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Site location
1a-1. Broad aerial view of subject properties (from Figure 1 of Horton Coastal 

Engineering dated 19 September 2016)
1 a-2. Zoomed aerial view of subject properties, with approximate extent of 

proposed works shown (from Figure 2 of Horton Coastal Engineering 
dated 19 September 2016)

1 b. Survey plan (Clarke Dowdle & Associates (dated 24 June 2016)
1c. Site boundary overlaid onto the Gosford LEP 2014 Land zoning map

sheet 017B

Coastal erosion and risk
2a. Aerial photograph of The Ruins in 1978 indicating the degree to which

the site was rebuilt/damaged at that time (source of photograph from 
http://www.coastalwatch.com/environment/4525/the-impact-of coastal- 
erosion-in-australia

2b-1. Individual end effects in vicinity of subject properties based on Carley et 
al. (2013) from Horton Coastal Engineering report dated 8 March 2017

2b-2. Comparison of immediate hazard including end effects for existing
situation and after construction of proposed works, based on Carley et al. 
(2013) from Horton Coastal Engineering report 8 March 2017

2c-1. Cross section locations pre-storm, overlaid on the 2014 aerial
photograph (NSW Imagery Web Service, Spatial Services, Dept, of 
Finance, Services and Innovation)
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2c-2. Cross section locations post-storm, overlaid on the 2016 aerial 
photograph (UNSW Water Research Laboratory)

2d. Wind rose for the month of June at 3 pm at Norah Head

Geology and Soils landscape
3a. Site boundary overlaid on the Gosford  Lake Macquarie 1:100 000
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Macquarie 1:100 000 Sheet Map (Murphy and Tille 1993)
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5a. A typical stable beach dune (from Department of Land and Water

Conservation 2001)
5b. 1:100 000 Vegetation of the Gosford and Lake Macquarie area (Benson

1986)
5c. Site boundary overlaid on the vegetation mapping (Bell 2004)
5d-1 Vegetation mapping (Bell 2013) extract emailed by Central Coast

Council, 30 March 2017, includes the properties and The Ruins 
5d-2 Vegetation mapping (Bell 2013) extract emailed by Central Coast 

Council, 30 March 2017, includes Wamberal Lagoon north of the 
properties and The Ruins

Flora survey
6a. Flora sampling locations overlaid on the Nearmap aerial photograph

(dated 13 November 2016
6b. Commonly recorded species distribution along the 2008 and 2016b cross

section through The Ruins
Tables.
1. Species recorded at sampling locations along Wamberal Beach, 

Wamberal
2. Maximum height and number of individuals per 10 m x 10 m 

subquadrat, for species present > 2 m height

Appendices
1. Instruction from King & Wood Mallesons
2 Brief CVs and major projects
3. Evidence of storm events
4. Photographic record
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Photographic record from inspection on 25 March 2017
Final Determinations for Littoral rainforest in the NSW North Coast,
Sydney Basin and South East Corner bioregions and
Umina coastal sandplain woodland in the Sydney Basin Bioregion
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1.0 Introduction

I have been instructed by King & Wood Mallesons to prepare a report (Appendix 1):
1. identifying any species or plants on the Land protected under the Threatened 

Species Conservation Act 1995 that may be affected by the Works; and

2. assessing and describing what, if any, impacts the Works may have on any 
identified species, including so called ‘end-effects’ caused by the Works.

on the land known as The Ruins, the land on which the Works are proposed as well 
as the access track required for their construction.

The proceedings arise from a deemed refusal of the proposed Works by the NSW 
Coastal Panel. The proposed Works involve the construction of a rock revetment with 
piled toe on six properties fronting Wamberal Beach. The properties are zoned R2  
Low Density Residential under the Gosford Local Environmental Plan 2014 (Figures 
1 a-1, 1a-2, 1b, 1c), namely:

Address Lot in DP 8854
29 Pacific Street Lot 6 DP 8854

31 Pacific Street Lot 5 DP 8854

33 Pacific Street Lot 4 DP 8854

23a Ocean View Drive Lot 3 DP 8854

23b Ocean View Drive Lot 2 DP 8854

25c Ocean View Drive Lot 4 DP 524938

These properties front Terrigal Beach and have been subjected to storm damage 
(Figure 2a, see photographs of storm damage Figures 3 to 12 in Horton Coastal 
Engineering dated 19 September 2016). The properties are south of The Ruins, land 
zoned RE1  Public Recreation (Figure 1c).

The proposed storm protection Works have been designed by the coastal engineer 
Peter Horton, as outlined in the original Development Application (Horton Coastal 
Engineering dated 19 September 2016). Conciliation between the parties at the s34 
Conference has occurred as explained in Peter Horton’s supplemental report to the 
Coastal Panel dated 8 March 2017. There have been some modifications to the 
proposed Works as a result of the s34 Conferencing.

The effects of storms over time are illustrated by OEH photogrammetric profiles in the 
vicinity of the properties and the potential storm protection of the proposed Works on 
the properties are illustrated in the cross-sections (see Figures 2 to 12 of Horton 
Coastal Engineering dated 8 March 2017).

The potential impact associated with the Works on The Ruins are shown by way of 
the yellow line on Figures 2b, 2c (Figures 13, 14 in Horton Coastal Engineering dated 
8 March 2017).

Whilst my report is being prepared in the context of the s34 Conciliation Conference 
process, and is not, at this stage, evidence in the proceedings, I and those who 
assisted me in the preparation of this report have read and understood the Expert 
Witness Code of Conduct in Schedule 7 of the Uniform Civil Procedure Rules 2005,
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Part 31 Division 2 of the Uniform Civil Procedure Rules 2005, and Court’s Policy on 
Joint Reports and on Expert Witnesses. I agree to be bound by the Expert witness 
code of conduct. My CV and those of the persons assisting in the preparation of this 
Report are given in Appendix 2.

2.0 Material relied upon

The material relied on in the preparation of this Statement of Evidence included:

Websites
Aerial photographs accessed from Nearmap dated 22-23 March 2017 
(http://www.nearmap.com/photomaps)

SIX Maps 2017 aerial photograph used to reference cadastral boundaries and checking
Lot DPs from the NSW Department of Lands accessed on 23 March 2017 
(http://maps.six.nsw.gov.au)

Bureau of Meteorology website: www.bom.gov.au/climate, accessed 27 March 2017.

NSW Office of Environment and Heritage Wildlife Atlas (Bionet) database, accessed 27 
February 2017.

OEH Bitou Bush  Fact Sheet,
http://www.environment.nsw.gov.au/pestsweeds/BitouBushFactsheet.htm

PlantNET website 
(www.plantnet.rbgsyd.nsw.gov.au)

Published literature:
Barr D.A. (1965) Restoration of coastal dunes after beach mining. J. Soil Conserv. Serv. 
New South Wales. 21, 199-209

Benson D. (1986) Vegetation of the Gosford and Lake Macquarie area. Cunninghamia,
1(4).

Benson D. and McDougall L. (2001) Ecology of Sydney plant species 8. 241. Ecology of 
Sydney plant apecies Part 8: Rutaceae to Zygophyllaceae. Cunninghamia 7(2) 2001).

Brown and Vickery 2007 Gosford-Lake Macquarie 1:100 000 Geological Map Sheet 9131 
& 9231, Department of Industry, Resources & Energy

Chapman D.M., Geary M., Roy P.S and Thom B.G. (1982) Coastal evolution and coastal 
erosion in New South Wales. Report prepared for the Coastal Council of NSW.

Clements A., Simmonds A., Hazelton P., Inwood C., WoolcockC., Markovina A-L,
O’Sullivan P. (2010) Construction of an Environmentally Sustainable Development on a 
Modified Coastal Sand Mined and Landfill Site Part 2. Re-Establishing the Natural 
Ecosystems on the Reconstructed Beach Dunes. Sustainability 2010, 2(3), 717-741; 
doi: 10.3390/su2030717

Department of Land and Water Conservation (2001) Coastal Dune Management, a
Manual of Coastal Dune Management and Rehabilitation Technique. Coastal Unit, New
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South Wales Department of Land and Water Conservation: Newcastle, Australia, 2001.

Harden G. G. J. (ed.) (1992, 1993, 2000, 2002) Flora of New South Wales Volume 3, 4, 
Revised Volume 1, Revised Volume 2. New South Wales University Press: Sydney.

Hazelton, P. and Clements, A. (2009) Construction of an environmentally sustainable 
development on a modified coastal sand mined and landfill site Part 1. Planning and 
implementation. Sustainability 2009, 1, 319-334.

Hesp P. (1984) The formation of sand beach ridges and foredunes. Search 15, 289- 
291.

Lindsay, E.A.; French, K. (2005) Litterfall and nitrogen cycling following invasion by 
Chrysanthemoides monilifera ssp. rotundata in coastal Australia. J. Appl. Ecol., 42, 556- 
566.

Maze; K.M.; Whalley, D.B. (1992) Germination, seedling occurrence and seedling survival 
of Spinifex sericeus R.Br (Poaceae). Aust. J. Ecol. 1992, 17,189-194.

Murphy C.L. and Tille P.J. (1993) Soil landscapes of the Gosford-Lake Macquarie 1:100
000 sheet. Soil Conservation Service NSW.

Specht R.L., Specht A., Whelan M.B. and Hegarty E.E. (1995) Conservation altas of plant 
communities in Australia. Centre for Coastal Management NSW.

Weeds of National Significance: Bitou and Boneseed (Chrysanthemoides monilifera ssp. 
rotundata and monilifera) Strategic Plan (2000); National Weeds Strategy Executive 
Committee: Launceston.

Vranjic, J.A.; Woods, M.J.; Barnard, J. Soil-mediated effects on germination and seedling 
growth of coastal wattle (Acacia sophorae) by the environmental weed, bitou bush 
(Chrysanthemoides monilifera ssp. rotundata). Austral Ecol. 2000, 25, 445-453.

Supplied by King & Wood Mallesons
1. DA with original plans of Works (superseded);

2. Statement of Facts and Contentions in Reply filed by the Applicant;

3. Division 2 of Part 31 of the Uniform Civil Procedure Rules 2005;

4. Expert Witness Code of Conduct;

5. Court’s Policy on Expert Witnesses;

6. Court’s Policy on Joint Reports;

7. Appendix A of revised Works report  Survey;

8. Appendix C of revised Works report  Structural report;

9. Appendix D of revised Works report  Geotechnical report;
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10. Appendix B of revised Works report  Drawings;

11. Revised Works report prepared by P Horton (to be read in conjunction with, but 
superseding the drawings in the DA at Attachment 1);

12. Appendix E of revised Works report  Peer review Class 3 Application filed 6 July 
2015

Supplied by Peter Horton of Horton Coastal Engineering
Historical aerial photographs 1941, 1965, 1974, 1977, 1985, 1996

OEH photogrammetric profiles

3.0 Environmental setting

The subject properties front Wamberal-Terrigal Beach. This beach (NSW 285) is 
described on the Beachsafe website
(beachsafe.org.au/beach/nsw/gosford/terrigal/wamberal-terrigal, accessed 27 March 
2017) and is consistent with aerial photographs and mappings:

From Beachsafe website From aerial photographs and 
mappings

Wamberal-Terrigal Beach (NSW 285) is a 2.8 
km long stretch of sand that trends southwest 
from the rocks on the north side of Wamberal 
Lagoon entrance south to Terrigal Lagoon 
entrance where the beach begins to curve 
round to the southeast to terminate at the 
rocks on the southern end of Terrigal Beach, 
in lee of Broken Head.

Consistent with Figures 1 a-1, 3a)

The beach blocks the entrances to two 
drowned valleys, now occupied by Wamberal 
and Terrigal lagoons, which only open during 
heavy rain.

Consistent with Figure 1 b, open 
during heavy rain (see 1978 aerial 
Figure 2a)

The beach and its lagoons have long been 
popular holiday destinations for Sydneysiders, 
with increasing residential development since 
the 1960s.

See aerial photographs in Figures 4

The northern 1.5 km of Wamberal Beach 
(NSW 285a) lies in the Wamberal Lagoon 
Nature Reserve, with the Wamberal SLSC 
(formed in 1950) located on the south side of 
the lagoon entrance.

Figure 1a.

The 1 km long 20 m high foredune, between 
Wamberal and Terrigal lagoons, has been

Figure 1a.
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developed for beachfront housing.

The beach is readily accessible at the surf 
club where there is a large carpark, in 
addition to several tracks that lead over the 
high foredune, and in the south by Terrigal 
Lagoon.

Figure 1a.

The northern Wamberal Beach is well 
exposed with waves averaging 1.5 m and up 
to 15 rips dominating the surf zone. As wave 
height drops to the south the rips decrease in 
size, with often a continuous bar along
Terrigal Beach (Fig. 4.171).

3.1 Climate and storm erosion risk

The rainfall statistics for Norah Head AWS meteorological station (Bureau of 
Meteorology website, accessed 28 March 2017), located on the coast approximately 
15 km to the north-east, indicate that periods of heavy rainfall tend to occur 
throughout the year with more than 400 mm monthly highest rainfall recorded in April 
to June.

Rainfall (mm) statistics
Statistic Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Mean 85 107 109 133 142 146 88 72 64 55 95 68 1159

Lowest 0 10 13 18 9 1 1 1 4 1 0 0 834

5th %ile 8 18 50 27 13 5 9 3 13 8 8 27 856

10th %ile 10 25 53 33 19 24 12 6 16 10 19 30 896

Median 73 94 108 111 115 147 72 62 52 50 95 69 1130

90th %ile 174 171 157 304 242 222 137 136 139 83 148 113 1433

95th %iie 178 227 184 321 303 309 251 154 140 102 167 123 1466

Highest 232 387 221 405 522 575 384 218 169 234 305 134 1556

The wind-rose for the month of June at 3 pm at Norah Head shows that wind speeds 
greater than 30 km/hr occur more 20% of the time (Figure 2d) on the coast. The May 
 June 1974 storm event at Wamberal Beach resulted (Chapman etal. 1982) in 

significant impacts, with:
• Severe sand deletion;
• Scarping of the front dune;
e Damage to club houses and amenity blocks; and
• Houses threatened.

Wamberal and surrounding regions have been affected by intense storm events, 
flash flooding and sea swells (Appendix 3).
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3.2 Geology and soil landscapes

3.2.1 Geological mapping

The geology of the properties fronting Wamberal Beach and the beach are mapped 
at 1:100 000 scale by Vickery and Brown (Figure 3a) as Quaternary Holocene 
deposits (map unit Qhd). This map unit is described as “Coarse quartz sand, varying 
amount of shell fragments".

The geology of the lagoons, including Terrigal Lagoon to the west of map unit Qha is 
mapped as Quaternary Holocene deposits (map unit Qa), described as “Gravel and 
sand”.

The predominant geology of the region is Hawkesbury Sandstone (Map unit Ha) with 
the underlying geology of Patonga Claystone (Map unit Rnp) expose at northern 
headland of Wamberal Beach and at Wamberal Point.

3.2.2 Soil landscape mapping

The soil landscape of the properties fronting Wamberal Beach and the beach are 
mapped at 1:100 000 scale by Murphy and Tille (1993) as the beach landscape of 
Narrabeen (Figure 3b), described as:

Landscape  beaches and coastal foredunes on marine sands. Beach plains 
with relief <10 m; slopes <3%; foredune with <20 m and slope gradients up to 
45%. Spinifex grassland / herbland to close scrub on foredunes.
Soil- deep (200 cm) Solonchaks/Calcareous Sands.. on beaches with 
Siliceous Sand.. on foredunes.
Limitations  severe wave erosion hazard, severe wind erosion hazard, 
exteme foundation hazard, non-cohesive highly permeable strongly alkaline 
saline-sand of low fertility.

Mapped landward of the Narrabeen soil landscape adjoining Terrigal Lagoon is 
Yarramalong. This soil landscape is described as:

Landscape  level to gently undulating dissected alluvial plain on Quaternary 
sediments....
Soil-deep (200 cm) Alluvial Sands and Siliceous Sands ...
Limitations  flooding, foundation hazards, seasonal waterlogging, stream 
bank erosion, low fertility.

3.2.3 Land use

Photogrammetric analysis undertaken by OEH (derived from aerial photographs) has 
been used to show landform changes along Wamberal Beach (locations of profiles 
on Figures 2c-1,2c-2, see cross-sectional profiles in Figures 2 to 12 of Horton 
Coastal Engineering dated 8 March 2017).

From the historical aerial photographs (Figures 4 -1941 to 4  2016), Ocean View 
Drive and Pacific Street were constructed prior to 1941, reclamation filling was 
undertaken in Terrigal Lagoon between 1941 and 1965 west of Ocean View Drive 
and changes in vegetation cover related to both storm events and to intensification of 
human use, namely:
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Residential fronting Wamberal Beach, 
south of the Ruins

The Ruins

1941 Beach in the east of the properties.
Sparse spinifex cover on the foredune 
and shrub cover on the hind dune. 
House(s) constructed on the foredune at 
33/31 Pacific Street.
Track and clearings visible in the 
foredune and hind-dune.

Sparse spinifex cover on the 
foredune and shrub cover on 
the hind dune. Track across the 
foredune.

1965 Beach in the east of the properties. 
Hind-dune vegetation established on area 
of fore-dune vegetation with houses built 
on 5 of the 6 properties, except 25c

Filling work of the lagoon occurring to the 
west of the properties and of The Ruins

Foredune vegetation expansion 
to the east with more extensive 
hind dune vegetation. Track 
across the dune.

1974 Similar to 1965. There is a large rip 
immediately seaward of the properties in 
this aerial (Peter Horton, pers com. 27 
March 2017).

Houses and vegetation establishing on 
filling in the lagoon.

Dune vegetation.

1977 Similar to 1965, 1974, except loss of 
dune vegetation in NE of 25c Ocean View 
Drive.
Block of apartment (Manyana) built to 
south of 29 Pacific Street.

Loss of dune vegetation in outer 
%. Path built in the north and 
house constructed to north of 
the Ruins.

1985 Vegetation re-established in the NE of
25c Ocean View Drive. The house at 33 
was relocated landward, and the houses 
at 23b and 23a were rebuilt to a similar 
alignment as 33. The house at 25c had 
also been built at this time.

Clearing for viewing platform in 
The Ruins and tracks.
Vegetation patchy.

1996 House built on all 6 properties. Dense vegetation in west. Cliff  
in east due to storm damage

2010 Vegetation established on the beach side 
of 25c and 23b.

Similar to 1996, except bright 
green weeds establishing in 
western three-quarters.

2011 Some vegetation loss on beach side of all 
properties.

Some foredune vegetation loss 
in the northern half

2013 Recolonisation of foredune vegetation Recolonisation of foredune 
vegetation

2014 Similar to 2013. Similar to 2013.

2015 Further recolonisation. Further recolonisation.

2016 Loss of foredune vegetation. Loss of foredune vegetation.
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4.0 Vegetation

4.1 Vegetation of coastal dunes

In a stable dune ecosystem, the landform consists of an incipient dune, followed by 
the foredune and landward by a hind dune (Figure 5a from Department of Land and 
Water Conservation 2001). On the central coast of New South Wales, Spinifex 
sericeus (Spinifex) is the primary native coloniser of the incipient dune. The incipient 
dune is an active sand zone, with accretion in storm-free periods and loss in storms. 
Spinifex is adapted to survive, move with, and loosely hold these shifting sands. 
Spinifex rapidly naturally colonises the incipient dune from seed washed on shore by 
spring tides (Hesp 1984). For Spinifex germination, seed burial by sand is necessary 
and the seedling will emerge from depths as great as 12.5 cm (Maze and Whalley 
1992).

During the early colonisation stage, areas with highest densities of Spinifex seedlings 
become the locus of maximum sand deposition (Hesp 1984, Clements et al. 2010). 
Vigorous growth of Spinifex on dynamic sections of dunes is possibly stimulated by 
sand deposition (Maze and Whalley 1992). Seaward growth of Spinifex rhizomes 
produces a gradual seaward translocation of aeolian sand deposition and eventual 
formation of a second incipient foredune (Hesp 1992, Clements et al. 2010).

On the seaward foredune on the central coast of New South Wales, the early 
colonisers Spinifex and Carpobrotus glaucescens (Pigface) are gradually replaced by 
secondary colonising species including Scaevola calendulacea, Lomandra longifolia, 
Imperata cylindrica, Ficinia nodosa, Kennedia rubicunda, Correa alba, Acacia 
longifolia subsp. sophoreae and Leucopogon parviflorus (Clements etal. 2010)

Landward of the foredune, the hind dune is dominated by Leptospermum laevigatum 
and Monotoca elliptica with Banksia integrifolia.

The Quaternary sand systems on the east coast have been extensively sand mined. 
Given the extent of mineral sand (black sand) visible on Wamberal Beach, the dune 
of this beach does not appear to have been mined. To stabilise the sand surface, the 
South African dune plant Chrysanthemoides monilifera subsp. rotundata (bitou bush) 
was widely planted (Barr 1965). The edible seeds of Chrysanthemoides monilifera 
subsp. rotundata is readily spread by birds as well as foxes. Bitou bush has now 
infested about 80 per cent of the NSW coastline (OEH Bitou Bush  Fact Sheet, 
http://www.environment.nsw.gov.au/pestsweeds/BitouBushFactsheet.htm, accessed 
28 March 2017).

Chrysanthemoides monilifera subsp. rotundata deleteriously affects the emergence 
and growth of seedlings of the dominant native dune species Acacia longifolia subsp. 
sophorae and other native dune species Vranjic et al. 2000, Weeds of National 
Significance 2000). It alters soil properties through increased litter that promotes 
juvenile bitou bush growth rates and simultaneously impairs the establishment of 
native species (Lindsay et al. 2005). This species is present at Wamberal.

4.2 Previous mapping

Benson (1986) mapped the natural vegetation of the 1:100 000 Gosford  Lake 
Macquarie map sheet. The properties and The Ruins were mapped as cleared 
(Figure 5b). Cleared is defined in these terms:
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These areas are mostly suburban development. Small remnants of vegetation 
too small to map may occur here.

The nearest mapped vegetation (map unit 21b) is to the east of Wamberal Lagoon to 
the north of the properties. This map unit is described as:

Structural formation Main canopy 
species

Geology Occurrence

Open-heath Banksia aemula Quaternary aeolian 
sand (Pleistocene)

Coastal headlands

Closed-scrub Leptospermum
laevigatum
Banksia integrifolia 
Acacia longifolia

Aeolian sand Coastal dunes

Low closed-forest Cupaniopis 
anacardiodes 
Livistonia australis

Aeolian sand Lee side of larger 
dunes

Bell (2004) mapped the native vegetation of the Gosford Local Government Area 
(Figure 5c). The properties and The Ruins are mapped as cleared.

The nearby mapped vegetation units are the following:

Map units Location
E22ai Narrabeen Coastal 
Blackbutt Forest

On the nearby hilltops.

E40i Estuarine Swamp Oak 
Forest

West of Ocean View Drive and Lake View Road adjoining 
Terrigal Lagoon. This area is on reclaim (fill placed in the 
lagoon), as visible from the comparison with 1941 and
1965 aerial photographs (Figures 4-1941, 4-1965).

E50a Coastal Sand Foredune 
Scrubland

An approximately 300 m long strip adjoining the Terrigal 
Beach south of Terrigal Lagoon beach entrance.

E51b Coastal Headland 
Scrubland

At 1 Pacific Street adjoining Wamberal Beach, north of 
Terrigal Lagoon beach entrance. From the site inspection 
on 25 March 2017 (see photograph in Appendix 4a), this 
mapped vegetation was Araucaria heterophylla (Norfork 
Island Pine) growing on coastal dune sand.

On the sand dune east of Wamberal Lagoon (see geology mapping , Figure 3a), the 
following vegetation units have been mapped:

Map unit Location
E4 Coastal Sand Littoral 
Rainforest

Further inland from E50b Coastal Sand Foredune Scrub

E40a Phragmites Rushland Adjoining Wamberal Lagoon
E40i Estuarine Swamp Oak 
Forest

Adjoining Wamberal Lagoon in the south

E50a Coastal Sand Foredune 
Scrub

Adjoining the beach

E50b Coastal Sand Banksia Landward of E50a Coastal Sand Foredune Scrub
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Map unit Location
Scrub

Bell (2013) mapped the native vegetation of the Gosford Local Government Area 
(Figure 5d-1). The mapping is similar to that of Bell (2004), with the properties and 
The Ruins mapped as cleared.

The nearby mapped vegetation units on extract supplied by Central Coast Council 
are the following:

Map units Mapped by Bell (2004)
E40i Estuarine Swamp Oak 
Forest

Consistent with previous mapping.

E50a Coastal Sand Foredune 
Scrubland
E51b Coastal Headland 
Scrubland

On the sand dune east of Wamberal Lagoon (see geology mapping , Figure 5d-2), 
the following vegetation units have been mapped:

Map unit Mapped by Bell (2004)
E37 Coastal Sand Swamp Forest Previously mapped as E4 Coastal Sand 

Littoral Rainforest.
E40a Phragmites Rushland Consistent
E40i Estuarine Swamp Oak Forest Consistent
E50a Coastal Sand Foredune Scrub No longer restricted to strip along beach 

and includes area mapped as E50b.
E50b Coastal Sand Banksia Scrub Assume to be a small patch with E50a

5.0 Current survey

A total of 44 (21 native, 23 exotic) species were recorded in seven 10 m wide 
Transects (1 to 7) by Tony Rodd and Jessica Gardner on 22 March 2017 (sampling 
locations on Figure 6a, data in Table 1) and inspected by Dr AnneMarie Clements on 
25 March 2017. Each of the transects started on the beach and extended landward, 
with:

Transect Length
of
transect

Number
of

quadrats

Located Soil exposed at edge of the 
beach

1 30 m 3 Northern section of The 
Ruins

Eroded sand with some rocks

2 40 m 4 Central section of The
Ruins

Eroded sand with fill and 
sandstone boulders

25c Ocean View Drive vertical drop, soil fill (see 
photograph)

3 10 m 1 23b Ocean View Drive Eroded sand with sandstone

Anne Clements & Associates Pty Limited 14



Transect Length
of
transect

Number
of

quadrats

Located Soil exposed at edge of the 
beach

boulders
4 10 m 1 23a Ocean View Drive Eroded fill with rock
5 10 m 1 33 Pacific Street Eroded sand with sandstone 

boulders
6 10 m 1 31 Pacific Street Eroded fill with rock
7 10 m 1 29 Pacific Street Eroded fill with rock

The composition of the vegetation in the transects was predominantly exotic species 
with the highest occurrence of native species in the bush regenerated The Ruins, 
namely:

Transect Total number of
species
recorded

Number of 
native species

Number of 
exotic species

% exotic to total 
number of 
species 
recorded

The Ruins
1 35 17 18 51
2 33 14 14 42

Total 44 21 23 52

The properties
3 17 8 9 53
4 11 3 8 73
5 10 3 7 70
6 16 6 10 63
7 11 4 7 64

Total 34 11 23 68

Overall total 58 22 36 62

5.1 Methods

The percent projected foliage cover was recorded for each species in the contiguous 
10 m x 10 m quadrats (Table 1). The numbers and maximum heights of all species at 
least 2 m in height were recorded in each 10 m x 10 m plot (Table 2).

All sampling locations were photographed at the time of surveys with additional 
general photographs also taken (Appendix 4). GPS coordinates were recorded at the 
two ends of the transects using a hand-held Garmin GPSmap 78 at the time of 
survey.

Nomenclature is consistent with Harden (1990-1993, 2002), Harden and Murray 
(2000) and subsequent taxonomic changes as published in Telopea, the Sydney 
Royal Botanic Gardens’ journal of systematic botany, and in other Australian 
taxonomic literature. The Royal Botanic Gardens’ PlantNET website 
(plantnet.rbgsyd.nsw.gov.au) incorporating Flora Online is the major source for 
updated taxonomy.
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5.2 Observations

5.2.1 Vegetation of The Ruins

From phone discussion with Warren Brown, Environment Officer at Gosford Council 
(29 March 2017), The Ruins has been bush regenerated for the past 10 year or so. 
There have been extensive plantings on the site. The foredune rehabilitation works 
were lost in the recent storms.

In the central two-thirds of The Ruins the landform appears to have been altered from 
that of typical stable dune profile (Figure 5a). There is no incipient dune at the beach 
edge. There is an approximately 1.2 m high cut from the 2016 storms.

Landward of the storm cut is a short, hummocky ledge with small hollows and 
mounds. The dune then rises another 1.5 m or so in a steep slope from which 
protrude many sandstone blocks and other rubble. The dune behind this is almost 
completely level for a distance of around 15 m, before falling away abruptly into hind- 
dune hollows via a slope of loose sand darkened by organic matter. Transect 2 
sampled this central part of The Ruins.

The line of sandstone blocks and rubble indicate that this central area may be fill for 
a temporary road constructed in 1978 as part of emergency works in an 
attempt to save the two houses or possibly fill placed as dune stabilisation during 
storm events. At the northern end of the reserve, north of the access pathway, the 
dune profile appears somewhat more natural, though there is soil and rubble at the 
seaward edge that is not natural.

The seaward-facing slope of the foredune has a dense cover of mixed native and 
exotic species. At the foot it is dominated by Carpobrotus glaucescens with lesser 
cover of the exotic Cakile maritima, giving way as slope is ascended to a mixture of 
C. glaucescens, Acacia longifolia subsp. sophorae only c. 0.3 m high, a few tufts of 
Lomandra longifolia, and the exotic weeds and garden escapes Gazania rigens, 
Acetosa sagittata, Hydrocotyle bonariensis and Osteospermum ecklonis.

On the level top of the dune the same species are present and with similar low 
stature toward the seaward edge, with addition of the native/cosmopolitan Cynodon 
dactylon. There was evidence of recent control of the weed Acetosa sagittata in the 
form of piles of dead stems. Closer to the landward slope the vegetation increases in 
height with woody plants dominating, principally Leptospermum laevigatum though 
with much dieback and death of its canopy.

Between the landward edge of the dune and the frontage to Ocean View Drive there 
is a gentle slope down to the street. Vegetation in this area is highly disturbed. 
Leptospermum laevigatum is the most abundant woody species, to around 6 m high 
but many individuals have much of their canopy dead or are quite dead. Closer to the 
street there are scattered stems of Breynia oblongifolia up to 4 m high. Outside the 
transect to both the north and south are several mature trees of Cupaniopsis 
anacardioides also close to the street, some with dense canopies overhanging the 
footpath. This species is regenerating from seed and young plants are scattered 
through the landward half of the reserve. Banksia integrifolia is present in a range of 
sizes both within and outside the transect.
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The details of vegetation recorded in two east to west transects (Transect 1, 2) 
(Figure 6a, Table 1) are as follows.

Transect 1 consisted of three 10 m x 10 m contiguous quadrats (Quadrats 1 to 3). 
The transect is located north of the approximately 1.5 m wide concrete walking path 
and south of the residential house boundary. It extends in westerly direction from the 
eroded beach edge to the narrow section north of the path. The vegetation of this 
area does not appear to have been bush regenerated.

Of the 35 species recorded, there were six exotic species with more than 5% 
projected foliage cover in at least one of the three 10 m x 10 m quadrats, and five 
native species with more than 5% cover, namely:

Projected foliage cover of the more abundant species
Quadrat 1 Quadrat 2 Quadrat 3

Native
Acacia longifolia subsp. sophorae 2 5 0
Banksia integrifolia 3 10 10
Lomandra longifolia 1 5 0
Rhagodia candolleana 0 5 15
Total cover 6 25 20

Exotic
* Acetosa sagittata 1 3 10
* Anredera cordifolia 0 0 15
* Chrysanthemoides monilifera 
subsp. rotundata

85 70

* Hydrocotyle bonariensis 5
* Ipomoea cairica 1 0 20
* Pennisetum clandestinum 0 1 15
* Yucca gloriosa 5 0 0
Total cover 92 74 75

The vegetation was dominated by exotic species with the highest occurrence being 
85% projected foliage cover in Quadrat 1 and 70% cover in Quadrat 2 by the listed 
Noxious Weed Chrysanthemoides monilifera subsp. rotundata (bitou bush). Sum of 
percent project foliage cover of the more abundant exotic species (more than 5% 
cover in at least one of the three 10 m x 10 m quadrats) was between 15% at the 
landward edge (mainly path) to 92% (closest to the beach).

The most abundant native species was the Banksia integrifolia (coast banksia) with:
• 3% projected foliage cover in Quadrat 1;
• 10% cover in Quadrats 2, 3.
• Four tree of Banksia integrifolia recorded with 3 in Quadrat 2 up to 5 m in 

height and one tree up to 2 m in height.
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Of the other native species greater than 2 m in height, there were two trees of 
Elaeodendron australe var. australe (Red Olive-plum) up to 2 m tall with 3% 
projected foliage cover in Quadrat 3.

Transect 2 consisted of four 10 m x 10 m contiguous quadrats (Quadrats 1 to 4). The 
vegetation of this transect was being actively bush regenerated with Lantana camara 
cut and herbicide control in situ and weed piles. There was extensive planting of 
Carpobrotus glaucescens in the east and Acacia longifolia subsp. sophorae 
throughout the eastern and central section of the transect.

Of the 28 species recorded, there were four exotic species with more than 5% 
projected foliage cover in at least one of the four 10 m x 10 m quadrats, and five 
native species with more than 5% cover. One of the native species with more than 
5% cover is the cosmopolitan grass Cynodon dactylon (Couch) with 10% cover in 
Quadrat 1 and 30% cover in Quadrat 2. The distribution of these species with at least 
5% cover is shown in Figure 6b.

Projected foliage cover of the more abundant species
Quadrat 1 Quadrat 2 Quadrat 3 Quadrat 4

Native
Acacia longifolia subsp. 
sophorae

10 15 10

Banksia integrifolia 15
Carpobrotus glaucescens 25 5
Cynodon dactylon 10 30
Leptospermum laevigatum 3 25 30
Total cover 45 53 50 30

Exotic
* Acetosa sagittata 1 10 15
* Ehrharta erecta 1 3 10 20
* Gazania rigens 25

* Lantana camara 20 10
Total 27 13 30 45

In front of the properties
Transects 3 to 7 were positioned along the seaward edge of the subject properties 
(Figure 6a). Each ‘transect’ was a 10 m x 10 m quadrat as there was no-dune related 
vegetation beyond 10 m from the beach. The areas beyond 10 m were occupied 
mainly by the house, a mown lawn, or garden structures. From the northernmost to 
the southernmost of the subject property frontages, there was a successive increase 
in elevation of the houses and adjacent lawns above beach level.

Transect 3 (in 23B Ocean View Drive) started at the seaward edge from the base of 
an unstable vertical drop, cut by the most recent storm and exposing approximately 2 
m depth of fill consisting of sandstone boulders, finer rubble and brown clay subsoil 
(see photographs in Appendix 4). Some large sandstone boulders up to 1 m wide 
had fallen to the back of the beach. Vegetation left hanging from the top of the storm
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cut consisted largely of the exotic Osteospermum ecklonis, possibly originating from 
planting in a former garden bed though this species is often naturalised on beach 
dunes. There appeared to be extensive soil loss from beneath this vegetation, the 
soil likely to have slipped over the lip of the storm cut. Towards the south end a patch 
of woody vegetation has survived, dominated by two wind-shorn trees of Banksia 
integrifolia up to 4 m high. Landward of the dense Osteopermum was a level, close- 
mown lawn with a narrow band of planted shrubs intervening, including the native 
dune species Westringia fruticosa and Acacia longifolia subsp. sophorae. Also 
present here were clumps of Lomandra longifolia but mostly as the common forest 
form with fairly narrow deep green leaves; only a minority were the dune ecotype with 
broader, paler grey-green leaves.

Transect 4 (in 23A Ocean View Drive) continued at the seaward edge the same 
pattern of storm cut and with much the same exposure of rocks, rubble and clay 
subsoil, though in this case the cut was deeper and protruded right into the edge of a 
level lawn, with turf edge curving down from loss of supporting soil. Placement of the 
quadrat took in a sliver of the patch of native plantings noted in the southern corner 
of Transect 3, otherwise it consisted entirely of lawn, which was largely of 
Stenotaphrum secundatum (Buffalo Grass). Also present in that sliver was a clump of 
the exotic succulent Aloe arborescens, almost falling off the edge of the storm cut.

Transect 5 (in 33 Pacific Street) also continued at the seaward edge the same 
exposure of rocks, rubble and clay subsoil in the storm cut, but the cut was markedly 
shallower due to the lawn having extended downward in a batter with slope of about 
30 degrees, which together with presence of large sandstone boulders appears to 
have provided slightly more protection from the storm damage than in the next 
property north. The lawn, consisting largely of Buffalo Grass as in Transect 4, 
continued back to the house in an even, gentle slope. Virtually no native dune plants 
were recorded in the quadrat.

Transect 6 (in 31 Pacific Street) ran up to slope to a significantly greater elevation 
than the transects to the north. At the seaward edge it showed a more confused 
pattern of storm damage, with masonry and clumps of plants and soil having fallen 
onto the beach. The pre-storm profile appeared to have been a series of landscaped 
ledges and batters, including a flight of masonry stairs descending to the beach. The 
fill exposed in the storm cut was more or less similar to that in the 3 properties to the 
north. The most significant feature of the vegetation was a moderately large tree of 
Banksia integrifolia with base of trunk only about a metre above beach level, with 
over half of its root system and the trunk base left hanging in the air, although the 
remainder of the roots appeared effectively anchored in fill with fairly close-packed 
sandstone rocks  the tree nonetheless almost certain to succumb to the next 
erosion event. The landscaped ledges and batters were dominated by garden 
plantings and weeds, though plantings included the natives Carpobrotus 
glaucescens and Westringia fruticosa.

Transect 7 (in 29 Pacific Street) at its seaward edge had a higher and more vertical 
storm cut than in Transect 6, with levels above the cut rising yet higher. The exposed 
fill appeared to consist more of soil and coarse rubble than of large sandstone 
blocks, with some topsoil evident higher up. At the top of the cut there was a narrow 
landscaped batter, then above that a slightly sloping lawn with a timber retaining wall 
separating it from the batter. Plantings in the batter included the native dune species 
Westringia fruticosa, Carpobrotus glaucescens and Tetragonia tetragonioides but
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were otherwise dominated by creeping weeds such as Ipomoea cairica and 
Hydrocotyle bonariensis.

6.0 Conservation Significance

The presence of threatened communities, species and populations under the NSW 
Threatened Species Conservation Act 1995 was assessed.

6.1 Community

A search of the ecological communities listed on the Office of Environment and 
Heritage (OEH) BioNet Website (http://www.bionet.nsw.gov.au/ accessed 28 March 
2017) returned 16 listed endangered/critically endangered ecological communities 
under the NSW Threatened Species Conservation Act 1995 as occurring within a 10 
km buffer area of the property.

BioNet Communities search
Community NSW status Commonwealth

status
Likely to occur on 
aeolian beach sands

Coastal Saltmarsh in the New 
South Wales North Coast, Sydney 
Basin and South East Corner 
Bioregions

E3 V No

Coastal Upland Swamp in the 
Sydney Basin Bioregion

E3 E No

Freshwater Wetlands on Coastal 
Floodplains of the New South 
Wales North Coast, Sydney Basin 
and South East Corner Bioregions

E3 No

Hunter Lowland Redgum Forest in 
the Sydney Basin and New South 
Wales North Coast Bioregions

E3 No

Kincumber Scribbly Gum Forest in 
the Sydney Basin Bioregion

E4B No

Littoral Rainforest in the New
South Wales North Coast, Sydney 
Basin and South East Corner 
Bioregions

E3 CE Yes

Low woodland with heathland on 
indurated sand at Norah Head

E3 No

Lower Hunter Spotted Gum- 
Ironbark Forest in the Sydney
Basin Bioregion

E3 No

Lowland Rainforest in the NSW 
North Coast and Sydney Basin 
Bioregions

E3 CE No

Quorrobolong Scribbly Gum 
Woodland in the Sydney Basin 
Bioregion

E3 No

River-Flat Eucalypt Forest on 
Coastal Floodplains of the New

E3 No
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Community NSW status Commonwealth
status

Likely to occur on 
aeolian beach sands

South Wales North Coast, Sydney 
Basin and South East Corner 
Bioregions

Swamp Oak Floodplain Forest of 
the New South Wales North
Coast, Sydney Basin and South 
East Corner Bioregions

E3 No

Swamp Sclerophyll Forest on 
Coastal Floodplains of the New 
South Wales North Coast, Sydney 
Basin and South East Corner 
Bioregions

E3 No

Sydney Freshwater Wetlands in 
the Sydney Basin Bioregion

E3 No

Themeda grassland on seacliffs 
and coastal headlands in the
NSW North Coast, Sydney Basin 
and South East Corner Bioregions

E3 No

Umina Coastal Sandplain 
Woodland in the Sydney Basin 
Bioregion

E3 Possible

E3 - Endangered Ecological Community, E4B - Critically Endangered Ecological Community, V- 
Vulnerable, E - Endangered, CE - Critically Endangered.

Of the listed State communities, Littoral Rainforest potentially may occur on The 
Ruins. Littoral Rainforest in the NSW North Coast, Sydney Basin and South East 
Corner Bioregions (Appendix 5) is legally defined in the NSW Scientific Committee’s 
Final Determination gazetted 4 June 2004.

The listed community Umina Coastal Sandplain Woodland in the Sydney Basin 
Bioregion (Appendix 5) is not likely to occur on The Ruins as:

• The Ruins occurs on the Narrabeen soil landscape (Figure 3b), not the Woy 
Woy specified in the Final Determination;

• The Ruins is mapped as ‘Cleared” and not mapped as Coastal Dune Forest 
(map unit 9t) by Benson & Howell (1994);

• The Ruins has a highly disturbed patch of storm affected coastal dune sand; 
and

• The vegetation of The Ruins is not as specified in the Final Determination as 
being “a low woodland dominated by trees of Eucalyptus botryoides and 
Angophora floribunda .

6.1.1 Comparison with the Final Determination

The Scientific Committee found that:

1. Littoral Rainforest in the NSW North Coast, Sydney Basin and South 
East Corner Bioregions is generally a closed forest, the structure and 
composition of which is strongly influenced by proximity to the ocean.
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The Ruins is on a coastal dune fronting Wamberal Beach. The term “Closed-forest” is
defined in Specht et al. 1995 as:

Life form and height of tallest stratum  Trees 10-30 m; and 
Foliage projective cover of the tallest stratum -100-70%.

Closed-forest was not found on The Ruins.

The plant species in this ecological community are predominantly 
rainforest species with evergreen mesic or coriaceous leaves. Several 
species have compound leaves, and vines may be a major component of 
the canopy. These features differentiate littoral rainforest from sclerophyll 
forest or scrub, but while the canopy is dominated by rainforest species, 
scattered emergent individuals of sclerophyll species, such as 
Angophora costata, Banksia integrifolia, Eucalyptus botryoides and E. 
tereticornis occur in many stands. Littoral Rainforest in NSW is found at 
locations along the entire NSW Coast in the NSW North Coast Bioregion, 
Sydney Basin Bioregion and South East Corner Bioregion.

Banksia integrifolia was recorded in Transects 1, 2 on The Ruins.

The areas mapped for inclusion in State Environmental Planning Policy 
26 Littoral Rainforest are examples of the Littoral Rainforest ecological 
communities, but the mapping for SEPP 26 is not exhaustive and stands 
of the Littoral Rainforest ecological community occur at locations not 
mapped under SEPP 26. Some stands may be regrowth or in the process 
of regenerating. The Sutherland Shire Littoral Rainforest Endangered 
Ecological Community which was previously listed as an endangered 
ecological community is included within this Community.

The Ruins are not mapped as SEPP 26 Littoral Rainforest.

2. Littoral rainforest occurs on both sand dunes and on soils derived from 
underlying rocks (McKinley etal. 1999). Stands on headlands exposed to 
strong wind action may take the form of dense windpruned thickets (for 
example the Bunga Head Rainforest illustrated by Keith & Bedward 1999, 
or MU5 Littoral Windshear Thicket in NPWS 2002). In more sheltered 
sites, and in hind dunes, the community is generally taller, although still 
with wind pruning on the windward side of stands. Floristically there is a 
high degree of similarity between stands on different substrates. Most 
stands of Littoral Rainforest occur within 2 km of the sea, but may 
occasionally be found further inland, but within reach of maritime 
influence.

The Ruins is on coastal Quaternary dune sand.

3. Littoral Rainforest comprises the Cupaniopsis anacardioides  Acmena 
spp. alliance of Floyd (1990). This alliance as described by Floyd includes 
five sub-alliances  Syzygium luehmannii  Acmena hemilampra, 
Cupaniopsis anacardioides, Lophostemon confertus, Drypetes  

Sarcomelicope » Cassine  Podocarpus and Acmena smithii  Ficus  

Livistona  Podocarpus. The distribution of some of these sub-alliances is 
geographically restricted  the Syzygium luehmannii  Acmena 
hemilampra sub-alliance is restricted to the north coast, while the most 
widespread sub-alliance Acmena smithii  Ficus  Livistona  Podocarpus
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is the only one present on the coast south of Sydney. The Lophostemon 
confertus suballiance, synonymous with Forest Type 25 Headland Brush 
Box (Forestry Commission of NSW 1989) is restricted to exposed 
headlands in the North Coast Bioregion. There is considerable floristic 
variation between stands and in particular areas localised variants may 
be recognised (for example on the south coast a number of variants 
within the Acmena smithii - Ficus - Livistona - Podocarpus sub-alliance 
have been described, see Mills 1996, Mills & Jakeman 1995; Keith & 
Bedward 1999, NCC 1999, NPWS 2002). Small, depauperate stands may 
be difficult to assign to sub alliances. A number of species characteristic 
of Littoral Rainforest in NSW reach their southern limits at various places 
along the coast (for example Cupaniopsis anacardioides reaches its 
southern limit between Sydney and the lllawarra) but a number of 
temperate species are restricted to the south coast, and the total Littoral 
Rainforest flora declines from north to south.

Cupaniopsis anacardioides was recorded in The Ruins, with:
• an individual less than 2 m tall and <1% percent projected foliage cover 

recorded in Quadrat 3 (20 to 30 m from beach) of Transect 1, co-occurring 
with one 2 m tall Banksia integrifolia and two 2 m tall Elaeodendron australe 
(formerly Cassine australis)]

• individuals less than 2 m tall and <1% cover recorded in Quadrats 2, 4.
• trees up 5 m tall close to western boundary. These trees may have colonised 

from street planting.

Characteristic species of littoral rainforest include [117 species, Appendix 
5]:

Of the 117 characteristic species, five species were recorded with the following 
percent projected foliage cover in the two transects, namely:

Transect 1 Transect 2
Species Q1 Q2 Q3 Q1 Q2 Q3 Q4
Distance from beach 
edge

0-10 m 10-20 m 20-30 m 0-10 m 10-20 m 20-30 m 30-40 m
(road
edge)

Banksia integrifolia 
subsp. integrifolia

3 10 10 15

Breynia oblongifolia 3
Cupaniopsis
anacardioides

<1 <1 <1

Oplismenus imbecillis 1
Stephania japonica var. 
discolor

<1 3 3 <1

Those species marked '+’ are found in littoral rainforest north of Sydney, 
with some restricted to the north coast or in only a few sites south of the 
North Coast Bioregion. The other species are geographically more 
widespread.

No additional comment.
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Given the small size of many stands and the history of fragmentation, the 
number of characteristic species in any stand is likely to be smaller than 
this list. In addition, the total richness of stands declines with increasing 
latitude and a number of the species listed above are absent or rare in the 
south.

No additional comment.

4. The total species list of the community is considerably larger than that 
given above, with many species present in only one or two sites or in low 
abundance. The species composition of a site will be influenced by the 
size of the site, recent rainfall or drought condition and by its disturbance 
(including fire) history. The list of species given above is of vascular plant 
species, the community also includes micro-organisms, fungi, 
cryptogamic plants and a diverse fauna, both vertebrate and invertebrate. 
These components of the community are poorly documented but the 
assemblage in individual stands will depend on geographic location, size 
of stand, degree of exposure, history of disturbance and, if previously 
disturbed, stage of regeneration.

The Ruins is a patch of disturbed vegetation growing on coastal Quaternary sand. It 
is currently only 40 m in width from east to west.

Two of the recorded species, Clerodendrum tomentosum and Elaeodendron 
australe, are common shrubs or small trees in littoral rainforest but are not listed 
among the characteristic species. The other native species recorded at The Ruins 
have wider habitat preferences, with some particularly adapted to beach dunes and 
coastal environments, such as Acacia longifolia subsp. sophorae, Carpobrotus 
glaucescens, Dianella congesta, Ficinia nodosa, Leptospermum laevigatum, Oxalis 
rubens, Pelargonium australe, Rhagodia candolleana, Tetragonia tetragonioides and 
Westringia fruticosa.

Additionally, Lomandra longifolia commonly occurs on foredunes in the form of a 
distinctive dune ecotype with significantly wider and paler greyish-green leaves than 
the common forest and creek bank forms of this widespread species. This dune 
ecotype was present on The Ruins foredune, though in some parts there were 
plantings of narrower and greener-leafed forest ecotypes.

5. Threatened species and populations for which Littoral Rainforest is 
known or likely habitat include:

Of the listed threatened plant species, none were recorded.

No comments on the listed threatened fauna species.

SViost of the species included in this list are found at only some sites, or 
vary in occurrence and abundance. As such they are not regarded as part 
of the characterisation of the community. Nevertheless, they are of 
conservation significance and need to be considered in recovery 
planning.

No additional comments.
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6. Littoral Rainforest occurs in numerous, small stands and in total 
comprises less than 1% of the total area of rainforest in NSW. The largest 
known stand occurs in lluka Nature Reserve, which is approximately 136 
ha. Many, but not all, stands of Littoral Rainforest have been included in 
mapping for State Environmental Planning Policy 26 Littoral Rainforest, 
but degradation of the ecological community is still occurring.

No additional comments.

7. Weed species that threaten the integrity of particular stands include 
Ambrosia artemisifolia, Anredera cordifolia, Arecastrum romanzoffianum, 
Asparagus spp., Cardiospermum grandiflorum, Chrysanthemoides 
monilifera, Coprosma repens, Ehrharta spp., Gloriosa superba, Ipomoea 
spp; Impatiens walleriana, Lantana camara, Macfadyena unguis-cati, 
Rivina humilis, Pennisetum clandestinim, Schefflera actinophylla, Senna 
septemtrionalis, Solanum mauritianum Thunbergia alata and 
Tradescantia fluminensis.

Of the 20 listed weed species, seven were recorded on this regenerated site.

8. Other threats include loss of canopy integrity arising from salt and 
wind damage as a result of clearing or damage to stand margins; clearing 
of understorey (including for firewood collection); grazing and physical 
disturbance of understorey including by feral deer; inappropriate 
collection of a range of plant species (including, but not restricted to, 
epiphytes); fire, particularly fire incursion along boundaries: visitor 
disturbance including soil compaction, soil disturbance, erosion from 
foot, cycle, trail bike and 4 wheel drive tracks, introduction of pathogens, 
and disturbance from creation of new planned and unplanned tracks; 
increased visitation and resulting increased demand for and use of, 
visitor facilities such as walking tracks, viewing platforms, toilet blocks, 
picnic areas etc; dumping of garden waste causing weed infestation; car 
and other rubbish dumping. Loss of fauna due to predation by feral 
animals, road kill, loss of habitat and feeding resources, disturbance from 
human visitation (faunal elements are essential to the ecological 
functioning of littoral rainforest and loss, or reduction, in pollinators and 
seed dispersal agents will adversely affect long term vegetation health); 
fragmentation resulting in loss of connectivity and possibly reduced 
genetic exchange between populations. For stands not protected by State 
Environmental Planning Policy 26, clearing and development remains a 
possibility. (Adam 1987,1992; Floyd 1990; Mills 1996).

From my inspection on Saturday 25 March 2017, The Ruins fronting Wamberal
Beach has a high visitation rate and is subject to human disturbance, as well as
storm effects. The usage rate is likely to be contributing to continuing degradation of
the native vegetation.

9. In view of the above the Scientific Committee is of the opinion that 
Littoral Rainforest in the NSW North Coast, Sydney Basin and South East 
Corner Bioregions is likely to become extinct in nature in New South 
Wales unless the circumstances and factors threatening its survival or 
evolutionary development cease to operate.
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No additional comments.

In conclusion, the vegetation on The Ruins is typical of coastal dunes but highly 
degraded. None of the vegetation on The Ruins is Littoral Rainfall as described in the 
Final Determination, namely:

• The vegetation is not Closed-forest;
• The vegetation was typical of coastal dune scrub;
• The plant species were not predominantly rainforest species; and
• Only 5 of the list 117 characteristic species were recorded.

The likely parent plants of Cupaniopsis anacardioides observed on The Ruins are 
likely to be nearby, including planted street trees. Cupaniopsis anacardioides is a 
widely planted street tree, especially in coastal areas. This species is unlikely to have 
developed a soil seed bank at The Ruins as it readily germinates.

In the ecology of Sydney plant species, Benson and McDougall (2001, page 317) 
described Cupaniopsis anacardioides as:

Growth form: Small to medium-sized tree, with hairy new growth; compound 
leaves 15-25 cm long with 4-11 leaflets.
Flowers: Yellowish, June-August. Separate male and female flowers on same 
plant or separate plants (Harden 1991). Insects attracted by nectar and prolific 
pollen, visited by small native bee Trigona carbonaria for nectar and pollen, 
probably effecting a high level of self-pollination and a low level of cross
pollination; flies Stomorhina discolor, Baccha sp., fruit fly Dacus murrayi, green 
bee Palaeorhiza sp. carried small amounts of pollen and probably play a lesser 
role in pollination (Hawkeswood 1983).
Fruit/seed: 3-lobed dehiscent capsule 15-30 mm long, with an reddish aril; 
seed black, November. Seeds 2 725 per kilogram (Floyd 1989).
Dispersal, establishment & growth: Fresh seed begins to germinate after 
14-25 days, with 71-84% germination after 20-48 days; seed is difficult to 
store either at room temperature or in cold storage (Floyd 1989), easily 
germinated after treatment with hot water (Carolin & Clarke 1991).

It is described in PlantNET as:
Distribution and occurrence: in littoral rainforest and scrub near the sea and 
along estuaries, north from Gerroa (lllawarra region).

The presence of Cupaniopsis anacardioides is not sufficient to meet the criteria in the 
Final Determination of the endangered ecological community Littoral Rainforest in the 
NSW North Coast, Sydney Basin and South East Corner Bioregions. Cupaniopsis 
anacardioides is also a species known from open-forest and scrub communities 
close to the sea shore and along estuaries.

6.2 Species

A total of 12 plant species are listed under the NSW Threatened Species 
Conservation Act 1995 and recorded within a 10 km x 10 km area of the Site (NSW 
Office of Environment and Heritage BioNet  Atlas of NSW Wildlife, 
http://www.bionet.nsw.gov.au, accessed 28 March 2017), namely:
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BioNet threatened species search
Scientific name NSW status Commonwealth

status
No. of 
records

Likely to 
occur on 
aeolian 
beach sands

Senecio spathulatus E1,P 4 Yes
Wilsonia backhousei V,P 1 No
Tetratheca juncea V,P V 1 No
Epacris purpurascens 
var. purpurascens

V,P 1 No

Chamaesyce
psammogeton

E1,P 13 Yes  record 
from

Wamberal 
Beach, on 

shifting sand 
1985 (AVH)

Pultenaea maritima V,P 13 No
Prostanthera askania E1,P E 4 No
Eucalyptus camfieldii V,P V 29 No
Eucalyptus oblonga E2 17 No
Melaleuca biconvexa V,P V 87 No
Syzygium paniculatum E1,P V 20 No
Diuris praecox V,P,2 V 6 No

E1  Endangered, E2  Endangered population, P  Protected, V  Vulnerable

None of the listed species were recorded on The Ruins. None of these species were 
considered likely to occur due to the disturbed nature of The Ruins.

7.0 Responses to questions raised in the instructions

7.1 Identifying any species or plants in the subject properties or The Ruins 
protected under the Threatened Species Conservation Act 1995 that may be 
affected by the Works

There are no listed communities, flora species nor populations under the Threatened 
Species Conservation Act 1995 recorded on the properties nor in The Ruins. It is 
unlikely that the properties nor The Ruins provide habitat for threatened fauna 
species or populations due to the degraded and storm damaged nature of the 
vegetation. Hence, there are none likely to be affected by the proposed Works.

From comparison with the legal listing for Littoral Rainforest in the NSW North Coast, 
Sydney Basin and South East Corner Bioregions, the vegetation of The Ruins does 
not meet the listed criteria. Council has mapped Littoral Rainfall to the west of The 
Ruins. The vegetation in this area includes several mature trees of Cupaniopsis 
anacardioides close to Ocean View Drive, some with dense canopies overhanging 
the footpath. This species is regenerating from seed and young plants are scattered 
through the landward half of The Ruins. The original parent of these plants may be 
from street planting. Despite being a listed characteristic species of Littoral 
Rainforest, Cupaniopsis anacardioides, it is also known as a species of scrub near
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the sea and along estuaries. In my view, therefore, Littoral Rainforest as defined in 
the NSW Scientific Committee’s Final Determination is not present on The Ruins.

7.2 Assessing and describing what, if any, impacts the Works may have on 
any identified species, including so called ‘end-effects’ caused by the Works.

End-effected area to the north
As there are no listed communities, species or populations on the properties or in 
The Ruins under the Threatened Species Conservation Act 1995, there are not likely 
significant potential impacts from the proposed Works.

In terms of the existing impacts on the naturally occurring native species of the sand 
dunes along Wamberal Beach:

• From the historic aerial photographs (Figures 4), the area to the north of the 
properties potentially impacted by the “end-effects” of the Works, including 
The Ruins (Figures 2b-1, 2b-2), has been affected by sand loss during storms 
and by human disturbance;

° During the 1978 storm (see the 1978 photograph, Figure 2a), there is a 
clearly identifiable sand removing rip developed seaward of The Ruins. This 
rip may re-develop in future storm events with or without the proposed 
revetment walls to the south; and

° From the flora survey on 22 March 2017 and the inspection on 25 March 
2017, it was evident that there has been rubble, rocks and fill placed in soil of 
The Ruins possibly as earlier storm protection measures, as well as on the 
seaward edge of the subject properties. The landform and substrate of the 
naturally occurring coastal dune plants have been altered from those of the 
original coastal dune sands.

As part of the proposed Works, vegetation is to be established on the revetment wall. 
It is strongly recommended that native species of coastal sands be used, similar to 
that at Magenta Shore (north of The Entrance) (see Appendix 2). The use of the 
coastal sands is to encourage effectively sand trapping (see Clements et al. 2010 for 
details), by utilising the plant-soil and fungal relationship of the low nutrient sand 
system. This trapped volume of sand is then available for "storm loss” during time of 
severe storms and subsequent re-deposition during periods of calmer weather.

In order to protect and enhance the coastal dune ecosystems at The Ruins, it is 
strongly recommended that protection works be constructed there (by others), as part 
of the continuation of existing dune restoration works at the Ruins (by others).

In terms of improving native fauna and flora habitat in the Wamberal area, it is 
recommended that local native species, including Banksia integrifolia and 
Cupaniopsis anacardioides, be utilised in future Council street planting programs and 
in future garden landscaping of the properties.

End-effect area to the south
South of the proposed revetment wall is the storm protection works associated with 
the Manyana block of apartments at 25 Pacific Street.

7.3 Access track required for the construction wail

From the inspection on 25 March 2017, there is beach access from the southern end 
of Pacific Street. The beach access is unvegetated sand.
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Figure 1a-1. 
Broad aerial view of subject properties from Horton 

Coastal Engineering report dated 19 September 2016 

Coastal & Water Consulting 
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Figure 1a-1. 
Broad aerial view of subject properties from Horton 

Coastal Engineering report dated 19 September 2016 
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Figure 1a-2. 
Zoomed aerial view of subject properties, with approximate extent of proposed 

works shown (from Figure 2 of Horton Coastal Engineering dated 19 September 2016) 
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Figure 1a-2. 
o cin g Zoomed aerial view of subject properties, with approximate extent of proposed
Z > works shown (from Figure 2 of Horton Coastal Engineering dated 19 September 2016) 

229 



230

PACIFIC

SP 6039

DP 524938

si

TASMAN

na»,iaain5cocai»wo»Diwt,wuaiP
IS^OltTOPACrogTnBCT.WMftgMt.

Figure 1b.
Plan showing spot-levels, contours and detail, 

Clarke Dowdle & Associates (dated 24 June 2016)
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Figure 2a. 
Aerial photograph of 'The Ruins' in 1978 indicating 

the degree to which the site was rebuilt/damaged at that time 
(source of photograph from http://www.coastalwatch .com/ 

environment/4524/the-impact-of-coastal-erosion-in-australia) 
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Figure 2a. 
Aerial photograph of The Ruins’ in 1978 indicating

the degree to which the site was rebuilt/damaged at that time 
(source of photograph from http://www.coastalwatch.com/

environment/4524/the-impact-of-coastal-erosion-in-australia) 
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Figure 2b -1.
Individual end effects in vicinity of subject properties based on 

Carley et al (2013) from Horton Coastal Engineering report dated 8 March 2017
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Figure 2b - 2. 
Comparison of immediate hazard including end effects for existing situation and after 

construction of proposed works, based on Carley et al. (2013) 
from Horton Coastal Engineering report 8 March 2017 
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Figure 2b - 2.

H ■ Comparison of immediate hazard including end effects for existing situation and after


construction of proposed works, based on Carley et al. (2013)

from Horton Coastal Engineering report 8 March 2017
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Figure 2c-1. 
Cross section locations pre-storm, overlaid on the 2014 aerial photograph 

(NSW Imagery Web Service, Spatial Services, Dept. of Finance, Services and Innovation) 

Figure 2c-1.

Cross section locations pre-storm, overlaid on the 2014 aerial photograph


(NSW Imagery Web Service, Spatial Services, Dept, of Finance, Services and Innovation)
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Figure 2c-2. 
Cross secton locations post-storm, overlaid on the 2016 aerial photograph 

(UNSW Water Research Laboratory) 

236


Figure 2c-2.

Cross secton locations post-storm, overlaid on the 2016 aerial photograph


(UNSW Water Research Laboratory)
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Figure 2d. 
Wind rose for the month of 

June at 3pm at Norah Head
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Figure 3b. 
Site boundary overlaid on the Soil Landscapes 

of the Gosford - Lake Macquarie 1:1 00 000 
Sheet Map, (Murphy and Tille 1993). 
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Figure 4- 1941. 
Aerial photograph dated 1941 
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Aerial phtograph dated 1965 
Figure 4- 1965. 
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Figure 4 - 1977. 
Aerial photograph dated 1977 
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Aerial photograph dated 1977 
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Figure 4 - 1985. 
Aerial photograph dated 1985 
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Figure 4  1996.
Aerial photograph dated 1996
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Figure 4 - 2010. 
Nearmap aerial photograph 

dated 18 August 201 0 
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Figure 4 - 2010. 
Nearmap aerial photograph 

dated 18 August 2010 
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Figure 4- 2011. 
Nearmap aerial photograph 

dated 10 August 2011 
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Figure 4-2011. 
Nearmap aerial photograph 

dated 10 August 2011 
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Figure 4 - 2012. 
Nearmap aerial photograph 

dated 19 June 2012 
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Figure 4-2012. 
Nearmap aerial photograph 

dated 19 June 2012 
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Figure 4 - 2013. 
Nearmap aerial photograph 

dated 6 December 2013 
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Figure 4-2013. 
Nearmap aerial photograph 

dated 6 December 2013 
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Figure 4-2014. 
Nearmap aerial photograph 

dated 6 August 2014 
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Figure 4 - 2014. 
Nearmap aerial photograph 

dated 6 August 2014 
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Nearmap aerial photograph 

dated 25 November 2015 
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Figure 4 - 2016. 

Nearmap aerial photograph 
dated 13 November 2016 
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Figure 4 - 2016. 

Nearmap aerial photograph 
dated 13 November 2016 
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Figure 5b. 
1 : 1 00 000 Vegetation of the Gosford 

and Lake Macquarie area 
Benson (1986) 
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Figure Sd-1. 
Vegetation mapping (Bell2013) extract emailed by Central Coast Council, 

30 March 2017, includes the properties and The Ruins 

□ Site Boundary | 1 E51b - Coastal Headland Scrubland 

□ The Ruins Xr - Disturbed - Canopy only 

i E40i - Estuarine Swamp Oak Forest ) W - Water 

| 2 E50a - Coastal Sand Foredune Scrub 

Figure 5d-1.

Vegetation mapping (Bell 2013) extract emailed by Central Coast Council,


30 March 2017, includes the properties and The Ruins
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Figure 6a. 
Flora sampling locations overlaid on the 

Nearmap aerial photograph (dated 13 November 2016) 
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Table 1  Species recorded in sampling locations along Wamberal Beach, Wamberal
Note: 1. Asterisk (*) before botanical name signifies exotic species. Hash symbol (#) signifies a non-local native, planted or 

naturalised.
2. The numbers in the columns for Sampling locations denote percent (%) projected foliage cover in each of the 10 m x 10 m sub
quadrats. The value 0.1 indicates a cover of <0.5%.

Botanical name Common name Sampling locations
T1-1 T1-2 T1-3 T2-1 T2-2 T2-3 T2-4 T3 T4 T5 T6 T7

Acacia longifolia subsp.
sophorae

Coast Wattle
2 5 10 15 10 2 0.1

* Acetosa sagittata Rambling Dock, Turkey Rhubarb 1 3 10 1 10 15 1 2
* Agave attenuata Agave 0.1
* Aloe arborescens 2
* Anredera cordifolia Madeira Vine, Lamb's Tail 15 1
* Asparagus aethiopicus Asparagus Fern 1 2

Banksia integrifolia Coast Banksia 3 10 10 15 30 10
* Bidenspilosa Cobbler's Pegs 2

Breynia oblongifolia Coffee Bush 3
* Bromus catharticus Prairie Grass 0.1 0.1 1
* Cakile maritima Sea Rocket 2 1 1

Carpobrotus glaucescens Pigface 0.1 25 5 2 5
Centella asiatica Indian Pennywort 0.1

* Chrysanthemoides monilifera 
subsp. rotundata

Bitou Bush
85 70

* Cirsium vulgare Black Thistle, Spear Thistle 0.1
Clerodendrum tomentosum Hairy Clerodendrum 2 1
Commelina cyanea Blue Spiderwort 0.1 1

* Conyza bonariensis Flaxleaf Fleabane 0.1 1
Cupaniopsis anacardioides Tuckeroo 0.1 0.1 0.1
Cynodon dactylon Couch, Bermuda Grass 10 30 2 20

* Cyperus sesquiflorus 0.1
Dianella congesta Dune Flax-lily 3 1 1

Anne Clements & Associates Pty Limited Page 1 of 3
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Botanical name Common name Sampling locat ons
T1-1 T1-2 T1-3 T2-1 T2-2 T2-3 T2-4 T3 T4 T5 T6 T7

* Digitaria didactyla Queensland Blue Couch 5 15
* Digitaria sanguinalis A Summer Grass, Crab Grass 0.1 40 0.1
* Ehrharta erecta Panic Veld-grass 0.1 0.1 1 3 10 20 1

Elaeodendron australe var. 
australe

Red Olive-plum
5

* Eleusine indica Crowsfoot Grass 1
Ficinia nodosa Knobby Club-rush 2 0.1 2

* Gazania cv. 1
* Gazania rigens 1 1 25 1
* Guilleminea densa Small Matweed 0.1
* Heliotropium amplexicaule Blue Heliotrope 0.1
* Hydrocotyle bonariensis Beach Pennywort 0.1 5 3 1 5 5 10
* Ipomoea cairica Coast Morning Glory 1 20 1 3 3 3 3 15 3
* Juncus capillaceus 1
* Lantana camara Lantana 2 20 10

Leptospermum laevigatum Coast Tea-tree 3 25 30
Lomandra longifolia Honey Reed, Spike Mat-rush 1 5 0.1 2 0.1 0.1 4 3

* Lotus sp. Birds-foot Trefoil 0.1
Oplismenus imbecillis Narrow-leaved Basket Grass 1

* Osteospermum ecklonis Sailor-boy Daisy 1 0.1 20 2 2 2
Oxalis rubens 0.1 1 0.1
Pelargonium australe Native Storksbill, Wild Geranium 0.1 0.1

* Pennisetum clandestinum Kikuyu Grass, Kikuyu 1 15 2 1 10
* Phormium tenax New Zealand Flax 0.1

Portulaca oleracea Pigweed, Purslane 0.1 1 1 1
Rhagodia candolleana Sea Berry Saltbush 5 15 3

* Richardia humistrata 1
* Senecio madagascariensis Fireweed, Madagascar Ragwort 0.1
* Solanum nigrum Blackberry Nightshade 0.1 0.1
* Soliva sessilis Bindi-eye, Jo-Jo 0.1

Anne Clements & Associates Pty Limited Page 2 of 3



Botanical name Common name Sampling locations
T1-1 T1-2 T1-3 T2-1 T2-2 T2-3 T2-4 T3 T4 T5 T6 T7

* Sonchus oleraceus Common Sow-thistle, Milk-thistle 0.1 1
* Sporobolus africanus Rat-tail Grass, Parramatta Grass 0.1
* Stenotaphrum secundatum Buffalo Grass 2 8 85 80 10 60

Stephania japonica Snake Vine 0.1 3 3 0.1
Tetragonia tetragonioides New Zealand Spinach, Native 

Spinach, Warrigal Cabbage 1 2 0.1 3
Westringia fruticosa Coast Rosemary, Native Rosemary

2 3 1 5 2
* Yucca gloriosa Adams Needle, Spanish Needle 5

Anne Clements & Associates Pty Limited Page



Table 2. Maximum height and number of individuals per 10 m x 10 m subquadrat, for species present > 2 m height 
* signifies exotic, NLN  signifies non-local native

Botanical name Plotl Plot 2 Plot 3
Number Height Number Height Number Height

Transect 1
Banksia integrifolia 3 5 1 2
Elaeodendron australe (formerly 
Cassine australis) 2 2

Botanical name Plotl Plot 2 Plot 3 Plot 4
Number Height Number Height Number Height Number Height

Transect 2
Acacia longifolia subsp. sophorae 1 2
Banksia integrifolia 1 6
Breynia oblongifolia 1 4
Clerodendrum tomentosum 1 2
Leptospermum laevigatum 2 3 8 4 4 6

Botanical name Plotl
Number Height

Transect 3
Banksia integrifolia 2 4

Botanical name Plotl
Number Height

Transect 4
No trees

Anne Clements & Associates Pty Limited
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Botanical name Plot 1
;  ■ Number Height

Transect 5
No trees

Botanical name Plotl
Number Height

Transect 6
Banksia integrifolia 1 5

Botanical name Plotl
Number Height

Transect 7
No trees

Anne Clements & Associates Pty Limited
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Appendix 1

Instruction from King & Wood Mallesons



KING&WGOD
MALLESONS

Level 61
Governor Phillip Tower 
1 Farrer Place 
Sydney NSW 2000 
Australia

T +61 2 9296 2000 
F +61 2 9296 3999

www.kwm.com

30 March 2017

To Anne Clements and Associates Pty Ltd
Environmental and Botanical Consultants 
PO Box 1623 
North Sydney NSW 2059

Dear Anne

Horton Coastal Pty Ltd v NSW Coastal Panel
Land and Environment Court Proceedings No.324345 of 2016

We confirm that we act for Horton Coastal Pty Ltd, the Applicant in the above proceedings. We would like to 
engage you to carry out an ecological assessment of the following land:

1. our clients land at 29, 31 and 33 Pacific Street and 23a, 23b and 25c Ocean View Drive, on which 
they propose to build a rock revetment;
(Works)

2. land which may be impacted by the works proposed on our clients’ land including:
a. 25,25A and 25B Ocean View Drive, Wamberal (known as The Ruins); and
b. Access tracks.
(Land)

Assessment report 
A report should be prepared:

1, identifying any species or plants on the Land protected under the Threatened Species Conservation 
Act 2005 that may be affected by the Works; and

2. assessing and describing what, if any, impacts the Works may have on any identified species, 
including so called ‘end-effects’ caused by the Works.

Please provide your draft report in Word format.

Further details to enable you to carry out this assessment are below. Please do not hesitate to contact me if 
you have queries or require further information.

Works
The Works involve the construction of a rock revetment on land south of The Ruins, being 29, 31 and 33 
Pacific Street and 23a, 23b and 25c Ocean View Drive. The details of the Works are outlined in the original 
Development Application at Attachment 1. After conciliation between the parties at the s34 Conference, the 
drawings of the proposed Works at page 64 onwards in the original Development Applicant have now been 
superseded by the drawings attached at Attachment 10. This is as explained in Peter Horton’s supplemental

SfrffllL a0fflHwwwJwm.com

Member firm of the King & Wood MalleBons network. See www.kwnn.com for more Information 
Asia Pacific (Europe | North America | Middle East
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KING&WGDD
MALLESONS

report to the Coastal Panel at Attachment 11.

The predicted ‘end effect’ associated with the Works on The Ruins is described in the document at 
Attachment 11. Detail is also provided in the document at Attachment 2, being our client’s Statement of Facts 
and Contentions in Reply filed with the Court in these proceedings. Pages 31 and 32 of Attachment 11 show 
the potential impact on The Ruins by way of the yellow line on the map.

Expert witness code of conduct
Whilst your report is being prepared in the context of the s34 Conciliation Conference process, and is not, at 
this stage, evidence in the proceedings, we would nonetheless like you to be aware of your obligations to the 
Court in the event that this matter does proceed to hearing and a form of your report is used in evidence 
(with your consent).

Please see the Expert Witness Code of Conduct (Attachment 4) and Division 2 of Part 31 of the Uniform Civil 
Procedure Rules 2005 (Attachment 3) for your perusal. Please have a look at these documents at your 
convenience as a reminder about your duty to the Court when giving evidence. We have also provided the 
Court’s Policy on Joint Reports (Attachment 6), which address things such as form and length, as well as the 
Court’s Policy on Expert Witnesses (Attachment 5) which addresses the objectives of joint conferencing.

Index of attachments
1. DA with original plans of Works (superseded);
2. Statement of Facts and Contentions in Reply filed by the Applicant;
3. Division 2 of Part 31 of the Uniform Civil Procedure Rules 2005;
4. Expert Witness Code of Conduct
5. Court’s Policy on Expert Witnesses
6. Court’s Policy on Joint Reports
7. Appendix A of revised Works report  Survey;
8. Appendix C of revised Works report  Structural report;
9. Appendix D of revised Works report  Geotechnical report;
10. Appendix B of revised Works report  Drawings;
11. Revised Works report prepared by P Horton (to be read in conjunction with, but superseding the 
drawings in the DA at Attachment 1);
12. Appendix E of revised Works report  Peer review

Yours sincerely

Odette Adams | Solicitor 
King & Wood Mallesons 
T +61 2 9296 2456 | M +61 414 287 527
odette.adams@au.kwm.com

This communication and any attachments are confidential and may be privileged.
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ANNE CLEMENTS & ASSOCIATES PTY. LIMITED
(ABN 41 077 242 365, ACN 077-160-939)
Environmental and Botanical Consultants
Office 2, 3 Harbourview Crescent, Milsons Point 2060
PO Box 1623, North Sydney 2059
Phone: (02) 9955 9733, Facsimile: (02) 9957 4343
Email: mail@acabotanic.com

30 March 2017

Anne Clements & Associates is a group of botanists, ecologists and restoration 
ecologists who specialise in botanical conservation assessment, as well as 
developing and implementing optimal conservation strategies. The company has 
more than 25 years of experience in:
• flora surveys of a wide range of ecosystems;
• flora assessments;
• assessments of impacts;
• vegetation plans of management;
• the implementation of rehabilitation/conservation programs as part of sustainable 

development of sites; and
• environmental management of development sites.

The company works closely with community groups, fauna consultants, town 
planners, geologists, engineers, lawyers, land developers and mining companies in 
planning and implementing optimal conservation strategies as part of sustainable 
development of sites.

Four of the company’s environmental managed sites have won excellence awards for 
their quality and innovations, including "Excellence of Excellence” in 2000, Gold and 
Silver in NSW Rivercare 2000, Silver and Excellence in NSW Mineral Resources 
Excellence Awards and Excellence in the Earthmovers Awards, 2006 Environment 
Award for Australian Property Industry and 2007 International Green Apple Award.

Brief CVs

The group provides a broad variety of skills and a high level of experience:

Dr AnneMarie Clements
Senior restoration ecologist with M.Sc. (Macquarie Univ.) Thesis  The vegetation of 
bushland in the northern Sydney area and a Ph.D. (Univ. of Sydney) Thesis  The 
vegetation of the sand masses of the mid-north coast of New South Wales. She has 
more than 25 years experience.

Her major research interests include the re-establishment of native ecosystems, 
impacts of urban development on vegetation and soil, pattern analysis, effects of 
inundation and salinity on the plant communities, metal concentrations on plant 
growth and bioaccumulation. She has utilised her research in designing and 
implementing rehabilitation / conservation programs as part of sustainable 
developments.

Anne is a specialist Certified Environmental Practitioner under the Environmental

Anne Clements & Associates Pty Limited 1
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Institute of Australia and New Zealand CEnvP Program and has been a member of 
the CEnvP NSW certification panel. She is a certified BioBank Assessor.

Rosemary Snowdon
Environmental Scientist with a M.Sc. (University of Sydney) Thesis: “The 
Geochemistry of Soils in the IronCove Catchment”; a Graduate Diploma of 
Environmental Science (Sydney University) and a B.Sc. majoring in Environmental 
Geography and Plant Ecology (Sydney University). Previous positions include five 
years as an Environmental Scientist for Sydney Water, four years as an 
Environmental Scientist (water quality) at Hornsby Shire Council, one year as an 
Environmental Officer with the NSW Roads and Traffic Authority, four years as an 
Environmental Scientist with Anne Clements & Associates and one year as a data 
analyst at Maplnfo Australia.

Tony Rodd
Taxonomic botanist with B.Sc. (University of Sydney) with extensive experience in 
plant identification. Tony was the Horticultural Botanist at the Royal Botanic Gardens, 
Sydney for 13 years (1970-82). After leaving the Gardens, he continued as an 
occasional consultant, including preparation of interpretative material and collection 
of plants from the wild for the living collections at the Mount Annan and Mount Tomah 
Botanic Gardens.

He has also worked extensively with book publishers, most recently in the role of 
Chief Consultant for Botanica (Random House 1997) and Flora (Timber Press / ABC 
Gardening Australia 2003), and co-author of Trees: a visual guide (Weldon Owen 
2008). He has a long-standing interest in the taxonomy of Australian palms and has 
had a major revision of the palm genus Livistona published in the journal Telopea.
For more than 25 years, he has worked with Anne Clements & Associates on many 
flora surveys and rehabilitation projects.

Ruth Palsson
Ruth Palsson holds a B.Sc. in Botany and Mathematics and a Dip. Ed. (University of 
Queensland). She taught Mathematics and Science for many years in several states 
(Tasmania, Queensland and New South Wales) before returning to study. Ruth has 
completed a Post Graduate Diploma of Science (Botany) at the University of New 
England, is a graduate of the 2015 Student’s Volunteer Botanical Internship 
Program at the Australian National Herbarium in Canberra, and is doing a Masters of 
Science (Botany). Since joining Anne Clements & Associates in February 2015, Ruth 
now works as an ecologist on various projects.

Jessica Gardner
Jess holds a B.Sc. in Biological Sciences (University of New South Wales). In the 
final year of her bachelor’s degree, Jess completed a special project, A phylogenetic 
analysis of select lastreopsid ferns (Dryopteridaceae), this study has been accepted 
for publication in Systematic Botany. Jess has completed the 2015 Student’s 
Volunteer Botanical Internship Program at the CSIRO/Australian National 
Herbarium/Centre for Australian National Biodiversity Research. Additionally she has 
been a volunteer junior botanist at the New South Wales Herbarium/Royal Botanic 
Gardens, Sydney from 2012 to 2016. She has over four years experience in 
administration and customer service. Since joining Anne Clements & Associates in 
May 2015, Jess has worked on various projects, including coordinating the 
assessment of bushland parcels for Ryde Council, bushland restoration and 
reconstruction of conservation areas, and has developed skills in GIS mapping, 
database management, research of species occurrences, published and unpublished 
literature, as well as co-ordination of teams.

Anne Clements & Associates Pty Limited 2

‘ 
’ 



Lucy Bonanno
Lucy has a B.Sc. majoring in Environmental Biology (University of Technology, 
Sydney). Her relevant skills include mapping, identification (aquatic macro 
invertebrates and plants) and data analysis. She began working for Anne Clements 
and Associates in May 2015, her role involves generating maps, writing and 
preparation of documents and general office duties.

Anne Clements & Associates Pty Limited 3
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Saltmarsh restoration adjoining Parramatta River 
Client: Thiess Constructions

The conservation of the expanded saltmarsh, including the population of Wilsonia backhousei at 
Ermington, is important for the long-term viability of saltmarsh within NSW.

The work undertaken for this project includes:

• Flora assessment of the saltmarsh

• Determining the extent and frequency of natural inundation by saline tidal waters

• Identification of potential rehabilitation resources

• Designing with the engineers the dual seawall enclosing the enlarged area of saltmarsh that 
allows for tidal inundation (which is enhanced by RiverCat wake) as well as protecting the 
development area from erosive river action

• Supervision of earthwork

• Translocation of saltmarsh using excavator bucket and bobcat mounted tree spade as well 
as hand transplants of saltmarsh species

• Supervision of bush regeneration

« Monitoring success

• Presentation of results to local community and at professional conferences.
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Settlement Shores, Port Macquarie 
Client: Port Shores Pty Ltd

Ensuring environmental compliance for a large residential subdivision developed by Port Shores
Pty. Ltd. in Port Macquarie.

The work undertaken for this project includes:

• Environmental Management during the construction phase of the earthworks associated with 
the development of residential land, embayments and conservation areas to ensure that the off 
site sensitive estuarine environment was not adversely impacted by discharge of treated acid 
sulphate waters and sediment movement

• Designing, supervision and monitoring of constructed estuarine wetland and adjoining 
Casuarina forest and rainforest on former dairy land

• Designing and supervision re-establish of natural landform and coastal dune vegetation on a 
former dredge disposal site and on-going monitoring

• Long-term monitoring any changes in sediment movement and vegetation on the nearby 
wetlands

• Establishment of seagrass beds within the constructed canals and embayment

• Ongoing monitoring assessment of water quality within the main canals, newly constructed 
embayments and in the adjoining river

• Compliance with consent conditions, including establishment of conservation offsets areas
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Tourist Facility, Magenta Shores 
Client: Mirvac Homes

Environmental management of a large golf course/resort/housing estate development adjoining the
coastal sand dunes and littoral rainforest containing the Vulnerable species Syzygium paniculatum.

The works involved in the project include:

• Flora assessments

• Preparation of a Habitat Restoration Plan

• Preparation of REFS for roadworks associated with the development

• Roadside vegetation survey to assess the impact of a water pipeline

• Research into re-use of the noxious weed Bitou Bush on the site as an organic additive for 
growing golf course grasses

• Design and implement of dune restoration works in the Coastal Protection Zone including 
removal of the noxious weed Bitou Bush, reshaping of dune and re-establishment of local native 
flora

• Preparation of an experimental design and monitoring program to assess the potential effects (if 
any) that the development may have on the population of Syzygium paniculatum (Magenta Lilly 
Pilly) that occurs on or adjacent to the site and development areas (including the pipeline 
routes);

• Full-time environmental officer on Site to supervise and monitor construction works to ensure 
compliance with environmental conditions

Dune reshaping works at Magenta Shores

Wind eroded landform of 
foredune with Bitou

Reconstructing dune and 
sediment erosion measures Replanted foredune

mm Afc>«
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Spring Farm Urban Release Area 
Client: The Consortium

Flora Assessment and Conservation Strategy for 488 ha of land in the Spring Farm area.

Works undertaken for this project included:

• Reviewing historic land use from historical aerial photographs

• Reviewing previous assessments of the vegetation

• Surveying the vegetation using fixed area quadrats and spot locations

• From the survey data, assessing the relative conservation value and rehabilitation potential

• Determining the distribution of threatened plant species

• Using the vegetation survey data, soils information and other published data to determine the 
presence of endangered ecological communities

• Detailed assessment and mapping of all patches of vegetation with a native component

• Developing a Conservation Strategy to preserve ecologically endangered communities within 
bushland corridors as part of the ecologically sustainable development of Spring Farm

• Presentation to public meetings and government bodies

• Submission to State and Commonwealth agencies, including Environment Australia

Spring Farm Urban Release Area showing bushland corridors 
as displayed in Camden Council LEP 121 gazetted 21 May 2004
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Appendix 3
Evidence of storm events

Effected area Date Heading and ref Link NOT FOR REPORT JUST FOR 
OUR REFERENCE

Hunter and 
Central Coast

March 23,
2017

Woy Woy, Saratoga 
pounded in Central 
Coast’s latest freak 
storm
Daily Telegraph: News 
local

http://www.dailytelegraph.com.au/new
slocal/central-coast/woy-woy-
saratoga-pounded-in-central-coasts-
latest-freak-storm/news-
story/c4adc637a32481731 d3918ce5e
0e6e59

Central coast 17 Feb 2017 Sydney storm: Power 
cut to 40,000 homes 
across Sydney, Central 
Coast
ABC News

http://www.abc.net.au/news/2017-02- 
17/sydney-storm-cuts-power-to- 
40,000-homes/8280506

Hunter Valley 29 September 
2016

NSW severe weather 
warning issued, 
damaging winds set to 
lash state's north ABC 
NEWS

http://www.abc.net.au/news/2016-09-
30/nsw-weather:-severe-storms-
expected,-damaging-winds-
likely/7893226

Berkeley Vale 
Central Coast

14 January 
2016

Central Coast suburb of 
Berkeley Vale belted by 
the storm
Emma Simki, ABC News

http://www. a be. net. a u/news/2016-01  
15/central-coast-suburb-of-berkeley- 
vale-belted-by-the-storm/7091040

Central and 
South coast

17 September 
2015

Wild hail storm wreaks 
havoc in NSW
7 News

https://au.news.yahoo.com/video/wat
ch/29559077/wild-hailstorm-wreaks-
havoc-in-nsw/#page1

Newcastle 9 April 2012 Electrical storm causes 
havoc
ABC News

http://www.abc.net.au/news/2012-04-
09/electrical-storm/3939306

Central and 
South coast

8 June 2007 Ben Cubby and Edmund 
Tadros (9 June 2007). 
!Ships ignored warning 
to leave".
Sydney Morning Herald.

http://www.smh.com.au/news/national 
/ships-ignored-warning-to- 
leave/2007/06/08/1181089338446.ht 
ml

Hunter Valley 30 November 
1995

BOM records 1990  
2000

http://www.bom.gov.au/nsw/sevwx/90
OOsumm.shtml

Wamberal June 1978 Major erosion threatens 
$400m worth of 
Wamberal homes, 
infrastructure
Daily Telegraph: News 
local

http://www.dailytelegraph.com.au/new
slocal/central-coast/major-erosion-
threatens-400m-worth-of-wamberal
homes-infrastructure/news-
story/9897149515c200b5f8d2fc1 e4a7
f38f1

Central and 
South coast

May 24th to 
June 18th 1974

Beach Erosion, May- 
June, 1974, Central and 
South Coast, NSW 
Edward A. Bryant 
University of
Wollongong,
R. Kidd

http://ro.uow.edu.aU/cai/viewcontent.c
ai?article 1066&context=scipapers

http://www.dailytelegraph.com.au/new 
slocal/northern-beaches/one-of-the  
storms-that-hit-us-in-1974-was- 
among-the-three-worst-since-white-
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Effected area Date Heading and ref Link NOT FOR REPORT JUST FOR 
OUR REFERENCE

Macquarie University

Sydney storms: 43 years 
ago one of the worst 
storms in history hit the 
east coast
Daily Telegraph

settlement/news-
Story/0cd5ca874d6b37206762d8485e
4eb442

Newcastle 4-6 September 
1967

Severe storms on the 
east coast of Australia 
Jeff Callaghan, Peter 
Helman

http://www.goldcoast.qld.gov.au/docu
ments/bf/storms-east-coast-1770-
2008.pdf

References in chronological order

Matt Taylor, ‘Woy Woy,(23 March 2017) Saratoga pounded in Central Coast’s latest freak storm’ 
Daily telegraph: News local

Riley Stuart, Dom Vukovic, Paige Cockburn (Updated 18 February 2017) ‘Sydney storm: Power cut 
to 40,000 homes across Sydney, Central Coast’ ABC News

John Kich (30 September 2016) ‘NSW severe weather warning issued, damaging winds set to lash 
state's north’ ABC NEWS

Emma Simkin (15 January 2016) ‘Central Coast suburb of Berkeley Vale belted by the storm’ ABC 
News

Angie Asimus (17 September 2015) ‘Wild hail storm wreaks havoc in NSW 7 News

Newcastle ABC News (9 April 2012) ‘Electrical storm causes havoc’ ABC News

Ben Cubby and Edmund Tadros (9 June 2007). "Ships ignored warning to leave". The Sydney 
Morning Herald

Matt Taylor, Denice Barnes (June 2016) ‘Major erosion threatens $400m worth of Wamberal 
homes, infrastructure’ Central Coast’ Gosford Express Advocate.

Edward Bryant, R. Kidd (1974) beach erosion, May  June, 1974, Central and South Coast NSW. 
University of Wollongong.

John Morcombe (22 June 2016) Sydney storms: 43 years ago one of the worst storms in history hit 
the east coast. Daily Mail (republished Daily Telegraph)

Jeff Callaghan, Peter Helman (10 November 2008) ‘Severe storms on the east coast of Australia 
1770-2008'. Griffith Centre for Coastly Managment, Griffith University, Gold Coast, Queensland.
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Appendix 4
Photographic record

22 March 2017: Transect 1

22 March 2017: Transect 1, plot 1

Anne Clements & Associates Pty Limited 1
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22 March 2017: Transect 1, plot 2

22 March 2017: Transect 1, plot 3
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22 March 2017: Public stair adjacent to Transect 1

22 March 2017: Eroded dune sand, fronting “The Ruins"

Anne Clements & Associates Pty Limited 3
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22 March 2017: Eroded dune sand with sandstone boulders, fronting “The Ruins”

22 March 2017: Eroded dune sand covered in a growth of Carpobrotus glaucescens, fronting 
"The Ruins”

Anne Clements & Associates Pty Limited
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22 March 2017: Transect 2; eroded dune sand, fronting “The Ruins”

22 March 2017: Transect 2; plot 1

Anne Clements & Associates Pty Limited 5
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22 March 2017: Transect 2; plot 2

22 March 2017: Transect 2; plot 3
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22 March 2017: Transect 2; plot 4; southern side

22 March 2017: Transect 2; plot 4; northern side
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22 March 2017: View to south of Transect 2; plot 4, along Ocean View Drive

22 March 2017: View along Wamberal Beach to south of Transect 2; plot 1

Anne Clements & Associates Pty Limited 8
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22 March 2017: Fill with sandstone boulders and weedy growth

22 March 2017: Eroded fill fronting 25C Ocean View Drive
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22 March 2017: Dune sand with sandstone boulders, fronting 23B Ocean View Drive

22 March 2017: Transect 3, fronting 23B Ocean View Drive
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22 March 2017: Transect 3, fronting 23B Ocean View Drive

22 March 2017: Eroded fill fronting 23A Ocean View Drive

Anne Clements & Associates Pty Limited 11
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22 March 2017: Transect 4, fronting 23A Ocean View Drive; with eroded fill and sandstone 
boulders

22 March 2017: Eroded fill and sandstone boulders fronting 23A Ocean View Drive; facing south 
down Wamberal beach
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22 March 2017: Front lawn of 23A Ocean View Drive

22 March 2017: Transect 5, fronting 33 Pacific Street; with eroded fill and sandstone boulders
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22 March 2017: Transect 5, 33 Pacific Street; lawn and planted property boundary

22 March 2017: Transect 5, 33 Pacific Street, facing south; lawn and planted property boundary
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22 March 2017: Transect 6, fronting 31 Pacific Street; eroded fill

22 March 2017: Transect 6, fronting 31 Pacific Street; eroded fill with rubble from former concrete 
stair leading to property

Anne Clements & Associates Pty Limited 15
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22 March 2017: Transect 6, fronting 31 Pacific Street; eroded fill with exposed roots of Banksia 
integrifolia

22 March 2017: 31 Pacific Street; eroded fill with exposed roots of Banksia integrifolia and 
sandstone boulders

Anne Clements & Associates Pty Limited 16
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22 March 2017: View of construction works at 31 Pacific Street from 29 Pacific Street

22 March 2017: Transect 7, fronting 29 Pacific Street; eroded fill with formal treated pine stair 
from beach to property

Anne Clements & Associates Pty Limited 17

299



22 March 2017: Transect 7, 29 Pacific Street; cut lawn and formal treated pine stair from beach 
to property

Anne Clements & Associates Pty Limited 18
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22 March 2017: Transect 7, 29 Pacific Street; view to south along Womberal Beach, including cut 
lawn

22 March 2017: Transect 7, 29 Pacific Street; vegetation to south of formal treated pine stair from 
beach to property

Anne Clements & Associates Pty Limited 19

301



22 March 2017: Eroded fill fronting 29 Pacific Street

22 March 2017: Eroded fill fronting 29 Pacific Street

Anne Clements & Associates Pty Limited 20



22 March 2017: Eroded fill and sandstone boulders fronting 29 Pacific Street, with view to south 
along Wamberal Beach

22 March 2017: Eroded fill fronting 29 Pacific Street, with “Risk Warning” sign (reads: “Risk 
Warning. Keep clear at all times. Dune highly unstable and at risk of collapse”)

Anne Clements & Associates Pty Limited 21
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22 March 2017: Sandstone boulders fronting 25 Pacific Street, with "Risk Warning" sign 

Anne Clements & Associates Pty Limited 22 
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Inspection on 25 March 2017

Looking south from end of Pacific Street with Broken Head in the south

Looking north along Wamberal Beach. Beach access between the beach entrance of Terrigal 
Lagoon and 1 Pacific Street

1
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Inspection on 25 March 2017

Exposed tree roots from sand loss of bare roots Araucaria heterophylla (Norfork Island Pine) and 
sand attached to the roots of Leptospermum laevigatum  1 Pacific Street

2
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Inspection on 25 March 2017 

Planted Aloe arborescens, sanded bags and sand loss at 5 Pacific Street 

Plastic webbing and Carpobrotus planting on beach front - 9 Pacific Street 

3 
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Inspection on 25 March 2017 

Planted Aloe arborescens, sanded bags and sand loss at 5 Pacific Street 

Plastic webbing and Carpobrotus planting on beach front - 9 Pacific Street 

3 
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Inspection on 25 March 2017

Beach being used in front of 11 Pacific Street

Sand loss. Exotic plantings at 11 Pacific Street.

4
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Inspection on 25 March 2017

Looking north west toward 13 Pacific Street

17/19 Pacific Street

5
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Inspection on 25 March 2017

Looking north west with 25 Pacific Street in the north

Rock placement in front of 25 Pacific Street

6
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Inspection on 25 March 2017

Fill in the storm cut with Araucaria heterophylla (Norfork Island Pine) planted in front of 29 Pacific 
Street

Rock and fill exposed in storm cut, looking north-west from 31 Pacific Street to 33 Pacific Street, 
23a, 23b, 23c Ocean View Drive to the north

7
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Inspection on 25 March 2017

Looking north from The Ruins along Wamberal Beach to storm cuts in front of house with 
Wamberal Point in the distance

Sign on beach adjoining The Ruins. Exposed sand and rubble. 
Species present (*  exotic):

8
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Inspection on 25 March 2017

*Acetosa sagittata, Carpobrotus glaucescens, *Ehrharta erecta, * Gazania rigens, *Hydrocotyle 
bonariensis, * Yucca gloriosa

Undercut stairs leading to the beach with Gazania rigens

9
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Inspection on 25 March 2017

Dense stand of Noxious Weed Chrysanthemoides monilifera subsp. rotundata (Bitou Bush) north 
of the path adjoing 27 Ocean View Drive

Viewing area in The Ruins overlooking Wamberal Beach

10
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Inspection on 25 March 2017

Looking south-west from viewing platform at dune stablilisation planting in the foreground of 
Carpobrotus glaucescens, Gazania rigens, with the cosmopolitian grass Cynodon dactylon. 
Note: no dune binding Spinifex senceus present

11
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Inspection on 25 March 2017

Sign in view area

Native vegetation plays an important role in the protection of beach dune. The natural vegetation 
traps sand blown inland from onshore winds, thus preventing it from being lost. Beneath the dune 
surface, plant roots assist in binding the sand together. These two processes assist in the 
stabilisation and building of dune systems.

The natural transition in species from low lying spinifex grass, at the front of the dune, to the taller 
coastal banksia, of the hind dune, is important in the overall stability of this system.

The clearing of vegetation from beach dunes, for reasons such as improving private views, 
contibutes towards the destailisation and erosion of beach dunes.

Coastal tea-tree, Leptospermum laevigatum, a tall shrub found behind the foredune. RECORDED 
Pigface, Carpobrotus glaucescens, a spawling ground cover found on the foredune. RECORDED 
Coastal wattle, Acacia longifolia var. sophorea, low shrub found in both the fore and hind dune. 
RECORDED
Coastal banksia, Banksia integrifolia, a small tree sound in hind dunes. RECORDED
Spinifex sericeus, a foredune grass important for stabilising coastal dunes. NOT OBSERVED OR
RECORDED

12
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Looking east from footpath of Ocean View Drive to the The Ruins 
Species present (*  exotic)
TREES  Cupaniopsis anacardioides, Banksia integrifolia
SHRUBS: Breynia oblongifolia, Clerodendrum tomentosum, Leptospermum laevigatum, Myrsine 
variabilis
GROUNDCOVER: * Acetosa sagittata, *Ehrharta erecta, *lpomoea cairica, *Solanum nigrum
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Inspection on 25 March 2017

Looking south east from Terrigal Drive with storm wall protection adjoining the walkway

Looking east along the southern end of Terrigal Beach

31&
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Inspection on 25 March 2017

Looking east at the Terrigal Haven, showing the storm wall protection, recreational space, 
restaurants and car parks

Looking west along the southern end of Terrigal Beach
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Inspection on 25 March 2017

Scrapping through the surface of the beach sand showing layers of black mineral sands at the 
southern end of Terrigal Beach

Black mineral sands on the beach

16
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Inspection on 25 March 2017

Looking south from Broken Head over the bay Ibetween headlands (the Skillion and Broken 
Head) with the Teriigal Haven carpark to the west. The sandstone block have been used on the 
landward side.

Sandstone block used

17
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Appendix 5

Final Determinations for

Littoral rainforest in the NSW North Coast, Sydney Basin and South East Corner bioregions 

Umina coastal sandplain woodland in the Sydney Basin Bioregion
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Littoral rainforest in the NSW North Coast, Syd... http://www.environment.nsw.gov.au/determinati...

Office of
NSW Environment
Oovtrt C'< Heritage 

Home > Threatened species > Programs legislation and framework > Scientific Committee > Determinations

Littoral rainforest in the NSW North Coast, 
Sydney Basin and South East Corner 
bioregions - endangered ecological 
community listing
NSW Scientific Committee - final determination

The Scientific Committee, established by the Threatened Species Conservation Act, has 
made a Final Determination to list Littoral Rainforest in the NSW North Coast, Sydney 
Basin and South East Corner Bioregions as an ENDANGERED ECOLOGICAL COMMUNITY 
in Part 3 of Schedule 1 of the Act, and as a consequence, to omit reference to the 
Sutherland Shire Littoral Rainforest from Part 3 of Schedule 1 (Endangered Ecological 
Community) of the Act. Listing of endangered ecological communities is provided for by 
Part 2 of the Act.

The Scientific Committee has found that:

1. Littoral Rainforest in the NSW North Coast, Sydney Basin and South East Corner 
Bioregions is generally a closed forest, the structure and composition of which is strongly 
influenced by proximity to the ocean. The plant species in this ecological community are 
predominantly rainforest species with evergreen mesic or coriaceous leaves. Several 
species have compound leaves, and vines may be a major component of the canopy. 
These features differentiate littoral rainforest from sclerophyll forest or scrub, but while 
the canopy is dominated by rainforest species, scattered emergent individuals of 
sclerophyll species, such as Angophora costata, Banksia integrifolia, Eucalyptus 
botryoides and E. tereticornis occur in many stands. Littoral Rainforest in NSW is found 
at locations along the entire NSW Coast in the NSW North Coast Bioregion, Sydney Basin 
Bioregion and South East Corner Bioregion. The areas mapped for inclusion in State 
Environmental Planning Policy 26 Littoral Rainforest are examples of the Littoral 
Rainforest ecological communities, but the mapping for SEPP 26 is not exhaustive and 
stands of the Littoral Rainforest ecological community occur at locations not mapped 
under SEPP 26. Some stands may be regrowth or in the process of regenerating. The 
Sutherland Shire Littoral Rainforest Endangered Ecological Community which was 
previously listed as an endangered ecological community is included within this 
Community.

2. Littoral rainforest occurs on both sand dunes and on soils derived from underlying
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rocks (McKinley et al. 1999). Stands on headlands exposed to strong wind action may 
take the form of dense windpruned thickets (for example the Bunga Head Rainforest 
illustrated by Keith & Bedward 1999, or MU5 Littoral Windshear Thicket in NPWS 2002). 
In more sheltered sites, and in hind dunes, the community is generally taller, although 
still with wind pruning on the windward side of stands. Floristically there is a high degree 
of similarity between stands on different substrates. Most stands of Littoral Rainforest 
occur within 2 km of the sea, but may occasionally be found further inland, but within 
reach of maritime influence.

3. Littoral Rainforest comprises the Cupaniopsis anacardioides  Acmena spp. alliance of 
Floyd (1990). This alliance as described by Floyd includes five sub-alliances  Syzygium 
leuhmannii  Acmena hemilampra, Cupaniopsis anacardioides, Lophostemon confertus, 
Dry petes  Sarcomelicope  Cassine  Podocarpus and Acmena smith ii  Ficus  Livistona
 Podocarpus. The distribution of some of these sub-alliances is geographically restricted
 the Syzygium luehmannii  Acmena hemilampra sub-alliance is restricted to the north 

coast, while the most widespread sub-alliance Acmena smithii  Ficus  Livistona  
Podocarpus is the only one present on the coast south of Sydney. The Lophostemon 
confertus suballiance, synonymous with Forest Type 25 Headland Brush Box (Forestry 
Commission of NSW 1989) is restricted to exposed headlands in the North Coast 
Bioregion. There is considerable floristic variation between stands and in particular areas 
localised variants may be recognised (for example on the south coast a number of 
variants within the Acmena smithii  Ficus  Livistona  Podocarpus sub-alliance have 
been described, see Mills 1996, Mills & Jakeman 1995; Keith & Bedward 1999, NCC 
1999, NPWS 2002). Small, depauperate stands may be difficult to assign to sub 
alliances. A number of species characteristic of Littoral Rainforest in NSW reach their 
southern limits at various places along the coast (for example Cupaniopsis anacardioides 
reaches its southern limit between Sydney and the Illawarra) but a number of temperate 
species are restricted to the south coast, and the total Littoral Rainforest flora declines 
from north to south. Characteristic species of littoral rainforest include:

Acacia binervata Acmena hemilampra

Acmena smithii + Acronychia imperforata

Acronychia oblongifolia + Aipinia caerulea

Alectryon coriaceus Alyxia ruscifolia

+ Aphananthe philippinensis + Archontophoenix cunninghamiana

Arthropteris tenella + Arytera divaricata

Asplenium austraiasicum + Baloghia marmorata

Banksia integrifolia subsp. integrifolia + Beilschmiedia obtusifolia

Breynia oblongifolia + Bridelia exaltata
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+ Calamus muelleri Canthium coprosmoides

+ Capparis arborea Cayratia clematidea

Celtis paniculata Cissus antarctica

Cissus hypoglauca Cissus sterculiifolia

Claoxylon australe + Cordyline congesta

+ Cordyline stricta Cryptocarya glaucescens

Cryptocarya microneura + Cryptocarya triplinervis

Cupaniopsis anacardioides Cynanchum eiegans

Dendrocnide excelsa + Dendrocnide photinophylla

Dioscorea transversa Diospyros australis

Diospyros pentamera Doodia aspera

Duboisia myoporoides + Dysoxylum fraserianum

Ehretia acuminata + Elaeocarpus obovatus

+ Elattostachys nervosa Endiandra discolor

Endiandra sieberi Eucalyptus botryoides

Eucalyptus tereticornis Eupomatia laurina

Eustrephus latifolius Ficus coronata

Ficus obliqua Ficus rubiginosa

+ Ficus watkinsiana Flagellaria indica

Geitonoplesium cymosum Glochidion ferdinandi

Glycine clandestina + Gossia bidwillii

Guioa semiglauca + Ixora beckieri
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+ Jagera pseudorhus + Lepidozamia peroffskyana

Litsea reticulata Livistona australis

Lomandra longifolia + Lophostemon confertus

Madura cochinchinensis + Mallotus philippensis

Melaleuca quinquenervia Melicope micrococca

+ Melicope vitiflora + Mischocarpus pyriform is

+ Monococcus echinophorus + Morinda jasminoides

+ Mucuna gigantea Myoporum acuminatum

Notelaea longifolia + Olea paniculata

Opiismenus imbecillis + Pandanus pedunculatus

Pandorea pandorana Pararchidendron pruinosum var. 
pruinosum

Parsonsia straminea + Pentaceras australis

Piper novae-hollandiae + Pisonia umbellifera

Pittosporum multiflorum Pittosporum undulatum

Platycerium bifurcatum Podocarpus elatus

Pollia crispata Polyscias elegans

Pouteria australis Pouteria cotinifolia var. cotinifolia

+ Pouteria myrsinoides Rapanea variabilis

Rhodamnia rubescens + Rhodomyrtus psidioides

Ripogonum album Ripogonum discolor

Sarcomelicope simplicifolia Scoto pi a braunii
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Smi lax australis Smilax glyciphylla

+ Sophora tomentosa subsp. australis Stephania japonica var. discolor

Synoum glandulosum Syzygium australe

+ Syzygium luehmannii Syzygium oleosum

Syzygium paniculatum + Tetrastigma nitens

Trophis scandens subsp. scandens Viola banksii

Wilkiea huegeliana

Those species marked '+' are found in littoral rainforest north of Sydney, with some 
restricted to the north coast or in only a few sites south of the North Coast Bioregion. 
The other species are geographically more widespread.

Given the small size of many stands and the history of fragmentation, the number of 
characteristic species in any stand is likely to be smaller than this list. In addition, the 
total richness of stands declines with increasing latitude and a number of the species 
listed above are absent or rare in the south.

4. The total species list of the community is considerably larger than that given above, 
with many species present in only one or two sites or in low abundance. The species 
composition of a site will be influenced by the size of the site, recent rainfall or drought 
condition and by its disturbance (including fire) history. The list of species given above is 
of vascular plant species, the community also includes micro-organisms, fungi, 
cryptogamic plants and a diverse fauna, both vertebrate and invertebrate. These 
components of the community are poorly documented but the assemblage in individual 
stands will depend on geographic location, size of stand, degree of exposure, history of 
disturbance and, if previously disturbed, stage of regeneration.

5.Threatened species and populations for which Littoral Rainforest is known or likely 
habitat include:

Acronychia littoralis Cryptocarya foetida

Archidendron hendersonii Macadamia tetraphylla

Cynanchum elegans Hicksbeachia pinnatifolia

Fontainea oraria Syzygium moorei

Senna acclinis Xylosma terrae-reginae
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Syzygium paniculatum

Amaurornis olivaceus Bush-hen

Coracina lineata Barred Cuckoo-shrike

Lichenostomus faciogularis Mangrove Honeyeater

Monarchia leucotis White-eared Monarch

Ninox strenua Powerful Owl

Pandion haliaetus Osprey

Ptilinopus magnificus Wompoo Fruit-dove

Ptilinopus regina Rose-crowned Fruit-dove

Ptilinopus superbus Superb Fruit-dove

Tyto tenebricosa Sooty Owl

Dasyurus maculatus Spotted-tailed Quoll

Kerivoula papuensis Golden-tipped Bat

Mormopterus beccarii Beccari's Freetail-bat

Mormopterus norfolkensis Eastern Freetail-bat

Myotis adversus Large-footed Myotis

Nyctimene robinsoni Eastern Tube-nosed Bat

Potorous tridactylus Long-nosed Potoroo

Pteropus alecto Black Flying Fox

Pteropus poliocephalus Grey-headed Flying Fox

Syconycteris australis Eastern Blossom Bat
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Thylogale stigmarica Red-legged Pademelon

Coeranoscincus reticulatus Three-toed Snake-tooth Skink

Hoplocephalus bitorquatus Pale-headed Snake

Thersites mitchellae Mitchell's Rainforest Snail

Emu, Dromaius novaehollandiae, population in the NSW North Coast Bioregion and Port 
Stephens Local Government Area

Menippus fugitivus (Lea), a beetle population in the Sutherland Shire

Most of the species included in this list are found at only some sites, or vary in 
occurrence and abundance. As such they are not regarded as part of the 
characterisation of the community. Nevertheless, they are of conservation significance 
and need to be considered in recovery planning.

6. Littoral Rainforest occurs in numerous, small stands and in total comprises less than 
1% of the total area of rainforest in NSW. The largest known stand occurs in Iluka 
Nature Reserve, which is approximately 136 ha. Many, but not all, stands of Littoral 
Rainforest have been included in mapping for State Environmental Planning Policy 26 
Littoral Rainforest, but degradation of the ecological community is still occurring.

7. Weed species that threaten the integrity of particular stands include Ambrosia 
artemisifolia, Anredera cordifolia, Arecastrum romanzoffianum, Asparagus spp., 
Cardiospermum grandiflorum, Chrysanthemoides monilifera, Coprosma repens, Ehrharta 
spp., Gloriosa superba, Ipomoea spp; Impatiens walleriana, Lantana camara,
Macfadyena unguis-cati, Rivina humilis, Pennisetum clandestinim/ Schefflera 
actinophylla, Senna septemtrionalis, Solanum mauritianum Thunbergia alata and 
Tradescantia fluminensis.

8. Other threats include loss of canopy integrity arising from salt and wind damage as a 
result of clearing or damage to stand margins; clearing of understorey (including for 
firewood collection); grazing and physical disturbance of understorey including by feral 
deer; inappropriate collection of a range of plant species (including, but not restricted to, 
epiphytes); fire, particularly fire incursion along boundaries: visitor disturbance including 
soil compaction, soil disturbance, erosion from foot, cycle, trail bike and 4 wheel drive 
tracks, introduction of pathogens, and disturbance from creation of new planned and 
unplanned tracks; increased visitation and resulting increased demand for and use of, 
visitor facilities such as walking tracks, viewing platforms, toilet blocks, picnic areas etc; 
dumping of garden waste causing weed infestation; car and other rubbish dumping. Loss
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of fauna due to predation by feral animals, road kill, loss of habitat and feeding 
resources, disturbance from human visitation (faunal elements are essential to the 
ecological functioning of littoral rainforest and loss, or reduction, in pollinators and seed 
dispersal agents will adversely affect long term vegetation health); fragmentation 
resulting in loss of connectivity and possibly reduced genetic exchange between 
populations. For stands not protected by State Environmental Planning Policy 26, 
clearing and development remains a possibility. (Adam 1987, 1992; Floyd 1990; Mills 
1996).

9. In view of the above the Scientific Committee is of the opinion that Littoral Rainforest 
in the NSW North Coast, Sydney Basin and South East Corner Bioregions is likely to 
become extinct in nature in New South Wales unless the circumstances and factors 
threatening its survival or evolutionary development cease to operate.

Associate Professor Paul Adam

Chairperson

Scientific Committee

Proposed Gazettal date: 04/06/04 

Exhibition period: 04/06/04  16/07/04

References:
Adam P (1987) New South Wales rainforests. The nomination for the World Heritage 
List. NPWS, Sydney.

Adam P (1992) Australian rainforests Oxford University Press, Oxford.

Floyd AG (1990) Australian rainforests in New South Wales. Surrey Beatty and Sons, 
Sydney.

Forestry Commission of New South Wales (1989) Research Note No 17. Forest types in 
New South Wales FCNSW, Sydney.

Keith DA and Bedward M (1999) Native vegetation of the South East Forests region, 
Eden, New South Wales. Cunninghamia 6 (1), 1-218.

McKinley A, Milledge D, Nicholson H, Nicholson N and Stewart B (1999) Identification of 
littoral rainforest on krasnozem soils between the Queensland  New South Wales border 
and the Richmond River. Report for the National Parks and Wildlife Service.

Mills K (1996) Littoral Rainforests in Southern NSW: inventory, characteristics and 
management. Revised version of 1988 Illawarra Vegetation Studies, Paper 1.

Mills K and Jakeman J (1995) Rainforests of the Illawarra District. Coachwood 
Publishing, Jamberoo.

NCC (1999) Towards an Illawarra Regional Vegetation Management Plan. Vols. 1 & 2.

8 of 9 30/03/17 12:10

330

-

-

http://www.environment.nsw.gov.au/determinati


Littoral rainforest in the NSW North Coast, Syd... http://www.environment.nsw.gov.au/determinati...

9 of 9

Nature Conservation Council, Sydney.

NPWS (2002) Native Vegetation of the Wollongong Escarpment and Coastal Plain. Draft 
unpublished report for the Bioregional Assessment Study of the Wollongong LGA. NSW 
National Parks and Wildlife Service, Hurstville.

About the NSW Scientific Committee

Page last updated: 28 February 2011

30/03/17 12:10

331

http://www.environment.nsw.gov.au/determinati


Umina coastal sandplain woodland in the Sydne... http://www.environment.nsw.gov.au/determinati...

Home > Threatened species > Programs legislation and framework > Scientific Committee > Determinations

Umina coastal sandplain woodland in the 
Sydney Basin Bioregion - endangered 
ecological community lest
NSW Scientific Committee  final determination

The Scientific Committee, established by the Threatened Species Conservation Act, has 
made a Final Determination to list the Umina Coastal Sandplain Woodland in the Sydney 
Basin Bioregion as an ENDANGERED ECOLOGICAL COMMUNITY in Part 3 of Schedule 1 
of the Act. The listing of Endangered Ecological Communities is provided for by Part 2 of 
the Act.

The Scientific Committee has found that:

1. The Umina Coastal Sandplain Woodland is the name given to the ecological 
community recorded on coastal sands on the Woy Woy peninsula from the local 
government area of Gosford (within the Sydney Basin Bioregion) that is characterised by 
the following assemblage of species.

® Acacia elata 

© Acacia floribunda 

© Acacia irrorata 

© Acacia longifolia 

© Acacia suaveolens 

© Acacia ulicifolia 

© Adiantum aethiopicum 

© Allocasuarina littoralis 

© Allocasuarina toru/osa 

© Angophora floribunda 

© Aotus ericoides 

© Banksia ericifolia 

© Banksia integrifolia 

© Banksia serrata 

© Billardiera scandens 

© Bossiaea ensata
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o Breynia oblongifolia 

® Caesia parvifiora

• Cassytha glabella

o Cay rati a clematidea 

© Cheilanthes sieberi 

© Clematis glycinoides 

® Clerodendrum tomentosum 

® Commelina cyanea

• Cymbopogon refractus 

© Dianella caerulea

• Dodonaea triquetra

© Duboisia myoporoides 

® Echinopogon ovatus

• Elaeocarpus reticulatus 

© Entolasia stricta

© Eriostemon austra/asius

• Eucalyptus botryoides 

© Eucalyptus paniculata 

© Eustrephus latifolius

• Exocarpus cupressiformis 

© Glochidion ferdinandi

• Glycine clandestina

® Gompholobium latifolium 

© Gonocarpus teucrioides 

© Hakea sericea

• Hardenbergia violacea 

® Hibbertia scandens

© Hibbertia vestita 

® Imperata cy/indrica 

© Isolepis nodosus 

© Kennedia rubicunda 

o Lasiopetalum macrophyllum 

o Leptospermum polygalifolium 

o Leptospermum trinervium 

© Lomandra longifolia 

o Macrozamia communis

Umina coastal sandplain woodland in the Sydne... http://www.environment.nsw.gov.au/determinati...
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• Melaleuca quinquenervia 

© Monotoca elliptica

© Notelaea longifolia 

© Pandorea pandorana 

o Persoonia levis 

® Persoonia linearis

• Phyllanthus hirtellus

© Pittosporum revolutum 

© Platysace lanceolata 

© Podocarpus spinulosus

• Pomax umbellata

© Pseuderanthemum variabile 

© Pteridium esculentum 

© Rapanea variabilis 

© Restio tetraphyllus

• Sarcopeta/um harveyanum 

© Smi/ax glyciphylla

© Stephania japonica 

® Themeda australis 

© Veronica plebeia

• Viola hederacea

• Xanthorrhoea arborea 

© Xylomelum pyriforme

2. The total species list of the community is considerably larger than that given above, 
with many species present in only one or two sites or in very small quantity. The species 
composition of a site will be influenced by the size of the site, recent rainfall or drought 
condition and by its disturbance (including fire) history. The number of species, and the 
above ground relative abundance of species will change with time since fire, and may 
also change in response to changes in fire regime (including changes in fire frequency). 
At any one time, above ground individuals of some species may be absent, but the 
species may be represented below ground in the soil seed banks or as dormant 
structures such as bulbs, corms, rhizomes, rootstocks or lignotubers. The list of species 
given above is of vascular plant species, the community also includes micro-organisms, 
fungi, cryptogamic plants and a diverse fauna, both vertebrate and invertebrate. These 
components of the community are poorly documented.

3. Umina Coastal Sandplain Woodland has been recorded from the local government 
area of Gosford (within the Sydney Basin Bioregion).

4. Umina Coastal Sandplain Woodland is a low woodland dominated by trees of 
Eucalyptus botryoides and Angophora floribundamth a diverse understorey of 
sclerophyllous shrubs species including Banksia integrifolia, Banksia serrata, Monotoca
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elliptica, Macrozamia communis, Acacia ulicifolia, Platysace lanceolata, Acacia 
suaveoiens and Allocasuarina iittora/is.

5. Umina Coastal Sandplain Woodland has been recorded on coastal sands on the Woy 
Woy Peninsula at Umina and Pearl Beach. The woodland was described in 1952 by 
Burges & Drover (1952) who described Eucalyptus botryoides as predominating 
immediately behind the beach with Angophora floribunda predominating for up to 2 km 
from the beach. They described the soils as iron podzols and distinguished them from 
humus podsols with Angophora costata which occurred further away from the beach. 
Umina Coastal Sandplain Woodland occurs on soils of the Woy Woy Soil Landscape 
(Chapman & Murphy 1989). Umina Coastal Sandplain Woodland is part of the vegetation 
described as Coastal Dune Forest (map unit 9t) in Benson 8i Howell (1994).

6. Umina Coastal Sandplain Woodland is currently only known from three small areas at 
Umina; at Umina Oval, McEvoy Oval and Umina High School and at a tiny remnant at 
Little Patonga Beach. The total area still surviving in 2002 is estimated at less than 2 ha. 
Understorey has been removed for the occurrence at Pearl Beach.

7. Umina Coastal Sandplain Woodland has been extensively cleared for suburban 
development and remnants are not within conservation reserves. Remnants are very 
small and threatened by mowing and slashing, weed invasion, sand extraction and 
modified fire regimes. Weed species include Lantana camara, Chrysanthemoides 
moniiifera, Ipomoea cairica, Paspaium urvillei, Bidens piiosa, Pennisteum viiiosum, 
Coreopsis lanceolata and Ehrharta erecta.

8. In view of the above the Scientific Committee is of the opinion that Umina Coastal 
Sandplain Woodland in the Sydney Basin Bioregion is likely to become extinct in nature 
in New South Wales unless the circumstances and factors threatening its survival or 
evolutionary development cease to operate.

Proposal Gazettal date: 06/12/02

Exhibition period: 06/12/02  24/01/03
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