
Gerringong to Bomaderry
Princes Highway upgrade

ROUTE OPTIONS DEVELOPMENT

APPENDIX H - PRELIMINARY BIOLOGICAL REPORT ( AQUATIC ECOLOGY AND WATER QUALITY MANAGEMENT)

NOVEMBER 2007

RTA/Pub. 07.349HISBN 9781921242984



Gerringong to Bomaderry 
Princes Highway Upgrade 
 

Preliminary Biological Report - Aquatic Ecology and Water 
Quality Management 
 
The Roads and Traffic Authority NSW 

October 2007 
D t N 

1.1 

 



Gerringong to Bomaderry Princes Highway Upgrade 
 
 
 
Prepared for 

The Roads and Traffic Authority NSW 
 
 
Prepared by 
Maunsell Australia Pty Ltd 
Level 11, 44 Market Street, Sydney NSW 2000, PO Box Q410, QVB Post Office NSW 1230, Australia 
T +61 2 8295 3600  F +61 2 9262 5060  www.maunsell.com 
ABN 20 093 846 925 

 
 
In association with 
The Ecology Lab 
4 Green Street, Brookvale NSW 2100 
 
 
26 October 2007 
 
 
DEV06/04-WQ-EL-Aquatic and Water 
 
 
© Maunsell Australia Pty Ltd 2007 
 
The information contained in this document produced by Maunsell Australia Pty Ltd is solely for the use of the Client identified 
on the cover sheet for the purpose for which it has been prepared and Maunsell Australia Pty Ltd undertakes no duty to or 
accepts any responsibility to any third party who may rely upon this document. 
 
All rights reserved.  No section or element of this document may be removed from this document, reproduced, electronically 
stored or transmitted in any form without the written permission of Maunsell Australia Pty Ltd. 
 

 

60021933 – Gerringong to Bomaderry Princes Highway Upgrade 
Preliminary Biological Report - Aquatic Ecology and Water Quality – October 2007 
 





Not used 
 

 

60021933 – Gerringong to Bomaderry Princes Highway Upgrade 
Preliminary Biological Report - Aquatic Ecology and Water Quality – October 2007 
 



Table of Contents 
1.0 Background 1 
2.0 Objective of report 3 
3.0 Methodology 4 

3.1 Review of existing information 4 
3.2 Field investigations 4 

3.2.1 Habitat assessment 5 
3.2.2 Water quality 5 
3.2.3 Fish and mobile macroinvertebrate sampling 5 

4.0 Results 6 
4.1 Aquatic habitats 6 

4.1.1 Ooaree Creek drainage 8 
4.1.2 Crooked River drainage 10 
4.1.3 Broughton Creek drainage 10 
4.1.4 Aquatic habitats adjacent to, or downstream of the study area 16 

4.2 Aquatic fauna 16 
4.2.1 Macroinvertebrates 16 
4.2.2 Fish 17 

4.3 Threatened and protected species, populations and ecological communities and 
key threatening processes 19 
4.3.1 Threatened species 19 
4.3.2 Key threatening processes 20 

4.4 Water quality 21 
4.5 Acid-sulphate soils 26 

5.0 Constraints 27 
5.1 Species, populations and ecological communities of conservation significance 

and key threatening processes 27 
5.2 Aquatic habitat and assemblages 27 
5.3 Water quality 28 

6.0 Summary 29 
7.0 Acknowledgements 30 
8.0 References 31 
9.0 Plates 33 
 Appendix A River descriptors, associated categories and values used in the modified 

riparian, channel and environmental inventory (RCE0 from Chessman et al. 
(1997) a 

 Appendix B Fish habitat classification criteria for watercourse and recommended crossing 
types (source: Fairfull and Witheridge 2003) b 

 Appendix C Numbers of fish and mobile macroinvertebrates recorded during the field survey 
(The Ecology Lab 29/01/2007 to 01/02/2007) c 

 Appendix D Assessment of significance for the potential effects of the Gerringong to 
Bomaderry Princes Highway Upgrade on Macquarie perch (Macquaria 
australasica) and Australian grayling (Prototroctes marcaena) d 

Appendix E Raw data for water quality measured in situ in the study area.  Recorded by The 
Ecology Lab (29/01/2007 to 01/02/2007) e 

 Appendix F Raw data for laboratory water quality analyses in the study area.  Samples 
collected by The Ecology Lab (01/02/2007) f 

 

 

60021933 – Gerringong to Bomaderry Princes Highway Upgrade 
Preliminary Biological Report - Aquatic Ecology and Water Quality – October 2007 
 



Not used 
 

 

60021933 – Gerringong to Bomaderry Princes Highway Upgrade 
Preliminary Biological Report - Aquatic Ecology and Water Quality – October 2007 
 



1.0 Background 
Maunsell was engaged by the RTA in December 2006 to carry out an Options and Route Selection 
Study, Concept Development and Environmental Assessment (EA) for upgrading the Princes Highway 
between 42.6 km to 74.6 km south of Wollongong.  Maunsell has engaged a number of prominent 
sub-consultants to contribute to the delivery of this project. 
 
The work includes development of route options and concept development based on the identified 
preferred route, environmental assessment, public displays and handover period to allow for 
finalisation of all activities and reports following the announcement and display of the Preferred Route, 
the Environmental Assessment and the Conditions of Approval.  
 
The project will provide a bypass of Berry.  The northern extremity of the project is in the vicinity of the 
Mount Pleasant Lookout (north of Gerringong at the termination of the four lane configuration) and the 
southern extremity of the project is the intersection (roundabout) of the Princes Highway with 
Cambewarra and Moss Vale Roads at Bomaderry.  
 
Community involvement is a key aspect of this project and will afford the broader community the 
opportunity to make a demonstrable input to the process and to ensure that the requirements and 
aspirations of the community will be adequately and appropriately addressed.  This is particularly 
relevant to:  
 
a) Any potential impacts on rural and residential areas within the study area; 
b) Social and economic impacts; 
c) Accessibility of the road network for local and through traffic;  
d) Potential impacts on water quality; 
e) Potential impacts on wetlands; 
f) Potential impact on flooding; 
g) Potential impacts on land uses; 
h) Threatened flora and fauna species; 
i) Indigenous and non-indigenous heritage; 
j) Visual impact; 
k) Noise; and 
l) Air quality.  
 
Several studies have been undertaken since the early 1990s to identify a preferred route to upgrade 
sections of the Princes Highway between Kiama and Nowra including a bypass around the town of 
Berry.  
 
These studies include:  
 
m) The 1991 Gerringong to Berry Route Study; 
n) 1998 North Street Berry Bypass Corridor; and 
o) 2004/05 Quantm Study from Kiama to Nowra. 
 
Sections of the highway between Gerringong and Bomaderry have a poor accident record and limited 
safe overtaking opportunities.  
 
Due to the significant changes in traffic, land use and population since 1991, the NSW state 
government, in March 2006 committed to investigating an area where it is likely a preferred route 
would be located to upgrade the Princes Highway between Mount Pleasant at Gerringong and Moss 
Vale/Cambewarra Road at Bomaderry to meet current road standards.  
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The role of The Ecology Lab in the project team is to undertake investigations on aquatic ecology and 
water quality within the study area.  The study area extends from near Mount Pleasant Lookout (north 
of Gerringong at the termination of the four lane configuration) and the intersection (roundabout) of the 
Princes Highway with Cambewarra and Moss Vale Roads at Bomaderry in the south. 
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2.0 Objective of report 
The objectives of this report are to provide an overview of the aquatic habitats, fauna and water quality 
associated with the watercourses in the study area with the aim of describing preliminary constraints 
and opportunities for the crossing of waterways within the study area.  Preliminary habitat 
assessments, results of fish surveys, potential impacts on threatened species and assessments of 
water quality are used to define preliminary constraints. 
 
This report forms part of the preliminary investigations component of the study.  
 
The overall objective of this report is to present the results of the preliminary investigations and an 
assessment of “opportunities and constraints” in relation to aquatic ecology and water quality.  Its 
purpose is to provide information that will assist the selection of the most appropriate route.  The focus 
of this component is to gather information regarding the aquatic ecology and existing water quality in 
the study area, assess relative ecological values and rank the waterways within the study area in 
terms of ecological habitat significance. 
 
The specific objectives of this component of the study are to: 
 
a) Gather all existing information on aquatic species, populations and ecological communities which 

occur or are likely to occur within the study area; 
b) Examine the nature, extent and condition of aquatic habitats and associated waterways within the 

study area;  
c) Assess the existing water quality in the study area including existing types of pollution affecting 

water quality and their probable sources; 
d) Assess the potential impact of construction and operation on surface and groundwater quality in 

the study area; and 
e) Determine waterways and aquatic habitats that are considered to be of high, low or medium 

constraint to the construction of a highway upgrade.  
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3.0 Methodology 
3.1 Review of existing information 
All available and relevant material was reviewed with regard to the aquatic ecology, communities, 
habitats and water quality within the study area. 
 
Threatened species listed on the updated schedules of the NSW Fisheries Management Act, 1994 
(FM Act), and Threatened Species Conservation Act, 1995 (TSC Act) and Commonwealth 
Environment Protection and Biodiversity Act, 1999 (EPBC Act) were investigated to assess their 
likelihood of occurring within the study area. 
 
The NSW Government BioNet database was searched for records of fish and aquatic invertebrates, 
including threatened and protected species which have been recorded in the study area (Web 
Reference 1).  Other sources used to construct a more complete inventory of fish in the study area 
include: 
 
a) Harris and Gehrke (1997), Fish and Rivers in Stress: the NSW Rivers Survey; 
b) McDowall (1996), Freshwater Fishes of South-Eastern Australia; 
c) Allen et al., (2003), Field Guide to the Freshwater Fishes of Australia; 
d) Gehrke et al., (2001), Fish Communities and Migration in the Shoalhaven River – Before 

Construction of a Fishway; 
e) Faragher (1999), A Survey of the Threatened Fish Species, Australian Grayling Prototroctes 

maraena Gunther: Distribution and Abundance in NSW; and 
f) The Ecology Lab (1999), Gerringong Gerroa Sewerage Scheme: Baseline Ecological Monitoring. 
 
Shoalhaven City Council online GIS maps (Web Reference 2) were used to locate SEPP 14 wetlands 
in the vicinity of the study area.  Surveys by West et al., (1985) and NSW Fisheries (2004) were used 
to identify the specific habitats within the estuarine wetlands.  Areas at risk from acid sulphate soils 
were similarly identified (Web Reference 2) and previous studies on water quality were obtained and 
reviewed (EPA 1997, AWT 1999). 
 

3.2 Field investigations 
Field investigations of watercourses and aquatic habitat in the study area were made by The Ecology 
Lab from the 29th January to the 1 February 2007 and followed a period of extended drought.  
Locations visited included; the Ooaree Creek and Crooked River drainages in the area surrounding 
Gerringong and Gerroa, including watercourse that drain into Foys Swamp and Blue Angel Creek; and 
the Broughton Creek drainage, which occupies most of the study area below the Foxground Road 
intersection with the Princes Highway. 
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3.2.1 Habitat assessment 

At each waterway visited assessments were made of: 
 
a) Morphological characteristics, such as channel substratum type and width-depth ratio, bank 

stability and composition, pool and riffle sequences, and the presence of deposition features such 
as bars of gravel and/or silt; 

b) Riparian characteristics, including vegetation type, width, native / exotic composition, 
completeness and adjacent land use; 

c) The distribution of large woody debris (also known as “snags”) which may act as fish habitat; 
d) Aquatic vegetation, including submerged, floating and emergent macrophytes and algae; 
e) Flow conditions; 
f) Types of existing crossings and other possible barriers to fish and invertebrate passage; and 
g) Waterway classification using the NSW Guidelines and Policies for Fish Friendly Road (Fairfull 

and Witheridge 2003). 
 

3.2.2 Water quality 

Two replicate measures of water quality were recorded at most sites using a YeoKal 611 water quality 
probe.  Physical-chemical properties including: conductivity (mS/cm and µS/cm), salinity (ppt), 
temperature (0C), turbidity (NTU), dissolved oxygen (mg/L and % saturation), pH, and oxidation 
reduction potential (mV) were recorded.  Flow and water levels were low in many sites so that only 
surface water quality measures were possible.  Deeper measures were taken where possible to record 
any stratification of water properties.  In addition, water samples were collected from select sites and 
dispatched for analytical testing for organochlorine pesticides, trace elements, oil and grease, 
nitrogen, phosphorus and chloride, by the National Measurement Institute. 
 

3.2.3 Fish and mobile macroinvertebrate sampling 

Electrofishing, bait trapping and seine netting were used in appropriate habitats to sample fish and 
mobile invertebrates.  These techniques are non-destructive, and all but introduced pest species such 
as the plague minnow (Mosquito fish, Gambusia holbrooki), were returned unharmed to the water.  
Electrofishing was done at various sites along the freshwater reach of Broughton Creek and just 
downstream of the confluence of Broughton Mill Creek and its tributaries (Bundewallah Creek and 
Connollys Creek).  Seine nets were used in the lower, tidal reach of Broughton Creek.  Bait trapping 
was done more widely throughout the study area.  At each site four traps were deployed for 
approximately three hours.  All fish collected (using all methods) were identified, and the size and 
abundance of each species was recorded. 
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4.0 Results 
4.1 Aquatic habitats 
The study area occupies the far north-eastern section of the Shoalhaven River Catchment (EPA 
1997).  Extensive parts of the study area have been cleared for agricultural use such as grazing and 
dairy farming resulting in considerable reduction of riparian vegetation.  Many of the low lying 
watercourses around the tidal section of Broughton Creek have been modified for flood mitigation. 
 
The northern part of the study area is composed of two minor drainages - Ooaree Creek and the 
Crooked River - that flow into Werri Lagoon and the Crooked River Lagoon respectively.  South-west 
of Currys Mountain the study area is dominated by the drainage of Broughton Creek, a north-eastern 
coastal tributary of the Shoalhaven River. 
 
Broughton Creek is fed by a number of smaller watercourse that drain off the Illawarra Ranges and a 
series of smaller landforms to the east that separate the drainage from Foys Swamp and 
Coomonderry Swamp, the latter of which is a SEPP 14 coastal freshwater wetland.  South of Berry, 
and to the east of the Princes Highway and the Illawarra Railway, much of the floodplain has been 
altered by flood mitigation works.  Broughton Creek is tidal along its course until just downstream of 
Berry.  Downstream of the study area and the confluence of Broughton Creek and the Shoalhaven 
River there are a variety of important estuarine wetland habitats such as; seagrass beds, tidal flats, 
saltmarsh and mangroves (with many SEPP 14 listed areas including the Comerong Island Nature 
Reserve). 
 
Table 4.1 contains RCE scores for each watercourse (Riparian, Channel and Environmental 
inventory) and Appendix A details the categories and descriptors used to calculate RCE scores (after 
Chessman et al., 1997).  Each waterway was classified according to NSW Fisheries Guidelines (Table 
4.1) and the guidelines for the criteria are contained in Appendix B. 
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Table 4.1: RCE and fish habitat scores for study sites in the proposed Gerringong to Bombaderry Princes Highway 
Upgrade corridor 

Drainage Drainage sub-
section 

Watercourse Site RCE Fish habitat 
classification 

Ooaree 
Creek 

drainage 
Ooaree Ck Ooaree Ck 

OC01 

OC02 

OC03 

29 

27 

24 

3 

3 

3 

Crooked River Crooked River 

CR01 

CR02 

CR03 

34 

26 

28 

3 

3 

2 Crooked 
River 

drainage 
Toolijooa Unnamed 

CR04 

CR05 

CR06 

CR07 

28 

28 

29 

29 

4 

3 

4 

4 

Broughton Ck 

Tributary of Broughton Ck Broughton Ck – 
freshwater reach 

Tributary of Broughton Ck 

BC01 

BC02 

BC03 

BC04 

BC05 

37 

42 

30 

27 

24 

1 

1 

1 

4 

4 

Broughton Ck – tidal 
reach 

Broughton Ck BC06 

BC07 

38 

33 

1 

1 

Broughton Mill Ck 

Connollys Ck 

Bundewallah Ck 

D/S of BC09 and BC10 confl. 

Broughton Mill Ck 
and its tributaries 

D/S of BC08 and BC11 confi. 

BC08 

BC09 

BC10 

BC11 

BC12 

33 

38 

32 

33 

36 

2 

3 

3 

3 

2 

Unnamed 

Flying Fox Ck 

Jaspers Ck 

Wileys Ck 

Tandingulla Ck 

Tullian Ck 

Broughton 
Creek 

drainage 

South-west of Berry 

Abernerthys Ck 

BC13 

BC14 

BC15 

BC16 

BC17 

BC18 

BC19 

BC20 

22 

25 

40 

33 

31 

33 

29 

29 

4 

3 

2 

2 

3 

3 

3 

4 

Source: Field data recorded by the Ecology Lab (29/01/2007 to 01/02/2007) 
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4.1.1 Ooaree Creek drainage 

Ooaree Creek and adjacent watercourses, such as Rose Valley Gully, flow through the northern part 
of the study area (Sites OC01, OC02, OC03; Figure 4.1) and into the estuarine Werri Lagoon, just to 
the north of Gerringong.  The upstream reaches run through cleared agricultural land situated in low 
hills where much riparian vegetation has been removed.  Remaining vegetation is dominated by 
exotics (e.g. coral trees, willow and lantana) (Plate 1 Upper).  Substantial algal and/or macrophyte 
growth was observed at many sites as was cattle access creeks (Plate 1 Lower).  Channel bottoms 
are generally comprised of cobble but covered in a layer of fine sediment.  A concrete causeway was 
observed at one site that would represent a barrier to fish passage during periods of low flow (Plate 2 
Upper). 
 
Downstream, past the confluence of these creeks, the watercourse has been modified into an artificial 
channel (Plate 2 Lower) which then passes under the Princes Highway via a box culvert.   The 
floodplain here was drained for agriculture in the late 1800s (Chafer 1997).  There is very little riparian 
vegetation, although river clubrush (Schoenoplectus validus) and Phragmites sp. were observed in the 
pooling created by the culvert and downstream into the wetland (Plates 3 Upper and Lower). 
 
There are several of these creek swamps on the periphery of Werri Lagoon (Chafer 1997). 
 
Generally these watercourses provide minimal fish habitat, i.e. Class 3 (Table 4.1).  RCE scores for 
watercourses in the drainage are low (Table 4.1) which is indicative of areas that have been highly 
disturbed by surrounding agricultural land use practices. 
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Figure 4.1 Aquatic habitat and monitoring points within watercourses of the Gerringong to Bomaderry study area 
(Northern section) 
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4.1.2 Crooked River drainage 

South of Ooaree Creek is the Crooked River, which has its headwaters in Currys Mountain; the 
watercourses drain the area to the west of Gerringong (Willow Vale), through low hills of agricultural 
land (Sites CR01 – CR04) and then south into a coastal lagoon near Gerroa.  Many of the sites 
surveyed are dry (Plate 4 Upper) or flow has stopped and contracted into isolated pools (Plate 4 
Lower).  The surrounding land is agricultural, and the riparian vegetation has either been cleared 
(Plate 5 Upper) or is patchy and dominated by exotics (coral trees, willows and lantana).  In some 
instances water quality and bank stability appear to have been adversely affected by livestock which 
are not fenced out (e.g. Site CR03).  Some reaches contained channels that have been modified 
and/or have been colonised by grasses.  Existing channel crossings are mainly culverts and the four 
pipe culvert at Site CR04 which represents a barrier to fish passage (Plate 5 Lower). 
 
Two small wetlands occur within this section of the drainage.  The 5.5 ha Willow Vale wetlands (west 
of Princes Highway), whose main watercourse is infested with weeds but it is used by birds.  The 3 ha 
Gerringong Wetlands is a small series of pondages east of Princes Highway (Chafer 1997). 
 
There are other small watercourses that flow east from the hills in the Toolijooa region (e.g. Harley 
Hill) that become a series of modified channels (e.g. such as those found in Foys Swamp) and 
eventually drain into the Crooked River lagoon via Blue Angel Creek (Sites CR05, CR06 and CR07).  
These waterways pass through agricultural land and have lost much of their riparian vegetation.  Many 
have little or no flow, and some have also been colonised by pasture grass (Plate 6 Upper).  The 
creeks are often crossed by culverts and are thought unlikely to provide habitat for fish (Class 4).  The 
only remaining wetland habitat in this area lies outside the study area along Blue Angel Creek and in 
an artificial wetland created by a sand mine west of Shoalhaven Heads Road near the Beach Road 
turn off (Chafer 1997). 
 
The fish habitat provided by these watercourse varies from minimal to moderate (Class 3 to 2; Table 
4.1 and Figure 4.1).  Many watercourses were dry so bait trapping could only be conducted in a few 
turbid pools at Site CR03.  The RCE scores recorded for sites in the Crooked River drainage were 
consistently low (Table 4.1).  
 

4.1.3 Broughton Creek drainage 

For ease of discussion watercourses within the Broughton Creek drainage have been broken into four 
sections (i) the freshwater reach of Broughton Creek, (ii) the estuarine reach of Broughton Creek, (iii) 
Broughton Mill Creek and its tributaries, and (iv) the watercourses that drain off Cambewarra Range to 
the south-west of Berry and into the lowland tidal reaches of Broughton Creek and the Shoalhaven 
River. 
 

4.1.3.1 Freshwater reach of Broughton Creek  

Broughton Creek (Figure 4.2) flows into the study area from the west of Foxground Road after which it 
meanders in a south to south-west direction toward Berry and eventually become tidal.  The Princes 
Highway only crosses Broughton Creek once (Plate 6 Lower) after the Foxground Road turn off, after 
which they travel more or less parallel to one another. 
 
Although the upstream section (Sites BC01 and BC02) of Broughton Creek is surrounded by cleared 
agricultural land there are significant reaches with relatively intact native riparian vegetation 
(dominated by Casuarina sp. and Eucalyptus sp.), significant riffle-pool sequences, instream fish 
habitat (snags, rocks and deep holes) and greater flow than other watercourse (Plate 7 Upper – Plate 
8 Upper).  These sites are considered major fish habitat (Class 1) and contain the highest RCE score 
of any watercourse surveyed in the study area. 
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Figure 4.2 Aquatic habitat and monitoring points within watercourses of the Gerringong to Bomaderry study area 
(Northern Central section) 
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Further downstream (Site BC03) riparian vegetation become sparse and there are greater access of 
livestock to the creek.  The channel becomes wider and there were longer deep pool sections with 
cleared steep banks.  There are a large amount of instream woody debris and the watercourse is 
believed to be a good Australian bass (Macquaria novemaculeata) habitat (a species of high value to 
recreational fishers) (Plate 8 Lower).  Residents have also observed platypus.  
 
Two small tributaries of the freshwater reach of Broughtons Creek were inspected (Sites BC04 and 
BC05).  They are considered as representative of these small drainages and are predominantly dry, 
sparsely vegetated gullies (Plate 9 Upper and Plate 9 Lower).  Livestock have access to the creeks 
(Plate 9 Lower), the banks were eroded and beds are frequently colonised by weedy annuals and 
grasses.  These are graded as Class 4 (unlikely) fish habitat. 
 

4.1.3.2 Estuarine reach of Broughton Creek 

Upstream of the bridge over Broughton Creek (Figure 4.3) on Agars Lane (Site BC06) is the tidal limit 
within Broughtons Creek (Plate 10 Upper and Plate 10 Lower).  At high tide salinity measured at the 
bottom of the channel was ~23 ppt but this dropped to 1.9 ppt at low tide, influenced by what appeared 
to be freshwater flow over riffle habitat further upstream.  The riparian vegetation is quite dense and 
wide; natives (Eucalyptus sp and Casurina sp.) are well represented, although the banks are steep 
and eroded in some places.  This site was classed as major fish habitat (Class 1).     
 
Further downstream (Site BC07; Plate 11 Upper) the channel becomes considerably wider (up to 
50m) and has a permanent saline influence.  The surrounding land remains agricultural (Plate 11 
Lower) and the riparian vegetation is thinner and sparser.  The banks are lined with aquatic 
macrophytes such as Phragmites australis.  It is classed as major fish habitat (Class 1) and sea mullet 
were observed swimming at the surface from the bridge (Plate 12 Upper). 
 

4.1.3.3 Broughton Mill Creek and its tributaries 

Sites surveyed include creeks that drain the region to the north-west (Bundewallah) and north 
(Broughton Vale) of Berry (Figure 4.3).  Bundewallah Creek (Site BC10) and Connollys Creek (Site 
BC09) were also surveyed just downstream of their confluence (BC11), and again further downstream 
(Site BC12) after they join Broughton Mill Creek (Site BC08) flowing from the north-east.  From here 
Broughton Mill Creek flows south into a tidal reach of Broughton Creek.   
 
Connollys Creek and Bundewallah Creek both pass through cleared pasture.  Native casuarina is the 
dominant large riparian tree.  The riparian vegetation is sparse along Bundewallah Creek and whilst it 
is more complete at Connollys Creek it contains a considerable number of exotics including privet and 
lantana.  The creek beds are comprised predominantly of cobbles, with potential for riffle and pool 
sequences, but the low flow has reduced the water to a few isolated pools in many sites (Plate 12 
Lower). 
 
The banks at Bundewallah Creek are steep and loose and choked with annual weeds.  The RCE 
scores, whilst generally still low reflecting disturbance, are higher than those of the Ooaree Creek and 
Crooked River drainages (Table 4.1). 
 
Fish habitat value was assessed as minimal (Class 3).  After these two creeks joined the 
characteristics of the watercourse changed little, with perhaps more macrophytes and exotic shrubs in 
the riparian vegetation (Plate 13 Upper).  
 
The land around the Broughton Mill Creek site (Site BC08) is used for agriculture and grazing.  The 
riparian vegetation is sparse although dominated by native Casuarina sp.  Livestock has access to the 
water and the banks show signs of erosion and undercutting, and are covered with a mixture of native 
and exotic grasses.  The watercourse has a sequence of pools and riffles, with some large snags and 
deeper holes (Plate 13 Lower).  Fish habitat is assessed as Class 2.  
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Below the confluence of Broughton Mill Creek with Bundewallah and Connollys Creeks (Site BC12), 
the adjacent land use is a mixture of pasture and semi-urban development.  Riparian vegetation is 
continuous but thin with a combination of native casurina trees and exotic trees and undergrowth.  
There are sequences of riffle and pool habitat, with some long pools created by the damming effect of 
woody debris (Plate 14 Upper).  The creek provides moderate fish habitat (Class 2). 
 

4.1.3.4 South west of Berry – tributaries of lower tidal Broughton Creek 

South-west of Berry the majority of watercourse within the study area flow in a south-east direction off 
the Cambewarra Range, across the study area and perpendicular to the existing Princes Highway 
(Figure 4.3).  Near the Illawarra railway line the majority of these creeks became highly modified 
drainage channels that discharge into the lowland tidal Broughton Creek.  The final two watercourses 
within the study site, Tullian Creek and Abernethys Creek, flow directly into the Shoalhaven River via a 
modified channel. 
 
The first group of watercourses south-west of Berry (Site BC13) drain off Berry Mountain.  The 
surrounding land use is agricultural pasture.  Most has little riparian vegetation, and when present it is 
mainly exotic.  Pooling was observed (Plate 14 Lower) beneath a large three pipe culvert which would 
be a barrier to fish passage even in increased flows.  The banks are eroded and beds were frequently 
colonised by weedy annuals and grasses.  This creek is considered unlikely to provide fish habitat 
(Class 4) and has a very low RCE score. The channels of these watercourses becomes highly 
modified prior to passing the Illawarra railway line and flowing into Broughton Creek south of Berry 
and outside the study area (downstream of Site BC07). 
 
Flying Fox Creek (Site BC14) has thin and sparse riparian vegetation that is mainly exotic.  The 
channel appears highly modified and contains macrophytes and macroalgae (Plate 15 Upper).  It is 
considered to provide minimal fish habitat (Class 3).   
 
Jaspers Creek (Site BC15) is the largest of the watercourses that flow through the southern section of 
the study area.  The adjacent lands are used for agriculture.  Jasper Creek has reasonable riparian 
vegetation along some reaches with a mixed representation of native and exotic species.  The channel 
is predominantly cobble, with sequences of riffles and pools, and larger rocks.  It contains woody 
debris, provides moderate fish habitat (Class 2) (Plate 15 Lower) and has an RCE score comparable 
to the freshwater reaches of Broughton Creek.  Further downstream (Site BC16) the riparian 
vegetation of Jaspers Creek is a little more degraded with lower width and completeness.  Flow is low 
and fouling algae or scum was observed.  However the riffle-pool sequence is maintained and there is 
in-water fish habitat present such as snags and boulders (Class 2 fish habitat) (Plate 16 Upper).  
Jaspers Creek becomes a modified drainage channel before it enters the tidal reach of Broughton 
Creek.  Flood gates occurred in a number of drainage channels off the lower Broughton and are a 
barrier to fish passage when closed. 
 
In the next valley sequence after the spur at Strongs Road is Wileys Creek (Site BC17) (Figure 4.4).  
The riparian vegetation is thin but continuous, although formed predominantly from exotics such as 
coral tree, privet and lantana, with some Casuarina sp.  The stream bottom appears to be heavily 
silted but stable, supporting substantial macrophyte and algal growth (e.g. duckweed and pondweed) 
in a pool beneath the culvert.  Fish habitat is minimal (Class 3). 
 
Tandingulla Creek (Site BC18) has a relatively thick band of riparian vegetation but it is made up 
predominantly of exotics (including willow) with sparse natives such as Casuarina sp. and fig (Plate 16 
Lower).  The bed is composed of soft sediment with infrequent riffle habitat.  Typha sp. is observed in 
the channel along with weedy annuals and small pools supporting floating macrophytes such as 
duckweed.  The watercourse provides minimal fish habitat (Class 3).  Both Wileys Creek and 
Tandingulla Creek enter a series of modified channels that drain into Broughton Creek near Long 
Nose (via Jorams Creek). 
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Figure 4.3 Aquatic habitat and monitoring points within watercourses of the Gerringong to Bomaderry study area 
(Southern Central section) 
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Figure 4.4 Aquatic habitat and monitoring points within watercourses of the Gerringong to Bomaderry study area 
(Southern section) 
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The final two watercourses, Tullian Creek (Site BC19) and Abernethys Creek (Site BC20) were either 
dry or have small isolated pools.  Tullian Creek has a sparse strip of riparian vegetation that is 
predominantly exotic (willow, lantana and privet).  The channel is highly eroded, with soft sediment 
and some cobble (Plate 17 Upper).  It is considered to provide minimal fish habitat (Class 3).  The 
reach of Abernethys Creek surveyed is devoid of riparian vegetation except for one small stand of 
casuarinas (Plate 17 Lower).  The channel appears highly modified, has been colonised by exotic 
grasses and is crossed by a culvert that will present a barrier to fish passage in higher flows.  It is 
unlikely to provide fish habitat (Class 4). 
 

4.1.4 Aquatic habitats adjacent to, or downstream of the study area 

4.1.4.1 Existing information 

There were a number of wetlands downstream of watercourses that pass through or originate in the 
study area.  Potential impacts of road construction which could impact on these downstream 
communities include increases in turbidity, decreases in water quality and water flow.  As such they 
should be considered in the assessment for this development. 
 
Ooaree Creek discharges into Werri Lagoon which contains beds of the seagrasses Ruppia sp. and 
Zostera capricorni (West et al. 1985).  Sections of Werri Lagoon are included in the SEPP 14 wetland 
No. 371a (Chafer 1997).  Similarly, the coastal lagoon of the Crooked River contains populations of 
the seagrass, Z. capricorni (West et al. 1985), saltmarsh, intertidal flats (Chafer 1997) and a small 
section of mangroves (The Ecology Lab 1999).  To the south of, and adjacent to Foys Swamp is the 
SEPP 14 listed Coomonderry Swamp.  Coomonderry Swamp represents one third of all semi-
permanent coastal freshwater wetland habitat in NSW (NSW NPWS 1998) and provides habitat for a 
diverse array of flora and fauna, including many threatened species, such as the green and golden 
bell frog (Litoria aurea).  
 
In Broughton Creek, outside the study area and downstream of Site BC07, there is a relatively 
continuous mangrove community (Avicennia marina) (NSW Fisheries 2004).  The section of the 
Shoalhaven River downstream of the confluence with Broughton Creek supports a number of 
significant estuarine wetlands (many are SEPP 14 listed), including the Comerong Nature Reserve 
which is extremely important for seabirds and migratory waders.  There are significant seagrass beds 
of Z. capricorni with some Halophila ovalis (West et al. 1985; NSW Fisheries 2004), mangrove habitat 
and saltmarsh communities, the latter of which appear to have declined in many places since earlier 
surveys in 1985 (NSW Fisheries 2004, Umwelt 2005). 
 

4.2 Aquatic fauna 
4.2.1 Macroinvertebrates 

4.2.1.1 Existing information 

A previous study (The Ecology Lab 1999) sampled aquatic macroinvertebrates in “pool” and “edge” 
freshwater habitat from the Ooaree Creek and Crooked River drainages.  41 taxa were recorded, with 
17 common to both habitats.  Consistent with the results for water quality (see Section 4.4) the most 
common macroinvertebrates collected from pool habitat were midge fly larvae (family Chironomidae), 
which are tolerant to chemical pollution.  The Leptophlebiidae were the most common family in edge 
habitat.  Other abundant taxa included the families; Hydroptilidae, Physidae, Tricladidae, Baetidae, 
Tasimiidae and the sub-family Orthocladiinae.  The AusRivAS model indicated that two thirds of sites 
sampled in the northern section of the Ooaree Creek drainage had an impaired macroinvertebrate 
community (relative to reference sites), suggesting these sites are more likely to contain pollution 
tolerant taxa (The Ecology Lab 1999). 
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A section of the study area contains estuarine aquatic habitat.  Previous surveys on benthic 
assemblages of the lower Shoalhaven River (downstream of the confluence with Broughton Creek) 
found the assemblage dominated by polychaete worms (such as the Oweniidae and Nephtyidae 
families) and bivalves (Arthritica helmsi in particular) (The Ecology Lab 1995).  Other taxa included 
phoronid worms, nemerteans and crustaceans (such as amphipods, mysids and the ghost shrimp, 
Calllianassa aernosa). 
 
A study on the soft sediment estuarine benthic assemblages of nearby Werri Lagoon and Crooked 
River Lagoon found significant differences in the composition of the two communities (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.  These differences may be 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). 
 

4.2.2 Fish 

4.2.2.1 Existing information 

A literature and database search was conducted to obtain an inventory of the fish fauna for the study 
area (Table 4.2).  Sources included Australian Museum and 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, Faragher 1999).  The results of other surveys 
conducted within the Shoalhaven River system on equivalent reaches (i.e. of similar elevation, 
morphology and habitat to the study area) that are still connected to the study area (e.g. not separated 
by impassable barriers to fish passage) were also incorporated into Table 4.1, for example; Gehrke et 
al., (2001) and Harris and Gehrke (1997).   
 
36 fish species were identified as potentially existing or have historically existed within the study area.  
Of these, 33 are native species and three are exotic species.  Two native species are listed as 
threatened.  The NSW Fisheries Management Act (FM Act) 1994 lists the Macquarie perch 
(Macquaria australasica) as a Vulnerable species.  The Macquarie perch and the Australian grayling 
(Prototroctes maraena) are listed under the Commonwealth Environmental Protection and Biodiversity 
Conservation EPBC Act (1999) as endangered and vulnerable respectively. 
 
There is some doubt about whether all species listed in Table 4.2 occur within the study area as not 
all sources were in agreement.  Gehrke et al., (2001) did not consider it likely that the mountain 
galaxid (Galaxias olidus) historically occupied sites on the Shoalhaven River 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 DPI 2005) 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 as low as 30 m ASL, of which there is equivalent habitat in the study area. 
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Table 4.2: Species of freshwater fish that have been recorded in the region of the study area or whose published distribution includes the study area 

Family Name Species Name Common Name
TEL         

(2007)       
Bait Trap

TEL             
(2007)          

Electrofishing

TEL         
(2007)        

Seine Net
Bioneta TEL  (1999) Faragher 

(1999)b

Harris & 
Gehrke 
(1997)

Gehrke et 
al . (2001)

McDowall 
(1996)

Allen       
et al .       
(2003)

Mordaciidae Mordacia mordax Shortheaded lamprey s, h d d
Anguillidae Anguilla australis Shortfinned eel s s s, h d d
Anguillidae Anguilla reinhardtii Longfinned eel s s s2,3 s s, h d d
Clupeidae Potamalosa richmondia Freshwater herring s3 s s, h d d
Galaxiidae Galaxias brevipinnis Climbing galaxias h d d
Galaxiidae Galaxias maculatus Common jollytail s s2,3 s, h d d
Galaxiidae Galaxias olidus Mountain galaxias d
Retropinnidae Retropinna semoni Australian smelt s s s2,3 s s, h d d
Prototroctidae Prototroctes maraena Australian grayling** sa s3 h d d
Cyprinidae Carassius auratus Goldfish # s s, h d d
Cyprinidae Cyprinus carpio Common carp # s3 s s d d
Poeciliidae Gambusia holbrooki Mosquito fish # s s s s d d
Atherinidae Atherinosoma microstoma Small-mouthed hardyhead d d
Psuedomugilidae Psuedomugil signifer Pacific blue-eye s h d d
Scorpaenidae Notesthes robusta Bullrout s3 s s, h d d
Chanidae Ambassis marianus Estuary perchlet s d d
Percichthyidae Macquaria australasica Macquarie perch*, *** h
Percichthyidae Macquaria novemaculeata Australian bass s1,3 s s, h d d
Percichthyidae Macquaria colonorum Estuary perch s, h d d
Sparidae Acanthopagrus australis Yellowfin bream d d
Mugilidae Myxus elongatus Sand mullet s d
Mugilidae Myxus petardi Freshwater mullet s3 s s, h
Mugilidae Mugil cephalus Sea mullet s s3 s s, h d d
Mugilidae Aldrichetta forsteri Yelloweyed mullet d d
Mugilidae Liza argaenta Flat-tail mullet d
Gobiidae Philypnodon grandiceps Flathead gudgeon s s s s s2 s s, h d d
Gobiidae Philypnodon sp. Dwarf flathead gudgeon s s, h d d
Gobiidae Gobiomorphus coxii Cox's gudgeon s s2,3 s s, h d d
Gobiidae Gobiomorphus australis Striped gudgeon s s s s2,3 s s, h d d
Gobiidae Hypseleotris compressa Empire gudgeon s s s s, h d d
Gobiidae Hypseleotris galii Firetailed gudgeon d d
Gobiidae Psuedogobius sp. 9 Blue spot goby d d
Gobiidae Redigobius macrostoma Large mouth goby d d
Gobiidae Acentrogobius bifrenatus Bridled goby d
Gobiidae Afurcagobius tamarensis Tamar River goby d d
Gobiidae Mugilogobius platynotus Flat-backed goby d

Source: Field data recorded by The Ecology Lab (29\01\2007 - 01\02\2007) and literature review (Web Reference 1, McDowall 1996, Harris and Gehrke 1997, Faragher 1999, The Ecology Lab 1999, Gehrke et al . 2001, Allen et al  2003)

a The BioNet search area was defined as North 340 42’ East 1500 49’ South 340 52’ West 1500 37’.  This was slightly larger than the proposed upgrade corridor.  Only the records for Australian grayling came from 
within the study area.

 * = vulnerable species (NSW FM Act), ** = vulnerable species (EBPC Act), *** = endangered species (EPBC Act), # = alien species, s = sampled, h = historically recreation, d = published distribution includes 
proposed corridor for Gerrigong to Bombaderry highway upgrade

bFaragher's survey (1999) included sites: inside the study area at Broughton Mill Creek = 1; just outside the study area within a freshwater section of Broughton Creek = 2; outside the study area but within the 
Shoalhaven system beneath Tallowa Dam = 3
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4.2.2.2 Field Survey 

The results of The Ecology Lab fish survey are summarised in Table 4.2 and raw data are presented 
in Appendix C.   
 
Baited trapping in the Ooaree Creek drainage (Site OC03) recorded the flathead gudgeon 
(Philypnodon grandiceps) and the introduced Mosquito fish (G. holbrooki).  An earlier study by The 
Ecology Lab (1999) also found the short-finned eel (Anguilla australis), common jollytail (Galaxias 
maculates) and striped gudgeon (Gobiomorphus australis).   
 
Fish surveys were not possible at most sites within the Crooked River drainage as many of the 
watercourses were dry.  Bait traps set in the stagnant pools at Site CR03 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.  Striped gudgeon can be more tolerant of the 
conditions found in some disturbed watercourses as they prefer low flow and muddy waters (McDowall 
1996).  In addition to these species, an earlier study in the Crooked River drainage by The Ecology 
Lab (1999) also found the short-finned eel (Anguilla australis), empire gudgeon (Hypseleotris 
compressa) and the introduced Mosquito fish (Gambusia holbrooki).  The study also recorded the 
presence of two species of freshwater shrimp, Paratya sp. and Atya sp. 
 
Electrofishing (Plate 18 Upper) along various freshwater reaches of Broughton Creek (Sites BC01, 
BC02 and BC03) yielded longfinned eel (Plate 18 Lower), striped gudgeon (Plate 19 Upper), 
flathead gudgeon and freshwater shrimp (Family Atyidae).  Australian smelt (Retropinna semonii) was 
also observed at some of these sites.  Seining was conducted further downstream along the estuarine 
reach of Broughton Creek at BC06 (Plate 19 Lower) and the different fish assemblage reflected the 
saline influence.  Species caught were the glassfish or estuary perchlet (Ambassis marianus), juvenile 
mullet, smelt and pacific blue-eye (Pseudomugil signifer).  Numbers were dominated by flathead 
gudgeon, and particularly the introduced Gambusia holbrooki. 
 
Surveys done at Broughton Mill Creek and its tributaries recorded striped gudgeons at all sites (Site 
BC08 – BC12).  Other fish caught include the longfinned eel, flathead gudgeon (Plate 20 Upper) and 
the empire gudgeon (Hypseleotris compressa). 
 

4.3 Threatened and protected species, populations and ecological 
communities and key threatening processes 

4.3.1 Threatened species 

There are two threatened species whose ranges may include the general region of the study area. 
The NSW Fisheries Management Act (FM Act) 1994 lists the Macquarie perch (Macquaria 
australasica) as a vulnerable species.  The Macquarie perch and the Australian grayling (Prototroctes 
maraena) are listed under the national Environmental Protection and Biodiversity Conservation EPBC 
Act (1999) as endangered and vulnerable respectively.  Neither was observed during The Ecology Lab 
survey in February 2007.  
 

4.3.1.1 Macquarie Perch 

Macquarie perch usually inhabit the upper reaches of freshwater watercourse (NSW DPI 2005).  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 will only be found upstream of them (McDowall 1996).  There are no formal records of 
Macquarie perch from within the study area and there is anecdotal evidence for Australian bass along 
the freshwater reach of Broughton Creek.  Hence, the presence of Australian bass may exclude 
Macquarie perch from these areas.   
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A BioNet search of the greater Shoalhaven catchment found records of Macquarie perch from 
tributaries further upstream of Broughton Creek and of higher elevation (e.g. near Kangaroo River in 
Kangaroo Valley: Web Reference 1).  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 after the completion 
of the dam in 1976.  Gehrke et al., (2001) only observed Macquarie perch at 550 m ASL 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 ASL).  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 ASL down to the tidal limit 
influence.  Given that Macquarie perch has been observed in low elevation sites then it is possible that 
the lower freshwater tributaries of the Shoalhaven River, such as Broughton Creek, could constitute 
potential habitat.  Broughton Creek was classed as major fish habitat (Class 1) at various sites along 
the freshwater reach and attains an elevation of ~50 m within the study area (and approaching 500 m 
at its headwaters to the north).  Further south, Jasper Creek was considered moderate fish habitat 
(Class 2) and it too reaches 50 m ASL within the study area (with headwaters at ~500 m in steep 
country to the NW).   
 
Although the present day existence of Macquarie perch populations within the study area is unlikely, 
an assessment of significance for the potential impact of the highway upgrade on the Macquarie perch 
should be carried out as a precautionary measure (Appendix D). 
 

4.3.1.2 Australian Grayling 

Museum collections have identified the Australian grayling (P. maraena) within the study area (Web 
Reference 1).  One record is from downstream of the Site BC12 and another appears to be from the 
drainage channels at the base of flying fox creek (Site BC14).  The species is listed as vulnerable 
under the EPBC Act (1999) and as such, watercourses potentially impacted by the proposed Princes 
Highway upgrade should be considered as potential habitat for populations of P. maraena.   
 
The species has an amphidromous life cycle; newly hatched larvae are phototactic 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).  The presence of unrestricted 
habitat within the study area may enhance its regional importance to the grayling.  An assessment of 
significance for the potential impact of the highway upgrade on the Australian grayling is required 
(Appendix D).   
 

4.3.2 Key threatening processes 

Threatening processes listed under the FM Act (1994) relevant to the highway upgrade that require 
consideration include: 
 
a) The removal of large woody debris; 
b) The degradation of native vegetation along New South Wales watercourse; 
c) The installation of instream structures (i.e. bridges and culverts) and other mechanisms that alter 

natural flow regimes of rivers and streams; and 
d) Predation by the plague minnow (Mosquito fish) (Gambusia holbrooki). 
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All relevant key threatening processes have either occurred or are occurring in and along 
watercourses in the study area.  The presence of Mosquito fish was confirmed in the study area and 
although its abundance and distribution is variable, it can be concluded that predation by Mosquito fish 
occurs.  Because Mosquito fish proliferate in disturbed aquatic habitats, construction of new highways 
or upgrades of existing highways can avoid increasing populations of Mosquito fish by avoiding 
disturbance to creeks and creek beds and maintenance of water quality during highway construction 
and operation (Web Reference 3).  These issues would be readily addressed by locating crossing 
support structures outside the wetted area of the creek, avoiding construction within creek banks and 
inclusion of run-off control structures (scuppers, sediment control ponds where required). 
 
Highway route options that involve the crossing of watercourses, or construction in the vicinity of a 
watercourse would avoid increasing the frequency or intensity of key threatening processes by 
complying with NSW Fisheries 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 policies include the 
following requirements for freshwater waterfront developments: 
 
e) Minimise removal of riparian vegetation; and 
f) A minimum buffer of 50m is required between the development and the watercourse, and an 

increased buffer may be required under some circumstances (e.g. the presence of an 
endangered species). 

 
Specific guidelines for the construction of waterway crossings to maintain fish passage requirements 
are outlined in Fairfull and Witheridge (2003).  These guidelines include requirements for: 
 
g) Crossing structures appropriate for the size and type of watercourse; 
h) Maintenance of fish passage throughout construction; 
i) Preservation of spawning grounds; 
j) Minimisation of disturbance to and removal of snags; 
k) Preferred crossing designs; 
l) Habitat rehabilitation, and 
m) Sediment control. 
 

4.4 Water quality 
There are numerous water quality issues facing watercourses within the greater Shoalhaven 
catchment 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 sulphate soils (Environmental Protection Authority of NSW 1997).  
 
Previous data available for the Ooaree Creek and Crooked River drainages found levels of 
phosphorus exceeded recommended guidelines on more than 70% of sampling occasions and total 
nitrogen exceeded recommended limits between 30 and 90% of sampling occasions (AWT 1999).  
The likely source of these nutrients was fertilisers 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 exceeded guidelines for recreational use of water in over 85% of samples 
(AWT 1999).  The estuarine lagoons downstream of these watercourses – Werri Lagoon and Crooked 
River Lagoon - reflected the elevated nutrient levels found in the catchment and to a lesser extent the 
high number of bacteria (faecal coliforms), with levels above recommended guidelines on 
approximately 50% of sampling occasions (AWT 1999).   
 
Sites in the lower freshwater and estuarine reaches of Broughton Creek were also found to be of very 
low quality for the purpose of protecting aquatic systems and only met selected criteria in less than 
25% of samples taken (Environmental Protection Authority of NSW 1997).  
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The results of water quality analysis collected in situ during site inspections by The Ecology Lab for 
the Gerringong to Bomaderry project were used to assess water quality within the study area in terms 
of health of aquatic ecosystems by comparison with ANZECC (2000) guidelines for low-land and 
estuarine watercourses (as appropriate) in South–Eastern Australia.  These data represent a 
“snapshot” view of water quality on the day sampled.  Table 4.3 presents a summary of the 
comparison of physico-chemical properties measured in situ to the relevant ANZECC guidelines for six 
catchments.  Data used to prepare this summary are presented in Appendix E.  
 
All sites were within ANZECC guidelines for salinity / conductivity in lowland rivers.  The upper reach 
of Broughton Creek (Site BC01) gave one replicate value for conductivity of zero which although 
below the lower limit probably represents a measurement error from the water quality probe.  Sites 
OC03 (Ooaree Creek), BC06 and BC07 are all estuarine and therefore salinity guidelines are not 
applicable.  Site BC06 is the furthest upstream (along the salinity gradient) of the two tidal Broughton 
Creek sites and consequently has a lower salinity than Site BC07 as it has a larger proportion of 
freshwater flow.  Salinity measured at the bottom of the Site BC06 channel was ~23 ppt (parts per 
thousand) near to high tide which decreased to 1.9 ppt soon after low tide when the influence of 
freshwater flow is greatest. 
 
Turbidity is not considered a very useful indicator in estuarine and marine waters, but the majority of 
readings taken were within the guidelines.  Ooaree Creek (Site OC03) was only just above the 
guidelines and the surface waters of Broughton Creek at Site BC07 was below the guidelines lower 
threshold value of 0.5 NTU.  Of the freshwater sites, only Site CR03 on Crooked River exceeded the 
upper threshold values for turbidity.  At this site water had contracted to a few pools that were 
regularly disturbed by livestock from adjacent farmland.  Of the remaining freshwater sites, all but two 
had turbidity values under the lower limit of 6 NTU.  This was probably attributed to sampling during a 
period of extremely low or no water flows (resulting in small pools or dry beds) and no recent rainfall.  
 
All sites recorded dissolved oxygen levels that were less than ANZECC guideline lower limits, 
although Bundewallah Creek (Site BC10) and Site BC11 further downstream recorded one replicate 
value that was within the guidelines.  Similarly, the surface waters at the lower tidal reach of 
Broughton Creek (Site BC07) were within the ANZECC guidelines and Site OC03 at Ooaree Creek 
recorded one replicate value that was above the upper limit.  Low dissolved oxygen values can be 
caused by low flow conditions and/or high in-stream organic loads but further data would be required 
to establish this, as dissolved oxygen levels vary on a daily basis.  Previous studies (The Ecology Lab 
1999) have recorded dissolved oxygen levels below ANZECC guidelines at sites in the Crooked River 
drainage but not along Ooaree Creek.   
 
All sites, except the upper tidal reach of Broughton Creek (Site BC06) had pH values within the 
ANZECC guidelines (one replicate at Bundewallah Creek was only just outside the lower limit).  Given 
that Site BC06 was predominantly freshwater at low tide, pH values would fall within the accepted 
limits for a lowland river (rather than an estuary).  The freshwater influence even at higher tides might 
explain the slightly lower pH values (it has relatively low salinity values).  Another, although 
speculative, possibility is the affect of acid sulphate soils on drainage through lowland watercourses, 
however the deviation is minimal and is not maintained downstream at Site BC05.  In addition there 
had been minimal recent rainfall that would be required for drainage of acid sulphate soils.  
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Table 4.3: 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. 

Drainage Drainage sub-section Watercourse Site
Conductivity 

(us/cm)         
125 - 2200*

pH            
6.50 - 8.00*      
7.00 - 8.50**

DO (% sat.)      
85 - 110%*      
80 - 110%**

Turbidity (NTU)   
6 - 50*          

0.5 - 10**

OC01
OC02
OC03 NA V

Crooked River 
Drainage Crooked River Crooked River CR03

BC01 V
BC03
BC06 NA
BC07 NA V V

Broughton Mill Ck BC08
Connollys Ck BC09

Bundewallah Ck BC10 V V V

D/S of BC09 & BC10 confl. BC11 V

D/S of BC08 & BC11 confl. BC12
Flying Fox Ck BC14

Jaspers Ck BC16
Wileys Ck BC17

 = below guidelines,  = above guidelines, V = variable (inside and outside of guidelines),  = within guidelines, NA = not applicable

Source: Field data recorded by The Ecology Lab (29\01\2007 - 01\02\2007)

Broughton Ck
Broughton CK -         

Tidal reach

Ooaree Creek 
Drainage Ooaree Ck Ooaree Ck

Broughton Mill Ck       
& its tributaries

South-west of Berry

Broughton 
Creek 

Drainage

Broughton Ck -   
Freshwater reach
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Water quality samples were also analysed for organochlorine pesticides, oil and grease, heavy metals, 
chloride, sulphate and nutrient content.  Table 4.4 presents a summary of results with comparisons to 
the relevant ANZECC guidelines.  Raw data used to prepare the summary is presented in Appendix 
F.  There were no detectable organochlorine pesticides in any of the samples.  There are no 
guidelines for oil and grease, sulphates and suspended solids, but samples from Crooked River (Site 
CR03) often had values orders of magnitude higher than the other sites.  All levels of heavy metals 
detected were below ANZECC guideline trigger values except for copper at the Crooked River site 
(Site CR03).  Elevated levels of chloride were detected in all samples.  Previous studies have reported 
concentrations of heavy metals exceeding ANZECC guidelines in other estuaries within the 
Shoalhaven River (Umwelt 2005).  All sites recorded total phosphorus values that were in excess of 
the ANZECC guidelines. 
 
Overall, water quality results for the watercourses were typical of aquatic ecosystems that have been 
disturbed by agricultural and grazing practices.  The long-term agricultural land use in this region 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). 
 
The construction and operation of roads can also potentially impact on the water quality, sediment 
quality and biota of waterways by introducing sediment and contaminants (e.g. Richardson 1985, Lund 
et al. 1991, Boxall et al. 1995, 1997, Maltby et al. 1995a, 1995b, Ellis et al. 1997, McNeill and Olley 
1998, Krein and Schorer 2000).  Although the current Princes Highway only crosses Broughton Creek 
once, it runs parallel to the creek for some distance, and tributaries of Broughton Creek that run 
perpendicular to the highway can carry sediment and pollutants down to the larger waterway. 
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Table 4.4: Summary of results of laboratory water quality analyses in the study area in comparison with ANZECC 
(2000) guidelines for low-land watercourses in South – East Australia.  Numerical values represent the 
mean of replicate samples 

ANZECC 
trigger value

Crooked 
River 
(CR03)

Broughton 
Creek (BC01)

Broughton 
Creek 
(BC03)

Broughton 
Mill Creek 

(BC08)

Organochlorine 
Pesticides

various

Arsenic 0.05 mg/L
Cadmium 0.002 mg/L
Chromium 0.05 mg/L

Copper 0.005 mg/L
Lead 0.005 mg/L

Mercury 0.0001 mg/L

Zinc 0.05 mg/L

Chloride 3 mg/L

Oil & Grease mg/L  - NG 125 26 18 11.5

Sulfate mg/L  - NG <4.9 1.8 2.45 0.9

Suspended Solids mg/L  - NG 255 <2.5 3 5

Total Phosphorus 0.05 mg/L
Total Kjeldahl 

Nitrogen
mg/L  - NG 19 0.355 0.28 0.24

Oxides of Nitrogen 0.04 mg/L

 = above guidelines,  = within guidelines, NG = No guideline.

Source: Samples collected by The Ecology Lab on 01\02\2007 and processed by the National 
Measurement Institute
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4.5 Acid-sulphate soils 
Acid sulphate soils (ASS) are of particular concern for the aquatic ecology in the consideration of the 
low lying regions of the study area.  Acid sulphate soils are widespread in NSW estuarine floodplains 
and coastal lowlands (including mangrove tidal flats, salt marshes and tea-tree swamps).  Before 
drainage and oxidation, they are termed Potential ASS.  Actual ASS 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 ASS 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.  Other potential impacts include the release of heavy metals from 
contaminated sediments, human and animal health impacts from polluted water, adverse impacts on 
land arability, and damage to built structures such as bridges (Web Reference 3).   
 
Within the Shoalhaven catchment the Broughton Creek floodplain has been identified as an acid 
sulphate soil hotspot and pH values of less than three have been recorded in Broughton Creek 
(Umwelt 2005).  Low pH events have resulted in fish and invertebrate kills and may also be related to 
red spot disease that has been observed in some fish (Umwelt 2005).  The areas of greatest risk 
within the proposed upgrade corridor include the low-lying areas east of the railway line from 
Tandingulla Creek northward to just south of Berry.  In this area the soils from the surface to a depth 
of one metre are considered to have a high probability of containing acid-sulfate soils (Web Reference 
2).  Other areas include the region directly to the south and east of Berry and adjacent to Broughton 
Creek upstream almost to Site BC03.  Here there is a low probability that acid-sulfate soils are present 
within the one metre surface layer (Web Reference 2).  Any development in areas with ASS risk 
requires extensive consideration of construction methodology to avoid or minimise the potential 
impacts on the aquatic ecology both in the area and in downstream environments. 
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5.0 Constraints 
The objective of assessing key attributes of the aquatic environment in the study area was to identify 
constraints and opportunities for the highway upgrade that relate to aquatic ecology and water quality.  
Constraints can be identified on the basis of a single attribute but more commonly (and usefully) a 
combination of attributes are used to measure the environmental “value” of a waterway.  For example, 
RCE scores rank a waterway on a scale of disturbance (lower scores being more disturbed) using 
observations on riparian vegetation, channel morphology and other environmental attributes.  
Similarly, Figures 4.1 to 4.4 have been prepared to demonstrate the constraints to route options 
based on the fish habitat value of the waterways within the study area.  Fish habitat classifications of 
waterways are based on a range of environmental characteristics (Appendix B).   
 
Systems for classifying environmental constraints allow an objective evaluation of the relative 
environmental cost and benefits of alternative development choices, such as upgrade route options.  
Fairfull and Witheridge (2003) used their classification system for fish habitat attributes to enable 
easier decisions about what type of channel crossing is recommended as a minimum, so that “fish 
friendly” crossings are proposed for waterways that provide valuable fish habitat.   
 

5.1 Species, populations and ecological communities of conservation 
significance and key threatening processes 

Four key threatening processes were identified that may potentially occur during the proposed Princes 
Highway upgrade if waterways are crossed.  Consideration should be given to eliminating or mitigating 
these processes by implementing the suggested guidelines in Section 4.3.2 above. 
 
Two threatened species, the Macquarie perch and Australian grayling, may occur within the study 
area.  Grayling prefer watercourses with low turbidity and gravel substrates, and occupy lowland 
waterways up into high elevation reaches (McDowall 1996).  Grayling also inhabit estuarine and 
marine habitats for six months as juveniles.  Macquarie perch are found in clear freshwater reaches 
containing deep rocky pools with upstream riffle and pool sequences for spawning (Allen et al. 2003).  
If populations of either species still persist within the study area they are most likely to be found in 
Class 1 and Class 2 waterways, which include estuarine reaches for the juvenile grayling.  The key 
threats posed to these species by the highway upgrade have been identified as barriers to passage 
created by inappropriate channel crossings, damage to riparian vegetation and the mobilisation of 
sediments into waterways.  Implementing the suggested guidelines in Section 4.3.2 would minimise 
potential impacts from the road upgrade on Macquarie perch and Australian grayling. 
 

5.2 Aquatic habitat and assemblages 
Figures 4.1 to 4.4 illustrate the fish habitat classification of waterways within the study area.  
Broughton Creek provides the most important aquatic habitat within the study area as it is a Class 1 
waterway along its length and recorded the highest RCE scores.  If a crossing over Broughton Creek 
is unavoidable, then a bridge, arch structure or tunnel would be required to conform with guidelines for 
crossing a Class 1 waterway (Appendix B).  Jaspers Creek, Broughton Mill Creek and some reaches 
of the Crooked River are all Class 2 waterways and as such a bridge, arch structure, culvert or ford 
would be required should they need to be crossed.  Given the low flow conditions in the region these 
waterways were amongst the only ones where any fish survey could be conducted, hence they 
dominate the catch records in Appendix C.  Of the remaining sites, 13 were classified as Class 3 
which would require a culvert or ford crossing and seven were classified as Class 4 and would require 
a culvert, causeway or ford as a crossing structure.  If a culvert is to be used it is recommended that its 
design incorporate measures to facilitate fish passage during low flow conditions as outlined in Fairfull 
and Witheridge (2003). 
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5.3 Water quality 
Earthworks associated with road construction in areas that have been identified to be at risk of 
containing acid sulphate soils may lead to low pH episodes in downstream waterways.  This in turn 
can lead to kills of fish and aquatic invertebrates and cause an increased incidence of disease.  As 
such, the location of acid sulphate soils will be an important constraint on route selection and needs to 
be considered in the highway upgrade. 
 
There was not a significant difference among watercourses with respect to water quality.  Nearly all 
creeks lie adjacent to cleared land used for agricultural purposes and most recorded values of Total 
Phosphorus and Dissolved Oxygen that exceeded ANZECC threshold values for the protection of 
aquatic ecosystems.  In this respect the highway upgrade should ensure that riparian vegetation and 
channel banks are protected during the construction of roads and any type of waterway crossing.  Any 
sediments disturbed by earthworks need to be contained so as not to enter the waterway. 
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6.0 Summary 
This preliminary report provides a description and evaluation of aquatic habitats and water quality in 
the study area for the Princes Highway upgrade from Gerringong to Bomaderry.  Field investigations 
were carried out from 29 January to 1 February 2007 in the study area’s three distinct drainages; 
Ooaree Creek, Crooked River and Broughton Creek. 
 
Physico-chemical water quality properties were recorded in situ from the major watercourses in each 
of the three drainage systems.  Collected samples were analysed for a range of water quality 
parameters (nutrients, oil and grease, organochlorine pesticides, heavy metals, suspended solids, 
chloride and sulphate).  Fish and mobile invertebrate surveys were conducted in all three drainages 
using a combination of bait traps, seine nets and an electrofisher.  Each watercourse was classified 
according to fish habitat present, the type of crossing required to maintain fish passage, 
characteristics of riparian and instream vegetation, channel morphology and aquatic biodiversity. 
 
Background information was compiled on water quality, aquatic biota, locations of acid sulphate soils 
and previous fish and aquatic macroinvertebrate surveys.  Databases were searched for records of 
threatened and protected aquatic species that may occur within the study area. 
 
Previous studies indicated that land uses including agriculture and grazing have had deleterious 
impacts on water quality, with many parameters exceeding guidelines for the protection of aquatic 
ecosystems.  The analysis of water samples collected by this study revealed similar patterns.  All sites 
sampled had levels of total phosphorus and chloride that exceeded ANZECC guideline trigger values 
for protection of aquatic ecosystems.  All sites had levels of organochlorine pesticides and trace 
elements that were below ANZECC thresholds with the exception of copper at Crooked River.  Values 
for suspended solids, oil and grease were also much greater at Crooked River than any other site.  
The in situ water testing revealed most waterways had pH and salinity levels within acceptable limits 
but dissolved oxygen values were almost universally less the ANZECC lower threshold for the 
protection of ecosystems.   
 
Low elevation land in the south-east portion of the study area has been identified as having a high-risk 
of acid sulphate soil potential at the surface.  Areas directly south and east of Berry and adjacent to 
the lower freshwater reach of Broughton Creek had a low risk of containing acid sulphate soils.   
 
Thirty six freshwater fish species were identified from field surveys, literature reviews and database 
searches.  No threatened species were recorded during the field survey but background information 
indicated that two threatened fish species, Macquarie perch and Australian grayling, have either been 
collected within the study area or from the same drainage near the study area.  These records are old 
and there is some doubt as to whether populations of the threatened species are still present. 
 
No protected aquatic habitats are present within the study area although there are several SEPP 14 
wetlands in downstream and adjacent areas.  Broughton Creek contained aquatic habitat of the 
greatest ecological value within the study area and therefore represents the greatest constraint to 
highway upgrade.  It contained freshwater and estuarine sections of Class 1 fish habitat and recorded 
the highest RCE scores.  As such it is most likely to provide habitat for the threatened species.  Jasper 
Creek, Broughton Mill Creek and the lower reaches of the Crooked River were assessed as Class 2 
fish habitat. Of the remaining sites surveyed, 13 were classified as Class 3 and 7 were classified as 
Class 4. 
 
Other constraints on the upgrade include four key threatening processes that are associated with the 
construction of roads and are listed on the NSW FMA.  These threats can be minimised or even 
eliminated if upgrade works comply with the NSW Fisheries 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 
safeguards will serve to minimise potential impacts on aquatic habitat, aquatic fauna (including the two 
threatened species) and water quality from the construction of roads and waterway crossings.   
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9.0 Plates 
Plate 1 Upper: Ooaree Creek (Site OC01) looking downstream. 
Plate 1 Lower: Ooaree Creek (Site OC02) looking upstream. 
Plate 2 Upper: Ooaree Creek, looking downstream towards Site OC03 and an old concrete 

causeway. 
Plate 2 Lower: Lower estuarine reach of Ooaree Creek (Site OC03) looking upstream. 
Plate 3 Upper: Culvert and pool on the east side of the Princes Highway crossing of Ooaree 

Creek (Site OC03). 
Plate 3 Lower: Ooaree Creek (Site OC03), looking downstream towards the rail crossing 
Plate 4 Upper: Crooked River, looking upstream at Site CR01. 
Plate 4 Lower: Crooked River, isolated pools lying upstream at Site CR03. 
Plate 5 Upper: Crooked River, looking upstream at Site CR02. 
Plate 5 Lower: Culvert on the downstream side of the road crossing at Site CR04. 
Plate 6 Upper: Site CR07 looking downstream. 
Plate 6 Lower: Princes Highway bridge crossing at Broughton Creek (Site BC01) 
Plate 7 Upper: Broughton Creek looking downstream from the bridge at Site BC01. 
Plate 7 Lower: Broughton Creek, looking downstream at Site BC02. 
Plate 8 Upper: Broughton Creek, looking upstream from Site BC02. 
Plate 8 Lower: Broughton Creek, looking downstream at Site BC03. 
Plate 9 Upper: Looking downstream from Site BC04. 
Plate 9 Lower:  Site BC05 looking upstream. 
Plate 10 Upper: Estuarine reach of Broughton Creek (Site BC06), looking upstream at high tide.  
Plate 10 Lower: Estuarine reach of Broughton Creek (Site BC06), looking upstream just after low 

tide, which has exposed a cobble section of the channel. 
Plate 11 Upper: Estuarine reach of Broughton Creek (Site BC07) looking upstream. 
Plate 11 Lower: Estuarine reach of Broughton Creek (Site BC07) looking downstream. 
Plate 12 Upper: School of mullet at Site BC07, Broughton Creek. 
Plate 12 Lower: Looking downstream at isolated pools in the Bundewallah Creek channel (Site 

BC10). 
Plate 13 Upper: Broughton Mill Creek, looking downstream at Site BC11. 
Plate 13 Lower: Broughton Mill Creek (Site BC08), looking upstream. 
Plate 14 Upper: Looking downstream from Site BC12 to the Princes Highway bridge crossing. 
Plate 14 Lower: Site BC13, Pooling around the culvert looking downstream. 
Plate 15 Upper: Flying Fox Creek (Site BC14), looking upstream from the culvert. 
Plate 15 Lower: Jaspers Creek (Site BC15), looking downstream. 
Plate 16 Upper: Downstream section of Jaspers Creek (Site BC16) looking downstream. 
Plate 16 Lower: Tandingulla Creek (Site BC18) looking downstream. 
Plate 17 Upper: Tullian Creek (Site BC19) looking upstream. 
Plate 17 Lower: Abernethys Creek (Site BC20) looking downstream. 
Plate 18 Upper: Electrofishing in Broughton Creek, Site BC01. 
Plate 18 Lower: Longfinned eel (Anguilla reinhardtii) caught electrofishing in Broughton Creek, Site 

BC01. 
Plate 19 Upper: Stripped gudgeon (Gobiomorphus australis) caught electrofishing in Broughton 

Creek, Site BC01. 
Plate 19 Lower: Seining in an upstream pool at Site BCO6 at low tide, Broughton Creek. 
Plate 20 Upper: Flathead Gudgeon (Philypnodon grandiceps), caught electrofishing at Site BC12. 
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Plate 1 upper Ooaree Creek (site OC01) looking downstream 

 
Plate 1 lower Ooaree Creek (site OC02) looking upstream 
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Plate 2 upper Ooaree Creek, looking downstream towards OC03 and an old concrete causeway 

 
 
Plate 2 lower: Lower estuarine reach of Ooaree Creek (site OC03) looking upstream 
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Plate 3 upper Culvert and pool on the east side of the Princes Highway crossing of Ooaree Creek (site OC03) 

 
 
Plate 3 lower Ooaree Creek (site OC03), looking downstream towards the rail crossing 
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Plate 4 upper Crooked River, looking upstream at site CR01 

 
 
Plate 4 lower Crooked River, isolated pools lying upstream at site CR03 
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Plate 5 upper Crooked River, looking upstream at site CR02 

 
 
Plate 5 lower Culvert on the downstream side of the road crossing at site CR04 
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Plate 6 upper Site CR07 looking downstream 

 
 
Plate 6 lower Princes Highway bridge crossing at Broughton Creek (site BC01) 
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Plate 7 upper Broughton Creek looking downstream from the bridge at BC01 

 
 
Plate 7 lower Broughton Creek, looking downstream at BC02 
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Plate 8 upper Broughton Creek, looking upstream from BC02 

 
 
Plate 8 lower: Broughton Creek, looking downstream at site BC03 
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Plate 9 upper Looking downstream from site BC04 

 
 
Plate 9 lower: Site BC05 looking upstream 

 
 

 

60021933 – Gerringong to Bomaderry Princes Highway Upgrade 
Preliminary Biological Report - Aquatic Ecology and Water Quality – October 2007 
 Page 42 



Plate 10 upper Estuarine reach of Broughton Creek (site BC06), looking upstream at high tide 

 
 
Plate 10 lower  Estuarine reach of Broughton Creek (site BC06), looking upstream just after low tide, which has 
exposed a cobble section of the channel 
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Plate 11 upper Estuarine reach of Broughton Creek (Site BC07) looking upstream 

 
 
Plate 11 lower Estuarine reach of Broughton Creek (Site BC07) looking downstream 

 
 

 

60021933 – Gerringong to Bomaderry Princes Highway Upgrade 
Preliminary Biological Report - Aquatic Ecology and Water Quality – October 2007 
 Page 44 



Plate 12 upper School of mullet at site BC07, Broughton Creek 

 
 
Plate 12 lower: Looking downstream at isolated pools in the Bundewallah Creek channel (site BC10) 
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Plate 13 upper Broughton Mill Creek, looking downstream at site BC11 

 
 
Plate 13 lower Broughton Mill Creek (BC08), looking upstream 
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Plate 14 upper Looking downstream from site BC12 to the Princes Highway bridge crossing 

 
 
Plate 14 lower Site BC13, Pooling around the culvert looking downstream 
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Plate 15 upper Flying Fox Creek (site BC14), looking upstream from the culvert 

 
 
Plate 15 lower: Jaspers Creek (site BC15), looking downstream 
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Plate 16 upper Downstream section of Jaspers Creek (site BC16) looking downstream 

 
 
Plate 16 lower: Tandingulla Creek (site BC18) looking downstream 
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Plate 17 upper Tullian Creek (site BC19) looking upstream  

 
 
Plate 17 lower Abernethys Creek (site BC20) looking downstream 
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Plate 18 upper Electrofishing in Broughton Creek, site BC01 

 
 
Plate 18 lower:  Longfinned eel (Anguilla reinhardtii) caught electrofishing in Broughton Creek, site BC01 
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Plate 19 upper Stripped gudgeon (Gobiomorphus australis) caught electrofishing in Broughton Creek, site BC01 

 
 
Plate 19 lower Seining in an upstream pool at BCO6 at low tide, Broughton Creek 
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Plate 20 Upper: Flathead Gudgeon (Philypnodon grandiceps), caught electrofishing at site BC10 
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Appendix A River descriptors, associated categories and 
values used in the modified riparian, channel and 
environmental inventory (RCE0 from Chessman et al. (1997) 
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Appendix A River descriptors, associated categories and values used in 
the modified riparian, channel and environmental inventory 
(RCE) from Chessman et al. (1997) 
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Descriptor and category Score Descriptor and category Score

1. Land use pattern beyond the immediate riparian zone 8. Riffle / pool sequence
Undisturbed native vegetation 4 Frequent alternation of riffles and pools 4
Mixed native vegetation and pasture/exotics 3 Long pools with infrequent short riffles 3
Mainly pasture, crops or pine plantation 2 Natural channel without riffle / pool sequence 2
Urban 1 Artificial channel; no riffle / pool sequence 1

2. Width of riparian strip of woody vegetation 9. Retention devices in stream
More than 30 m 4 Many large boulders and/or debris dams 4
Between 5 and 30 m 3 Rocks / logs present; limited damming effect 3
Less than 5 m 2 Rocks / logs present, but unstable, no damming 2
No woody vegetation 1 Stream with few or no rocks / logs 1

3. Completeness of riparian strip of woody vegetation 10. Channel sediment accumulations
Riparian strip without breaks in vegetation 4 Little or no accumulation of loose sediments 4
Breaks at intervals of more than 50 m 3 Some gravel bars but little sand or silt 3
Breaks at intervals of 10 - 50 m 2 Bars of sand and silt common 2
Breaks at intervals of less than 10 m 1 Braiding by loose sediment 1

4. Vegetation of riparian zone within 10 m of channel 11. Stream bottom
Native tree and shrub species 4 Mainly clean stones with obvious interstices 4
Mixed native and exotic trees and shrubs 3 Mainly stones with some cover of algae / silt 3
Exotic trees and shrubs 2 Bottom heavily silted but stable 2
Exotic grasses / weeds only 1 Bottom mainly loose and mobile sediment 1

5. Stream bank structure 12. Stream detritus
Banks fully stabilised by trees, shrubs etc 4 Mainly unsilted wood, bark, leaves 4
Banks firm but held mainly by grass and herbs 3 Some wood, leaves etc. with much fine detritus 3
Banks loose, partly held by sparse grass etc 2 Mainly fine detritus mixed with sediment 2
Banks unstable, mainly loose sand or soil 1 Little or no organic detritus 1

6. Bank undercutting 13. Aquatic vegetation
None, or restricted by tree roots 4 Little or no macrophyte or algal growth 4
Only on curves and at constrictions 3 Substantial algal growth; few macrophytes 3
Frequent along all parts of stream 2 Substantial macrophyte growth; little algae 2
Severe, bank collapses common 1 Substantial macrophyte and algal growth 1

7. Channel form
Deep: width / depth ratio less than 7:1 4
Medium: width / depth ratio 8:1 to 15:1 3
Shallow: width / depth ratio greater than 15:1 2
Artificial: concrete or excavated channel 1



Appendix B Fish habitat classification criteria for 
watercourse and recommended crossing types (source: 
Fairfull and Witheridge 2003) 
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Appendix B Fish habitat classification criteria for watercourse and recommended crossing types (source: Fairfull and 
Witheridge 2003) 
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Classification Characteristics of Waterway Type Minimum Recommended Crossing Type

Class 1 – Major Fish 
Habitat

Major permanently or intermittently flowing waterway (e.g. 
river or major creek), habitat of a threatened fish species. 

Bridge, arch structure or tunnel.

Class 2 – Moderate 
fish habitat

Named permanent or intermittent stream, creek or 
waterway with clearly defined bed and banks and with semi-
permanent to permanent waters in pools or in connected 
wetland areas.  Marine or freshwater aquatic vegetation is 
present. Known fish habitat and / or fish observed 
inhabiting the area.

Bridge, arch structure, culvert or ford. 

Class 3 – Minimal fish 
habitat

Named or unnamed waterway with intermittent flow and 
potential refuge, breeding or feeding areas for some aquatic 
fauna (e.g. fish, yabbies).  Semi-permanent pools form 
within the waterway or adjacent wetlands after a rain event.  
Otherwise, any minor waterway that interconnects with 
wetlands or recognised aquatic habitats.

Culvert or ford

Class 4 – Unlikely fish 
habitat

Named or unnamed watercourse with intermittent flow 
during rain events only, little or no defined drainage 
channel, little or no free standing water or pools after rain 
event (e.g. dry gullies or shallow floodplain depression with 
no permanent wetland aquatic flora present).  

Culvert, causeway or ford



Appendix C Numbers of fish and mobile macroinvertebrates 
recorded during the field survey (The Ecology Lab 29/01/2007 
to 01/02/2007) 
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Appendix C Numbers of fish and mobile macroinvertebrates recorded during the field survey (The Ecology Lab 
29/01/2007 to 01/02/2007) 
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OC03 CR03 BC01 BC01 BC02 BC03 BC06 BC06 BC06 BC08 BC09 BC10 BC11 BC12

Bait Bait Bait Eletro Electro Electro Seine 
Shot 1

Seine 
Shot 2

Seine 
Shot 3 Bait Bait Bait Bait Electro

Anguillidae Anguilla reinhardtii Longfinned eel 25 4 9 7

Retropinnidae Retropinna semoni Australian smelt 6 55

Poeciliidae Gambusia holbrook i Mosquito fish # 9 ~400 >1000 >1000

Psuedomugilidae Psuedomugil signifer Pacific blue-eye 12

Chanidae Ambassis marianus Estuary perchlet 2 1 1

Mugilidae Mugil cephalus Sea mullet 25 3 33

Gobiidae Philypnodon grandiceps Flathead gudgeon 10 6 ~100 107 1

Gobiidae Gobiomorphus australis Striped gudgeon 1 12 3 1 2 2 4

Gobiidae Hypseleotris compressa Empire gudgeon 1

Atyidae Freshwater shrimp >1000 >1000

Bait = Total catch data from 4 bait traps with a 3hr soak time; Electro = Total catch data from electrofishing;  Seine = Catch from single seine shot

Family Name Species Name Common Name



Appendix D Assessment of significance for the potential 
effects of the Gerringong to Bomaderry Princes Highway 
Upgrade on Macquarie perch (Macquaria australasica) and 
Australian grayling (Prototroctes marcaena) 
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Appendix D Assessment of significance for the potential effects of the 
Gerringong to Bomaderry Princes Highway Upgrade on 
Macquarie perch (Macquaria australasica) and Australian 
grayling (Prototroctes marcaena) 

Assessments of significance were conducted for the potential impact of the proposed Gerringong to 
Bombaderry Princes Highway upgrade on two threatened species: the Australian grayling 
(Prototroctes maraena) and the Macquarie perch (Macquaria australasica).  Where relevant, 
assessments were made in accordance with the Commonwealth Environmental Protection and 
Biodiversity Conservation EPBC Act (1999) guidelines and the Seven Part Tests outlined in Section 
5A of the Environmental Planning and Assessment EP&A Act (1979) of NSW. 
 
The proposal involves upgrading a 30km section of the Princes Highway from near the Mount 
Pleasant Lookout (north of Gerringong) to Bomaderry, including a bypass of Berry.  The route will 
potentially cross several watercourses within the study area which could provide habitat for the two 
threatened fish species.   
 
There are four Key Threatening Processes associated with the construction and operation of roads 
that are listed in the NSW Fisheries Management Act (1994): 
 
a) The removal of large woody debris; 
b) The degradation of native vegetation along New South Wales watercourse; 
c) The installation of instream structures (i.e. bridges and culverts) and other mechanisms that alter 

natural flow regimes of rivers and streams; and 
d) Predation by the plague minnow (Mosquito fish, Gambusia holbrooki). 
 
Instream woody debris provides complex physical habitat for fish, providing refuge from predation and 
habitat for prey, as well as forming damming structures that create pools.  Riparian vegetation is 
important to aquatic macroinvertebrate assemblages and therefore to the fish species that feed upon 
them.  It can also act as a buffer, protecting the watercourse from the effects of poor land use in 
adjacent areas.  Altered natural flows can result in the elimination of seasonal cues that trigger 
spawning and can reduce the frequency and intensity of flood flows.  Some Australian freshwater fish 
species have evolved spawning seasons that coincide with the seasonal inundation of wetland areas 
so that larvae can benefit from the productivity of these habitats.  Instream structures can also act as a 
barrier to fish passage under some or all flow conditions, thereby restricting their ability to migrate 
upstream or downstream to access spawning or foraging habitat. 
 
Another threat to aquatic biota posed by road construction and operation is the increased mobilisation 
of sediments and contaminants into watercourses.  For example, increased sedimentation from 
earthworks can reduce the availability of deep water refuge areas for aquatic biota and smother 
important habitat features such as beds of aquatic macrophytes and cobble or gravel substratum.  
Increased turbidity within the watercourse can result in a reduction of light penetration and subsequent 
decline of macrophytes, altering the aquatic habitat.  Increased nutrient loads in runoff can result in 
algal blooms and subsequent fish kills.  Disturbance in areas with acid sulphate soils can lower the pH 
of water following rain events which can also cause fish kills and increase the susceptibility of fish to 
disease. 
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All of these potential impacts can be minimised or eliminated.  Where possible, route selection should 
avoid options that involve crossing waterways that provide major to moderate fish habitat (Class 1 & 
2).  Highway route options that do involve the crossing of watercourses, or construction in the vicinity 
of a watercourse, can avoid increasing the frequency or intensity of key threatening processes by 
complying with NSW Fisheries NSW 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 policies include the 
following requirements for freshwater waterfront developments: 
 
e) Minimise removal of riparian vegetation; and 
f) A minimum buffer of 50m is required between the development and the watercourse, and an 

increased buffer may be required under some circumstances (e.g. the presence of an 
endangered species). 

 
Specific guidelines for the construction of waterway crossings to maintain fish passage requirements 
are outlined in Fairfull and Witheridge (2003).  These guidelines include requirements for: 
 
g) Crossing structures appropriate for the size and type of watercourse (see Appendix B); 
h) Maintenance of fish passage throughout construction; 
i) Preservation of spawning grounds; 
j) Minimisation of disturbance to and removal of snags; 
k) Preferred crossing designs; 
l) Habitat rehabilitation: e.g. revegetation of disturbed areas and stockpile sites; and 
m) Sediment control: for example, locating crossing support structures outside the wetted area of the 

creek, avoiding construction within creek banks and inclusion of run-off control structures 
(scuppers, bunding, sediment control ponds where required).  

 

EPBC act impact assessments: affected species 

Australian grayling, Prototroctes maraena 

The Australian grayling is listed as a Vulnerable Species under the EPBC Act (1999).  No grayling 
were sampled during the current survey but previous Australian Museum collections have identified 
the Australian grayling (P. maraena) within the proposed upgrade corridor (Web Reference 1).  As 
such the study area should be considered as potential habitat and an impact assessment is required. 
 

• 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 
northernmost 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 (of 
the last 30 yrs) in Yalwal Creek to the south. 
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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% 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. 
 
The threatening processes associated with the construction and operation of the Gerringong to 
Bomaderry Princes Highway upgrade could cause a decrease in population of the grayling.  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 sulphate soils that would reduce the water 
quality in lowland reaches inhabited by larvae and juveniles.  Construction of crossings can also 
result in damage to riparian vegetation.  
 
The upgrade proposal is unlikely to cause a long-term decrease in Australian grayling populations 
if the suggested safeguards are implemented (listed above).  These include; the construction of 
crossing structures appropriate for the size and class of waterway, the minimisation of snag 
removal, effective measures to control sediments and the minimisation of harm to (and 
restoration of) riparian vegetation. 
 

• Will 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 1000m ASL (McDowall 1996), the construction of the Tallowa Dam 
restricted access to ~80%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 
(Web Reference 5).  However this is also unlikely to cause long-term declines in populations as 
the incidents will only last as long as the duration of the high sediment loads.   
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Increased sedimentation may also smother available spawning habitat downstream of the 
construction.  This may affect downstream occupancy if there is little alternative spawning habitat 
and the crossing structure creates a barrier to upstream reaches.   
 
However, if the suggested safeguards are strictly implemented then it is considered unlikely that 
the proposed upgrade will reduce the Australian grayling’s area of occupancy. 
 

• Will the action fragment an existing important population into two or more populations? 
It is unlikely that the threatening processes linked with the proposal 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 possible degradation 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 (at least as far as the crossing or 
beyond if it did not impede movement).  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.  If suggested safeguards to minimise sediment loads are implemented it is 
unlikely that the isolation of currently interconnecting areas of habitat would be greater than is 
currently experienced. 
 

• Will 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 the effect of removing access to it would be the same as destroying it to grayling 
populations. 
 
Increased sedimentation during construction could lead to loss of downstream spawning habitat 
from smothering.  The extent of possible spawning habitat in Class 1 and 2 watercourses within 
the study area is unknown.   
 
Given the degraded nature of riparian vegetation within the study area and its importance to 
macroinvertebrate prey of the grayling it should be considered critical habitat.  
Potential impacts on this habitat from can be minimised or eliminated if the suggested mitigation 
measures are implemented. 
 

• Will 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 will prevent the downstream flow of grayling larvae in autumn and the 
upstream migration of juveniles in spring.  The result is recruitment failure in the population above 
the barrier and given high post-spawning mortality of adults, complete local extinction after a few 
years. 
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Increased sedimentation can also affect the availability of spawning habitat downstream of 
construction with concomitant reductions in recruitment. 
 
The construction of appropriate channel crossing structures that allow fish passage (during and 
after construction), combined with suggested sediment control measures would ensure that there 
would be no effects on the breeding cycle of any Australian grayling present.  
 

• Will 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 1 and 2 watercourses provide major and moderate fish habitat respectively.  Within the 
study area Broughton Creek is categorised as a Class 1 watercourse throughout its length, with 
Jasper Creek and Broughton Mill Creek providing Class 2 habitat.  If the eventual upgrade route 
crosses these watercourses with a structure that prevents fish passage then grayling access to 
upstream refuge, foraging and spawning habitat will eventually be lost. 
 
Similarly, high sediment loads from construction earthworks may degrade downstream spawning 
habitat.  The removal of riparian and/or macrophyte vegetation may also have an affect on the 
abundance of macroinvertebrate prey.   
 
However the construction and operation of the highway upgrade is unlikely to cause problem if 
suggested mitigation strategies are implemented.   
 

• Will the action result in invasive species that are harmful to a vulnerable species 
becoming established in the vulnerable species’ habitat? 
The highway upgrade is unlikely to result in the establishment of an invasive species that might 
be harmful to the Australian grayling. 
 
Predation by and competition with brown trout (Salmo trutta) and rainbow trout (Oncorhynchus 
mykiss) is believed to have contributed to the decline of the grayling in some regions (Morris et al. 
2001).  However these introduced species require habitat at higher elevations than is available 
within the study area. 
 
The construction of channel crossings can potentially reduce the quality of watercourses by 
increasing turbidity, reducing natural flows and removing riparian vegetation.  This disturbance 
can lead to the colonisation or population increase of Gambusia holbrooki which prefers more 
degraded watercourses.  Although Gambusia is listed as a threatening process on the NSW 
FMA, at this stage it has not been demonstrated to have any affect on grayling populations.   
 

• Will the action introduce disease that may cause the species to decline?  
The low elevation areas around Broughton Creek are hotspots for acid sulphate soils (ASS) (Web 
Reference 2).  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.  There is a concern that ASS in 
the region has increased the incidence of 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 ASS, thereby increasing the risk of red spot disease 
for the young grayling. 
 
Route selection that avoids areas of ASS risk would eliminate the chance of this occurring, as 
would the implementation of appropriate control measures should ASS be encountered. 
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• Will 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).  Even if the grayling has disappeared locally it has been postulated that 
natural recovery is still possible via recruitment from other areas (inside or outside the 
Shoalhaven drainage) due to the dispersive marine/estuarine larval phase.  Genetic studies 
needed to demonstrate this possibility have not been done. 
 
It is unlikely that the threatening processes associated with the Princes Highway upgrade will 
affect the potential local recovery of the Australian grayling providing the suggested mitigation 
measures are implemented. 
 

Conclusion:  

The key threats that the highway upgrade poses to the Australian grayling include; disruption to 
the grayling’s diadromous life cycle, the loss of spawning habitat and the reduction of prey 
availability caused by damage to of riparian vegetation.  These potential impacts can be 
minimised or eliminated by implementing the suggested safeguards.  Referral of this proposed 
upgrade in relation to this species to the Department of Environment and Heritage (DEH) as 
prescribed by the EPBC Act (1999) is therefore not required. 

 

Macquarie perch, Macquaria australasica  

The Macquarie perch (Macquaria australasica) is currently listed as Endangered under the national 
Environmental Protection and Biodiversity Conservation EPBC Act (1999).  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 (DPI 2005); 
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).  
There are equivalent watercourses within the study area, so as a precautionary measure an 
assessment of significance for the potential impact of the highway upgrade has been done. 
 

• Is the action likely to lead to a long-term decrease in the size of an important population of 
a species? 
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 Gerringong to Bomaderry Princes Highway 
upgrade 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.  
 
Earthworks associated the construction of roads and channel crossing structures may mobilise 
sediments into waterways that could result in the downstream smothering of spawning 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.   
 
Any loss of riparian vegetation during construction may harm the aquatic macroinvertebrate 
communities that the perch feed upon. 
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These potential impacts can be minimised or eliminated by implementing the suggested 
safeguards, and as such it is considered unlikely that the highway upgrade will lead to a long-
term decrease in populations of M. australasica. 
 

• Will the action reduce the area of occupancy of an important population? 
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.   
 
The likelihood of this eventuating might increase if there were a simultaneous loss of spawning 
and deep refuge holes downstream of the construction site due to poor sediment control.   
 
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 
(Web Reference 5).  However this is also unlikely to cause long-term declines in populations as 
the incidents will only last as long as the duration of the high sediment loads. 
 
These potential impacts can be minimised or eliminated by implementing the suggested 
safeguards, and as such it is considered unlikely that the highway upgrade will lead to a reduction 
in the area of occupancy of M .australasica. 
 

• Will the action fragment an existing important 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 500m to tidal level, then populations of Macquarie perch 
were fragmented by the construction of the Tallowa Dam.  It is possible that the construction of 
channel crossings in the study area that create a barrier to fish passage could similarly fragment 
populations that may still exist in the Broughton Creek drainage.   
 
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 are at fairly low elevations and 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 safeguards to minimise sediment loads are implemented it is unlikely that the isolation 
of currently interconnecting areas of habitat would be greater than is currently experienced. 
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• Will 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 suggested mitigation measures are implemented. 
 

• Will the action disrupt the breeding cycle of an important 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 50cm – 
75cm deep with a flow rate of ~1m/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 (Web Reference 5).  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 route corridor. 
 
These potential impacts from barriers to passage can be avoided by the selection of appropriate 
channel crossing for the class of watercourse. 
 

• Will 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.  
 

• Will the action result in invasive species that are harmful to a vulnerable species 
becoming established in the vulnerable species’ habitat? 
Trout, carp and redfin perch have been implicated in the decline of Macquarie perch through 
competition or predation (Morris et al. 2001).  Trout and redfin perch prefer higher elevation 
habitat than is generally available within the study area but the common carp (Cyprinus carpio) 
has been recorded within the Shoalhaven drainage beneath Tallowa Dam (Harris and Gehrke 
1997, Faragher 1999, Gehrke et al. 2001).  The carp prefers still or gently flowing waters and can 
tolerate low levels of dissolved oxygen (McDowall 1996).  The construction of crossing structures 
that impede natural flows could facilitate the colonisation of carp into the study area or increase 
its numbers if already present.   
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The selection of appropriate channel crossings that have no affect on natural flows (i.e. bridges 
with support structures outside of the channel) and appropriate sediment controls would ensure 
that conditions favourable to carp were not created. 
 

• Will the action introduce disease that may cause the species to decline?  
The Macquarie perch is particularly susceptible to the epizootic haematopoietic necrosis virus 
(EHN) which carried by the redfin perch (Morris et al. 2001, McDowall 1996).  However the redfin 
perch is not known to occur in the low elevation reaches of the Shoalhaven catchment and hence 
the proposed highway upgrade is not expected to have any impact on the distribution of redfin 
perch. 
 

• Will the action interfere substantially 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 safeguards are adopted. 
 

Conclusion:  

Potential impacts of the highway upgrade on Macquarie perch populations can be effectively 
minimised or eliminated by the adoption of suggested safeguards.  Referral of this proposed 
upgrade in relation to this species to the Department of Environment and Heritage (DEH) as 
prescribed by the EPBC Act (1999) is therefore not required. 

 

Seven part test : affected species 
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.  
 

Macquarie perch, Macquaria australasica 

The Macquarie perch (Macquaria australasica) is currently listed as Vulnerable under the NSW 
Fisheries Management Act (FM Act) 1994 and as such it is necessary to assess the potential impacts 
of the highway upgrade in a Seven Part Test. 
 
The EPBC species assessment for M. australasica concluded that the proposed highway upgrade is 
unlikely to have a significant impact on existing populations or habitat if the suggested mitigating 
strategies are strictly adopted. 
 

• 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 Gerringong to Bomaderry Princes Highway 
upgrade 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 will develop (McDowall 1996).  Barriers that impede this breeding migration can lead 
to a reduction in recruitment and eventual decline in population size. 
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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 (Web Reference 5).  Riparian vegetation may also be degraded during 
construction which can again negatively affect macroinvertebrate prey.   
 
Reduced flow caused by instream channel crossings can create an aquatic environment which is 
favourable to the introduced common carp which would compete with the perch for 
macroinvertebrate prey and further degrade habitat quality (Morris et al. 2001). 
 
It is unlikely that the highway upgrade will have an adverse effect on the life cycle of the 
Macquarie perch if the suggested safeguards are adopted. 
 

• 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 NSW FMA. 
 

• 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.  
 

• 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 
fertilised 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.  Riparian vegetation may also be degraded during construction which can 
negatively affect macroinvertebrate communities that the perch feed upon and a buffer 
preserving the waterway from land use practices in adjacent lands is lost. 
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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 will vary with the type of structure and flow conditions.  
The effect it has on status of perch will 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) Of the habitats potentially affected by the highway upgrade, access to upstream spawning 

sites would be the most critical.  Without suitable breeding habitat beneath a barrier to 
passage, which appears to be the case given the low elevation of the study area, the 
continuous recruitment failure would quickly lead to the collapse of the downstream 
population. 

 
It is considered unlikely the proposed upgrade would significantly affect perch habitat if suggested 
safeguards are adopted and properly implemented. 
 

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

• 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 development could interfere with these 
objectives but this is considered unlikely if the proposed mitigation strategies are implemented. 
 

• 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 FM Act (1994) relevant to the highway upgrade that 
require consideration include: 
 
d) The removal of large woody debris; 
e) The degradation of native vegetation along New South Wales watercourse; 
f) The installation of instream structures (i.e. bridges and culverts) and other mechanisms that 

alter natural flow regimes of rivers and streams; and 
g) Predation by the plague minnow (Mosquito fish) (Gambusia holbrooki). 
 
Of these, predation by the Mosquito fish has not been associated with the decline of the 
Macquarie perch.  The other three processes have the potential to impact on Macquarie perch 
populations and causing a decline in abundance. 
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Conclusion:  

The key threats that the highway upgrade pose to the Macquarie perch include the creation of barriers 
to perch spawning migrations, the smothering of spawning habitat by siltation and reduced prey 
availability caused by degradation of riparian vegetation.  Potential impacts on local populations can, 
however, be effectively minimised or eliminated by the adoption of the suggested safeguards and as 
such a species impact statement is not recommended for this species under the EP&A Act (1979). 
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Appendix E Raw data for water quality measured in situ in 
the study area.  Recorded by The Ecology Lab (29/01/2007 to 
01/02/2007) 
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Appendix E Raw data for water quality measured in situ in the study area.  Recorded by The Ecology Lab (29/01/2007 
to 01/02/2007) 

See Figures 4a-d for maps of site locations 
 

Site Replicate Depth (m)
Temperature 

(oC)
Salinity 

(ppt)
Conductivity 

(us/cm)
Conductivity 

(ms/cm) pH ORP (mV) DO (% sat.) DO (mg/L) Turbidity 
(NTU)

Turbidity 
(NTU)

Turbidity 
(NTU)

1 surface 20.06 0.12 307 0.25 7.13 423 28.0 2.5 1.5 1.3 1.3

2 surface 20.00 0.12 307 0.25 7.13 435 28.9 2.7 1.2 1.4 1.4

1 surface 26.01 0.10 269 0.21 6.76 364 49.2 4.0 4.6 5.0 4.9

2 surface 25.12 0.11 261 0.22 6.91 370 51.7 4.3 4.6 3.9 5.4

1 surface 22.48 16.70 8000 27.30 7.82 389 108.2 8.5 12.5 13.3 11.8

2 surface 22.79 16.71 8000 27.30 7.88 392 117.7 9.2 14.2 14.2 14.2

1 surface 19.82 0.30 680 0.60 7.60 386 25.9 2.3 76.6 77.8 79.4

2 surface 19.73 0.33 694 0.65 7.89 386 78.0 7.1 116.9 115.9 116.8

1 surface 22.40 0.00 0 0.00 7.26 390 67.9 5.9 -1.3 -1.3 -1.4

2 surface 22.44 0.05 167 0.11 7.20 398 67.1 5.8 -2.0 -2.1 -2.0

1 surface 23.93 0.07 215 0.14 6.99 420 69.7 5.9 1.2 2.2 1.5

2 surface 23.96 0.07 215 0.14 7.01 427 69.0 5.8 1.0 2.3 2.3

1 surface 23.49 22.13 8000 35.17 6.71 375 20.8 1.6 6.6 6.3 5.2

2 surface 23.48 22.20 8000 35.28 6.71 365 20.3 1.5 7.5 6.7 7.8

1 1.50 23.69 23.24 8000 36.77 6.86 342 26.3 2.0 4.2 4.2 4.3

2 1.50 23.67 23.17 8000 36.66 6.86 335 27.1 2.0 4.5 4.4 4.2

1 surface 25.44 1.75 3319 3.31 6.69 410 41.6 3.4 9.3 6.1 7.1

2 surface 27.66 1.77 3365 3.37 6.55 405 48.9 3.8 9.1 8.0 7.9

1 1.00 24.23 1.92 3593 3.63 6.79 370 30.9 2.6 4.9 5.6 4.2

2 1.00 24.29 1.92 3626 3.62 6.82 340 36.9 3.0 5.7 7.6 5.2

1 surface 25.04 25.24 8000 39.61 7.57 454 100.0 7.1 0.3 0.2 0.1

2 surface 25.09 25.24 8000 39.61 7.57 454 100.0 7.1 0.0 0.0 0.0

1 2.75 25.32 26.86 8000 41.89 7.23 459 56.2 4.0 2.7 1.9 1.9

2 2.75 25.32 26.89 8000 41.89 7.23 460 56.1 4.0 2.3 2.7 2.0

1 surface 22.78 0.05 132 0.11 6.70 447 42.8 3.7 0.9 0.8 0.9

2 surface 22.80 0.03 132 0.07 6.71 458 46.5 4.0 0.6 0.8 0.6

1 surface 21.50 0.10 226 0.19 6.63 333 3.9 0.3 3.8 6.3 3.4

2 surface 21.94 0.09 224 0.19 6.63 344 7.4 0.7 3.5 3.8 4.5

1 surface 25.21 0.07 209 0.18 6.46 352 72.6 6.3 10.8 9.3 9.3

2 surface 24.92 0.07 202 0.14 6.85 354 107.0 8.8 0.1 -0.1 -0.8

1 surface 22.30 0.09 252 0.19 6.73 388 58.8 5.1 4.7 5.0 4.7
2 surface 27.15 0.10 240 0.21 6.81 421 108.2 8.6 0.7 0.7 0.7
1 surface 25.94 0.07 167 0.10 6.79 294 55.8 4.5 -5.2 -5.4 -5.4

2 surface 25.68 0.05 173 0.14 6.82 321 61.7 5.1 1.2 1.2 1.2

1 surface 21.74 0.14 339 0.28 7.40 492 80.4 7.0 1.7 1.6 1.6

2 surface 21.64 0.14 348 0.28 7.50 490 78.5 6.9 4.3 4.5 3.7

1 surface 20.84 0.10 254 0.20 7.06 501 42.1 3.8 12.2 11.8 12.5

2 surface 20.82 0.10 255 0.20 7.04 503 41.7 3.8 12.6 12.6 12.8

1 surface 19.18 0.21 492 0.43 7.12 386 2.6 0.2 16.3 14.9 14.7

2 surface 18.91 0.22 498 0.43 7.11 294 1.9 0.2 16.9 13.0 15.6

BC01

BC16

BC17

OC01

OC02

OC03

CR03

BC07

BC07

BC14

BC12

BC09

BC10

BC03

BC11

BC06

BC06  25min 
after low tide

BC08
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Appendix F Raw data for laboratory water quality analyses 
in the study area.  Samples collected by The Ecology Lab 
(01/02/2007) 
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Appendix F Raw data for laboratory water quality analyses in the study area.  Samples collected by The Ecology Lab 
(01/02/2007) 
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Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2 Rep 1 Rep 2
HCB NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Heptachlor NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Heptachlor epoxide NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Aldrin NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
gamma-BHC (Lindane) NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
alpha-BHC NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
beta-BHC NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
delta-BHC NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
trans-Chlordane NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
cis-Chlordane NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Oxychlordane NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Dieldrin NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
p,p-DDE NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
p,p-DDD NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
p,p-DDT NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Endrin NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Endrin Aldehyde NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Endrin Ketone NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
alpha-Endosulfan NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
beta-Endosulfan NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Endosulfan Sulfate NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01
Methoxychlor NR_19 ug/L <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Surrogate Surrogate OC Rec. NR_19 % 59 65 72 70 77 81 69 69
Arsenic-Total NT247_251 ug/L 1.8 3.5 <1 <1 <1 <1 <1 <1
Cadmium-Total NT2_47 ug/L <1 <1 <1 <1 <1 <1 <1 <1
Chromium-Total NT2_47 ug/L 4.7 5.1 1.4 1.6 1.2 1.4 1.1 1.7
Copper-Total NT2_47 ug/L 7.6 13 1.1 <1 <1 <1 <1 <1
Lead-Total NT2_47 ug/L 1.4 2.2 <1 <1 <1 <1 <1 <1
Mercury-Total NT2_47_244 ug/L <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
Zinc-Total NT2_47 ug/L 10 18 1.4 1.1 1.6 1.4 1.3 1.3
Phosphorus total NT2_47 ug/L 1900 4300 66 64 82 74 93 80
Chloride NWD3_NWB14 mg/L 110 120 33 33 46 46 25 25
NOx NW_B19 mg/L 0.009 0.012 0.027 0.028 0.009 0.007 0.007 0.007
Oil and Grease NW_S10B mg/L 100 150 37 15 22 14 13 10
Sulphate NWD10NWB14 mg/L <0.5 9.3 1.7 1.9 2.4 2.5 0.8 1
Suspended Solids NW_S13 mg/L 220 290 3 <2 3 3 6 4
Total Kjeldahl Nitrogen NW_B23_S9 mg/L 18 20 0.35 0.36 0.26 0.3 0.24 0.24

Broughton Creek 
(BC01)

Crooked River 
(CR03)

Organochlorine 
Pesticides

Method Units
Broughton Mill Creek 

(BC08)
Broughton Creek 

(BC03)

Trace Elements

Miscellaneous

Compound Category Compound




