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Grevillea caleyi Recovery Plan
Executive Summary
The conservation of threatened species, populations and ecological communities is crucial for the
maintenance of this States unique biodiversity.  In NSW the Threatened Species Conservation Act 1995 (TSC
Act) provides the framework to conserve and recover species, populations and communities through the
preparation and implementation of recovery plans.

The preparation and implementation of recovery plans is identified by both the National Strategy for the
Conservation of Australia’s Biological Diversity and the NSW Biodiveristy Strategy as a key strategy for the
conservation of threatened flora, fauna and invertebrates.  The object of a recovery plan is to document the
management actions required to promote the recovery of a threatened species, population or ecological
community and to ensure their ongoing viability in nature.

Grevillea caleyi is listed as endangered on the Commonwealth Environment Protection and Biodiversity
Conservation Act 1999 (EPBC Act) and as endangered on Schedule 1 of the TSC Act. G. caleyi is a medium
to tall shrub (family Proteaceae) that is found around the northern Sydney suburbs of Belrose, Duffys
Forest/Terrey Hills and Ingleside within Pittwater and Warringah local government areas.

G. caleyi occurs on laterite soils in open forests or low open forests. Within this area, approximately 800
hectares of suitable habitat once existed in three major patches and G. caleyi was probably widespread in
these areas. Today over 85% of this habitat has been cleared for urban growth and G. caleyi now only
occupies approximately 7 hectares of habitat made up of 26 sites. These sites are small, fragmented, highly
disturbed patches of which only five occur on the boundaries of Ku-ring-gai Chase and Garigal National
Parks. The remaining 21 sites occur on a combination of freehold and crown land, managed by Warringah
and Pittwater Councils, Department of Education and Training, the Roads and Traffic Authority, Department
of Lands, Energy Australia and other private landholders. 

The major threats to the survival of G. caleyi arise from human interference in the environment. These threats
range from loss of habitat through changes in landuse, urbanisation and associated infrastructure, an
inappropriate fire regime, to localised disturbance at sites including invasion of weed species and the
dumping of rubbish. At all sites it is the interaction of a range of threats that currently impacts on G. caleyi.

To provide for the future recovery of G. caleyi, this recovery plan advocates a program that:
� establishes the extent of the current distribution of the species;
� favours in-situ protection and management of threats at G. caleyi sites;
� raises awareness of the species and provides the community with information that assists with its

conservation; and 
� provides a greater understanding of aspects of the biology and ecology of the species that will assist

future management.
It is intended that this recovery plan will be implemented over a five year period. The total of cost to
implement the plan is $230,650 over five years, although this does not include the cost of preparing and
implementing Plans of Management for community land, as these costs are yet to be determined. 

The G. caleyi Recovery Plan was prepared with the assistance of a recovery team comprising relevant land
management and research interests, and was placed on public exhibition during September 2001. We thank
these people for their efforts to date and look forward to their continued involvement in the implementation of
recovery actions identified in this plan.

This document constitutes the formal Commonwealth and New South Wales State Recovery Plan for G.
caleyi, and as such considers the conservation requirements of the species across its known range.  It
identifies the future actions to be taken to ensure the long-term viability of G. caleyi in nature and the parties
who will carry out these actions.

LISA CORBYN BOB DEBUS MP
Director-General Minister for the Environment
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1 Introduction
Grevillea caleyi is a medium to tall shrub with
long-spreading branches which grows to a height
of 4 metres. The green leaves are divided, with
soft hairs. The flowers, which open in late winter
and spring, have a toothbrush-like appearance and
are dark burgundy-red in colour.

Grevillea caleyi is restricted to an 8km2 area
around Terry Hills, approximately 20 kilometres
north of Sydney. The species occurs among open
forests which have an understorey of shrubs and
is normally found on ridgetops, growing on
lateritic soils.

This Recovery Plan is a revision of the plan
prepared for the Australian Nature Conservation
Agency (ANCA – now Environment Australia) in
1995 and the DEC (Scott et al. 1995). The
majority of actions in the 1995 plan have been
implemented. All actions have been initiated with
many completed and others in progress including
community involvement, research into population
dynamics, the species’ response to fire, seedling
survivorship, and genetics of G. caleyi, weed and
rubbish removal and fencing (see section 8). This
Plan describes our current understanding of G.
caleyi, reports on the implementation of the 1995
Plan and outlines the recovery program for this
species for the next 5 years.

2 Legislative context

2.1 Legal status
Due to its highly restricted distribution and the
impacts of land clearing, urban expansion, and
ongoing threats, Grevillea caleyi is listed on
Schedule 1 of the NSW Threatened Species
Conservation Act 1995 (TSC Act) as an
endangered species. G. caleyi occurs in the
Duffys Forest Ecological Community which is
listed as an endangered ecological community
under Schedule 1, Part 3 of the TSC Act. G.
caleyi is also listed as endangered nationally on
the Commonwealth Environment Protection and
Biodiversity Conservation Act 1999 (EPBC Act).

2.2 Recovery plan preparation

The EPBC Act and TSC Act require the
Commonwealth Minister for the Environment and
the Director-General of the Department of
Environment and Conservation to prepare
recovery plans for all Commonwealth listed
species and communities, and State listed species,
populations and ecological communities
respectively. Both legislative instruments include
specific requirements for the matters to be
addressed by recovery plans and the process for
preparing recovery plans. This plan satisfies the

provisions of both the EPBC Act and the TSC
Act, and as such there will only be one recovery
plan operating for G. caleyi.

2.3 Recovery plan implementation

The TSC Act requires that ministers and public
authorities (including the Director-General of
Department of Environment and Conservation)
take any action available to them to implement
those measures included in a recovery plan for
which they are responsible and they must not
undertake actions inconsistent with the provisions
of an approved recovery plan. The public
authorities responsible for actions in this plan are
the DEC and Warringah Council. Consequently,
these authorities, in conjunction with other
relevant land managers where necessary, must
manage Grevillea caleyi in accordance with this
plan. Public authorities affected by this plan are
DEC, Warringah Council, Pittwater Council,
Department of Lands, Department of Technical
and Further Education (TAFE), Department of
Education, Roads and Traffic Authority, NSW
Rural Fire Service, Energy Australia.
Consequently, these public authorities agree to
manage Grevillea caleyi and its habitat in
accordance with this recovery plan.

2.4 Relationship to other legislation
and planning instruments

The sites of G. caleyi are on both Crown and
freehold land within the Council areas of
Warringah and Pittwater. Five sites occur on the
boundaries of Ku-ring-gai Chase and Garigal
National Parks. There are a considerable number
of land managers involved, and a list is given in
Section 9.2.1 of this report. The land tenure and
zoning for each site is given in Table 1 and listed
in Appendix 3. Relevant legislation for G. caleyi
includes:
� National Parks and Wildlife Act 1975
� Threatened Species Conservation Act 1995
� Environmental Planning and Assessment Act

1979
� Local Government Act 1993
� Rural Fires Act 1997
� Environment Protection and Biodiversity

Conservation Act 1999 (Cth)

2.5 Key Threatening Processes

 As of Feburary 2004, there is one preliminary
listing determination and three listings of key
threatening processes on Schedule 3 of the TSC
Act that are relevant to the Grevillea caleyi. 

 “Clearing of native vegetation” is listed as a key
threatening process and is identified as a threat to
the DFEC (NSW Scientific Committee, 2001).
Past clearing of this community is a key reason
for its listing as endangered.  Clearing of native
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vegetation adjacent to G. caleyi habitat may also
threaten the community through indirect impacts.

“High frequency fire” is listed as a Key
Threatening Process under Schedule 3 of the TSC
Act. G. caleyi has been identified as being
adversely affected by high frequency fire (Scott et
al. 1995, Auld and Scott 1996, 1997, NSW
Scientific Committee 2000). Management of G.
caleyi must attempt to minimise the threat caused
by this Key Threatening Process (see 9.3 for
action related to this).

 “Infection of native plants by Phytophthora
cinnamomi” is listed as a key threatening process
and is identified as a threat to the G. caleyi (NSW
Scientific Committee, 2002a).  There are no
known infestations of Phytophthora within G.
caleyi habitat however this species is considered
at risk due to the proximity of habitat to existing
infestations.  This risk could lead to outbreaks of
Phytophthora within G. caleyi habitat or to habitat
degradation of unaffected habitat adjacent to
infected areas.

 The “removal of dead wood, dead trees and logs”
has been preliminary listed as a Key Threatening
Process which may impact on G. caleyi (NSW
Scientific Committee, 2002b). This key
threatening process is a major factor contributing
to the loss of biological diversity (ANZECC
2001). The removal of “dead wood” removes the
habitat of many vertebrates, invertebrates and
microbial organisms. In addition, it also prevents
the recycling of nutrients.  These impacts will
severely affect the long term viability of habitat,
including habitat of G. caleyi.

2.6 Critical habitat

The TSC Act makes provision for the
identification and declaration of critical habitat
for species, populations and ecological
communities listed as endangered. Once declared,
it becomes an offence to damage critical habitat
(unless the action is specifically exempted by the
TSC Act) and a species impact statement is
mandatory for all developments and activities
proposed within critical habitat.

Under the EPBC Act, critical habitat may be
registered for any nationally listed threatened
species or ecological community.  When adopting
a recovery plan the Commonwealth Minister for
the Environment must consider whether to list
habitat identified in the recovery plan as being
critical to the survival of the species or ecological
community. It is an offence under the EPBC Act
for a person to knowingly take an action that will
significantly damage critical habitat (unless the
EPBC Act specifically exempts the action). This
offence only applies to Commonwealth areas.
However an action which is likely to have a
significant impact on a listed species is still

subject to referral and approval under the EPBC
Act. 

To date, critical habitat has not been declared for
this species under the TSC Act or the EPBC Act.
One of the recovery actions within this plan (see
9.8) examines the assessment of critical habitat
for Grevillea caleyi.

2.7 Environmental assessment

2.7.1 State environmental assessment 

The TSC Act amendments to the environmental
assessment provisions of the Environmental
Planning and Assessment Act 1979 (EP&A Act)
require that consent and determining authorities
consider relevant recovery plans when exercising
a decision making function under Parts 4 & 5 of
the EP&A Act. Decision makers must consider
known and potential habitat, biological and
ecological factors, and regional significance of
individual populations. The areas where Grevillea
caleyi is found cover several tenures. In most
cases, the DEC or either Warringah Council,
Pittwater Council, TAFE or the RTA is the
determining or consent authority. Such
determining and consent authorities must consider
the conservation strategy outlined in this plan
when considering any activity which may affect
G. caleyi.

2.7.2 Commonwealth environmental
assessment

Threatened species and communities listed in the
EPBC Act 1999 (Cth) are considered to be a
matter of national environmental significance.
Under the Commonwealth EPBC Act (1999), an
action will require the approval of the
Commonwealth Minister for the Environment (in
addition to any State or Local Government
approval), if the action will have, or is likely to
have, a significant impact on a matter of national
environmental significance.

The EPBC Act 1999 (Cth) criteria for determining
whether a significant impact on a threatened
species or community is likely, differ from those
applied under the NSW environmental assessment
process (ie. s5A of the EP&A Act 1979). If the
proposed action is likely to have a significant
impact on a nationally listed threatened species or
community (according to the Commonwealth
criteria), the matter must be referred to the
Commonwealth Minister for the Environment for
consideration. If the Minister decides that a
significant impact is likely, the EPBC Act 1999
(Cth) environmental assessment procedure will
apply (in addition to that of any State or Local
Government process and approval, subject to any
bilateral agreement between the Commonwealth
and the State). The Commonwealth Minister may
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decide to either approve or reject the application
to conduct the action.

Further information concerning the operation of
the EPBC Act 1999 (Cth) environmental
assessment requirements can be obtained from
Environment Australia.

3 Conservation status
Grevillea caleyi R.Br (Proteaceae) is listed as an
endangered species on Schedule 1 of the TSC
Act. It is listed as an endangered species because
it is considered likely to become extinct in nature
in New South Wales unless the circumstances and
factors threatening its survival cease to operate.
There has been a large reduction in its habitat, and
it is prone to significant threats. Under the RARE
scheme (Keith 1998) and the IUCN red list
criteria (IUCN 1994), G. caleyi is scored as
endangered. 

Grevillea caleyi is also considered to be
nationally endangered. It is currently listed on the
Commonwealth EPBC Act Schedule 1 Part 1, in
ANZECC (1999), and in ROTAP (Briggs &
Leigh 1996) as endangered.

4. Description and taxonomy

4.1 Description
Grevillea caleyi R.Br. is in the Proteaceae family
and is locally sometimes called the ‘Terrey Hills
grevillea’ or ‘Caley’s grevillea’. Grevillea caleyi
was first collected in 1805 by George Caley, who
was a botanical collector for Joseph Banks in
NSW from 1800 to 1810. The shrub was named
in his honour by Robert Brown in 1830 in the
publication Prodromus Florae Novae Hollandiae
- Suppl. 1: Proteaceas Nova (1830) 33.

Grevillea caleyi is an open, spreading shrub,
generally up to 4 metres high and up to 4 metres
across (Plates 1, 2 & 6). The branches, leaf
undersurfaces, young leaves, inflorescences and
petioles are densely covered with long, soft, pale
to rusty coloured hairs. The leaves, up to 15 cm
long, are deeply pinnatifid with young foliage
characteristically a rusty pink-red (Plate 2, cover). 

Grevillea caleyi flowers sporadically throughout
the year with peak flowering in late winter and
spring. The flowers are borne in terminal
toothbrush racemes up to about 8 cm in length.
They are crimson to dark, burgundy-red colour,
with pale green tips to the stigmas. The fruit is a
large, hairy, green, boat-shaped follicle, with
conspicuously marked brownish-purple stripes,

and a persistent style (Plate 3). 

Fruit maturation (from late winter/spring
flowering) occurs in November and December
(Plate 4). A single, wingless seed is released as
soon as the follicle matures. Very rarely, two
seeds are matured in the one fruit although each is
only half the size of a normal seed. Seeds are
large (1.5-2cm long and about 0.8cm across), with
a mean seed weight of 0.273 (±0.006) to 0.351
(±0.012) grams (Scott 1986, Auld and Denham
1999). There are no other Grevillea species that
naturally occur in the local area that are similar to

Plate 2: Leaves and inflorescence of Grevillea
caleyi. (photo J. Scott)

Plate 3: Large developing fruit of Grevillea caleyi
(Photo: T. Auld)

Plate 4: Open dehisced fruit of Grevillea caleyi
(Photo A. Marshall).

Plate 1: General view of Grevillea caleyi in
Open Forest (photo J. Scott).



Approved Recovery Plan for Grevillea caleyi R. Br. (Proteaceae)

P a g e  4 D e p a r t m e n t  o f  E n v i r o n m e n t  a n d  C o n s e r v a t i o n  ( N S W )

G. caleyi or could be confused with the species.
The size of the plant, the nature of the foliage, the
toothbrush-like inflorescences and the large
striped single seeded fruits are its most
distinguishing features. In cultivation Grevillea
caleyi hybridises readily with other toothbrush
grevilleas such as G. longifolia and G.
aspleniifolia (Olde and Marriott 1995).

4.2 Taxonomic Significance

Grevillea is the third largest genus in Australia
with some 347 species (Makinson 2000). Some
20 Grevillea species are threatened in NSW at
March 2000 (TSC Act), and a further 9 species
are considered to be nationally rare (Briggs and
Leigh 1996), with 4 species poorly known but
potentially threatened (Briggs and Leigh 1996).
Grevillea caleyi is most closely related to
Grevillea aspleniifolia which occurs many tens of
kilometres to the south and west in the Woronora
and Warragamba catchments (Olde and Marriott
1995).

5 Distribution and habitat

5.1 Geographical Distribution

The natural distribution of Grevillea caleyi is
centred approximately on the northern Sydney
suburb of Terrey Hills and also includes the areas
of Duffys Forest, Belrose and Ingleside (Fig. 1,
Appendix 2). This distribution encompasses an
area of approximately 8 x 8 kilometres, with G.
caleyi being restricted to sites of iron-rich lateritic
soils (Plate 5) on the highest ridges (170 - 240m
A.S.L.). Records from the collections of the
National Herbarium of NSW indicate that the
geographical range of G. caleyi is similar now to
the range that existed early last century, prior to
widespread semi-rural and urban development
(see Appendix 1 for details of herbarium
specimens). Grevillea caleyi was presumably
more abundant in numbers and local areas
occupied, prior to this development.

The distributional range of Grevillea caleyi is
mostly within the areas of Warringah Council and
a small part in Pittwater Council. Areas of similar
habitat where searches for G. caleyi are
recommended (Section 9.7) are also in the area of
Ku-ring-gai Council. Within the DEC, Central
Directorate (Conservation Programs and Planning
Division) and Sydney Northern Region (within it,
the Northern Beaches Area) are responsible for
this area. 

Based on the distribution of laterite soils (Walker
1960, Chapman & Murphy 1989), three (3) major

areas of suitable habitat exist for G. caleyi. These
are the Belrose, Terrey Hills/Duffys Forest and
Ingleside areas. It is likely that these areas
contained large populations of G. caleyi prior to
urbanisation. At present, the major habitat areas
are highly fragmented and essentially 26 sites
from the original three major populations remain
after urbanisation. Two of these sites are thought
to be unplanned translocations. Site 11 is thought
to exist as a result of soil moved in the
construction of a road, and Site 17 results from
the construction of an adjacent electricity
substation (see Appendix 3 for more details).
While Site 17 is in the natural range for G. caleyi,
Site 11 is just outside this range. Given the habitat
preference of G. caleyi, an estimated 85% of the
habitat has been lost through urbanisation (Scott
et al. 1995). Only two of the remaining remnant
patches are relatively undisturbed and only one of
these two has any long-term protection as it is in a
national park. The remaining large remnant
patches are highly disturbed. Many of the small
population fragments of G. caleyi, whilst subject
to very high edge-related disturbance effects, are
important remnants of habitat and genetic
diversity of G. caleyi and are urgently in need of

adequate protection from further adverse
disturbance. Grevillea caleyi may also have been
found further to the west and northeast based on
herbarium collections from Turramurra and
Elanora Heights - Collaroy. Urbanisation would
have led to the loss of these populations.

Some 26 patches of G. caleyi are identified in this
report as sites. These sites represent remaining
patches of the three major populations identified
above. A herbarium record in 1960 for Grevillea
caleyi between Appin and Bulli Pass is thought to
be a labelling error by the collector (McGillivray
1993). A recent record from Middle Brother near
Port Macquarie is thought to be a cultivated
specimen and recent searches have failed to find
any G. caleyi near this record. 

Plate 5. Cleared habitat of Grevillea caleyi showing
distinctive laterite soil. (photo A. Marshall)
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Table 1. Land Tenure for Grevillea caleyi sites.

Site Tenure

1. Ku-ring-gai Chase National Park
2.   North Ku-ring-gai Chase National Park
     South Sydney Water, Department of Lands

Vodaphone, Warringah Council
3. Department of Lands, freehold -Terrey Hils Golf Course
4. Garigal National Park, freehold 
5.    North West Freehold, Roads & Traffic Authority, Department of Lands
     South East Garigal National Park, RTA
     North RTA, Pittwater Council, freehold
6. Department of Education & Training (TAFE /Private school), Depatrment of Lands
7. Warringah Council, freehold
8. Warringah Council, freehold
9. Warringah Council
10. Warringah Council
11. Ku-ring-gai Chase National Park
12/13. Warringah Council
14. Warringah Council
15. Warringah Council, freehold
16. Energy Australian, RTA
17. Energy Australia
18. Department of Education & Training (School)
19. Freehold – Metro LALC
20. Freehold 
21. Energy Australia
22. Department of Education & Training (Belrose Primary)
23. Freehold
24. Freehold
25. Freehold, Warringah Council, RTA
26. Freehold5.2. Land Tenure

The remnant sites of G. caleyi are on both Crown
and freehold land within the Council areas of
Warringah and Pittwater. Five sites occur on the
boundaries of Ku-ring-gai Chase and Garigal
National Parks. There are a considerable number
of land managers involved, and a list is given in

Section 9.2.1 of this report. The land tenure for
each site is given in Table 1 and listed in
Appendix 1.

5.3 Habitat
Nomenclature of plant species in this report
follows the Flora of NSW (Harden 1990, 1991,
1992, 1993).

All natural remnant sites of Grevillea caleyi occur
within a habitat that is both characteristic and
consistent between sites. All occur on the ridgetop
between elevations of 170 to 240 metres above
sea level, in association with laterite soils (Plate
5) and a vegetation community of open forest,
generally dominated by Eucalyptus sieberi and E.
gummifera. Occasionally, G. caleyi occurs at the
boundaries of the laterite soils in low open forests
of E. gummifera and E. haemastoma. 

Broadly, the geology of the area is dominated by
Hawkesbury Sandstone (quartz sandstones with
minor shale lenses), which has weathered to form
the familiar deeply dissected topography of the
Hornsby Plateau, with generally narrow ridges
and deep V-shaped valleys. The geology of sites
supporting G. caleyi is modified by the presence a
laterite capping on the highest ridgetops in the
area. The laterite soils are regarded as iron-rich
Hawkesbury Sandstone modified and being

Plate 6. Juvenile Grevillea caleyi on track edge.
(photo J. Scott)
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modified by surface or near-surface mobilisation
and reorganisation of the iron minerals (Hunt et
al. 1977). The soils are distinctively orange-red
and gravelly, consisting of yellow-orange earths
and orange-red iron rich pebbles and nodules. The
soils formed in these areas are generally less
fertile than the surrounding sandstone soils
(Gibson 1985). 

The vegetation community in which G. caleyi is
found is the endangered community Duffys Forest
(Scientific Committee 1998). This community has
been mapped by Smith and Smith (1997 and
2000) and is based upon earlier work in the area
by Thomas and Benson (1985) Sheringham and
Sanders (1993) and Benson and Howell (1994).

The structure of the community is predominantly
open-forest to low open-forest or rarely open
woodland, with a tree canopy including
Eucalyptus sieberi, E. gummifera, E.
haemastoma, E. capitellata, E. oblonga,
Angophora costata, Banksia serrata.

All areas with this general habitat description in
an 8-10 km radius of Terrey Hills are considered
to be of high importance for Grevillea caleyi.

For this Recovery Plan, the vegetation was
surveyed at each site and a species list of vascular
plants is given in Appendix 4. This vegetation
survey identified those species that are frequently
found with G. caleyi (Table 2).

Table 2. Species commonly associated with Grevillea caleyi

Trees Shrubs Herbs, Forbs, Grasses & Sedges
Banksia serrata Acacia myrtifolia Anisopogon avenaceus 
Eucalyptus gummifera Banksia spinulosa Billardiera scandens
E. sieberi Boronia pinnata Dampiera stricta
E. haemastoma Conospermum longifolium Entolasia stricta
Xylomelum pyriforme Gompholobium grandiflorum Lomandra glauca

Grevillea buxifolia Lomandra obliqua
Hakea dactyloides Pteridium esculentum
Lambertia formosa
Leptospermum trinervium
Lomatia silaifolia
Xanthorrhoea media
Persoonia levis
Pimelea linifolia
Platysace linearifolia
Telopea speciosissima

5.4 Critical Habitat

There has been no critical habitat declared for
Grevillea caleyi under the TSC Act. One of the
recovery actions within this plan (see 9.8)
examines the assessment of critical habitat for
Grevillea caleyi.

5.5 Abundance

Use of abundance estimates of above-ground
plants of G. caleyi are limited by variation over
short periods of time in response to fire (eg.
existing plants killed by fire and large seedling
recruitment after a fire) and adult senescence (eg.
senescence of adults in populations not burnt for
at least 12 years can be quite high (Auld et al.
1993, see Section 6.3). In addition, as G. caleyi
produces a soil seedbank, there may be a
considerable proportion of the real abundance of
the species at a site in the soil. Consequently,
estimates of aboveground abundance at one point
in time should be viewed with caution and may be
a poor predictor of the potential abundance of G.
caleyi at a site. In particular, the abundance of G.
caleyi plants at long unburnt sites must be viewed
with caution. Long unburnt sites usually contain a

number of standing dead plants, a low number of
old living plants (if any), but a significant soil
seedbank which can lead to seedling
establishment following fire. For example: a) at
Site 17 (unburnt for many years) there were 6
plants pre-fire and 1720 seedlings post-fire; b) at
Site 3, there were some 418(±92) adult plant pre-
fire and 707 seedlings post-fire. Thus an
abundance measure in these sites is not a good
guide to the potential abundance of seedlings
likely to appear after fire. A better indicator of
likely abundance is the area of remnant habitat
that remains or is occupied by G. caleyi.

For this Recovery Plan, most sampling for
abundance was carried out in 1994, and the
figures in Appendix 3 are an estimate of the
abundance at one point in time. The bushfires in
January 1994 burnt over half of the known sites,
so the abundance estimate often resulted from
counts of seedlings. The number of G. caleyi
seedlings at these sites does not necessarily reflect
the future adult plant abundance, as not all
seedlings will survive to maturity. The level of
seedling survival is currently being monitored
(see Section 9.6.1). 
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The measurement of abundance and density of G.
caleyi at each site was done using two methods. If
the site was small, or consisted of isolated
clumps, a total count of individual plants was
done. For larger sites, or where it was impractical
to do total counts, abundance was estimated by
counting individuals in transects placed randomly
throughout the sites. For these latter sites, an
estimate of the mean and the standard error of the
mean of the number of G. caleyi plants is given in
Appendix 3. At all sites, the area where the
species occurred was measured (area of
occupancy, cf. IUCN 1994), as was the current
extent of the available suitable habitat for G.
caleyi. The latter measure was based on the
habitat defined by the topography, soils and
vegetation within the vicinity of the site.

6 Biology and Ecology
A number of field and laboratory experiments
were conducted from 1986 to present by Scott
(1986), Auld et al. (1991, 1993), Auld and Scott
(1996, 1997), Auld and Tozer (1995), Auld and
Denham (1999) to gain an understanding of the
ecology, life history, population dynamics, and
response to fire of Grevillea caleyi. The following
information has been taken from these studies and
Scott et al. (1995) unless otherwise stated. The
experimental methods that were used to gain this
information have not been mentioned here, but
can be found in the original publications cited

above. This research has led to quite extensive
knowledge of this species, as seen by the detail
given on the following pages. A summary is given
below.

6.1 Summary

Grevillea caleyi is killed by fire and relies entirely
on seed that is stored in the soil (soil seedbank)
for regeneration. Generally seedlings do not
flower and produce seeds before 2-5 years of age.
Flowering is sporadic throughout the year, but
with a definite spring pulse. Fruits take 2-3
months to mature and usually produce 1 large
seed per fruit. 

Fecundity is low with only about 3% of flowers
resulting in seed. The level of fecundity in a
population increases until around 10 years of age
in response to plant growth. 

Seed dispersal is minimal, as upon maturity the
fruits dehisce, dropping the seed to the ground
beneath the parent plant. Seed predation is high
and occurs at the fruit stage by the weevil
Cydmaea dorsalis and on the ground after seeds
are released from fruits by bush rats and swamp
wallabies. As a result very little of the original
developing seed will successfully add to the
seedbank in the soil. It is estimated to take some
8-12 years for the seedbank to reach a sufficient
level to possibly replace the population. 
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Figure 1: General locality map for Grevillea caleyi.
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Table 3. Estimated area and fire history for Grevillea caleyi sites.
Site Area of

occupancy
(ha)1

Area of
potential
habitat (ha)

Fire history (last fire/previous fire)

1. 0.37 7.492 Jan 1994/Dec 1979
2. north 0.53 0.53 Jan 1994/Dec 19793 

   South � 0.7 0.99 Jan 1994/19754

3. 0.25 2.62 1998/1985-884

4. 0.02 12.75 Jan 1994/ 1987 or 1988 with part of site �19794/unknown
5. (NW) � 0.95 0.95 Dec 1979/unknown with part of site Jan 1994/1979
  (SE) 1.20 1.20 Jan 1994/1975-794

   North <0.001 0.212
�1979/unknown; partly Jan 1994/�1979; partly unknown

6. upslope 1.20 1.29 mid 1994/unknown
Downslope � 1.0 1.94 late 1994/19794

7. 0.23 0.31 1988-90/unknown
8. � 0.4 0.43 �19794/unknown
9. <0.001 <0.001 Unknown
10. 0.008 0.008 Jan 1994/1988-904

11.6 0.003 0.003 Jan 1994/1979
12/13.
  Section 3
  Section 6
  Section 8
  Section 9

� 0.02
� 0.04
� <0.05
� <0.05

0.21
1320
<0.05l 
<0.055

1985-884/unknown
<19794/unknown
1985-884/unknown
not burnt

14.  (a) � <0.1 0.29 1983-874/unknown; part area not burnt5

    (b)& (c) <0.02 � 0.025 not burnt
15. 0.005 0.005 �19794/unknown
16. (a)

(b)
0.018
0.004

� 0.25
0.004

�19754/unknown
unknown

17.6 0.0841 � 0.5 1999/ not burnt
18. � 0.15 � 0.15 mid 1994/unknown
19. 0.023 0.023 mid 1995/20/06/92
20. � 0.2 � 0.2 Unknown
21. 0.001 <0.005 mid 1995/1979?
22. 0.15 0.15 Unknown
23. 0.03 0.03 Unknown
24. 0.18 0.18 Unknown
25. <0.001 0.005 Unknown
26. 0.02 0.02 Unknown
1. as per IUCN (1994) guidelines.
2. area of habitat that contains several discrete clumps of plants.
3. part of this site was previously burnt in 1986, while another part was burnt in late 1992.
4. estimated from field observations of size and growth of vegetation.
5. plantings by RTA on road verges.
6. not thought to be original population fragments (see Appendix 3).

The continuity of site numbers has been maintained from the earlier Recovery Plan (Scott et al. 1995). Site
12 and 13 in Scott et al. (1995) have been combined here to help prevent previous confusion about their
locality.

As adult plants senesce from 12-15 years
onwards, the soil seedbank may decline markedly
in a site unburnt for >15 years unless high levels
of fecundity are maintained in the remaining
plants. The viability of seeds is high and most are
released in a dormant state. Through time there is
a slow 

loss of dormancy resulting in a fluctuating trickle
of seed germination, though most seedlings do not
survive in the undisturbed environment. Seedlings
are common after a disturbance such as fire, or in
open disturbed places.

The seed dormancy mechanism is not fully
understood and it is unclear how fire promotes
germination, though it is thought that smoke and
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perhaps heat (Llorens unpubl.) may play a role in
breaking seed dormancy, as has been shown in
several other local Grevillea species (Morris
2000, Kenny 1999).
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6.2 Population Structure 

Grevillea caleyi is very habitat specific (Section
5.3) and in its habitat may be a dominant shrub of
the understorey vegetation. The plants grow in
clumps (Plate 1), reflecting the low level of seed
dispersal. The plants are generally even-aged as
there is mass recruitment after a fire event and
very little recruitment evident between fires,
except along track and road edges and other open
or disturbed areas.

6.3 Survivorship

Estimates of adult survival for G. caleyi plants
(Auld et al. 1993, Scott et al. 1995) suggest that
populations older than 12 years show signs of
senescence. With little or no recruitment
occurring in the absence of fire, plant numbers in
aging populations will progressively decline
(Auld et al. 1993). The estimated half-life (ie the
time taken for 50% of individuals to die following
establishment as seedlings) is 8.6 years (Auld
1994). The pattern of senescence can be thought
of as a thinning process whereby smaller adult
plants die out leaving a small percentage of the
larger plants dominating (Scott et al. 1995).

The seedbank stored in the soil may outlive the
existing adult populations. Following successful
incorporation into the soil, the seeds from any one
seed-crop have an estimated half-life of 7.6 years
(Auld et al. 2000; see Section 6.4.5).
Consequently, within some remnant sites there are
patches with no living above ground plants, but a
likely large soil seedbank.

The survivorship of seedlings was high following
the January 1994 fires. At two sites that have
being monitored, 100 and 92% of seedlings,
respectively, survived the first 6 months of
growth. After 2 years, 97 and 86% of these
seedlings were alive and flowering. By March
1997, some 3 years after the seedlings emerged,
survivorship was unchanged. Most remaining
seedlings have matured (97% at one site and 98%
at the second site have produced at least their first
buds), while 59% and 88% of the tagged plants
respectively at sites one and two have at least
produced their first fruit. 

6.4 Reproduction

Grevillea caleyi relies entirely upon germination
of seed from a soil seedbank for maintaining
populations after a fire. The plant has no
lignotuber and does not propagate by suckering.

6.4.1 Fecundity

Grevillea caleyi plants have been observed to
produce flowers and seed in their second year
after germination, although it is more common

that seed production does not commence until the
plants reach between three to five years of age.
Generally however, flowering and subsequent
seed production remains low until plants are at
least six years old (Scott et al. 1995).

Fecundity increases with plant age, that is, as
plants grow, they develop a greater capacity for
flowering and fruit production, however the
number of fruits per inflorescence appears to
remain constant. Grevillea caleyi shows a
significant increase in fecundity at approximately
age six to eight years, or around 80 to 100 mm
basal girth (Scott 1986, Auld et al. 1993).
Flowering occurs sporadically throughout the year
but shows a distinctive pulse or peak during late
winter and spring. Fruits developing as a result of
this peak flowering period, mature and dehisce
around November and December. 

As in most species of the family Proteaceae, only
a very small percentage of the flowers that G.
caleyi produces, actually result in viable fruit or
seed, ie. around 3% (Scott 1986). Such species
put effort into producing low numbers of large
seeds, with large stored energy reserves, that can
remain viable in the seedbank for long periods
and give the seedling an advantage in an
environment low in nutrients.

6.4.2 Pollination

Casual observations indicate that honeyeaters,
such as New Holland, White Cheeked and White
Eared, as well as Little Wattlebirds, Silvereyes
and Eastern Spinebills, are the most likely
common pollinators of G. caleyi. The
effectiveness of these bird species in the
pollination of G. caleyi is difficult to determine,
as the level of viable seed produced per
inflorescence is low (as noted above.). Evidence
from other toothbrush grevilleas and from G.
caleyi plants grown in isolation in cultivation and
the wild (T. Llorens pers com.), suggest that G.
caleyi may be self-compatible.

6.4.3 Seed Dispersal

Primary seed dispersal occurs at dehiscence of the
fruit and is highly passive. The seed (Plate 7) is

Plate 7. Mature seeds of Grevillea caleyi. (photo
T. Auld)
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wingless, heavy and lacks an elaiosome and upon
dehiscence from the follicle, falls almost directly
to the ground below the parent plant. There is no
evidence to suggest any form of secondary seed
dispersal exists, although seeds could potentially
be moved small distances in heavy rainfall events
if there is little leaf litter accumulation at a site.

6.4.4 Seed Predation

Predation upon G. caleyi seed occurs at both the
stages of pre- and post-dispersal. The weevil
Cydmaea dorsalis Lea (Coleoptera:
Curculionidae) is found to damage and/or destroy
seeds of G. caleyi and other Grevillea spp. which
co-habit the same areas (Auld et al. 1993, Auld &
Denham 2001a). If large areas adjacent to G.
caleyi populations containing other Grevillea spp.
favoured by the weevil Cydmaea dorsalis are
burnt, damaged or otherwise fail to fruit, then the
impact of that weevil on G. caleyi may be
dramatic over the length of time that the
disturbance exists. This weevil is the major pre-
dispersal predator and may account for the loss of
up to 30% of developing seed. Minor pre-
dispersal predation by seed eating birds (eg.
parrots such as rosellas) also occurs, but is highly
variable both temporally and spatially (Auld et al.
1993).

Losses of seeds to post-dispersal seed predators
appears to be very high with some 82-92% of
seeds that fall to the soil surface being eaten in
sites unburnt for >10 years (Auld et al. 1993,
Auld 1995, Auld and Denham 1999). Evidence
from hair samples and seed remains indicates that
this predation is by bush rats, Rattus fuscipes
(Plate 8) and swamp wallabies, Wallabia bicolor.
Once the seeds are split open, ants have been
observed eating the soft white endosperm. For at
least 2-5 years after the January 1994 fires, some
99-100% of released seed was lost to these seed
predators (Auld and Denham, 2001b.), indicating
that the replenishment of the soil seedbank may
be severely retarded by seed predators.

Under the combined effects of pre- and post-
dispersal predation, it is likely that only a very
small percentage of seed successfully accumulates

into the stored soil seedbank, ie 30% loss to
predispersal predation and a further 82-100% loss
of the remainder to post-dispersal predators would
leave very little of the original developing seed to
be successfully added to the seedbank (see
Section 6.4.6).

6.4.5 Seed Viability and Dormancy

Seed viability in G. caleyi is high, with 69-95% of
seed viable at maturity (Auld et al. 1993,
unpubl.). Of the viable seed released, the vast
majority is in a dormant state. Work on
experimental burial of seeds has shown that seeds
are relatively long-lived and have an estimated
half-life of 7.6 years (Auld et al. 2000). Within
the viable seedbank, around 0 to 50% of seeds are
in a non-dormant state at particular times (Auld et
al. 2000). This may be a temperature-linked
seasonal dormancy pattern. In addition, this viable
non-dormant seed may also require a secondary
trigger to promote seed germination, ie., adequate
soil moisture levels. If the combination of season
and moisture does not correspond favourably,
then the non dormant seeds do not germinate and
with time revert to a viable dormant state. More
work on the possible mechanisms behind this
pattern, and the cues that allow seed germination,
is needed.

Observations from the January 1994 bushfires and
subsequent fires showed a distinct post-fire pulse
of germination of seedlings of G. caleyi. This
matches the germination pulse documented for
two common Grevillea species (G. buxifolia and
G. speciosa) that may co-habit with G. caleyi
(Auld and Tozer 1995). The germination of G.
caleyi seed may be independent of any soil
heating that is typically experienced in a bushfire.
Auld & Tozer (1995) did not detect any effect of
heat in breaking seed dormancy in G. caleyi. Post-
fire germination of G. caleyi may in some way be
related to a range of fire and post-fire cues.
Morris (2000) and Kenny (1999) have found that
an interaction between smoke and heat breaks
seed dormancy in several common Grevillea
species in the Sydney region. Recent work
(Llorens unpubl.) suggests that this may also be
the case in G. caleyi, but further testing of seeds is
required.

6.4.6 Dynamics of the soil seedbank

Auld et al. (1993) and Auld (1994, 1995) have
modelled the development of a soil seedbank in
G. caleyi based on available demographic data.
This has been modified in the light of recent
findings of extreme seed predation levels
immediately post-fire (Auld & Denham, 2001b)
Regan et al (2003). The models predicted that:

i) when the current observed levels of
mammal seed predation are incorporated,

Plate 8. Mature seeds of Grevillea caleyi eaten by
bush rats Rattus fuscipes. (photo T. Auld)
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the magnitude and rate of build-up of the
soil seedbank produced by G. caleyi sites
is very low;

ii) in the hypothetical situation with no
mammal seed predation, a large soil
seedbank would be expected to build-up
after a fire, peaking between 10-16 years
post-fire before declining. 

This has significant implications for the ability of
G. caleyi to tolerate frequent and infrequent fires
(See Section 9.3). Further work modelling the soil
seedbank and population viability of G. caleyi is
underway to determine what factors are critical
for the long-term survival of remnant patches (See
section 9.6.2).

The amount of the soil seedbank that remains
after a post-fire flush of seedlings, gives an
indication of the resilience of the seedbank of G.
caleyi to high frequency fires. After any one fire,
some 55-100% of the available seedbank emerges
(Auld 1994, unpubl.). Consequently, some
residual seedbank may remain to allow G. caleyi
to persist should a second fire occur before
seedlings mature and begin to replenish the soil
seedbank. Where two fires occur close enough
together to prevent maturation of seedlings from
the first fire, then the second fire may exhaust the
soil seedbank. For example, at one site burnt in
late 1992 and again in January 1994 there was a
55% reduction in the numbers of seedlings and no
residual seedbank could be detected in the soil
after the January 1994 fire (Scott et al. 1995). At
another site, two fires 2 years apart caused an
80% decline in G. caleyi plant numbers. This
suggests that two fires close enough together to
kill seedlings from the first fire before they have
matured, will lead to significant population
declines in G. caleyi, but usually the species
should not be lost locally as there is some
resilience of the soil seedbank. However, should a
third fire occur before the latest crop of seedlings
is mature and can replenish the soil seedbank,
local extinction will occur as no soil seedbank is
likely to remain.

 6.4.7 Seedling Establishment 

Given the seed dormancy mechanisms (see
Section 6.4.5) that appear to occur within G.
caleyi seed, it is likely that a fluctuating trickle of
seed germination occurs from the soil seedbank
independent of fire. As seeds germinate, the
seedling must survive in the existing environment.
Where G. caleyi seedlings germinate in an
environment with thick leaf litter and ground flora
and thick shrub cover, no successful seedling
establishment is observed. After fire, the
environment no longer contains the elements
which provide competition for the seedlings and
seedling establishment and growth can occur.

Other disturbances can also lead to the
establishment of seedlings, as observed at several
sites after clearing of vegetation.

6.5 Response of Grevillea caleyi to Fire

Fire is the major natural disturbance regime for
Grevillea caleyi habitat. Grevillea caleyi plants
are killed by fire and the species relies entirely on
germination of soil stored seeds (seedbanks) for
regeneration. Fire leads to a pulse of recruitment
of seedlings (Plates 9, 10) and is thus a very
important factor in the persistence of this species,
as recruitment is very limited in its natural habitat
without fire. Grevillea caleyi produces large seeds
which upon germination produce large and fast-
growing seedlings. Although seedlings can
mature at 2-5 years of age, seed production
remains low until at least 6-8 years. There is a
high level of seed predation which also limits the
post-fire replenishment of the soil seedbank. 

Fire is most effective as a trigger for recruitment
when there is an ample seedbank available. This
will depend largely on the age of the population
(time since last fire), the level of post-dispersal
predation (by rats and wallabies) and the level of
senescence within a population. The frequency of
fire is an important factor in the long-term
persistence of this species. If fires are too
frequent, the plants have insufficient time to
build-up a soil seedbank to replace plants that are
killed in the fire, and this will lead to population
declines and local extinction.

It is recommended that the interval between fires
be at least 8-12 years for G. caleyi, so as to allow
sufficient seeds to accumulate in the soil seedbank
(Auld and Scott 1996, 1997). Local population
extinction will occur if three fires occur at short
enough intervals to prevent any seedlings from
reaching maturity and replenishing the soil
seedbank. Drastic population declines will occur
even after two fires at such a frequency, and such
a sequence of fires should be avoided. Population
declines are expected whenever the fire-free
interval falls below 8-12 years. Even if the fire-
free interval is sufficient to allow plants to flower
and fruit, it takes up to 6-8 years for plants to
become large enough to produce a lot of seeds,
and seed losses to mammals appear to be very
high in the first few fruiting seasons post fire.
While a fire at an interval of less than 8-12 years
may be tolerated once at a site, repeated fire-free
intervals of less than 8-12 years will lead to local
population extinctions.
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Plants begin to senesce and die at 12-15 years of
age, and as they are not generally replaced by new
seedlings, the abundance within a population will
decline. If an area is older than 15-20 years post-
fire, the number of individuals in the population

may decline rapidly. If the site continues to
remain unburnt for very long periods, all the
above ground G. caleyi plants may senesce and
die, while at the same time the soil seedbank may
have decayed to low levels (Auld and Scott 1996).
Burning such long unburnt G. caleyi sites may

promote seed germination from the soil to re-
establish the aboveground populations.
Essentially, each long unburnt site needs to be
assessed to determine whether the adult plants
have all died and whether any seedling
recruitment is occurring before any decision to
burn such a site is made. In addition, long unburnt
sites close to urban areas are prone to invasion by
weeds that are bird dispersed (eg. privet, lantana).
Consequently any management option to leave
sites unburnt for periods of greater than 20 years
is compromised by invasion of weeds and the use
of fire may be a suitable tool for regeneration of
G. caleyi and the rehabilitation of the associated
community.

The spatial extent of fire is probably an important
factor in relation to the maintenance of
populations of G. caleyi as it interacts with fire
frequency and probably seed predation levels.
Burning G. caleyi patches and leaving
surrounding vegetation unburnt is not

recommended as this may lead to increased fire
frequencies at G. caleyi sites if fires from
surrounding vegetation spread into G. caleyi
patches. It may also lead to increased levels of
seedling predation. At present, 'protecting' sites by
burning around them is not recommended as fire
is an important process in the life cycle of the
species. Any such burning should only be
considered where there is a high risk of local
extinction. The fragmented nature of remnant
sites will allow for variation in the spatial extent
of fires and fire frequencies across the distribution
of G. caleyi.

Fire management recommendations are made for
each G. caleyi site and are presented in Appendix
3.

6.6 Fire History

The fires on the 8th and 9th of January 1994 burnt
the two largest Grevillea caleyi sites at Site 1 and
Site 2, 60% of the large Site 5, and some of the
other smaller sites. As of January 1st 2000,
remnant sites have fire histories ranging from 1 to
greater than 25 years since fire. Table 3 lists the
time since last fire for each site and any other
previous fires where known. A part of Site 6 was
burnt in mid 1994, the remainder in the spring of
1994, Site 18 was also burnt in mid 1994, all as
controlled hazard reduction burns. Site 3 was
burnt in late 1998 and Site 17 (previously never
burnt since artificially created) was burnt in
autumn 1999. Consequently, the majority of large
sites of G. caleyi currently consist of young
plants. The few unburnt areas that remain are all
small and highly fragmented or disturbed. These
occur within Sites 5, 7, 8, 12/13 and 16.

7 Management issues

7.1 Introduction 

The management and conservation of threatened
species requires the development of a “recovery
program” which considers (i) the biological and
ecological aspects of the species; (ii) the social,
political and organisational parameters that may
affect the success or otherwise of the program;
and (iii) the economic factors which may
influence the operation of the program’s
implementation.

As such, this section identifies the management
issues affecting Grevillea caleyi including:
� threats and reasons for decline; 
� ex-situ conservation; and
� social and economic factors which may

influence the success or otherwise of the
recovery plan.

Plate 10. Three month old seedlings of Grevillea
caleyi at Site 1. (photo T. Auld)

Plate 9. Two week old seedling of Grevillea caleyi
after January 1994 fires at Site 1. (photo T. Auld)
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 7.2 Threats

 The major threats to the survival of G. caleyi arise
from human interference in the environment.
These threats range from loss of habitat through
changes in landuse, urbanisation and associated
infrastructure, an inappropriate fire regime, to
invasion of weed species. Each threat will be
considered separately, although at all sites it is the
interaction of a range of threats that currently
impacts on G. caleyi.

 7.2.1 Habitat Destruction and Degradation

 The greatest immediate threat to the survival of G.
caleyi is habitat loss. Only one major site occurs
on land protected as a National Park, while
sections of other sites are just within or on the
boundaries of a National Park. The remaining
sites are currently unprotected on private land and
public land managed by the local Council and the
Department of Lands.

 Given the habitat preference for G. caleyi (section
5) an estimated 85% of the habitat has been lost
through urbanisation (Scott et al. 1995). Much of
what remains is highly fragmented, leaving small
remnant patches of G. caleyi. This loss of habitat
is still continuing and threatens the survival of
many of the remaining patches of G. caleyi. 

 Recent urban infrastructure developments in
Terrey Hills, and road widening works in Terrey
Hills and Belrose, have had detrimental impacts
in recent years (Plates 11, 12, 13 & 14), with
future roadworks planned at Site 5. Recently, a
newly discovered site was lost to urban

development in Belrose (site 22). If the rate of
habitat destruction continues, which appears a
possibility, a number of sites of G. caleyi may
disappear from the wild state in only a few years.

 In the past there have been three main causes for
the continued destruction of Grevillea caleyi and
its habitat:
 i) the high value in terms of ease of development
of the land where G. caleyi occurs;

 ii) the lack of awareness of developers and
development proponents of the existence of G.
caleyi, and ignorance of the proponents
responsibility to adequately survey proposed
development sites and ameliorate any possible
impacts identified; and
 iii) the lack of consultation between all relevant
parties and authorities that would forewarn of
conflicts between developments and the
protection requirements needed to ensure the
survival of G. caleyi.
 As a number of remnant patches are very small,
yet of high conservation significance due to the
genetic diversity across sites, even small scale
habitat loss or disturbance can impact on the
survival of G. caleyi. Small scale habitat
degradation is caused by vehicles gaining access
into the sites, people traffic and horse riding
impacts. These forms of disturbance can lead to
the trampling or damage to seedling and adult
plants, and general compaction and disturbance to
the soil. Horse manure can potentially lead to
increased supply of nutrients to the plants, the
introduction of weeds and an increase in weed
growth, while direct damage to G. caleyi plants
by horse riding has also been observed. Numerous
tracks through a site can lead to fragmentation
resulting in a discontinuous vegetation cover. This
can lead to soil erosion and in some instances
‘patchy’ burns which are not recommended for
this species (see Section 9.3.). Securing particular
sites to prevent vehicles using tracks and fire
trails is required. This can be done using fencing
and/or a slip-rail gate at access points. Restriction
or regulation of access, or closure and
regeneration of smaller tracks, is recommended at
some sites.

 Plate 11. Cleared habitat of Grevillea caleyi at Site 6.
(photo T. Auld).

Plate 12. Grevillea caleyi plants overhanging Mona
Vale Rd at Site 2 (South). (photo J. Scott).
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 7.2.2 Fire Management

 Fires are either unplanned (wildfires), or planned
(hazard reduction burning). Wildfires result from
natural causes (such as lightning strikes) or, more
commonly in the urban areas around Sydney,
from being lit by humans. Hazard reduction
burning normally involves the regular burning of
native bush in small, manageable parcels, to
reduce the likelihood of uncontrollable summer
fires that may threaten human life and property.
However, burns may also be undertaken to
protect, maintain and where possible enhance the

natural and cultural values of the area through the
management of appropriate fire regimes.

 The greatest threat fire poses to G. caleyi is
locally eliminating the species if the site is burnt
too frequently (see Section 6.5 for details of the
fire ecology of G. caleyi). Also of concern is the
size of the fires which burn the sites and to a
lesser degree, the intensity and season of the fires.
Fire management practices such as track
construction for wildfire suppression and the use
of wetting agents should be avoided if possible in
G. caleyi habitat. In section 9.3 some guiding
principles have been drawn up with regard to fire
for management purposes. 

 7.2.3 Invasion of Weed Species and
Pathogens

 The presence of exotic or non-indigenous plant
species (weeds) has been recorded at all known
Grevillea caleyi sites. Given the locations of G.
caleyi populations, that is near roadsides and
adjacent to urban development, there is a great
potential for weed species to impact on G. caleyi
and its habitat. The impacts of invasion of weed
species on G. caleyi has not been specifically
studied, but some general assumptions can be
made. Weed species can change vegetation
structure, especially the seed/seedling
environment, and such a change is likely to
discriminate against the survival of seedlings of
G. caleyi, and other native species, due to

increased competition. The presence of weed
species also changes the potential fire behaviour
by either acting as fire suppressants or increasing
fuels, depending on the type of weeds. Weed
problems in urban areas are exacerbated by
nutrient rich runoff from gardens, roads, market
gardens etc. Weed species are listed in the species
list (Appendix 4) and are prefixed by an asterisk.

 The pathogen Phytophthora cinnamomi has been
isolated from soil within 500m from known
remnant sites of G. caleyi. There is potential for
movement of the pathogen by a range of vectors
(vehicles, horses, footwear) into existing G. caleyi
habitat. The potential susceptibility of G. caleyi to
Phytophthora cinnamomi is to be examined as a
part of the ecological research recommended in
this Recovery Plan (see section 9.6.6). The major
canopy dominant of G. caleyi habitat, and of
Duffys Forest vegetation, (Eucalyptus sieberi) is
susceptible to Phytophthora cinnamomi
(McDougall pers. comm.).

 7.2.4 Rubbish Dumping

 The proximity of the populations to urban areas
makes them prone to rubbish dumping. The
dumping of building rubble is a constant problem
at many of the sites, as is the dumping of
household rubbish at some of the sites. Roadside
litter is common at all sites adjacent to major
roads, and in the past, car wrecks have also been
dumped (eg. Site 2). Such disturbances can
destroy and damage plants as well as leaking
toxic substances from the rubbish into the soil,
changing the microenvironment and encouraging
the establishment of weeds. Simple fencing along
the roadside adjacent to some sites, has reduced
the occurrence of such problems.

 7.2.5 Loss of Genetic Integrity

 A potential threat to G. caleyi also exists in the
ability of the genus Grevillea to hybridise
between species. This is currently thought not to
occur between other local species and G. caleyi,
but it is possible that such hybridisation may
occur between G. caleyi and any similar
toothbrush-type flower Grevillea species and
cultivars which are popular locally for use in
gardening and landscaping. Grevillea longifolia,
G. hookeriana, G. Poorinda Peter (G. longifolia X
G. acanthifolia) and G. aspleniifolia have been
successfully crossed with G. caleyi. Plantings of
such species should be avoided in the vicinity of
G. caleyi so as not to alter the genetic make-up of
the populations. This is particularly important as
many of these hybrids (Grevillea Poorinda
Empress, G. Poorinda Gaye, G. Poorinda
Emblem, & G. Ivanhoe) are sold in nurseries
under the name of Grevillea caleyi (Olde &
Marriott 1995).

Plate 13. Area cleared for power lines in Grevillea
caleyi habitat at Site 2 (South). (photo T. Auld)
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 7.2.6 Collectors

 Members of the public, taking an interest in the
species, may collect seed or cutting material in
ignorance of the effect this may have on the
populations. Education of the public, local
councils and groups such as The Association of
Societies for Growing Australian Plants,
concerning the management requirements of G.
caleyi is required. Under the TSC Act, it is illegal
to pick or harm Grevillea caleyi, unless approval
has been given through the issuing of a licence. 

 7.3 Ex-situ conservation

 There are two forms of ex situ conservation that
are commonly recommended for rare species.
Both are designed to conserve the species in case
of irreversible damage or loss of the species in the
wild: 
 i) propagation of the species from cuttings and/or
seed for the purpose of growing and maintaining
the species in a botanic garden (living
collections); and 
 ii) seed storage.
 Ex situ conservation is not a priority for G. caleyi
as protection of the species in its natural habitat is
achievable and therefore of utmost importance.

Ex-situ conservation in the form of propagation is
expensive, unreliable and not a long-term
solution. Seed storage is however recommended
depending on the results of current research into
the genetics and breeding system in G. caleyi (see
section 9.6.7). Seed storage may be a reliable
form of insurance against the loss of genetic
diversity should any site be destroyed.

 7.3.1 Propagation

 As mentioned, maintaining representative living
collections of G. caleyi populations ex situ in a
botanic garden, for instance, is not recommended.
The first cultivation of G. caleyi dates back to the
1840’s and some local nurseries and the Royal
Botanic Gardens in Sydney and Mt Annan have
successfully propagated this species from seeds

and cuttings. They have found however, that
many plants die within the first few years of
planting out in the garden. 

 There has recently been pressure to propagate rare
species for the purpose of replanting in the wild.
This has often been done with haste and without
investigating the extent of the distribution of the
species and its habitat, including the magnitude of
the soil seedbank, and with little or no knowledge
of the genetic variability among plants, or the
reproductive biology and breeding system of the
species. Understandably, time does not always
permit this sort of research, but it should be a high
priority wherever possible prior to the
introduction of cultivated stock or seeds to the
wild. 

 The breeding system is currently not known for
G. caleyi, though other species of Grevillea have
been found to be self-compatible (Ayre et al.
1994). Consequently G. caleyi is likely to be self
compatible (T Llorens, pers com). If this is the
case for G. caleyi, the remaining sites, most of
which are relatively isolated from each other due
to habitat fragmentation as a result of
urbanisation, likely to be genetically variable.
Research shows there is significant genetic
variation between remnant patches of G. caleyi
(Llorens unpubl). 

 The Recovery Team is actively discouraging the
planting of propagated G. caleyi plants in the
vicinity of the wild populations, as the exact
locality of the source of the propagated material is
often unknown. This stance has been adopted to
reduce the risk of genetic mixing or the loss of
genetic diversity within the wild populations. It
will also reduce the potential introduction of soil
pathogens into the populations.

 The only time propagation of the plants would be
considered with the intention of replanting them
in the wild, is if with prior knowledge a site was
to be disturbed and then rehabilitated to a point
where replanting was possible. If this is the case,
care must be taken to collect cutting and seed
material from the plants and the soil seedbank that
are to be disturbed, so the same genetic material
can be replaced at the site. To avoid the
possibility of genetic mixing, material from one
site should not be planted at a different site.

7.3.2 Seed storage

 The storage of seed is an easy, low maintenance,
long-term procedure that may be suitable for G.
caleyi. The viability of the seed is high and it is
easy to germinate. As there is significant genetic
variation between different remnant patches
(Llorens unpubl.), the ideal would be to have a
stored collection of seed from all sites. Collection
and storage of seed should follow the proposed

Plate 14. Seedling of Grevillea caleyi that just escaped
being crushed by bulldozer at Site 2 (South). (photo J.
Scott).
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national guidelines on Germplasm Storage
(ANPC 1997).

7.4 Social and economic consequences

 7.4.1 Social Considerations

 The DEC recognises that the actions within this
plan may have impacts on the public authorities
and private individuals who own or manage land
on which the species occurs. Personal and regular
contact with landholders is a key strategy in
encouraging awareness and involvement in the
recovery effort.

 Grevillea caleyi is a well known local endangered
shrub in the Warringah and Pittwater areas. Many
people in the community are actively involved in
its conservation. For example, Terrey Hills
Primary School plays an important role in
providing educational value to society through the
bush regeneration work they have already
undertaken at the School involving the parents
and wider community, and in the education
program for the students. The local ASGAP group
has G. caleyi as its emblem.

 Society recognises the benefits to the environment
and general well being of the community that
these conservation activities provide. There are
many local volunteer bush regeneration groups
already active in the area. The positive response
to clean-up Australia day is indicative of the
importance the community places on maintaining
their natural environment free of rubbish and
contaminants. Other benefits that might accrue to
society include the maintenance of basic
ecological processes that are essential for the
survival of species of plants and animals. Over the
years much of the ridgetop vegetation in the area
has been cleared. Retaining the bushland that
remains provides a source of food and shelter for
wildlife (weevils, wallabies and native rats eat G.
caleyi seed). The vegetation on these ridgetop
sites is important in stabilising the soil, preventing
erosion from water and wind, and maintaining
water quality in the catchment.

 In relation to fire management, DEC
acknowledges the need to protect life and
property. Where any conflicts may arise in the
need for prescribed fires to reduce fire hazard and
the conservation requirements of G. caleyi,
techniques to reduce fuel loads that do not
adversely affect the persistence of G. caleyi
should be developed. Continuing liaison between
DEC and RFS via the G. caleyi recovery team
and/or the Warringah/Pittwater Bush Fire
Management Committee to address fire
management issues.

 Conservation of areas where G. caleyi occurs
provides habitat for all species occurring in the
same community. This is particularly important as

G. caleyi occurs within an endangered ecological
community, Duffy’s Forest Ecological
Community. The implementation of actions
within this plan will contribute to the conservation
of biodiversity within the endangered ecological
community and also assist in habitat stability,
erosion and runoff control.

 Other threatened species that would benefit from
the implementation of this Plan include
Tetratheca glandulosa (vulnerable on Schedule 2
of the TSC Act), Persoonia hirsuta (endangered
on Schedule 1 of the TSC Act), and Pimelea
curviflora var. curviflora (vulnerable on Schedule
2 of the TSC Act). The endangered orchid
Microtis angusii (Schedule 1 of the TSC Act)
may also occur in this habitat.

 Conservation of G. caleyi and Duffys Forest
vegetation habitats will mean that these areas will
be available for future scientific studies,
particularly on biota which have been poorly
investigated. There has been much scientific
research already carried out on G. caleyi over the
years as already outlined in this report. These
research results can be applied in a much broader
context, to other threatened plants, other species
in similar ecological functional groups and similar
vegetation communities as a whole. It is possible
that Grevillea caleyi plays an important role in the
ecological functioning of its habitat. It is known
to be a host to several seed predators, both
vertebrate and invertebrate.

 7.4.2 Roles and Interest of Indigenous
People

The Local Land Councils, Elders and other
groups representing indigenous people in the area
where Grevillea caleyi occurs have been
identified and a copy of the Recovery Plan sent to
them.  Their comments on this Recovery Plan
have been sought and will, where appropriate, be
incorporated into the on-going management of
this species and its habitat.  In addition, the
Recovery Team will consider the role and
interests of these indigenous communities in the
implementation of the recovery actions identified
in this plan.

 7.4.3 Economic considerations

 The DEC recognises that the implementation of
the actions in this Recovery Plan will result in
some degree of economic impact. The proposed
recovery strategy seeks to minimise these impacts
through the prioritisation and targeting of
recovery efforts.

 The estimated total cost of implementing this
recovery plan is $230,650 over five years. Some
$45,000 is currently available from grants from
Environment Australia, the Roads and Traffic
Authority, and the National Parks and Wildlife
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Foundation as a part of support funding for the
earlier recovery plan (Scott et al. 1995). Most of
the costs for the actions in this Recovery Plan will
accrue to DEC and other government agencies
and not to individual landowners. Most of the
land in question is owned by the public and
managed by various government agencies. Where
sites are to be protected by incorporation into
National Parks Estate or through other protection
means, the provisions of the Land Acquisition Act
1991, the National Parks and Wildlife Act 1974,
and the assessment processes undertaken by
Department of Lands when transferring Crown
Land to the DEC, will ensure no significant social
or economic effects. Loss of income from denial
of preferred land use, generally does not arise, as
there are very few sites on private land.

 The proposed actions do not constitute significant
social or economic consequences. Most of the
costs in the Recovery Plan are for weed removal,
bush regeneration, removal of dumped rubbish
and fill. Economic benefits of the implementation
of actions include: maintenance of viable
populations of Grevillea caleyi; conservation of
biodiversity within the endangered ecological
community, Duffy’s Forest Vegetation;
conservation of other threatened and non-
threatened species in this habitat; habitat stability,
erosion and runoff control within the Duffys
Forest Ecological Community; inter-generational
equity; scientific research benefits; recreational
benefits in habitats associated with G. caleyi;
educational benefits.

 7.5 Translocation

 Translocation “the deliberate transfer of plants or
regenerative plant material” (ANPC 1997), is
often raised as a potential ameliorative measure
for species threatened by development. The
conservation of threatened species is most
successful when species are managed and
protected in their natural habitat (in situ). At this
stage, translocation is not considered immediately
necessary for the survival of G. caleyi as: in situ
conservation is an achievable priority for G.
caleyi; and mixing of individuals from sites
should be avoided as there is significant genetic
variation between remnant patches of G. caleyi.

 For a few of the smaller remnants there may be
some concern of local extinction in the immediate
future. Translocation may be necessary to
maintain these sites in the future. Any future
translocation considerations should be addressed
by the Recovery Team in relation to the
Australian Network for Plant Conservation
(ANPC) (1997) guidelines for translocation. 

 7.6 Species’ ability to recover

 Grevillea caleyi has the ability to recover if
threats to the species are removed. One of the
major threats is habitat loss through land
clearance. It is important to protect all remaining
sites where Grevillea caleyi occurs.

 Due to the highly fragmented nature of the
populations, interspersed with urban areas, fire
management is very important as outlined in
sections 6.5 and 7.2.2. Without effective fire
management populations may decline from lack
of fire (needed for regeneration of the plants) or
may decline, possibly leading to extinction, from
too frequent fire.

 The high levels of regeneration seen following the
January 1994 fires has shown that the species has
the ability to thrive as long as the other threats
such as weed invasion, physical disturbance from
vehicles, rubbish dumping, the loss of genetic
integrity and the impacts of overkeen collectors,
are kept in check.

 There is a great deal of information known about
the ecology of this species. If this information is
applied in management actions, the species has
the potential to survive into the future.

 8 Previous management actions

 8.1 Recovery Team

 The Grevillea caleyi Recovery Team was
established in May 1996. All of the actions in the
previous Recovery Plan (Scott et al. 1995) have
been initiated, with many completed and others at
various stages of progress. Details of actions
proposed in Scott et al. (1995) and current
actions, are given in section 9 of this document.
See Appendix 3 for further details for specific
sites. A brief outline of work carried out is given
below.

 The Recovery Team consists of:
� NSW DEC, Biodiversity Research and

Management Division, Ecology of
Threatened Flora Group

� NSW DEC Sydney North Region
� NSW DEC, Conservation Programs and

Planning Division Central Directorate
� NSW DEC, Northern Beaches Area
� Pittwater Council 
� Roads and Traffic Authority
� Ryde TAFE 
� NSW Rural Fire Service Warringah Pittwater

District
� Warringah Council

 8.2 Community involvement

 The community is represented on the Recovery
Team by the local council and land managers.
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Community involvement has been incorporated
into many of the actions in the Recovery Plan,
where appropriate. A few examples are given
here, but see section 9 of this report for more
details and other examples. 

 The Terrey Hills Primary School has an area of
bushland containing Grevillea caleyi in its
grounds. The school, its teachers, parents and
students are actively managing the bushland for
conservation through weeding and bush
regeneration work. A management plan was
developed specifically for the site in 1996 by
DEC and Warringah Council. 

 Many of the local residents are aware of Grevillea
caleyi, with one such resident recently locating a
new site at Duffys Forest. Further community
involvement in locating new populations or sites
of Grevillea caleyi is planned for the future, see
section 9.7. Local bush regeneration groups have
been involved in weeding at some Grevillea
caleyi sites.

 A colour brochure has been prepared to provide
information about G. caleyi to the local
community and visitors to the area. The brochure
includes general information on G. caleyi and its
management requirements. It has been distributed
to all land managers and is available in local DEC
offices, other Government Departments, and
various private businesses and community
organisations in the area.

 The Manly Daily and Sydney Morning Herald
newspapers have had a number of articles on G.
caleyi facilitating community awareness.

 8.3 Existing Conservation Measures

 There are a number of sites of Grevillea caleyi
that are located at the boundary of National Parks.
A large remnant patch of Grevillea caleyi at Site 1
occurs within Ku-ring-gai Chase National Park in
a relatively undisturbed state. A smaller patch
occurs in Ku-ring-gai Chase National Park (Site
11), though it is not thought to be a naturally
occurring population but probably arose from
seed in soil that was deposited at the site. Recent
additions to Garigal National Park have included
Site 4, and some of the population at Site 5 (East).
All these sites are on or very near the boundary of
the National Park, the exception being Site 11
which is adjacent to a sealed road. In early 1998,
the land at Site 2 (north) was transferred from the
Department of Lands to DEC as a part of Ku-ring-
gai Chase National Park. These sites were all
burnt in the January 1994 fires. 

 8.4 Research 

 A number of field and laboratory experiments
were conducted from 1989 to present (see Auld et
al. (1991, 1993), Auld and Scott (1996, 1997),

Auld and Tozer (1995), Auld and Denham (1999,
2001a, 2001b) and earlier by Scott (1986)) to gain
an understanding of the population dynamics of
G. caleyi and its response to fire. The results of
this research are outlined in Section 5 of this
Report. Research which is currently underway is
presented below.

 8.4.1 Seedling survivorship

 After the 1994 fires, a number of seedlings were
tagged to monitor their survival. This was done to
enable a more accurate estimation of the size of
the adult populations in the future, to quantify
seed production in recently burnt sites and to
allow an assessment of the impact of this fire on
the species. To date, there has been high survival
rates, and after 2 years the majority of plants had
flowered. A continuation of this monitoring is
recommended in the recovery action section 9.6.1.

 8.4.2 Population Viability Analysis (PVA).

 There is ongoing research into the population
dynamics of the species using population viability
analysis (PVA). The work of Auld (1994)  and
Regan et al. (2003) in modelling the soil seedbank
in G. caleyi has helped to highlight the impact of
frequent fire on G. caleyi. Further work on the
dynamics of G. caleyi in relation to fire will be
helpful in determining long-term viability options
for management. With available data it should be
possible to model the probability of extinction of
remaining G. caleyi sites under alternative
management scenarios. To date, an initial model
of the probability of extinction of G. caleyi using
different demographic parameters and alternative
fire regime scenarios has been developed (Regan
et al. 2003). This model is currently being
evaluated.

 8.4.3 Seed predation

 Research has shown a higher than predicted level
of predators present after the Jan 1994 fires by
(Auld & Denham 2001b). Experiments have
shown a 99-100% level of seed consumed by
predators in the first year of flowering/fruiting,
and similar results for the second and third years.
This means that even though plants are flowering
there has been very little replenishment of the soil
seedbank after the 1994 wildfires.

 8.4.4 Further research projects

 There is presently an Australian Postgraduate
Award (Industry), jointly supported by DEC and
the University of Wollongong that will include
research on G. caleyi. This project is studying the
breeding systems and genetics of G. caleyi, the
mechanisms of germination of the seeds, and the
diversity within the soil seedbank. The
implications of this research will be important for
management of the species. This research has
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already identified significant genetic variation
between different remnant patches of G. caleyi
(Llorens pers. comm.)

 8.5 Recovery Actions currently
underway

 Funding for the following actions has been
provided by DEC, RTA, Warringah Council,
Environment Australia, and the National Parks
and Wildlife Foundation.

 8.5.1 Weed and rubbish removal

 An assessment, initiated by the Recovery Team,
was made for weed removal and bush
regeneration at all the sites under the management
of Warringah and Pittwater Councils, and DEC.
Ongoing work at necessary sites was carried out
by a contractor in 1996 and 1997, with a report
completed and a site inspection by Recovery
Team members. Weed removal and bush
regeneration work was undertaken at various sites
under the management of Warringah Council, and
at one site on DEC land (Site 5) (eg. Schofield
1996). Details of work at specific sites are given
in Appendix 3. A field inspection of the work and
an assessment for follow-up weeding was done in
early 1997. In addition, Warringah Council
undertook some work in June 1996 to remove
rubbish and weeds from the small patch of
Grevillea caleyi at the eastern-most end of Site 2.
Follow-up work was required and is currently
underway.

 Rubbish was removed from Site 4 by the DEC in
March 1996. A barrier of boulders was placed at
the entrance of the fire trails that run through the
area to restrict vehicle access. Removal of weeds
from this site was carried out by a volunteer bush
regeneration group.

 A management plan was developed specifically
for Site 18 by the DEC and Warringah Council.
Much weeding and bush regeneration work was
carried out in 1996, and involved the parents,
teachers and students of Terrey Hills Primary
School. Funds were raised by the school for the
work, with Warringah Council and the DEC
contributing.

 8.5.2 Fencing

 Fences have been erected in areas particularly
prone to repeated disturbance. The Department
TAFE have erected a high cyclone fence to secure
the boundaries of Site 6. Closing off some tracks
to people and horse traffic for revegetation
purposes has commenced. A fenced horse riding
trail has been erected through the site to direct
horse riders along a specified route, thus
minimising disturbance to the habitat. Warringah
Council erected a ‘dune’ fence at the Site 7 to
direct foot and bike traffic through the bush on a

defined path. Warringah Council has also fenced
the road edge of Site 19, and carried out site
protection works at Sites 9, 12/13, 15 and part of
16. The Council also secured Site 2 site from
further disturbance by erecting a slip-rail barrier
at the entrance of a track and ensuring protection
of G. caleyi plants at a turning circle. Adjacent to
this site the RTA has cleared rubbish from an old
depot area and helped to secure the site from
further rubbish dumping. DEC has fenced the
boundary of Garigal National Park at Site 4 to
protect the site from disturbance. Many smaller
unauthorised tracks at Site 1 have not been
maintained since the January 1994 fires, and
hence have become gradually regrown with
natural vegetation. 

 9 Recovery objectives and
Performance criteria

9.1 Overall recovery objective

Objective
 The overall objective of the recovery plan is to
minimise human imposed disturbance to
Grevillea caleyi populations and to maintain
viable wild populations into the foreseeable
future. The objective is to minimise the risk of
local extinction, not necessarily to maximise the
number of aboveground G. caleyi plants. 

 9.2 Community Education and
Awareness

Objective
 To inform land managers of the presence of G.
caleyi and the appropriate management actions
for its conservation.

Criteria
 Effective communication between researchers,
land managers, landowners, local bushfire
brigades, recreational users and the local
community.

 There are two actions to fulfil this objective.

9.2.1 Inform all managers and owners of land
where Grevillea caleyi occurs.

 The Recovery Team has notified most of the land
managers/owners concerned, of the presence of
G. caleyi, its importance, and ways the land could
be managed for its long-term survival. A list is
presented below with specific details relevant to
particular sites. There still needs to be liaison with
many of the service bodies, eg. Energy Australia,
Telstra etc., to inform them of site specific
considerations when they are carrying out
maintenance work.
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� Department of Environment and Conservation
(NSW) (DEC) (Ku-ring-gai Chase and Garigal
National Parks);

� Warringah Council - Environment Officer;
� Pittwater Council - Environment Officer;
� Volunteer Rural Fire Brigades - provide

location maps of the G. caleyi sites, and ensure
they contact DEC if they are planning to burn
any of the areas;

� Roads and Traffic Authority (RTA) -
Environmental Section;

� Department of Lands - administers Crown
Land;
� Sydney Water Board:

 - for planning of provision of water and
sewerage via easements;
 - Site 2, South;

� Energy Australia: all sites where overhead
lines occur, particularly: 
 - Site 7 where tree lopping for the maintenance

of power lines can affect the plants;
- Site 3 requires care in the maintenance of the
power lines to isolated houses in the area;
- Site 16 which is adjacent to a substation.

� Telstra/Vodaphone - Site 2, South has 2 towers
adjacent to G. caleyi plants. A vehicle
turnaround area near the tower is not to
encroach on adjacent bushland. No further
clearing of bushland should occur in this area.

� Telstra: all sites where overhead or
underground lines occur;

� Optus: all sites where overhead or
underground lines occur;

� NSW Technical and Further Education
Commission (TAFE) who own Site 6;

� Bahai Faith (Site 5);
� Local recreational land users such as horse-

riders;
� Local Association of Societies for Growing

Australian Plants (ASGAP) group and local
community/ conservation groups - via
educational pamphlet;

� Golf Course near Site 3 - educational
information on planting local species, reducing
fertilisers on the boundary of their land to
minimise nutrient-rich runoff onto Site 3;

� Site 18- continue to provide management
information;

� Various individual owners of private land (see
Appendix 3). 

Responsibilities for Implementation: DEC
Estimated Costs: recurrent staff and salaries.

9.2.2 Prepare posters on Grevillea caleyi for
targeted landholders and community
groups.

A colour brochure has been prepared to provide
information about G. caleyi to the local
community and visitors to the area. Development
of specific posters based on the brochure is

underway. These will be displayed by the DEC,
Councils, TAFE, RTA and others. The posters
will include general information on G. caleyi
(conservation status, habitat, biology, etc.) and its
management requirements with respect to fire and
other threats. These posters are specifically
targeted to the needs of respective landholders
and managers.

Responsibilities for Implementation: DEC to
co-ordinate. 
Estimated Costs: $2,000. Funding has been
secured.

9.3 Fire management

Objective
To ensure conservation of all sites by appropriate
fire management practices.

Criteria
Appropriate ecological fire management is
implemented in G. caleyi habitat.

9.3.1 Implement appropriate fire
management

Research to date has shown that many aspects of
fire have an impact on the populations of G.
caleyi (see section 6.5 of this report for details of
the response of G. caleyi to fire). A list of guiding
principles for fire management specific to G.
caleyi and its habitat have been formulated. These
should be reviewed every 5 years based on
ongoing research. If the following general
guidelines are used with respect to fire
management, the populations of G. caleyi should
be maintained in the long-term under a regime of
repeated fires. For this to happen, close
communication between the DEC staff and the
volunteer brigades of the NSW Rural Fires
Service, Warringah Pittwater District and the
Rural Fire Service is vital. All proposals to use
hazard reduction burning in areas in or near G.
caleyi habitat should only be considered after
consultation with the DEC. Site by site fire
frequency recommendations are included in
Appendix 3.

The following information should form a basis for
guidance of G. caleyi and Duffys Forest
Ecological Community conservation in both Plans
of Management and Fire Plans of Management
for parks in DEC Sydney North Region, and the
Bush Fire Risk Management Plans for Warringah
and Pittwater produced by the Rural Fire Service.

Responsibilities for Implementation:
Liaison by the DEC with the NSW Rural Fire
Service Warringah Pittwater District.
The DEC will provide expert advice on fire
management.
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Estimated Costs: recurrent staff salaries
Guiding principles:

Fire Frequency
The interval of time between fires affecting a
population is critical. From present studies, G.
caleyi appears to need fire-free intervals of at
least 8-12 years (Auld and Scott 1996, 1997), to
replenish the viable soil seedbank and hence
maintain the species after future fires. In many
cases in the recent past, the fire-free interval has
been less than eight years, and in two cases
recently a site was burnt twice within 18 months
to two years. Such patches will decline and
disappear rapidly unless fire management
practices change immediately.

Should populations of G. caleyi remain unburnt
for long periods of time, adult plants will senesce
and the soil seedbank will decay. Depending on
the levels of adult survivorship, associated post-
dispersal seed predation levels, and seedling
recruitment levels, consideration should be given
to burning sites that have a fire-free interval of
greater than 20 years to give a senescing
population an opportunity to regenerate.
Summary 
* prevent fire from burning sites which are <8-
12 years old ;
* prevent any site from being burnt by three
consecutive fires at <5 year intervals;
* allow fire to burn a site if it is >15-20 years
old after all other safety issues have been
considered.

Fire size
The size of areas involved in hazard reduction
burning may also impact dramatically on the
survival of G. caleyi. Small patch burns (either
including or adjacent to G. caleyi sites) should be
avoided. The areas so burnt are often also reburnt
in unplanned fires or wildfires, as the surrounding
unburnt vegetation will allow the wildfire to burn
the recently burnt area. This leads to an increase
in local site fire frequency and a decline or loss of
G. caleyi and other associated plant species.
Neighbouring patch burns, (ie. areas adjacent to
but not including G. caleyi populations) also have
the potential to impact through changes in the
levels of localised predation. If areas are burnt
around a G. caleyi patch effectively leaving it as
an isolated island of unburnt vegetation, predators
may concentrate in this area. Hence, patches of
Grevillea caleyi should be left with a protective
buffer area of native vegetation around them to
help mitigate against over-grazing and high local
seed predation levels when local hazard reduction
burning activities are considered.
Summary
* if fires are to be implemented specifically for
management of a G. caleyi site, the area to be

burnt should be large to reduce the impact of
seed predators post-fire, and to reduce the
potential for increasing the fire frequency at
the site;
* if planned fires are required for bush in the
vicinity of, but not in a G. caleyi site, give the
G. caleyi site a large buffer zone of
surrounding unburnt vegetation. This applies
for wildfires as well, if such controls are
possible.

Fire Intensity
Aboveground plants of G. caleyi will be killed by
fires of any intensity. There is a pulse of seedlings
of G. caleyi after fire and the cue to breaking seed
dormancy during the passage of a fire is not fully
known. In one experiment, heat appeared to play
no role in breaking seed dormancy in G. caleyi
(Auld and Tozer 1995), however, subsequent
work (Llorens pers. comm.) may indicate an
interaction between smoke and heat in breaking
seed dormancy. Consequently, the impact of fire
intensity (or more specifically the heat and smoke
conditions produced in a fire) on breaking of seed
dormancy remains to be fully examined for G.
caleyi. Research has shown that other species (eg.
Fabaceae) in the Duffys Forest Ecological
Community are directly influenced by fire
intensity. For the maintenance of species (plant
and animal) in the communities containing G.
caleyi, a fire regime that contains fires of varying
intensity is likely to be most favourable
(Bradstock et al. 1995).
Summary
* fire intensity effect unknown. Fires of
varying intensities recommended.

Fire Season
To date there is no evidence that G. caleyi and its
associated community has any major
requirements for burning in particular seasons.
However, work by Bradstock & Bedward (1992)
on two Banksia species, suggests that burning in
late summer and autumn should be generally
more favourable to the survival of seedlings post-
fire than burning in spring. The role of fire season
in influencing germination in plants whose seeds
respond to smoke or heat is currently unknown.
Summary
* no evidence of seasonal effects: late
summer/autumn burns more likely to be
favourable for regeneration than winter/spring
burns. More research is needed.

Fire History Records
For effective management, detailed fire history
records (including fine scale maps) should be kept
for all areas where populations of G. caleyi occur.
This will be important for broad scale
management as well as at site level. Fire history
records are already kept for land within National



Approved Recovery Plan for Grevillea caleyi R. Br. (Proteaceae)

P a g e  2 4 D e p a r t m e n t  o f  E n v i r o n m e n t  a n d  C o n s e r v a t i o n  ( N S W )

Parks, and this should be extended to specifically
include the habitat range of G. caleyi. Ultimately
populations of G. caleyi will experience some
form of fire, and if future research dictates that
certain fire regimes will be more beneficial to the
survival of the species, then the background fire
history information will be particularly important
as a platform to any changes from those actions
outlined in this plan. 
Summary 
* Populations of G. caleyi should be field
checked if a fire has occurred in their vicinity. 
* Fire history records and maps need to be
kept accurate and updated for Grevillea caleyi
habitat areas both within and outside reserves.
Since some of the sites are very small, this
needs to be done with a high degree of detail.
Liaison should occur with Rural Fire Service
at Terrey Hills who have a database for fire
history records.

Control of fires in habitat of G. caleyi
Within the habitat of G. caleyi fire suppression
activities should be carried out with minimal
disturbance to the vegetation.
Summary
* No construction of additional fire trails or
tracks or widening of existing tracks in areas
containing G. caleyi.
* No use of wetting agents or chemical
retardants in areas containing G. caleyi.

Current situation:
In light of the large extent of the January 1994
fires affecting most of the G. caleyi sites and
subsequent burning of further remnant sites, and
using the guiding principles given above, the
following recommendations are made.

Areas burnt in 1994 and subsequently should be
protected from fire for 8-12 years. This gives
seedlings a chance to mature and produce
sufficient seed to maintain the population after a
future fire. Of highest priority in preventing fire
for 8-12 years is Site 2 (North) and Site 19 where
high frequency of fire in the past has already
reduced the numbers of G. caleyi plants in either
the whole (Site 19) or part (Site 2) of the these
sites.

For areas that are currently a long time unburnt,
planned fire should not be initiated, unless as part
of a research or weed control program for
regeneration of G. caleyi and Duffys Forest
vegetation, but wildfire should be allowed to
proceed if possible. Where weed invasion
seriously compromises the long-term integrity of
sites (eg Site 12/13), then consideration should be
given to using fire as a regeneration tool. Most of
these areas have not been burnt since 1979 and
the numbers of G. caleyi plants are diminishing
due to senescence. In some areas all above ground

plants have died and the species only persists as
seeds in the soil. As many sites have been burnt
since 1994, it is important to keep some long
unburnt sites protected from planned fires at least
until the sites since 1994 have matured and are
producing viable seed which is found to be
persisting in the seedbank. 

9.3.2 Monitoring survival of G. caleyi after
fire.

At two sites which were burnt in January 1994
(Sites 1 & 2), one hundred seedlings each were
tagged in June 1994 to monitor their survival,
primary juvenile periods and levels of seed
production post-fire. Monitoring of these plants
will enable an estimation of the size of the adult
populations in the future and the amount of seeds
replenishing the soil seedbank (combined with
seed predation studies). This will enhance the
assessment of the impact of this fire on the
species. 

At the same time, monitoring of the impacts of
seed predators on seed production and seeds
reaching the soil seedbank, has been done since
1994. This monitoring should be continued so that
the rate of accumulation of seeds into the soil
seedbank can be monitored and further inferences
drawn about the fire-free interval needed by
Grevillea caleyi.

Responsibilities for Implementation: DEC

Estimated Costs: recurrent staff salaries.

9.4 Threat and Habitat Management

Objective
To ensure the conservation of all sites by
appropriate management practices.

Criteria
Implementation of effective management
practices.

 Note that it is important to conserve the remnant
habitat sites where G. caleyi exists, rather then
simply the locations of above ground plants, as
there may be a large number of seeds in the soil
and the persistence of G. caleyi will depend on
the interactions it has with other species, such as
pollinators.

9.4.1 Fencing

Human imposed physical disturbance is caused by
vehicles gaining access into the sites, people
traffic and unauthorised horse riding. These forms
of disturbance can lead to the trampling of
seedlings, branches being broken off, and
disturbance to the soil in the form of erosion and
compaction and potential impact of weeds and
pathogens. Securing particular sites to prevent
vehicles using tracks and fire trails is required.
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This can be done using fencing and/or a slip-rail
gate at access points. Restriction or regulation of
access, or closure and regeneration of smaller
tracks, is recommended at some sites.

Site 2: (north side): Fencing is required along the
western edge of the site where it borders the
private property. G. caleyi plants have been
cleared from the private property in the past and
removed near this boundary. A fence is also
recommended along the road edge for the length
of this site to prevent access and rubbish
dumping. This area has been disturbed by push
bike riders and horse riders. The south side of this
Site has been disturbed since January 1994 by
vehicles clearing vegetation to insert power lines
and vehicle turning circles (Plates 13, 14) and
clearing for a second tower. The service agencies
which have an interest in this land (see Appendix
3) need to be informed of the importance of the
vegetation and the detrimental effects of some of
their activities.

Site 12/13: Some limited fencing has been erected
to prevent physical disturbance at this site. The
success of this fencing in minimising disturbance
needs to be assessed. There should be no increase
in the size of the existing carpark. If a control
burn is implemented in part of the reserve,
fencing may be required to deter access and
rubbish dumping in the newly open burnt areas. 

Site 3: Garbage bags of household rubbish have
been dumped at this site via vehicle access along
the existing fire trail at the Site. This bushland
needs to be secured from further dumping. A slip-
rail barrier at the entrance to this fire trail is
needed.

Site 5: There may be a need to fence strategic
areas at this site to prevent disturbance.

Site 7: Further fencing and rationalisation of
tracks on the northern section of this site is
recommended to prevent continued habitat
disturbance.

Site 15: An assessment needs to be made of the
best way to protect this remnant habitat from
damage by vehicles. 

Responsibilities for Implementation: DEC and
Warringah Council.
Estimated Costs: $8000. These estimated costs
are secured. Awaiting the implementation of DEC
funds for Ku-ring-gai Chase NP addition at Site 2.

9.4.2 Weed control and bush regeneration

Weed species can have detrimental effects on
bushland by outcompeting the native plants.
Weed problems in urban areas are exacerbated by
nutrient rich runoff from gardens, roads, market
gardens etc. Due to the proximity of the Grevillea
caleyi sites to roads and urbanisation, weed
removal and/or bush regeneration is required at

most of the sites. For weed control to be effective,
long-term maintenance of the initial work is
required. Local bush regeneration groups or
conservation groups may be interested in
maintaining weed control at some of the sites.
Other agencies will be encouraged to prioritise
programs to control weed species and give
priority to areas that contain G. caleyi or may still
contain a stored soil seedbank of G. caleyi.

In Scott et al. (1995), the following sites were
listed as a priority for weed work: Site 6, Site 5
(on the south-east side), Site 2 (north side of the
road), and Site 12/13. In addition, the Recovery
Team initiated an assessment of all the sites for
weed problems. Recommended follow-up work is
currently underway, including work being done
by DEC and TAFE. A summary of the work
required at the major problem sites follows (see
Appendix 3 for details).

Site 6: Has a major weed problem downslope of
the quarry that needs work initiated as soon as
possible. Follow-up monitoring of weed
encroachment is required at the bush edge above
the quarry and between the bush and the houses.
Ideally, bush regeneration work is to be
undertaken by TAFE, as owners of the site, as a
part of an ongoing management plan and teaching
program. Regeneration of closed off tracks should
continue. A part of this site is leased to a private
school and has been recently disturbed. The
disturbed area must be allowed to regenerate.

Site 5: The removal of rubble piles and weeds by
DEC is currently underway at the south-eastern
edge of this site adjacent to Garigal National Park.
The aim of this work is to rehabilitate the site and
stop further encroachment of weeds into the
Grevillea caleyi population by removing the
source of weeds. In late 1996, DEC successfully
removed Acacia saligna that lined the roadway
and encroached into the bush. Monitoring of
natural regeneration is required at this site and
follow-up weed treatments carried out as required.
Rehabilitation of this area has been initiated
(2000) and should continue throughout the life of
this plan.

Site 2: (north side): One or two follow-up weed
treatments are required following the removal of
the rubble pile at the entrance to an old fire trail at
this site. Natural bush regeneration is to be
monitored. The large cleared area at this site
needs to be rehabilitated and have Acacia saligna
removed.

Site 12/13: Weeds need to be removed at the rear
of this site as well as the initiation of bush
regeneration at various points throughout the
Reserve. A detailed assessment of the Site was
undertaken in January 1997 and a Action Plan
prepared. This action is currently in progress.
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Site 8: Requires weeding and a bush regeneration
program.

Sites 14, 15: Further minor weeding is required at
these Sites.

Site 16: Requires further weed treatment and
ongoing minor weeding of the fire break area. 

Site 1: Needs removal of small rubble piles and
weed control in runoff area from pipe under Mona
Vale Rd. Continue to allow natural rehabilitation
of old fire trails. 

Sites 7, 19: Need annual monitoring for weeds
and physical disturbance.

Site 18: Needs an annual inspection for weeds.
Much weeding and bush regeneration work was
carried out in 1996, and no further major work is
required at present or should be necessary in the
near future.

Site 9: Rehabilitate surrounding area to create a
larger remnant of bushland habitat.

Site 4: Close unused old tracks and allow them to
rehabilitate naturally.

Additionally, the invasion of Acacia saligna from
disturbed areas adjacent to several sites is
occurring (eg. Sites 5, 6, 7, 10 & 17). This wattle
has the potential to encroach into the habitat of G.
caleyi. Acacia saligna is a native wattle to
Western Australia, but grows as a weed in the
northern suburbs of Sydney (Tozer 1996). The
wattle should be removed from all G. caleyi sites
where it occurs, and also from adjacent areas
which act as a seed source. The removal of A.
saligna from Site 10, 17 and Site 6 downslope, is
important for these sites, as well as protecting Site
1 which is in close proximity to Site 10. Follow-
up weeding of new emergent seedlings of A.
saligna should also occur.
Responsibilities for Implementation: DEC &
Warringah Council.
Estimated Costs: DEC costs $60 000 (over 5
years). $40 000 is currently secured. This funding
does not include the addition of land at Site 2 into
Ku-ring-gai Chase NP as a financial impact
statement is yet to be made. Warringah Council
works are estimated at $138,440 over five years.

9.4.3 Pathogen Control

Recent findings of Phytophera cinnamomi within
500m of Sites 2 and 7 necessitates clear controls
on the movement of vehicles, horses and human
traffic into G. caleyi and Duffys Forest vegetation
habitat. Western Australian Conservation and
Land Management guidelines for Phytophera
cinnamomi will be adopted to minimise infection
into other areas.

Responsibilities for Implementation: DEC 

Estimated Costs: $1000 secured and supported
by recurrent staff salaries

9.4.4 Rubbish removal

Rubbish occurs at nearly all of the sites to varying
degrees. The different forms of rubbish varies
from roadside litter, garbage bags of household
rubbish, mounds of old and very recently dumped
building rubble and dumped vehicles. The
dumping of rubbish can kill plants by physically
squashing them, leaking toxic leachates into the
surrounding soil, and introducing weed species
into the bushland which compete with the native
species.

The following sites were considered the most
important in Scott et al. (1995) for the removal of
rubbish: Site 6, Site 2, and Site 3. Since then
further dumping has become a problem at Site 16,
where recent piles of building rubble has been
removed and the site secured with barrier rails.
The problems at all these sites was successfully
dealt with in 1996 and early 1997. 

Since then, further dumping has become a
problem at the following site:

Site 2: The area to the east of the population on
the north side of the road, which has been used in
the past as a RTA depot or parking area. Piles of
building waste have now been removed and the
RTA have recently secured the area. This site
needs to be checked to ensure these measures are
effective.
Responsibilities for Implementation: DEC &
Warringah Council.
Estimated Costs: $6000. These estimated costs
are secured.

9.4.5 Runoff control

Increased runoff, usually caused by disturbance in
the form of clearing above and within a site, can
be detrimental to the vegetation downslope. It can
cause physical damage by disturbance to the soil
and litter layer, and can lead to an increase in
weed growth as the runoff is often high in
nutrients. Although the habitat of G. caleyi is
typically on the ridge-tops, the impact of
urbanisation on the habitat in the form of roads
and clearing, has made this a significant problem.

Site 5: There was a small runoff problem at the
Site after the 1994 fires. Since then, the regrowth
of bush has been good, and at present there no
longer seems to be a problem with runoff at this
site.

Site 3: Directly adjacent to the population of G.
caleyi and Ku-ring-gai Chase National Park is the
Terrey Hills Golf Course. There is a hill next to
the boundary fence that is landscaped with grass
and planted shrubs. The runoff from this could be
a problem in the future as these plantings are
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relatively recent. Any fertilisers being used on
this landscaped area will add nutrients to the
runoff which flows downhill into the adjacent
bush carrying in weeds and encouraging their
establishment. There is not a problem with runoff
from the golf course at present, but monitoring of
this potential problem periodically in the future is
recommended.

Site 6: The vegetation downslope of the cleared
quarry area suffers from increased runoff and
associated weeds as outlined in section 9.4.2. This
problem needs to be tackled as part of a
management plan for the site.

Site 12/13: A runoff channel in the Site is creating
a weed problem through the bush. A means of
diverting this runoff away from the bush and
subsequent weeding is need here.

Site 1: A drainage pipe under Mona Vale Rd. is
discharging onto the site in heavy rain. A
sediment trap is needed to minimise impacts.

Site 10: Assess any runoff impacts from adjacent
fill area.
Responsibilities for Implementation: DEC &
Warringah Council.
Estimated Costs: $7000. ($3000 is currently
secured.)

9.4.6 Inappropriate plantings of Grevillea
species.

DEC will actively discourage propagation and
planting of G. caleyi plants in Duffys Forest
Ecological Community unless it a part of a
rehabilitation program for a particular site.
Plantings of other Grevillea species likely to
hybridise with G. caleyi will also be discouraged.
Grevillea caleyi has been propagated by local
nurseries for many years and hybrids have been
produced with related species such as Grevillea
longifolia and G. aspleniifolia (Olde & Marriott,
1995). Many of these hybrids are sold under the
name of Grevillea caleyi (Olde & Marriott, 1995).
There have been at least 2 occasions when
nurseries have offered a large number of G. caleyi
plants to government agencies in Terrey Hills for
planting in their grounds. This is well meaning
but highlights a number of serious concerns, as
the intended plantings are within or adjacent to
existing wild populations of G. caleyi. It may
stem from the perception in some parts of the
community that the way to save a rare plant is to
propagate it and plant it everywhere. With a very
habitat-specific species, this is often a
shortsighted approach to conservation, it does not
necessarily ensure its long-term survival, and in
addition can create problems within wild
populations.

As the exact locality of the source of the
propagated material is often unknown, and there
is the additional risk that the propagated G. caleyi

plants may in fact be hybrids, the planting of
propagated G. caleyi plants in the vicinity of the
wild populations is actively discouraged. This will
reduce the possible risk of genetic mixing within
the wild populations, which has been known to
produce inbreeding or outbreeding declines in
population numbers of other plant species. It will
also reduce the potential introduction of soil
pathogens into the populations.

Information needs to be provided to the nurseries
outlining all these concerns, particularly
emphasising the importance of conserving the
habitat of Grevillea caleyi, rather than actively
increasing its numbers with plantings. 
Responsibilities for Implementation: DEC to
draft information letter and to distribute.
Estimated Costs: recurrent staff salaries

9.5 Reservation and/or protection of
remnant sites
In situ conservation is the most important form of
conservation for G. caleyi. The habitat where it
occurs is very specific and needs to be conserved
to ensure the survival of the species in the long
term (See also Section 10.7 on critical habitat).

Objective
To ensure and increased level of protection is
provided to sites currently outside existing
National Parks.

Criteria
Liaison with land managers are commenced and
rezonings are considered in accordance with the
objectives of this recovery plan.
9.5.1 The DEC will liaise with land

managers and relevant Councils to
increase the protection status of land
where Grevillea caleyi occurs.

Many populations of G. caleyi occur on or near
the boundary of Ku-ring-gai Chase and Garigal
National Parks. Most of these lands are either
Crown Land, which is currently under various
land claims in accordance with the provisions of
the Aboriginal Land Rights Act 1983, or lands
managed by public authorities. 

Liaison with Public authorities

The DEC will liaise with public authorities
responsible for managing lands on which
Grevillea caleyi occurs and discuss options for
increasing the level of legislative protection of
those lands. In order to give this effect, the DEC
recognises that there are several legislative
mechanisms, including additions to Ku-ring-gai
and Garigal National Parks where possible, Joint
Management Agreements, Property Management
Plans and DEC acquisition amongst others.

Liaison with Private land holders
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The DEC will liaise with private landholders to
emphasise the significance of populations of G.
caleyi on or adjacent to their properties. The DEC
will seek to ensure sympathetic management of
G. caleyi habitat by private landholders. In order
to achieve greater protection of populations on
private land, the DEC recognises that there are a
variety of mechanisms which may be
implemented, including Property Management
Plans and Voluntary Conservation Agreements,
and that the precise nature of any management
agreements will depend largely on the
circumstances and cooperation of private
landholders.

Environmental Planning Instruments

The DEC will liaise with Warringah and Pittwater
Councils to ensure that the contents and
objectives of this recovery plan are considered
during the preparation of Environmental Planning
Instruments under Part 3 of the Environmental
Planning and Assessment Act 1979 (NSW). 

Consideration of development applications and
rezonings, and assessment of activities

Warringah and Pittwater Councils will ensure that
searches for G. caleyi are carried out by
development proponents prior to assessing
development applications and/or rezoning
applications in areas of potential G. caleyi habitat.
In order to give effect to this action, the DEC will
prepare environmental assessment guidelines
specific to the management of G. caleyi and its
habitat to ensure that the relevant matters are
taken into account when public authorities are
considering potential impacts on the species. 

Responsibilities for Implementation: DEC.
Estimated Costs: Dependant upon outcomes of
negotiations.

9.6 Ecological Research
Although a great deal is known about the life
history and ecology of G. caleyi (see section 6),
there are still gaps in that knowledge that if filled
would lead to a better understanding of the
species and lead to better management. The
following research projects are recommended.

Objective
To increase our knowledge of the biology of G.
caleyi for management of the species.

Criteria
Conduct further research on the biology of G.
caleyi and apply the results of this research to the
management of G. caleyi.

9.6.1 Seedling Survivorship

A number of seedlings were tagged after the 1994
fires to monitor their survival. This was done to

enable a more accurate estimation of the size of
the adult populations in the future and allow an
assessment of the impact of this fire on the
species. It will also provide information on the
time to first flowering and the magnitude of the
first years of flowering. A continuation of this
monitoring is recommended.

Responsibilities for Implementation: DEC.
Estimated Costs: recurrent staff salaries.

9.6.2 Population Viability Analysis
(PVA)

The work of Auld (1994, 1995) in modelling the
soil seedbank in G. caleyi has helped to highlight
the susceptibility of G. caleyi to frequent fire.
Further work on the dynamics of G. caleyi in
relation to fire will be helpful in determining
long-term viability options for management. With
available data it should be possible to model the
probability of extinction of remaining G. caleyi
sites under alternative management scenarios.

Responsibilities for Implementation: DEC to
pursue in conjunction with existing research on
the ecological effects of fire.
Estimated Costs: $2000 yr 1 (secured) and
recurrent staff salaries.

9.6.3 Seed predation

Auld and Denham (2001b) have shown a higher
than predicted level of loss of seeds to predators
after the January 1994 fires. Experiments have
shown a 99-100% level of seed consumed by
predators in the first two years of flowering. This
high level of predation will slow the build up of
the soil seedbank in G. caleyi at sites burnt in
1994. Further monitoring over successive fruiting
seasons is needed to determine the rate of build up
of the seedbank and hence the ability of such sites
to tolerate another fire. Monitoring at small
remnant sites is needed to determine if high seed
losses occur across all remnant sites.

Responsibilities for Implementation: DEC.
Estimated Costs: recurrent staff salaries.

9.6.4 Breeding system and genetic
variation

Currently, G. caleyi consists of a number of
isolated population fragments, whereas, prior to
urbanisation, the habitat and distribution of the
species may have been more continuous. Little is
known about the breeding system in G. caleyi, the
associated genetic variation between population
fragments and hence, the importance in terms of
gene flow of the remaining sites. Recent work has
suggested significant genetic variation between
remnant patches of G. caleyi (Llorens pers.
comm.). Such information is vital when planning
for the use of G. caleyi plants in revegetation
work, as has already happened along Mona Vale
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Rd., Terrey Hills. It is also important for assessing
the impact that various cultivated Grevillea spp.,
that are grown in the vicinity of G. caleyi, may
have on gene flow and mixing. Grevillea caleyi
has already been successfully crossed with G.
longifolia, G. aspleniifolia (Olde & Marriott,
1995), G. hookeriana and G. longifolia X G.
acanthifolia (ACRA website). Work on the
breeding system and genetic variation between
population fragments is needed to resolve these
matters.

Responsibilities for Implementation: The DEC
and the Department of Biological Sciences at the
University of Wollongong have secured an
Australian Postgraduate Award (Industry) to
research the breeding systems and genetics of G.
caleyi.
Estimated Costs: no future costs.

9.6.5 Mechanisms that break seed
dormancy

While Auld & Tozer (1995) found that heat did
not break seed dormancy in Grevillea species,
including G. caleyi, there is a pulse of germinants
post-fire in Grevillea. Further research to pursue
the dormancy trigger(s) in relation to fire is
needed. The influence of smoke and leachates
from charred wood on seed dormancy and the
interaction of smoke and heat (see Morris 2000)
could be investigated as possible mechanisms
controlling dormancy in relation to the passage of
a fire. This could yield a better understanding of
the effects of fire season and fire intensity on the
species and will be important for management of
the species.

Responsibilities for Implementation: DEC 
Estimated Costs: negligible. Included as part of
above APAI.

9.6.6 Susceptibility of Grevillea caleyi to
Phytophera cinnamomi 

It is currently not known if P. cinnamomi will
detrimentally impact on G. caleyi. Given the close
proximity of the pathogen to known sites, and the
existence of mechanisms to transfer the pathogen
to such sites, an assessment of susceptibility is
needed.

Responsibilities for Implementation: DEC. 
Estimated Costs: $1000. Funds secured.

9.6.7 Storage of seed

Maintaining representative living collections of
G. caleyi populations ex situ in a botanic garden,
for instance, is not a priority as outlined in
Section 7.3 of this report. The Recovery Team is
actively discouraging the planting of propagated
G. caleyi plants in the vicinity of the wild
populations.

The storage of seed however is an easy, low
maintenance, long-term procedure that would be
suitable for G. caleyi. The objective of seed
storage is to conserve the species in case of
irreversible damage or loss of the species in the
wild. The viability of G. caleyi seed is high and it
is easy to germinate. As there is evidence of
genetic divergence across remnant sites of the
species, the ideal would be to have a stored
collection of seed from as many sites as possible.
However, the species has low fecundity and as
some of the patches are very small in numbers of
plants, the collection of seed may have a
significant impact on the seedbank. Another
pitfall is that in long unburnt sites most of the
genetic diversity is likely to be below ground as
seeds and collection of seeds from the few
remaining above ground plant would not be
representative. The best time for seed collection
would be some 5-10 years after a fire.

It is recommended to delay the collection of seed
until conclusions from the work on the breeding
system and genetics is finalised by the University
of Wollongong. A reassessment can be made at
that time for the need and the appropriate design
of any seed collection.
Responsibilities for Implementation: DEC to
arrange seed collections, and to liaise with Mt
Annan Botanic Garden regarding seed storage
facilities should this action be deemed necessary.
Estimated Costs: $3000, over 2 years secured.

9.7 Locate and protect new
sites

Objective
To locate and protect any new sites of Grevillea
caleyi. 

Criteria
Habitat searched for possible new sites, and where
new locations found, negotiations with land
managers are taken to protect these sites.

9.7.1 Initiate a program of identifying potential
habitat and systematically searching these
areas for new locations of Grevillea caleyi.

Evidence to date indicates that the habitat of G.
caleyi is quite specific. All known populations
occur on similar soil type, topography and
vegetation community. Much of this habitat has
been searched over the years for additional
populations. There are however some areas that
require further searches:
� Duffys Forest - At the back of the golf course

and the Japanese School.
� Around the Substation at Belrose.
� Around the eastern side of the Police Driver

Training School and the St Ives Show Ground
at St Ives.
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� Warrimoo Road area of North St. Ives.
� Duffy’s Forest area generally.
Other areas of long unburnt remnant vegetation
within the habitat of G. caleyi, as defined by soil
type (use the soil maps of Walker 1960 and
Chapman & Murphy 1994), could be searched for
the presence of seedlings in the first year after
fire. While adult plants may senesce and
disappear in long unburnt sites, some soil
seedbank may remain to re-establish the
population after fire. Grevillea caleyi seedlings
are large and grow relatively quickly and are
easily seen. Information about fires in potential
Grevillea caleyi habitat supplied from the Rural
Fire Service to DEC Northern Beaches Area and
Biodiversity Research and Management Division,
will enable searches of potential habitat to be
made soon after fire, hence maximising the
chance of locating new populations. 

Involving the local community in this process is
very important as they have the local knowledge
of the land, and are in close vicinity to do
searches at their will. If a new site is discovered,
the Recovery Team needs to find out the land
tenure and inform the owner/manager of the land,
assess the site for the location and numbers of
Grevillea caleyi plants, describe the habitat,
assess present management practices and current
and future threats to the population, and produce a
site-based management plan in accordance with
action 9.5. 

Responsibilities for Implementation: DEC.
Estimated Costs: $2,000/year for 1st 3 years.
Funds secured.

9.8 Identify Critical Habitat

Objective
To identify critical habitat for G. caleyi.

Criteria
Critical habitat is assessed for G. caleyi

9.8.1 Assessment of critical habitat for G.
caleyi.

The identification of critical habitat is a key
component of the TSC Act. An assessment of the
habitat for G. caleyi will be made to identify
critical habitat for the species. This should be
considered in conjunction with the endangered
Duffys Forest Ecological Community. Results of
the Genetic Research Study of G. caleyi will
guide the critical habitat assessment process.

Responsibilities for Implementation: DEC.
Estimated Costs: $3000

10 Implementation

10.1 Implementation costs
The recovery actions identified in this plan state
what must be done to ensure the recovery of
Grevillea caleyi. The following table indicates
those costs for the public authorities responsible
for the implementation of actions identified in the
plan. The total cost to implement this plan is
estimated to be $230,650 over five years.

Note: secured funds marked with an asterisk.

11 Site Specific Working
Documents

Site specific working documents outline the
management requirements for each of the 26
Grevillea caleyi sites in turn, identified in this
report. Detailed information for each site and
specific management tasks are given. They are
designed to enable the Recovery Team and land
managers responsible for each site, easy access to
concise management guidelines to be used in the
field. Because they contain detailed site location
details, these working documents have been
placed in Appendix 3 and are not available for
viewing by the general public.

12 Preparation Details

This recovery plan was prepared by Ms Judith
Scott and Dr Tony Auld, Biodiversity Research
and Management Division, Department of
Environment and Conservation in consultation
with the recovery team. It is based on the
“Conservation Research Statement and Recovery
Plan for Grevillea caleyi R.Br.” produced in
March 1995 by Judith Scott, Andrew Marshall
and Tony Auld. This recovery plan has also been
editied by Tania Duratovic and Meagan Ewings.

12.1 Review date
This recovery plan will be reviewed in 5 years
from the date of publication. This will coincide
with reviews of the Plan of Management and the
Fire Plan of Management for DEC Sydney North
Region, both of which have sections on Grevillea
caleyi.

13 Contacts

13.1 Recovery Team
The Recovery Team is co-ordinated by the
Ecology of Threatened Flora Group, within the
Biodiversity Research and Management Division
of the Department of Environment and
Conservation (NSW), Hurstville. Members of the
Recovery Team are given in Section 8. Enquires
may be directed to the following contacts:
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Department of Environment and Conservation (NSW)
Biodiversity Research and Management Division
Ecology of Threatened Flora Group
PO Box 1967, Hurstville NSW 2220
Telephone: (02) 9585 6497
Facsimile: (02) 9585 6606

Department of Environment and Conservation (NSW)
Northern Beaches Area
PO Box 134, Forestville NSW 2087
Telephone: (02) 9451 3479
Facsimile: (02) 9451 7390

Department of Environment and Conservation (NSW)
Conservation Programs and Planning Division, Central
Directorate
Threatened Species Unit
PO Box 1967, Hurstville NSW 2220
Telephone: (02) 9585 6678
Facsimile:  (02) 9585 6442

13.2 Other useful addresses
National Herbarium of NSW
Royal Botanic Gardens
Mrs Macquaries Road
SYDNEY NSW 2000
(02) 9231 8111

Warringah Council
Civic Centre
725 Pittwater Road
DEE WHY NSW 2099
(02) 9942 2222
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Table 4 Implementation Schedule
Action

No:
Action Title Priority Estimated Cost/yr Total

Cost
Responsible

party/funding
source

In-Kind Cash

Year 1
(03/04)

Year 2
(04/05)

Year 3
(05/06)

Year 4
(06/07)

Year 5
(07/08)

9.2.1 Inform Land Managers 1 $1,000 $1,000 $1,000 $1,000 $1,000 $5,000 DEC $5,000
9.2.2 Preparation of colour posters 2 $2,000 $2,000 DEC $2,000
9.3.1 Fire management 1 $500 $500 $500 $500 $500 $2,500 DEC $2,500

$1,250 $1,250 $1,250 $1,250 $1,250 $6,250 Warringah Council $1,250 $5,000
9.4.1 Fencing 1 N/A DEC
9.4.2 Weed control and bush

regeneration
1 $20,000 $20,000 $40,000 DEC $40,000

$38,400 $30,000 $25,000 $25,000 $20,000 $138,400 Warringah Council $138,400
9.4.3 Pathogen control 2 $1,000 Neg Neg Neg Neg DEC $1,000
9.4.4 Rubbish removal 2 $2,000 $1,000 $1,000 $1,000 $1,000 $6,000 DEC $6,000
9.4.5 Runoff Control 2 $3,000 $1,000 $1,000 $1,000 $1,000 $7,000 DEC $3,000 $4,000
9.4.6 Inappropriate planting 3 Neg DEC
9.5.1 Increase site protection 1 $1,000 $1,000 $1,000 $1,000 $1,000 $5,000 DEC $5,000
9.6.1 Monitor seedling survival 2 $500 $500 $500 $500 $500 $2,500 DEC $2,500
9.6.2 Population viability analysis 2 $2,000 $2,000 DEC $2,000
9.6.3 Monitor seed predation 2 Neg DEC
9.6.4 Breeding system and genetic

variation
1 Neg DEC

9.6.5 Seed dormancy 1 Neg DEC
9.6.6 Susceptibility to Phytophera 1 $500 $500 $1,000 DEC $1,000
9.6.7 Seed storage 3 $2,000 $1,000 $3,000 DEC $3,000
9.7.1 Search for new sites 2 $2,000 $2,000 $2,000 $6,000 DEC $2,000 $4,000
9.8.1 Critical habitat assessment 2 $3,000 $3,000 DEC $3,000

Total $77,150 $62,750 $33,250 $31,250 $26,250 $230,650 $24,250 $206,400
Priority ratings are: 1- Action critical to meeting plan objectives, 2-Action contributing to meeting plan objectives, 3-Desirable, but not essential action.
‘In-Kind’ Funds represent salary component of permanent staff and recurrent resources.
‘Cash’ Funds represent the salary component for temporary staff and other costs such as the purchasing of survey and laboratory equipment.
Recovery Plan Coordination includes all actions associated with ‘in-kind’ administration and general implementation of the recovery plan.
TBD: To Be Determined represents those actions for which a cost can not be attributed as they are dependent on the outcomes of negotiations.
Neg: Negligible costs
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