should remain the same as in 

the general model (i.e. at 550 metres and 10 hectares 
respectively). However, the ‘gap-crossing’ distance was 
reduced from 60 metres to 40 metres, given that the 
species	of	interest	inhabit	finely	textured,	dense	habitat,	
rather than the more open woodlands and dry sclerophyll 
forest environments. The results (see Figure 16) show that 
for species reliant on more mesic forests, the landscape 
is much more fragmented. Of note are fragmented areas 
that are of known importance for rainforest-dwelling 
species, such as the Comboyne Plateau and littoral 
rainforests along the coastal strip. The results also show 
a different set of strategic links between habitat patches. 
Careful attention is required to ensure these habitats are 
not further fragmented.

Figure 16. Wet sclerophyll and rainforest model for the Port Macquarie-Hastings LGA
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Protected Areas only model

It	is	often	argued	that	there	is	sufficient	habitat	available	
within national parks and other protected areas for the 
adequate protection of species. As a purely informative 
exercise, a GAP CLoSR model was run which assumed 
that the only available habitat in the LGA existed in 
‘Protected	Areas’	(see	definition	in	Zonation	discussion	
above, Section 2.2.3). The results (see Figure 17) show a 
landscape much more fragmented (i.e. with many more 
island ‘components’) than the general woody vegetation 
model. This shows the incredibly important role that 
private lands play in ensuring that the landscape is 
connected to an appropriate level for effective ecological 
functioning, particularly in the highly fertile landscapes so 
valued by many species. 

3.2.5 THE FUTURE WITH GAP CLOSR
The importance of any given link, component or patch 
can be further interrogated using GraphAb software 
which accompanies the GAP CLoSR software. Another 
program, CircuitScape, is also available to help best plan 
the location of replanting efforts which seek to reconnect 
isolated components or identify connectivity bottlenecks 
that require embellishing. This information can be later 
used to assist with strategic planning and biodiversity 
incentive delivery schemes.

Figure 17. ‘Protected Areas only’ scenario

The results show extreme fragmentation in many areas.
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3.3 WETLAND CONNECTIVITY
As outlined in Section 2.3, Port Macquarie-Hastings 
Council has numerous important coastal wetlands, notably 
Lake Innes, Queens Lake, Watson-Taylor Lake (Googleys 
Lagoon),	Partridge	Creek,	and	significant	areas	of	coastal	
wetland on the North Shore adjoining Limeburners 
Creek Nature Reserve. Traditionally, these locations have 
been shown on maps as open bodies of water, with little 
reference/acknowledgement of the fringing vegetation 
which is habitat to so many wetland-dependent species, 
in particular amphibians, wading and waterbirds and even 
insects	such	as	the	threatened	Giant	Dragonfly.	

In recognition of the importance of this fringing vegetation, 
maps were constructed which showed the vegetation 
formations (see Section 2.1 for more information on 
vegetation formations) that are associated with these 
open water wetlands. Formations included were Forested 
Wetlands, Freshwater Wetlands and Saline Wetlands 
(see Figure 3). Maps were produced showing vegetation 
classes encompassed by these broad vegetation 
formations. Two vegetation mapping sets were used 
(CRAFTI and Port Macquarie Vegetation Communities 
mapping	–	see	Table	1	and	Section	2.1).	

Adjoining (continuous) patches of the different vegetation 
communities were then mapped to examine the 
connectivity of wetland vegetation in the LGA. See Figure 
18. Some of these wetland ‘patches’ are quite large (e.g. 
the Lake Innes/Lake Cathie complex), and individual 
wetlands (e.g. Queens Lake and Watson-Taylor Lake) 
appear to be operating ecologically as one entity. Other 
systems such as ‘Partridge Creek’ are genuinely a unique 
wetland system and indeed, Council’s vegetation mapping 
revealed unique vegetation communities in this area 
which are now under further investigation by OEH. 

The mapping also shows that Kooloonbung Creek is 
connected to much larger areas of wetland, such as 
Lake Innes. The strategic importance, particularly of 
Kooloonbung Creek Nature Reserve but also of Partridge 
Creek, in facilitating connectivity for wetland-dependent 
species north and south of the Hastings River is apparent. 

The wetland patch map provides a reference point should 
works become required to better link wetland habitat into 
the future, and shows where wetlands might naturally 
expand	as	a	result	of	climate	change–induced	sea-
leave rise. It also shows where narrow links of wetland 
associated vegetation (riparian strips) can link to much 
larger areas of wetland habitat. The importance of such 
small areas may not be fully appreciated when otherwise 
examining them in isolation.
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Figure 18. Important wetlands and areas of wetland vegetation 

The different colours show different wetland patches (i.e. contiguous areas of wetland vegetation). 

PAGE 72  |  BIODIVERSITY MANAGEMENT STRATEGY 2019–2030 | PORT MACQUARIE-HASTINGS COUNCIL



3.4 SOME FINAL WORDS ON 
CONNECTIVITY

Connectivity is vital to the effective functioning of 
ecosystems and ensuring species long-term persistence in 
the landscape. The work here has shown that landscape 
connectivity is everyone’s business. Traditional corridor 
mapping approaches run over relatively few parcels of 
land, leaving people in those areas wondering how this will 
affect their rights and responsibilities. While these larger-
scale corridors are undoubtedly important, the reality is 
that day-to-day connectivity occurs all around us at much 
finer	scales	and	it	is	only	when	the	patches	are	dissected	
and eroded, and the links between the patches lost, that 
fragmentation occurs. 

Whether an urban landholder, or a rural farmer on large 
acreage, we can all play a role in helping the landscape 
to be more ‘permeable’ to wildlife so animals can move 
through the landscape easily with relatively little crossing 
cost and ensuring that all areas offer some habitat. These 
initiatives include planting endemic trees in our gardens 
and streetscapes, reducing roadkill, controlling weeds 
and reducing the incident of predation of native animals, 
including predation/harm by companion animals in the 
urban landscape. 

The work here has shown some strategic areas 
for investment to improve landscape connectivity. 
Examples are: 

 ● widening and strengthening habitat linkages (links 
need to be at least 50 metres wide to be truly 
effective and ideally comprised of native species)

 ● decreasing landscape fragmentation (i.e. the number 
of components) by adding new strategic links 
through native vegetation plantings

 ● ensuring that remaining patches are of a suitable 
size for the long-term persistence of species (or 
creating patches of suitable size in key locations) 

 ● installing infrastructure (i.e. technical solutions such 
as road underpasses, overpasses, glider poles and 
crossings and stiles, which enable animals to cross 
otherwise impermeable fences) (see Box 16). 

In some cases, these strategic areas of investment 
can even have a win-win approach for farmers and 
conservation (see Box 17).

Unfortunately connectivity also brings with it threats, for 
instance, connected land may be more susceptible to feral 
animals (who can also now travel to the habitat patch), 
weeds	and	bushfire.	Connected	lands	therefore	need	to	be	
appropriately managed to reduce such threats (also see 
Section 4).

Land	Mullet:	Photo	©	$Mathe94$	www.commons.wikimedia.org/wiki/File:Land_Mullet_6.jpg
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BOx 16.  A TECHNOLOGICAL FIx: INCREASING CONNECTIVITY 
WITH WILDLIFE STILES

Landcarers installing koala stiles.

In 2016, Port Macquarie Landcare received 
funding under the federal government’s 
Work for the Dole scheme to work with the 
young participants and install Koala stiles 
in key locations around the urban areas of 
Port Macquarie. Working with the Bushland 
Management Team of Port Macquarie-Hastings 
Council, these stiles were placed over barbwire-
topped chain-mesh fences to better facilitate 
crossing of these otherwise impassable barriers 
around areas of key habitat. The stiles were 
principally installed for Koalas, but will be used 
by a number of arboreal marsupials, such as 
possums and gliders, as well as other species. 
This ‘infrastructure solution’ has greatly helped 
to increase landscape connectivity in an 
otherwise fragmented area.
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BOx 17.  WIN-WIN: GOOD FOR THE FARMER AND GOOD FOR 
ECOLOGICAL CONNECTIVITY

The Comboyne Plateau is an amazingly fertile agricultural area in the Port Macquarie-
Hastings LGA and of great economic importance. The climate is subtropical, though at an 
elevation of 705 metres, it is cooler than nearby coastal areas. The Comboyne Plateau 
has always been famous for its rich dairy industry, but these days the deep red basalt 
loams, high rainfall and variety of terrains ensures that avocadoes are a booming industry 
along with kiwifruits, blueberries, macadamias and potatoes.

Previously, the area was covered extensively in subtropical rainforest which was almost 
all cleared by the early 20th century. The early explorers originally sought the valuable 
timber of the Australian Red Cedar. Pockets of cool temperate rainforest also exist on the 
Comboyne Plateau. Today, remaining pockets of vegetation are truly hidden ‘gems’ and 
support important populations of threatened species, many of which are found nowhere 
else in the LGA. Factoring ecological connectivity into this highly cleared agricultural 
landscape is therefore important and many landholders are keen to participate, having 
previously been involved in conservation projects on the plateau. 

The GAP CLoSR analysis revealed that connectivity in the Comboyne Plateau largely 
continues courtesy of narrow strips of vegetation along fencelines. These strips are often 
comprised of Privet. Nonetheless, many species, such as the Wompoo Fruit-Dove have 
been seen moving through and using these resources. 

In this elevated, exposed plateau, wind chill and wind throw is a real threat for farmers 
and numerous quick-growing (and often short-lived) windrows have been planted. 
Traditionally exotic bamboo has been used. A prime opportunity exists for government 
funding to be made available to farmers to plant appropriate locally endemic quick-
growing species behind, or in conjunction with, existing windrows. This will ensure that 
the windrows will be longer lasting, pose less weed threat to remaining pockets of bush, 

be of greater 
ecological 
value to the 
species in the 
local area, and 
will improve 
the overall 
connectivity of 
the Comboyne 
area. 

N
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4. PRIORITY INVESTMENT LAYER
4.1 WHAT IS A PRIORITY 

INVESTMENT LAYER?
The Priority Investment Layer uses the maps and models 
on individual biodiversity assets described above. 

This	layer	effectively	identifies	the	priority areas for 
biodiversity investment in the LGA, or in other words, 
those areas which if protected would best help to conserve 
the	area’s	native	flora	and	fauna.	It	does	not	include	those	
important biological areas within Protected Areas (it is 
assumed that they are already managed appropriately) or 
on operational Forestry Lands. 

The vast majority of lands within this layer are on private 
properties, however, a smaller amount are on Council-
owned or managed land. Council is not considering 
back-zoning areas of private land for environmental 
protection. Rather, we will work positively and pro-actively 
with landholders to seek funding opportunities to enable 
them to protect biodiversity priorities in the LGA, such 
as through funding bids and the burgeoning biodiversity 
offset market. Similarly, Council will work proactively 
to ensure that its own operations do not impact these 
important biological areas and will seek funding to 
better aid their protection, such as through bushland 
management works to reduce weeds and rubbish and 
increase ecological functioning.

The areas in the Priority Investment Layer are those that 
represent the best ‘bang for your buck’ in relation to 
conservation incentive programs. Formally identifying 
these priority areas puts Council and landowners in 
a strong position to bid for government funding. The 
likelihood of receiving government funding will further 
increase when there is strong support from landholders 
working together in a local landscape. 

The Priority Investment Layer is a ‘snapshot in time’. 
Other priorities may emerge over time, and lands within 
this layer may also be subject to private native forestry 
arrangements. Following forestry operations, the 
intrinsic values of these areas (i.e. older-growth forest 
and	associated	flora	and	fauna	habitats)	are	likely	to	be	

reduced, which in turn may greatly reduce the likelihood of 
receiving funding or offset opportunities. 

All	areas	identified	in	the	Priority	Investment	Layer	
require on-ground assessment to validate the presence 
of modelled/mapped values prior to the delivery of 
investment schemes, particularly the offset market. 
Nonetheless, the layer forms a valuable starting point for 
negotiations with landholders having lands with particular 
biodiversity values and for identifying strategic landscape-
scale patterns and associated projects.

The	Priority	Investment	Layer	greatly	enables	identification	
of potential local offsets thereby helping to ensure offsets 
stay in the LGA and that there is not a net loss of local 
biodiversity. For individual species requiring offsetting, 
the underlying species distribution models can be 
re-examined to determine all offset locations. However, 
wherever	these	species	occur	in	lands	identified	in	the	
Priority Investment Layer, these areas would be preferred 
as offset sites. This is because conservation of these 
areas is more likely to protect numerous species (the 
‘offset’ species effectively acting as an ‘umbrella species’ 
to protect many others). 

The Priority Investment Layer is also likely to stimulate 
a market for people wishing to purchase lands of a high 
biodiversity value. Such people may be attracted to these 
lands for altruistic reasons, for the enjoyment of living with 
abundant	flora	and	fauna	or	for	financial	reasons	(i.e.	rural	
land that comes with an income stream in perpetuity 
when a biodiversity offset is achieved). There has been a 
growing interest in property marketed for its biodiversity 
values as evidenced by businesses such as the Nature 
Conservation Trust. Private conservancy groups, such 
as the Australian Wildlife Conservancy, Bush Heritage 
Australia and other charitable trusts, also purchase lands 
of high conservation values. 

The Priority Investment Layer is not a legal document 
and does not affect existing property owner’s existing 
legislative rights or requirements. Participating in any 
biodiversity incentive schemes is voluntary and the 
decision of the land owner. 
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4.2 WHAT LANDS DOES THE 
PRIORITY INVESTMENT 
LAYER INCLUDE?

The Priority Investment Layer is shown in two parts in 
Figure 19 and Figure 20. 

Figure 19 focuses on protecting and restoring existing 
bushland areas of high biodiversity values outside 
Protected Areas and Forestry Lands. Example works in 
these areas could include supplementary plantings, 
vertebrate pest control, nest box installation, control of 
invasive weeds, riparian works, ecological monitoring and 
cessation of clearing. It includes:

 ● The	Priority	Action	Areas	identified	using	Zonation	
(from	Figure	7	–	priority	areas	on	Council	owned/
manage	lands	and	Figure	8	–	private	land	
priority areas).

 ● Threatened ecological communities (from Figure 11).

 ● Coastal and estuarine wetlands and lakes and 
associated areas of wetland vegetation (from Figure 
10). However, all of these areas were either already 
captured by the Priority Action Areas or, in the case 
of a small area immediately to the north-east edge 
of Queens Lake, already captured by the threatened 
ecological community layer. 

 ● Additional	priority	areas	identified	by	the	Expert	
Panel (from Figure 12). 

It does not include core Koala habitat as an explicit 
overlay as this is the focus of a Coastal Koala Plan of 
Management, however, Koalas were one of the modelled 
species determining priority areas and therefore received 
equal consideration with a number of other fauna species. 

Figure 20 focuses on enhancing landscape 
connectivity. It shows those areas that require additional 
native vegetation plantings, and associated invasive weed 
control to increase connectivity. It includes:

 ● Habitat	linkages	identified	using	GAP	CLoSR	(from	
Figure 15) — these are areas that currently comprise 
only narrow strips of trees or isolated trees.

 ● Key planting connections (digitised by 
hand), including:

◊	areas that would reconnect small components 
identified	by	the	woody	vegetation	model	of	GAP	
CLoSR (see Figure 15).

◊	areas where Northern Rivers habitat corridors 
(regional and subregional as shown in Figure 14) 
currently cross open, predominantly cleared land.

 ● Areas requiring ‘technical solutions’ for connectivity. 
Such solutions typically include road underpasses, 
overpasses, glider poles, Koala stiles or other 
initiatives to reduce the incidence of roadkill. These 
areas	were	identified	through	discussion	with	the	
Expert Panel (who know where the ‘road-kill’ black-
spots occur) and through examination of the woody 
vegetation model of GAP CLoSR which showed 
where either small components occurred because of 
major roads or where two larger components were 
separated only by virtue of a road. 

 ● The ‘Comboyne Corridors for Conservation’ area. The 
plateau is more than 80% cleared (see EcoLogical 
Australia 2007), has unique and diverse biological 
values found nowhere else in the LGA, and currently 
has connectivity only by virtue of small linear strips 
mostly comprising introduced species. This area 
requires substantial investment, such as the creation 
of a Comboyne Corridors for Conservation project. 
If done in close consultation with landholders, this 
could result in wins for the farming industry and wins 
for biodiversity. 

4.3 WORKING WITH THE 
PRIORITY INVESTMENT 
LAYER

The Priority Investment Layer should be considered a 
‘guide’ only to the biological values of the LGA. It does not 
guarantee funding. Other sites outside these areas are 
likely to be worthy of biodiversity investment. All of the 
areas	identified	require	on-ground	verification	of	potential	
values. In some instances, for example projects seeking to 
improve landscape connectivity, the willing participation 
of multiple landholders may be required for a project to be 
of	benefit	and	worthy	of	funding.	The	Priority	Investment	
Layer will require updating every 5 years to ensure it 
reflects	current	knowledge.	

Port Macquarie-Hastings Council is happy to work with 
landholders to discuss the potential biological values 
of their land. The Priority Investment Layer and maps of 
various biological values will be made freely available to 
the public. 
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Figure 19. Priority Investment Layer for works aiming to protect and restore existing bushland

There are a large number of opportunities and avenues for landholders interested in biodiversity to participate, and 
often receive funds for, work to protect and restore the biological values of their lands.
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Figure 20. Priority Investment Layer for works aiming to enhance landscape connectivity

PORT MACQUARIE-HASTINGS COUNCIL | BIODIVERSITY MANAGEMENT STRATEGY 2019–2030 | PAGE 79 



5. THREATS TO BIOLOGICAL VALUES IN 
THE LGA

5.1 INTRODUCTION
Around the world, biodiversity is being lost every day. Many 
species	are	lost	before	they	have	even	been	scientifically	
described. It is estimated that over 40% of the world’s 
species are at risk of extinction. 

Australia is one of the most biologically diverse countries 
in the world. We have 10% of the world’s species, most 
of which occur nowhere else, in under 6% of the earth’s 
land surface. And while we pride ourselves on our 
unique wildlife, by virtually every measure our record of 
biodiversity loss is the worst in modern times. More than 
14% of our vertebrate animals and 12% of our plants are 
threatened; a substantially higher percentage than the 
next two worst performing countries, USA and Mexico. Of 
nearly 80 mammal extinctions recorded globally since the 
1600s and the Age of Exploration, about 20 were lost from 
Australia during the last 220 years. Today, many hundreds 
of species are listed as threatened within Australia at the 
federal and/or state levels. 

While the Port Macquarie-Hastings LGA has fared better 
than many other parts of Australia in protecting diversity, 
the loss to biodiversity is still apparent, with many old-
timers having stories to tell of the ‘old days’ and ‘how 
you just don’t see them like to used to’. Central in many 
people’s minds is the Koala and how abundant they used 
to be relative to today. Today, there are approximately 
190 species and 10 ecological communities listed as 
threatened at either the state and/or federal level that 
occur within the Port Macquarie-Hastings LGA, and this 
list grows every day. For instance, recent evidence has 
shown that populations of the White-bellied Sea-Eagle are 
declining, with many individuals failing to rear chicks. The 
NSW Threatened Species Committee has recently added 
the eagle to the list of threatened species.

So why is biodiversity declining? The answer is really 
quite simple: at the heart of biodiversity decline and 
species extinction is the loss of habitat. Habitat can 
be lost through clearing, fragmentation, degradation 
(e.g. incursion of feral plant and animal species) and 
modification	(e.g.	through	inappropriate	fire	regimes,	rising	

sea-levels causing increased inundation). The impacts can 
occur immediately after the change, or can be delayed. 
This is referred to as an extinction ‘debt’, wherein the 
species’ fate is already sealed following previous impacts 
but the effects take time to become apparent. 

The impacts of habitat loss can act directly on species, 
for example, vegetation clearing can lead to a lack of food 
resources or hollows. Or the impacts can act indirectly on 
a species. For instance, increasing urbanisation may allow 
Common Mynahs to inhabit an area which was previously 
unsuitable. The Mynahs then displace native hollow-
dwelling species. Another indirect impact of habitat loss 
is that it may cause animals to become stressed which 
leaves them vulnerable to disease. 

Seemingly small changes and actions can result in 
‘ecosystem unravelling’ when species that provide 
fundamental services in the ecosystem are lost. This in 
turn affects other species in that ecosystem. For example, 
a parcel of bush may be ‘underscrubbed’ in a rural-
residential development removing shrubs and understorey 
species. This is important habitat for small bush birds 
(e.g. wrens and scrub birds). Noisy Miners, preferring 
more open understories, invade the site and drive away 
other birds. A reduction in insectivorous birds allows insect 
populations to become locally abundant. An increase 
in some foliage-eating insects then drives dieback in 
the eucalypt canopy, which in turn further renders the 
habitat unsuitable for insectivorous birds and other 
species dependent on canopy attributes, and a downward 
spiral begins.

5.2 THREATS ACROSS THE 
PORT MACQUARIE-
HASTINGS LGA

The	NSW	Office	of	Environment	and	Heritage	prepared	a	
report listing the major threats, and their impact level, for 
the different landscape units (see Figure 2) present in the 
Port Macquarie-Hastings LGA. A short summary for each 
of the different landscape units is presented below. 
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Coastal plains

The coastal plains, covering 13% of the LGA, provide 
an attractive ‘sea change’ lifestyle for many people 
seeking to move out of capital cities. This shift in 
demographics is placing a vastly increased pressure on 
the natural environment, leading to further clearing and 
fragmentation of existing vegetation and habitats to satisfy 
an increased demand for urban and rural-residential land, 
infrastructure and services. As well, there are increased 
risks	of	fires,	weed	invasion,	pollution	and	predation	on	
wildlife by domestic cats and dogs. As a result, the coastal 
plains, in comparison to the three other landscapes, has 
the highest overall number of threat activities and the 
most number of threats unique to a landscape. 

Threats include: 

 ● clearing and disturbance of vegetation for urban, 
rural-residential and industrial development 
(including	setbacks	for	fire	protection)

 ● invasion by introduced plant species

 ● the establishment and spread of Bitou Bush 
and Lantana

 ● competition and predation by the European Red Fox 

 ● inappropriate	fire	regimes	in	some	locations.	

Competition, predation and disease by feral cats is also of 
high concern within this landscape. While Cane Toads are 
presently not established in the LGA, they are a potential 
threat. Feral deer are having large impacts throughout 
the	coastal	floodplains.	Their	browsing	is	causing	a	
lack of regeneration in some vegetation communities, 
including littoral rainforest, and evidence of their trampling 
and rubbing is also widely evident. The role that they 
play in disease transmission is yet unknown, but is of 
major concern. 

Additionally,	there	are	a	number	of	significant	future	
threats unique to the coastal plains landscape, such 
as sea-level rise, storm surge and possible increased 
storm events due to the impacts associated with climate 
change. Inundation of low-lying areas may fundamentally 
change the character of the coastline and estuaries, 
displacing important habitats for shorebirds, estuarine 
species and littoral rainforest. The ecology of freshwater 
wetlands is also likely to change dramatically as saltwater 
incursions increase. Increasing stochastic events such as 
cyclones,	storms	and	floods	may	alter	or	destroy	important	
coastal habitats.

Due to their location in the landscape, riparian areas 
within the coastal plains are constantly reinvaded by 
weeds	carried	downstream	during	floods.	Floods	also	
increase erosion of degraded stream banks and, following 
heavy rain, low-lying swampy areas that have been drained 
can	discharge	acidic	waters	that	result	in	fish	kills.	

Waterways in the coastal plains are also impacted by 
stormwater run-off and pollution from the urban and 
industrial developments near estuaries and rivers. The 
expanding population and urban areas also increase 
pressures on the natural environment from recreational 
activities	such	as	boating	and	fishing.

Many habitats in the coastal plains are highly disturbed 
and	fragmented	and	major	roads	such	as	the	Pacific	
Highway	cause	significant	barriers	to	the	movement	of	
species. This causes genetic isolation of populations 
and an inability for species to recolonise areas after 
local extinctions. Flying-fox camps on the coastal plains 
are often within or adjoining urban areas, making them 
vulnerable to disturbances and habitat loss.

The	coastal	Koala	population	is	under	significant	levels	of	
threats from cars, dogs, fragmented habitat and potential 
wildfire.	Disease	is	also	an	ongoing	problem.	The	potential	
for	wildfire	in	the	coastal	national	parks	which	support	key	
Koala	populations	is	a	significant	risk.

Midland hills

The midland hills landscape covers 40% of the LGA and, 
in comparison to the coastal plains, has less overall 
threat	activities	reflecting	the	relatively	lower	population	
density. The diversity of land uses is less and they are 
mainly associated with agricultural activities, primarily 
cattle grazing. Forestry is also widespread on both private 
land and Forestry Corporation of NSW lands. The main 
threats include:

 ● clearing and disturbance of vegetation for 
agriculture, invasion from introduced plant species

 ● the establishment and spread Lantana

 ● competition and predation by the European Red Fox, 
feral deer and feral pigs 

 ● inappropriate	fire	regimes	in	some	locations.	

Competition, predation and disease by feral cats is also of 
high concern within this landscape. While Cane Toads are 
presently not established in the LGA, they are a potential 
threat. Some areas are also subject to urban, rural-
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residential and industrial development (including clearing 
setbacks	for	fire	protection).

The impacts associated with climate change are likely 
to be less in the midland hills than in the coastal plains 
landscape. There may however be impacts from increased 
wildfire	potential	and	the	invasion	of	new	weeds	and	pests	
such as the Cane Toad may occur. Some plant species 
and	the	floristics	of	some	vegetation	communities	may	
also change as a result of changes in the current range 
and distribution of temperature and rainfall. Increasing 
stochastic	events	such	as	cyclones,	storms	and	floods	may	
also alter or impact on important habitats.

Some habitats in the midland hills are highly disturbed 
and fragmented and/or have roads or cleared lands that 
cause	significant	barriers	to	the	movement	of	species.	This	
can cause genetic isolation of populations and an inability 
for species to recolonise areas after local extinctions. 

Escarpment ranges

The escarpment ranges (45% of the LGA) is a dramatically 
different landscape to the other landscapes in the region 
due largely to the steep, rugged landforms. These have 
precluded, in many areas, the extensive development 
of land uses that are major threats to biodiversity in 
the other landscapes. There are low levels of human 
settlement, less agriculture than the coastal plains and 
midland	hills	due	to	the	difficulty	of	the	steep	terrain,	and	
a relatively large areas of national park and state forest.

Threats to this landscape, although much reduced 
compared to other land uses, are still present and 
include	inappropriate	fire	regimes	as	a	result	of	wildfires.	
These can result in the burning of large inaccessible 
areas, including rainforest, under extreme conditions. 
Inappropriate	fire	regimes	encompass	those	that	are	
too frequent, or not frequent enough, dependent on the 
ecosystem. Predation from foxes, and feral cats and dogs 
can also occur throughout these areas, predominantly 
in disturbed forest areas, along forest edges and in the 
rural agricultural lands. Feral goats and deer may be 
an emerging issue. Forestry is a major industry in the 
escarpment ranges. It occurs on both state forests and 
private land, with potential threats including loss of 
hollow-bearing trees, increased erosion, inappropriate 
fire	regimes,	Bell	Miner	associated	dieback,	firewood	
collection, increased predation and human interference. 

Overall the escarpment ranges landscape is likely to be 
more resilient to the potential impacts of climate change 

because of the highly variable topography and the mosaic 
of generally well-connected vegetation communities. 
Nevertheless, restricted vegetation communities such as 
upland wetlands, rocky outcrops, dry rainforest and cool 
temperate rainforest are vulnerable to the catastrophic 
consequences of climate change as a result of extended 
dry	periods,	increased	fire	and/or	storm	intensities.	Bell	
Miner associated dieback may be an emerging threat 
to the escarpment ranges. Chytrid fungus is a serious 
threat to the many frogs that inhabit the streams and 
moist forests and may be an emerging threat in the 
escarpment ranges. Weed invasion in disturbed areas may 
be a problem.

Tablelands

The small area of tablelands landscape (2% of the LGA) 
comprises all public land (national parks). Threats are 
generally much lower than in the other landscapes and 
relate	mainly	to	wildfire,	weed	invasion	and	feral	animals.

5.3 SPECIFIC THREATS TO 
THE LGA: DISCUSSIONS 
WITH THE ExPERT AND 
COMMUNITY PANELS

The Biodiversity Strategy Expert and Community Panels 
read the OEH Report as described above and met to 
discuss	specific	threats	they	felt	had	high	levels	of	impact	
on the biodiversity of the Port Macquarie-Hastings LGA. 
These threats included: 

 ● impacts from feral pest animals, most notably 
foxes, cats, rabbits, Common Mynahs and deer, with 
specific	concern	expressed	over	the	impact	of	deer	
browsing on littoral rainforests (and also the impact 
of domestic pets, notably cats and dogs, on wildlife)

 ● development and associated clearing and habitat 
fragmentation

 ● agricultural enterprises which result in further 
clearing, particularly in sensitive and already over-
cleared landscapes, such as the Comboyne Plateau

 ● weed invasion (with a particular emphasis on 
riparian community weeds)

 ● forestry (including private native forestry)
 ● road kills
 ● inappropriate	fire	regimes
 ● shorebird declines as a result of recreational 

activities (including jet skis, boats and sea planes) 
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causing wash into important roosting and nesting 
areas, most notably Pelican Island, Queens Lake 
and Watson-Taylor Lake and recreational four-wheel 
driving impacting shorebird habitat and nesting 
environments (and generally the North Shore’s 
environment) 

 ● alteration	to	the	natural	flow	regimes	of	rivers,	
streams	and	wetlands	from	habitat	modification	and	
degradation. 

 ● overly-intenstive domestic livestock grazing, 
trampling and competition

 ● mining in headwaters 
 ● climate change. 

5.4 SIGNIFICANT THREATS IN 
THE LGA

The Panels felt that it was important for this Biodiversity 
Management Strategy to explicitly consider habitat losses 
which may occur as a result of development, climate 
change and private native forestry. The following sections, 
developed	by	Council,	discuss	these	significant	threats.

5.4.1 LOSS TO DEVELOPMENT
The	coastal	floodplain,	with	its	temperate	climate,	coastal	
lifestyle and proximity to the beach and major urban 
centres such as Port Macquarie, is a highly desirable 
place for urban development. Unfortunately, this area 
also has some of the most fertile soils, best fauna 
habitat, largest hollow-bearing trees and remaining 
patches of many threatened ecological communities, 
such	as	Littoral	Rainforest.	The	coastal	floodplain	also	
has the most important Koala habitat, and indeed Port 
Macquarie’s	Koala	population	is	of	national	significance.	
It is fundamentally important to understand that these 
biological assets are not distributed evenly throughout the 
LGA,	and	impacts	on	the	coastal	floodplain	are	likely	to	
further result in key habitat loss and fragmentation in this 
already fragmented and over-cleared landscape unit. 

While all developments must undergo ecological 
assessments, the challenge is that any individual 

development	may	not	cause	a	‘significant	impact	on	a	
local population or community’, and therefore is allowed 
to proceed. However, it is the cumulative impacts of many 
such	individual	developments	that	cause	significant	
losses to biodiversity and the ancillary impacts that follow 
developments (such as increasing weed encroachment 
from	urban	landscapes,	road	strikes	and	influence	of	
predation from companion animals), that cause the 
long-term damage and such impacts are much harder to 
regulate and control. Thus, both the immediate threats 
to biodiversity from development and the ongoing threats 
require consideration. This has been an increasing focus 
of Port Macquarie-Hastings Council to:

1. separate critical biodiversity conservation issues from 
urban	areas	so	as	to	avoid	conflicts	which	will	result	
in further biodiversity losses. For instance, using 
consolidated off-site offsets rather than trying to 
retain small parcels of habitat on the development site 
which will only be a ‘population sink’ due to factors 
such as road strike, predation and weed incursion. 
Experience has also shown that retaining trees in 
the	urban	landscape	is	fraught	with	difficulties	as	
such trees or habitat parcels are often lost in time to 
vandalism or removed for safety considerations. 

2.	 find	ways	that	biodiversity	losses	can	be,	in	the	
first	place	avoided,	but	failing	that,	minimised	and	
offset elsewhere 

3. improve strategic planning by considering all available 
biological data (particularly that now provided by 
this Biodiversity Management Strategy) and the 
cumulative impacts.

The population of Port Macquarie is expected to 
increase by 30% to 103,000 in the next 20 years. The 
Urban Growth Management Strategy outlines where 
this development may take place. That Strategy has 
been developed with consideration of work from the 
Biodiversity Management Strategy, particularly Zonation 
and GAP CLoSR. The key outcomes of the Urban Growth 
Management Strategy as they relate to biodiversity are 
summarised in Box 18.
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The purpose of the Urban Growth Management Strategy is to provide a sound strategic 
planning framework for residential, rural-residential, retail, industrial and tourism 
development in the Port Macquarie-Hastings Local Government Area to 2036.

The Urban Growth Management Strategy achieves Council’s vision of ‘A sustainable 
high quality of life for all’ by identifying land-use management strategies to maintain and 
enhance the quality of life for everyone in the community in a balanced way for current 
and future generations. A ‘balanced way’ means that social, economic and ecological 
objectives are balanced with none being more important than the others. 

Our population is anticipated to grow, on average, by more than 1000 people per year 
over the next 20 years. This equates to more than 500 new dwellings a year on average, 
or nearly 50 hectares of cleared land needed every year if all of this development is 
accommodated in new housing estates. Allowing urban development while simultaneously 
protecting	our	natural	environment	presents	significant	challenges	for	the	Urban	Growth	
Management Strategy. 

Council’s ecological data, including outputs from Zonation and GAP CLoSR, has helped to 
create a map of high environmental values for the LGA. This mapping is the fundamental 
basis for selection of areas for potential urban development. Land free of environmental 
values	is	rare,	particularly	in	our	highly	desirable	coastal	area	east	of	the	Pacific	
Highway. Our policy to facilitate a compact urban form by encouraging growth around our 
centres	and	encouraging	more	efficient	use	of	land	for	development	is	reinforced	by	our	
environmental values mapping.

BOx 18.  THE URBAN GROWTH MANAGEMENT STRATEGY AND 
ITS RELATIONSHIP TO BIODIVERSITY
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5.4.2 LOSSES TO SEA-LEVEL RISE 
Climate change and sea-level rise have the potential 
to impact private and public land and assets, including 
biodiversity, within the Port Macquarie-Hastings LGA as 
well as other coastal areas around New South Wales and 
Australia. BMT WBM was commissioned by Council in 
2013 to undertake an estuary and coastline inundation 
mapping study to assist in the assessment of areas at risk 
from sea-level rise. The aim of the study was to determine 
the estuarine and coastal inundation extent for a range of 
‘design events’ as outlined in Table 7.

Table 7. Design events for climate changes

Design event Comment
Spring tide This represents a typical tidal case as 

would be observed many times each 
month.

King tide This represents a less typical tidal case 
as would only be observed several times 
each year.

1 year ARI This peak tidal level is expected on 
average to be exceeded once each year 
and would occur due to a minor storm 
event.

50 year ARI This peak tidal level is expected on 
average to be exceeded once every 50 
years and would occur due to a major 
storm event. Alternatively, this peak 
water level event only has a 2% chance 
of occurring in a given year.

100 year ARI This peak tidal level is expected on 
average to be exceeded once every 100 
years and would occur due to a major 
storm event. Alternatively, this peak 
water level event only has a 1% chance 
of occurring in a given year.

ARI = average recurrence interval

The three timeframes and associated mean sea levels 
included in the study were:

 ● Current; mean sea level = 0.0 metre AHD (Australian 
height datum)

 ● 2050; mean sea level = 0.4 metre AHD

 ● 2100; mean sea level = 0.9 metre AHD.

These levels are based on the previous NSW Government 
planning benchmarks which are a projected rise in sea 
level (relative to the 1990 mean sea level) of 0.4 metres 

by 2050 and 0.9 metres by 2100 (DECCW 2009). The 
best available estimates of sea-level rise projections 
indicate that these increases in mean sea level will occur 
by the year 2050 and 2100 as presented in the former 
NSW Planning Guidelines and adopted by Council (along 
with many other coastal councils in NSW). High quality 
mapping of the inundation extents for the estuaries 
and coastal areas was undertaken using LiDAR ground 
elevation data collected for Council in October 2005. The 
report is available from Council.

While temporary inundation, as may be experienced with 
a	1:100	year	flood	event	or	even	a	king	tide,	may	have	
little ecological impact on the biodiversity of an area, 
repeated inundation over a month (as occurs in the spring 
tide scenario) would almost certainly impact the biota 
on a site. Many plants would not only be unable to cope 
with the waterlogged conditions, but more importantly 
would not be able to survive in the increasingly saline 
conditions. Such saline conditions greatly reduce the 
ability of a plant to uptake nutrients, thus affecting their 
flowering,	fruiting	and	survival.	Leaf	chemistry	would	also	
be altered, which is of great concern for folivores, such as 
the Koala (which are notoriously fussy eaters). In the case 
of saltmarshes, the repeated inundation and reduced 
hyper-saline	conditions	(through	regular	tidal	flushing)	is	
likely to transform these communities into Grey Mangrove 
woodlands/forests. 

For the purposes of this Biodiversity Management 
Strategy, the sea-level rise scenarios for the three 
mean sea levels were compared against spatial data 
for threatened ecological communities (outside state 
forests and NPWS estate) and Swamp Sclerophyll Forests 
(Keith Formation, tenure-blind analysis). This community 
occupies low-lying parts of the landscape and is therefore 
at risk from inundation. Wallum Froglet and Black Bittern 
also	occupy	low-lying	areas	on	the	coastal	floodplain	and	
thus inundation of their prime habitat (the top 30% of 
predicted habitat from their individual MaxEnt models 
used in Zonation) was also examined. The scenarios 
examined the amount of these lands which experience 
inundation under spring tides currently, and compared this 
against likely inundation scenarios for a spring tide in 50 
and 100 years’ time. 

The results show that while many vegetation communities 
will not be affected, several already threatened ecological 
communities will experience substantially increased 
inundation within 50 and 100 years, most likely resulting 
in	major	modification	(see	Figure	21	and	Figure	22).	Of	
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particular	note	are	the	following	wetland	and	floodplain	
threatened ecological communities: Coastal Saltmarsh, 
Freshwater Wetlands on Coastal Floodplains, Swamp 
Oak Floodplain Forest, and Swamp Sclerophyll Forest on 
Coastal Floodplains. 

Indeed, there will be a 20-fold increase in the area of 
wetland	and	floodplain	threatened	ecological	communities	
experiencing spring tide inundation in 100 years. The 
modelling indicates that all Coastal Saltmarsh is likely to 
be inundated by 2103.

The results showed that Swamp Sclerophyll Forests 
(both the recognised threatened ecological community 
on	coastal	floodplain	soils	and	the	broader	ecological	
formation, see Figure 23) will experience high levels of 
spring tide inundation. These communities represent 
some of the most Preferred Koala Habitat in the region, 
for their combination of primary food trees, such as 
Swamp Mahogany and Broad-leaved Paperbark (a tree 
offering food and shelter). They are also important habitat 
for other threatened animals such as the Swift Parrot and 
Wallum Froglet and threatened plants such as Maundia 
triglochinoides and the Lesser Swamp-orchid. 

As	a	quantitative	example,	specific	modelling	of	the	
best Wallum Froglet habitat showed that 16% of this 
will experience regular spring tide inundation within 
100 years (see Figure 24). Wallum Froglets are highly 

sensitive to changes in water quality, pH and water levels. 
Modelling of additional species will be completed in line 
with this Biodiversity Management Strategy to examine 
potential climate change refuge areas that will have a 
disproportionate importance in time. 

The results show the importance of considering the 
impacts of climate-mediated sea-level rise on vegetation 
in strategic planning. For example, ‘offset’ sites should 
remain free of such impacts (see Box 19). The results 
also show that ‘marginal areas’ of species habitat, 
particularly for wetland-associated species, may become 
fundamentally more important over time when other 
areas are inundated. For example, the Black Bittern, a 
threatened species, inhabits coastal wetlands and is 
well known from the Partridge Creek area, which will 
experience much greater inundation within 50 years (see 
Box 20).

It is often argued that the impacts of climate-induced 
sea-level rise will be marginal because species will simply 
‘migrate’ up topographic gradients. While the idea has 
merit, this is unlikely to occur in many areas of the LGA 
due to urban development immediately adjoining existing 
vegetation and also the time scales at which these 
changes may operate (particularly given storm surges 
and so forth). There is a growing recognition that future 
strategic planning must allow for buffers around areas 
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Establishing sites that seek to ‘offset’ the environmental impacts of development is 
increasingly becoming common place. Many such sites involve planting replacement 
habitat trees, such as Koala food trees, in larger ratios than they were removed. Such 
offsets take time to function ecologically. For instance, a Koala food tree typically takes 
a minimum of 5 years to be used, with many species not reaching full functionality until 
about 20 years. Trees planted for hollow-dependent species may take 100 or more years 
to begin offering the full suite of habitat requirements. 

Planning for offsets therefore needs to consider many long-term issues, such as:

• Will the area become geographically isolated in time due to surrounding clearing?

• Will the area have major roads nearby that could result in road-strike?

• Will	the	area	experience	more	frequent	inundation	(sea-level	or	overland	flow)	in	
the future?

• Will	the	area	experience	more	severe	fires	in	the	future?

Within	the	Port	Macquarie-Hastings	Council	area,	a	development	was	required	to	find	
an ‘offset’ site on which to plant Koala food trees. A parcel of land, supporting fringing 
Primary Koala Habitat (Swamp Sclerophyll Forest on the Coastal Floodplain) was located 
by the developer and submitted to Council for approval. While all looked appropriate by 
today’s standards, modelling associated with this Biodiversity Management Strategy 
revealed that Koala habitat in this area is predicted to regularly experience tidal 
inundation within 50 years. This is highly likely to have an impact on eucalypt survival 
and	browse	palatability	and	nutritional	content.	The	developer	was	required	to	find	a	
more suitable offset site. 

When planting offset sites, it is important to consider what that site may be like in the 
fullness of time, and particularly the impacts of climate change, to ensure that such 
areas will not be seasonally or permanently inundated.

BOx 19.  CONSIDERING CLIMATE CHANGE WHEN PREPARING 
BIODIVERSITY OFFSET SITES
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The Black Bittern (see image opposite) is a sooty black or dark brown wading bird with a 
yellow patch on the sides of the neck, extending from the throat to the wing. The feathers 
on the crown and lower neck are almost plumes. Black Bitterns live in tree-lined wetlands 
and mangroves. There they forage among the shallow water by slowly stalking prey, such 
as	fish	and	frogs,	or	by	standing	and	waiting	for	prey	to	emerge.	Sometimes	they	may	
plunge at prey from a perch, stabbing it with their sharp bills. They forage in both daylight 
and darkness but by day they are usually quite secretive, skulking among areas of short 
marshy vegetation. Unlike many other wading birds, Black Bitterns are mainly sedentary 
throughout the year, therefore being strongly tied to a particular wetland. They nest on 
platforms built in trees overhanging water. Damage to wetlands, upon which this species 
is so reliant, has resulted in the Black Bittern being declared a threatened species in New 
South Wales. 

Climate change will result in large changes to water levels and water quality of key Black 
Bittern	habitat.	Such	changes	will	have	flow-on	effects	for	the	availability	and	composition	
of their prey items as well as areas of suitable habitat for daytime refuges, perching and 
nesting opportunities, as many such areas will be ‘drowned’ by rising water levels. An 
examination of current core Black Bittern habitat against spring tide inundation in 100 
years, showed that 25% of core Black Bittern habitat is likely to experience regular spring 
tide inundation (area shows in red below), which is 8.75 times higher than the levels of 
habitat currently affected. Areas outside the zones of inundation (areas shown in green 
below) are therefore of key importance. 

BOx 20.  CONSIDERING CLIMATE CHANGE WHEN PREPARING 
BIODIVERSITY OFFSET SITES

Areas of core Black Bittern habitat that are likely to be inundated during spring tides within 100 years.
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which may experience more inundation as a result of 
climate-induced sea-level rise. 

Figure 21. Percentages of most affected threatened ecological communities which will experience significantly 
more inundation (even under spring tide scenarios) with increasing sea-level rise 

Note: this analysis does not include areas within state forests or national parks as this data was not available. It is 
the percentage that exists on private, Council or Crown land that will be affected.
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Figure 22. Threatened ecological communities (TECs) (outside Protected Areas and Forestry Lands) which will 
undergo significant modification through tidal inundation within 50 and 100 years with spring tides

There will be a 20-fold increase in areas inundated. While the area of affected TECs within national parks and state 
forests is not shown, a similar quantity of TECs is likely to be impacted in these areas, particularly in low-lying areas 
such as Lake Innes. 
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Figure 23. Areas of swamp sclerophyll forest (Keith Formation) which will experience increased inundation under 
spring tide scenarios with climate-induced sea-level rise

Approximately 30% of swamp sclerophyll forest will experience regular inundation with spring tides. Increased 
inundation is likely to affect the ability of plants to uptake nutrients, which affect their survival and palatability 
for folivores, such as the Koala, for which this ecological community is among its most preferred habitat on the 
coastal	floodplain.	
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Figure 24. Areas of Wallum Froglet habitat which will experience increased inundation under spring tide 
scenarios with climate-induced sea-level rise

Approximately 16% of predicted habitat will experience regular inundation with spring tides which is likely to have 
consequences for species survival.
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5.4.3 PRIVATE NATIVE FORESTRY
While Port Macquarie-Hastings Council is not the 
regulatory authority on private native forestry, the industry 
is a large one within the LGA. Because of this, the Expert 
and Community Panels requested that this industry 
be further examined here. An examination of available 
data revealed:

 ● As of October 2016, there was 17,799 hectares of 
land subject to private native forestry agreements 
within the Port Macquarie-Hastings LGA.

 ● From	2015–2016	an	average	of	two	private	native	
forestry licences were granted each month in the LGA.

 ● 15,330 hectares of the private native forestry 
licences issued were located on Preferred Koala 
Habitat. Indeed, 16% of Primary Koala Habitat 
(outside of national parks and state forests) was 
covered by a private native forestry licence. Any 

significant	loss	of	Primary	Koala	Habitat	is	likely	to	
have an impact on Koala ecology and survival.

 ● Some ecological communities are likely to be more 
affected than others (see Table 8). For instance, 
100%	of	Coachwood	–	Black	Booyong	Warm	
Temperate Rainforest, 77.8% of Narrow-leaved Red 
Gum	–	Orange	Gum	Swamp	Woodland	and	77.6%	
of Spotted Gum Grassy Dry Forest (outside national 
parks and state forests) has a private native forestry 
licence over it as of October 2016. The two latter 
vegetation	communities	were	specifically	identified	
as	being	of	biological	significance	by	the	Expert	
Panel.	Another	significant	vegetation	community	
identified	by	the	Expert	Panel	was	the	Brown	Myrtle	
Dry Rainforest on the western shores of Lake 
Innes. Parts of this community also have a private 
native forestry licence over them as of October 
2016. It should be noted that while licences have 

Table 8. Percentage of vegetation communities (outside State Forests or NPWS Estate) with a private native forestry 
licence as of October 2016 as revealed by the PMHC Vegetation Mapping Dataset. 
It should be noted that the Code precludes logging within rainforest and other threatened ecological communities.

Port Macquarie Vegetation Community % of community (outside national 
parks and state forests) under a 

PNF Licence*
Coachwood - Black Booyong Warm Temperate Rainforest 100
Narrow-leaved Red Gum - Orange Gum Swamp Woodland 77.82
Spotted Gum Grassy Dry Forest 76.63
Blackbutt Shrubby Moist Forest 64.68
Blackbutt Grassy Forest 58.23
Grey Gum - Grey Ironbark Moist Forest 57.17
Grey Ironbark Grassy Forests 56.68
Brushbox - Blue Gum Moist Riparian Forest 49.24
Grey Gum - Tallowwood - White Mahogany Grassy Forest 48.57
Mountain Grey Gum - Broad-leaved Mahogany Grassy Dry Forest 41.99
Swamp Mahogany Forest 41.37
Sydney Blue Gum - Tallowwood +/- Brush Box White Mahogany Moist Forest 38.30
Flooded Gum Moist Riparian and Gully Forest 37.36
Black Booyong Subtropical Rainforest 35.76
Native Tamarind - Brush Box - Bangalow Palm Gully Subtropical Rainforest 35.57
Blackbutt Coastal Dune Satinwood Forest 29.58
Brown Myrtle Dry Rainforest 27.56
White Stringybark - Tallowwood - Grey Gum Dry Forest 27.10
Shatterwood Dry Rainforest 26.71
Wattle Scrub (Dist) 26.10

* It is important to note that some communities are not likely to be found in large quantities in national parks or 
state forests.
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seemingly been issued over some such areas due to 
discrepancies in vegetation mapping datasets, the 
Code explicitly excludes logging operations within all 
areas of mapped rainforest, old-growth forest and 

threatened	ecological	communities	identified	on	
the ground, and sets prescriptions regarding logging 
operations within proximity of these areas and other 
key habitat areas.
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5.5 INAPPROPRIATE BURNING 
REGIMES

Bushfire	is	part	of	the	Australian	landscape.	While	some	
species	require	fire	on	a	semi-regular	basis	—	for	instance	
the	Eastern	Chestnut	Mouse	requires	a	fire	interval	of	
approximately 4 years to ensure appropriate habitat — 
other species or communities, such as Littoral Rainforest, 
are	extremely	fire	intolerant.	Conducting	planned	hazard	
reduction	burns	at	appropriate	fire	intervals	across	the	
landscape	to	minimise	the	risk	of	unplanned	wildfires	
in areas supporting species or communities intolerant 
of	fires,	and	as	a	means	of	minimising	the	risk	of	
‘catastrophic	fires’,	is	highly	important.	Planned	‘ecological	
burns’ are also important to retain some ecological 
communities in the landscape, such as Themeda 
Headland Grassland (see Box 21). 

The threat of unplanned, inappropriate burns to 
biodiversity can be greatly improved by increased spatial 

knowledge depicting key biological assets such as where 
fire	should	be	avoided,	and	areas	where	fire	would	be	
beneficial	(and	at	what	intervals).	Such	information	can	
then be shared with key stakeholders, such as the Rural 
Fire Service, the NPWS and landholders. The threat of 
inappropriate	fire	regimes	can	also	be	reduced	by	having	
appropriate personnel to assist in hazard reduction burns 
and	fire	control	activities.

Some areas of the Port Macquarie-Hastings LGA currently 
are	at	risk	from	bushfires.	For	instance,	the	Christmas	
Bells Plains area supports key Koala habitat, and patches 
of Littoral Rainforest (not mapped in SEPP 26 legislation). 
These assets both occur amid an area of heath which is 
highly	prone	to	intense	fire	and	indeed	requires	fire	for	
proper ecological functioning. 

Rainforest	environments	do	not	respond	well	to	fire,	with	
most rainforest species suffering when burnt. Figure 25 
shows that many rainforest patches have likely burned in 
the last 15 years. 

Figure 25. Wildfire history (2000–2015) 

While	the	fire	mapping	extent	is	‘broad-brush’	and	may	not	have	affected	every	patch	of	rainforest,	the	data	still	reveals	
the	need	for	better	understanding	of	biological	assets	that	may	be	at	risk	from	wildfire	and	actions	to	protect	them.
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Themeda Grassland on Seacliffs and Coastal Headlands in NSW is a threatened 
ecological community. It occurs in several areas in the Port Macquarie-Hastings LGA, 
with perhaps the most accessible examples at Gaol and Tacking points. The community 
contains a rich diversity of small forbs, grasses and shrubs as well as unique micro-
organisms, fungi and cryptogamic plants, such as lichens, mosses and ferns. The exact 
composition of species varies from one site to another, illustrating their spatial isolation, 
independent evolution, and the importance of protecting all sites in order to conserve the 
full range of biodiversity found in this community. Individual stands of the community are 
often very small, a few square metres, but some sites may be several hectares in size. 

Many of the plants in this community have developed unique growth habits and forms 
to deal with the highly exposed conditions. For instance, the Themeda grass (also called 
Kangaroo	Grass)	in	this	community	is	prostrate	(i.e.	lying	flat	on	the	ground)	with	glaucous	
leaves	(covered	with	a	whitish	bloom	which	reflects	the	harsh	sunlight).	These	features	
are retained when the plant is cultivated/propagated and this particular form of the grass 
is believed to be genetically distinct from Themeda grass in other situations. 

Many shrubs in the community also have a prostrate, matted form, which provides 
important habitat for many animals, such as skinks, which live under the layered 
branches. Themeda Headland Grasslands are important for other fauna species 
as well. For example, raptors such as Nankeen Kestrels hunt over the open ground, 
nectarivorous birds feed on the shrubs and invertebrates associated with the grasses and 
groundcovers. Kangaroo Grass is a food source for the caterpillars of the moth species 
Pterolocera amplicornis. The genetic diversity and uniqueness of these sites and their 
importance for a wide range of species is therefore high. 

BOx 21.  THEMEDA HEADLAND GRASSLAND AND THE NEED FOR 
ECOLOGICAL BURNS
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Themeda Headland Grassland is believed to be a ‘derived ecological community’. That is, 
the community arose as a result of traditional Aboriginal burning regimes. It is believed 
these areas were burnt regularly for communication between people positioned on 
different	headlands	and	to	help	with	fishing	(burning	improved	ocean	views)	and	hunting	
(kangaroos were attracted to the fresh green pick and the headland formation enabled 
‘herding’). They were also important sites for rituals and gatherings. There has been some 
evidence that cessation of strategic burning in these areas has led to invasion of both 
native and exotic shrubs, such as wattles and banksias. While this is a ‘natural process’, 
it may deplete genetic diversity over time as species strictly associated with these 
communities are lost. 

Unfortunately,	the	high	pedestrian	and	car	traffic	in	areas	dominated	by	Themeda	
Headland Grassland also leaves them prone to weed invasion. Being ‘grassland’, it 
is	more	difficult	to	control	invasive	grasses	without	‘off-target’	damage	to	the	native	
grasses, which are often intergrown. Many studies have shown that strategic use of 
fire	(i.e.	ecological	burns)	can	stimulate	the	native	grasses	and	forbs	while	decreasing	
the	weed	load.	Strategic	use	of	fire	may	also	‘open	up’	the	grassland	thereby	allowing	
better spot-spraying of weeds with less off-target damage. Studies have shown that 
in contrast, unburnt headlands continue to deteriorate, with ongoing senescence of 
Kangaroo Grass and continued invasion of exotic plants. Nonetheless, moderation is key 
because too frequent burning can reduce the abundance of prostrate shrubs, which are 
functionally important. 
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5.6 SO WHAT DO WE DO?
Considering all of the above threats can seem somewhat 
overwhelming, particularly when many are beyond the 
control of an individual, or even a regulatory authority such 
as local government.

The simple answer is that we can all make local 
ecosystems as resilient as possible and thereby assist 
biodiversity conservation. Ecosystem resilience refers to 
the capacity of an ecosystem to recover from disturbance 
or withstand ongoing pressures. It can be achieved by 
ensuring that ecosystems have:

 ● good levels of habitat (and particularly conserving 
the	‘best	bits’	first)

 ● habitats that are well connected

 ● have the appropriate species composition for that 
ecological community

 ● have the appropriate ‘ecosystem services’ species 
and processes present

 ● are weed and pest animal free (thus enabling the 
persistence of the appropriate species).

Within the Port Macquarie-Hastings LGA we can all 
play	a	role	in	this	by	undertaking	specific	actions.	Each	
year	Council	will	identify	actions	we	can	take	to	fulfill	
the essence of this document. This information will be 
contained in the annual Operational Plan..

Rose-crowned Fruit-Dove: Photo © Bjorn Christian Torrissen https://en.wikipedia.org/
wiki/Rose-crowned_fruit_dove#/media/File:Rose-Crowned_Fruit_Dove.jpg
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6. ACTIONS REQUIRED TO REVERSE 
THREATS AND PROTECT 
BIODIVERSITY

The Biodiversity Management Strategy will be 
implemented	through	four	key	themes	(identified	by	the	
Community and Expert Panels) to assist in delivering 
biodiversity conservation. These themes effectively 
overarch	the	specific	threats	listed	by	the	Office	of	
Environment and Heritage’s analysis of the Port 
Macquarie-Hastings LGA. Each year a series of actions 
generated from the Biodiversity Management Strategy 
will be implemented. Factors such as external funding 
opportunities, internal resourcing requirements, Council’s 
priorities and biological priorities will be considered when 
determining which actions are undertaken each year. 
A full list of actions will be included in Council’s annual 
Operational Plan. 

The four key themes/programs are:

Community Engagement/Education Program

Actions in this theme will centre around increasing the 
community’s awareness and knowledge of biodiversity 
in the LGA. At the same time, Council will work towards 
improving and building the capacity of individuals and 
community groups by reducing impacts and increasing 
environmental works.   

Operational Programs 

This theme will focus on ensuring the ongoing on-ground 
work including:

a) biosecurity works through the control of invasive 
weeds and vertebrate pest control

b)	biodiversity	and	fire	management	
c) delivery of actions within the Koala Recovery Strategy 
d) Biodiversity and Indigenous Lands Program
e) Riparian Biodiversity Program.

Biodiversity Offsetting and Investment 
Opportunities Program

It	is	recognised	that	Council	has	a	role	in	helping	to	find	
appropriate offset sites within the LGA. This role is seen 
as an opportunity to assist in both management and 
procurement of offset sites for Council requirements but 
also to assist local residents to navigate this topic. 

Biodiversity Guidance/Standards

Opportunities for improving guidance, processes and 
standards will always be an ongoing management action. 
Changes in biodiversity conservation legislation, new 
research and innovations will continuously create pressure 
for Council to operate effectively and remain in line with 
best practice management and the latest developments in 
this sector. Therefore, actions in this theme will focus on 
creating continuous improvements.
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7. REVIEW 
A major focus of the Biodiversity Management Strategy 
has been to use the best available information and 
science to identify the areas that are most valuable for 
biodiversity in the Port Macquarie-Hastings LGA. This work 
has allowed us to create a Priority Investment Layer that 
can be used to assist landholders to direct biodiversity 
offset schemes and apply for funding to protect biological 
assets on private lands. 

The Strategy provides spatially extent explicit outputs that 
can inform future strategic planning and conservation 
initiatives. Possessing such models and using these to 
justify projects greatly increases the accountability in 
decision-making and helps guide biodiversity management 
in the LGA.

To ensure maps and models provide accurate data, Port 
Macquarie-Hastings Council commits to reviewing the 
document every 5 years including an assessment of key 
performance measures. 

7.1 KEY PERFORMANCE 
MEASURES 

 ● Number and description of a targeted actions 
delivered on ground that protected and assisted in 
the recovery of biodiversity across all ecosystems.

 ● Relationships with external stakeholders including 
regional, state, federal and community are 
established and demonstrated by programs 
delivered.

 ● Programs are in place that improve the awareness of 
the importance of biodiversity conservation and ways 
this can be achieved. 

 ● Reduction in overall weed load and improvement 
in bushland reserves ecosystem health from 
2019 baseline levels is achieved by maintaining, 
protecting, rehabilitating, and managing native 
vegetation across Council-owned land, particularly in 
areas with high biodiversity values. 

 ● An increase in landscape connectivity across the 
LGA, from the 2019 baseline levels, achieved 
through compensatory planting, weed removal and 
bushland rehabilitation. 
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Reminiscence
I was born into a coloured country; 
spider-webs in dew on feathered grass, 
mountains blue as wrens, 
valleys cupping sky in like a cradle, 
christmas-beetles winged with buzzing opal; 
finches,	robins,	gang-gangs,	pardalotes 
tossed the blossom in its red-streaked trees.

My father had a tale of an old neighbour, 
the kind of reminiscence one inherits. 
Asked	for	difficult	detail	in	stories 
at those bygone ample crowded teas, 
(cup and saucer balanced on his knees): 
‘Madam, you might as well 
ask me to enumerate the parrots.’

Hundreds, thousands, birds uncountable 
babbling,	shrieking,	swirling	all	around	– 
skiesful, treesful: lorikeets, rosellas, 
lorilets and cockatiels and lowries,

Red-backed, Ring-necked, Orange-breasted, 
Turquoise, 
Purple-crowned, Red-collared, Rainbow, Varied, 
Scarlet-chested, Blue-browned, Scalybreasted, 
Swift and Night and Paradise and Crimson, 
Twenty-eight and Red-capped, Musk and 
Elegant- 
I give up. But see him 
sitting	stiffly	in	a	basket-chair 
circled by their millions, formally 
stirring three of sugar in his tea 
in an afternoon I never knew 
making conversation with the ladies.

Not	a	flock	of	parrots	left	to	number. 
Just	a	picture,	fifty	years	behind, 
left embroidered on my childish mind. 
Parrots! They were something to remember.

Judith Wright
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Appendix A. Scientific	names	for	species	
mentioned in this Strategy
Common name Scientific name
PLANTS
No common name Melaleuca biconvexa
Antarctic Beech Nothofagus moorei
Big Nellie Hakea Hakea archaeoides
Blackbutt Eucalyptus pilularis
Christmas Bells Blandfordia grandiflora
Coastal Pandanus Pandanus tectorius
Drooping Ironbark Eucalyptus caleyi
Forest Red Gum Eucalyptus tereticornis
Small-fruited Grey Gum Eucalyptus propinqua
Kangaroo Grass Themeda triandra
Lesser Swamp-orchid Phaius australis
Narrow-leaved Red Gum Eucalyptus seeana
Needlebark Stringybark Eucalyptus planchoniana
North Brother Wattle Acacia courtii
Orange Gum Eucalyptus bancroftii
Privet Ligustrum spp.
Red Cedar Toona ciliata
Red Mahogany Eucalyptus resinifera
Screw Pine Pandanus tectorius
Silver Bush Sophora tomentosa
Spike-rush Eleocharis spp.
Swamp Mahogany Eucalyptus robusta
Swamp Oak Casuarina glauca
Tallowood Eucalyptus microcorys
Turpentine Syncarpia glomulifera
White Mahogany Eucalyptus acmenoides
White Stringybark Eucalyptus globoidea
White-flowered	Wax	Plant Cynanchum elegans
Wild Rice Oryza spp.
Willow Bottlebrush Callistemon salignus
INVERTEBRATES
Fritillary	Butterfly Argyreus hyperbius inconstans
Giant	Dragonfly Petalura gigantea
Spiny	Crayfish Eustacus spp.
FISH
Australian Bass Macquaria novemaculeata
FROGS
Giant-barred Frog Mixophyes iteratus
Green and Golden Bell-frog Litoria aurea
Green-thighed Frog Litoria brevipalmata
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Common name Scientific name
Wallum Froglet Crinia tinnula
REPTILES
Delicate Skink Lampropholis delicata
BIRDS
Australasian Bittern Botaurus poiciloptilus
Australian Raven Corvus coronoides
Black Bittern Ixobrychus flavicollis
Black-necked Stork Ephippiorhynchus asiaticus
Brolga Grus rubicunda
Eastern Yellow Robin Eopsaltria australis
Eastern Curlew Numenius madagascariensis
Glossy Black-cockatoo Calyptorhynchus lathami
Ground Parrot Pezoporus wallicus
Magpie Goose Anseranas semipalmata
Nankeen Kestrel Falco cenchroides
Noisy Miner Manorina melanocephala
Noisy Pitta Pitta versicolor
Paradise	Riflebird Ptiloris paradiseus
Pied Oystercatcher Haematopus longirostris
Rose-crowned Fruit-dove Ptilinopus regina
Sharp-tailed Sandpiper Calidris acuminata
Sooty Oystercatcher Haematopus fuliginosus
Swift Parrot Lathamus discolor
Yellow-throated Scrubwren Sericornis citreogularis
MAMMALS
Black Flying-fox Pteropus alecto
Brown Antechinus Antechinus stuartii
Brush-tailed Phascogale Phascogale tapoatafa
Common Ringtail Possum Pseudocheirus peregrinus
Dingo Canis dingo
Eastern Freetail-bat Mormopterus norfolkensis
Eastern Pygmy Possum Cercartetus nanus
Grey-headed Flying-fox Pteropus poliocephalus
Hastings River Mouse Pseudomys oralis
Koala Phascolarctos cinereus
Little Red Flying-fox Pteropus scapulatus
Long-nosed Potoroo Potorous tridactylus
Red-legged Pademelon Thylogale stigmatica
Red-necked Pademelon Thylogale thetis
Spotted-tailed Quoll Dasyurus maculatus
Squirrel Glider Petaurus norfolcensis
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Appendix B. Existing and continuing initiatives 
in the Port Macquarie-Hastings LGA to protect 
biodiversity
Initiative Partners

Increase ecological resilience of public bushland
Active community involvement in public bushland management PMHC, Port Macquarie Landcare, Friends of 

Kooloonbung, Friends of Mrs Yorks Garden, Camden 
Haven Landcare, Lake Cathie Landcare, Bonny Hills 
Landcare, Pappinbarra Landholders Conservation 
Management Network

Bushland Management Team working on 90 publicly owned 
bushland reserves using best practice methods

PMHC

Formalised Bushland Management Monitoring Program PMHC
State of the art ‘ArcCollector’ reporting system for weed mapping 
(public lands, roadsides and rural lands)

PMHC

Tree planting and restoration initiatives (e.g. National Tree Day) PMHC, Port Macquarie Landcare
PMHC successful recipient of numerous grants to implement the 
Bushland Management Program

PMHC,	North	Coast	Local	Land	Services,	Office	of	
Environment and Heritage

Significant	roadside	vegetation	and	hollow-bearing	trees	mapped PMHC
Active weed management
Bushland Management Program (as described above) PMHC
Annual urban weed tree removal works (street trees and trees in 
public bushland)

PMHC

Invasive Weeds Team reducing weeds in known incursion 
pathways, such as roadsides and waterways.

PMHC

Annual weed inspections and extension/education on rural 
properties

PMHC

Extension/education	work	on	weed	control	and	identification	at	
field	days	etc.

PMHC, North Coast Local Land Services, Hastings 
Landcare

Supporting community groups such as the Pappinbarra 
Landholders Conservation Management Network

PMHC, Hastings Landcare

Protecting biodiversity on rural land
Increasing soil fertility and productivity through natural processes 
(e.g. soil biota)

Hastings Landcare and North Coast Local Land 
Services

Extension/education	work	on	weed	control	and	identification	at	
field	days	etc.

PMHC, North Coast Local Land Services, Hastings 
Landcare

Funding programs for riparian restoration and protection works Hastings Landcare and North Coast Local Land 
Services

Comboyne Corridor Conservation and Remnant Rescue Program Bolwarra Environmental Services, Hastings 
Landcare

Land for Wildlife Program Community Environment Network (CEN) in 
partnership	with	the	Office	of	Environment	and	
Heritage (OEH) and locally run in conjunction with 
Hastings Landcare.
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Initiative Partners

Strategic planning and development controls
Plan of Management for Kooloonbung Creek Nature Reserve 
Flying-fox colony (and monitoring of this colony four times per 
annum through the National Flying-fox Census)

PMHC

Koala Plan of Management (and close working relationship with 
Port Macquarie Koala Hospital)

PMHC

Vegetation community mapping for Port Macquarie-Hastings LGA PMHC
Close liaison with Development Assessment Team and NRM staff PMHC
Preparation of vegetation management plans to help ensure 
‘Avoid, Minimise, Offset’ philosophy

PMHC and development industry

Use of endemic native species for planting on public lands, 
including urban street trees and roadside plantings

PMHC and development industry

Biodiversity controls articulated in DCP, including:
 ● hollow-bearing tree protocol
 ● buffers for threatened ecological communities, riparian 

areas etc. 
 ● Koala habitat trees offsets 
 ● an Indigenous street and open space planting list 

PMHC

Bushfire management
Consideration of how asset protection zone (APZ) works can 
benefit	bushland	reserves	and	minimise	harm

PMHC

Involving stakeholders in inspecting areas before and after 
hazard reduction burns

PMHC, Koala Hospital, For Australian Wildlife 
Needing Aid (FAWNA)

Ensuring	that	APZs	and	fire	trails/tracks	are	contained	within	the	
development proposal area

PMHC

Fire and Biodiversity Consortium for the Port Macquarie-Hastings 
LGA

PMHC, National Parks and Wildlife Service (NPWS), 
RFS, Forestry Corporation of NSW

Protecting waterways
Active aquatic weed monitoring and control works (e.g. Salvinia) PMHC
Ecohealth Monitoring Program PMHC and UNSW
Riparian Vine Weeds Program PMHC, Hastings Landcare
River restoration works PMHC, Hastings Landcare
Riparian protection works to prevent stock trampling and reduce 
weed incursion

Hastings Landcare

Feral animal control
Deer control in key areas (e.g. Port Dam, Thrumster) Recreational Game Hunters, North Coast Local 

Land Services, NPWS, PMHC
Fox, cat and rabbit control in some coastal areas PMHC (BioFund, Estuarine Lakeside Linkages 

Project with NCLLS and OEH), NPWS
Increasing landscape connectivity
Installing Koala stiles to assist Koalas moving about the 
landscape

PMHC with Port Macquarie Landcare and Work for 
the Dole

Ensuring offsets and vegetation management plans increase 
landscape connectivity

PMHC
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Initiative Partners

Community extension/education
Working with, and supporting, community stakeholders as 
requested

Koala Hospital, Schools, Landcare, Living Futures 
Hub, FAWNA, PMHC

Signage programs (and compliance as required) for illegal 
clearing for coastal view enhancement

PMHC

Work with community groups to facilitate improved data 
collection

PMHC with Hastings Birdwatchers, Koala Hospital 
and Landcare
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Appendix C. Datasets used in the 
Biodiversity Management Strategy
Dataset and description Reference

PMHC Vegetation Community Mapping 

Maps all extant vegetation remaining as of 2009 in patches greater 
than 0.25 ha (0.1 ha for Littoral Rainforest) outside National Parks and 
State Forest lands and assigns the patch to one of c. 90 vegetation 
communities	defined	for	our	LGA.	Patches	were	assigned	based	
on	a	combination	of	aerial	imagery	analysis	and	field	assessment.	
The methods adhered to the NSW Government’s Native Vegetation 
Type Standard. 

Vegetation of the Port Macquarie-Hastings 
Local Government Area, BioLink Ecological 
Consultants April 2013. Available from 
PMHC upon request.

CRAFTI Vegetation Mapping 

Comprehensive Regional Assessment Forestry Type Inventory (CRAFTI) 
vegetation mapping was used to identify vegetation on State Forest 
and National Parks land and for tenure-blind analyses undertaken. It 
is coarser and less-accurate than the PMHC Vegetation Community 
Mapping but is commonly used across NSW.

Resource and Conservation Division 
(1997). CRAFTI Aerial Photographic 
Interpretation Manual. Unpublished report. 
Department of Urban Affairs and Planning.

Koala Habitat Mapping 

Maps ‘Primary’, ‘Secondary (A)’, ‘Secondary (B)’, ‘Secondary (C)’ 
koala habitat across the LGA. Each of these habitat classes contains 
quantities of trees known to be browsed by koalas in the LGA (Koala 
Food Trees). ‘Primary Koala Habitat’ is the most important of these. The 
mapping	also	identifies	‘Other	Koala	Habitat’.	This	habitat	is	not	known	
to	support	significant	numbers	of	koala	food	trees,	but	may	still	be	
important for connecting key areas of habitat etc.

Port Macquarie-Hastings Koala Habitat 
& Population Assessment. Final Report 
to Port Macquarie-Hastings Council, June 
2013. BioLink Ecological Consultants. 
Available from PMHC upon request.

Threatened ecological community (TEC) mapping 

The	Scientific	Committee	Final	Determinations	and	NSW	Land	and	
Environment	Court	case	precedents	illustrate	that	TECs	are	defined	by	
more than the vegetation composition. This is particularly true for the 
coastal	floodplain	TECs	in	the	bioregion	which	must	occur	on	alluvial	
topographic formations to qualify. This mapping revises BioLink’s 
vegetation mapping to identify those vegetation communities which 
satisfy	both	the	floristic	and	geomorphic	criteria	of	coastal	floodplain	
TECs	specified	in	the	Final	Determinations.	

PMHC Vegetation Community Mapping: 

Coastal Floodplain EEC Mapping Review. 
DarkHeart Eco-Consultancy, February 
2014. Available from PMHC upon request.

BioNet

BioNet is a portal for accessing government-held information about 
plants and animals in NSW. Records in the Atlas come from a variety of 
sources,	including	from	members	of	the	public	and	scientific	surveys.	
An Atlas search will retrieve species records from across the entire Atlas 
database. Anyone can use the BioNet database to search for records, 
but registered users (as per PMHC) can access more spatially-explicit 
information for some species.

See: http://www.bionet.nsw.gov.au/
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Dataset and description Reference

The Atlas of Living Australia (ALA)

The Atlas is a free online resource, which provides access to a wealth 
of information about Australia’s biodiversity. The type of information 
available	includes	species	occurrence	records	(based	on	field	
observations, specimens from biological collections, and surveys), 
photographs, sound recordings, maps, molecular data, and links to 
additional literature. Powerful mapping tools allow users to explore 
and analyse this information in a myriad of ways. The ALA is used 
for research, environmental monitoring, conservation planning and 
management, education, Citizen Science, and biosecurity activities. 

See: http://www.ala.org.au/

BirdLife Australia BirdData 

This comprehensive database is administered by BirdLife Australia. 
Records are from BirdLife Australia members, many of whom regularly 
contribute using standardised surveys. Data was purchased by PMHC for 
use in Species Distribution Modelling to ensure the maximum number of 
records and increase model robustness. 

See: http://birdata.com.au/homecontent.
do

Climate Change Scenarios 

BMT WBM was commissioned by Port Macquarie-Hastings Council 
(PHMC) to undertake an estuary and coastline inundation mapping 
study to assist in the assessment of areas at risk from sea level rise. The 
aim of the study is to determine the estuarine and coastal inundation 
extent for a range of design ocean events including: spring tide, king 
tide; 1 year Average Recurrence Interval (ARI), 50 year ARI, and 100 year 
ARI. The three epochs and associated mean sea levels (MSL) included 
in the study are: Current (MSL = 0.0 m AHD), 2050 (MSL = 0.4 m AHD), 
and 2100 (MSL = 0.9 m AHD). These levels are based on the previous 
NSW Government planning benchmarks which are a projected rise in 
sea level (relative to the 1990 mean sea level) of 0.4 metres by 2050 
and 0.9 metres by 2100 (DECCW, 2009). It is important to note that 
due	to	the	inherent	difficulty	in	forecasting	actual	rates	of	sea	level	rise	
(SLR) the mapping in this study shows the impact of 0, 0.4 and 0.9 m 
of SLR but does not specify the timing of these changes to mean sea 
level. The study uses three numerical models of the major estuaries in 
the LGA including: the Hastings, Lake Cathie/Lake Innes, and Camden 
Haven. High quality mapping of the inundation extents for the estuaries 
and coastal areas was undertaken using LiDAR ground elevation data 
collected for Council in October 2005. 

Port Macquarie - Hastings Council 

Sea level Rise Mapping Project. BMT WBM 
Consulting. Final Report to PMHC, June 
2013.

ANUCLIM 

Bio-climatic data were sourced from ANUCLIM for the PMHC LGA by 
the University of Melbourne for use in species distribution modelling. A 
range of climatic and geographic variables were included (e.g. rainfall, 
altitude, aspect, soil type).

See: http://fennerschool.anu.edu.au/
research/products/anuclim-vrsn-61 
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Appendix D. Abbreviated	names	and	definitions	
of mapped environmental data used as candidate 
predictor variables for inclusion in species 
distribution models  
All environmental data were available in raster format with a resolution of 100m.

Candidate variable Definition

mean_temp Mean annual temperature (ANUCLIM)
cold_temp Mean temperature of the coldest period (ANUCLIM)
hot_temp Mean temperature of the hottest period (ANUCLIM)
mean_rain Mean annual rainfall (ANUCLIM)
seasonal_rain	 Mean annual temperature (ANUCLIM)
mean_solar Mean annual solar radiation (ANUCLIM)
Altitude The altitude of a cell (in metres) above sea level (25m DEM of Hunter Valley)
Slope The slope of a cell (in degrees) (derived from Altitude)

Eastness
The degree to which the aspect of a cell is east (east = 1, west = -1) (derived from 
Altitude)

Northness
The degree to which the aspect of a cell is north (north = 1, south = -1) (derived from 
Altitude)

rugg1000
Topographic ruggedness (standard deviation in elevation) in a 1000m radius (derived 
from Altitude)

terr1000 Relative terrain position in a 1000m radius (derived from Altitude)
Wetness Compound topographic index (derived from Altitude)

final_vegetation
Keith formation vegetation categories derived from PMH (Phillips et al. 2013), CRAFTI, 
the Parsons Brinkerhoff (Cockerill et al. 2013) and Greater Hunter (Sivertsen et al. 
2011) vegetation mappings

Dry_sclerophyll_forests2000
The percentage of cells within a 2000m radius dominated by dry sclerophyll forest 
(derived	from	final_vegetation)

rainforests2000
The percentage of cells within a 2000m radius containing rainforest (derived from 
final_vegetation)

Wet_sclerophyll_forests2000
The percentage of cells within a 2000m radius dominated by wet sclerophyll forest 
(derived	from	final_vegetation)

Soils Digital Atlas of Australian Soils (CSIRO 2014)

ANUCLIM: Fenner School of Environment and Society, Australian National University http://fennerschool.anu.edu.au/research/
products/anuclim-vrsn-61

CRAFTI:	Comprehensive	Regional	Assessment	Aerial	Photograph	Interpretation	–	A	vegetation	mapping	process	undertaken	as	part	of	
the north-east Regional Forestry Agreement
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Appendix E. List of species modelled in Zonation
Note: Colour code indicates guilds to which species were assigned
Shore Birds Water Birds Nectarivorous 

Birds
Phalangers, 
Phascogales and 
their predators

Cave-Roosting 
Microbats

Amphibians Frugivorous 
Birds

 
Red= Edge of range and limited records

Species Common Name Family Data type
Adelotus brevis Tusked Frog Myobatrachidae SDM
Crinia signifera Common Eastern Froglet Myobatrachidae SDM
Crinia tinnula Wallum Froglet Myobatrachidae SDM
Lechriodus fletcheri Fletcher’s Frog Myobatrachidae SDM
Limnodynastes dumerilii Eastern Banjo Frog Myobatrachidae SDM
Limnodynastes peronii Brown-striped Frog Myobatrachidae SDM
Limnodynastes tasmaniensis Spotted Grass Frog Myobatrachidae SDM
Litoria aurea Green and Golden Bell Frog Hylidae SDM
Litoria booroolongensis Booroolong Frog Hylidae points
Litoria brevipalmata Green-thighed Frog Hylidae SDM
Litoria caerulea Green Tree Frog Hylidae SDM
Litoria chloris Red-eyed Tree Frog Hylidae SDM
Litoria daviesae Davies’ Tree Frog Hylidae SDM
Litoria dentata Bleating Tree Frog Hylidae SDM
Litoria ewingii Brown Tree Frog Hylidae points
Litoria fallax Eastern Dwarf Tree Frog Hylidae SDM
Litoria freycineti Freycinet’s Frog Hylidae SDM
Litoria gracilenta Dainty Green Tree Frog Hylidae SDM
Litoria jervisiensis Jervis Bay Tree Frog Hylidae SDM
Litoria latopalmata Broad-palmed Frog Hylidae SDM
Litoria lesueuri Lesueur’s Frog Hylidae SDM
Litoria nasuta Rocket Frog Hylidae SDM
Litoria pearsoniana Pearson’s Green Tree Frog Hylidae SDM
Litoria peronii Peron’s Tree Frog Hylidae SDM
Litoria phyllochroa Leaf-green Tree Frog Hylidae SDM
Litoria revelata Revealed Frog Hylidae SDM
Litoria subglandulosa Glandular Frog Hylidae SDM
Litoria tyleri Tyler’s Tree Frog Hylidae SDM
Litoria verreauxii Verreaux’s Frog Hylidae SDM
Mixophyes fasciolatus Great Barred Frog Myobatrachidae SDM
Paracrinia haswelli Haswell’s Froglet Myobatrachidae SDM
Philoria sphagnicolus Sphagnum Frog Myobatrachidae SDM
Pseudophryne bibronii Bibron’s Toadlet Myobatrachidae SDM
Pseudophryne coriacea Red-backed Toadlet Myobatrachidae SDM
Uperoleia fusca Dusky Toadlet Myobatrachidae SDM
Uperoleia laevigata Smooth Toadlet Myobatrachidae SDM
Uperoleia tyleri Tyler’s Toadlet Myobatrachidae points
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Species Common Name Family Data type
Acanthiza chrysorrhoa Yellow-rumped Thornbill Acanthizidae SDM
Acanthiza lineata Striated Thornbill Acanthizidae SDM
Acanthiza nana Yellow Thornbill Acanthizidae SDM
Acanthiza reguloides Buff-rumped Thornbill Acanthizidae SDM
Acanthorhynchus tenuirostris Eastern Spinebill Meliphagidae SDM
Accipiter cirrocephalus Collared Sparrowhawk Accipitridae SDM
Accipiter fasciatus Brown Goshawk Accipitridae SDM
Accipiter novaehollandiae Grey Goshawk Accipitridae SDM
Acrocephalus australis Australian Reed-Warbler Acrocephalidae SDM
Actitis hypoleucos Common Sandpiper Scolopacidae SDM
Aegotheles cristatus Australian Owlet-nightjar Aegothelidae SDM
Ailuroedus crassirostris Green Catbird Ptilonorhynchidae SDM
Alectura lathami Australian Brush-turkey Megapodiidae SDM
Anas castanea Chestnut Teal Anatidae SDM
Anas gracilis Grey Teal Anatidae SDM
Anas rhynchotis Australasian Shoveler Anatidae SDM
Anas superciliosa Pacific	Black	Duck Anatidae SDM
Anhinga novaehollandiae Australasian Darter Anhingidae SDM
Anseranas semipalmata Magpie Goose Anseranatidae SDM
Anthochaera carunculata Red Wattlebird Meliphagidae SDM
Anthochaera chrysoptera Little Wattlebird Meliphagidae SDM
Anthochaera phrygia Regent Honeyeater Meliphagidae SDM
Anthus novaeseelandiae Australian Pipit Motacillidae SDM
Apus pacificus Fork-tailed Swift Apodidae SDM
Ardea ibis Cattle Egret Ardeidae SDM
Ardea intermedia Intermediate Egret Ardeidae SDM
Ardea modesta Eastern Great Egret Ardeidae SDM
Ardea pacifica White-necked Heron Ardeidae SDM
Arenaria interpres Ruddy Turnstone Scolopacidae SDM
Artamus cyanopterus Dusky Woodswallow Artamidae SDM
Artamus leucorynchus White-breasted Woodswallow Artamidae SDM
Artamus personatus Masked Woodswallow Artamidae SDM
Artamus superciliosus White-browed Woodswallow Artamidae SDM
Atrichornis rufescens Rufous Scrub-bird Atrichornithidae SDM
Aviceda subcristata Pacific	Baza Accipitridae SDM
Aythya australis Hardhead Anatidae SDM
Biziura lobata Musk Duck Anatidae SDM
Botaurus poiciloptilus Australasian Bittern Ardeidae SDM
Burhinus grallarius Bush Stone-curlew Burhinidae SDM
Butorides striatus Striated Heron Ardeidae SDM
Cacatua sanguinea Little Corella Cacatuidae SDM
Cacatua tenuirostris Long-billed Corella Cacatuidae SDM
Cacomantis flabelliformis Fan-tailed Cuckoo Cuculidae SDM
Cacomantis pallidus Pallid Cuckoo Cuculidae SDM
Cacomantis variolosus Brush Cuckoo Cuculidae SDM
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Species Common Name Family Data type
Calidris acuminata Sharp-tailed Sandpiper Scolopacidae SDM
Calidris canutus Red Knot Scolopacidae SDM
Calidris ferruginea Curlew Sandpiper Scolopacidae SDM
Calidris ruficollis Red-necked Stint Scolopacidae SDM
Calidris tenuirostris Great Knot Scolopacidae SDM
Calyptorhynchus funereus Yellow-tailed Black-Cockatoo Cacatuidae SDM
Calyptorhynchus lathami Glossy Black-Cockatoo Cacatuidae SDM
Carterornis leucotis White-eared Monarch Monarchidae points
Centropus phasianinus Pheasant Coucal Centropodidae SDM
Ceyx azureus Azure	Kingfisher Alcedinidae SDM
Chalcites basalis Horsfield’s	Bronze-Cuckoo Cuculidae SDM
Chalcites lucidus Shining Bronze-Cuckoo Cuculidae SDM
Chalcophaps indica Emerald Dove Columbidae SDM
Charadrius bicinctus Double-banded Plover Charadriidae SDM
Charadrius mongolus Lesser Sand-plover Charadriidae SDM
Charadrius ruficapillus Red-capped Plover Charadriidae SDM
Chenonetta jubata Australian Wood Duck Anatidae SDM
Cheramoeca leucosterna White-backed Swallow Hirundinidae SDM
Chlidonias hybrida Whiskered Tern Laridae SDM
Chroicocephalus novaehollandiae Silver Gull Laridae SDM
Chthonicola sagittata Speckled Warbler Acanthizidae points
Cincloramphus cruralis Brown Songlark Megaluridae SDM
Cincloramphus mathewsi Rufous Songlark Megaluridae SDM
Cinclosoma punctatum Spotted Quail-thrush Psophodidae SDM
Circus approximans Swamp Harrier Accipitridae SDM
Circus assimilis Spotted Harrier Accipitridae SDM
Cisticola exilis Golden-headed Cisticola Cisticolidae SDM
Climacteris erythrops Red-browed Treecreeper Climacteridae SDM
Climacteris picumnus victoriae Brown Treecreeper (eastern 

subspecies)
Climacteridae points

Columba leucomela White-headed Pigeon Columbidae SDM
Coracina lineata Barred Cuckoo-shrike Campephagidae points
Coracina novaehollandiae Black-faced Cuckoo-shrike Campephagidae SDM
Coracina papuensis White-bellied Cuckoo-shrike Campephagidae SDM
Coracina tenuirostris Cicadabird Campephagidae SDM
Corcorax melanorhamphos White-winged Chough Corcoracidae SDM
Corvus orru Torresian Crow Corvidae SDM
Corvus tasmanicus Forest Raven Corvidae SDM
Coturnix pectoralis Stubble Quail Phasianidae SDM
Coturnix ypsilophora Brown Quail Phasianidae SDM
Cracticus nigrogularis Pied Butcherbird Artamidae SDM
Cracticus torquatus Grey Butcherbird Artamidae SDM
Cygnus atratus Black Swan Anatidae SDM
Daphoenositta chrysoptera Varied Sittella Neosittidae SDM
Dendrocygna arcuata Wandering Whistling-Duck Anatidae SDM
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Species Common Name Family Data type
Dendrocygna eytoni Plumed Whistling-Duck Anatidae SDM
Dicaeum hirundinaceum Mistletoebird Nectariniidae SDM
Dicrurus bracteatus Spangled Drongo Dicruridae SDM
Egretta garzetta Little Egret Ardeidae SDM
Egretta novaehollandiae White-faced Heron Ardeidae SDM
Egretta sacra Eastern Reef Egret Ardeidae SDM
Elanus axillaris Black-shouldered Kite Accipitridae SDM
Elseyornis melanops Black-fronted Dotterel Charadriidae SDM
Entomyzon cyanotis Blue-faced Honeyeater Meliphagidae SDM
Eolophus roseicapillus Galah Cacatuidae SDM
Ephippiorhynchus asiaticus Black-necked Stork Ciconiidae SDM
Epthianura albifrons White-fronted Chat Meliphagidae SDM
Erythrogonys cinctus Red-kneed Dotterel Charadriidae SDM
Esacus magnirostris Beach Stone-curlew Burhinidae SDM
Eudynamys orientalis Eastern Koel Cuculidae SDM
Eurostopodus mystacalis White-throated Nightjar Caprimulgidae SDM
Eurystomus orientalis Dollarbird Coraciidae SDM
Excalfactoria chinensis King Quail Phasianidae SDM
Falco berigora Brown Falcon Falconidae SDM
Falco cenchroides Nankeen Kestrel Falconidae SDM
Falco longipennis Australian Hobby Falconidae SDM
Falco peregrinus Peregrine Falcon Falconidae SDM
Falcunculus frontatus frontatus Eastern Shrike-tit Pachycephalidae SDM
Fulica atra Eurasian Coot Rallidae SDM
Gallinago hardwickii Latham’s Snipe Scolopacidae SDM
Gallinula tenebrosa Dusky Moorhen Rallidae SDM
Gallirallus philippensis Buff-banded Rail Rallidae SDM
Gelochelidon nilotica Gull-billed Tern Laridae SDM
Geopelia humeralis Bar-shouldered Dove Columbidae SDM
Geopelia striata Peaceful Dove Columbidae SDM
Gerygone albogularis White-throated Gerygone Acanthizidae SDM
Gerygone levigaster Mangrove Gerygone Acanthizidae SDM
Gerygone mouki Brown Gerygone Acanthizidae SDM
Gliciphila melanops Tawny-crowned Honeyeater Meliphagidae SDM
Glossopsitta concinna Musk Lorikeet Psittacidae SDM
Glossopsitta pusilla Little Lorikeet Psittacidae SDM
Grallina cyanoleuca Magpie-lark Monarchidae SDM
Grus rubicunda Brolga Gruidae points
Haematopus fuliginosus Sooty Oystercatcher Haematopodidae SDM
Haematopus longirostris Pied Oystercatcher Haematopodidae SDM
Haliaeetus leucogaster White-bellied Sea-Eagle Accipitridae SDM
Haliastur indus Brahminy Kite Accipitridae SDM
Haliastur sphenurus Whistling Kite Accipitridae SDM
Hieraaetus morphnoides Little Eagle Accipitridae SDM
Himantopus himantopus Black-winged Stilt Recurvirostridae SDM
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Species Common Name Family Data type
Hirundapus caudacutus White-throated Needletail Apodidae SDM
Hirundo neoxena Welcome Swallow Hirundinidae SDM
Hydroprogne caspia Caspian Tern Laridae SDM
Irediparra gallinacea Comb-crested Jacana Jacanidae SDM
Ixobrychus dubius Australian Little Bittern Ardeidae points
Ixobrychus flavicollis Black Bittern Ardeidae SDM
Lalage leucomela Varied Triller Campephagidae SDM
Lalage sueurii White-winged Triller Campephagidae SDM
Lathamus discolor Swift Parrot Psittacidae SDM
Leucosarcia picata Wonga Pigeon Columbidae SDM
Lewinia pectoralis Lewin’s Rail Rallidae SDM
Lichenostomus fuscus Fuscous Honeyeater Meliphagidae SDM
Lichenostomus leucotis White-eared Honeyeater Meliphagidae SDM
Lichenostomus melanops Yellow-tufted Honeyeater Meliphagidae SDM
Lichenostomus penicillatus White-plumed Honeyeater Meliphagidae SDM
Lichmera indistincta Brown Honeyeater Meliphagidae SDM
Limosa lapponica Bar-tailed Godwit Scolopacidae SDM
Limosa limosa Black-tailed Godwit Scolopacidae SDM
Lonchura castaneothorax Chestnut-breasted Mannikin Estrildidae SDM
Lophoictinia isura Square-tailed Kite Accipitridae SDM
Lopholaimus antarcticus Topknot Pigeon Columbidae SDM
Macropygia amboinensis Brown Cuckoo-Dove Columbidae SDM
Malacorhynchus membranaceus Pink-eared Duck Anatidae SDM
Malurus lamberti Variegated Fairy-wren Maluridae SDM
Malurus melanocephalus Red-backed Fairy-wren Maluridae SDM
Manorina melanocephala Noisy Miner Meliphagidae SDM
Manorina melanophrys Bell Miner Meliphagidae SDM
Megalurus gramineus Little Grassbird Megaluridae SDM
Megalurus timoriensis Tawny Grassbird Megaluridae SDM
Meliphaga lewinii Lewin’s Honeyeater Meliphagidae SDM
Melithreptus brevirostris Brown-headed Honeyeater Meliphagidae SDM
Melithreptus gularis gularis Black-chinned Honeyeater (eastern 

subspecies)
Meliphagidae points

Melithreptus lunatus White-naped Honeyeater Meliphagidae SDM
Menura novaehollandiae Superb Lyrebird Menuridae SDM
Merops ornatus Rainbow Bee-eater Meropidae SDM
Microcarbo melanoleucos Little Pied Cormorant Phalacrocoracidae SDM
Microeca fascinans Jacky Winter Petroicidae SDM
Milvus migrans Black Kite Accipitridae SDM
Monarcha melanopsis Black-faced Monarch Monarchidae SDM
Myiagra cyanoleuca Satin Flycatcher Monarchidae SDM
Myiagra inquieta Restless Flycatcher Monarchidae SDM
Myiagra rubecula Leaden Flycatcher Monarchidae SDM
Myzomela sanguinolenta Scarlet Honeyeater Meliphagidae SDM
Neochmia temporalis Red-browed Finch Estrildidae SDM

PAGE 114  |  BIODIVERSITY MANAGEMENT STRATEGY 2019–2030 | PORT-MACQUARIE HASTINGS COUNCIL



Species Common Name Family Data type
Ninox connivens Barking Owl Strigidae SDM
Ninox novaeseelandiae Southern Boobook Strigidae SDM
Ninox strenua Powerful Owl Strigidae SDM
Numenius madagascariensis Eastern Curlew Scolopacidae SDM
Numenius minutus Little Curlew Scolopacidae points
Numenius phaeopus Whimbrel Scolopacidae SDM
Nycticorax caledonicus Nankeen Night Heron Ardeidae SDM
Ocyphaps lophotes Crested Pigeon Columbidae SDM
Oriolus sagittatus Olive-backed Oriole Oriolidae SDM
Orthonyx temminckii Logrunner Orthonychidae SDM
Oxyura australis Blue-billed Duck Anatidae SDM
Pachycephala olivacea Olive Whistler Pachycephalidae SDM
Pandion cristatus Eastern Osprey Accipitridae SDM
Pardalotus striatus Striated Pardalote Pardalotidae SDM
Pelecanus conspicillatus Australian Pelican Pelecanidae SDM
Petrochelidon ariel Fairy Martin Hirundinidae SDM
Petrochelidon nigricans Tree Martin Hirundinidae SDM
Petroica boodang Scarlet Robin Petroicidae SDM
Petroica phoenicea Flame Robin Petroicidae SDM
Petroica rosea Rose Robin Petroicidae SDM
Phalacrocorax carbo Great Cormorant Phalacrocoracidae SDM
Phalacrocorax sulcirostris Little Black Cormorant Phalacrocoracidae SDM
Phalacrocorax varius Pied Cormorant Phalacrocoracidae SDM
Phaps chalcoptera Common Bronzewing Columbidae SDM
Phaps elegans Brush Bronzewing Columbidae SDM
Philemon citreogularis Little Friarbird Meliphagidae SDM
Phylidonyris niger White-cheeked Honeyeater Meliphagidae SDM
Phylidonyris novaehollandiae New Holland Honeyeater Meliphagidae SDM
Pitta versicolor Noisy Pitta Pittidae SDM
Platalea flavipes Yellow-billed Spoonbill Threskiornithidae SDM
Platalea regia Royal Spoonbill Threskiornithidae SDM
Platycercus elegans Crimson Rosella Psittacidae SDM
Platycercus eximius Eastern Rosella Psittacidae SDM
Plectorhyncha lanceolata Striped Honeyeater Meliphagidae SDM
Pluvialis fulva Pacific	Golden	Plover Charadriidae SDM
Pluvialis squatarola Grey Plover Charadriidae SDM
Podargus strigoides Tawny Frogmouth Podargidae SDM
Podiceps cristatus Great Crested Grebe Podicipedidae SDM
Porphyrio porphyrio Purple Swamphen Rallidae SDM
Porzana fluminea Australian Spotted Crake Rallidae SDM
Porzana pusilla Baillon’s Crake Rallidae SDM
Porzana tabuensis Spotless Crake Rallidae SDM
Psophodes olivaceus Eastern Whipbird Psophodidae SDM
Ptilinopus magnificus Wompoo Fruit-Dove Columbidae SDM
Ptilinopus regina Rose-crowned Fruit-Dove Columbidae SDM
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Ptilinopus superbus Superb Fruit-Dove Columbidae SDM
Ptilonorhynchus violaceus Satin Bowerbird Ptilonorhynchidae SDM
Ptiloris paradiseus Paradise	Riflebird Paradisaeidae SDM
Rhipidura leucophrys Willie Wagtail Rhipiduridae SDM
Rhipidura rufifrons Rufous Fantail Rhipiduridae SDM
Scythrops novaehollandiae Channel-billed Cuckoo Cuculidae SDM
Sericornis citreogularis Yellow-throated Scrubwren Acanthizidae SDM
Sericornis frontalis White-browed Scrubwren Acanthizidae SDM
Sericornis magnirostra Large-billed Scrubwren Acanthizidae SDM
Sericulus chrysocephalus Regent Bowerbird Ptilonorhynchidae SDM
Smicrornis brevirostris Weebill Acanthizidae SDM
Sphecotheres vieilloti Australasian Figbird Oriolidae SDM
Sterna hirundo Common Tern Laridae SDM
Sterna striata White-fronted Tern Laridae SDM
Sternula albifrons Little Tern Laridae SDM
Stipiturus malachurus Southern Emu-wren Maluridae SDM
Symposiachrus trivirgatus Spectacled Monarch Monarchidae SDM
Tachybaptus novaehollandiae Australasian Grebe Podicipedidae SDM
Tadorna tadornoides Australian Shelduck Anatidae SDM
Taeniopygia bichenovii Double-barred Finch Estrildidae SDM
Thalasseus bergii Crested Tern Laridae SDM
Threskiornis molucca Australian White Ibis Threskiornithidae SDM
Threskiornis spinicollis Straw-necked Ibis Threskiornithidae SDM
Todiramphus macleayii Forest	Kingfisher Alcedinidae SDM
Todiramphus sanctus Sacred	Kingfisher Alcedinidae SDM
Tregellasia capito Pale-yellow Robin Petroicidae SDM
Trichoglossus chlorolepidotus Scaly-breasted Lorikeet Psittacidae SDM
Trichoglossus haematodus Rainbow Lorikeet Psittacidae SDM
Tringa brevipes Grey-tailed Tattler Scolopacidae SDM
Tringa incana Wandering Tattler Scolopacidae points
Tringa nebularia Common Greenshank Scolopacidae SDM
Tringa stagnatilis Marsh Sandpiper Scolopacidae SDM
Turnix varius Painted Button-quail Turnicidae SDM
Tyto javanica Eastern Barn Owl Tytonidae SDM
Tyto longimembris Eastern Grass Owl Tytonidae SDM
Tyto novaehollandiae Masked Owl Tytonidae SDM
Tyto tenebricosa Sooty Owl Tytonidae SDM
Vanellus miles Masked Lapwing Charadriidae SDM
Vanellus tricolor Banded Lapwing Charadriidae SDM
Xenus cinereus Terek Sandpiper Scolopacidae SDM
Zoothera heinei Russet-tailed Thrush Turdidae SDM
Zoothera lunulata Bassian Thrush Turdidae SDM
Acrobates pygmaeus Feathertail Glider Acrobatidae SDM
Aepyprymnus rufescens Rufous Bettong Potoroidae SDM
Antechinus flavipes Yellow-footed Antechinus Dasyuridae SDM
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Antechinus stuartii Brown Antechinus Dasyuridae SDM
Antechinus swainsonii Dusky Antechinus Dasyuridae SDM
Cercartetus nanus Eastern Pygmy-possum Burramyidae SDM
Chalinolobus gouldii Gould’s Wattled Bat Vespertilionidae SDM
Chalinolobus morio Chocolate Wattled Bat Vespertilionidae SDM
Dasyurus maculatus Spotted-tailed Quoll Dasyuridae SDM
Falsistrellus tasmaniensis Eastern No Pipistrelle Vespertilionidae SDM
Hydromys chrysogaster Water-rat Muridae SDM
Isoodon macrourus Northern Brown Bandicoot Peramelidae SDM
Kerivoula papuensis Golden-tipped Bat Vespertilionidae SDM
Macropus giganteus Eastern Grey Kangaroo Macropodidae SDM
Macropus parma Parma Wallaby Macropodidae SDM
Macropus robustus Common Wallaroo Macropodidae SDM
Macropus rufogriseus Red-necked Wallaby Macropodidae SDM
Melomys burtoni Grassland Melomys Muridae points
Melomys cervinipes Fawn-footed Melomys Muridae SDM
Miniopterus australis Little Bentwing-bat Vespertilionidae SDM
Miniopterus schreibersii oceanensis Eastern Bentwing-bat Vespertilionidae SDM
Mormopterus norfolkensis Eastern Freetail-bat Molossidae SDM
Mormopterus planiceps Little Mastiff-bat Molossidae SDM
Myotis macropus Southern Myotis Vespertilionidae SDM
Nyctophilus geoffroyi Lesser Long-eared Bat Vespertilionidae SDM
Nyctophilus gouldi Gould’s Long-eared Bat Vespertilionidae SDM
Ornithorhynchus anatinus Platypus Ornithorhynchidae SDM
Perameles nasuta Long-nosed Bandicoot Peramelidae SDM
Petauroides volans Greater Glider Pseudocheiridae SDM
Petaurus australis Yellow-bellied Glider Petauridae SDM
Petaurus breviceps Sugar Glider Petauridae SDM
Petaurus norfolcensis Squirrel Glider Petauridae SDM
Phascogale tapoatafa Brush-tailed Phascogale Dasyuridae SDM
Phascolarctos cinereus Koala Phascolarctidae SDM
Planigale maculata Common Planigale Dasyuridae points
Potorous tridactylus Long-nosed Potoroo Potoroidae SDM
Pseudocheirus peregrinus Common Ringtail Possum Pseudocheiridae SDM
Pseudomys gracilicaudatus Eastern Chestnut Mouse Muridae SDM
Pseudomys oralis Hastings River Mouse Muridae SDM
Pteropus alecto Black Flying-fox Pteropodidae points
Pteropus poliocephalus Grey-headed Flying-fox Pteropodidae SDM
Pteropus scapulatus Little Red Flying-fox Pteropodidae SDM
Rattus fuscipes Bush Rat Muridae SDM
Rattus lutreolus Swamp Rat Muridae SDM
Rhinolophus megaphyllus Eastern Horseshoe-bat Rhinolophidae SDM
Saccolaimus flaviventris Yellow-bellied Sheathtail-bat Emballonuridae SDM
Scoteanax rueppellii Greater Broad-nosed Bat Vespertilionidae SDM
Scotorepens orion Eastern Broad-nosed Bat Vespertilionidae SDM
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Scotorepens sp 1 Central-eastern Broad-nosed Bat Vespertilionidae points
Sminthopsis murina Common Dunnart Dasyuridae SDM
Syconycteris australis Common Blossom-bat Pteropodidae SDM
Tadarida australis White-striped Freetail-bat Molossidae SDM
Thylogale stigmatica Red-legged Pademelon Macropodidae SDM
Thylogale thetis Red-necked Pademelon Macropodidae SDM
Trichosurus caninus Short-eared Possum Phalangeridae SDM
Trichosurus vulpecula Common Brushtail Possum Phalangeridae SDM
Vespadelus darlingtoni Large Forest Bat Vespertilionidae SDM
Vespadelus pumilus Eastern Forest Bat Vespertilionidae SDM
Vespadelus regulus Southern Forest Bat Vespertilionidae SDM
Vespadelus troughtoni Eastern Cave Bat Vespertilionidae SDM
Vespadelus vulturnus Little Forest Bat Vespertilionidae SDM
Vombatus ursinus Common Wombat Vombatidae SDM
Wallabia bicolor Swamp Wallaby Macropodidae SDM
Acacia courtii North Brother Wattle Fabaceae (Mimosoideae) SDM
Acronychia littoralis Scented Acronychia Rutaceae points
Allocasuarina defungens Dwarf Heath Casuarina Casuarinaceae SDM
Asperula asthenes Trailing Woodruff Rubiaceae SDM
Chamaesyce psammogeton Sand Spurge Euphorbiaceae points
Cynanchum elegans White-flowered	Wax	Plant Apocynaceae SDM
Dracophyllum macranthum Ericaceae SDM
Hakea archaeoides Big Nellie Hakea Proteaceae SDM
Haloragis exalata subsp. velutina Tall Velvet Sea-berry Haloragaceae points
Hibbertia hexandra Tree Guinea Flower Dilleniaceae points
Hibbertia superans Dilleniaceae points
Marsdenia longiloba Slender Marsdenia Apocynaceae points
Maundia triglochinoides Juncaginaceae SDM
Melaleuca biconvexa Biconvex Paperbark Myrtaceae SDM
Melaleuca groveana Grove’s Paperbark Myrtaceae SDM
Parsonsia dorrigoensis Milky Silkpod Apocynaceae points
Senna acclinis Rainforest Cassia Fabaceae 

(Caesalpinioideae)
SDM

Sophora tomentosa Silverbush Fabaceae (Faboideae) points
Thesium australe Austral	Toadflax Santalaceae points
Zieria lasiocaulis Willi Willi Zieria Rutaceae points
Acanthophis antarcticus Common Death Adder Elapidae SDM
Amphibolurus muricatus Jacky Lizard Agamidae SDM
Bellatorias major Land Mullet Scincidae SDM
Boiga irregularis Brown Tree Snake Colubridae points
Cacophis krefftii Southern Dwarf Crowned Snake Elapidae SDM
Cacophis squamulosus Golden-crowned Snake Elapidae SDM
Calyptotis ruficauda Red-tailed Calyptotis Scincidae SDM
Chelodina longicollis Eastern Snake-necked Turtle Chelidae SDM
Cryptophis nigrescens Eastern Small-eyed Snake Elapidae SDM
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Ctenotus robustus Robust Ctenotus Scincidae SDM
Ctenotus taeniolatus Copper-tailed Skink Scincidae SDM
Cyclodomorphus gerrardii Pink-tongued Lizard Scincidae SDM
Demansia psammophis Yellow-faced Whip Snake Elapidae SDM
Dendrelaphis punctulatus Common Tree Snake Colubridae SDM
Drysdalia coronoides White-lipped Snake Elapidae points
Egernia cunninghami Cunningham’s Skink Scincidae SDM
Egernia mcpheei Eastern Crevice Skink Scincidae SDM
Egernia striolata Tree Skink Scincidae SDM
Egernia whitii White’s Skink Scincidae SDM
Emydura macquarii Macquarie Turtle Chelidae points
Eulamprus heatwolei Yellow-bellied Water-skink Scincidae SDM
Eulamprus kosciuskoi Alpine Water Skink Scincidae SDM
Eulamprus murrayi Murray’s Skink Scincidae SDM
Eulamprus quoyii Eastern Water-skink Scincidae SDM
Eulamprus tenuis Barred-sided Skink Scincidae SDM
Hemiaspis signata Black-bellied Swamp Snake Elapidae SDM
Hoplocephalus stephensii Stephens’ Banded Snake Elapidae SDM
Hypsilurus spinipes Southern Angle-headed Dragon Agamidae SDM
Lampropholis amicula Friendly Sunskink Scincidae SDM
Lampropholis delicata Dark-flecked	Garden	Sunskink Scincidae SDM
Lampropholis guichenoti Pale-flecked	Garden	Sunskink Scincidae SDM
Lialis burtonis Burton’s Snake-lizard Pygopodidae points
Morelia spilota Carpet & Diamond Pythons Boidae SDM
Notechis scutatus Tiger Snake Elapidae SDM
Physignathus lesueurii Eastern Water Dragon Agamidae SDM
Pogona barbata Bearded Dragon Agamidae SDM
Pseudechis porphyriacus Red-bellied Black Snake Elapidae SDM
Pseudonaja textilis Eastern Brown Snake Elapidae SDM
Pygopus lepidopodus Common Scaly-foot Pygopodidae SDM
Ramphotyphlops nigrescens Blackish Blind Snake Typhlopidae SDM
Rankinia diemensis Mountain Dragon Agamidae SDM
Saiphos equalis Three-toed Skink Scincidae SDM
Saltuarius swaini Southern Leaf-tailed Gecko Gekkonidae SDM
Saproscincus challengeri Orange-tailed Shadeskink Scincidae SDM
Saproscincus mustelinus Weasel Skink Scincidae SDM
Saproscincus rosei Orange-tailed Shadeskink Scincidae SDM
Tiliqua scincoides Eastern Blue-tongue Scincidae SDM
Tropidechis carinatus Rough-scaled Snake Elapidae points
Varanus varius Lace Monitor Varanidae SDM
Vermicella annulata Bandy-bandy Elapidae points
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Appendix F. Near Map extents
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Appendix G. Vegetation types removed from GAP 
CLoSR woody vegetation model

GAP CLoSR software considers connectivity for species reliant on woody vegetation only, that is, trees and shrubs. 
As such, some vegetation communities were excluded from the Woody vegetation/No woody vegetation layer, either 
because they did not support large trees or shrubs, or because they did have trees or shrubs but had a very wet 
understorey impermeable to many terrestrial animals. This was done by overlaying the Woody vegetation/No woody 
vegetation layer with CRAFTI vegetation mapping and Port Macquarie Vegetation Communities and cutting some 
vegetation communities out.

The table below shows vegetation removed from the GAP CLoSR woody vegetation model. CRAFTI Vegetation Mapping 
was overlaid with the Woody vegetation/No woody vegetation layer and the following vegetation classes were removed. 

Wetlands ‘Baumea arthrophylla’, ‘Baumea articulata’, ‘Baumea articulata Typha ientalis’, ‘Baumea 
juncea’, ‘Baumea juncea Juncus kraussii ssp australiensis’, ‘Baumea juncea Phragmites 
australis’, ‘Baumea juncea Saltmarsh complex’ ‘Baumea rubiginosa’  

‘Baumea rubiginosa Typha ientalis’

‘Blechnum indicum’ ‘Cladium procerum Baumea juncea’ ‘Eleocharis equisetina’ ‘Estuarine 
complex’ ‘FT231 Bog and Fen’ ‘Juncus kraussii ssp australiensis’ ‘Juncus kraussii ssp 
australiensis Phragmites australis’ ‘Lepironia articulata’, ‘Lepironia articulata Typha 
ientalis’’Phragmites australis’   

‘Sedgeland’ ‘Sedgeland ~ Natural Fest Stands’ 

Cleared land ‘Beach sand, mobile sand’

Grasslands ‘FT230 Natural Grassland’, ‘Headland complex’, ‘Foredune complex’, ‘Improved Pasture 
and Cropland’ ‘Natural Grassland’  ‘P Pasture non native species’ ‘Themeda australis’ 

Seagrass ‘Halophila sp ‘, ‘Zostera sp ‘ 

Water ‘Open water’ 

Saltmarsh ‘Saltbush’	‘Saltmarsh	Communities’	‘Saltmarsh	complex’	‘Sarcocnia	quinquefla	ssp	
quinquefla-Spobolus	virginicus’	‘Sarcocnia	quinquefla	ssp	quinquefla-Spobolus	virginicus	
Juncus kraussii ssp australiensis’ ‘Sm Saltmarsh’ 
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Appendix H. Examples of species and GAP 
CLoSR parameters
Species for which the model parameters generally work

Common Death Adder Acanthophis antarcticus
Southern Angle-headed Dragon Hypsilurus spinipes
Varied Sittella Daphoenositta chrysoptera
Common Ringtail Possum Pseudocheirus peregrinus
Dusky Antechinus Antechinus swainsonii
Grassland Melomys Melomys burtoni
Long-nosed Potoroo Potorous tridactylus
Squirrel Glider Petaurus norfolcensis

Species for which the modelled patch size is too small (unless a compartment has multiple 
patches operating together to provide the species with sufficient home range area)
Masked Owl Tyto novaehollandiae
Powerful Owl Ninox strenua
Sooty Owl Tyto tenebricosa
Southern Boobook Ninox novaeseelandiae
Brush-tailed Phascogale Phascogale tapoatafa
Koala Phascolarctos cinereus
Spotted-tailed Quoll Dasyurus maculatus
Yellow-bellied Glider Petaurus australis

Species for which the gap crossing distance is too large
Orange-tailed Shadeskink Saproscincus rosei
Three-toed Skink Saiphos equalis
Southern Leaf-tailed Gecko Saltuarius swaini
Pale-yellow Robin Tregellasia capito
Logrunner Orthonyx temminckii
Eastern Pygmy Possum Cercartetus nanus
Feathertail Glider Acrobates pygmaeus
Swamp Rat Rattus lutreolus

Species for which the model is too restrictive (the landscape is more connected 
than indicated)
Australian Hobby Falco longipennis
Musk Lorikeet Glossopsitta concinna
Spotted Harrier Circus assimilis
Spangled Drongo Dicrurus bracteatus
Channel-billed Cuckoo Scythrops novaehollandiae
Wompoo Fruit-Dove Ptilinopus magnificus
Chocolate Wattled Bat Chalinolobus morio
Large Forest Bat Vespadelus darlingtoni
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