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Summary The Bush Regeneration Plan developed
for Glenrock SCA and Awabakal NR offers a different
approach to traditional weed management by shifting
from control to focusing on understanding and treating
the causes of weed invasion, particularly the problems
presented by habitat loss and fragmentation. The Plan
seeks to manage the reserves and the landscape around
them through an integrated landscape approach to
management. The results of this approach will not be
clear until implementation is complete.
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INTRODUCTION

Glenrock and Awabakal are significant natural, cultural
and recreational resources in the lower Hunter region.
Both areas conserve over 700 hectares of native vegeta-
tion, which has been largely removed or severely modi-
fied throughout the lower Hunter. They are remnants
of pre-European vegetation and conserve a mosaic of
regionally-significant vegetation communities as well
as threatened plant and animal species. The effects of
settlement and industrial pursuits have been profound.
The absence of large mammals in the reserves points to
the impacts of fragmentation, isolation, loss of habitat
and reduction in habitat heterogeneity, plus an urban
fringe. Flora and fauna populations that remain in the
reserves are under increasing threat from these effects
and competition due to weed invasions.

Managing the diverse land use requirements of the
reserves, and their surrounding urban matrix, is a par-
ticular challenge. Aboriginal and Historic sites of State
Heritage significance mingle with utility easements,
threatened species, regionally-significant vegetation
communities, and intensive recreation use. The Bush
Regeneration Plan seeks to manage these competing
land use objectives while retaining and enhancing
existing vegetation and minimising fragmentation
through the rehabilitation of cleared areas and tracks
and trails, by providing connectivity between habitat
patches through the provision of corridors across ease-
ments, and addressing both the causes of weed invasion
as well as the weeds themselves. The latter involves
storm water management throughout the catchment,

erosion control throughout the track network, re-
introducing appropriate fire regimes and managing
encroachment and refuse dumping from the urban
fringe. The plan divides the reserves into key man-
agement areas and develops priorities to focus weed
control programs on the intact core of the reserves and
on areas with threatened species or cultural heritage
sites of significance. Weed control programs target
all weed species in high priority areas. The plan also
makes reference to the position of the reserves in their
landscape setting and highlights the need to retain, and
appropriately manage, surrounding bushland through
an integrated approach to management to reduce the
effects of fragmentation.

MATERIALS AND METHODS

A diverse range of research materials were brought
together to enable the Bush Regeneration Plan to be
developed. These included a vegetation survey (Bell
1998), weed mapping (Winning 1998), water quality
testing within the catchment (Taylor 2002), a Con-
servation Management and Cultural Tourism Plan for
Glenrocks Cultural Landscape (Griffin nrm 2003), a
Fire Management Plan (NPWS 2004) and a review of
recreation and access in the reserves.

The following information was gathered — history
ofuse, type, distribution and health of vegetation com-
munities, presence of threatened species, distribution
of weeds and their abundance, presence of cultural
heritage sites of significance, fire history and appropri-
ate fire regimes, sedimentation and nutrient levels in
creeks and water bodies, the location and condition of
tracks and trails, and an exploration of alternative weed
management techniques for use on utility easements.
This enabled a detailed picture to be constructed of the
issues affecting conservation outcomes in the reserve
and the development of solutions (see Results section,
Table 1). The next stage will be to implement these
solutions to create a result — restored habitat values.

A method for prioritisation It was obvious that a
multifaceted approach was required to manage the
problems caused by habitat fragmentation. As these
were numerous, and resources limited, the reserves
were broken up into management areas based largely
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upon vegetation, topography and prior weed control

effort. Each management area identifies the type/s of

vegetation communities, any threatened species or
endangered ecological communities, weed distribu-
tion, fire history, management issues needing to be
addressed in each area and the presence of cultural
heritage sites or recreational assets. The causes of weed
invasion, such as stormwater management, easements
and tracks and trails will be addressed over the longer
term. Weed control is ongoing, however, it is hoped that
addressing these issues will lead to a reduction in the
costs of future weed control. A system of prioritisation
for weed control in the management areas was applied
to enable us to maximise management effort by focus-
ing on areas of high conservation value.

The following criteria were used to determine
priorities in each management area;

1) Isolated infestations — isolated weed infestations
of a high priority species or a new weed incursion
that is known to be a problem in other areas,

2) Program has already commenced — follow-up will
be continued to maximise the benefits of previous
control programs,

3) High ecological value — including threatened
species, endangered ecological communities or
regionally-significant vegetation communities,

4) Cultural heritage — State Heritage listed cultural
heritage sites,

5) Community profile/recreational area — active
community bush regeneration groups or high
recreational focus,

6) High priority weeds — areas with weed species
identified as a high priority for treatment,

7) Coordinated programs — management areas that
have coordinated programs being undertaken with
Local Government.

An area with five or more criteria is given a high prior-

ity, those with 3—4 criteria are given a medium priority

and those with 1-2 criteria a low priority. Areas with
threatened species directly affected by weed invasion,
or an isolated weed infestation are automatically given

a high priority.

RESULTS
Results to date have identified and clarified the com-
plex nature of the problems caused by habitat loss and
fragmentation in the reserves. For example, mapping in
Glenrock shows that few areas of the reserve are weed
free, 70% of the 520 hectare reserve has infestations
at a density of 41-70%. In Awabakal, infestations are
less dense with 10% of the 244 hectares at a density
0f 41-70%. In both reserves, infestations occur along
the boundaries within previously cleared areas (includ-
ing easements, tracks and trails), the coastal strip and
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watercourses. This supports the approach taken in the
development of the Bush Regeneration Plan in shifting
from simply controlling weeds to understanding and
reversing the effects of habitat loss and fragmentation
which influence weed establishment.

Table 1 identifies the range of these issues and
proposes various solutions. The results of implement-
ing these solutions will not be clear for some time and
could form the basis of a future paper.

DISCUSSION

The results of investigations into the causes of weed
invasion for the development of the Glenrock and
Awabakal Bush Regeneration Plan illustrate the ef-
fect that habitat loss and fragmentation has on intact
ecosystems. These effects are so profound that weed
growth and proliferation can be considered as a symp-
tom of a greater problem. Historic land clearance in
the reserves not only removed valuable habitat for flora
and fauna, it also fragmented the habitat remaining into
small isolated patches surrounded by an alien matrix.
As land clearance progressed, habitat heterogeneity,
as discussed by Lambeck and Saunders (1993), was
also reduced. At the landscape scale, habitat patches
became smaller and more isolated from one another
thus reducing spatial heterogeneity. That is, both the
landscape surrounding the reserves, and the landscape
contained within the reserves now lack the full range
of microhabitats that were once present. Temporal
heterogeneity was reduced through the creation of
similarly aged stands of vegetation. Structural hetero-
geneity was reduced via the removal of all of one part
of'the structure of a habitat patch, such as the removal
of the shrub layer in a patch caused by lack of fire,
or the growth of a monoculture of Lantana species.
Isolated flora and fauna populations contained in
such patches are known to encounter problems with
inbreeding and genetic drift unless the population is
large enough to maintain genetic diversity, or they can
disperse through the surrounding matrix (Smith 1990).
Populations are also better able to withstand environ-
mental perturbations, such as a wildfire event, if they
are buffered to some extent by a large heterogeneous
habitat. Clearly these options were not available to
large mammals in the reserves, and the lack of them
illustrates this point.

Habitat loss and fragmentation are not simply
factors of historical land use — they continue to oc-
cur through the creation of new tracks and trails
due to recreational pursuits. Management of habitat
loss and fragmentation is therefore ongoing. Several
management strategies are mentioned in the literature
to address their effects on habitat values. One is to
reintroduce some form of connectivity between habitat



Table 1. Management issues.
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Issue

Result of investigations

Solution to issue

Tracks and trails
(habitat loss and
fragmentation, edge
effects)

Changed fire regimes
(loss of habitat
heterogeneity)

Stormwater (edge
effect — micro

climatic changes at
the boundary between
creeks and habitat due
to storm-water effects)

Refuse dumping/
encroachment (edge
effect)

Easements (habitat
loss and fragmentation,
edge effects)

Historic land use
(habitat loss and
fragmentation, edge
effects)

Bell Minor Associated
Dieback BMAD (loss
of habitat and habitat
heterogeneity, edge
effects)

Mapping by surveying students shows
numerous ad hoc tracks/trails, particularly in
the North of Glenrock.

Condition assessment shows erosion,
compaction and track duplication common.
Weeds common along the edges of tracks.

Much of Glenrock has been without fire for
over thirty years.

Awabakal has the opposite problem

— biodiversity losses due to arson related over
burning (NPWS 2004).

Water quality testing (Taylor 2002) showed
very high nutrient loads in Glenrock Lagoon
and its tributaries.

High water velocity and stream bank erosion
are also common.

Dispersal of weed seeds/propagules from upper
catchment into reserve.

Urban boundaries suffer from refuse dumping,
garden escapes and illegal clearing.

Electricity easements fragment the reserve and
facilitate weed growth. Weeds are often the
only vegetation present.

Management involves irregular slashing.
Sewerage pipeline discharges during high
rainfall and contributes nutrient-rich water to
adjacent areas. Lantana spp. growth is prolific.

145 historic sites identified in Glenrock SCA.
All sites are heavily weed infested, with weeds
impacting on historic fabric.

These sites would usually be considered ‘bad’
sites and normally have low priority.

Natives affecting historic fabric are also
considered weeds.

Weed removal must not impact on historic
fabric — cut and paint method (Griffin nrm
2003).

Anecdotal evidence shows a link between
disturbance, lack of fire, increased nutrients,
an understorey of Lantana and presence of
BMAD.

Designate walking, mountain bike and horse
riding tracks.

All other tracks will be closed and
rehabilitated.

Weeds growing along tracks to be controlled.
Community education and law enforcement to
counter new track formation.

Follow up weed control in prescribed burn
areas.

Fire regimes reintroduced in a mosaic pattern
to promote habitat heterogeneity.
Community education to counter arson.
Integrate fire and bush regeneration.

A stormwater management plan to reduce
nutrient loads, water velocity, erosion and
sedimentation, particularly in the upper
catchment (Kid and Wainwright 2003).
Weed control.

Community education.

Closure of certain roads from sunset to sunrise
to stop refuse dumping.

Fencing of some boundaries to halt
encroachment.

Hygiene measures introduced for equipment.
Slashing prior to the setting of seed.
Rope-wick applicator technique could replace
slashing (Murdoch 1994), thus retaining native
ground covers.

Revegetation in some areas to provide
corridors.

Spray Lantana along the pipeline.

Weed removal to conserve historic fabric.
Where weeds assist in stabilisation they must
be retained or replaced slowly with native
equivalents.

Progressively revegetate clearings and tracks/
trails that are not part of State Heritage listed
sites.

Source funds for State Heritage listed sites to
do primary weed treatment (gives them a high
priority, without removing funds from natural
heritage sites).

Monitor BMAD in areas listed for weed control
and/or prescribed burning to assess their ability
to reduce its effects.

Undertake further research.
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patches to reduce isolation, the second is to increase
the size of fragments to decrease edge effects and
increase habitat heterogeneity and the other is to bet-
ter manage the fragments themselves, and especially
the matrix surrounding them, through an integrated
landscape approach to management with reference
to the specific requirements of species (particularly
threatened species), while undertaking threat abate-
ment and directly managing edge effects, such as
weed invasion (Saunders ef al. 1990, Saunders and
Hobbs 1993).

The development of the Glenrock and Awabakal
Bush Regeneration Plan was approached with these
conservation strategies in mind. The plan proposes
solutions to increase habitat area and heterogeneity
within the reserves (spatial, temporal and structural)
by rehabilitating tracks and trails, reintroducing ap-
propriate fire regimes and revegetating cleared areas.
It seeks to decrease isolation through the introduction
of corridors across easements and retaining linkages
through the surrounding urban matrix to other impor-
tant areas of bushland. It seeks to reduce edge effects,
such as weed invasions, throughout the reserves and
in the surrounding urban matrix. The implementation
of the Glenrock and Awabakal Bush Regeneration
plan will be challenging, but with priorities clearly
identified and refocused we now hope to restore and
conserve habitat values, including a linked range of
vegetation communities in the core of the reserves,
11 nationally-significant vegetation communities, one
endangered ecological community, and five threatened
plant species, whilst protecting cultural heritage sites
and managing recreational activities to minimise their
impacts.
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