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EExecutive summary 
Cardno Ecology Lab Pty Ltd was contracted by AECOM, on behalf of the RTA, to undertake the aquatic 
ecology and water quality management component of the Review of Environmental Factors (REF) for 
the Gerringong upgrade (the proposal) which forms part of the RTA’s Princes Highway upgrade 
program between Gerringong and Bomaderry.  

The objectives of the REF are: 

Update existing information on aquatic habitat, biota and water quality within the region of the 
study area, including threatened species, populations, ecological communities and listed key 
threatening processes. 
Describe the nature, extent and condition of aquatic habitats and biotic communities and associated 
waterways within the study area based on field assessments. 
Assess the potential impacts of the proposed works on aquatic ecology and water quality in the 
region of the study area. 
Make recommendations to minimise or mitigate potential impacts. 

Field investigations of aquatic habitat, biota and water quality were made by Cardno Ecology Lab from 
15 to 17 April 2009 along the proposal route. At each waterway a general habitat description, Riparian, 
Channel and Environmental inventory and fish habitat assessment was made. Where appropriate, 
recordings were made of water quality, macrophyte and fish assemblages and existing waterway road 
crossings. 

The proposal follows the alignment of the existing Princes Highway. It begins at the Mount Pleasant 
lookout to the north, descending onto the coastal floodplain, traversing two small coastal catchments, 
the Ooaree Creek and Crooked River drainages and then ascending a moderate ridge that connects 
Toolijooa Hill to Currys Mountain, culminating at the Toolijooa Road intersection. 

Aquatic ecology and water quality in the area of the proposal 

The Ooaree Creek and its tributaries flow in a south easterly direction into the Omega Flat floodplain to 
the north of Gerringong. The Omega Flat is a lowland marsh that drains into Werri Lagoon, a State 
Environmental Planning Policy No. 14 wetland that periodically discharges into the ocean at the northern 
end of Werri Beach. The Omega Flat is known to contain acid sulfate soils.  

The Crooked River drainage lies immediately to the south of Ooaree Creek. The Crooked River crosses 
the existing highway to the south-west of Gerringong before flowing into a floodplain and eventually the 
Crooked River estuary. The estuary is more frequently open to the ocean than Werri Lagoon and 
supports mangrove, seagrass and saltmarsh habitat. Coastal saltmarsh is listed as an endangered 
ecological community in NSW. 

There are two small freshwater wetland areas within the Crooked River drainage. Both are degraded 
and composed of small pondages and creek swamp habitat. They are potentially freshwater wetlands on 
coastal floodplains which is a listed endangered ecological community (EEC) in NSW, although both 
occur at elevations near the upper limit for this community. 
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The freshwater habitat within the study area was considerably degraded. Riparian vegetation was often 
absent, banks were unconsolidated, eroded and trampled by livestock and channel substratum was 
usually dominated by loose accumulations of soft-sediments. In the low-lying floodplain waterways have 
been highly modified by flood mitigation works. The more ephemeral waterways had poorly defined 
channels and were often colonised by pasture grasses. Water quality was typical of aquatic ecosystems 
that have been disturbed by agricultural practices, with elevated nutrient levels and bacterial levels and 
low dissolved oxygen.  

Previous studies prepared at the route options stage of the project used aquatic macroinvertebrate 
assemblages as indicators of disturbance and found waterways within the study area to be moderately 
impaired, containing fewer macroinvertebrate taxa than expected and were dominated by pollution-
tolerant taxa. 

A regional inventory of freshwater fish identified a total of 36 species as potentially being present. Of 
these, three are introduced and two are listed as threatened. Macquarie Perch (Macquaria australasica)
are listed as Vulnerable under the Fisheries Management Act 1994 and Endangered under the 
Commonwealth Environment Protection and Biodiversity Conservation Act 1999, and Australian 
Grayling are listed as Vulnerable under the Environment Protection and Biodiversity Conservation Act.
Of these 36 species however, previous studies recorded only eight freshwater fish species in the study 
area and only three species were recorded during this study. It is considered likely that this is due to the 
two catchments of Ooaree Creek and Crooked River being relatively small and with degraded 
freshwater habitats. The majority of watercourses in the study area were assessed as providing ‘minimal’ 
to ‘unlikely’ fish habitat. (Class 3 – 4 Waterways), with the exception of Crooked River which provided 
‘moderate’ fish habitat (Class 2 Waterway).  

Werri Lagoon and Crooked River estuary constitute ‘major’ fish habitat (Class 1 Waterways). Previous 
research has recorded fish from 21 families, representing 33 species, 13 of which were of commercial 
interest. These estuaries, particularly Crooked River, are possible habitat for Syngnathiformes (which 
includes Pipefish, Pipehorses, Seahorses, Seadragons, and Ghost Pipefish) and large juvenile Black Cod 
(Epinephelus daemelii). Syngnathiformes are afforded protection under the Fisheries Management Act 
and the Environment Protection and Biodiversity Conservation Act and Black Cod are listed as 
Vulnerable under the Fisheries Management Act. 

PPotential impacts of the proposal 

Environmental constraints of the proposed highway upgrade relate primarily to:  

The installation of instream drainage structures. 
The mobilisation of sediments into waterways. 
Potential pollution from materials used in the process of road construction. 
Disturbance of acid sulfate soils. 
Realignment of waterways. 
Potential changes to hydrology from the operation and construction of the highway upgrade. 
Presence of threatened and protected species and communities. 
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AAssessment of impacts and recommendations 

Specific guidelines for the design and construction of waterway crossings to maintain fish passage have 
been developed in NSW. An assessment of minimum recommended crossing requirements for each 
waterway crossed by the proposal has been provided as input to the detailed design. 

Potential impacts from mobilised sediment can be minimised by an erosion and sediment control plan 
that implements standard sediment control measures. Similarly, potential contamination of waterways 
with polluted runoff from the highway or accidental spills can be mitigated by proper handling of 
hazardous substances on-site and the channelling of surface runoff into terrestrial vegetation or sediment 
basins.  

An appropriate management plan should be implemented to mitigate for potential impacts associated 
with acid sulfate soils, with particular reference to the proposed excavations below the water table for 
drainage structures on the Omega Flat floodplain.  

Significant changes to hydrology (and concomitant effects on aquatic ecology) are not anticipated to 
occur in relation to the construction of an earth embankment and soft soil treatments across Omega 
Flat.  

To offset the loss of aquatic habitat and biota from the proposed waterway realignments equivalent 
biotic assemblages should be restored in the realigned reaches. The realigned reaches should include 
natural profiles, bed forms and riparian habitat. 

There are few semi-permanent to permanent freshwater creeks within the study area therefore it is 
possible that extraction during construction would have a significant impact on aquatic ecology. It is 
recommended consideration be given to alternative sources, such as local town water. 

The works should have no significant impact on native riparian vegetation or large woody debris, as both 
are largely absent at waterway crossings along the proposal. The proposal provides an opportunity to 
rehabilitate riparian and channel habitats at the various crossing sites. 

It is recommended that chemical and physical stressors associated with the construction of roads be 
monitored in aquatic habitats downstream of the study area during construction. Australia, New Zealand 
Environment Conservation Council trigger values for the protection of aquatic ecosystems can be used 
as thresholds to trigger mitigating management actions. Aquatic macroinvertebrate assemblages should 
be monitored in the Crooked River to assess the condition of the aquatic biota during the construction 
period and demonstrate the efficacy of the restored waterway realignments.   

No listed threatened or protected species were observed in freshwater habitat within the study area. 
Given the small size and degraded nature of the habitat it is unlikely that viable populations of Macquarie 
Perch or Australian Grayling are present. Provided the recommended mitigation measures outlined in 
this report are adopted it is unlikely that the works and structures associated with the construction and 
operation of the proposal would have long-term impacts on threatened species, endangered 
communities or the wider aquatic ecology of the study area. This includes the freshwater wetlands of 
coastal floodplains and downstream habitats and biota, such as coastal saltmarsh, syngnathiformes, 
juvenile Black Cod, seagrass beds, mangroves or the State Environmental Planning Policy No. 14 Werri 
Lagoon. 
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11.0 Background and objectives 
The Roads and Traffic Authority of NSW (RTA) is proposing to upgrade the Princes Highway between 
Mount Pleasant and Toolijooa Road; the Gerringong upgrade (the proposal). The proposal is part of the 
RTA’s program to upgrade the Princes Highway between Gerringong and Bomaderry, providing 
increased road safety and traffic efficiency in the South Coast region. 

This working paper presents an assessment of the potential environmental impacts on aquatic ecology 
and water quality and supplements the Review of Environmental Factors for the proposal as required 
under Part 5 of the Environmental Planning and Assessment Act 1979.

1.1 Aim of the Review of Environmental Factors 

The objectives of this report are to provide an updated description of the aquatic habitats, biota and 
water quality in the study area with the aim of assessing constraints and opportunities for the proposed 
works associated with the proposal. The report provides information that will assist the selection of the 
most appropriate design structures and construction methodology. The specific objectives of this study 
are:

Update existing information on aquatic habitat, biota and water quality within the region of the 
study area, including threatened species, populations, ecological communities and listed key 
threatening processes. 
Describe the nature, extent and condition of aquatic habitats and biotic communities and associated 
waterways within the study area based on field assessments. 
Assess the potential impacts of the proposed works on aquatic ecology and water quality in the 
region of the study area. 
Make recommendations to minimise or mitigate potential impacts.  

1.2 Project description 

1.2.1 The study area 

The proposal study area extends from the termination of the existing four lane configuration at Mount 
Pleasant lookout in the north, to Toolijooa Road in the south. 

From north-east to south-west the study area passes over Omega Flat, past Werri Lagoon, through the 
town of Gerringong to terminate at Toolijooa Road. The pastureland and rural settlement patterns of 
the study area are defining features. (Figure 1.1).  

The study area comprises two relatively small catchments that are traversed by the proposal – the 
Ooaree Creek and Crooked River drainages. 
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FFigure 1.1: Waterways and aquatic ecology monitoring sites within the Gerringong upgrade study area. Waterway 
classifications are based on criteria established by Fairfull and Witheridge (2003) 
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11.2.2 Conceptual design and associated works 

The preferred option for the proposal has been selected as that which best meets the project objectives 
applied across the program of projects for the Princes Highway upgrade between Gerringong and 
Bomaderry and which performs well across a combination of the technical input gathered through 
investigations carried out to date (including a review of studies from previous investigations into the 
upgrade), community feedback and the findings of the value management process.  

The proposal would include the following key features: 

Construction of 7.5 km of two lanes in each direction between Mount Pleasant and Toolijooa Road. 

Grade-separated interchange at Rose Valley Road incorporating four-way traffic access to and from 
Gerringong via a two-way service road and overbridge spanning the South Coast Railway at Fern 
Street.

Grade-separated interchange at Belinda Street providing four-way, flood free traffic access to and 
from Gerringong and incorporating a two-way service road connecting to Willowvale Road. 

Bridge structure spanning a realigned Crooked River, incorporating Bailey’s Road and an existing 
cattle underpass. 

Northbound climbing lane between Rose Valley Road and the top of Mount Pleasant. 

Southbound climbing lane for approximately 800 m from Belinda Street on ramp. 

Property acquisition and the setting of corridor boundaries for the provision of future widening to 
six lanes (three in each direction). 

Extensive drainage structures maintaining cross drainage flow in the low lying area of Omega Flat. 

Incorporation of the provision for future widening now where the design is constrained by 
topography and alignment eg the ‘slot’ and bridge structure at the Rose Valley Road interchange. 

Other design features would include areas of cuts and fills, less significant drainage culverts, soft soil 
treatments in Omega Flat, such as preloading and surcharging with wick drains to manage long-term 
settlement, local road and private road access treatments and cattle underpasses. 

The proposal is expected to cost in the order of $230m and would be funded by the NSW State 
Government. Subject to funding, construction of the proposal is anticipated to commence in early 2011 
and is expected to take up to two years to complete. 

1.3 Policy context and legislative framework 

With reference to aquatic flora and fauna and habitat, the following statutory requirements and policy 
are relevant to the proposal. 

1.3.1 Environmental Protection and Biodiversity Conservation Act 1999 

Under the Environmental Protection and Biodiversity Conservation Act 1999, which is administered by 
the Commonwealth via the Department of Environment, Water, Heritage and the Arts (DEWHA), 
actions that are likely to have a significant impact on a matter of national environmental significance are 
subject to a referral, assessment, and approval process. In the aquatic environment the Act lists 
threatened species, ecological communities and key threatening processes; migratory species; cetaceans; 
marine species and Ramsar areas of national significance.  
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11.3.2 Environmental Planning and Assessment Act 1979 

The proposal is being assessed under Part 5 of the Environmental Planning and Assessment Act 1979.

Threatened Species legislation administered by the Department Environment, Climate Change and 
Water (DECCW) under the Threatened Species Conservation Act 1995 and that administered by the 
Department of Industry and Investment (I&I NSW), formally the Department of Planning and 
Infrastructure, under amendments of the Fisheries Management Act 1994, are essentially identical in 
application. The I&I NSW deals with “fish” and “marine vegetation”, while DECCW deals with all other 
flora and fauna. One of the major features of the legislation is the integration of threatened aquatic 
species into the development control processes under the Environmental Planning and Assessment Act. 
The Act sets out the factors to be considered in preliminary assessments of whether there is likely to be 
a significant effect on threatened species arising from a development. Seven factors are considered and 
the assessment process is referred to as the assessment of significance. The test is a series of questions, 
the answers to which assist in determining whether a planned action would significantly affect threatened 
species, populations, ecological communities or their habitats. 

1.3.3 State Environmental Planning Policy No. 14 – coastal wetlands 

State Environmental Planning Policy No. 14 provides protection for wetlands identified as significant 
coastal wetlands and gazetted for protection. Werri Lagoon, located in the north-east of the study area 
north of Gerringong, is a State Environmental Planning Policy No. 14 listed coastal wetland.  

1.3.3.1 State Environmental Planning Policy No. 71 – coastal protection 

State Environmental Planning Policy No. 71 applies to land defined as the coastal zone by maps held by 
local council and identifies a number of issues to be considered by a consent authority before issuing 
development consent. There is State Environmental Planning Policy No. 71 land by the coast which 
extends into the study area in two locations in the north-east of the study area: 

In the area surrounding Crooked River through to the existing Princes Highway. 
In the area surrounding Werri Lagoon through to the other side of the study area. 

Neither of these two areas is expected to be directly impacted by the proposal. 

1.3.3.2 Kiama Local Environmental Plan 1996 

Roads are prohibited in Zone 7(b) Rural Environmental Protection (estuarine wetlands). The land to the 
north of Gerringong on eastern side of existing Pacific Highway is currently zoned 7(b). The proposal is 
permissible under State Environmental Planning Policy (Infrastructure) 2007. 

1.3.4 Water Management Act 2000 

The role of the NSW Office of Water in planning and development under Part 5 of the Environmental 
Planning and Assessment Act is to ensure that the proposal is sustainable with respect to water 
dependent ecosystems. Works within 40 m of a lake, river or estuary require a controlled activity 
approval under this Act. 

1.3.5 Rivers and Foreshores Improvement Act 1948 

The Rivers and Foreshores Improvement Act 1948 requires consideration of environmental issues such 
as native vegetation in the riparian zone, water quality, construction of instream structures and road 
crossings which are likely to be relevant in the proposed upgrade. 
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11.3.6 Protection of the Environment Operations Act 1997 and Protection of the Environmental 
Operations Amendment Act 2005 

It is offence to pollute the environment under the Protection of the Environment Operations Act 1997.
An environmental protection licence is required for scheduled activities. 

1.3.7 Threatened Species Conservation Act 1995 

The Threatened Species Conservation Act applies to terrestrial and some aquatic flora and fauna and is 
administered by the DECCW. In the aquatic environment the Act includes, aquatic reptiles, aquatic 
mammals and some insects, as well as endangered aquatic ecological communities and key threatening 
processes. 

The Act requires that potential impacts of the proposal on threatened species be considered under Part 
5 of the Environmental Planning and Assessment Act, and should a significant effect be likely, then a 
species impact statement must be prepared. 

A licence under Section 91 is required if it is determined that a threatened species, populations or 
ecological communities are likely to be harmed.  

1.3.8 Fisheries Management Act 1994 and Fisheries Management Amendment Act 1997 

The Fisheries Management Act and its Regulations are administered by Industry and Investment NSW 
(formerly NSW Department of Primary Industries) and apply to habitat and aquatic flora and fauna that 
have the potential to be affected by the proposal. The Act has been amended by the inclusion of 
provisions (listed in the Fisheries Management Amendment Act 1997) to declare and list threatened 
species of fish and marine vegetation, endangered populations and ecological communities and key 
threatening processes. Other relevant sections include: 

Section 37 – permit required to harm more fish or invertebrates than is currently allowed by 
restrictions on daily limits. 
Section 199 – permit required for any dredging or reclamation works. 
Section 205 – permit required for any harm to marine vegetation. 
Section 219 – permit required for any obstructions to fish passage. 

The classification of waterways in the study area was done according to ‘NSW Policy and Guidelines: 
Aquatic Habitat Management and Fish Conservation’ (Smith and Pollard 1999) and guidelines and 
policies for fish friendly road crossings (Fairfull and Witheridge 2003). The assessment of impacts 
assumed that any waterway crossing would be designed and built to comply with these guidelines and 
policies. 
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22.0 Study methods 

2.1 Review of existing information 

Existing information on aquatic habitats and their associated biota within the study area was obtained by 
searching Cardno Ecology Lab’s extensive specialist library and undertaking searches for relevant 
literature using the internet. 

This assessment has included reference to threatened species and threatening processes listed on the 
Threatened Species Conservation Act 1995, Fisheries Management Act 1994 and Environment 
Protection and Biodiversity Conservation Act 1999. Threatened species, populations and ecological 
communities that occur or could potentially occur within the study area were identified by reviewing the 
current listings on the BIONET and EPBC databases. The BIONET database indicates species that are 
listed as endangered, presumed extinct or vulnerable on the schedules of the Threatened Species 
Conservation Act and species listed as endangered, vulnerable or protected under the Fisheries 
Management Act and Fisheries Management Amendment Act 1997. The Environmental Reporting Tool 
was used to determine whether any threatened species considered to be critically endangered, 
endangered, vulnerable or conservation dependent under the schedules of the Environment Protection 
and Biodiversity Conservation Act occurred in the study area. 

Searches were done for the presence of significant or critical aquatic habitat present within the region of 
the study area, such as State Environmental Planning Policy No. 14 and Ramsar wetlands. 

2.2 Field sampling methodology 

Field investigations of aquatic habitat, biota and water quality were made by Cardno Ecology Lab from 
14 to 17 April 2009 along the study area.  

At each of 12 sites within the study area a general habitat description, Riparian, Channel and 
Environmental Inventory and fish habitat assessment was made. Where appropriate, recordings were 
made of water quality, macrophyte and fish assemblages and existing waterway crossings. The method 
chosen at each site depended on the nature of the waterway, with factors such as stream width, depth, 
flow rate, accessibility and likelihood of target groups occurring in that area. 

2.2.1 Site selection 

Sites were selected at aquatic habitat and waterways intersected by the proposal, including ephemeral 
waterways that only flow in high rainfall events. In total there were 12 sites investigated for the proposal 
(Figure 1.1).  

2.2.2 Habitat characteristics 

At each site, a standardised description of adjacent land and condition of riverbanks, channel and bed 
was recorded using the Riparian, Channel and Environmental Inventory, developed by the NSW 
Environment Protection Authority. Riparian, Channel and Environmental Inventory is used to scale and 
quantify the environmental state of particular locations for use in management decisions. The Riparian, 
Channel and Environmental Inventory score for each site is calculated by summing the scores for each 
descriptor noted (Appendix A). The highest score (52) would be assigned to a stream with little or no 
obvious physical disruption. The lowest score (13) would be assigned to a heavily channelled stream 
without any riparian vegetation. This methodology was developed by Peterson (1992) and modified for 
Australian conditions by Chessman et al. (1997) by combining some of the descriptors, modifying some 
of the associated categories and simplifying the classifications from 1 to 4. 
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 Habitat descriptors included: 

Geomorphological characteristics of the waterways. 
Types of land-use along the waterway (eg industries associated with the river, recreational uses). 
Riparian vegetation and instream vegetation (eg presence / absence, native or exotic, condition). 
Substratum type (eg rock, sand, gravel, alluvial substrata). 

The waterway at each site was classified for fish habitat. The classification of waterways was done 
according to NSW Policy and Guidelines: Aquatic Habitat Management and Fish Conservation (Smith 
and Pollard 1999) and guidelines and policies for fish friendly road crossings (Fairfull and Witheridge 
2003). The criteria for the fish habitat classifications are reproduced in Appendix B. The assessment of 
impacts assumed that any waterway crossing would be designed and built to comply with these 
guidelines and policies. 

General observations were also recorded, including water characteristics such as flow rates and colour, 
the presence of spawning areas (eg gravel beds, riparian vegetation, snags), refugia (eg deep pools) and 
presence of natural or artificial barriers to fish passage both upstream and downstream (eg weirs, dams, 
waterfalls, causeways) and the type of existing waterway crossing if present. 

22.2.3 Water quality 

Water quality was measured using a Yeo-Kal 611 probe. Physical-chemical properties measured 
included: electrical conductivity (ms/cm and μs/cm); salinity (ppt); temperature (0C); turbidity (ntu); 
dissolved oxygen (mg/L and % saturation); pH; and ORP (oxidation reduction potential: mV). Two 
replicate measures of each variable were taken from just below the water surface at each site sampled. 

2.2.4 Macrophytes 

The presence of instream macrophyte taxa was recorded. The survey was done at an appropriate time 
to reveal a comprehensive range of macrophyte species present. 

2.2.5 Macroinvertebrates 

No AusRivAS macroinvertebrate edge samples were collected in the study area. Many of the waterways 
were ephemeral drainages and had dried out following several days without rain. Ooaree Creek (Site 4) 
and the unnamed watercourse at Site 5 were brackish due to tidal influence therefore an AusRivAS 
assessment was not appropriate. Sampling was not possible at Crooked River (Site 9) as landowner 
access had not been granted. AusRivAS results from a previous survey of the area are presented in 
Section 3.1.1.5. These are considered an accurate representation of the macroinvertebrate assemblage 
as there had been little change to habitat and water quality. 

Sampling for fish was not possible at many of the waterways that crossed the proposal as they were 
either dry or did not contain enough standing water.  

Electrofishing was not possible at Crooked River (Site 9) as the landowner had denied access to the site. 
Electrofishing was not appropriate at Site 5 unnamed watercourse (Ooaree Creek drainage) due to the 
saline influence from Werri Lagoon. Bait traps were used to sample fish at appropriate habitats within 
Site 5. All the fish caught, except specimens of introduced pest species the mosquitofish, (Gambusia 
holbrooki), were returned unharmed to the water. 
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Ten bait traps were deployed. The traps used were rectangular in shape and approximately 350 mm 
long and 200 mm wide with an entrance tapering to 45 mm, with three millimetres mesh size 
throughout. Traps were deployed in shallow water habitats such as bare substratum and amongst 
macrophytes. Traps were baited with approximately 70 ml of a mixture of chicken pellets and sardines 
and were left overnight for approximately 18 hours.  

All fish caught were identified and released as quickly as practicably possible. Fish that could not be 
identified in the field were euthanized with clove oil and then preserved in 10 per cent formalin solution 
and returned to the laboratory for identification.  

Surveys of fish were undertaken only once during autumn (April 2009) and have recorded a range of fish 
present at each site. This survey provides no information on potential variation in fish populations 
through time; rather it presents an appropriate “snapshot” of fish communities. Sampling with baited fish 
traps can be relatively ineffective if certain taxa or individuals are not feeding however these data were 
supported by the results of other fish surveys done in the area (Harris and Gehrke 1997, Faragher 1999, 
The Ecology Lab 1999, 2007, Gehrke et al. 2001). 

22.3 Data analysis 

2.3.1 Water quality 

The results of water quality analysis collected in situ during site inspections by Cardno Ecology Lab were 
used to assess water quality within the study area in terms of the health of aquatic ecosystems by 
comparison with the Australia, New Zealand Environment Conservation Council (ANZECC 2000) 
guidelines for low-land rivers and estuarine watercourses (as appropriate) in South-Eastern Australia. 

As water quality data were collected at one time only, they were “snapshot” in nature, and do not 
provide information on possible variations through time. These data were supported by data collected 
previously by others (AWT 1999, The Ecology Lab 1999, 2007). 

2.3.2 Macroinvertebrate AusRivAS models 

The AusRivAS protocol uses an internet-based software package to determine the environmental 
condition of a waterway based on predictive models of the distribution of aquatic macroinvertebrates at 
undisturbed, reference sites. Observed freshwater macroinvertebrate assemblages (ie those collected in 
the field) are compared to macroinvertebrate assemblages expected from reference (undisturbed) 
waterways of the same type, to provide a basis to assess the health of the stream. The data from this 
study were analyses using the NSW model for pool edge habitats sampled in autumn. The AusRivAS 
predictive model generates the following indices. 

OE50Taxa - This is the number of macroinvertebrate families with a greater than 50 per cent 
predicted probability of occurrence that were actually observed (ie collected) at a site expressed as 
a ratio of the number of macroinvertebrate families with a greater than 50 per cent probability of 
occurrence expected to occur at pristine sites with similar physical and chemical characteristics. 
OE50 taxa values range from zero to slightly greater than one and provide a measure of the 
impairment of macroinvertebrate assemblages at each site. Values close to zero indicate an 
impoverished assemblage while values close to one indicate that the condition of the assemblage is 
similar to that of the reference streams. 
Overall Bands derived from OE50Taxa scores which indicate the level of impairment of the 
assemblage. AusRivAS bands are graded as follows: 
- Band X = Richer invertebrate assemblage than reference condition (OE50 > 1.16); 
- Band A = Equivalent to reference condition (OE50 upper limit = 1.16); 
- Band B = Sites below reference condition (ie significantly impaired) (OE50 upper limit = 0.83); 
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- BBand C = Sites well below reference condition (ie severely impaired) (OE50 upper limit = 
0.51);

- Band D = Impoverished (OE50 upper limit = 0.19). 

The revised SIGNAL2 biotic index (Stream Invertebrate Grade Number Average Level) developed by 
Chessman (2003) was also used to determine the environmental quality of sites on the basis of the 
presence or absence of families of macroinvertebrates. This method assigns grade numbers between one 
and 10 to each macroinvertebrate family or taxa found, based largely on their responses to chemical 
pollutants. The sum of all grade numbers for that habitat was then divided by the total number of 
families recorded in each habitat to calculate the SIGNAL2 index. The SIGNAL2 index therefore uses 
the average sensitivity of macroinvertebrate families to present a snapshot of biotic integrity at a site. 
SIGNAL2 values are as follows: 

SIGNAL > 6 = Healthy habitat. 
SIGNAL 5 – 6 = Mild pollution. 
SIGNIAL 4 – 5 = Moderate pollution. 
SIGNAL < 4 = Severe pollution. 

Two SIGNAL scores produced by the AusRivAS predictive model were also examined: 

O0Signal index - observed SIGNAL score for taxa that have a probability of occurrence greater 
than zero per cent. This is calculated by averaging the SIGNAL grades for all the taxa observed and 
is equivalent to the SIGNAL score developed by Chessman (1995). 
OE0Signal index - the ratio of the observed to expected SIGNAL score per site for taxa that have 
a probability of occurrence of more than zero per cent. 
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33.0 Results 

3.1 Existing information 

3.1.1 Description of study area and aquatic habitats 

The study area is located within the southern-most section of the Southern Rivers Catchment - Illawarra 
sub-region, immediately to the north of the Shoalhaven sub-region.  

3.1.1.1 Physical setting 

The study area is bordered to the north, south and west by the foothills of the Illawarra Escarpment and 
Cambewarra Ranges. Mount Pleasant lookout to the north is located on a ridge that extends from 
Saddleback Lookout down to the coast. The proposal descends from this spur onto the low-lying coastal 
floodplains, traversing the Ooaree Creek and Crooked River drainages before ascending a moderate 
ridge that connects Toolijooa Hill to Currys Mountain and separates the Broughton Creek and Crooked 
River catchments.  

Both Ooaree Creek and Crooked River originate at 300 m to 400 m AHD as a number of secondary 
streams and flow in a south-easterly direction into coastal floodplains before discharging into the ocean 
via estuarine wetlands. The two drainages are separated by a low spur that descends from Currys 
Mountain and extends to the coastal headland at Gerringong. 

Ooaree Creek drainage 

Ooaree Creek and its tributaries flow in a south-easterly direction into the Omega Flats floodplain to the 
north of Gerringong. Omega Flat is a lowland marsh that is regularly inundated during periods of high 
rainfall. The Omega Flat drains into Werri Lagoon, which forms part of the State Environmental Planning 
Policy No. 14 wetland No. 317a (Chafer 1997) and periodically discharges into the ocean at the 
northern end of Werri Beach. The floodplain at Omega Flat has been substantially modified by flood 
mitigation works since the late 1800s, including the creation of drainage channels and the diversion and 
straightening of existing waterways (Chafer 1997). The proposal follows the existing Princes Highway 
alignment over Omega Flat.  

Crooked River drainage 

The Crooked River drainage lies immediately to the south of Ooaree Creek drainage. The creeks and 
streams that form the Crooked River originate at Currys Mountain and flow south-east. Just downstream 
of the crossing of the Princes Highway the Crooked River turns south-west and flows across the 
floodplain where it is joined by tributaries that originated on the south side of Currys Mountain in 
Willow Vale and the saddle between Toolijooa Hill and the Cambewarra Range. The Crooked River 
floodplain includes the low-lying areas to the south-west of Gerringong, generally between Toolijooa 
Road or the Princes Highway and the railway line. Similar to Omega Flats, there have been substantial 
drainage works in the area to improve its use for agriculture. Crooked River then broadens substantially 
for its final 2.5 km where it becomes an estuary and enters the ocean at the northern end of Seven Mile 
Beach adjacent to Black Head and Gerroa. 

There are other small watercourses that flow east from Toolijooa Hill and Harley Hill and become a 
series of modified channels (eg such as those found in Foys Swamp) and eventually drain into the 
Crooked River lagoon via Blue Angel Creek. A few ephemeral creeks also drain south-west into 
Crooked River from the elevated landforms on the coast that link Gerroa and Gerringong.  
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Two small freshwater wetlands occur within the Crooked River drainage (Chafer 1997). The 5.5 ha 
Willow Vale wetlands lay west of Princes Highway and the three hectare Gerringong wetlands forms a 
small series of pondages east of Princes Highway (Chafer 1997).  

The State Environmental Planning Policy No. 14 Coomonderry Swamp lies behind Seven Mile Beach 
National Park to the south and is outside of the study area. It is fed by drainage from Harley Hill, Moeyan 
Hill and Coolangatta Mountain and would be unaffected by works associated with the proposal. 

33.1.1.2 Geology 

The geology of the area is characterised by the Gerringong Volcanics and the Berry Formation, which 
together form the Permian Shoalhaven Group. The Gerringong Volcanics are younger and typically 
found along ridgelines of Mount Pleasant, Toolijooa Hill and Harley Hill, whereas the sandstone, siltstone 
and shales of the Berry Formation are more common south-east of the Crooked River (RTA 2008).  

The lowland floodplains are overlain by recent fluvial and estuarine sediments. Estuarine soil deposits 
occur in the vicinity of Omega Flat and on the Crooked River floodplain. Acid sulfate soils are commonly 
found in this region, although on the Crooked River floodplain the area of acid sulphide soils risk is 
located east of Toolijooa Road, south of the current Princes Highway and south-west of Gerringong 
(RTA 2008). 

3.1.1.3 Land-use 

Pasture and rural settlement are defining features of land-use within the study area. The largest 
agricultural influence has historically come from the diary industry although there has been a more recent 
shift to crop farms and vineyards (RTA 2008).  

Agricultural activities have created the general pattern of vegetation clearance observed today. Much of 
the region’s riparian vegetation has been removed, and where it does occur it is often dominated by 
introduced species such as coral trees, willow, privet and lantana. More ephemeral drainages have been 
cleared entirely and are colonised by pasture grasses. In the low-lying floodplain, waterways have been 
highly modified to improve the drainage of arable lands. 

The small urban centre of Gerringong is located immediately to the east of the proposal, on the 
southern section of the Omega Flats and on the broad ridge that separates the Ooaree Creek and 
Crooked River drainages. Outside of Gerringong, the residential development is predominantly low 
density or isolated rural dwellings. 

3.1.1.4 Water quality 

There are numerous water quality issues facing watercourses within the Shoalhaven area due to past and 
present land-use practices. These include elevated nutrient levels, heavy metal contamination, suspended 
sediment from erosion, low dissolved oxygen, bacterial pollution and drainage of acid sulfate soils 
(Environmental Protection Authority 1997).  

Previous studies have found water quality within the study area to be typical of aquatic ecosystems that 
have been disturbed by agricultural practices (The Ecology Lab 1999, 2007). The long-term agricultural 
land-use in the area has resulted in pollution of surface waters that exceeds levels considered to be 
required for the sustainability of ecosystem integrity. This is corroborated by other studies that have 
used aquatic macroinvertebrate communities as indicators of disturbance (The Ecology Lab, 1999). 
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Levels of phosphorus within the Ooaree Creek and Crooked River drainages frequently exceeded the 
Australia, New Zealand Environment Conservation Council (ANZECC) threshold values for the 
protection of aquatic ecosystems (AWT 1999, The Ecology Lab 1999, 2007). The likely source of these 
nutrients was fertilizers applied to improve grazing pastures and manure. The effects of cattle access to 
the creeks were also evident as numbers of faecal coliform bacteria in surface water samples often 
exceeded guidelines for recreational use of water (AWT, 1999). The estuaries downstream of these 
watercourses – Werri Lagoon and Crooked River Lagoon – have to an extent reflected the elevated 
nutrient levels found in the catchment and to a lesser extent the high number of bacteria (faecal 
coliforms) (AWT 1999, The Ecology Lab 1999). 

Crooked River was within the ANZECC threshold limits for a range of organochlorine pesticides, oxides 
of nitrogen and trace elements, although it exceeded the ANZECC guidelines for copper and chloride, 
and recorded concentrations of oil and grease, and suspended solids, that were much higher than 
samples taken from nearby Broughton Creek drainage (The Ecology Lab 2007). 

Previous studies within Ooaree Creek and Crooked River have found that water quality was generally 
within the ANZECC threshold limits for pH and conductivity, and to a lesser extent, turbidity (The 
Ecology Lab 1999, 2007). Sampling carried out in 2007 during a period of low rainfall found that sites 
within Ooaree Creek and Crooked River were frequently below the ANZECC lower limits for dissolved 
oxygen (The Ecology Lab 2007). Low dissolved oxygen values can be caused by low flow conditions 
and/or high in-stream organic loads. An earlier study had also recorded low dissolved oxygen levels from 
sites within these two drainages, particularly in Crooked River (The Ecology Lab 1999). 

33.1.1.5 Aquatic habitats and biota  

Habitat 

Previous assessments have found that freshwater habitat within the study area was degraded. Riparian 
vegetation was either absent or composed of exotic species and banks were often unconsolidated, 
eroded and trampled by livestock. Channel substratum was usually dominated by loose accumulations of 
soft-sediments and substantial macrophyte and/or algal growth observed in the channel ‘wetted-width’. 

Freshwater sites within the Ooaree Creek and Crooked River drainages have previously been assessed 
as providing minimal fish habitat (Class 3 Waterways, after Fairfull and Witheridge 2003) and occasionally 
as moderate fish habitat (Class 2 Waterway) on some sections of the Crooked River (The Ecology Lab 
2007). The more ephemeral drainages in the area, such as those that flow off Toolijooa Hill, have been 
considered unlikely to provide fish habitat (Class 4 Waterways), as they only flow during larger events, 
have poorly defined channels with few standing pools and are often colonised by pasture grasses (The 
Ecology Lab 2007). 

The Willow Vale and Gerringong wetlands within the Crooked River drainage are both highly degraded. 
The majority of standing water within Willow Vale is contained within farm dams or open pondages 
without riparian vegetation. The Gerringong wetlands are predominantly creek swamp habitat on a 
degraded watercourse that passes through the outskirts of Gerringong. 

Werri Lagoon and the Crooked River lagoon are two estuaries located downstream of the proposal 
within the Ooaree Creek and Crooked River drainages respectively. The south-west bank of Werri 
Lagoon is lined by she-oaks (Casuarina sp.), whereas the northern shore has been cleared, consisting of 
undercut banks and small sand beaches. Werri Lagoon is intermittently open to the ocean and contains 
beds of seagrasses Ruppia sp. and Zostera capricorni close to its mouth (West et al. 1985, Williams et al.
2006). Seagrasses are considered important fish habitat in NSW (‘Fish Habitat Protection Plan No. 2 
Seagrasses’) and are protected under Section 205 of the Fisheries Management Act 1994. The lagoon 
also contains mud flats and sand flats and subtidal soft-bottom habitats (The Ecology Lab 1999). 
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Unlike the Werri Lagoon, the Crooked River estuary is usually open to the sea and the lower part of the 
estuary is predominantly marine. Tidal flushing is vigorous although it declines in the upper reaches due 
to siltation (The Ecology Lab 1999). Occasionally, however, the entrance can be blocked by a low 
sandbar (Chafer 1997). The lagoon contains mangrove (0.008 km2 of Avicennia marina), saltmarsh 
(0.017 km2) and seagrass (0.046 km2 of Z. capricorni) habitat (Williams et al. 2006). All these habitats 
are listed in Department of Industry and Investment NSW (I&I NSW) ‘Fish Habitat Protection Plan No. 
1’. Most of the banks are vegetated with a thin riparian strip of native species (eg Eucalyptus sp. and 
Casuarina sp.) and considerable amounts of sandflat and mudflat habitat are present.  

MMacrophytes 

Common macrophytes identified at Ooaree Creek in previous studies include common starwort 
(Callitriche stagnalis), cumbungi (Typha sp.), river clubrush ((Schoenoplectus validus) and common reed 
(Phragmites australis) with small amounts of water ribbon (Triglochin procerum) (The Ecology Lab 
1999). At three sites within the Crooked River drainage, the same study recorded cumbungi, spikerush 
(Isolepsis prolifera), starwort, duckweed (Lemna sp.), water ribbons, arum lilies (Zantedeschia aethopica)
tall spikerush (Eleocharis spacelata), river clubrush and common reed (The Ecology Lab 1999). 

Macroinvertebrates 

A study of aquatic macroinvertebrates from slow-flowing “pool edge” freshwater habitat in the Ooaree 
Creek and Crooked River drainages recorded 41 taxa (The Ecology Lab 1999). Consistent with results 
for water quality the most common macroinvertebrates collected from pool habitat were Midge Fly 
larvae (family Chironomidae), which are tolerant to pollution or degraded habitat. Other relatively 
abundant taxa included the families; Leptophlebiidae, Hydroptilidae, Physidae, Tricladidae, Baetidae, 
Tasimiidae and the sub-family Orthocladiinae. Crooked River had a lower diversity but higher total 
abundance of macroinvertebrates than the Ooaree Creek drainage (The Ecology Lab 1999). 

AusRivAS assessments of macroinvertebrate assemblages from edge habitat within the Ooaree Creek 
drainage were variable. One site was considered equivalent to reference condition (Band A) indicating 
that most of the expected taxa were present, whereas the other two sites were considered moderately 
impaired (Band B), with a number of expected taxa absent from the samples. The OE Signal scores for 
these latter two sites indicated that they contained more pollution-tolerant taxa than reference condition 
and that the creeks were moderately polluted and/or degraded (The Ecology Lab 1999).  

There were differences in the composition of the soft sediment estuarine benthic macroinvertebrate 
assemblages of Werri Lagoon and Crooked River Lagoon (The Ecology Lab 1999). The Crooked River 
benthos was dominated by the polychaete families Nephtyidae and the Orbiniidae, whilst Werri Lagoon 
was characterised by spionid and nereid polychaetes and the filter-feeding bivalve Arthritica helmsi.
There was greater diversity but fewer individuals in the Crooked River relative to Werri Lagoon. These 
differences were attributed to differences in the composition of sediments in the two lagoons, which in 
turn reflects the differences in their “open” vs. “closed” natures. Crooked River Lagoon is “open” more 
often than Werri Lagoon and it is dominated by sandy sediments, while those in Werri Lagoon 
contained higher proportions of mud and silt (The Ecology Lab 1999). 
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FFish 

A literature and database search was conducted to obtain an inventory of freshwater fish fauna for the 
region of the study area (Table 3.1). Sources included Australian Museum and the I&I NSW (Fisheries) 
collections, published distributions of freshwater fish, other surveys and an historical recreation of fish 
communities in the Shoalhaven River. Given the relatively small area of the study area there have been 
few formal fish surveys conducted within it (exceptions include; The Ecology Lab 1999, 2007). The 
results of other surveys conducted within the adjacent Shoalhaven River system on equivalent reaches 
(ie of similar elevation, morphology and habitat to the study area) were also incorporated into Table 3.1, 
for example; Faragher 1999, Gehrke et al., (2001) and Harris and Gehrke (1997).  

Thirty-six fish species were identified as potentially existing or have historically existed within the region 
of study area. Of these, 33 are native species and three are exotic species. Two native species in Table 
3.1 are listed as threatened. The Fisheries Management Act lists the Macquarie Perch (Macquaria 
australasica) as a Vulnerable species and Australian Grayling (Prototroctes maraena) as a Protected 
species. The Macquarie Perch and the Australian Grayling are listed under the Environment Protection 
and Biodiversity Conservation Act 1999 as endangered and vulnerable respectively.  

As the above total was obtained by including studies from a wider area, including the adjacent and 
comparatively large, Shoalhaven River, it probably overestimates the diversity of freshwater fish within 
the study area. The Crooked River and Ooaree Creek drainages are small and provide relatively poor 
freshwater fish habitat, therefore it is likely some of these species, particularly the larger and more 
sensitive, may not be present. Not all sources were in agreement on the composition of the regional 
freshwater fish assemblage. Gehrke et al. (2001) did not consider it likely that the Mountain Galaxid 
(Galaxias olidus) historically occupied sites at elevations lower than 130 m ASL, yet Allen et al. (2003) 
describe the species as occupying watercourses from 1800 m to sea level. Similarly, the Macquarie Perch 
is generally thought to inhabit higher freshwater reaches than those commonly found in the study area 
(NSW Department of Planning and Infrastructure 2005), particularly in the presence of Australian Bass, 
but Gehrke et al., (2001) claim that M. australasica was historically present (prior to the construction of 
the Tallowa Dam) in reaches of the Shoalhaven River as low as 30 m ASL. Equivalent habitat exists, 
albeit smaller and more degraded, within the study area. 

A freshwater fish survey undertaken in the study area in 1999 caught 186 individuals from five families 
representing seven species: Short-finned Eel (Anguilla australis), Long-finned Eel (Anguilla reinhardtii),
Common Jollytail (Galaxias maculates), Empire Gudgeon (Hypseleotris compressa), Coxs Gudgeon 
(Gobiomorphus coxii), Striped Gudgeon (Gobiomorphus australis) and the introduced Mosquito Fish 
(Gambusia holbrooki) (The Ecology Lab 1999). There were no significant differences between the 
Crooked River and Ooaree Creek in either fish abundance or diversity, although there was significant 
variability at the smaller spatial scale of sites. A later survey (The Ecology Lab 2007) in the study area was 
restricted to Ooaree Creek and Crooked River as the majority of other water courses in these two 
drainages were dry. Baited trapping in the Ooaree Creek recorded the Flathead Gudgeon (Philypnodon 
grandiceps) and the introduced Mosquito Fish. Bait traps set in the (then) stagnant pools of the Crooked 
River caught a single Striped Gudgeon (G. australis) and a Long-finned Eel (Anguilla reinhardtii) was 
observed gulping air at the surface in response to the low dissolved oxygen levels.  
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There are a large number of fish species that utilise estuarine waters in this region at some time during 
their life history. The estuaries found downstream of the study area at Werri Lagoon and the Crooked 
River are considered to be major fish habitat (Class 1 Waterways, after Fairfull and Witheridge 2003). A 
survey of these two estuaries caught 48,906 fish from 21 families, representing 33 species (Table 3.2; 
The Ecology Lab 1999). Of these, 20,798 individuals from 13 species were of commercial interest. The 
most speciose family was Gobiidae. The Eastern King Prawn (Penaeus plebejus), a species of commercial 
interest, was also collected. There was considerable difference in the fish assemblages between the two 
estuaries. Werri Lagoon was dominated by Yellow-finned Bream (Acanthopagrus australis), Flathead 
Gudgeon, Dwarf Flathead Gudgeon (Philypnodon sp.) and Garfish (Hyporhamphus sp.), whereas 
Crooked River was characterised by Luderick (Girella tricuspidata), Flat-tail Mullet (Liza argentea), Sea 
Mullet (Mugil cephalus), Tarwhine (Rhabdosargus sarba), Sand Whiting (Sillago ciliata), Yellow-finned 
Leatherjacket (Meuschenia trachylepsis), Swan River Goby (Pseudogobius olorum), Blue Groper 
(Achoerodus viridis) and Eastern King Prawn. These differences were related to the differences in ‘open’ 
versus ‘closed’ nature of the two lagoons, Crooked River being ‘open’ more frequently than Werri 
Lagoon, and the relative abundance and density of seagrass habitat within Crooked River, as all of the 
Crooked River species listed above, except for the sand whiting, were strongly associated with seagrass 
habitat. 
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TTable 3.1: Species of freshwater fish that have been recorded in the region of the proposed Gerringong to Bomaderry Princes Highway preferred route option or whose published distribution 
includes the study area 
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TTable 3.2: The means and errors (S.E.) for numbers of fish and mobile invertebrates caught using seine nets over seagrass and bare substratum habitats in Crooked River and Werri Lagoon (n=6)
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33.2 Site assessments 

The field assessment of sites along the proposal was undertaken on 17 April 2009. Observations were 
made following a period of relatively significant rainfall (ie 37.6 mm of rainfall at Kiama in the week 
preceding the survey).  

Each waterway was classified according to NSW Fisheries Guidelines (Table 3.3) and the guidelines for 
the criteria are contained in Appendix B. Table 3.3 contains Riparian, Channel and Environmental 
Inventory scores for each watercourse. Appendix A details the categories and descriptors used to 
calculate Riparian, Channel and Environmental Inventory scores (after Chessman et al., 1997).  

3.2.1 Ooaree Creek drainage 

Six waterways (Sites 1 – 6) within the Ooaree Creek drainage were sampled along the proposed route 
corridor (Table 3.3 and Figure 1.1). They provided minimal to unlikely fish habitat, ie Class 3 to Class 4 
waterways, and had low Riparian, Channel and Environmental Inventory scores indicative of highly 
disturbed areas (Table 3.3).  

3.2.1.1 Site 1 – Unnamed watercourse 

The road crossing at Site 1 was a double pipe culvert. The waterway was ephemeral and had a low 
Riparian, Channel and Environmental Inventory score (Table 3.3) and was considered unlikely fish habitat 
(Class 4 Waterway). A small stand of cumbungi (Typha sp.) had formed in a temporary pool section 
above the culvert (Plate 1a). Upstream, the channel was undefined, devoid of riparian vegetation and had 
been completely colonised by pasture grasses. 

3.2.1.2 Site 2 – Unnamed watercourse 

The waterway at Site 2 was crossed by a single span bridge. It had a low Riparian, Channel and 
Environmental Inventory score (Table 3.3) and was considered minimal to unlikely fish habitat (Class 3 – 
4 Waterway). The bridge crossing allowed stock access to pasture on the eastern side of the Princes 
Highway. The waterway had been historically realigned to a straight channel (upstream and downstream 
of the crossing) that eventually drained into the northern end of the Werri Lagoon. 

3.2.1.3 Site 3 – Unnamed watercourse 

The road crossing at Site 3 was a culvert. The waterway had a low Riparian, Channel and Environmental 
Inventory score (Table 3.3) and was considered unlikely fish habitat (Class 4 Waterway). Upstream the 
channel was indistinct and had been colonised by pasture grasses. The culvert allowed drainage of water 
that may accumulate in the fields. On the eastern side was the upstream extent of a western arm from 
Werri Lagoon.  

3.2.1.4 Site 4 – Ooaree Creek 

Site 4 was located ~ 80 m south of the intersection of Fern Street with the Princes Highway. Although 
not signposted on the Princes Highway this channel is Ooaree Creek. The road crossing was a quadruple 
box culvert. At its intersection with the proposal, Ooaree Creek had low Riparian, Channel and 
Environmental Inventory score (Table 3.3) and was considered to provide minimal fish habitat (Class 3 
Waterway). Upstream the watercourse was a straight drainage channel (Plate 1b). The channel was 
relatively steep sided and its banks were covered by pasture grasses and sparsely distributed small coral 
trees. Some revegetation has occurred in the past as there are regular plantings of young Casuarina sp. 
trees on both banks. There was a small stand of cumbungi on the upstream side of the culvert. 
Downstream of the road crossing, the channel maintained its straightened alignment, passing under the 
railway and then Fern Street before entering the western part of Werri Lagoon. 
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Table 3.3: Sites on the Mount Pleasant to Toolijooa Road stage of the Gerringong to Bomaderry Princes Highway preferred route option. Suggested crossing drainage structures 
based on criteria established by Fairfull and Witheridge (2003) 
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33.2.1.5 Site 5 – Unnamed watercourse 

Site 5 was located 170 m south of Site 4 along the Princes Highway. The southern approach to this 
crossing incorrectly identifies the waterway as Ooaree Creek. Although part of the Ooaree Creek 
drainage it is not a tributary of Ooaree Creek. The road crossing was a single box culvert. The waterway 
had a low Riparian, Channel and Environmental Inventory score (Table 3.3) and provided minimal fish 
habitat (Class 3 Waterway). Upstream the watercourse was a straight drainage channel, passing through 
cleared pasture and devoid of riparian habitat (Plate 1c). The waterway was dominated by macrophytes 
tolerant of brackish water, such as common reed (Phragmites australis) and river clubrush 
(Schoenoplectus validus). Downstream of the crossing the channel broadened and common reed was 
dominant (Plate 1d). The waterway continued easterly along the straightened drainage channel and 
eventually into the western part of Werri Lagoon. 

The water at this site was brackish; salinity was 3.78 ppt (Appendix C). Turbidity was within ANZECC 
threshold limits for the protection of aquatic ecosystems in estuaries of South East Australia, but pH was 
lower than ANZECC guidelines and dissolved oxygen was above the guidelines (Table 3.4). The pH 
values were only marginally lower than the lower ANZECC threshold limits and low pH is not 
unexpected as acid sulfate soils are known to occur in the Omega Flats. High dissolved oxygen can be 
evidence of high algal activity, which is not unexpected given high nutrient levels of water in the area 
(The Ecology Lab 1999, 2007).  

Three species of fish were recorded: Flathead Gudgeon (Philypnodon grandiceps), Common Jollytail 
(Galaxias maculates) and the introduced Mosquito Fish (Gambusia holbrooki) (Table 3.1 and 
Appendix D). 

3.2.1.6 Site 6 – Unnamed watercourse 

The road crossing at Site 6 was a single box culvert. The waterway had a low Riparian, Channel and 
Environmental Inventory score (Table 3.3) and was considered unlikely fish habitat (Class 4 Waterway). 
Upstream the channel was indistinct and was colonised by pasture grasses. Between the eastern side of 
the crossing and the nearby railway crossing, the channel broadened and contained a dense stand of 
common reed. Further downstream it again narrowed into a shallow straight channel colonised by 
grasses, passed under Fern Street and then into Werri Lagoon. 

3.2.2 Crooked River drainage 

Six waterways (Sites 7 – 12) within the Crooked River drainage were sampled along the preferred route 
corridor (Table 3.3 and Figure 1.1). The northern extent of the drainage began on the low ridge that 
leads to west Gerringong. The proposal continues along the existing highway alignment from this point, 
skirting the Crooked River floodplain, and ascending to Toolijooa Road. Other than Crooked River, the 
waterways were predominantly indistinct and ephemeral and unlikely to provide fish habitat (Class 4 
Waterways). 

3.2.2.1 Site 7 – Unnamed watercourse 

The road crossing at Site 7 was a quadruple box culvert. The waterway had a low Riparian, Channel and 
Environmental Inventory score (Table 3.3) and was considered unlikely fish habitat (Class 4 Waterway). 
Cumbungi (Typha sp.) had formed in a small section upstream of the culvert (Plate 2a). Riparian 
vegetation was absent and pasture grasses had colonised the channel. Downstream, the waterway 
passed south through Gerringong, parallel to Rowlins Road, before heading south-west into the modified 
drainage channels of the Crooked River floodplain and finally into the estuarine lagoon. The section of 
the waterway to the east of the highway (and further downstream) constitutes the Gerringong wetlands 
referred to by Chafer (1997). This wetland is a highly degraded small series of pondages dominated by 
exotic weeds. 
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TTable 3.4: Water quality measured in situ in the study area in comparison with ANZECC (2000) guidelines for low-land watercourses (*) and estuaries (**) in South East Australia 

Recorded by: Cardno Ecology Lab, 17 April 2009 
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33.2.2.2 Site 8 – Unnamed watercourse 

The road crossing at Site 8 was a quadruple box culvert. The waterway had a low Riparian, Channel and 
Environmental Inventory score (Table 3.3) and was considered unlikely fish habitat at the road crossing 
site (Class 4 Waterway). There was a small stand of cumbungi in the section upstream of the culvert 
(Plate 2b). For a distance of nearly one kilometre upstream the channel formed a series of wetland 
pondages during rainfall periods, which formed part of the Willowvale wetland described by Chafer 
(1997). The biggest of these ponds are farm dams. These water bodies were devoid of riparian 
vegetation and were surrounded by pasture. The channel continued downstream, joining with other 
small waterways, and eventually discharged into the Crooked River estuary.  

3.2.2.3 Site 9 – Crooked River 

Site 9 was located at the Princes Highway crossing of the Crooked River. The crossing is a two-span 
bridge (Plate 1c). The waterway had a relatively poor Riparian, Channel and Environmental Inventory 
score (Table 3.3). Although riparian vegetation was present, it was narrow, discontinuous and composed 
of exotic species such as coral tree and lantana. Banks were highly degraded by livestock. There was 
greater flow than any other waterway in the drainage and there was a sequence of degraded riffles and 
pools. The pools created a refuge for aquatic biota during periods of low rainfall (The Ecology Lab 
2007). The waterway was considered to provide moderate fish habitat (Class 2 Waterway). Upstream 
of the highway crossing was a small section of degraded creek swamp habitat that forms part of the 
Willowvale wetland described by Chafer (1997). 

Turbidity, conductivity and pH recorded from the Crooked River were all within the ANZECC 
threshold limits (Table 3.4). Dissolved oxygen was slightly less than the lower trigger value. 

Crooked River flows south from Site 9, crosses under the railway and then south-west into the Crooked 
River floodplain. The channel thereafter has been straightened for flood mitigation before widening into 
the Crooked River estuary. 

3.2.2.4 Site 10 – Unnamed watercourse 

The road crossing at Site 10 was a single pipe culvert. The waterway had a low Riparian, Channel and 
Environmental Inventory score (Table 3.3) and was considered unlikely fish habitat (Class 4 Waterway). 
The waterway was dry, riparian vegetation was absent and the channel was relatively indistinct and had 
been colonised by pasture grasses (Plate 2d). 

3.2.2.5 Site 11 – Unnamed watercourse 

The road crossing at Site 11 was a quadruple pipe culvert (Plate 3a). The waterway had a low Riparian, 
Channel and Environmental Inventory score (Table 3.3) and was considered unlikely fish habitat (Class 4 
Waterway). Riparian vegetation was absent except for a small stand of trees upstream. The channel was 
indistinct and had been colonised by pasture grasses (Plate 3b). Downstream the channel continued 
parallel to a house before re-entering pasture. 

3.2.2.6 Site 12 – Unnamed watercourse 

The road crossing at Site 12 was a quadruple pipe culvert (Plate 3c). The waterway had a low Riparian, 
Channel and Environmental Inventory score (Table 3.3) and was considered unlikely fish habitat (Class 4 
Waterway). Riparian vegetation was narrow, discontinuous and a mixture of exotics and natives. The 
channel had been colonised by annual weeds and pasture grasses, with some tall spikerush (Eleocharis 
sphacelata) (Plate 3d). Downstream, in the floodplain, the waterway continued through pasture via a 
straightened channel before discharging into the Crooked River estuary. 
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33.3 Threatened and protected species, populations, communities and key threatening 
processes 

3.3.1 Listings under the Environment Protection and Biodiversity Conservation Act 1999

3.3.1.1 Threatened species 

The Environmental Reporting Tool linked to the Environment Protection and Biodiversity Conservation 
Act 1999 indicated that one endangered fish species, the Macquarie Perch (Macquaria australasica) and 
one vulnerable fish species, the Australian Grayling (Prototroctes maraena) may either occur or suitable 
habitat for them may occur in the area.  

There are two distinct populations of Macquarie Perch in NSW, a western form found in the Murray-
Darling Basin, and an eastern form found in south-eastern coastal NSW, including the Hawkesbury-
Nepean catchment and the adjacent Shoalhaven catchment (Department Planning and Infrastructure 
NSW 2005a). Macquarie perch have also been translocated into a number of river systems. They are 
found in lake and river habitats, particularly in the upper reaches of rivers and their tributaries. This 
species spawns in spring or summer in shallow upland streams or flowing parts of rivers. The eggs settle 
among stones and gravel of the stream or river bed. This species is threatened by: 

Changes in water quality associated with agriculture and forestry.  
Modification of natural river flows and temperatures as a result of the construction of dams and 
weirs.  
Spawning failures resulting from cold water releases from dams.  
Competition from introduced fish species.  
Diseases, such as epizootic haematopoietic necrosis, which is carried by Redfin Perch.  
Over-fishing in the past. 

The historical distribution range of Australian Grayling included coastal streams from the Grose River, 
west of Sydney, southwards through NSW, Victoria and Tasmania (Department of Planning and 
Infrastructure NSW 2006a). On mainland Australia, this species has been recorded from rivers flowing 
east and south of the main dividing ranges. It is absent from the inland Murray-Darling system (McDowall 
1996) and there are no records of it occurring in the Ooaree Creek or Crooked River drainages but it 
has been recorded in the adjacent Broughton drainage (Web Reference 1). Australian Grayling form 
fast-moving shoals in clear stream and rivers with moderate flow. Eggs of grayling develop in gravel beds, 
and once hatched the larvae are swept downstream to marine habitat where they develop before 
returning upstream to freshwater at six months of age (Department of Planning and Infrastructure NSW 
2006a). Threats to Australian Grayling include: 

Construction of weirs and dams, which prevent downstream and upstream migration. 
Land clearing that degrades water quality and causes siltation. 
Smothering of gravel beds by fine sediment. 
Competition from the introduced Brown Trout. 

3.3.1.2 Marine species 

Twenty species of fish from the Order Syngnathiformes (including Pipefish, Pipehorses, Seahorses, 
Seadragons, and Ghost Pipefish) are given general protection and are listed as Marine Species under 
s248 of the Environment Protection and Biodiversity Conservation Act (Table 3.5). A number of these 
species can be found in coastal embayments or estuaries, often associated with seagrass habitat. Either 
the species or suitable habitat for them may occur in the area.  



Aquatic Ecology and Water Quality Assessment – Gerringong upgrade 
Page 32 

TTable 3.5: fish listed as marine species under s248 of the Commonwealth Environment Protection and Biodiversity Conservation Act that either occur or suitable habitat for them may occur in 
the area 
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33.3.1.3 Invasive species 

Environmental Reporting Tool has identified alligator weed (Alternanthera philoxeroides) as potentially 
occurring in the area. Alligator weed has been declared noxious in the control area of Illawarra District 
Weeds Authority, which includes the local council areas of Kiama, Shellharbour and Wollongong.  

Alligator weed was not observed at any of the sites along the proposal. There is a collection record from 
Lake Illawarra, south of Wollongong. 

Alligator weed is a Weed of National Significance. It poses a significant environmental and economic 
threat and is highly invasive. Infestations can take over wetlands such as creeks and drainage channels, 
displacing native vegetation, prevent flow and reduce oxygen exchange. It can also invade land and 
displace or cause the failure of agricultural crops. Alligator weed does not produce viable seed in 
Australia but instead grows through vegetative reproduction and is spread easily from fragments. It has 
been spread in landfill and attached to machinery and vehicles (eg bulldozers).  

Alligator weed is a Class 2 Noxious Weed in the Illawarra region, and as such the land must be kept free 
of alligator weed and it must be eradicated when identified. 

3.3.2 Listings under the Threatened Species Conservation Act 1995

3.3.2.1 Endangered Ecological Communities (EECs) 

Combined Geographic and Habitat Search tool identified two EECs as present within the Illawarra sub-
region of the Southern Rivers Catchment Management Region: 

Coastal saltmarsh in the NSW North Coast, Sydney Basin and South East Corner Bioregions 
(Coastal saltmarsh). 
Freshwater wetlands on coastal floodplains of the NSW North Coast, Sydney Basin and South East 
Corner bioregions (freshwater wetlands). 

Approximately 0.017 km2 coastal saltmarsh is present downstream of the study area in the Crooked 
River estuary. “Coastal saltmarsh is a mostly treeless plant community recognised by a low mosaic of 
succulent herbs, salt tolerant grasses and sedges, found in the tidal flats of estuaries and on edges of 
intermittently opened coastal lagoons” (p1 DECC 2007). Saltmarsh is usually found in the upper limits of 
the intertidal zone and are only intermittently flooded by medium to high tides. Threats to saltmarsh 
include:  

In-filling for development. 
Modification of tidal flows by artificial structures. 
Changes to salinity and increasing nutrient levels from storm water discharge. 
Weed invasion, particularly by Juncus acutus.
Physical damage from human disturbance, domestic and feral animals. 
Pollution. 
Invasion by mangroves. 
Inappropriate fire regimes. 
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Freshwater wetlands on coastal floodplains are “an ecological community associated with periodic, semi-
permanent or permanent inundation by freshwater, although there maybe minor saline influence in some 
wetlands” (p1 DECC 2008). Freshwater wetlands typically occur on silts, muds or humic loams in low-
lying parts of floodplains, alluvial flats, depressions, drainage lines, backswamps, lagoons and lakes but may 
also occur in back barrier landforms where floodplains adjoin coastal sand plains. They generally occur 
below 20 m elevation on level areas. The structure and composition of the community varies both 
spatially and temporally depending on the water regime. They are dominated by herbaceous plants and 
have very few woody species. Meadows of grasses, sedges and rushes occur where submersion is not 
prolonged, while aquatic herbs dominate where semi-permanent or permanent standing water is 
present. Under the influence of saline water tall reeds and rushes dominate.  

Threats to this community include: 

Land clearing. 
Fragmentation and degradation. 
Flood mitigation and drainage works. 
Filling associated with urban and industrial development. 
Pollution and eutrophication from urban and agricultural runoff. 
Weed invasion. 
Overgrazing, trampling by livestock. 
Activation of acid sulfate soils. 
Dumping of landfill, rubbish and garden refuse. 
Native fauna is threatened by predation, particularly by Mosquito Fish. 
Anthropogenic climate change. 

Only two areas of potential coastal floodplains freshwater wetland occur within the study area: the 
Willowvale and Gerringong wetlands, although they are small, highly degraded and are located on the 
fringes of the Crooked River floodplain, extending up into the foothills. 

33.3.2.2 Key threatening processes 

“Alteration to the natural flow regimes of rivers and streams and their floodplains and wetlands” is listed 
as a key threatening process on Schedule 3 of the Threatened Species Conservation Act (DECC 2005). 
Human activities that reduce or increase flows, change the seasonality of flows, change the frequency, 
duration, magnitude, timing, predictability and variability of flow events, alter surface and subsurface 
water levels and change the rate of rise or fall of water levels can all alter the natural flow regimes of 
water courses. The proposal includes a number of watercourse crossings and careful consideration of 
appropriate crossings must be given as inappropriate road crossings can potentially change the natural 
flow regime of a waterway. 

The flow regime is a key driver of river ecology, and changes to flow can alter the geomorphological 
process of sediment erosion, transport and deposition that structure a variety of important channel 
habitat forms, change macrophyte communities, influence water properties important to biological 
assemblages and alter in-stream connectivity, isolating habitats and populations. 

Examples of impacts on aquatic biota associated with altering natural flow regimes include:   

Restricted access to habitat for foraging, refuge or reproduction (eg reduced fish passage). 
Disruption of natural environmental cues necessary for reproductive cycles. 
Reductions in flow can decrease the amount of organic matter on which invertebrates and 
vertebrates depend on.  
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Changes in flow can increase erosion and lead to sedimentation impacts on aquatic communities 
and degradation of the riparian zone.  
Deeper and more permanent standing water can facilitate the establishment and spread of exotic 
species.  

These alterations can pose a threat to species, populations or ecological communities which rely on 
natural flow regimes for their short-term and long-term survival and thereby contribute to loss of 
biological diversity and ecological function in aquatic ecosystems. 

33.3.3 Listings under the Fisheries Management Act 1994 and Fisheries Management Amendment 
Act 1997

3.3.3.1 Threatened species 

One endangered species, Macquarie Perch and one vulnerable species, Black Cod (Epinephelus 
daemelii), listed under the Fisheries Management Act 1994 potentially occur within the region of the 
study area. 

The Black Cod is a large carnivorous reef-dwelling species. They are generally found in warm temperate 
and subtropical parts of the south-western Pacific. Adults are usually found in caves and gutters on rocky 
reefs. Small juveniles are often found in coastal rock pools and larger juveniles around rocky shores and 
estuaries (Department of Planning and Infrastructure 2007a). BioNet has a record for Black Cod near 
Gerringong Harbour in 2001. Threats to Black Cod include: 

Impacts on juvenile Black Cod due to the loss or degradation of estuarine nursery habitats. 
Overharvesting by line, net and spearfishers. 
Accidental capture by hook and line fishing. 

Another endangered species, the Sydney Hawk Dragonfly (Austrocordulia leonardi), has been recorded 
from coastal drainages south of Sydney. This species was discovered in 1968 from Woronora River and 
Kangaroo Creek, south of Sydney, and has subsequently been found in the Nepean River at Maldon 
Bridge near Wilton. The species is also known to occur in the Georges River and Port Hacking drainages. 
This dragonfly spends most of its life as an aquatic larva, with adults emerging from the water and living 
for only a few weeks or months. The larvae appear to have specific habitat requirements and have only 
been found under rocks in deep, cool, shady pools (NSW Department of Planning and Infrastructure 
2007b). This species is threatened by: 

River regulation and changes in flows that cause the disappearance of natural deep pools.  
Habitat degradation associated with removal of riparian vegetation, drainage works and 
sedimentation.  
Water pollution and sedimentation due to land clearing, waste disposal and storm water runoff 
from urban, industrial and agricultural development in the catchment.  
Chance events such as natural disasters (drought) that eliminate the remaining local populations.  

The Sydney Hawk Dragonfly is extremely rare. Despite extensive sampling it has only been collected in 
small numbers at only a few locations in a small area to the south of Sydney, between Audley and 
Picton, suggesting it has a highly restricted distribution (NSW Department of Planning and Infrastructure 
2007). There are no records for this species within the Illawarra sub-catchment of the Southern Rivers 
Catchment Management Region, nor the adjacent Shoalhaven sub-catchment. It is therefore considered 
unlikely that this species occurs within the study area and as such it will not be included in the 
assessment of potential impacts (see Chapter 5).  
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33.3.3.2 Protected species and habitats 

Listed protected species under the Fisheries Management Act that may inhabit the region of the study 
area (including downstream aquatic habitats), include: 

Australian Grayling. 
All Syngnathiformes (Seahorses, Seadragons, Pipefish, Pipehorses, Ghost Pipefish and Seamoths). 

There are currently 31 syngnathids (Seahorse, Pipefish, Pipehorses and Seadragon), four solenostomids 
(Ghost Pipefish) and two species of pegasids (Seamoths) known to exist in NSW waters. 
Syngnathiformes are found in a variety of habitats, including seagrass beds, coastal embayments and 
artificial structures such as jetties or mesh nets. Threats to Syngnathiformes in NSW include degradation 
of habitats, such as seagrass and soft-bottom habitats through pollution, urban runoff, dredging and 
sewerage. 

Protected aquatic habitat in NSW (Fish Habitat Protection Plan No.1 and Fish Habitat Protection Plan 
No. 2) that may be present in the study area includes: seagrass, mangroves, saltmarshes, wetlands, 
mudflats, sand and gravel substrata, reed beds and other aquatic plants, large woody debris and rocks. 

The Estuary Cod (Epinephelus coioides) is also a listed Protected Species in NSW. Estuary Cod occur in 
tropical and warm temperate marine waters of the Indo-Pacific. In Australia they are most common in 
Queensland, the Northern Territory and Western Australia, and NSW represents the southern extend 
of their distribution. Although Estuary Cod habitat potentially occurs in the study area, particularly for 
juveniles that inhabit shallow estuaries, they will not be considered in the assessment of potential impacts 
because they are not believed to inhabit waters south of Sydney (Department of Planning and 
Infrastructure 2006b). 

3.3.3.3 Key threatening processes 

Three of the key threatening processes listed under the Fisheries Management Act, “Degradation of 
Riparian Vegetation”, “The Removal of Large Woody Debris from NSW Rivers and Streams” and 
“Instream Structures and Mechanisms that Alter Natural Flow” are relevant to the proposed works 
(Department of Planning and Infrastructure NSW 2005b, 2005c).  

The term “riparian vegetation” refers to the plants that occur on the land that adjoins, directly influences 
or is influenced by bodies of water, such as creeks, rivers, lakes and wetlands on river floodplains. 
Riparian vegetation is important ecologically because it provides a source of organic matter; shade and a 
source of large woody debris. Riparian vegetation stabilises river beds and banks, protecting the channel 
against erosion and acts as a filter for sediments and nutrients entering watercourses. 

Instream woody debris provides complex habitat for macroinvertebrates and particularly fish, including 
refuge from predation, habitat for prey and as damming structures that create pools. 

Instream structures, such as floodgates, bridges, culverts, flow regulators, erosion control structures and 
causeways, can all modify natural flow regimes of waterways (see Section 3.3.2.2). Of particular concern 
can be the impacts these structures have upon the passage of fish. Crossings of watercourses, or 
construction in the vicinity of a watercourse, would minimise potential impacts on aquatic habitat and 
biota if they complied with the NSW Fisheries ‘Guidelines and Policies for Aquatic Habitat Management 
and Fish Conservation’ and ‘Why to Fish Need to Cross the Road? Fish Passage Requirements for 
Waterway Crossings’ (Fairfull and Witheridge 2003). 
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44.0 Assessment of potential impacts 
The assessment of potential impacts of the highway upgrade is based on the information provided in the 
‘Gerringong to Bomaderry Princes Highway upgrade – Preferred Option Report’ (RTA 2008) and the 
proposal footprint provided by AECOM. 

Potential environmental impacts associated with the construction and operation of the proposal on 
aquatic ecology within the study area are most likely to come from sedimentation, pollution, changes to 
hydrology, acid sulfate soils and possible water extraction. 

4.1 Potential environmental impacts 

4.1.1 Sediment mobilisation 

The proposal would include widening of the existing Princes Highway alignment, construction of 
clearings for work vehicles and storage of materials, excavations for cuttings, a raised earth embankment 
and soft-sediment treatment at Omega Flats, installation of drainage structures at creek crossings and the 
construction of an interchange at Gerringong. 

Earthworks and runoff over unprotected spoil or disturbed land may result in the mobilisation of 
sediments into waterways. Downstream aquatic habitats in the Ooaree Creek and Crooked River 
drainages, such as the State Environmental Planning Policy No. 14 Werri Lagoon, may also be at risk as 
increases in suspended sediment can be detectable for long distances (kilometres) downstream of 
construction sites (Wheeler et al. 2005). Compaction in works areas may reduce infiltration of surface 
waters and also contribute to sediment load in runoff. Similarly, dust made airborne during construction 
works may also enter the local waters.  

An increase in sediment load can degrade water quality and important habitat features resulting in a loss 
of biodiversity and a shift towards a more pollution-tolerant biotic assemblage. For example, 
sedimentation can cause: 

Mortality and decreased growth. Suspended particles can clog gill respiratory gills and/or feeding 
apparatus of fish and macroinvertebrates. 
Degradation of habitat. Siltation can infill deep water refugia and interstitial spaces in the stream bed 
and smother aquatic macrophytes beds and spawning grounds. 
Reduce water quality. Increased light attenuation could decrease primary productivity and nutrients 
bound in mobilized sediments could increase eutrophication. 

Increased sedimentation is considered a threat to Australian Grayling, Macquarie Perch and freshwater 
wetlands. Habitat degradation is also the major threat to Syngnathiformes in NSW. 

Freshwater habitat within the study area was considerably degraded. Channel substratum was often 
dominated by loose accumulations of soft-sediments, covering and infilling interstitial spaces of underlying 
larger-sized substrata (eg such as cobble, pebble and gravel). This indicates an historical and ongoing 
mobilisation of sediments from the disturbed catchment into the waterways. As such, the fish and 
macroinvertebrate taxa most commonly observed in these areas are relatively tolerant to sedimentation 
and degraded habitat. Fish have the added advantage of being relatively mobile and therefore have a 
better opportunity to seek out more favourable conditions during short-term elevations in suspended 
sediments and to recolonise areas following the disturbance. 
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Major fish habitat is located further downstream in the two estuaries at Werri Lagoon and the Crooked 
River. A large proportion of suspended sediments mobilised from the catchment during flow events 
would historically have accumulated in the floodplains upstream of the estuaries, eg the Omega Flat. 
However, flood mitigation works have probably increased the sediment load reaching downstream low-
lying habitats and expanded the soft-bottom habitats in the upper reaches of the estuaries where tidal 
flushing is weakest.  

Nevertheless, increasing sediment loads could further degrade existing habitat and impair biotic 
assemblages. The likelihood and magnitude of impacts would be greater closer to the construction site, 
with aquatic habitat furthest downstream, such as Crooked River estuary least likely to be affected. 
However, flood mitigation works may facilitate the transport of sediments to these downstream habitats 
during flow events.  

Potential impacts from mobilised sediment can be minimised with standard sediment control measures. 
Mobilised sediment is unlikely to pose a significant threat to the aquatic ecology of the study area, 
provided these control measures are implemented. See Section 5.2.1. 

44.1.2 Pollution 

The construction and operation of the proposal has the potential to mobilise contaminants into aquatic 
habitat within the study area. Possible pollution may include (but may not be limited too): 

Pollutants associated with materials used in the process of road construction. There is a diverse 
array of materials used in the construction and maintenance of roads, for example: asphalt materials, 
asphalt additives, cementitious materials, cement admixtures, dust palliatives and aggregates. 
Industrial waste by-products are also increasing being approved for road construction, such as 
petroleum refinery residuals, coal combustion fly ash, scrap tyres / recycled rubber, mining waste 
and reclaimed concrete pavement (Eldin 2002). Many of these materials can be toxic in their pure 
(non-amended) states, eg fly ash and asphalt cement crumb rubber elutriates (Eldin 2002). 
Contamination may result from spills on-site or after construction from long-term runoff directly 
into aquatic habitats. 
Pollutants associated with heavy vehicles used on-site during construction and from ongoing traffic 
use of the upgraded highway, such as aromatic hydrocarbons (lubricating oils and fuels) and heavy 
metals (eg copper in brake linings, and zinc and cadmium in tyres). 
Leachate from waste dumps established on-site (eg zinc from a tyre dump). 
Pollutants bound to disturbed sediments may be mobilised into aquatic habitat.  

Pollution is considered a threat to coastal saltmarsh and freshwater wetland. 

Impacts from pollution would be minimised by ensuring the proper handling, storage, transport and 
disposal of hazardous materials on-site and the incorporation of standard design features with respect to 
storm water runoff. See Section 5.1.2 and Section 5.2.2). 

4.1.3 Acid sulfate soils 

Acid sulfate soils are formed when the naturally occurring iron sulphides (pyrite) in the soil become 
exposed to air (through drainage or excavation) and subsequently oxidise, forming sulphuric acid. 
Observed impacts on the aquatic ecology resulting from acid sulfate soils include habitat degradation, fish 
kills, outbreaks of fish disease, reduced aquatic food resources, reduced migration potential of fish, 
reduced fish recruitment, altered water plant communities, weed invasion by acid-tolerant plants, and 
secondary water quality changes. Acid sulfate soils can also increase the susceptibility of fish to fungal 
infections which may lead to diseases such as epizootic ulcerative syndrome or ‘red spot disease’. Red 
spot disease is considered a threat to Macquarie Perch. 
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The possibility of encountering acid sulfate soils within the low-lying regions of the study area is relatively 
high, particularly within Omega Flat. Construction works carried out on the Omega Flat that intersect the 
zone of acid sulfate soils carry a risk of creating potential impacts. In particular: 

Construction of drainage structures such as culverts and storage basins where excavation below the 
water table is required. 
Soft soil treatment works. 

Any development in areas with acid sulfate soils risk requires extensive consideration of construction 
methodology to avoid or minimise the potential impacts on the aquatic ecology in the study area and in 
downstream environments. 

44.1.4 Invasive species 

Alligator weed was not observed at any sites along the proposal, nor were records found for its 
presence within the study area. The species is known to be present within the Illawarra region.    

Should alligator weed become established within the study area it is possible that its distribution could 
be increased by construction activities associated with the proposal.  See Section 5.2.4. 

4.2 Listed key threatening processes 

4.2.1 Degradation of riparian vegetation 

The benefits of riparian vegetation to freshwater biota are outlined in Section 3.3.3.3.  

Riparian vegetation was already extremely degraded along most waterways that intersect the proposal. 
Large woody vegetation was usually absent or composed of exotic species. Therefore, it is unlikely that 
the proposed works could further degrade riparian such that it would cause a significant impact on 
aquatic ecology. See Section 5.2.5. 

4.2.2 Removal of large woody debris 

The benefits of instream large woody debris to freshwater biota are outlined in Section 3.3.3.3.  

There was little large woody debris within the sections of waterways that intersect the proposal. 
Therefore it is unlikely that the proposed works could further degrade large woody debris habitat such 
that it would cause a significant impact on aquatic ecology. See Section 5.2.6. 

4.2.3 Alteration to natural flow regimes of rivers, streams, floodplains and wetlands 

The listed key threatening process ‘Alteration to Natural Flow Regimes of Rivers, Streams, Floodplains 
and Wetlands’ is equivalent to “Instream Structures and Mechanisms That Alter Natural Flow” and they 
will be considered as one in this section. The ecological importance of maintaining natural flows and fish 
passage is outlined in Section 3.3.2.2 and Section 3.3.3.3. 

Work elements associated with the proposal that may affect flow regimes include: 

Extraction of water for construction from local creeks and watercourses. 
Soft soil treatments of Omega Flat. 
Realignment of waterways. 
Introduction of an earth embankment on Omega Flat. 
Introduction of new or altered drainage structures (such as culverts and bridges) required to 
achieve flood immunity. 



Aquatic Ecology and Water Quality Assessment – Gerringong upgrade 
Page 40 

44.2.3.1 Water extraction 

The possible extraction of water from local creek(s) would have the effect of reducing flow during the 
period of extraction. In general, a reduction in flow volume would lead to a concomitant reduction in 
water velocity, depth, channel ‘wetted width’ and potentially the magnitude and frequency of elevated 
seasonal flows. This can in turn lead to: 

Reduction in aquatic habitat (eg shallow riffles and bars) and associated biota. 
Encroachment of macrophytes and other plants into the channel. 
Reduction in longitudinal connectivity, reducing access to foraging, spawning and refuge habitat. 
Lower water quality, resulting in a less diverse macroinvertebrate assemblage dominated by 
pollution-tolerant taxa. 
Reduction in flow-related life-history cues. 

There are few significant waterways within the study area (ie most are ephemeral and only flow briefly 
during rain events) therefore it is possible that extraction could have a significant impact on local aquatic 
habitats and associated biota. See Section 5.2.7.1.  

4.2.3.2 Soft soil treatments 

The aim of the various soft soil treatments is to temporarily drain and permanently compress the soil 
underlying the proposal construction zone, so as to minimise the long-term settlement of the upgraded 
highway on the Omega Flat. The potential effects of this process on local groundwater flows and 
recharge of Werri Lagoon are considered separate to this report as part of the detailed geotechnical 
assessment conducted for the proposal.  

Preliminary results of the detailed geotechnical investigations undertaken for the proposal indicate that 
surface water, not the shallow groundwater regime, constitutes the major source of recharge of Werri 
Lagoon and that surface flow to the area would be maintained by the construction of culvert extensions. 
A preliminary assessment found there may be some reduction in permeability of the underlying soils 
although groundwater would still flow, particularly through the sandy soil horizon. Should there be a 
potential for reduction in lagoon recharge in the shallow soils, the use of trench drains have been 
proposed as a mitigating measure. See Section 5.2.7.2. 

Assuming there are no changes to groundwater recharge, or if successful mitigation measures are 
implemented, then it is unlikely that there would be impacts on downstream aquatic environments, such 
as Werri Lagoon. 

4.2.3.3 Realignment of waterways 

Realignments have been proposed for (i) Crooked River at the Princess Highway crossing (Site 9) 
(Appendix E), and (ii) unnamed waterway (Site 12) approximately 0.5 km east of the Toolijooa Road 
intersection (Appendix F).  

The exact details of the realignment would be determined during the detailed design. The proposal 
would realign approximately 100 m of the Crooked River channel at the existing Princes Highway 
crossing and two short sections of the unnamed watercourse at Site 12 (on the north side of the Princes 
Highway). 

The existing aquatic habitat and biota in the realigned watercourse sections would be lost. The 
subsequent realignments can potentially alter channel morphologies and profiles, creating changes to 
hydrology and geomorphology, which can have concomitant effects on aquatic ecology.  
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The waterway at Site 12 was ephemeral, degraded and considered unlikely fish habitat (Class 4 
Waterway). Minor redirection of such waterways would be unlikely to have a significant impact on 
aquatic ecology providing flows are still transferred into original downstream habitats. Crooked River was 
considered moderate fish habitat (Class 2 Waterway) although the banks and riparian vegetation had 
been significantly degraded. Impacts on Crooked River can be minimised by mimicking the natural 
channel morphology in the realigned section and restoring riparian habitat. See Section 5.1.3. 

44.2.3.4 Earth embankment on Omega Flat 

The proposal would be raised on earth embankment as it crosses Omega Flat to achieve a minimum of 
1 in 20 year flood immunity. The flood modelling undertaken by AECOM has indicated that the proposal 
would have no effect on the existing flooding regime. The construction of appropriate drainage 
structures as part of the proposal in Omega Flat waterways would maintain surface water recharge of 
Werri Lagoon.  

4.2.3.5 Provision of drainage structures 

Each waterway within the proposal study area already has a drainage structure in place (Table 3.2) and 
all conform to the ‘minimum’ recommended crossing types outlined in ‘Why do Fish Need to Cross the 
Road? Fish Passage Requirements for Waterway Crossings’ (Fairfull and Witheridge 2003) (Appendix B). 

The operation of the drainage structures constructed during the upgrade should have little or no impact 
on aquatic ecology as long as they also conform to ‘minimum’ recommended crossing types (See Table 
3.2 and Section 5.1.1). 

Increasing the capacity of a crossing drainage structure to transmit flow - such as ‘upgrading’ a culvert to 
a bridge, or ‘extending’ the width and/or height of a culvert - should have no significant effect on aquatic 
ecology if the crossing conforms to recommendations outlined in Fairfull and Witheridge (2003) and the  
channel remains unchanged. Water would be less likely to ‘back up’ and pool upstream of the culvert 
during significant flow events. 

4.3 Threatened and protected species, communities and populations 

No threatened or protected species, populations or communities were observed in the study area.  

4.3.1 Macquarie Perch, Macquaria australasica 

The Macquarie Perch is listed as Endangered under the Fisheries Management Act and the Environment 
Protection and Biodiversity Conservation Act. 

Macquarie Perch usually inhabit the upper reaches of clear, freshwater water courses containing deep, 
rocky pools with upstream riffle and pool sequences for spawning (Allen et al. 2003, Department of 
Planning and Infrastructure NSW 2005a). They migrate upstream to spawn in October - November and 
their eggs settle and develop in the gravel and cobble found in riffle habitat. The distribution of the 
eastern form can also be a function of interactions with other species. For example, if Australian Bass 
(Macquaria novemaculeata) are found in a watercourse then typically Macquarie Perch would only be 
found upstream of them (McDowall 1996). 



Aquatic Ecology and Water Quality Assessment – Gerringong upgrade 
Page 42 

There are no records of Macquarie Perch within the study area. Records for Macquarie Perch do exist in 
upper tributaries of the adjacent Shoalhaven catchment (eg near Kangaroo River in Kangaroo Valley). 
However, there were two records of Macquarie Perch from the Shoalhaven River just below Tallowa 
Dam. One is an Australian Museum record dated from 1980, which may indicate that a population of 
perch persisted in the lower Shoalhaven (for a time) after the completion of the dam in 1976. Gehrke et
al., (2001) only observed Macquarie Perch at 550 m AHD in the Mongarlowe River but suggested that 
M. australasica was a likely (pre-Tallowa Dam) inhabitant of a relatively low elevation reaches on the 
Shoalhaven River (~30 m AHD). Bishop (1979) lists M. australasica as one of the fish inhabiting the 
“Lower Reaches to Estuary” zone of the Shoalhaven catchment and also reported that during the 1960’s 
Macquarie Perch were commonly found in the lower Shoalhaven Rivers. Bishop and Bell (1978) 
collected one Macquarie Perch in December 1976 in a pool below the dam after water flow had been 
terminated for a period. Gehrke et al., (2001) assert that prior to the construction of the Tallowa Dam 
fish species in the Shoalhaven River formed relatively continuous communities from ~500 m AHD down 
to the tidal limit influence.  

Given that Macquarie Perch has been observed in regional low elevation sites then it is possible that the 
lower elevation freshwater habitat in adjacent catchments could constitute potential habitat. However, 
the only waterways classed major fish habitat (Class 1 Waterways) within the Crooked River and 
Ooaree Creek drainages are Werri Lagoon and Crooked River estuary. The catchment is relatively small 
and flow can be ephemeral in many of the waterways, particularly in higher elevations where Macquarie 
perch migrate to spawn. Freshwater habitat within the study area is degraded and is considered unlikely 
to support a viable Macquarie Perch population. However, an assessment of significance for the potential 
impact of the highway upgrade on the Macquarie Perch was carried out as a precautionary measure 
(Appendix G). 

Conclusion:  The assessment of significance found that the proposed works would be most unlikely to 
affect Macquarie Perch, hence no species impact statement is required, nor would it be necessary to 
modify the proposal with respect to the conservation of this species. 

44.3.2 Australian Grayling, Prototroctes maraena 

The Australian Grayling is listed as Protected under the Fisheries Management Act and Vulnerable under 
the Environment Protection and Biodiversity Conservation Act.

Australian Grayling (P. maraena) prefer watercourses with low turbidity and gravel substrata, and occupy 
lowland rivers through to high elevation reaches at 1000 m AHD (McDowall 1996). Grayling occur in 
streams and rivers on the eastern and southern flanks of the Great Dividing Range from Sydney 
southwards to the Otway Ranges in Victoria, and Tasmania (McDowall 1996, Department of Planning 
and Infrastructure NSW 2006a).  

The species has an amphidromous life cycle; newly hatched larvae are photo tactic and swim to the 
surface where they are swept downstream to estuarine / marine waters and only migrate back to adult 
freshwater habitats at the age of six months. Populations are therefore very susceptible to barriers to 
passage. Adults suffer heavy post-spawning mortality so it is possible after a few years without juvenile 
recruitment to result in local extirpation (Morris et al., 2001). Since the completion of the Tallowa Dam 
in 1976 only one specimen has been collected in the Shoalhaven River catchment (Morris et al., 2001), 
in Yalwal Creek. No grayling were recorded by the NSW Rivers Survey (Harris and Gehrke 1997) nor 
the Tallowa Fishway study (Faragher 1999).  

Although grayling have never been recorded within the small catchment of the study area Australian 
Museum collections have recorded them in the adjacent Broughton Creek drainage (Web Reference 1). 
However, the study area catchment is relatively small, freshwater habitat is degraded and is considered 
unlikely to sustain a viable population of grayling. However, an assessment of significance for the potential 
impact of the Princes Highway upgrade was carried out as a precautionary measure (Appendix G). 
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Conclusion:  The assessment of significance found that the proposed works would be most unlikely to 
affect Australian Grayling, hence no Species Impact Statement is required, nor would it be necessary to 
modify the proposal with respect to the conservation of this species. 

44.3.3 Black Cod, Epinephelus daemelii 

Black Cod is listed as Vulnerable under the Fisheries Management Act. 

Black Cod have previously been identified on the coast near Gerringong. Larger juveniles inhabit 
estuaries and threats to the species include loss or degradation of nursery habitat. It is possible that the 
open Crooked River estuary, and to a lesser extent Werri Lagoon, constitute habitat for juvenile Black 
Cod.

Impacts on Black Cod relate to potential impacts of upgrade works on downstream estuarine habitat. 
These include increased sediment loads and pollution. Assuming the use of effective sediment controls 
and proper handling of hazardous substances on-site (see Section 5.2), it is considered unlikely that the 
proposed Princes Highway upgrade would generate significant downstream impacts that might 
significantly degrade estuarine habitat and potentially affect Black Cod. However, an assessment of 
significance for the potential impact of the Princes Highway upgrade was carried out as a precautionary 
measure (Appendix G). 

Conclusion:  The assessment of significance found that the proposed works would be most unlikely to 
affect Black Cod, hence no species impact statement is required, nor would it be necessary to modify 
the proposal with respect to the conservation of this species. 

4.3.4 Coastal saltmarsh in the NSW North Coast, Sydney Basin and South East Corner Bioregions 

Coastal saltmarsh is listed as an EEC under the Threatened Species Conservation Act. 

There is no significant saltmarsh habitat within Werri Lagoon (Williams et al. 2006). Saltmarsh is present 
within Crooked River estuary and covers an estimated area of 0.017 km2. (West et al. 1985, The 
Ecology Lab 1999, Williams et al. 2006). 

Potential threats to coastal saltmarsh relevant to the proposed works include pollution, changes to 
salinity from storm water discharge and invasion by mangroves. However, geotechnical studies have 
indicated that the proposal is unlikely to cause significant changes to hydrology and therefore patterns in 
salinity downstream in the Crooked River estuary would remain unaffected. Proper handling, storage, 
transport and disposal of hazardous substances used on-site would minimise the chance of a spill during 
construction causing downstream pollution (see Section 5.2.2). Similarly, appropriate design of storm 
water runoff structures would minimise possibilities of contamination of aquatic habitats from highway 
runoff. Increased sedimentation can facilitate the invasion of mangroves but the implementation of 
recommended sediment controls (see Section 5.2.1) would minimise mobilisation of sediments into 
waterways and downstream aquatic habitats.  

An assessment of significance for the potential impact of the Princes Highway upgrade was carried out as 
a precautionary measure (Appendix G). 

Conclusion:  The assessment of significance found that the proposal would be most unlikely to affect 
coastal saltmarsh, hence no Species Impact Statement is required, nor would it be necessary to modify 
the proposal with respect to the conservation of this community. 
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44.3.5 Freshwater wetlands on coastal floodplains of the NSW North Coast, Sydney Basin and 
South East Corner Bioregions 

Freshwater wetlands on coastal floodplains are listed as an EEC under the Threatened Species 
Conservation Act. 

Two small wetlands (areas) were identified by Chafer (1997) within the Crooked River drainage; the 
Willow Vale wetlands west of the Princes Highway and the Gerringong wetlands east of the Princes 
Highway. Coomonderry Swamp lies outside of the drainage potentially impacted by the proposed 
works. Potential threats to freshwater wetlands on coastal floodplains relevant to the proposed works 
include pollution, changes to hydrology and infilling from sedimentation.  

The Willow Vale wetlands are highly degraded and are found at the upper elevation limits of what has 
been defined as freshwater wetlands on coastal floodplains. They are upstream of the proposal and are 
therefore unlikely to be affected by potential downstream impacts. Similarly the small Gerringong 
wetlands are a highly degraded series of pondages and swampland associated with degraded creeks that 
pass through and near south-west Gerringong. These creeks are considered unlikely to provide fish 
habitat (Class 4 Waterways) and are infested with annual weeds. This habitat is also at the upper 
elevations limits of for freshwater wetlands on coastal floodplains.  

Proper handling, storage, transport and disposal of hazardous substances used on-site would minimise 
the chance of a spill during construction causing downstream pollution. The proposal is unlikely to cause 
significant changes to the hydrology of waterways within the Crooked River catchment if 
recommendations to (i) maintain the natural form of Crooked River realignment (ii) install appropriate 
drainage structures at road crossings are implemented. Implementation of recommended sediment 
controls would minimise mobilisation of sediments into waterways and downstream aquatic habitats.  

An assessment of significance for the potential impact of the Princes Highway upgrade was carried out as 
a precautionary measure (Appendix G). 

Assuming the installation of appropriate drainage structures at the highway crossings, the proper use of 
sediment controls and correct handling of hazardous substances, it is considered unlikely that the 
proposed Princes Highway upgrade would generate significant downstream impacts on the already 
degraded Gerringong wetlands.  

Conclusion:  The assessment of significance found that the proposal would be most unlikely to affect 
freshwater wetlands of coastal floodplains, hence no Species Impact Statement is required, nor would it 
be necessary to modify the project with respect to the conservation of this community. 

4.3.6 All Syngnathiformes (Seahorses, Seadragons, Pipefish, Pipehorses, Ghost Pipefish and 
Seamoths) 

All Syngnathiformes are protected species in NSW.  

Some Syngnathiformes inhabit coastal embayments and estuarine habitats, particularly seagrass beds. 
Small seagrass beds are present within the periodically open Werri Lagoon and larger beds are present 
within the Crooked River. 

Impacts on Syngnathiformes relate to potential impacts of upgrade works on downstream estuarine 
habitat. These include changes to hydrology, increased sediment loads and pollution. Assuming the 
installation of appropriate drainage structures at the highway crossings, the proper use of sediment 
controls and correct handling of hazardous substances it is considered unlikely that the proposed Princes 
Highway upgrade would generate significant downstream impacts that might degrade estuarine habitat 
and potentially affect Syngnathiformes. 
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55.0 Conclusions and recommendations 
The main issues to be addressed in the design and construction of the proposal are: 

Fish passage requirements and alterations to hydrology through the installation of drainage 
structures (eg bridges, bridge pilings, culverts etc) at waterway crossings. 
Mobilisation of fine sediments into waterways. 
Loss of aquatic habitat and biota from the realignment of waterways. 
Possible changes to local hydrology resulting from water extraction, soft soil treatments,  the 
realignment of waterways. 
Pollution. 
Acid sulfate soils. 

To minimise potential impacts arising from the proposed works it is recommended that RTA’s 
Construction and Environment Management Plan for the highway upgrade address these issues. 
Providing that the following recommendations for the design of the upgrade and associated construction 
works are adhered to, it is unlikely that the majority of works and structures associated with the 
construction and operation of the proposal would have long-term impacts on the aquatic ecology of the 
study area.  

5.1 Design 

5.1.1 Waterway crossings and fish passage 

Specific guidelines for the design and construction of waterway crossings to maintain fish passage have 
been developed and are outlined in ‘Guidelines and Policies for Aquatic Habitat Management and Fish 
Conservation’ (Smith and Pollard 1999) and ‘Why do Fish Need to Cross the Road? Fish Passage 
Requirements for Waterway Crossings’ (Fairfull and Witheridge 2003). These guidelines include 
requirements for: 

Crossing structures appropriate for the size and type of watercourse. 
Preferred crossing designs. 
Maintenance of fish passage throughout construction. 
Preservation of spawning grounds. 
Minimisation of disturbance to and removal of snags. 
Minimisation of disturbance to channel upstream and downstream of the crossing. 
Habitat rehabilitation. 

Appendix B details the criteria for assessing suitable waterway crossings that minimise obstruction to fish 
according to fish habitat class, based on Fairfull and Witheridge (2003). An assessment of minimum 
recommended crossing requirements for each site assessed in this study has been summarised in Table 
3.3. This information is provided as input to the detailed design. 

Although bridges would generally be preferred to arch structures, culverts, fords and causeways (in this 
order) because they have the least disturbance to flow or the aquatic habitat of a waterway, the cost, 
geotechnical and engineering considerations are also important in deciding the selection of a crossing. It 
is recommended that a bridge is maintained at the Crooked River crossing (Site 9), with bridge piers 
placed outside the main channel to avoid formation of turbulence and bed erosion, and abutments 
placed away from the bank. Similarly, although a culvert would be considered appropriate for the 
waterway at Site 2, the landowner may want to maintain the bridge crossing to allow stock access to the 
eastern side of the preferred route.  
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Culverts are considered adequate crossings for the remaining waterways within the study area (Table 
3.2). Fish passage may be maintained by minimising changes to the natural flow, channel width and water 
depth through the culvert cells. Additionally fish passage across culverts should consider flow rates and 
design of artificial substratum that may facilitate fish movement and provide resting areas (Fairfull and 
Witheridge 203).

A ford would be an appropriate crossing of the Crooked River for the proposed access track located to 
the south of Princes Highway. A “wet” crossing should be formed on the channel bed, with flow depths 
similar to natural stream conditions, minimising changes to hydrology. 

55.1.2 Long-term water quality 

Design of the proposal should aim to minimise storm water and surface runoff entering adjacent 
waterways, by channelling it away into well established terrestrial vegetation, or into sediment basins 
were appropriate. These can acts as filters, absorbing pollutants commonly carried in runoff from 
highway structures, thereby reducing leachate into aquatic habitats. 

5.1.3 Realignment of waterways 

To offset the loss of aquatic habitat and biota from the proposed realignments equivalent biotic 
assemblages must be established in the realigned reaches. There are established guidelines for river 
rehabilitation (eg Rutherford et al. (2000)). The rehabilitation program should include (but not be limited 
to):

Restoration of the natural creek geomorphology. For example: 
- A meandering channel to reduce velocity and scour during high flow events. 
- Natural bed forms, such as an alternating sequence of pools, riffles and runs. 
Establishment of a complete and broad riparian habitat. 
Stabilised channel bank and bed and the protection of exposed soil until riparian vegetation is 
completely established. 
The introduction of engineered log jams to create pooling sections and submerged woody debris 
(see Brooks et al. 2004). 

I&I NSW have a policy of 2:1 environmental compensation for direct loss of aquatic or riparian habitat 
(Smith and Pollard 1999). Therefore the offset package could also include rehabilitation of Crooked 
River reaches (eg restoration of riparian habitat and restrictions on stock access) upstream and 
downstream of the proposed realignment. 

5.2 Construction 

5.2.1 Sediment mobilisation 

The mobilisation of sediment into aquatic habitats within the construction zone and further downstream 
would be minimised through the implementation of an erosion and sediment control plan. This plan 
should be prepared in accordance with ‘Soils and Construction: Managing Urban Stormwater’ (Landcom 
2004) prior to the commencement of the proposed works.  

Fish passage should be considered where silt fences / curtains may be positioned across waterways. A 
permit may be required for works that require temporary blockage of fish passage. 
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Surface water quality monitoring should be incorporated into the erosion and sediment control plan 
with protocols in place for guideline breaches. Turbidity and suspended particulate matter are positively 
correlated with suspended sediment loads and can be measured as indicators of physical stress on 
aquatic biota. ANZECC (2000) trigger values for the protection of aquatic ecosystems (eg turbidity 
ranges of six to 50 NTU for lowland rivers and 0.5 to 10 NTU for estuarine waters) can be used as 
thresholds to trigger mitigating management responses (eg discovery and suppression of source or 
cessation of work). Turbidity should be measured daily or in situ data loggers used for continuous 
monitoring. Monitoring should take place over the construction period, with preconstruction sampling to 
provide baseline information about background patterns in turbidity. 

55.2.2 Pollution 

Implement proper handling, storage, transport and disposal of hazardous substances within the study 
area. Management plans should include: 

Regular inspections of work practices. 
Training of staff in correct handling, storage, transport and disposal of hazardous substances. 
Surface water quality monitoring. ANZECC (2000) trigger values for toxicants associated with road 
construction (eg heavy metals and hydrocarbons) can be used as thresholds to trigger management 
action. Tests for the presence of contaminants require laboratory analysis and could be repeated on 
a time scale of weeks during the construction period. Several sampling events prior to construction 
would be sufficient to provide baseline information about background patterns in contamination.  

5.2.3 Acid sulfate soils  

An appropriate acid sulfate soils management plan should be implemented to mitigate for potential 
impacts associated with acid sulfate soils. The plan needs to make particular reference to the intended 
excavations below the water table for the construction of drainage structures on the Omega Flat 
floodplain.  

Surface water quality monitoring should be incorporated into the acid sulfate soils management plan with 
protocols in place for guideline breaches. ANZECC (2000) trigger values for the protection of aquatic 
ecosystems (eg pH ranges of 6.5 to 8.0 for lowland rivers and 7.0 to 8.5 for estuarine waters) can be 
used as thresholds to trigger mitigating management response. pH measurements could be taken daily or 
in situ data loggers used for continuous monitoring. Monitoring should take place over the construction 
period, with preconstruction sampling to provide baseline information about background patterns in pH. 

5.2.4 Invasive species 

Positive identifications of Alligator Weed within the construction area should be reported to the Kiama 
Municipal Council. In such an event, heavy machinery should be regularly inspected to ensure that 
species is not spread to new areas.   

5.2.5 Riparian vegetation 

Removal of native riparian vegetation, where present, should be minimised. Degraded riparian habitat 
and realigned channel banks should be rehabilitated by the removal of exotic species and regeneration 
and/or revegetation of native riparian species. 

5.2.6 Large woody debris 

Where large woody debris is encountered, lopping should be considered the first management 
response. If this does not resolve the problem, re-alignment should then be considered and removal only 
adopted as a last resort. 
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Degraded reaches that intersect the proposal could be rehabilitated with the introduction of engineered 
log jams to create pooling sections and submerged woody debris in channels where historical flood 
mitigation works have removed snags (see Brooks et al. 2004). 

55.2.7 Alterations to hydrology 

5.2.7.1 Water extraction 

It is recommended that water used during construction not be sourced from waterways within the study 
area and that consideration is given to other sources, such as local town water. 

5.2.7.2 Soft soil treatments 

There should be no effect on groundwater recharge of Werri Lagoon. Should the soft soil treatments 
reduce permeability significantly then the proposed mitigation measures should be implemented (eg 
trench drains). 

5.2.8 Ecological monitoring 

AusRivAS sampling could be done in conjunction with monitoring of surface water quality. The 
AusRivAS protocol uses the composition of aquatic macroinvertebrates assemblages to determine the 
environmental condition of a waterway. Sampled freshwater macroinvertebrate assemblages are 
compared to macroinvertebrate assemblages expected from reference (undisturbed) waterways of the 
same type, to provide a basis to assess the health of the stream. The absence of sensitive 
macroinvertebrate taxa can indicate degraded habitat or low water quality (eg contamination or 
suspended sediments).  

AusRivAS samples could be collected throughout the construction period to monitor the ongoing 
ecological ‘health’ of the Crooked River (the most significant freshwater habitat of the study area). 
Samples could be collected twice a year, during the two AusRivAS periods of ‘spring’ (15 March to 15 
June) and ‘autumn’ (15 September to 15 December). Declining AusRivAS scores could indicate 
environmental impacts and trigger management action. Samples should also be taken from the realigned 
reach of Crooked River to monitor the efficacy of the proposed restoration. 
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77.0 Plates
Plates 1a – 1d
(a) Site 1, view upstream. A small stand of cumbungi (Typha sp.) has formed upstream of the double 
pipe culvert. 

(b) Site 4, Ooaree Creek view upstream from the Princes Highway crossing. 

(c) Site 5, view upstream from Princes Highway crossing. The channel was dominated by brackish-
tolerant macrophytes common reed (Phragmites australis) and river clubrush (Schoenoplectus validus).

(d) Single box culvert at Site 5, view from the eastern side of Princes Highway. 
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PPlates 2a – 2d 
(a) Site 7, view upstream. Cumbungi (Typha sp.) in the foreground upstream of the culvert. 

(b) Site 8, view upstream from the Princes Highway.  

(c) Princes Highway two span bridge crossing the Crooked River at Site 9. Photo taken during low flow 
period in 2007. 

(d) Site 10, view upstream from the Princes Highway crossing. 



Aquatic Ecology and Water Quality Assessment – Gerringong upgrade 
Page 54 

PPlates 3a – 3d 
(a) Pipe culvert at Site 11. 

(b) Site 11, view upstream from the Princes Highway crossing. 

(c) Pipe culvert at Site 12. 

(d) Site 12, view upstream from the Princes Highway crossing. 
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AAppendix A River descriptors, associated categories and values 
used in modified Riparian, Channel and 
Environmental Inventory 
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AAppendix A River descriptors, associated categories and values used in Riparian, 
Channel and Environmental Inventory 

Source: Chessman et al (1997) 
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AAppendix B Fish habitat classification criteria for watercourses 
and recommended crossing types 
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AAppendix B Fish habitat classification criteria for watercourses and recommended crossing types 

Source: Fairfull and Witheridge, 2003 
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AAppendix C Raw data for water quality measured in situ in the 
study area 
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AAppendix C Raw data for water quality measured in situ in the study area 

Recorded by: Cardno Ecology Lay 17 April 2009 
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AAppendix D Fish sampling at unnamed watercourse (Site 5) in 
the Ooaree Creek drainage 
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AAppendix D Fish sampling at unnamed watercourse (Site 5) in the Ooaree Creek 
drainage 

# = alien species 

See Figure 1.1 for site location 
Recorded by: The Ecology Lab 17/04/2009 
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AAppendix E Proposed Crooked River alignment and cattle 
crossing 
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AAppendix E Proposed Crooked River alignment and cattle crossing 
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AAppendix F Proposed realignment of unnamed watercourse 
upstream of Site 12 
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AAppendix F Proposed realignment of unnamed watercourse upstream of Site 12 



Aquatic Ecology and Water Quality Assessment – Gerringong upgrade 
Page G 

AAppendix G Assessment of significance 
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AAppendix G Assessment of significance 

Assessments of significance were conducted for the potential impact associated with the proposal on 
three threatened species and two endangered ecological communities (EECs): Australian Grayling 
(Prototroctes maraena), Macquarie Perch (Macquaria australasica), Black Cod (Epinephelus daemelii),
coastal saltmarsh and freshwater wetlands on coastal floodplains. Where relevant, assessments were 
made in accordance with the Commonwealth Environment Protection and Biodiversity Conservation 
Act 1999 guidelines and the Seven Part Tests outlined in Section 5A of the Environmental Planning and 
Assessment Act 1979.

G.1 Environment Protection and Biodiversity Conservation Act 1999 impact assessments: 
affected species 

G1.1 Australian Grayling, Prototroctes maraena

The Australian Grayling is listed as a Vulnerable Species under the Environment Protection and 
Biodiversity Conservation Act. No grayling were sampled during the current survey but previous 
Australian Museum collections have identified the Australian grayling within the adjacent Broughton 
Creek drainage. However, the study area catchment is relatively small, freshwater habitat is degraded and 
is considered unlikely to sustain a viable population of grayling. The assessment of significance for the 
potential impact of the proposal was carried out as a precautionary measure. 

Is the action likely to lead to a long-term decrease in the size of an important population of a species? 

The Australian Grayling is believed to have suffered a severe decline during the latter half of the 20th 
Century throughout most of its range (Morris et al. 2001). It has not been recorded in the northern 
most extent of its range (the Grose River) since the 1950s and only one specimen has been found in the 
Shoalhaven River catchment since the completion of the Tallowa Dam in 1976 (Morris et al. 2001). 
Significant sampling in the Shoalhaven River by the NSW Rivers Survey (Harris and Gehrke 1997) and 
the Tallowa Fishway study (Gehrke et al. 2001) failed to find any grayling. Similarly, Faragher (1999) 
found no grayling in Broughton Creek or the Shoalhaven River but was responsible for the sole capture 
of an individual from the Shoalhaven system (in the last 30 years) in Yalwal Creek to the south. 

The major cause of this decline is river regulation and barriers to fish passage created by dams, weirs and 
inappropriate channel crossings. Barriers disrupt the diadromous life cycle of P. maraena, preventing 
larvae being swept downstream to estuarine and marine waters and juveniles migrating back upstream to 
adult freshwater habitat (Morris et al. 2001). Tallowa Dam has been estimated to restrict the access of 
migrating fish to 80 per cent of the Shoalhaven River (Harris 1984). Adult grayling suffer heavy post-
spawning mortality so local extirpation is possible after only a few years without juvenile recruitment 
(Morris et al. 2001).  

The construction of instream structures can also directly cause mortality events. During the construction 
of the Tallowa Dam the flow of the Shoalhaven River was completely blocked on a number of occasions 
for associated work to take place (Bishop and Bell 1978). During one such stoppage in 1976, 312 
grayling were killed after being stranded when water levels beneath the dam dropped so rapidly that 
much of the river bed became dry (Bishop and Bell 1978). Only one grayling has been captured in the 
entire Shoalhaven catchment since.  

Increased siltation and the loss of riparian vegetation are also believed to have contributed to the 
grayling’s decline (Morris et al. 2001). Increased volumes of suspended sediment can smother gravel on 
the streambed which the grayling use for the development of their eggs and the loss of riparian 
vegetation can negatively affect macroinvertebrate communities which the grayling feed upon. 
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Threatening processes associated with the proposal could potentially cause a decrease in local 
populations of grayling (should they be present). The installation of inappropriate waterway crossings 
may alter natural flows and/or restrict fish passage. The construction of these structures could mobilise 
sediments into the watercourse that results in the loss of spawning habitat or expose acid sulfate soils 
that would reduce the water quality in lowland reaches inhabited by larvae and juveniles. 

The proposal is considered unlikely to cause a long-term decrease in Australian Grayling populations if 
the suggested recommendations are implemented (see Chapter 5). These include the construction of 
crossing structures that maintain fish passage and effective control measures to mitigate the mobilisation 
of sediments. 

WWould the action reduce the area of occupancy of an important population? 

The installation of crossings that create a barrier to fish passage could potentially reduce occupancy in 
areas upstream of the structure and possibly downstream (depending on the adequacy of remaining 
habitat beneath the barrier). For example, given that the grayling can be found in elevations up to 
1000 m ASL (McDowall 1996), the construction of the Tallowa Dam restricted access to ~80 per cent 
of the Shoalhaven River (Harris 1984). The dam represents an absolute barrier to the grayling and as a 
result of their diadromous lifecycle requirements populations above the dam have completely 
disappeared. Despite rigorous sampling (Harris and Gehrke 1997, Fargher 1999, Gehrke et al. 2001) only 
one individual has been collected in the catchment beneath the dam since 1976, suggesting that 
populations downstream of the barrier have declined dramatically. 

A temporary reduction in occupancy is possible in downstream areas during construction if there is an 
increase in the volume of suspended sediments. Large volumes of suspended sediments can be a direct 
cause of mortality due to the inability of the fish to respire through clogged gills. This is unlikely to cause 
long-term declines in populations as the incidents would only last as long as the duration of the high 
sediment loads. Increased sedimentation can also smother available spawning habitat downstream of the 
construction. This may affect downstream occupancy if there is little alternative spawning habitat.  

The proposal is considered unlikely to reduce the Australian Grayling’s area of occupancy if the 
suggested recommendations are implemented (see Chapter 5). These include; the construction of 
crossing structures that maintain fish passage and effective control measures to mitigate the mobilisation 
of sediments. 

Would the action fragment an existing important population into two or more populations? 

It is unlikely that the construction or operation of the highway upgrade would lead to the fragmentation 
of grayling populations. Given the diadromous requirements of the grayling, a crossing that created a 
barrier to passage would lead to the extirpation of the species upstream of the structure, not the 
creation of two separate populations. 

The degradation of possible spawning habitat downstream of the construction site from sedimentation 
may reduce recruitment but would not separate populations as juveniles could still recolonise upstream 
and adults would be able to move freely. Increased siltation could cause existing shallow sections of the 
channel to become more effective barriers to fish movement during periods of low flow perhaps 
increasing the temporary or seasonal fragmentation of populations. However variable flow and the 
resulting seasonal fragmentation of populations are natural phenomena in Australian freshwater systems.  

With the appropriate implementation of recommended management measures to minimise sediment 
mobilisation it is unlikely that the isolation of currently interconnecting areas of habitat would be greater 
than is currently experienced. 
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WWould the action adversely affect habitat critical to the survival of a species? 

Channel crossing structures that impede fish passage would not physically harm critical habitat upstream 
but would restrict or remove access to it. 

Increased sedimentation during construction could lead to loss of downstream spawning habitat from 
smothering. The extent of possible spawning habitat in Class 2 watercourses within the study area is 
expected to be limited.  

The proposal is considered unlikely adversely affect critical habitat if the suggested recommendations are 
implemented (see Chapter 5). 

Would the action disrupt the breeding cycle of an important population? 

Adult grayling do not migrate to breed but spawn in the same general area they normally inhabit. 
Grayling prefer watercourses with moderate flows and gravel beds (McDowall 1996). After spawning the 
eggs settle into the gravel substrate where they develop and the larvae hatch (Morris et al. 2001). Newly 
hatched larvae are positively phototactic and swim to the surface where they are swept downstream to 
estuarine or marine waters and only migrate back to adult freshwater habitats at the age of six months 
(Morris et al. 2001). Channel crossing structures that create barriers to passage would prevent the 
downstream flow of grayling larvae in autumn and the upstream migration of juveniles in spring. The 
recruitment failure in the population above the barrier and high post-spawning mortality of adults would 
likely cause extirpation after a few years. 

Increased sedimentation would also affect the availability of spawning habitat downstream of 
construction with concomitant reductions in recruitment. 

The upgrade proposal is considered unlikely to disrupt the breeding cycle of the Australian Grayling’s 
area if the suggested recommendations are implemented (see Chapter 5). These include the 
construction of crossing structures that maintain fish passage and effective control measures to mitigate 
the mobilisation of sediments. 

Would the action modify, destroy, remove or isolate or decrease the availability or quality of habitat to 
the extent that the species is likely to decline? 

Class 2 watercourses provide moderate fish habitat. Inappropriate road crossing could prevent grayling 
passage upstream to refuge, foraging and spawning habitat. The only Class 2 waterway that the preferred 
route would pass over is the Crooked River. High sediment loads from construction earthworks could 
also potentially degrade downstream spawning habitat. 

The upgrade proposal is considered unlikely to affect grayling habitat if the suggested recommendations 
are implemented (see CChapter 5).

Would the action result in invasive species that are harmful to a vulnerable species becoming established 
in the vulnerable species’ habitat? 

The Environmental Reporting Tool linked to the Environment Protection and Biodiversity Conservation 
Act indicated that alligator weed may be present in the area. Alligator weed is a Weed of National 
Significance. It poses a significant environmental and economic threat and is highly invasive. Infestations 
can take over wetlands such as creeks and drainage channels, displacing native vegetation, prevent flow 
and reduce oxygen exchange. 

The closest collection record for alligator weed was from Lake Illawarra, south of Wollongong. Alligator 
weed was not observed at any of the sites along the proposal.  

The proposal is considered unlikely to result in invasive species becoming established in the study area. 
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WWould the action introduce disease that may cause the species to decline?  

The low elevation areas Omega Flat and the Crooked River floodplain have a risk of acid sulfate soils. 
Low pH waters can damage the surface of fish’s skin and gills. Skin damage can increase the susceptibility 
of fish to fungal infections which may lead to diseases such as epizootic ulcerative syndrome, also known 
as ’red spot’ disease. Given that larvae and juvenile grayling utilise estuarine and marine waters there is a 
chance that construction during the highway upgrade could disturb and expose acid sulfate soils, thereby 
increasing the risk of red spot disease for the young grayling. 

The upgrade proposal is considered unlikely to introduce disease if the suggested recommendations to 
mitigate impacts associated with acid sulfate soils are implemented (see Chapter 5).  

Would the action interfere substantially with the recovery of the species? 

Priority recovery objectives for the Australian Grayling that are relevant to the proposed upgrade and 
study area include improving fish passage, ensuring navigable migration corridors during construction, 
reducing erosion and siltation, and the rehabilitation of degraded riparian vegetation (Morris et al. 2001).  

It is unlikely that the threatening processes associated with the proposal would affect the potential 
recovery of the Australian Grayling providing the suggested recommendations are implemented. 

Conclusion:  

The key threats that the highway upgrade poses to the Australian Grayling include; disruption to the 
grayling’s diadromous life cycle and the loss of spawning habitat. These potential impacts can be 
minimised or eliminated by implementing the suggested recommendations. Referral of the proposal in 
relation to this species to the DEWHA as prescribed by the Environment Protection and Biodiversity 
Conservation Act is therefore not required. 

G1.2 Macquarie Perch, Macquaria australasica  

The Macquarie Perch (Macquaria australasica) is currently listed as Endangered under the national 
Environment Protection and Biodiversity Conservation Act. M. australasica was not recorded during field 
survey nor are there any formal records of it occurring within the study area. Perch are usually found at 
higher elevations than are generally present in the study area (Department of Planning and Infrastructure 
2005a); however some researchers have suggested that the Macquarie Perch was possibly an historic 
inhabitant of low elevation reaches of the Shoalhaven River system (Bishop 1979, Gehrke et al. 2001). 
However, the study area catchment is relatively small, freshwater habitat is degraded and is considered 
unlikely to sustain a viable population of Macquarie Perch. The assessment of significance for the 
potential impact of the proposal was carried out as a precautionary measure (see Appendix E). 

Is the action likely to lead to a long-term decrease in the size of a population? 

Causes of the decline of the Macquarie Perch include; barriers to spawning migrations, overfishing, 
habitat degradation and fragmentation, impacts on invertebrate food fauna and infection by the epizootic 
haematopoietic necrosis virus (EHN) (Morris et al. 2001, McDowall 1996).   

Threatening processes potentially associated with the proposal include the creation of barriers to fish 
passage created by the installation of inappropriate channel crossings. Macquarie Perch migrate upstream 
in spring to spawn and barriers to this migration would create a reduction in available spawning habitat 
that could lead to subsequent reductions in recruitment and population size.  
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Earthworks associated the construction of roads and channel crossing structures may mobilise sediments 
into waterways that could result in the downstream smothering habitat and deep holes. Given that perch 
migrate upstream to reproduce it is uncertain if any reach within the study area is of sufficient elevation 
to constitute potential spawning habitat.  

These potential impacts can be minimised or eliminated by implementing the suggested 
recommendations, and as such it is considered unlikely that the highway upgrade would lead to a long-
term decrease in populations of M. australasica.

WWould the action reduce the area of occupancy of the species? 

Barriers to passage created by inappropriate channel crossings could conceivably reduce the area of 
occupancy downstream of the structure if there was little or no spawning habitat available (especially as 
perch migrate a distance upstream to spawn). Recruitment failure would ensure the eventual local 
extinction of the downstream population. If Macquarie Perch did occupy lower reaches of the 
Shoalhaven drainage this might explain the failure to record any fish in the drainage beneath Tallowa 
Dam in the last 25 years.  

A temporary reduction in occupancy is possible in downstream areas during construction if there is an 
increase in the volume of suspended sediments. Large volumes of suspended sediments can be a direct 
cause of mortality due to the inability of the fish to respire through clogged gills. However this is also 
unlikely to cause long-term declines in populations as the incidents would only last as long as the 
duration of the high sediment loads. 

These potential impacts can be minimised or eliminated by implementing the suggested 
recommendations (see Chapter 5), and as such it is considered unlikely that the highway upgrade would 
lead to a reduction in the area of occupancy of M .australasica.

Would the action fragment an existing population into two or more populations? 

Populations of the western drainage form of the Macquarie Perch have become fragmented across much 
of their previous range due to the creation of barriers such as dams and weirs (Morris et al. 2001). In 
instances where regulated flows have inhibited spawning cues or barriers have prevented access to 
spawning habitat, these isolated populations have declined (Morris et al. 2001).  

If Gehrke et al. (2001) are correct in their observations that historically fish in the Shoalhaven formed a 
continuous community from 500 m AHD to tidal level, then populations of Macquarie Perch were 
fragmented by the construction of the Tallowa Dam. It is possible that the construction of inappropriate 
channel crossings that create a barrier to fish passage could similarly fragment populations should they be 
present in the study area.  

Loss of spawning habitat to sedimentation is unlikely to fragment a population unless a considerable 
length of a watercourse has been affected such that even migrating groups of fish became reproductively 
isolated. This is even less plausible in the study area given that the majority of watercourses downstream 
of the proposed works are at fairly low elevations and are therefore unlikely to contain perch spawning 
grounds. 

It is possible that increased siltation could cause shallow sections of a channel to become more effective 
barriers to fish movement during periods of low flow and similarly diminish the frequency and/or 
effectiveness of deeper holes to provide refuge. However, variable flow and the resulting periodic 
fragmentation of populations are natural phenomena in Australian freshwater systems.  

If suggested recommendations are implemented to minimise sediment loads and install drainage 
structures that allow fish passage it is unlikely that the isolation of currently interconnecting areas of 
habitat would be greater than is currently experienced. 
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WWould the action adversely affect habitat critical to the survival of a species? 

Macquarie Perch are generally found in freshwater reaches with low sediment loads that contain 
sequences of pools and riffle habitat with occasional deep holes with snags. Failure to adequately control 
sediments could result in the infilling of deep holes and the smothering of shallow riffle habitat found 
downstream of construction site. 

These potential impacts can be minimised if the recommended mitigation measures are implemented. 

Would the action disrupt the breeding cycle of a population? 

Macquarie Perch begin a migration upstream during spring when water temperatures reach 160C and 
form spawning aggregations in pools at the head of riffles (Morris et al. 2001). Their eggs are carried 
downstream and lodge among pebbles and gravel in riffles, usually about 0.50 m to 0.75 m deep with a 
flow rate of ~one metre per second (McDowall 1996). Barriers to passage created by crossings can 
prevent the perch reaching this spawning habitat.  

Increased sedimentation from earthworks during construction (and unprotected spoil piles after) can 
result in smothering the riffle habitat of cobble and gravel where the perch’s adhesive eggs would 
normally become lodged. Studies have also demonstrated that suspended sediments can negatively 
impact egg and fry development and disrupt the ability of some freshwater fish to migrate to spawning 
sites. However, given the relatively low elevation of the study area it is considered unlikely that there 
would be any perch spawning sites downstream of a construction site placed anywhere within the 
proposal corridor. 

These potential impacts from barriers to passage can be avoided by the selection of appropriate channel 
crossing for the class of watercourse. 

Would the action modify, destroy, remove or isolate or decrease the availability or quality of habitat to 
the extent that the species is likely to decline? 

Channel crossing structures that create barriers to fish passage can potentially isolate downstream 
populations from refuge, foraging and spawning habitat above the crossing although these would still be 
accessible to populations above the structure (and vice versa). 

High sediment loads can degrade foraging and refuge habitat below the construction site and a loss of 
riparian vegetation may result in a decline in the abundance of aquatic macroinvertebrate prey. 

However it is unlikely these impacts would occur if the proposed safeguards are adopted.  

Would the action result in invasive species that are harmful to an endangered species becoming 
established in the endangered species’ habitat? 

The Environmental Reporting Tool linked to the Environment Protection and Biodiversity Conservation 
Act indicated that alligator weed may be present in the area. Alligator weed is a Weed of National 
Significance. It poses a significant environmental and economic threat and is highly invasive. Infestations 
can take over wetlands such as creeks and drainage channels, displacing native vegetation, prevent flow 
and reduce oxygen exchange. 

The closest collection record for alligator weed was from Lake Illawarra, south of Wollongong. Alligator 
weed was not observed at any of the sites along the proposal.  

The proposal is considered unlikely to result in invasive species becoming established in the study area. 
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WWould the action introduce disease that may cause the species to decline?  

The low elevation areas Omega Flat and the Crooked River floodplain have a risk of acid sulfate soils. 
Low pH waters can damage the surface of fish’s skin and gills. Skin damage can increase the susceptibility 
of fish to fungal infections which may lead to diseases such as epizootic haematopoietic necrosis virus 
(EHN), also known as ’red spot’ disease. The Macquarie Perch is particularly susceptible to the red-spot 
disease (Morris et al. 2001, McDowall 1996).

The upgrade proposal is considered unlikely to introduce disease if the suggested recommendations to 
mitigate impacts associated with acid sulfate soils are implemented (see CChapter 5). 

Would the action interfere with the recovery of the species? 

Recovery objectives for the Macquarie Perch relative to this region include the prevention of siltation, 
the preservation of natural flows and removal of existing barriers to fish passage (Morris et al. 2001). It is 
possible that the highway upgrade could interfere with these objectives but this is considered unlikely if 
the suggested recommendations are adopted. 

Conclusion:  

Potential impacts of the highway upgrade on Macquarie Perch populations can be effectively minimised 
or eliminated by the adoption of recommendations to design and construction methods. Referral of the 
proposal in relation to this species to the DEWHA as prescribed by the Environment Protection and 
Biodiversity Conservation Act is therefore not required. 
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GG.2 Seven part tests: affected species and communities 

G2.1 Australian Grayling, Prototroctes maraena

Australian Grayling are not listed as a threatened species in NSW and as such it is not necessary to 
assess the potential impacts of the upgrade in a Seven Part Test.  

G2.2 Macquarie Perch, Macquaria australasica

The Macquarie Perch (Macquaria australasica) is currently listed as Vulnerable under the Fisheries 
Management Act and as such it is necessary to assess the potential impacts of the highway upgrade in a 
Seven Part Test.  

The Environment Protection and Biodiversity Conservation species assessment for M. australasica
concluded that the proposal is unlikely to have a significant impact on existing populations or habitat if 
the suggested mitigating strategies are strictly adopted. 

(i) In the case of a threatened species, whether the action proposed is likely to have an adverse effect on 
the life cycle of the species such that a viable local population of the species is likely to be placed at risk 
of extinction? 

Threatening processes potentially associated with the proposal include barriers to fish passage created by 
the installation of inappropriate channel crossings. During spring when water temperatures reach 160C
Macquarie Perch migrate upstream to spawn (Morris et al. 2001). They form spawning aggregations in 
pools at the head of riffles and their eggs are carried downstream and lodge among pebbles and gravel in 
riffles where they would develop (McDowall 1996). Barriers that impede this breeding migration can 
lead to a reduction in recruitment and eventual decline in population size. 

Earthworks required in the construction of roads and water crossings may mobilise sediments that 
results in the smothering of spawning habitat or deep holes. Studies have also demonstrated that 
suspended sediments can negatively impact egg and fry development and the survival of 
macroinvertebrate prey.  

It is unlikely that the highway upgrade would have an adverse effect on the life cycle of the Macquarie 
Perch if the recommended mitigation measures are adopted. 

(ii) In the case of an endangered population, whether the action proposed is likely to have an adverse 
effect on the life cycle of the species that constitutes the endangered population such that a viable local 
population of the species is likely to be placed at risk of extinction? 

No populations of Macquarie Perch have been listed as endangered under the Fisheries Management 
Amendment Act. 

(iii) In the case of an endangered ecological community or critically endangered ecological community, 
whether the action proposed (a) is likely to have an adverse effect on the extent of the ecological 
community such that its local occurrence is likely to be placed at risk of extinction, or (b) is likely to 
substantially and adversely modify the composition of the ecological community such that its local 
occurrence is likely to be placed at risk of extinction? 

The eastern form of the Macquarie Perch is not part of a listed threatened ecological community.  
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((iv) In relation to the habitat of a threatened species, population or ecological community: (a)  the 
extent to which habitat is likely to be removed or modified as a result of the action proposed, and (b)  
whether an area of habitat is likely to become fragmented or isolated from other areas of habitat as a 
result of the proposed action, and (c)  the importance of the habitat to be removed, modified, 
fragmented or isolated to the long-term survival of the species, population or ecological community in 
the locality? 

Macquarie Perch are generally found to inhabit freshwater reaches with low sediment loads that contain 
deep holes with snags and adjacent riffle habitat.  

a) Earthworks associated with the construction of roads and crossings can result in the mobilisation of 
sediments into the waterway. Given that Macquarie Perch are generally found in clear waters a 
temporary reduction in occupancy is possible in downstream areas during construction if there is a 
large increase in the volume of suspended sediments. Furthermore, increased sedimentation can 
potentially degrade habitat utilised for refuge, foraging and spawning. Refugia such as deep holes can 
infill and riffle habitat, where fertilized eggs lodge and develop, can become smothered. However 
given the low elevation of most watercourses within the study area it is considered unlikely that 
they contain spawning sites. 

b) Barriers to passage created by inappropriate water crossings can reduce access to upstream 
spawning, refuge and foraging habitat for perch populations beneath the barrier and downstream 
refuge and foraging habitat for perch above it. The degree to which a channel crossing acts as a 
barrier would vary with the type of structure and flow conditions. The effect it has on status of 
perch would depend on the fragmented population’s access to remaining habitat. If there was little 
remaining spawning habitat for the downstream fish, recruitment failure and local extinction could 
result. If Macquarie Perch did historically occupy lower reaches of the Shoalhaven River this could 
explain the failure to record any beneath the dam in the last 25 years. Upstream populations 
although isolated could persist if there were adequate habitat and resources, as they have done 
above the Tallowa Dam.  

c) It is considered unlikely the proposed upgrade would significantly affect perch habitat if the 
recommended mitigation measures are adopted and properly implemented. 

(v) Whether the action proposed is likely to have an adverse effect on critical habitat (either directly or 
indirectly). 

No sites of Critical Habitat have been listed for Macquarie Perch. 

(vi) Whether the action proposed is consistent with the objectives or actions of a recovery plan or 
threat abatement plan. 

Recovery objectives for the Macquarie Perch relative to this region include the prevention of siltation 
and erosion, the preservation of natural flows and the removal of existing barriers to fish passage (Morris 
et al. 2001). It is possible that the proposal could interfere with these objectives but this is considered 
unlikely if the recommended mitigation measures are implemented. 

(vii) Whether the action proposed constitutes or is part of a key threatening process or is likely to result 
in the operation of, or increase the impact of, a key threatening process. 

The threatening processes listed under the Fisheries Management Act relevant to the highway upgrade 
that require consideration include: 

The removal of large woody debris. 
The degradation of riparian vegetation. 
The installation of instream structures (ie bridges and culverts) and other mechanisms that alter 
natural flow regimes of rivers and streams. 
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Riparian vegetation was extremely degraded or absent along most waterways that intersect the 
proposal. Similarly, there was little large woody debris present. Therefore, it is unlikely that the proposed 
works could further degrade riparian such that it would cause a significant impact on Macquarie Perch. 

The operation of instream drainage structures constructed as part of the proposal should have little or 
no impact Macquarie Perch as long as they conform to ‘minimum’ recommended crossing types outlined 
in ‘Why to Fish Need to Cross the Road? Fish Passage Requirements for Waterway Crossings’ (Fairfull 
and Witheridge 2003). 

CConclusion:  

The key threats that the proposal poses to the Macquarie Perch include the creation of barriers to perch 
spawning migrations and the smothering of spawning habitat by siltation. Potential impacts on local 
populations can, however, be effectively minimised or eliminated by the adoption of the recommended 
mitigation measures and as such a species impact statement is not considered necessary for this species 
under the Environmental Planning and Assessment Act. 

G2.3 Black Cod, Epinephelus daemelii

Black Cod (Epinephelus daemelii) is currently listed as Vulnerable under the Fisheries Management Act 
and as such it is necessary to assess the potential impacts of the highway upgrade in a Seven Part Test.  

(i) In the case of a threatened species, whether the action proposed is likely to have an adverse effect on 
the life cycle of the species such that a viable local population of the species is likely to be placed at risk 
of extinction? 

Large juvenile Black Cod inhabit estuaries along coastal NSW. Within estuarine systems they are often 
caught in association with rocky reefs but it is possible that they also utilise seagrass habitat (I&I NSW 
2009). Both Werri Lagoon and Crooked River Estuary support seagrass beds and it is possible that they 
constitute habitat for juvenile black cod. There are records of black cod from the region.  
Threats to Black Cod include the loss or degradation of nursery habitat (Department of Planning and 
Infrastructure 2007a). Potential impacts on black cod nursery habitat from the proposal relate to 
pollution and increased sediment loads. Assuming the use of effective sediment controls and proper 
handling of hazardous substances (see Chapter 5), it is considered unlikely that the proposal would 
generate downstream impacts that might significantly degrade black cod nursery habitat and affect the 
life cycle of the species. 

(ii) In the case of an endangered population, whether the action proposed is likely to have an adverse 
effect on the life cycle of the species that constitutes the endangered population such that a viable local 
population of the species is likely to be placed at risk of extinction? 

No populations of Black Cod have been listed as endangered under the Fisheries Management 
Amendment Act. 

(iii) In the case of an endangered ecological community or critically endangered ecological community, 
whether the action proposed (a) is likely to have an adverse effect on the extent of the ecological 
community such that its local occurrence is likely to be placed at risk of extinction, or (b) is likely to 
substantially and adversely modify the composition of the ecological community such that its local 
occurrence is likely to be placed at risk of extinction? 

The black cod is not part of a listed threatened ecological community.  



Aquatic Ecology and Water Quality Assessment – Gerringong upgrade 
Page G-11 

((iv) In relation to the habitat of a threatened species, population or ecological community: (a)  the 
extent to which habitat is likely to be removed or modified as a result of the action proposed, and (b)  
whether an area of habitat is likely to become fragmented or isolated from other areas of habitat as a 
result of the proposed action, and (c)  the importance of the habitat to be removed, modified, 
fragmented or isolated to the long-term survival of the species, population or ecological community in 
the locality? 

Potential Black Cod nursery habitat downstream of the study area is unlikely to be removed, modified, 
fragmented or isolated providing recommendations (see Chapter 5) relating to sediment and pollution 
control are implemented. See Part (i) above.  

 (v) Whether the action proposed is likely to have an adverse effect on critical habitat (either directly or 
indirectly). 

No sites of Critical Habitat have been listed for Black Cod. 

(vi) Whether the action proposed is consistent with the objectives or actions of a recovery plan or 
threat abatement plan. 

The Black Cod recovery plan is currently a draft only (I&I NSW 2009). Relevant objectives of the draft 
plan include the provision of “enhanced protection for important Black Cod habitats”. The proposal is 
consistent with the objectives of the draft recovery plan providing recommendations (see Chapter 5) 
relating to sediment and pollution control are implemented. See Part (i) above. 

 (vii) Whether the action proposed constitutes or is part of a key threatening process or is likely to 
result in the operation of, or increase the impact of, a key threatening process. 

The proposal does not constitute or is part of a key threatening process that threatens the Black Cod. 

Conclusion:  

The key threat that the proposal poses to the Black Cod is the potential degradation of estuarine 
nursery habitat caused by sedimentation and pollution. Potential impacts can be effectively minimised or 
eliminated by the adoption of the recommended mitigation measures and as such a species impact 
statement is not considered necessary for this species under the Environmental Planning and Assessment 
Act.

G2.4 Coastal saltmarsh in the NSW North Coast, Sydney Basin and South East Corner 
Bioregions 

Coastal saltmarsh is listed as an EEC under the Threatened Species Conservation Act and as such it is 
necessary to assess the potential impacts of the highway upgrade in a Seven Part Test. 

 (i) In the case of a threatened species, whether the action proposed is likely to have an adverse effect 
on the life cycle of the species such that a viable local population of the species is likely to be placed at 
risk of extinction? 

Coastal saltmarsh is not a listed threatened species. 

(ii) In the case of an endangered population, whether the action proposed is likely to have an adverse 
effect on the life cycle of the species that constitutes the endangered population such that a viable local 
population of the species is likely to be placed at risk of extinction? 

Coastal saltmarsh is not a listed endangered population. 
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((iii) In the case of an endangered ecological community or critically endangered ecological community, 
whether the action proposed (a) is likely to have an adverse effect on the extent of the ecological 
community such that its local occurrence is likely to be placed at risk of extinction, or (b) is likely to 
substantially and adversely modify the composition of the ecological community such that its local 
occurrence is likely to be placed at risk of extinction? 

There is no significant saltmarsh habitat within Werri Lagoon (Williams et al. 2006). Saltmarsh is present 
within Crooked River estuary and covers an estimated area of 0.017 km2. (West et al. 1985, The Ecology 
Lab 1999, Williams et al. 2006). 

Potential threats to coastal saltmarsh relevant to the proposal include pollution, changes to salinity from 
storm water discharge and invasion by mangroves. However, geotech studies have indicated that the 
proposal is unlikely to cause significant changes to hydrology and therefore patterns in salinity 
downstream in the Crooked River estuary would remain unaffected. Proper handling, storage, transport 
and disposal of hazardous substances used on-site would minimise the chance of a spill during 
construction causing downstream pollution (see Chapter 5). Similarly, appropriate design of storm water 
runoff structures would minimise possibilities of contamination of aquatic habitats from highway runoff. 
Increased sedimentation can facilitate the invasion of mangroves but the implementation of 
recommended sediment controls (see Chapter 5) would minimise mobilisation of sediments into 
waterways and downstream aquatic habitats. 

It is considered unlikely that the proposal would cause local extinction or modify the composition of 
coastal saltmarsh downstream of the study area. 

 (iv) In relation to the habitat of a threatened species, population or ecological community: (a)  the 
extent to which habitat is likely to be removed or modified as a result of the action proposed, and (b)  
whether an area of habitat is likely to become fragmented or isolated from other areas of habitat as a 
result of the proposed action, and (c)  the importance of the habitat to be removed, modified, 
fragmented or isolated to the long-term survival of the species, population or ecological community in 
the locality? 

Coastal saltmarsh within Crooked River is unlikely to be removed, modified, fragmented or isolated as a 
result of the proposal. See Part (iii) above.  

 (v) Whether the action proposed is likely to have an adverse effect on critical habitat (either directly or 
indirectly). 

No sites of Critical Habitat have been listed for coastal saltmarsh. 

(vi) Whether the action proposed is consistent with the objectives or actions of a recovery plan or 
threat abatement plan. 

Priority actions for the recovery strategy for coastal saltmarsh that relate to the proposal include:  

Protecting areas of saltmarsh from runoff that contains high levels of nutrients or pollutants. 
Reducing amount of sediment reaching the estuary to reduce migration of mangroves. 
Restore natural hydrological regime by removing storm water drains or artificial structures that 
restrict tidal flows. 

Proper handling, storage, transport and disposal of hazardous substances used on-site would minimise 
the chance of a spill during construction causing downstream pollution (see Chapter 5). Implementation 
of recommended sediment controls would minimise mobilisation of sediments into waterways and 
downstream aquatic habitats. The proposal is unlikely to cause significant changes to the hydrology of 
waterways within the Crooked River catchment if recommendations to maintain the natural form of 
Crooked River realignment are implemented.  
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The proposal is consistent with the coastal saltmarsh recovery strategy providing recommended 
mitigation measures (see Chapter 5) are implemented. 

  (vii) Whether the action proposed constitutes or is part of a key threatening process or is likely to 
result in the operation of, or increase the impact of, a key threatening process. 

“Alteration to the natural flow regimes of rivers and streams and their floodplains and wetlands” is a 
listed key threatening process under the Threatened Species Conservation Act which could potentially 
alter salinity patterns in downstream aquatic habitats. However, the proposal is unlikely to significantly 
affect hydrology of waterways within the Crooked River catchment if recommendations to maintain the 
natural form of Crooked River realignment are implemented.  

Conclusion:  

Threats to coastal saltmarsh relevant to the proposal include pollution, changes to salinity from storm 
water discharge and invasion by mangroves. Potential impacts can be effectively minimised or eliminated 
by the adoption of the recommended mitigation measures and as such a species impact statement is not 
considered necessary for this species under the Environmental Planning and Assessment Act. 

G2.5 Freshwater wetlands on coastal floodplains of the NSW North Coast, Sydney Basin and 
South East Corner Bioregions 

Freshwater wetlands are listed as an EEC under the Threatened Species Conservation Act and as such it 
is necessary to assess the potential impacts of the highway upgrade in a Seven Part Test. 

 (i) In the case of a threatened species, whether the action proposed is likely to have an adverse effect 
on the life cycle of the species such that a viable local population of the species is likely to be placed at 
risk of extinction? 

Freshwater wetlands are not a listed threatened species. 

(ii) In the case of an endangered population, whether the action proposed is likely to have an adverse 
effect on the life cycle of the species that constitutes the endangered population such that a viable local 
population of the species is likely to be placed at risk of extinction? 

Freshwater wetlands are not a listed endangered population. 

(iii) In the case of an endangered ecological community or critically endangered ecological community, 
whether the action proposed (a) is likely to have an adverse effect on the extent of the ecological 
community such that its local occurrence is likely to be placed at risk of extinction, or (b) is likely to 
substantially and adversely modify the composition of the ecological community such that its local 
occurrence is likely to be placed at risk of extinction? 

Two small freshwater wetlands areas were identified by Chafer (1997) within the Crooked River 
drainage; the Willow Vale wetlands west of the Princes Highway and the Gerringong wetlands east of 
the Princes Highway. Coomonderry Swamp lies outside of the drainage potentially impacted by the 
proposed works. Potential threats to freshwater wetlands on coastal floodplains relevant to the proposal 
include; pollution, changes to hydrology and infilling from sedimentation.  

The Willow Vale wetlands are highly degraded and are found at the upper elevation limits of what has 
been defined as freshwater wetlands on coastal floodplains. They are upstream of the proposal and are 
therefore unlikely to be affected by potential threats associated with the proposal which would only 
affect downstream reaches.  
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The small Gerringong wetlands are a highly degraded series of pondages and swamp associated with 
degraded creeks (downstream of Site 7) that pass through and near south-west Gerringong. These 
creeks are considered unlikely to provide fish habitat (Class 4 Waterways) and are infested with exotic 
weeds. This habitat is also at the upper elevations limits of for freshwater wetlands on coastal floodplains.  

Proper handling, storage, transport and disposal of hazardous substances used on-site would minimise 
the chance of a spill during construction causing downstream pollution. The proposal is unlikely to cause 
significant changes to the hydrology of waterways within the Crooked River catchment if 
recommendations to (i) maintain the natural form of Crooked River realignment (ii) install appropriate 
drainage structures at road crossings are implemented. Implementation of recommended sediment 
controls would minimise mobilisation of sediments into waterways and downstream aquatic habitats.  

It is considered unlikely that the proposal would cause local extinction or modify the composition of 
freshwater wetlands downstream of the study area. 

  (iv) In relation to the habitat of a threatened species, population or ecological community: (a)  the 
extent to which habitat is likely to be removed or modified as a result of the action proposed, and (b)  
whether an area of habitat is likely to become fragmented or isolated from other areas of habitat as a 
result of the proposed action, and (c)  the importance of the habitat to be removed, modified, 
fragmented or isolated to the long-term survival of the species, population or ecological community in 
the locality? 

Freshwater wetlands on coastal floodplains within the Crooked River catchment are unlikely to be 
removed, modified, fragmented or isolated as a result of the proposal. See Part (iii) above.  

 (v) Whether the action proposed is likely to have an adverse effect on critical habitat (either directly or 
indirectly). 

No sites of Critical Habitat have been listed for freshwater wetlands on coastal floodplains. 

(vi) Whether the action proposed is consistent with the objectives or actions of a recovery plan or 
threat abatement plan. 

Priority actions for the recovery strategy for freshwater wetlands on coastal floodplains that relate to the 
proposal include:  

Installation of storm water control mechanisms to prevent off-site impacts from adjacent 
development;
Restoration of natural drainage conditions. 

The appropriate design of storm water runoff structures would minimise possibilities of contamination of 
aquatic habitats from highway runoff (see Chapter 5). The proposal can minimise impacts on natural 
drainage conditions within the Crooked River catchment if recommendations to maintain the natural 
form of Crooked River realignment are implemented. 

The proposal is consistent with the freshwater wetland on coastal floodplain recovery strategy providing 
recommended mitigation measures (see Chapter 5) are implemented. 
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  (vii) Whether the action proposed constitutes or is part of a key threatening process or is likely to 
result in the operation of, or increase the impact of, a key threatening process. 

“Alteration to the natural flow regimes of rivers and streams and their floodplains and wetlands” is a 
listed key threatening process under the Threatened Species Conservation Act which could potentially 
hydrology in downstream aquatic habitats. However, the proposal is unlikely to significantly affect 
hydrology of waterways within the Crooked River catchment if recommendations to maintain the natural 
form of Crooked River realignment are implemented.  

Conclusion:  

Potential threats to freshwater wetlands on coastal floodplains relevant to the proposal include; pollution, 
changes to hydrology and infilling from sedimentation. Potential impacts can be effectively minimised or 
eliminated by the adoption of the recommended mitigation measures and as such a species impact 
statement is not considered necessary for this species under the Environmental Planning and Assessment 
Act.


