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Summary 
 
 
Lake Curalo is an intermittent coastal lagoon located near Eden on the south coast of NSW.  The 
lake is less than 2 m deep and covers an area of only 0.73 km2 with a 30.3 km2 catchment of steep, 
densely timbered terrain to the north and west and the township of Eden to the south.  Palestine 
Creek and two smaller ephemeral streams flow into the lake which is separated from the sea by a 
barrier dune.  East of the lake Aslings Beach is a long sandy beach forming the northern area of 
Twofold Bay.  The beach is exposed to the south east and subject to the influence of oceanic waves 
and the associated large sediment transport rates. The lake is opened intermittently to relieve 
flooding. 
 
The coastal dune that separates the lake from the sea is a dynamic feature that adjusts to the 
shoreward movement of marine sediment, that effectively blocks the entrance, and the episodic 
freshwater scouring of the entrance channel that effectively opens the entrance.  Prior to 
development in the catchment and the need for artificial entrance opening to alleviate flooding the 
coastal dune is likely to have built up to around 3 m AHD.  This would have been breached only 
after a prolonged period of wet weather when the catchment runoff would fill the closed lagoon and 
eventually overtop the barrier.  Today the entrance is artificially opened at a water level of about 1.2 
m AHD and hence the oceanic inundation is more frequent than in the past.  Once open the entrance 
is gradually closed by the onshore movement of marine sands over a period of months during which 
time the tidal flushing brings salty marine water into the lake. 
 
The water budget for the lagoon depends on the entrance condition.  When the lagoon is closed the 
water budget depends on the contributions from catchment runoff, direct rainfall on the lake 
surface, groundwater flow through the adjacent aquifer, losses due to evaporation, and groundwater 
outflow through the coastal dune.  When the entrance is open additional water exchange occurs 
through the tidal action.  When the lagoon is open the spring tidal range is typically 0.3 m compared 
to the adjacent ocean range of 1.7 m.  During neaps the tidal range may diminish to zero as the long 
shallow entrance channel prevents the influx of ocean water.   
 
When the lagoon is open the lagoon water volume is exchanged with ocean water in about 60 days.  
This time scale is long compared to the time scale for biological uptake of nutrients and hence it is 
most likely that most of the nutrients brought into the lagoon are actually trapped within the system 
either through assimilation into the biota or through sedimentation to the bottom.  When the 
entrance is closed the nutrients stored in the sediments may be released and hence become available 
to further stimulate plant growth. 
 
In this study, the description of the aquatic ecosystem was based largely on existing information, 
supplemented by a field trip to describe estuarine habitats and features and to sample benthic 
assemblages and seagrasses. 
 
Estuarine Habitats 
Lake Curalo contains seagrass including Zostera sp. and Ruppia sp. and is fringed by large areas of 
saltmarsh, fringing she-oak and paperbark wetlands.  Six of these wetlands are protected under 
SEPP 14 legislation.  No mangroves were recorded within the lake but this pattern is common for 
intermittently closed coastal lagoons of NSW.  While the fringing habitats appear to be consistent 
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through time, differences were found in the distribution of seagrasses when compared to historical 
maps.  Sampling of the two beds of Zostera sp. near the entrance revealed that the mean percent 
cover of Zostera sp. was 43.85% (+ 3.45 SE) but varied between 5% and 80%.  Epiphyte loads 
were moderate to heavy with the bed on the northern shore having more macroalgae and epiphytes 
than the bed on the southern shore. 
 
Aquatic Fauna 
There is little information on the distribution and abundance of fauna in Lake Curalo, limiting the 
assessment of differences in faunal assemblages within the various habitats of the lake, and the 
evaluation of changes in theses assemblages through time.  The sampling of benthic assemblages 
showed that samples from muddy habitats had greater diversity and abundance of species compared 
to sandy habitats.  This common pattern was attributed to differences associated with grain size.  
Furthermore, the dominant species present within muddy habitats suggests the sediments from 
which the samples were taken may sometimes experience oxygen depletion. 
 
Ecological Processes and Estuarine Health 
In general, ecological processes in Lake Curalo are fundamentally similar to those in other estuaries 
along the NSW coast.  Features that are important in determining the relative importance of these 
processes include the intermittent nature of the entrance, the shallow nature of the lake itself and the 
input of nutrients, sediments and contaminants, mainly via the inflowing creeks, and the internal 
cycling processes between the sediment and water.  The estuary supports a variety of habitats 
including six SEPP 14 wetlands and variable beds of seagrass.  The average conditions favour the 
growth of particular species of macrophytes and macroalgae and the maintenance of saltmarsh 
habitats.  Fluctuations in these conditions will cause corresponding changes to the distribution of 
habitats and to the dominant species. 
 
This study has found that there have been large changes in the distribution of seagrasses, namely 
Zostera and Ruppia.  One model to account for this is that variations in salinity are responsible for 
these changes, and that these changes occur following closure of the lake for extended periods.  
However, the length of the closed periods required to bring about the changes remains an important, 
unanswered question.  Further, there is no way of knowing what effect changes in habitat structure 
have on fish and invertebrates assemblages.  Sampling of fish and invertebrates during different 
salinities and in beds of different seagrasses should be incorporated in any future work.  
Saltmarshes rely on being periodically inundated, so they are at risk of degradation if breakouts 
continually occur at water levels lower than the saltmarsh.  Given that this study has found the 
saltmarshes of Lake Curalo have survived at least since the early 1980s, it would appear that 
historical and current opening practices are not decreasing the area of saltmarshes, but it is not 
known if the species composition or the health of the habitat has changed. 
 
The following table summarises the ecosystem health using the report card system defined in State 
of the Marine Environment Report (SOMER, Zann 1995).  Particular ecosystem indicators are 
assigned grades which are broad and descriptive, intended for qualitative assessments of the scale of 
the particular health issue.  The grades are defined as follows (Zann 1995): 
 
 A: EXCELLENT (no obvious effects of human activities) 
 B: GOOD (general slight effects, or few sites with moderate effects) 
 C: FAIR (general moderate effects, or some sites with serious effects) 
 D: POOR (general serious effects, or some very serious effects) 
 ?: UNCERTAIN STATUS (insufficient knowledge). 
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The likely future pressures on particular indicators are described and the possible resultant trend in the 
indicator have been assigned one of the following four values:  

 ⇔ = stable 

  = improving 

  = worsening 

    ?  = insufficient data. 
 
Given the lack of quantitative data the task of assigning a particular status and likely pressure trend 
has been somewhat subjective.  The report card indicates that all 25 indicators of ecosystem health 
have been affected by human activity either in the catchment, in the lake or in both.  Most indicators 
are showing slight to moderate effects but from the available observations it appears none have 
reached a critical reference value.  The projected trends from increased pressures are of greater 
concern as more than half suggest a likely worsening condition if the indicated pressures are 
allowed to proceed unchecked.  While the system overall could be said to be in generally good 
condition, there have been episodes of algal blooms that suggest the health of the system is subject 
to significant temporal changes most probably associated with wet/dry cycles and the entrance 
opening regime.  While this rather subjective assessment provides a reasonable indication of 
ecosystem health it must be emphasised that for assessment of any proposed developments and/or 
management initiatives more rigorous assessment would be required. 
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Table 1:  Lake Curalo ecosystem health report card.  Based on the report card system used in State of the Marine Environment Report (SOMER, 
Zann 1995).   
SEDIMENTS      

  STATE   PRESSURE  
INDICATOR Current Value Reference value Status Trend Sources Trend 
Geomorphology       

Fluvial sedimentation 
rate ? 100 m3/year over last 6,500 years C ⇔ 

Catchment clearing for 
agriculture Urban 

development 
 (slight) 

Marine sedimentation 
rate 

Flood tide delta growth 
when entrance open 

Delta growth affected by opening 
regime C ⇔ More frequent artificial 

entrance opening  (slight) 

Extent of foreshore and 
riparian bank erosion 

Negligible foreshore 
erosion 

Reclamation of south and western 
shores for recreation and development B  

Removal of vegetation, 
increased recreational 

activity, increased urban 
runoff 

 

Bank modification Stormwater structures, 
bridge  B ⇔ Urban development  

Sediment quality       
Toxicant levels 

(Arsenic, Chromium, 
Copper, Lead, Zinc) 

no data available Arsenic 20; Chromium 81; Copper 65; 
Lead 50; Zinc 200 (mg/L) 1 ? ? Roads, agricultural 

chemicals  (slight) 

Total Phosphorus no data available 

<420 mg/kg non-polluted 2 

420 – 650 mg/kg moderately polluted 2 

>650 mg/kg contaminated 2 

(typical in south coast estuaries) 

? ?  (slight) 

Total Nitrogen no data available 

<1000 mg/kg non-polluted 2 
1000-2000 mg/kg moderately polluted 

2 
>2000 mg/kg contaminated 2 

(typical in south coast estuaries) 

? ?  (slight) 

Total Organic Carbon no data available No specific criteria ? ? 

Sewage, rural and native 
animals, rural and urban 
fertilisers, catchment and 

creek bank erosion 

? 
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WATER      
  STATE   PRESSURE  
INDICATOR Current Value Reference value Status Trend Sources Trend 
Water flows       

Tidal prism 0 – 100 x 103 m3 Lake volume ≅ 400 x 103 m3 C ⇔ More frequent artificial entrance 
opening  ⇔ 

Environmental flows ? No specific criteria B ⇔ Groundwater use reducing dry weather 
baseflow  

Water quality       

pH 7.3 – 8.5 3 <0.2 pH unit change, 
5 – 9 2 B ⇔ Changing nutrient and algal levels, 

artificial entrance opening ⇔ 

Total Nitrogen 550 µg/L 3 100 – 750 µg/L 4 B - C   
Total Phosphorus 25 µg/L 3 10 – 100 µg/L 4 B   

Chlorophyll a  0.1 – 2.4 µg/L 3 1 – 10 µg/L 4 B - C  

Eutrophication, organic and inorganic 
pollution from elevated nutrients, 

contaminants and suspended solids from 
poor rural water quality, urban 

stormwater, sewage 
 

Total Suspended 
Solids ? ? ⇔  

Turbidity 0.5 – 40 (15 avg) NTU 3,5 

<5 NTU = Low 4 
5 – 25 NTU = Medium 4 
25 – 50 NTU = High 4 

>50 NTU = Very High 4 
<10% change in seasonal mean 

NTU 2 

C ⇔ 

Sourced mainly from soil and stream 
bank erosion and run-off  

Faecal coliforms (fc) ? 
1° contact <150 fc/100 mL 2 

2° contact <1000 fc/100 mL 2 
Edible seafood <14 fc/100 mL 2 

? ? Rural and native animals, urban 
stormwater, sewage ? 

Salinity 15 - 35 g/L3 <5% change from background 
levels 2 B ⇔ 

More frequent artificial entrance 
opening, altered tidal prism, modified 

catchment runoff 
⇔ 

Potential acid sulphate 
soils (PASS) Low No specific criteria B ⇔ ? 

 ⇔ 
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BIOTA       
  STATE   PRESSURE  
INDICATOR Current Value Reference value Status Trend Sources Trend 
Aquatic and riparian flora      

Seagrass area, 
composition and 

distribution (depth 
limits) 

Area = 0.058 – 0.30 km2 6 
 Species composition = 

Zostera, Ruppia, 
Halophila? 
Depth < 2m 

Observation suggests depth 
may be shallower than 

comparable lakes in region 

Fair → 
Poor  

Variable distribution may be due to 
temporal changes in entrance conditions, 

water quality, nutrients loads and 
epitphytic and macroalgae reducing light 

penetration 

 

Saltmarsh area and 
distribution 

Area = 0.116 km2 6 Includes 
6 SEPP 14 Wetlands 

No specific criteria but large 
area of regionally significant 

wetland 

Excellent 
→ Poor ⇔ 

Appears to be few pressures aside from 
small patches of potential weed 

invasion.  Area may be increasing due to 
sedimentation near mouth of Palestine 

Creek. 

⇔ 

Vegetation distribution 
and condition along 

tidal foreshores 

50-55% dense cover 7 
30-35% sparse cover 7 

15% absent 7 

No specific criteria.  Sparse 
cover probably due to large 

amount of saltmarsh. 

Fair → 
Poor ⇔ Potential clearing/grazing pressures.  

Aquatic fauna       
Macroinvertebrate 

distribution and 
abundance 

High species richness and 
eveness 8  No specific criteria ? ? Taxa found suggest possible oxygen 

depleted sediments 9 ? 

Fish distribution and 
abundance 

34 species of commercial 
importance, no other 
information available 

No specific criteria ? ? 
Water quality degradation, fish passage 
limited by entrance conditions, damage 

to subtidal and intertidal habitats 
? 

Exotic fauna 
distribution and 

abundance (known or 
likely to occur) 

 

17 species in far south New 
South Wales No specific criteria ? ? 

Almost all are unintentionally 
introduced species with the potential to 
compete/replace/exclude native species, 
damage local fisheries and aquaculture 

 

? 

 
1:  ANZECC (1998) 
2:  ANZECC (1992) 
3:  EPA Data (1994-95) 

4:  EPA Water Quality Objectives Towamba River 
5:  MHL (1998) 
6: West et al. (1985). 

7:  Tony Roper DLWC  
8:  Moverly and Hirst (in press) 
9:  TEL (current study) 
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1 Introduction 
 
1.1 Background 
Lake Curalo is located near the township of Eden on the far south coast of New South Wales.  It has 
a waterway area of 0.73 km² and drains a mainly forested catchment of 30.3 km² contained within 
the Nullica State Forest and Ben Boyd National Park (Figure 1.1).  Eden lies on its immediate 
western and southern shores. 
 
The lake is classified as a coastal lagoon with an intermittently open entrance.  It is relatively 
shallow with an average depth of about 0.4 metres below Australian Height Datum (AHD) and 
maximum depth 2 metres and enters the ocean at the northern end of Aslings Beach (Figure 1.2).  
Between 5 and 10% of the lake bed is covered by seagrass and 15% by saltmarsh. 
 
The Lake Curalo Estuary Management Committee was set up on 14 August 1996 by Bega Valley 
Shire Council for the purpose of preparing and implementing a management plan in accordance 
with the NSW Government’s Estuary Management Policy. 
 
The data compilation completed in July 1997 (Webb, McKeown and Ass., 1997) summarises the 
various data sources, identifies and prioritises the issues and then identifies the gaps in the database 
where insufficient information is available to define the cause of an issue and hence reliably 
determine the solution.  Some of the gaps in the information base have been and are being 
addressed, the balance may need further data collection beyond this commission. 
 
1.2 Study Area 
The study area comprises the waterway, foreshores and adjacent land of Lake Curalo, the entrance 
area and the tidal creeks.  In addition, the study area is to extend as far inland, out to sea and along 
the coast as necessary to encompass all the processes of significance to estuarine quality and 
amenity, eg. urban development and forestry activities may contribute to increased sediment and 
nutrient input. 
 
1.3 Study Objectives 
The objectives for the overall study are to: 
• develop an understanding of the hydraulic, sedimentary, water quality and ecological processes 

of the lake, the interactions between them and the impact of catchment development and 
waterway usage on those processes; 

• identify and describe existing and future development pressures confronting the lake; 
• develop management objectives that represent the views of all stakeholders with an interest in 

the future condition of the lake; and 
• define a management plan for the lake that ensures future use is ecologically sustainable on a 

long term basis. 
 
This report is concerned primarily with the first objective relating to the development of an 
understanding of the processes that determine the various components of the Lake Curalo 
ecosystem, its variability and impacts of human use on the system. 
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1.4 Issues 
1.4.1 Issues for the Estuary Processes Study 
The data compilation study identified a number of issues at Lake Curalo that are of importance to 
the local community.  These issues were gleaned from discussion with residents as well as 
evaluation of the available data by the consultant.  In approximate priority order these were: 
 
Habitats and Species 
• decline in extent and health of fish and bird habitats including seagrass, saltmarsh and wetlands 
• reduction in buffer zones along foreshores and tributary creeks 
• effect of commercial fishing on lake ecology 
• foreshore degradation from weeds, litter and rubbish dumping. 
 
Water Quality 
• deterioration of water quality particularly: 

− increased turbidity lowering water clarity 
− increased nutrient levels causing epiphytic algal growth  

• entrance manipulation to achieve water quality and ecological objectives (ie. increase frequency 
of flushing and reduce nutrient/algal levels) as well as the historical objective of alleviating 
flooding. 

 
Sedimentation 
• increased sedimentation in the Lake which may be: 

− smothering seagrass 
− worsening turbidity from bed sediment resuspension 
− increasing nutrient levels in the water column  
− converting sandy foreshores to mud 
− reducing water depths available for boating and other recreation. 

 
Human Use 
• air quality from exposed mud flats and decaying seagrass and algae 
• conflicts between lake users particularly power/small boat users and commercial/recreational 

fishers 
• lack of foreshore facilities and beaches for walking, boating, fishing, picnicking, swimming and 

general viewing of the waterway 
• flooding of low lying property. 
 
These issues of concern to the local community provide the major focus for the processes study.  
 
The issues listed above detail the perceived threats posed to the environmental, social and economic 
values and expectations held by the community for the condition and usage of the Lake.  These 
values will be defined in the Estuary Management Study based on the local community’s response 
and on scientific grounds defined from this processes study. 
 
1.5 Report Structure 
The level of detail assigned to the assessment of processes, their interactions and characteristics of 
the system has been commensurate with the significance of the process, the issues identified as 
being important to the management of the Lake and the project budget.   
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To achieve the objectives of the processes study, emphasis has been placed on the acquisition and 
thorough interpretation of existing data and information.  The extent of modelling and field 
sampling has been tailored to suit the available project budget and has included analytical models 
and budget techniques. 
 
1.5.1 Report Presentation and Format  
As required by the study brief this report covers: 
• the nature and interaction of the estuarine processes; 
• the impact of human activity on the processes; and 
• recommendations on matters to be addressed in the subsequent Estuary Management Study and 

Plan. 
 
Chapter 2 presents a description of the regional setting including the climate of the south coast and 
the catchment geomorphology and soils.  Chapter 3 addresses the human uses of the Lake and 
provides a brief overview of the historical development and its effect of the entrance.  Chapter 4 
provides detail on the Lake morphology and sediment dynamics while Chapter 5 deals with the 
water flows and hydraulic processes.  Water quality processes including flushing characteristics, 
nutrient regimes and comparison with accepted criteria are discussed in Chapter 6 while the flora 
and fauna characteristics and processes are described in Chapter 7.  A discussion of the interactions 
between the different components of the system is provided in Chapter 8.  Chapter 9 describes the 
relationship between the identified issues and the processes while the conclusion and 
recommendations are provided in Chapter 10. 
 
1.5.2 Project GIS 
 
Standard software applications (ie. MapInfo, Microsoft Access, Excel) were used in the Project 
GIS.  Primary sources of data included the Bega Valley Shire Council and New South Wales 
Department of Land & Water Conservation.  Digital information obtained during the study are 
listed in Table 1.1. 
 
Table 1.1 Summary information for layers contained in the project GIS. 

GIS Coverage Datum/Projection Description 
Catchment Not on file, presumed 

AGD66 
Perimeter of Lake Curalo drainage catchment 

Geology AMGZone55 (AGD66) Geology for lower Curalo catchment (no Acid 
Sulphate Soil) 

Creeks Longitude/Latitude 
AGD66 

Drainage lines in lower catchment 

Roads Longitude/Latitude 
AGD66 

Main roads in lower catchment 

Study Area Longitude/Latitude 
AGD66 

Previous investigation area in lower Lake Curalo 
catchment 

Lake Curalo  
2m Contour 

Not on file, presumed 
AGD66 

Topography at 2m contour interval for lower Lake 
Curalo catchment 

Wetlands Not on file, presumed 
AGD66 

Wetland areas for lower Lake Curalo catchment 

Property Longitude/Latitude 
AGD66 

Council cadastral information for lower Lake 
Curalo 

Land Use AMG Zone55(AGD66) Simplified land use data 1994 
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Land Use Longitude/Latitude 
AGD66 

Simplified land use in catchment by forest, rural, 
urban, waterway categories.  At three dates (1950, 
1979, 1994) 

Vegetation Longitude/Latitude 
AGD66 

Vegetation density within 50 and 100m of Lake 
Curalo shore by dense, sparse, absent categories at 
three dates (1950, 1979, 1994) 

Additional data sourced from Coastal & Marine Geosciences (1999)  
Bathymetry ISG Zone 55/3 Water depths of estuary supplied by NSW DPW&S 

from a 1996 survey of Lake Curalo.  The data were 
supplied as contoured depth intervals and spot 
depths corrected to the Australian Height Datum 
(Mean Sea Level) in Microstation DGN file format. 

Shoreline ISG Zone 55/3 Shoreline and other cultural features supplied in 
Microstation DGN file format by the NSW 
DPW&S. 

Estuarine 
Sediments 

AMG Zone55(AGD66) Estuarine sediment types and depositional 
environments supplied by DLWC in Microstation 
DGN format 

Sample Sites AMG Zone55(AGD66) Sediment (vibrocore, nutrient cores) and water 
sampling (CTD) site details were provided by 
DPW&S Manly Hydraulics Laboratory.  

 
All digital coverages were migrated into the project GIS for comparison, analytical and presentation 
purposes in their original datum and coordinate system. 
 
 



Figure 1.1 Location of Lake Curalo in Twofold Bay, southern NSW.

Source: Hudson (1991)



Figure 1.2 Lake Curalo bathymetry and foreshore areas. Provided by DLWC.
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2 REGIONAL SETTING 
 
2.1 Climate 
The nearest meteorological station for which climate statistics are reported is located at Merimbula 
Airport, about 30 km north of Eden.  The following discussion assumes that the data for Merimbula 
are also representative of the Eden area. 
 
2.1.1  Rainfall 
The Lake Curalo catchment lies within the Bureau of Meteorology Rainfall District 69, South 
Coast, which extends from the Victorian boarder up to Ulladulla and inland to the top of the ranges, 
approximately 50 km from the coast.   The region is characterised by relatively uniform rainfall 
throughout the year, with a median annual rainfall of 901mm (Lee and Gaffney, 1986).  
 
Monthly rainfall averages (Bureau of Meteorology, 1975) at Merimbula Airport are given in Table 
2.1.  The rainfall on the coast is generally less than the average for the whole South Coast region. 
 

Table 2.1  Mean monthly rainfall (mm) and mean number of rainy days for Merimbula Airport 
(Bureau of Meteorology, 1975). 

  Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Year 
Mean rainfall (mm) 132 129 50 24 36 22 23 63 34 50 116 79 758 
Median (mm) 150 70 43 23 29 26 23 61 19 41 92 29 781 
Mean number of 
rainy days 

13 12 9 8 8 7 8 8 4 13 12 9 111 

 
 
2.1.2  Temperature 
Daily minimum and maximum temperatures are recorded by a Bureau of Meterology weather 
station located at Merimbula Airport (Bureau of Meteorology 1975).  A summary of the available 
data is given in Table 3.2. 
 
Table 2.2 Mean monthly temperatures (°C) at Merimbula Airport (Bureau of Meteorology, 1975). 

 Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec 
Daily maximum 23.8 24.7 22.8 21.4 17.8 16.2 16.0 16.5 18.2 19.8 20.1 23.2 
Daily minimum 15.3 15.7 13.3 10.1 6.9 4.5 3.4 4.6 5.7 9.3 11.1 13.2 

 
 
2.1.3 Humidity 
Humidity is a measure of the water vapour present in the atmosphere. Relative humidity refers to 
the content of water vapour as a percentage of the carrying capacity of air.  100% relative humidity 
indicates that it is raining. 
 
Relative humidity influences the rate of evaporation from the water surface of the estuary.  Relative 
humidity is recorded daily at 9am and 3pm by the Bureau of Meterology weather station at 
Merimbula.  Monthly averages of these data are given in Table 2.3. 
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Table 2.3  Monthly averages of relative humidity (%) at Merimbula Airport (Bureau of 
Meteorology, 1975).  

 Jan Feb Mar Apr May Jun Jul Aug Sept Oct Nov Dec 
9:00am 73 77 73 71 74 77 74 73 63 65 70 66 
3:00pm 72 73 67 65 64 63 59 61 61 65 72 71 

 
 
2.1.4  Solar Radiation 
Seasonal variations in solar radiation affect the water temperatures in the estuary and the light 
available for photosynthesis by aquatic plants.  Daily solar radiation data may be derived from 
satellite information at specific locations are available from the Bureau of Meteorology. The daily 
range is in the order of 0-600 W/m2 in summer and 0-300 W/m2 in winter.  Daily cloud cover 
significantly affects the level of solar radiation.   
 
2.1.5  Evaporation 
Average annual pan evaporation for the area is 1700 mm (Bureau of Meteorology, 1988). The 
nearest station for which pan evaporation data are available is at Nowra.  These data are thought to 
be representative of the Eden area and typically vary between about 60 to 70 mm for the winter 
months and 190 to 210 mm during the drier months. 
 
In general potential evaporation is greater than rainfall for most of the year.  This is obviously not 
the case during very wet months when rainfall exceeds evaporation.  The fact that evaporation is 
higher than rainfall, particularly during dry periods, suggests that evaporation may be an important 
influence on the lagoon salinity when the entrance is closed. 
 
2.1.6  Wind Speed and Direction 
Wind data collected by the Bureau of Meteorology at 9 am and 3 pm at Green Cape for the period 
1991 to 1999 have been analysed by the Bureau.   The data indicate that the winds vary seasonally 
with predominantly northerly and southerly winds during summer west to sou-west during winter. 
 
2.2  Southern Oscillation Index and Drought 
The southern oscillation index (SOI) is a measure of the air pressure difference between Tahiti and 
Darwin, and is used as a climatic indicator.  Prolonged periods of negative values are associated 
with drought conditions in Australian while positive SOI indicates a period of high rainfall (Chiew 
et al, 1996). 
 
Long periods of drought have implications for the entrance opening and flushing of the lagoon as 
well as for the vegetation characteristics along the drainage paths.  Reduced rainfall results in 
reduced flow to the lagoon, high salinity in the lagoon and a preference for salt tolerant flora and 
fauna.  Return to higher rainfalls after drought results in erosion of channels and delivery of 
sediment to the estuary. 
 
Cycles of dry and wet years occur at a number of time scales ranging from seasons to tens of years.  
These cycles have important implications for both the catchment and estuary in terms of shaping 
vegetation and biota patterns, and water quality. 
 
Figure 2.1 shows the SOI for the period 1876 to 1997 (Bureau of Meteorology, 1997).  A 10-year 
moving average is also shown to provide an indication of long-term trends.  Low values since the 



Lake Curalo Estuary Processes Study 

ESE pty ltd, Nelson Consulting pty ltd Page 7 The Ecology Lab pty ltd and CMG pty ltd 

early 1980s indicate a relatively dry period, although some high rainfall years occurred in the early 
1990s. 
 
2.3  Climate Change and Greenhouse Effects 
Based on the latest research by the United Nations Intergovernmental Panel on Climate Change 
(IPCC, 1996), evidence is emerging on the likelihood of climate change and sea level rise as a result 
of the increasing ‘Greenhouse’ gases. 
 
The Commonwealth Department of Environment, Sport and Territories (DEST) is an agency 
responsible for predicting typical vulnerability in each Australian State.  A recent vulnerability 
assessment for NSW was undertaken at Batemans Bay (Batemans Bay - Vulnerability Study, 1996). 
The assessment concluded that the best estimate for sea level rise during the next 50 years (by 
2046) is 0.2 m, with a range of between 0.08 m and 0.39 m.  Future climate changes are also likely 
to affect air temperatures, sea surface temperature, storminess and flood runoff.   
 
2.4 Geology and Geomorphology 
The regional geology, geomorphology and topography of the southern New South Wales coast are 
described in a number of papers reviewed for the Lake Curalo Estuary Processes Study (Bird, 1967; 
Hails, 1967; 1969a; 1969b; Kidd, 1978; Ballard, 1981; Hudson, 1991; Nichol, 1991).  The 
following summary is drawn from these references. 
 
2.4.1 Regional Topography & Geology 
 
The proximity of the Eastern Highlands to the coast in southern New South Wales has produced a 
rugged coastal morphology.  Coastal catchments are characterised by relatively short steep bedrock 
valleys, high energy rivers and streams and restricted coastal lowlands.  Elevations of 100m+ are 
common within several kilometres of the coast and catchment slopes typically vary between 5°-20°.  
At the coast, prominent bedrock headlands separate sandy embayments comprised of beach and 
dune deposits which impound the local drainage to produce tidal waterways containing a wide 
range of fluvial and estuarine deposits. 
 
Ordovician and Devonian lithologies (c.500 to 350 million years old) of the Lachlan Fold Belt 
(Figure 2.2) occur along the southern New South Wales coast.  Around Twofold Bay, late Devonian 
sandstones and shales (Merrimbula Group) overlie strongly folded and faulted Ordovician 
metasediments (quartzites, slates, phyllites).  Poorly consolidated conglomerates and sandstones of 
Tertiary age (deposited over 2 million years ago) crop out near the coast and, in places, are overlain 
by fluvial, estuarine and marine deposits of Holocene age (<10,000 years old). 
 
The lake’s catchment is semi-circular in plan, has an area of 30.3 km2 and dominant slopes range 
between 5° and 20°.  Devonian sandstones and shales (Merrimbula Group) occur throughout much 
of the catchment and are overlain by poorly consolidated Tertiary gravels and sands to the west of 
the lake basin.  Unconsolidated fluvial, estuarine and marine deposits of Holocene age (less than 
10,000 years old) overlie the Tertiary-aged sediments and partially infill the lake basin (Figure 2.3).   
 
2.4.2 Estuarine Geomorphology and Depositional Environments 
Lake Curalo is located within the Palestine-Bellbird Creek drainage catchment on the northern 
shore of Twofold Bay (Figure 2.4). A marine sand barrier (Aslings Beach) defines the eastern 
lakeshore while a variety of estuarine (intertidal, supratidal) and fluvial (floodplain, deltaic) 
deposits occur around the western lake shore (Figure 2.4). 
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Lake Curalo is typical of an estuarine type encountered in southeastern New South Wales referred 
to as a “saline coastal lake” (Roy, 1984).  The lakes originally formed when sea level flooded into 
the bedrock valleys some 6,500 years ago at the end of the postglacial marine transgression.  The 
sea level rise deposited marine sand barriers across the valley entrances, impounding the local 
drainage and creating estuaries of varying size.  Saline coastal lakes are typical of the smaller 
drainage catchments and have recently been referred to as ICOLLs - Intermittently Closed & Open 
Lakes and Lagoons – so as to highlight management issues associated with coastal waterways that 
have an ephemeral connection to the sea. 
 
As entrance conditions change, lake waters vary from saline (entrance open, tidal exchange between 
lake and ocean) to brackish (entrance shut, no tidal exchange, freshwater inputs from catchment 
dominate).  Entrance conditions are primarily dictated by catchment runoff and the local ocean 
wave climate.  Ocean waves and tidal currents act to infill the entrance with sandy deposits (flood 
tide delta and beach) while freshwater flows from the catchment act to maintain an open entrance 
by preventing the buildup of sand at the coast.  In small drainage catchments, the estuary entrance 
tends to open only during major floods when lake waters are sufficiently elevated to breach the 
beach deposits at the entrance.  Entrance closure can occur rapidly and within several tidal cycles as 
catchment runoff decreases following the flood peak.  Periods of low runoff and minor flooding 
may result in the lake remaining closed for prolonged periods (months). 
 
The main depositional environments (subaerial and subaqueous) of Lake Curalo are identified in 
Figure 2.4.  Coarse and fine grained sediments (gravel, sand, mud) derived from the local catchment 
and associated with Palestine Creek occur in floodplain, fluvial channel and deltaic deposits west of 
the lake basin.  Where Palestine Creek enters the lake, a fluvial delta has been built some 550m into 
the central basin.  Supratidal deposits, presumably comprised of fine grained sediments deposited 
during periods of high lake levels, overlie alluvial deposits to the north and south of the lake.  A 
marine sand barrier (Asling Beach) defines the seaward limit of the lake. 
 
Coarse and fine grained sediments of terrestrial and marine origin partially infill the lake basin.  
Fine grained, organic-rich, silts and clays derived from the hinterland have been deposited in the 
relatively deep water of the central mud basin.  A local coarsening of the lake bed sediments occurs 
along the western shore in the vicinity of the Palestine Creek fluvial delta where sands and gravels 
have been deposited during floods.  Well sorted and relatively clean (low proportions of mud) 
marine sands occur in the flood tide delta at the lake entrance.  The flood tide delta has been built 
from beach and nearshore sands driven into the lake entrance by tidal flows.  For much of the time 
the flood tide delta deposits are moribund, only being remobilised by tidal flows for the brief 
periods when the lake entrance is open following major flooding. 
 
2.5 Soils 
Information on catchment soils is limited and the review presented here is based on existing 
geological data for the catchment. The catchment soil landscape data referred to in the Lake Curalo 
Data Compilation report (Webb McKeown, 1997) has not been located. 
 
Detail of catchment soils can be derived from the 1:64000 scale geology map of the Eden-
Merrimbula District (Hall, 1960) and field notes compiled for a field guide of the NSW south coast 
geology (McA. Powell, 1983).  Supplementary soils data is contained in an unpublished report on 
the nature and thickness of soils in the northern Lake Curalo catchment based on a reconnaissance 
survey (75 auger holes to 2.5m depth) of the upper Bellbird Creek catchment (CMG, 1989). 
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The geological mapping is of sufficient resolution to identify coarse-grained quartz grits and fine-
grained red and brown shales and sandstones (Devonian Bellbird Creek Formation) throughout the 
southern and western portions of the catchment.  Coarser grained quartz sandstones (Devonian 
Worange Point Formation) occur in the northern part of the catchment.  The Devonian lithologies 
typically dip towards the coast at angles of 10° to 35°.  Tertiary sands and gravels occur along the 
northern perimeter of the catchment and near sea level west of Lake Curalo.  Soils developed on the 
Devonian sandstones and shales are commonly skeletal to thin (<1m thick), sandy near the surface 
and overlie either ironstone gravels, stiff clays or unweathered bedrock.  Soil profiles tend to 
thicken towards major drainage lines where sandy soils displaying podzol profiles (leached A 
horizon; indurated “pan” layer; unleached B horizon) in excess of 2m thick may occur.  Soils 
formed on the Tertiary sands and gravels are friable to poorly consolidated and comprise of silty 
siliceous sands. 
 
Potential acid sulphate soils (PASS) are likely to be encountered in the low-lying areas (within 4m 
of mean sea level) immediately to the west of the lake basin.  Areas mapped as fluvial floodplain, 
channel and delta (see Figure 2.4) are presumed to be comprised of a veneer of fluvial sands over 
organic-rich estuarine muds.  Since the formation of the lake some 6,500 years ago, sediments 
eroded from the catchment and deposited along the western lakeshore have blanketed older lake bed 
sediments and raised the land surface several metres above mean sea level.  The potential for 
exposing the relict estuarine muds (PASS) is greatest in the floodplain and delta of Palestine Creek.  
The actual extent of the PASS in these areas would need to be confirmed by exploratory 
drilling/hand augering. 
 
 
 
 



Figure 2.1  Southern oscillation index for the period 1876 to 2000.
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Figure 2.2 Regional geology of the NSW South Coast.

Source: CMG



Figure 2.3 Lake Curalo catchment geology.

Source: BVSC GIS
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Figure 2.4 Geomorphology and depositional environments of Lake Curalo (source NSW 
DLWC).
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3 HUMAN USES 
 
3.1 Catchment and Foreshore Zoning and Tenure 
Under the Bega Valley Local Environmental Plan 1987, land within and adjoining Eden is zoned 
2(e) (Urban Zone).  This is a general zone relating to the Eden area, with more detailed controls 
contained in Development Control Plan No. 38(A4).  Land fronting Lake Curalo is zoned open 
space, except for Eden High School land (zoned Special Uses) and a private caravan park (zoned 
Residential 2). 
 
Open space on the northern shore of Lake Curalo is generally Crown land (it is intended that this be 
reserved for public recreation and coastal environmental protection, with Council as trustee).  Open 
space on the southern shore is mostly owned by Council, or Crown land with Council as trustee. 
 
3.2 Catchment Land Use 
Catchment land uses are shown in Figure 3.1.  Nullica State Forest occupies over 50% of the 
catchment (western portion) with the north-eastern corner being part of Ben Boyd National Park.  
Figure 3.1 also shows the logging history in the Lake Curalo catchment.  In addition to timber 
production, Nullica State Forest is used for trail bike riding and firewood gathering.  It also houses 
an outdoor classroom, used by primary, secondary and university students, with a nearby 
spotlighting track and marked transects for fauna surveys. 
 
Areas of Ben Boyd National Park were previously used for logging, grazing and pine plantations 
(NSW NPWS 1985).  There are no formal recreational facilities within the park in the vicinity of 
Lake Curalo. 
 
On the southern side of the Lake are a number of recreational and tourist developments, ie: 
 
• two caravan parks (Eden Tourist Park and Garden of Eden Caravan Park); 
• four sealed netball courts and clubhouse, Eden Tennis Club (four artificial turf courts and 

clubhouse), soccer field and club house, AFL field, skateboard ramp (all within the Eden 
Showground Reserve); and 

• Eden High School (including cricket practice nets and rugby field). 
 
On the western side of the lake, east of the Princes Highway, development is mainly single 
dwellings fronting Lake Curalo Reserve.  At the time of the site inspection, in September 1999, 
horses were being grazed on this reserve.  To the south of Lake Curalo is the Eden Business District 
and surrounding residential development. 
 
Development along the Princes Highway to the north includes a nursery, Eden Country Club and 
Fishermens Sports Club (golf course), the George Brown Memorial Sports Ground (rugby and 
hockey field) and Boral Timber industries in the industrial area.  An area of State Forest, adjacent to 
the golf course, is leased to the pony club.  
 
A new, fully serviced subdivision (Eden Cove) is planned for the northern side of the lake.  The 
total subdivision is proposed to be about 350 lots.  In the first instance, 150 lots are planned to be 
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released in five stages.  Apart from this area, there is little opportunity for further significant 
development in the catchment. 
 
3.3 Low Lying Land Development and Flooding 
Low lying land to the west of the lake has been reclaimed for urban development and playing fields.  
Houses in Emblen street and the caravan parks are subject to flooding particularly when the lake is 
closed.  Areas inundated at water levels of 1.5, 2 and 2.5 m (Figure 3.2) were derived from 
Council’s survey information at selected locations, 2m contours and the results of the lake box 
model described in chapter 5.  To protect these areas from inundation during periods when the 
entrance is closed and heavy rains cause rapid rise in the lake water level the entrance must be 
artificially opened.  The entrance opening procedures were described by a former Council overseer 
at Eden, Mr Des Moloney, and are included in the Data Compilation study (Webb, McKeown and 
Ass., 1997).  Excerpts from this document are included in the following section. 
 
3.3.1 Entrance Opening Procedure 

"To achieve a situation where the channel remains open for as long as possible the lake 
should be opened when it reaches a height that gives it enough velocity to flush as much 
sand out as possible.  This ideal height has been marked on a peg at the back of the van 
park, I have re-marked this ideal level on a 200 mm x 200 mm post embedded in the lake 
edge where it is visible from the roundabout at the north end of Aslings Beach Rd.  The 
ideal level referred to is approximately 300 mm below the backyards of the houses in 
Emblen St." 

 
At the time of Mr Moloney’s description of entrance opening procedures the ideal water level was 
thought to be about 1.2 m AHD.  The actual level at which the lake is opened depends upon the rate 
at the level is rising, the entrance dune height (described in section 4.5) and the time required for 
Council to respond to the decision to open the entrance.  For example, on 3 March 1997 Eden 
received 134 mm of rain in the 24 hours from 9 am on 2-3-97 to 9 am 3-3-97, between midnight 
and 6 am the lake level rose by about 8 cm per hour and the critical level of 1.2 m occurred at about 
6 am.  By the time the entrance was opened at around 10 am the level had reached a peak of 1.42 m.  
 
While the lake opening procedure described above is related to flood mitigation issues there has 
also been attempts to open the lake to relieve odours from rotting algae along the foreshores.  The 
most recent attempt is described by Mr Moloney as follows: 
 

"In early 1985 an attempt was made to open the lake to allow the sea to enter.  The lake had 
been closed for some time and had little water in it, rotting seaweed had begun to cause a 
problem.  Over a three day period I was able to achieve a reverse flow at high tide of 
approximately five metres wide and 300 mm deep.  At the end of three days it was not 
possible to measure any appreciable gain in lake height." 

 
These observations provide very useful qualitative information on the entrance dynamics and when 
combined with the more detailed data described in Chapter 5 allow for a sound interpretation of the 
underlying processes. 
 
3.4 Odours 
The committee raised the issue of odours apparently emanting formt eh lake under certain 
conditions.   Recent work in Lake Wollumboola (Haines et al., 2001) suggests the odour problem is 
related to the release of hydrogen sulphide (“rotten egg gas”) from the lake sediments following 
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sudden wind driven mixing events.  During stratified periods, when the lake is closed, the deeper 
anoxic layer caused the release of hydrogen sulphide from the sediments into the deeper waters.  
After a prolonged calm period a wind event caused the deeper waters to mix with the surface waters 
releasing the hydrogen sulphide gas to the atmosphere where the townships located downwind of 
the lake were subjected to the strong odour.  
 
Lake Curalo is very similar to Lake Wollumboola and it is suggested the same mechanism results in 
the odour issue at Lake Curalo.  It is difficult to assess whether human impacts have led to an 
increase in the occurrence of the odour problem.  Most likely the increased organic load to the Lake 
associated with catchment clearing and urbanisation has led to higher rates of primary production 
within the lake and its sediments and hence greater production of hydrogen sulphide.  It must be 
remembered, however, that the odour issue would have occurred prior to these human activities, 
albeit less frequently. 
 
3.5 Population Growth and Future Housing Needs 
Overall, between 1971 and 1991, Eden experienced an average annual population growth of 2.4%.  
It is difficult to estimate the future population of Eden because the area has a higher percentage of 
working age residents, compared to other areas in the Shire, and so is heavily influenced by changes 
in the main industries, ie forestry and fishing (BVSC 1995).  Bega Valley Shire Council (1995) 
identified a number of scenarios for the town including growth rates up to 3% per annum if there is 
a shift towards the retirement and tourism markets. 
 
Even for the highest growth rate, which is considered unlikely, there are sufficient lots in proposed 
subdivisions (Eden Cove, and Boydtown to the south of the catchment) to meet foreseeable 
demands for new dwellings.  The population of Eden was 3,277 in 1991 (ABS 1993) and it is 
estimated that the population more than doubles during the Christmas school holidays. 
 
3.6 Waterway use and Facilities 
Active recreational use is concentrated on the southern side of the lake.  Lake Curalo Reserve, a 
mown reserve on the western side of the lake, provides opportunities for walking, picnics and boat 
launching.  Facilities are limited to a small jetty, wooden seats and two footbridges over 
creeks/drainage lines.  Access from this reserve, around to the Eden Showground Reserve, is not 
possible due to an area of paperbarks and/or casuarinas.  In addition, private land including the 
Garden of Eden Caravan Park and land fronting the Eden High School is not public open space. 
 
There are no recreational facilities on the northern side of the lake.  The applicants for the Eden 
Cove Estate have proposed the installation of a pathway/boardwalk on Crown land around the 
southern edge of the subdivision, and the possible construction of a boardwalk and footbridge 
across the entrance to Lake Curalo connecting to Aslings Beach (BVSC 1999). 
 
Use of Lake Curalo is limited to row boats and small dinghy sailing as the lake is too shallow for 
power boating.  Little use of the lake is made for fishing, sailboarding and swimming, although 
prawning is undertaken in the summer months.  Most recreational use (picnicking, fishing, 
swimming and surfing) is focused on Aslings Beach.  Past uses of Lake Curalo have included 
catamaran sailing and flying boat operations.  The foreshores were once used for go-kart racing, a 
horse racing track, an airfield, a boatshed and an abattoir.  Current uses of Lake Curalo other than 
fishing include canoeing, and birdwatching but lake usage is restricted by lack of facilities, poor 
access and shallow depths (Val Bobbins – Tourist Information Centre, Eden). 
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There is a proposal for a foreshore walking path that is planned to extend from the soccer fields to 
Lakeside Drive on the western shore. 
 
Bird watching is also a popular recreational pastime around the lake shores and wetlands where a 
broad variety of bird life may be observed. 
 
Within many estuaries along the coast, there is general animosity between commercial and 
recreational fishers.  No evidence of conflict was found either in the literature or during discussions 
with fishers.  Moreover, fishing effort varies greatly from year to year, making it difficult to 
determine the status of fish stocks within the lake.  However, continued monitoring of the 
commercial production statistics and future sustained cost-effective monitoring of the recreational 
sector would be needed to supply the information required for the successful future management of 
the fishery.  
 
3.6.1 Commercial Fishing 
The following information was compiled from information provided by Marnie Tanner of NSW 
Fisheries, Cronulla and discussions held with Mathew Procter, a NSW Fisheries Officer based in 
Eden and Heath Calder at NSW Fisheries, Cronulla. 
 
Lake Curalo is open to commercial fishing but due to its small size and shallow depths, it is only 
ever used by a very small number of commercial fishermen on an opportunistic basis.  Fishing 
occurs during both open and closed conditions but is more frequent when the entrance is open.  
Annual commercial production statistics in kilograms for Lake Curalo by species (1988 – 89 to 
1997 – 98) are presented in TEL (2001).  Data are not available prior to 1988 – 89 because Lake 
Curalo was not listed on the fishers’ catch returns as a separate estuary. 
 
The total finfish catch has fluctuated over the past ten years with the maximum catch being 4071 kg 
(1995 – 96) and the minimum only 464 kg (1997 – 98).  The most abundant fish caught by 
commercial fishermen have been mullet, bream, flathead, trevally and luderick.  Catches of 
molluscs and crustaceans have also been recorded with prawns being the dominant crustacean.  On 
average, only two commercial fishers have operated in the lagoon between 1988 and 1998 using a 
variety of different methods. 
 
3.6.2 Recreational Fishing 
Lake Curalo offers mainly bank fishing for bream and flathead and is an excellent prawning area in 
summer (Ross, 1995).  There are no boat ramps that service the lake but access to the lake for small 
boats is possible from the Eden Tourist Park on the eastern shore and from the reserve on the 
western shore.  The lake is generally fished only by locals using baited lines (Pers. Comm. Barry 
Ellis of Eden Outdoors and Marine). 
 
The major focus of the fishing clubs in Eden is on offshore fishing, but two of the three clubs also 
include freshwater fishing in their regular activities.  The Eden Amateur Fishing Club and the Top 
Pub Fishing Club (otherwise known as the Great Southern Fishing Club) include both freshwater 
and offshore fishing, but the Eden Sport and Game Fishing Club is exclusively for offshore fishing. 
 
Recreational prawning also occurs within the lake during both open and closed conditions using 
hand and drag nets. Reports of the best times of the year for prawning vary from November to June, 
to any month with an ‘R’ in it (Pers. Comm. Barry Ellis at Eden Outdoors and Marine and Bill and 
May at Eden Tourist Park). 
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3.7 Aboriginal Sites 
Bell and Edwards (1980) noted several well preserved open midden sites in the Lake Curalo area.  
In a 1994 report (Robert Paton Archaeological Studies Pty Ltd) four hilly areas on the fringes of 
Eden, including the Eden Cove subdivision area, were investigated.  Ridgelines and spurs were 
classified as having moderate to high archaeological potential, along with the lower slopes of the 
Eden Cove area, due to the proximity to wetlands associated with Lake Curalo. 
 
There are no known or listed Aboriginal sites in the Eden Cove subdivision area, with the closest 
recorded sites being located between the north end of Aslings Beach and Worang Point.  These sites 
comprise middens, campsites and axe grinding groves (Robert Paton Archaeological Studies Pty 
Ltd 1994).  
 
3.8 European Heritage Sites 
There are no heritage items listed in the Bega Valley Local Environmental Plan 1987 in the vicinity 
of Lake Curalo.  The general cemetery, located to the south of the Eden Showground Reserve and 
adjacent to Aslings Beach, is classified by the National Trust as an historic cemetery. 
 
3.9 Visual Environment  
A visual amenity report for Lake Curalo was prepared  for the Management Study by David Beaver 
(see Appendix D in Nelson Consulting, 2002).  Three landscape units of varying visual qualities 
were identified for the lake surrounds (see Figure in Appendix D in Nelson Consulting, 2002).  The 
key characteristics of these units are described below. 
 
High Visual Amenity 
• Natural and semi-natural Lake foreshore areas 
• Areas with large stands of native vegetation with low-scale development that is visually discreet 
• Steep forested slopes and ridges 
• Ocean Beach 
 
Medium Visual Amenity 
• Moderate slopes with views to and from the Lake 
• Urban areas of detached houses with gardens and remnant native trees 
• Parkland/golf course areas with stands of native vegetation 
 
Low Visual Amenity 
• Mainly cleared low lying areas (eg below 10 m above sea level) usually not visible from the 

Lake’s foreshores  
• Industrial precincts 
• Playing fields 
• Unsympathetic developments in close proximity to the Lake’s foreshore  
 
State Forests has also identified special management and prescription zones within Nullica State 
Forest to protect the visual characteristics of ridgelines and other areas (see Figure 3.1). 
 
 



Figure 3.1  Catchment land use and state forests logging history.



Figure 3.2 Lake Curalo inundation contours at 1.5, 2 and 2.5 m AHD.  

1.5 m
2.0 m
2.5 m

Derived from 2 m contours and spot survey information provided by BVSC.
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4 Morphology and Sediment Dynamics 
 
4.1 Sedimentation and Sediment Yield 
Models of estuarine evolution in south-eastern Australia identify two primary sources of sediment 
infilling estuarine basins created at the end of the postglacial marine transgression: marine and 
terrestrial.  Marine sediments are typically clean, well sorted, rounded, quartzose sands derived 
from the continental shelf during the marine transgression and formed into beach and tidal delta 
deposits along the seaward margins and entrances to estuaries. In contrast, fluvial sediments are 
derived from local drainage catchments, poor to moderately sorted, angular, muddy sands and 
gravels rich in rock fragments deposited along the landward shores of an estuary in floodplains and 
river deltas. 
 
The extent and rate of estuarine infilling in southern New South Wales is highly variable and the 
product of a complex interaction of catchment size, morphology, rock type, river discharge and 
geological inheritance (Nichol, 1991).  Attempts to calculate sedimentation rates based on 
contemporary measurements (eg. river flow regimes, sediment concentrations) are difficult and 
likely to be unrepresentative in view of potential linkages between long term climatic cycles, flood 
frequencies, catchment condition and assumptions inherent in sediment transport calculations 
(Rieger and Olive, 1988). 
 
Aerial photography is commonly used to detect historic changes in estuaries.  Ballard (1981) cites 
historic evidence (survey plans, aerial photographs) of a gradual encroachment of the marine and 
fluvial deltas into Lake Curalo between 1962 and 1979 as well as a 25m landward recession of the 
Aslings Beach shoreline.  Presumably growth of the tidal delta is linked to the shoreline recession 
while growth of the fluvial delta relates to the progressive deposition and retention of fluvial 
sediments in deltaic and mud basin environments.  Caution should be exercised in interpreting 
geomorphic changes in estuarine settings based on aerial photography and survey plans as this type 
of analysis is especially sensitive to water level fluctuations.  Changes in the extent of deposits may 
be more related to water levels at the time of the survey/photography rather than any actual 
measurable change in the extent of marine/fluvial deposits.   
 
An alternative approach to estimating estuarine sedimentation and probable rates of infilling is to 
look at the long-term evidence for estuarine change as preserved in the extent of fluvial and 
estuarine deposits. This “mass-balance” approach of catchment sedimentation attempts to identify 
possible human impacts (ie. mining, forestry, land clearing for agriculture etc.) on estuarine 
sedimentation in terms of larger than anticipated delta volumes and/or denudation rates for 
individual catchments and/or unusually high rates of delta advance. 
 
The extent of fluvial and estuarine deposits in Lake Curalo is shown in Figure 2.4.  Long-term rates 
of sediment delivery from the catchment to the estuary can be calculated using the aerial extent of 
fluvial deposits, an assumed thickness for these deposits and a start time of 6500 years before 
present (Table 4.1).   
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Table 4.1 Lake Curalo depositional environments and estimated sediment volumes include: 
Deposit Area (m2) Thickness (m) Volume (m3) Mass (tonnes) 
Fluvial delta 86,170 2 172,340 142,008 
Fluvial floodplain 507,100 2 1,014,200 835,701 
Fluvial channel 20,000 1 20,000 16,480 
Mud Basin 750,000 2 1,500,000 1,236,000 
     
Total    2,230,189 
 
The depositional areas listed in the Table were derived from the NSW DLWC geomorphic mapping 
of Lake Curalo.  The sediment thicknesses were estimated from vibrocores reported in CMG 
(1999). For conversion of volume to mass a typical bulk density of 0.825kg/m3 wet sediment (Justin 
Meleo, PhD. Student, University of Sydney pers. comm) was assumed.  The mud basin deposits 
were assumed to be all terrestrial in origin which is probably conservative.   
 
The sediment yield from the catchment (30.3 km2) over the past 6500 years is estimated as 11.3 
tonnes/km2/year. This value is at the upper end of sediment yield estimates for undisturbed south 
coast catchments (ie. 10 tonnes km-2 yr-1; Justin Meleo, PhD. Student, University of Sydney pers. 
comm).  This relatively high value, for South Coast estuaries, may indicate accelerated erosion of 
the Lake Curalo catchment due to natural and/or anthropogenic factors.  Clearly the analysis 
provides no resolution of sedimentation rates over the 6,500 year period and additional evidence is 
required to confirm an increase in catchment erosion and estuarine sedimentation over historic time 
frames. 
 
Community perceptions of estuarine sedimentation are that water depths in Lake Curalo have been 
reduced by around 1m with the most noticeable change occurring in the early 1970s (Webb 
McKeown, 1997).  While catchment development and clearing in the early presumably has 
delivered quantities of coarse and fine grained sediment to the lake basin, a 1m shoaling of lake 
depths since the 1970s seems unlikely. 
 
Vibrocores drilled in the central mud basin (water depth 1.5m) encountered a maximum thickness 
of 2m of estuarine mud (see Section 4.3).  If it is assumed that the lake bed has shoaled by 1m 
between the 1950s to 1970s (sedimentation rate of 50mm yr-1), this would mean that around half of 
the entire estuarine mud was deposited over a relatively brief 20 year period.  Increasing the time 
period back to the turn of the century still gives a sedimentation rate of 14mm yr-1.  The rate of 
sedimentation to be inferred from local observations is unprecedented for any estuarine system in 
south-eastern Australia.  Moreover, persistence of a sedimentation rate of around 50mm yr-1 (14mm 
yr-1) up to the present day (1970 to 2000) would have resulted in a further decrease in water depths 
by 1.5m (0.42m), effectively infilling large sections of the lake basin. 
 
Perceptions of estuarine infilling may have more to do with management of the estuary entrance to 
control local flooding than to actual sedimentation (ie. Terrigal Lagoon Study; CMG, 1997).  Under 
natural conditions water levels in Lake Curalo would have risen to well above mean sea level (>2m 
AHD) before the entrance breached. Breaching would have been largely dependent on the level of 
the beach berm at the entrance and widespread flooding of low lying areas around the lake 
foreshore would have preceded entrance breaching.  The flooding would have been natural and 
maintained the ecosystems fringing the lake shore. 
 
Foreshore developments (eg. caravan parks; housing) down to elevations approaching mean sea 
level have necessitated opening the lake at a level around 1.2m AHD – well below natural levels 
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attained previously (Sinclair Knight, 1988; Webb McKeown, 1997).  While premature opening of 
the lake’s entrance has mitigated the impacts of local flooding, it has also lead to the perception that 
the lake has shoaled significantly over a relatively short period of time.  Indeed water levels in the 
lake are shallower than previously recorded, however the shoaling is more likely due to a change in 
the management of the estuary entrance than to accelerated lake sedimentation caused by catchment 
clearing. 
 
4.2 Estuarine Sediment Distribution 
Mapping of unconsolidated sediments within and around Lake Curalo has identified a number of 
estuarine and marine depositional environments characterised by a variety of sediment types.  Clean 
quartzose marine sands occur in barrier, backbarrier and tidal delta deposits along the seaward 
margin of the lagoon, while fine grained terrigenous sediments (organic-rich sandy muds) 
characterise the central mud basin.  Coarser grained river deposits (fluvial channel, floodplain, 
delta) occur along the western shore of the lagoon in the vicinity of the Palestine Creek fluvial 
delta. 
 
Sediment samples collected within the lake basin show a general increase in the fines content 
(%Passing 75 µm) from 3% near the shore to 67% in the deeper basin (maximum water depth 
c.1.5m) (Sinclair Knight, 1988).  Vibrocore sampling confirms this trend and points to a general 
correspondence between surface sediment types and those occurrring at depth below the lake bed 
(CMG 1999). 
 
The NSW Department of Land and Water Conservation (DLWC) vibrocore drilling program 
examined each of the major depositional environments within Lake Curalo (tidal delta, central mud 
basin and fluvial delta).  A total of four vibrocores (VC1, VC2, VC3, VC4) were collected in water 
depths of less than 2m over one day in early April, 1997 (Figure 4.1).  Core VC1 is located on the 
flood tide delta near the lagoon entrance, cores VC2 and VC3 were collected in the central mud 
basin and core VC4 is located in the Palestine Creek fluvial delta. 
 
Recovered core samples varied in length from 2.2m to 3.1m with the majority showing minimal 
disturbance and good preservation of sedimentary structures (ie. shell layers, bedding structures, 
lamination of organic material, trace fossils).  Maximum core penetration was 3.3m.  Two 
representative sections showing the inferred east to west (Section A-A’) and north to south (Section 
B-B’) arrangement of the main Holocene units within Lake Curalo and their relationship to the 
underlying Pleistocene substrate (where encountered) are shown in Figure 4.2. 
 
Section A-A’ shows mud basin deposits (50-90% mud) around 1.5m thick infilling the deepest 
portion of the estuarine basin to the rear of the marine sand barrier.  The mud basin deposits grade 
down-core to a poorly sorted gravelly shelly lag which directly overlies the pre-Holocene 
landsurface (stiff oxidised clays).  The gravel lag is thought to have formed when sea level first 
flooded into the lagoon basin c.6,500 years ago, reworking the old landsurface. 
 
Section B-B’ presents a more complex stratigraphic setting where fluvial and tidal delta deposits are 
interpreted as interfingering with and overlying central basin muds.  The extent of tidal delta 
deposits in the vicinity of the Palestine Creek fluvial delta is uncertain and it appears that here pro-
deltaic (delta front) sandy muds are interbedded with mud basin deposits at depth of 0.9m below the 
coarse grained levee deposits (gravelly sands). 
 
The vibrocore drilling confirmed the presence of a relatively thin (c.2m) Holocene sediment 
sequence comprised of organic-rich sandy muds (mud basin) overlying the pre-Holocene land 
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surface within the central and deepest section of Lake Curalo.  The Holocene sediments thicken 
towards the margin of the estuarine basin in the vicinity of the Palestine Creek fluvial delta (Core 
VC4, >3m thick) and towards the Lake entrance where tidal delta/mud basin deposits are in excess 
of 3m thick (Cores VC1; VC2). 
 
4.3 Foreshore and Bank Movement 
Historic data (aerial photographs) provide some understanding of the tempo of foreshore change 
between 1962 and 1979.  Ballard (1981) presents a series of sketches from aerial photography taken 
in 1962, 1967, 1971, 1974 and 1979 (Figure 4.3).  The sketches show no significant change in the 
position of the lake shoreline or depositional features within the lake.  As mentioned previously, the 
use of aerial photography to detect geomorphic change in estuarine systems is frequently unreliable 
due to the sensitivity of temporal comparisons to water level fluctuations. 
 
Field inspections conducted in November 1999 showed the lake shoreline to be well vegetated with 
a plant succession comprised of sedges, saltmarsh and stands of Casuarina and Melaleuca.  There 
was little evidence of foreshore erosion and the generally banks appeared to be reasonably stable.  
Evidence for foreshore accretion in the form of vegetated sand shoals and spits was limited to the 
area around the Palestine Creek delta. 
 
4.4 Channel Erosion and Accretion Patterns 
The previous sections have demonstrated that there is little evidence for significant historic 
geomorphic change in Lake Curalo.  Clearly there is evidence of long-term (hundreds to thousands 
of years) fluvial and marine deposition within the lake basin in the form of fluvial and flood tide 
deltas, respectively.  The rate of change, however, appears to be slow, an observation consistent 
with investigations of estuarine systems elsewhere in southern New South Wales (Roy, 1984; 
1994). 
 
The clearest evidence of channel erosion and deposition is found at the entrance to Lake Curalo.  
Here, historic surveys and plans dating back to 1798 show the entrance to be either closed or open 
depending on the volume of freshwater discharge from the catchment (Ballard, 1981).  Aerial 
photography from 1961 to 1993 identifies shifts in tidal channels and sand shoals within several 
hundred metres of the lake entrance in response to changing entrance conditions (Figure 4.4).  The 
same photography highlights the relatively static or moribund nature of channels (fluvial/tidal) 
away from the entrance. 
 
4.5 Entrance Sediment Dynamics 
The entrance sediment dynamics are influenced by the littoral sediment transport along Aslings 
Beach, transport within the channel (when it exists) and aeolian sand drift along the aerial beach.  
The entrance channel is comprised of marine sands indicating a nett ingress of marine sediments.   
 
Marine sediment transport along the beach is driven by the ocean waves, including long period 
ocean swell and locally generated wind waves, and the littoral currents due to wind and tides.  The 
tidal currents along the beach (away from the entrance) are generally small and do not significantly 
affect the littoral transport.  The combination of waves and wind driven currents cause sediment 
movement both along and on/off the beach.  When the entrance is open the alongshore transport 
moves sediment towards the entrance resulting in a net movement into the entrance.  Following 
closure of the entrance the alongshore movements contribute to a gradual buildup of sand on the 
frontal dune that occupies much of Aslings Beach and basically extends northward across the 
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entrance area.  Immediately south of the entrance area the dune height is greater than 3 m AHD and 
given the transport rates that are common along these beaches this height could probably be 
achieved within several months of entrance channel closure. 
 
When the entrance is open the tidal prism of the estuary is not large enough to sustain the ebb tidal 
currents required to maintain an open entrance.  Immediately following an opening event the tidal 
plus fluvial flows are sufficient to cause the channel to scour to a depth of around 0.5 m.  Historical 
hydrographic surveys indicate that the channel may have been as much as 5 m deep (Ballard, 1981).   
 
The maximum scour depth achieved immediately following the entrance opening is probably 
considerably less today than before the development of low lying lands that now require the 
artificial opening at a lower lake level.  Prior to the development it is most likely that the entrance 
would have opened only when the water level was greater than the frontal dune of around 3 m 
AHD.  Under these conditions the water head from the lake to the ocean (approximately 4 m at low 
tide) would result in significantly larger water velocities in the channel than today's opening level 
and hence the scour potential would have been significantly greater.  As the channel would have 
been larger, the entrance would have remained open longer. The lake would also have remained 
closed for longer periods than today. 
 
Marine sediment to the estuary effectively blocks the entrance until a significant rainfall event or 
artificial means are used to open the entrance barrier.   
 
4.6 Conceptual Model of Sediment Movements and Sediment Budget 
Subdivision of the lake basin into fluvial delta, central mud basin and tidal delta environments 
(Figure 2.4) highlights the dominant processes acting to redistribute sediments within the estuary 
over time periods ranging from days to centuries.  In general, sediments eroded from the Palestine - 
Bellbird Creek catchment accumulate in fluvial deposits along the western lakeshore and, in the 
case of fine-grained material, within the central mud basin.  Deposition of beach and nearshore 
sediments is restricted to flood tide delta shoals at the lake entrance. 
 
The lake operates as an effective trap for coarse-grained sediments derived from both marine and 
terrestrial sources.  While most of the fine-grained sediment (mud) eroded from the catchment is 
deposited within the central mud basin, some leakage of the fine-grained muds to the offshore will 
occur when the lake entrance is open during major floods. 
 
The slow accumulation of sediments around the lake foreshore and basin forms a substrate for the 
growth of salt tolerant vegetation, adding to the diversity of lake ecosystems.  The SEPP 14 
wetlands associated with the Palestine Creek delta are a good example of the interaction between 
lake sedimentation and ecosystems. 
 
In time, Lake Curalo will eventually infill with sediment derived from both land and marine sources 
(Figure 4.5 from Roy, 1984) as the system evolves from a saline coastal lake to a freshwater 
swamp.  The rate of infilling will be largely determined by inputs from the catchment, highlighting 
the need to closely monitor and manage activities in the catchment likely to lead to accelerated 
delivery of sediments to the lake. 
 



Figure 4.1  Lake Curalo vibrocore locations.
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Figure 4.2 Lake Curalo stratigraphic sections.



Figure 4.3 Historical line drawings derived from aerial photographs (Ballard, 1981).



Figure 4.3 Historical line drawings derived from aerial photographs (Ballard, 1981).



Figure 4.4 Aerial photographs showing the condition of the entrance over the 31 year time frame.
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Figure 4.5 Schematic diagram of stages of coastal lake infilling  (from Roy, 1984). 
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5 Hydraulic Processes 
5.1 Fluvial Flows 
Rainfall over the catchment produces runoff that drains to the various creeks and streams and 
ultimately flows to the Lake.  Inflow from the catchment provides both a source of freshwater that 
assists the flushing of the Lake and a range of other inputs such as sediment, nutrients, organic and 
microbial material that affects the water quality of the receiving Lake waters.   
 
There are no known measurements of freshwater discharge in the tributary creeks that flow to the 
Lake and an estimate of the daily freshwater inflow may be derived from the simple rainfall/runoff 
relationship 

Qrunoff   =   α Ac R  
where Qrunoff is the discharge entering the lake, α (= 0.15) is the runoff coefficient, Ac (= 30 km2) is 
the catchment area and R the rainfall.  The value of the runoff coefficient, α, is typical for a 
relatively steep catchment such as that of Lake Curalo.  Assuming that the Lake acts like a bucket 
and that leakage from the Lake via groundwater is negligible then the value of a may be checked 
through by comparing the observed height increase (0.33 m on 7-9 September, 1997) with the 
estimated value from the inflow divided by the lake area.  Neglecting evaporation gives a value α = 
0.085 and including evaporation yields α = 0.12.  Assuming groundwater losses contribute a similar   
amount as the evaporation then the value α = 0.15 provides a reasonable estimate.  Daily rainfall at 
Eden for the period 1994 to 1999 were obtained from the Bureau of Meteorology and the above 
equation was applied to provide an estimate of the freshwater input.  
 
The monthly discharge estimated for the period July, 1994 to July, 1999 using the above equation is 
shown in Figure 5.1. The monthly volume of water entering the Lake varies between about 8 
ML/month during dry periods and up to 1000 ML/month in wet months. 
 
5.2 Groundwater Flow 
The geology of the areas surrounding the lake are characterised by sandstone to the north and 
tertiary gravel and sand deposits to the south and west.  The volume of groundwater discharged to 
the estuary is expected to be significantly higher in the areas with a sandy gravel aquifer as 
compared to the sandstone aquifer.  Given the relatively steep catchment and its close proximity to 
the Lake groundwater flow to the Lake is likely to occur year round but, flows would be expected to 
increase significantly following wet weather recharge and to decrease in the drier months. 
 
An estimate of the average groundwater flow to Lake Curalo may be derived by assuming an 
average transmissivity of T = 250 m2/day and a hydraulic gradient of 10 m maximum change in 
groundwater level (or water table) over a minimum distance of 1000 m, equating to the value i = 
0.01.  These values are typical of sandy-gravel and sandstone aquifers.  The length, L, of shoreline 
around the southern, western and northern boundaries of the Lake is about 2.3 km.  Assuming the 
groundwater penetrates into the Lake over this distance then the average inflow, QGin, can may 
calculated from the relationship, QGin  =  T i L.  Substituting the values above into this relationship 
gives the estimate of QGin ~ 5.75  ML/day. 
 
During periods when the entrance is closed and the Lake level is higher than the ocean level the 
hydraulic gradient between the lake and ocean may force a groundwater flow beneath the coastal 
sand dunes and into the ocean along Aslings Beach. Taking a hydraulic transmissivity for dune 
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sands of 500 m2/day, a hydraulic gradient of 0.005 (0.5 m in 100 m) and length of the eastern 
shoreline of 900 m gives an estimate of the groundwater discharge of  QGout  ~ 2.25  ML/day.  
When the entrance is open the hydraulic gradient between the Lake and the ocean would be 
negligible and consequently the groundwater discharge to the ocean would decrease to near zero. 
 
These estimates of the groundwater inflow and outflow indicate the Lake is generally receiving 
groundwater input to around 2 ML/day (60 ML/month).  This flow is not insignificant but is still 
less than the average evaporation rate of around 100 ML/month as discussed in the following 
section. 
 
5.3 Rainfall and Evaporation 
Daily rainfall data recorded at the Eden post office over the period January 1994 to April 1999 were 
obtained from the Bureau of Meteorology.  Pan evaporation data from Nowra were also obtained to 
provide an estimate of the evaporation rates.  This was the nearest evaporation measurement station 
to Eden and is generally thought to be a reasonable representation of the situation at Eden. 
 
The volume flow into the lake due to direct rainfall on the lake surface, QRain (MLd-1), may be 
estimated from: 
 A QRain R=  (5.1) 
where R is the rainfall in mm/day, and A is the lake surface area (0.7 km2).  Similarly the loss of 
volume from the lake surface due to evaporation, QEvap (MLd-1), may be estimated using the daily 
evaporation rates at Nowra  
 A  E  = QEvap  (5.2) 
where E is daily evaporation in mm/day. 
 
Monthly rainfall and evaporation averages for the period 1994 to April 1999 are shown in Figure 
5.1a.  The water contribution to the lake volume due to rainfall and losses due to evaporation are 
shown in Figure 5.1b.  The figure indicates that monthly runoff is generally larger than monthly 
evaporation which is again larger than the direct rainfall contribution. 
 
5.4 Entrance Dynamics 
The flow through the entrance is controlled by the degree of entrance closure, ocean water levels 
and fluvial inputs.  The entrance is artificially opened to alleviate flooding of low-lying areas 
around the estuary at a water level of about 1.2 m AHD.  Prior to development and the need to 
protect property on the low lying areas the beach barrier at the entrance would most likely have 
built up to a similar level to the adjacent berm just south of the entrance.  This is typical of other 
similar intermittently opening lakes where the berm may attain a level of around 3 m AHD.  The 
waters in the estuary rise from repeated small runoff events or from a single large event, eventually 
overtopping the barrier.  Once the barrier is breached a small channel forms and the scour process 
proceeds rapidly to remove the sands that form the barrier.   
 
A sequence of aerial photographs from 1962 to 1993 indicates the times that the entrance channel 
was open during the 31-year period (Figure 4.4).  The channel is open in '62, '71, March '77 and '93 
but is closed in '73 and November '77.  Note that the location of the channel moves around and is 
probably influenced by the flooding events and long period water level changes.  The entrance 
condition as determined from the available aerial photographs is listed in Table 5.1.  It would 
appear from these snap shots that the entrance is open about half the time.  This is corroborated by 
the anecdotal evidence. 
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Table 5.1 Summary of entrance condition gleaned from available aerial photographs  

Year Open/Shut Comment 
7/9/50 Shut  
1/7/62 Open Nth of corner.  Cut? 
22/2/64 Open Similar but migrated south. 
23/3/71 Open  
4/6/72 Shut  
27/3/73 Shut  
9/3/77 Open  

27/11/77 Shut  
24/1/79 Shut  
12/1/85 Open Nth Corner 
25/9/86 Shut  
13/12/88 Open Nth Corner 
22/11/89 Shut Just 
2/5/93 Open Just 
27/4/94 Shut  

3655-30* Open Just 
3537-91* Shut Just possibly open at spring 

   
Total  17  

Number open/shut 8/9  
  
The height of the entrance berm attains following closure depends on the prevailing ocean wave and 
wind conditions and rainfall events. Berms are depositional features on beaches that develop as a 
result of wave runup and overwash. Berm development represents the final stage in an entrance 
closure. The formation of berms occurs when sediment is deposited near the limit of wave runup as 
the wave velocity decreases due to gravity, friction and percolation. If the wave height remains 
constant vertical growth of the berm continues until the berm height equals the maximum height of 
the wave runup. Higher waves produce higher berms but above the critical erosion-accretion 
threshold higher waves erode the beachface leading to rapid berm removal (Hanslow et al. 2000). 
 
5.5 Tidal Levels and Flows 
The tidal characteristics are illustrated in Figures 5.1c, 5.2 and 5.3.  The monthly mean water level 
in Lake Curalo is shown together with the maximum and minimum levels in Figure 5.1c.  This 
figure illustrates the changing tidal range and the influence of flood events (see March ‘97).  
Between March ‘96 and January ‘97 the Lake was mostly open and the tidal range was typically 
around 0.5 m.  The Lake entrance began to close in early 1997 and closed off completely in late 
January.  A large flood event in early March caused the water level within the closed Lake to rise 
above the allowable flood level and the Lake was breached returning the system to its typical open 
tidal conditions. (Figure 5.2).   
 
The open system then remained open for about four months before the entrance was again choked 
and closed in July 1997 (Figure 5.3).  Additional smaller rainfall events caused the water level in 
the Lake to rise around 1 m in September 1997 before it dropped during the summer, presumably 
due to evaporation and groundwater outflows.  The water level clearly shows the strong spring/neap 
modulation of the tides. 
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To obtain an estimate of the flow through the entrance when the Lake is open an open channel 
model has been applied to the entrance.  The model assumes that the water level in the Lake and 
ocean rises as a level surface.  These water bodies are connected by the entrance channel whose 
characteristics determine the water surface slope joining the ocean and Lake.  The model is forced 
by the observed ocean tides at Eden.  The results of the model are shown in Figure 5.4 which 
indicates the tidal discharge is around 20 m3 s-1 and the tidal prism varies between about 340 ML at 
springs and 100 ML at neaps and obviously as the entrance closes this input reduces to zero. 
 
5.6 Barrier Overtopping 
Barrier overtopping occurs when large waves result in wave runup essentially sloshing over the 
entrance barrier dune and into the lake.  A number of successive waves each contributing may 
ultimately result in an appreciable flow.  The amount of water entering the lake by this overtopping 
process depends on the offshore wave height, the beach profile including the dune height and width 
and the offshore topography that affects the location of the wave breaking and runup characteristics.  
If barrier overtopping is an important process for the lake water budget then episodes of high wave 
activity during entrance closure should result in an increase in the lake salinity due to the transfer of 
saline ocean water into the brackish lake waters. 
 
During the period August, 1997 to April, 1998 when the entrance was closed one high wave event 
with significant wave heights Hs > 4 m occurred over two days, 7 and 8 March, 1998.  The lake 
water level showed a slight increase of maybe 0.01 m (the resolution of the sensor) and the salinity 
likewise increased by about 0.15 psu (sensor resolution 0.1 psu).  An estimate of the overtopping 
volume may be derived from the salt balance assuming that evaporative contribution to the salt 
balance is negligible: 

S   S
S  -  S

  V      V 
Ocean

Initial
LakeOt +

=  

where S is the lake salinity after the wave event, SInitial the salinity before the event, SOcean (= 35.5 
psu) the ocean salinity and VLake the lake volume.  Subsituting the data for 7 and 8 March, 1998 
when a very significant event occurred gives VOt ~ 6500 (± 4,000) m3 or around 1% of the lake 
volume.  It is concluded that wave overtopping is not a significant contribution to the water budget. 
 
5.7 Water Budget 
The water balance or change in volume, V, of water in the Lake with time, t, due to the various 
water flow contributions and losses may be described by the relationship: 
 

BreakoutTideOutGoutEvapOverbarTideInGinRainrunoff Q  Q  Q  Q  Q Q  Q  Q  Q      
dt
dV −−−−++++=  (1) 

 
where Qrunoff is the contribution flowing into the Lake from the catchment via the streams and 
overland flow and includes stormwater inputs, QRain is the contribution due to direct rainfall over 
the lake area, QGin is the groundwater inflow contribution, QTideIn is the tidal inflow, QOverbar is the 
barrier overtopping by ocean waves, QEvap is the evaporation from the lake surface, QGout is the 
groundwater outflow through the barrier dunes, QBreakout is the outflow during a breakout event, 
QTideOut is the tidal outflow. 
 
The Lake volume may be estimated from water level data and a knowledge of the lake surface area; 
V  =  A h(t). 
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The various contributions to the water budget have been discussed in the previous sections.  The 
relative importance of each contribution varies temporally.  For example, when the entrance is 
closed the tidal terms are zero (QTideIn = QTideOut = 0) and the ocean waves only contribute during 
large wave events.  The groundwater contributions are generally small but persistent while 
evaporative losses are significant most of the time (Figure 5.5).   



Figure 5.1 a) Rainfall, evaporation and global solar exposure, b) runoff, direct rainfall and 
evaporation rates for Lake Curalo and c) water levels.
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Figure 5.2 a) Water levels (AHD) in March 1997 at Eden Wharf and b) in Lake Curalo showing 
the flood and breakout event.
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Figure 5.3 a) Low pass filtered ocean water levels (AHD) and b) observed lagoon levels
(AHD).
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Figure 5.4 a) Model discharge through the entrance and b) Lake Curalo observed (red line) and 
modelled (solid line) water levels (AHD) and ocean levels at Eden Wharf (thin line).
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Figure 5.5 a) Monthly estimates of the lake volume and b) rate of change of volume.
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6 Water Quality and Mixing 
 
6.1 Sources of Pollutants 
Potential sources of nutrients, pathogens and other forms of pollutants include the surrounding 
playing fields, the camping/caravan parks, urban runoff via the stormwater system, sewer 
overflows, runoff from the light industrial area and agricultural runoff.   There are no data from 
which estimates of the loads from each of these sources may be derived.  It is likely that the loads 
have increased since commencement of development within the catchment (i.e. land clearing and 
urban development) but there are no data available to quantify the changes that may have occurred. 
 
The reclamation of low-lying lands and development of ovals and playing fields around the 
foreshores has likely altered the runoff characteristics and loads.  These activities generally lead to 
increased nutrient loads due to the application of fertilisers.  As the areas are generally around the 
southern and western shores it is likely that these localised increases in loads may lead to localised 
eutrophication of the nearshore zone near the stormwater inputs. 
 
6.2 Water Quality Data and Assessment 
Water quality data have been collected at different times as a part of three programs over the past 
12 years.  The dredging EIS (Sinclair Knight & Partners, 1988) reports the results of surface 
samples collected in February 1988 at 3 sites in the main water body.  The EPA collected surface 
water samples at 9 sites each month from December, 1994 to June 1995 and the most recent 
sampling was carried out by DLWC in April 1997 when 3 water samples were analysed.  The 
collected water samples were analysed for a range of nutrients and are summarised in Table 6.1. 
  
Table 6.1  Nutrient and chlorophyll-a data collected in Lake Curalo. Data reported as means and 
standard deviations. 

Date TN TP Turb Chloro-a 
 mg/L µg/L ntu µg/L 
Feb-88 1 0.017  0.018 2 6  1.4   
     
Dec-94 0.410  0.11 34.1  9.6 24.4  16.8 0.1  0.0 
Jan-95 0.410  0.12 28.3  15.3 25.3  19.3 0.1  0.0 
Feb-95 0.462  0.18 25.8  16.3 27.7  17.5 0.1  0.0 
Mar-95 0.714  0.29 38.1  18.6 33.8  25.4 0.1  0.0 
Apr-95 0.554  0.28 31.4  12.0 7.3  9.3 0.1  0.0 
May-95 0.704  0.17 21.3  9.5 10.0  12.0 2.2  2.4 
Jun-95 0.553  0.08 13.8  4.9 16.1  15.3 1.3  1.2 
     
April-97  32.5  5.0   

1 Nitrate plus nitrite nitrogen concentration and 2 filterable reactive phosphorus. 
 
A water quality logger was installed in the lake for 2 years from March, 96 to March, 98 (Figure 
6.1).  The instrument was deployed in a bottom-mounted configuration so the depth of water above 
the instrument varied from 0.3 m to a maximum depth of 1.2 m during floods.  The instrument 
recorded water level, pH, dissolved oxygen, salinity and turbidity each 15 minutes for two years. 
The instrument was replaced each month with a calibrated replacement instrument.  While the water 
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level, temperature and pH sensors are reliable over the one-month deployment period the turbidity, 
dissolved oxygen and to a lesser extent conductivity sensors are subject to drift. The drift in the 
dissolved oxygen measurements is not consistent from one deployment to the next and may occur 
after a few days.  Hence the DO measurements must be viewed with caution.  The turbidity 
measurements (Figure 6.2) commenced after the first year and these data are also subject to large 
measurement errors due to the sensor configuration.  Extreme values (>300 ntu) have been removed 
from the data set.   
 
6.2.1 pH 
The ANZECC guidelines indicate that the pH of a marine system should not vary beyond 0.2 pH 
units.  For recreational water quality the pH should be within the range of 5.0-9.0.  Data collected 
over the two years March, 96 to March, 98 shows the pH varied between a minimum of 7.3 and a 
maximum 8.5 with a mean value 8.04 and standard deviation of 0.22 pH units (Figure 6.1).  These 
levels are typical of ocean waters and the slightly lower values generally coincided with fresh water 
runoff events.   
 
6.2.2 Temperature and Salinity 
Temperature variability in Lake Curalo is influenced by the air-sea heat exchange and when the 
Lake is open, by the exchange with the ocean.  The typical seasonal cycle is shown in Figure 6.1 
with shorter term variations (days to weeks) due to diurnal temperature fluctuations and the passage 
of weather systems.  Water temperatures drop to a minimum of around 8 ºC in August and peak 
with a summer maximum of around 27 ºC in January or February. 
 
Salinity measured in the main basin of the Lake over the two years 96/98 showed a minimum of 
15.5, a maximum of 39.1, a mean value of 31.7 and standard deviation of 7.4 psu.  These values 
indicate the large range associated with intermittently opening systems that are influenced by 
extended periods of closure when the fresh water inflow reduces the salinity and periods when the 
entrance remains open and the saline inflow increases the salinity.  
 
There are no recommended guidelines for salinity in an estuarine environment.  Salinity data 
collected during April 1997 when the Lake was open to the sea indicate the gradient from ocean 
water (35.6 psu) near the mouth to the fresh water inflow areas up the inflow creek where the value 
of  0.5 psu is typical of freshwater creeks (Figure 6.3).  The presence of strong vertical stratification 
within the main basin is also shown in the figure. 
 
6.2.3 Turbidity 
 
The turbidity data collected by the EPA are summarised in Table 6.1 and the time series 
measurements collected over the period June 97 to March 98 are shown in Figure 6.2.  While the 
absolute levels of the turbidity shown in the figure are probably unreliable the general trends of 
higher turbidity correlated to inflow events is consistent with the natural processes.  Levels of 
turbidity measured by the EPA were generally high with considerable scatter as indicated by the 
large standard deviations of the data from the 9 sites.     
 
Given the very localised effects of physical factors and episodic rainfall and wind events on 
turbidity it is difficult to draw conclusions from the limited data collected by the EPA over a two 
year period from a number of south coast lakes.  The range of turbidity levels in the Lake Curalo 
are generally lower than other south coast estuaries although the mean value appears to be slightly 
higher than for the other systems.  According to the NSW EPA water quality objectives 
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(www.epa.nsw.gov.au/ieo/Towamba) these values fall in the low (< 5 ntu) to medium (5-25 ntu) 
turbidity range indicating reasonable water clarity. 
 
The time series data indicate that the turbidity generally decreases within a few days after inflow 
events (Figure 6.2).  During strong winds resuspension of fine bed materials consisting of both 
organic and inorganic (fine silt) particles is also likely to affect the turbidity in the water column 
although the available do not show a strong correlation between these variables.  This may be due 
to the resolution of the turbidity sensors, the remote location (Merimbula) of the wind data from the 
site and possibly the delay in the effect of rainfall on the lake turbidity.  Further detailed 
investigations using more sophisticated turbidity sensors and local wind measurements would be 
required to test the relationship between turbidity, rainfall and wind stirring. 
 
It is generally thought that catchment clearing, logging activities and changes to the riparian zones 
since settlement lead to increased turbidity.  It is not possible to test this hypothesis given the 
available data.  A number of processes that affect turbidity and suspended matter in the water 
column could be invoked to infer either an increase or decrease in turbidity over the past 100 years.  
At this time it not possible to speculate as to how the regime of turbidity processes may have 
altered.  
  
6.2.4 Dissolved Oxygen 
 
The dissolved oxygen (DO) time series presented in Figure 6.1 is difficult to interpret because of 
the measurement errors that generally affect the sensor after about one week of deployment.  While 
the data indicate periods of low DO these often correlate with the instrument changeover indicating 
measurement errors rather than natural phenomena causing the low values.  On the other hand these 
systems generally are subject to high oxygen demand at the sediment water interface and it is likely 
that periods of low DO will develop during stratified conditions.  The CTD data collected in April 
97 indicate that the system does stratify to a level where DO depletion of bottom waters is likely to 
occur.  It is not possible to estimate the duration of low DO episodes. 
 
6.2.5 Nutrients 
Nutrients are essential for plant growth and occur naturally within every estuarine system. Human 
activities within the catchment can increase the loading of nutrients to the waterway, from sewage 
inputs or diffuse runoff.  Runoff from agricultural and urban areas can be high in nutrients. 
  
Nutrient enrichment of an estuary may lead to excess primary production and the occurrence of 
algal blooms of microalgae (phytoplankton and cynobacteria) or larger species (epiphytic algae and 
macroalgae).  The nutrient concentrations from the ANZECC (1992) guidelines are provided as an 
indication of levels at or above which problems have been known to occur.  The guidelines however 
emphasise the need for site-specific studies to determine appropriate criteria for individual systems. 
The NSW EPA water quality objectives are based on the ANZECC guidelines and likewise suggest 
the need for site specific information to determine appropriate local values.  In the absence of these 
data they provide estimates of typical ranges NSW estuaries.  The guidelines values for estuaries 
and embayments are provided in Table 6.2. 
 
When the Lake is open nutrient concentrations in the Lake may be influenced by loads both from 
the catchment, and inputs from ocean waters.  Indicative values for nutrient concentrations in 
offshore ambient ocean waters between Newcastle and Wollongong have been compiled by 
Pritchard et al (1997) and are reproduced in Table 6.3. 
 

http://www.epa.nsw.gov.au/ieo/Towamba
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Table 6.2 ANZECC (1992) guideline indicative concentration values for the protection of aquatic 
ecosystems - Estuaries  (µg/L) and NSW EPA key indicators and their numerical criteria 
(www.epa.nsw.gov.au/ieo/Towamba).  

Variable NSW EPA indicator ANZECC (1992) 
Nitrate  10 - 100 
Ammonia  <5 
Orthophosphate  5 - 15 
Total Phosphorus 10 - 100  
Total Nitrogen 100 - 750  
Chlorophyll-a 1 – 10  

 
Table 6.3 Indicative Nutrient Concentrations for Offshore Waters (Pritchard et al, 1997) 

 Nitrate 
(mg/L) 

Ammonia 
(mg/L) 

Orthophosphate 
(mg/L) 

Ambient shelf upper waters 0.01 0.008 0.007 
 
Available nutrient data are presented in Table 6.1.  The limited nitrate values were within the 
ANZECC (1992) guideline value (10-100 µg/L) although the high TN concentrations (eg. March 
and May, 95) suggest the NSW EPA TN guidelines may be exceeded. 
 
There are no ammonia measurements available and it is not possible to assess the level of 
compliance with the ANZECC (1992) guideline value (0.005mg/L). 
 
The single orthophosphate value is within the ANZECC (1992) guideline value (0.005-0.015mg/L) 
while the NSW EPA TP guidelines are only occasionally exceeded. 
 
This data provides little information on its own regarding the nutrient levels in the estuary and it is 
likely that nutrient concentrations are highly variable depending on the entrance condition and may 
regularly exceed the ANZECC (1992) and NSW EPA guideline values. 
 
Comparison of the nutrient concentrations in the estuary, with the offshore values presented in 
Table 6.3, indicates that the predominant influence on nutrient concentration in the water column is 
likely to be loading from the catchment, rather than oceanic inputs. 
 
It is difficult to draw definite conclusions regarding the health of the estuary by comparing the 
measured nutrient levels to the guideline values.  Every system will respond to nutrients in a unique 
way depending on the hydrodynamics and the availability of other growth stimuli.   
 
While some nutrient enrichment may be occurring from diffuse inputs from the adjacent catchments 
it is difficult to assess whether the nutrient levels are elevated from those that would naturally be 
expected within the Lake Curalo system. There is apparently no history of recurring phytoplankton 
blooms within the estuary, but the recent surveys conducted for this study and anecdotal evidence 
suggests periods of reasonably high biomass of epiphytic algae occur indicating excess nutrients.  It 
is therefore suggested that any eutrophication that may be occurring is likely to be manifested in the 
prolific growth of macrophytic algae. Some of these blooms appear in aerial photos. 
 
6.2.6 Nutrient Budget 
The nutrient budget for the system may be estimated by considering the nutrient compartments 
within the system and the inputs and outputs.  Nutrient inputs to the lake are derived from the 
catchment inflows and also from nutrient recycling from the sediments.  Nutrient losses to the lake 
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are due to sedimentation from the water to the sediment, uptake by biota and when the entrance is 
open flushing of nutrients to the ocean.  Considering the annual changes this budget may be 
expressed by  
 

Ocean to
Flushing

Uptake
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Release

Sediment
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The catchment inputs have been estimated for south coast estuaries by DLWC (2000) for pre-
European and more recent times and for Lake Curalo are provided here in Table 6.4. 
 
Table 6.4  Annual nutrient loads (tonnes/year) to Lake Curalo for pre-European and recent times 
(from DLWC 2000). 

Nutrient Pre-European 1950 1979 1994 
Total phosphorus 0.3 0.5 0.7 0.7 
Total nitrogen 2.7 3.7 4.2 4.1 
     
Areal Phosphorus Load kg/m2/year 0.00043 0.00071 0.001 0.001 
Flushing time (years) 2 0.27 0.27 0.27 
Average concentration µgP/L 41 57 79 79 
Critical flushing time (years) 0.062 0.028 0.018 0.018 
Critical flushing time (days) 22.7 10.1 6.5 6.5 

 
The rate of flushing to the ocean may be estimated from the average annual flushing rate multiplied 
by the average concentration of the Lake waters.  The average annual flushing rate, Qf, may be 
derived from the number of days per year the entrance is open (150 days) divided by the flushing 
time (60 days, see section 6.3) multiplied by the lake volume (~400,000 m3) giving Qf, ~ 1,000,000 
m3/year. The average concentration of total phosphorus is approximately 25 µg/L and the mass 
flushed to the ocean is MPFlushing ~ 0.025 tonnes/year or approximately 3.6% of the inflow.  The 
average annual total nitrogen concentration is approximately 550 µg/L and the mass flushed to the 
ocean is MNFlushing ~ 0.55 tonnes/year or approximately 13% of the inflow. 
 
It is not possible to estimate the component of nutrients locked up in the biota, nor the 
sedimentation or recycling rates.  Given the limited export of nutrients from the lake it may be 
concluded that the Lake is an effective trap for nutrients.  It is likely that a substantial fraction of the 
nutrients are buried in the sediments with re-release to the water column, particularly during periods 
of closure.  These episodic events are likely to lead to enhanced primary production and algal 
blooms.  
 
6.2.7 Trophic Status 
 
The impact of human activity on the lake may be discussed in terms of the OECD or Vollenweider 
(1975) classification scheme that was derived for northern hemisphere lakes where phytoplankton 
growth is limited primarily by phosphorus.   The scheme is based on the simple model that relates 
the average lake phosphorus concentration to the catchment load, flushing time and internal losses 
due to sedimentation: 






 += 10    z P      L
τP  
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where LP is the annual phosphorus load per unit lake surface area, P the annual average phosphorus 
concentration in the lake, z  the average depth (lake volume divided by lake area = 0.71 m) and τ 
the flushing time (in years).  The factor 10 represents the loss rate of phosphorus by a number of 
processes, primarily sedimentation. 
 
This scheme has had limited success in estuarine environments where nutrient limitation often 
switches from phosphorus to nitrogen such as in the Adriatic Sea (Vollenweider et al., 1992) and in 
the Peel Harvey inlet in Western Australia (Humphries and Ryan, 1993).  The classification 
requires estimates of the areal loading and flushing times.  The areal loading may be derived from 
the DLWC load estimates is listed in Table 6.4.  The flushing time is given above for the present 
system and for the pre-European condition it was assumed that the entrance was open on average 
150 days per 5 years (Table 6.4).   
 
Vollenweider’s classification scheme provides critical phophorus cutoff concentrations of 10 µgP/L 
between oligotrophic (low primary production) and mesotrophic conditions and at 20 µgP/L 
between mesotrophic and eutrophic conditions.  The equivalent loads at these concentrations are 
listed in Table 6.4.  Comparing the estimates with the critical levels suggests the lake should be 
classified as eutrophic in both its pre-European state and present state.  Assuming the load estimates 
provide a reasonable representation of the actual loads then the flushing time required to achieve a 
mesotrophic state is provided in Table 6.4.  Note that assuming the model provides a reasonable 
representation of the lake then large loads could be accommodated by rapid flushing.  The 6 day 
flushing time would basically require maintaining a permanently open entrance. 
 
This scheme provides a qualitative understanding but has been criticised as it generally 
oversimplifies the processes controlling algal growth.  Harris (1999) states that “shallow aquatic 
systems can exist in two states  - either clear and dominated by macrophytes or turbid and 
dominated by phytoplankton – such lakes may switch between the two states over periods of many 
years.  Considerable hysteresis in the response to altered loads is frequently observed in shallow 
lakes and estuaries. The alternation between the two states and the hysteresis effects arise because 
of complex non-linear interactions among water levels, nutrient loads, light penetration, 
phytoplankton and macrophytes, grazing and trophic interactions”.  The limited data for Lake 
Curalo indicate a dynamic system with a shifting balance between a range of trophic states over 
periods of years.  The canging loads and entrance conditions result in a complex system behaviour. 
 
6.2.8 Faecal Coliforms 
Isolation and detection of specific pathogenic micro organisms from environmental samples is 
difficult, often requiring specific and expensive techniques that are generally considered impractical 
for routine testing.  In an attempt to find a more practical alternative to the isolation of specific 
pathogens, microbiologists as early as 1885 began to look for other organisms whose presence 
might indicate the possibility of faecal contamination. 
 
Faecal coliforms are used in this way as an indicator organism, to indicate the presence of faecal 
material.  Due to the relative simplicity of analysis, and historical reliability as an indicator (Pipes, 
1982), faecal coliforms remain the main microbiological parameter in most water quality standards.  
 
As an indicator it is important to consider the following points when interpreting faecal coliform 
data: 
• Faecal coliform bacteria are present in the intestinal flora of virtually all warm-blooded animals, 

and therefore do not necessarily indicate the presence of human faecal material.  Wild and 
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domestic animals in the catchment are however a reservoir for human pathogens and have been 
implicated as causative agents of water contamination (Craun, 1988). 

• There is no correlation between coliform numbers and pathogen numbers. The presence of 
coliforms only indicates the potential for pathogens to be present. 

• Faecal coliforms decay at a faster (sometimes MUCH faster) rate than human enteric pathogens. 
The absence of faecal coliforms does not ensure the absence of pathogens. 

 
Guidelines 
 
Guidelines for the protection of human consumers of fish and other aquatic organisms (ANZECC, 
1992), state that the median faecal coliform bacterial concentration should not exceed 
14MPN/100ml with no more than 10% of the samples exceeding 43MPN/100ml.  As indicated in 
the data compilation report (Webb, McKeown and Ass., 1997) there are no available measurements 
and hence it is not possible to assess compliance with the microbiological guidelines for the quality 
of recreational waters (primary or secondary contact).  As an example the guideline value for 
primary contract recreation is 150 FC/100mL. 
 
Experience with similar systems suggests that high counts of faecal coliform bacteria are typically 
correlated with rainfall events.  Sewer overflows, native and domestic animals would be the most 
likely contributors.   
 
As previously indicated, both native and domestic animals may be a reservoir for human pathogens, 
and therefore consideration needs to be given to the potential pathway for pathogens to the 
waterway. 
 
6.3 Mixing and Flushing Processes 
The mixing and flushing characteristics of the Lake waters are important for a number of related 
processes such as water quality and turbidity.  The development of stratification and its breakdown 
(or mixing) affects the distribution of dissolved substances in the water column, the rates of release 
of material (nutrients and contaminants) from the sediments, and biological growth.   
 
Stratification may also be important for inhibiting vertical mixing and the associated water 
exchange.  There are a number of mechanisms that may lead to vertical stratification in the Lake.  
When the Lake entrance is open the inflow of salty and heavy oceanic water flows into the Lake as 
a salt wedge resulting in vertical saline stratification as demonstrated in Figure 6.3.  The profiles 
collected at sites 4 and 6 highlight the saline influence with salty waters below about 0.75 m and 
fresher low salinity waters forming the surface layer.   
 
When the entrance is closed and the freshwater inflows mix with the Lake waters resulting in a 
brackish system.  During these periods thermal stratification may develop due to solar insolation 
being absorbed in the surface water causing an increase in the surface water temperature.   
 
The flushing time for an intermittently open system is highly dependent upon the entrance 
condition.  During entrance closure the flushing time is very long (order years) and water exchange 
between the Lake and ocean is controlled predominantly by groundwater discharge from the Lake 
through the coastal dunes.   
 
While the Lake is open the flushing is controlled by tidal exchange and gravitational flows 
associated with the density gradients between the brackish water Lake and adjacent ocean waters.  
The flushing time for these conditions may be estimated from the saline recovery following a major 
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freshwater inflow event such as occurred in March, 1997 (Figure 6.4), when the entrance opened 
following a period of about one month’s closure.  Assuming the salinity data are a reasonable 
representation of the average salinity in the Lake then the flushing time may be estimated using a 
first order exponential decay approximation 
 

'
t-

e  oC        
dt
dC τ=  

 
where t is the time from the sudden change in salinity (t = 0), τ‘ is the ‘e-folding’ time, Co the initial 
concentration (Co = 1) and C(t) the concentration at time t.  The concentration may be derived from 
the salinity data via the transformation 
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where So is the maximum salinity, Si the initial salinity (essentially the minimum salinity) and S(t) 
the salinity at the time of interest.  The ‘e-folding’ time is the time for a step change in 
concentration to recover to 37% of its initial value.  The flushing time, τ, is usually defined as the 
time to recover to 95% of the initial value and is three times longer than the e-folding time, τ ~ 3 τ’.  
Using the three months of data following the event of 5 March, 1997 and applying the above 
relationship gives a flushing time of around 60 days.  This method assumes that there is no further 
freshwater input affecting the salinity following the initial event.  In fact minor rain fell on a 
number of occasions following the March event and these inputs would affect the analysis causing a 
bias towards longer flushing than actually occurs.    
 
Assuming a tidal mixing efficiency of around 0.1 and an average tidal prism of 200 ML then the 
flushing time may be estimated as the time taken for the tidal mixing to replace the lake volume or 
about 25 days.  Given the level of accuracy of these estimates it is reasonable to conclude that the 
flushing time when the lake of open is between about 20 and 60 days and the tidal efficiency is 
between 0.03 and 0.1.  The error in these estimates could be improved through a detailed salinity 
sampling program. 
 
This value is generally long compared to the response time of phytoplankton and macroalgae which 
can bloom in the order of days.  
 
6.4 Conceptual Model of Water Quality Response 
Nutrients brought into the Lake from the adjacent catchments are subject to a range of bio-
geochemical transformation processes that control their fate.   
 
Plant uptake effectively reduces the water borne concentrations of the bio-available nutrients – 
dissolved inorganic phosphorus (DIP) and nitrogen in the forms of ammonium (NH4), nitrate (NO3) 
and nitrite (NO2) – by assimilation into the plant tissue.  Flocculation and sedimentation of nutrients 
to the bottom also removes nutrients from the water column and effectively creates a store in the 
sediments.  When the entrance is open flushing and water exchange effectively exports nutrients 
from the Lake but under certain conditions (oceanic concentrations higher than the Lake 
concentrations – nutrients may be imported from the ocean. 
 
Under favourable conditions nutrients bound to the sediments may be released into the water 
column and thereby become available for plant uptake or export to the ocean.  The limited data 
available indicate that nutrient concentrations are generally low although this may be due to their 
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uptake by the biota prior to the measurements.  There are not sufficient data to assess whether plant 
growth is nutrient limited and if so which nutrient – nitrogen or phosphorus – is limiting.  In general 
it is likely that the nutrient limitation of plant growth switches between phosphorus and nitrogen 
depending on the entrance conditions.  The lake system is likely switching between marine like 
character during extended periods of an open entrance and to a brackish or even fresh-like system 
during prolonged closure. 
 
In estuarine systems with broad shallow areas and deeper basins the biotic response to nutrient 
loads often favours epiphytic macroalgae in the shallows and phytoplankton in the deeper areas.  
There is reasonable anecdotal evidence to support this view. 
 
The major human impacts have occurred within the catchment and at the entrance.  The result of the 
catchment activities, particularly in the near shore zone, has been to change to alter the sediment 
and nutrient loads to the Lake.  The more frequent entrance opening regime (due to flood mitigation 
requirements) has effectively increased the flushing of the Lake more than pre-European 
development and it is suggested that the lake is more marine in character than previously.  The 
increased nutrient loads are likely to have lead to increased production within the system and hence 
increased the potential for algal blooms, although this potential is reduced by the more regular 
opening.  When the Lake remains closed for extended periods (greater than 6 months) of steady rain 
events and nutrient input then the potential for algal blooms increases.  The role of sediment 
nutrient release and its possible stimulus to algal blooms is also likely to become more important 
the longer the entrance remains closed. 
 
The highly productive shallow areas around the foreshores are susceptible to changes in water level 
and drying.  As the water level drops during drier periods these areas become exposed and the 
organic material on and in the sediments decays creating odours.  This situation occurs in a number 
of similar estuarine systems along the NSW south coast. 



Figure 6.1 Water quality time series data in Lake Curalo.
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Figure 6.2  Turbidity in Lake Curalo.
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Figure 6.3 Lake Curalo water quality profiles collected on 8 April 1997. Site locations are 
indicated in the figure.
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Figure 6.4 Offshore wave heights, water levels and salinity in Lake Curalo.
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7 Flora and Fauna 
The flora and fauna of Lake Curalo and surrounding areas is described in detail in the report 
prepared for this study by The Ecology Lab (TEL, 2001).  The location of their sampling sites and 
observed habitat distributions are shown in Figure 7.1 and the following provides an overview of 
the findings of their report. 
 
7.1 Review 
7.1.1 Habitats 
The most recent surveys of the areal extent of estuarine habitats in and around Lake Curalo are 
reported by West et al. (1985).  Estuarine habitats were mapped from aerial photos taken in 1981 
and field surveys in September 1982 (Figure 7.2).  NSW Fisheries is currently planning to re-survey 
the areal extent of habitats of all NSW estuaries (Rob Williams pers. comm.).   
 
In NSW, the Threatened Species Conservation Act (TSC Act) 1995 is aimed at protecting animals 
and plants considered vulnerable and endangered from human activities.  The legislation provides 
for the listing of threatened species, populations and ecological communities and has replaced the 
endangered fauna list known as Schedule 12 of the National Parks and Wildlife Act, 1974.  
'Threatened' species are now listed in Schedules 1 and 2, endangered and vulnerable species 
respectively.  The search of the NPWS Atlas of New South Wales Wildlife database revealed no 
vulnerable or endangered species of plants have been recorded within the vicinity of the Lake 
(between 753000E and 761000E and 5893000N and 5900000N – CMA 1:25 000 map of Eden). 
 
State Environmental Planning Policy No. 14 (SEPP 14) covers the management of estuarine and 
freshwater wetlands, i.e. land that is temporarily or permanently covered by water.  These wetlands 
were mapped and numbered by Adam et al. (1985) and have since been amended by DUAP (1998).  
Within the study area, there are six SEPP 14 Wetlands (27 - 32, Figure 7.3).  The Fisheries 
Management Act 1994 also provides protection for estuarine habitats including seagrass and 
mangroves. 
 
As part of the dredging EIS completed by Sinclair Knight and Partners (SKM) in 1988, a survey of 
aquatic vegetation was carried out by W.S. Rooney & Associates Pty Ltd in February, 1988, from 
which a number of maps were derived (Figure 7.4).  
 
TEL was also provided with digitised maps prepared by the Department of Land and Water 
Conservation which illustrate land use patterns in 1979 and 1994, and the density of the riparian 
vegetation around the lake for the years 1950, 1979 and 1994 (Figures 7.5 and 7.6).  The areas of 
each land use category are listed in Table 7.1.  As can be seen the urban and rural areas increased 
from 1979 to 1994 at the expense of the forest area. 
 
Table 7.1 Land use areas (km2) in 1979 and 1994 (derived from DLWC data shown in Figure 7.5). 

Year Rural Forest Urban 
1979 23.58 1.825 1.916 
1994 24.94 0.914 2.380 

 
The lineal distance (m) of the different foreshore vegetation types for the 100 m  wide foreshore 
vegetation maps (Figure 7.6) are listed in Table 7.2.  Between 1950 and 1994 there has been in 
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increase in the sparsely vegetated and dense foreshore while the distance of unvegetated foreshore 
has decreased. 
 
Table 7.2 Lineal distances (m) of 100 m wide foreshore vegetation types (derived from DLWC data 
shown in Figure 7.6). 

Year Absent Sparse Dense 
1950 2860 2970 810 
1979 2550 3700 380 
1994 1100 4610 920 

 
Seagrasses and Algae 

Recent research has emphasised the importance of seagrasses to the ecology of shallow estuarine 
environments (Larkum et al., 1989).  Briefly, seagrasses stabilise sediments (Fonseca et al., 1982), 
provide an important habitat for juvenile fishes and mobile invertebrates, many of which are of 
commercial or recreational importance (Bell and Pollard, 1989) and are significant components in 
the cycling of nutrients within estuaries (Kenworthy et al., 1982). 
 
West et al. (1985) estimated the area of seagrasses in the lake to be 0.058 km2 (Zosteracea and 
Ruppia sp.).  However, the areal extent of seagrasses estimated by W.S. Rooney & Associates 
(SKM, 1988) was much greater, 0.30 km2.  These differences are evident in comparison of the two 
maps (Figures 7.2 and 7.4).  The SKM (1988) report attributes this apparent discrepancy to either 
the small scale and lack of resolution in the 1985 map or the possibility of a marked change in 
seagrass distributions in the seven years between the two studies.  Results of the habitat assessment 
by TEL in 1999 differ from either of the two previous maps (Compare Figures 7.1, 7.2 and 7.4).  
Although it is difficult to determine the reasons for these differences, some of which may be 
attributable to differences in sampling methods, there are clearly fluctuations in the distributions of 
both species of seagrass over the 18 years covered by the three maps.   
 
Observations in 1999 revealed many small patches of Zostera sp. around the edges of the lake and 
within the creeks.  There were also two large beds near the entrance of the lake (Figure 7.1).  
During the site visit by TEL in August 1999, these two large beds of Zostera sp. were covered with 
large amounts of epiphytic and free-floating macroalgae.  Small, scattered patches of Ruppia sp. 
were observed within Palestine Creek extending out into the mouth.  However, the large expanses 
of Ruppia sp. recorded by W.S. Rooney & Associates (SKM, 1988) and to a lesser extent by West 
et al. (1985) were not observed by TEL in 1999.  
 
W.S. Rooney & Associates (SKM, 1988) noted that the density of seagrass varied greatly within the 
Lake ranging from 10 – 90 % for Zostera sp. and 10 – 80 % for Ruppia sp.  Two small monotypic 
beds of low-density Halophila ovalis were also noted during the 1988 study.  The results of the 
quantitative assessment of Zostera sp. beds are presented in Section 7.3. 
 
Epiphytic and benthic algae were recorded in 1988 (SKM, 1988) as growing on and amongst most 
seagrass in Lake Curalo and, in some areas, algae were the only vegetation present.  This is 
consistent with observations by TEL in 1999.  One notable difference, however, was the absence of 
Chara sp. in the 1999 survey.  In 1988, this species was very dense and was competing with the 
seagrass.  This ‘stonewort’ has been implicated with unpleasant odours in stagnant, alkaline water 
bodies and was considered to be contributing to complaints of bad smells from the lake in 1988 
(SKM, 1988).   
 

Saltmarsh 
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Saltmarshes are estuarine habitats that occur high on the shore between the average high water of 
spring and neap tides.  They are areas of intertidal soft sediments occupied by grasses, succulents, 
herbaceous and rush plants.  Saltmarshes are usually waterlogged and frequently flooded with 
saltwater by the tide.  In NSW, saltmarshes can be viewed as having zones.  The lowest zone is 
generally occupied by samphire (Sarcocornia quinqueflora), which sometimes grades into the edge 
of the mangrove forest (where both habitats coincide) and the upper zone is often colonised by 
sedges and rushes.  Further landward, the saltmarsh grades into adjacent terrestrial vegetation such 
as she-oaks (Casuarina glauca) and paperbarks (Melaleuca sp.) (Adam, 1981). 
 
The ecology of Australian saltmarshes has been little studied and knowledge of the factors 
influencing the distribution and abundance of the plants and animals is sketchy (McGuinness, 
1988).  Saltmarshes are thought to have important physical and biological functions in estuarine 
systems.  Physically, they are thought to trap sediments and pollutants from the water column, 
remove nutrient and silt from upland run-off and act as buffers between wetlands and agricultural 
and urban developments (Browne and Scott, 1985).  Biologically, they contribute to estuarine 
productivity through the export of organic material (Middleton, 1985). 
 
West et al. (1985) recorded 0.116 km2 of saltmarsh within Lake Curalo and the estimate given by 
W.S. Rooney & Associates was similar (SKM, 1988).  Observations by TEL in 1999 generally 
concurred with the maps of West et al. (1985) and W.S. Rooney & Associates (SKM, 1988).  In 
some areas, however, the saltmarsh was more extensive than previously mapped.  In particular, the 
northern foreshore of the lake consisted of a continuous band of saltmarsh ranging from 1 m to 
approximately 30 m wide and extending from the mouth of Palestine Creek to the narrow entrance 
channel.  The distribution of saltmarsh habitat on the small island near the mouth of Palestine Creek 
was also different from that mapped in both the previous studies.  The area that was recorded as 
saltmarsh in 1985 and 1988 was dominated by wetland forest in 1999 and included paperbarks and 
she-oaks.  Moreover, the southern edge of this island, which was noted as Ruppia sp. in 1985 and 
1988, consisted of saltmarsh during the 1999 survey.   
 

Other Riparian Vegetation 
The saltmarsh that lines most of the foreshore of the south and eastern edges of the lake are backed 
by a narrow belt of wetland forest dominated by paperbarks and she-oaks.  A large zone of 
paperbarks was noted on the south-western shore of the lake (Figure 7.1) and the foreshore of the 
northern basin of the lake is fringed with a wide belt of mixed paperbarks and she-oaks. 
 
The digitised land use maps provided to TEL by DLWC illustrate that, aside from some small-scale 
changes, land use within the catchment for Lake Curalo had changed little in the 25 years between 
1979 and 1994 (Figure 7.5).  The maps that illustrate the density of riparian vegetation, however, 
suggest that there have been some changes in the density of foreshore vegetation in the past 50 
years.  It must be recognised, however, that determining the density of vegetation from aerial 
photographs can be difficult.  Interpretation of these figures also requires caution because a large 
proportion of the foreshore of Lake Curalo is saltmarsh, which typically has a sparse density of 
plants. 
 

Summary of Previous Studies 
Lake Curalo does not contain any species of flora protected under the TSC Act, although it does 
support plant communities protected under other forms of legislation, e.g. six SEPP 14 wetlands are 
protected under that policy and the NSW Fisheries Management Act 1994.   
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Lake Curalo has a fringing belt of saltmarsh and wetland forest as well as small patches of seagrass.  
No mangroves were recorded within the lake, but this is common for intermittently closed coastal 
lakes of NSW (Lugg, 1996).  Mangroves are generally replaced by she-oaks in such lakes, often 
growing above an understorey of saltmarsh, as is generally the case in Lake Curalo.  While most 
habitats appear to be generally consistent through time in their location and amount of area they 
cover, some changes are apparent.  In particular, the reduction in the extent of Ruppia sp. and 
changes to the habitat found on the small island at the mouth of Palestine Creek suggest that long 
term changes are occurring. 
 
Of the few studies done which assess the habitats of Lake Curalo, there does not appear to have 
been any studies looking at the ‘health’ of such habitats, particularly in comparison to other local 
systems.   It is also necessary to have information on the variability within habitats of the diversity, 
distribution and abundance of flora and fauna, which is discussed in the following section. 
 
7.1.2 Aquatic Fauna 
Information on the estuarine fauna of the inlet is limited.  The report by Rooney & Associates 
carried out for the dredging EIS (SKM, 1988) included benthic macro invertebrate sampling and a 
description of the avifauna of the lake.  The flora and fauna survey of the Eden Urban Investigation 
Areas by Graham-Higgs (1984) provides additional information for the catchment.  However, none 
of the study areas were within the immediate vicinity of the lake. A search of the NPWS Atlas of 
New South Wales Wildlife database revealed that no vulnerable or endangered species of animal 
have been recorded within the vicinity of the Lake. 
 

 Plankton 
Plankton are plants (phytoplankton) and animals (zooplankton) that inhabit the water column and 
range in size from tiny microbes (< 0.05 mm) to jellyfish (over 1 m wide).  Phytoplankton thrive on 
nutrients in the surrounding water and produce organic material by photosynthesis, thereby 
contributing to primary productivity in the estuary, whereas zooplankton are consumers.  As a 
whole, plankton provide an important source of food to animals living in mud, sand and rocky 
reefs.  Plankton are the source of food for suspension feeders (e.g. oysters), which feed on live and 
dead particles in the water column, and detritus feeders which feed on the 'rain' of particulate 
material falling from the water column to the bottom.  The larvae of animals that live in estuarine 
environments may spend their early life as plankton in coastal waters outside the estuary before 
they are swept or swim back into the estuaries.  There have been no studies of the phytoplankton 
within Lake Curalo. 
 

Benthic Invertebrates 
Benthic invertebrates are common in saltmarshes, mangroves, seagrass beds, intertidal and subtidal 
mudflats, sandflats, and rocky substratum.  They exhibit a wide range of sizes which are commonly 
used to categorise them as macrofauna (> 1mm diameter), meiofauna (< 1mm but > 0.062 mm) and 
microfauna (< 0.062 mm).  They are an important component of estuarine fauna being eaten by 
each other and a variety of predators (e.g. birds and fish) and they play an important role in 
pathways of detrital and nutrient recycling.  They are also good indicators of environmental 
disturbance such as pollution.  Benthic invertebrates can also be categorised according to where 
they live; 'infauna' live within the sediment and 'epifauna' live on the surface of sediment or plants 
within seagrasses, mangroves etc.  Benthic macrofauna typically comprise invertebrate animals 
such as marine worms (polychaetes), shells (bivalves and gastropods) and crustaceans which live on 
or in the seafloor (often termed the 'substratum'). 
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Benthic macro invertebrate sampling was done by W.S. Rooney & Associates as part of the 
dredging EIS in order to assess the richness of the Lake’s benthic fauna as a food source for fish 
and birds (SKM, 1988).  Three locations were sampled, one in clean medium to fine sand in the 
shallows and the other two in deeper water of the lake in fine black anaerobic mud.  The results 
suggested that the shallow, clean sand substrate was the richest and most diverse.  The author 
concluded that differences in biological richness and diversity corresponded with changes in depth, 
density of seagrass and inversely with the amount of anaerobic mud present at each station.   
 
Benthic macrofauna were also sampled by Moverley and Hirst (in press) as part of a large project to 
assess estuarine health in south-east Australian estuaries to test the value of RIVPACS models 
(River Invertebrate Prediction and Classification System).  Samples were collected at two sites 
within the lake using dredge and grab sampling techniques.  The health of the four samples were 
determined based on k-dominance curves.  K-dominance curves are plots of the cumulative 
percentage abundance versus increasing numbers of species ranked by decreasing number of 
individuals.  This gives a representation of the total number of species present, (species richness) 
and how evenly the individuals are distributed among the species (evenness).  As these measure the 
two components of diversity, k-dominance curves allow the visual comparison of diversity of 
different samples.  Based on these graphs both dredge samples and one of the grab samples were 
considered to be from healthy sites (i.e. high species richness and evenness).  The remaining sample 
had poor evenness indicating a stressed environment. 
 
The results of the quantitative sampling of macro invertebrates by TEL in 1999 are given in Section 
7.4.  Those species that were also found by W.S. Rooney & Associates (SKM, 1988) are marked 
with an asterisk in Appendix 4.  Those taxa found in the 1988 sampling but not by TEL in 1999 
included:  Lumbrineridae (Polychaeta), Psammobiidae, Laturnulidae and Galeommatidae 
(Mollusca), Platyhelminthes, Phoronidae and numerous species of Crustacea.  Those species found 
during sampling by Moverley and Hirst (in press) are listed in Appendix 5 with asterisks denoting 
those families also found by TEL in 1999. 
 

Fish and Mobile Invertebrates 
Numerous studies have investigated fish assemblages in estuaries in Australia, many of which have 
included intermittently open lagoons.  These studies have investigated the diversity of fish species, 
spatial and temporal distributions and the effects of environmental conditions on fish assemblages.  
The distribution and abundance of many species of fish within estuaries depends on the availability 
of larvae from the ocean where the larvae of fish are dispersed as plankton.  Recruitment of fishes 
to estuaries, such as Lake Curalo, is further complicated because large recruitment events depend 
not only on the availability of larvae in the ocean, but on the timing of entrance opening. 
 
Estuaries are often considered to provide important nursery habitat for fish (SPCC, 1981; Bell and 
Westoby, 1986; Bell et al., 1988; Bell & Pollard, 1989; Griffiths, 1998).  Within estuaries, spatial 
distributions of fish are influenced by many factors such as temperature and salinity gradients 
(Griffiths, 1998), habitat availability and characteristics (Bell and Westoby, 1986) and food 
availability (SPCC, 1981).  It is known that fish populations are limited by juvenile recruitment and 
abundances of fish vary both within and among years in permanently open lagoons (Bell et al., 
1988). 
 
Given the strong linkages between estuaries and other aquatic habitats, the regime of opening and 
closing of intermittent lagoons can be seen as critical to the ecology of many species. Pollard (1994) 
compared the assemblages of three NSW lagoons and found that overall, species richness in the 
predominantly open lagoon, Lake Conjola, was approximately 2.5 times that of each of two 
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intermittently open lagoons, Swan and Wollumboola Lagoons.  The two intermittently open 
lagoons were, however, found to support larger fisheries (in terms of both catch weight and value) 
than the predominantly open lagoon, in spite of the larger number of species in the latter and its 
greater water surface.  In another intermittently open lagoon in NSW (Shellharbour), species 
diversity was found to increase after lagoon opening (Griffiths, 1998).  Allen et al. (1985) found 
that species richness was variable and dependent on the duration and timing of lagoon opening 
coinciding with recruitment periods.  In addition to affecting migration and reproduction, lagoon 
entrance changes can affect water quality, which can in turn, affect fish ecology within the lagoon. 
 
SPCC (1981) identified eight distinct habitat types based on their fish communities.  These were 
physically characterised by substratum type, water depth and marine versus riverine influence.  
Within Lake Curalo, there are numerous fish habitats including seagrass beds that are important 
nurseries for juvenile fish and are generally higher quality habitats for fish than bare substrata.  Bare 
substrata are used, however, by adults of large mobile fish, or species gaining protection through 
schooling or by camouflage against sediments (Bell and Pollard, 1989).  New, deep muddy habitats 
created by dredging in Botany Bay were also found to support a diverse benthic fauna, and were 
preferred by large juveniles of several commercially and recreationally valuable fish species.  The 
shallow nature of Lake Curalo and its high productivity may also affect the distribution of fish 
among different habitats due to periods of low dissolved oxygen within some areas. 
 
The creeks that flow into the lagoon from the catchment also provide important habitat.  Many 
species utilise brackish habitats and migrate into the estuary or out to sea to spawn.  In other 
lagoons, mangrove habitats have been shown to provide shelter and feeding areas for small 
juveniles (SPCC, 1981, Bell et al., 1984), however, there are no mangroves within Lake Curalo. 
 
There have been no direct studies of fish assemblages in Lake Curalo, although W.S. Rooney & 
Associates discuss commercial and recreational fishing as part of the dredging EIS (SKM, 1988).  
Commercial fishing effort is small and varies greatly from year to year, limiting the value of these 
statistics for assessment of fish stocks.  
 

Birds 
Table 7.3 lists all birds recorded in previous studies throughout Lake Curalo, and those observed 
during the site inspection for this study.  A total of 33 species of birds have been recorded for the 
estuary, although none are listed as endangered or vulnerable under the TSC Act.   
 
Four birds were listed as protected under international agreements to which Australia is a signatory: 
the Japanese-Australia Agreement for the Protection of Migratory Birds in Danger of Extinction 
and their Environment (JAMBA); and the Agreement between Australia and the Peoples Republic 
of China for the Protection of Migratory Birds and their Environment (CAMBA).  These included: 
short-tailed shearwater, white-throated needletail, white-bellied sea eagle and bar-tailed godwit. 
 
Many studies note the presence of other birds although they are not identified to species.  W.S. 
Rooney & Associates (SKM, 1988) identified populations of pelican, black swan, cormorant, 
sandpiper and seagull roosting on the sandflats and saltmarsh with duck, ibis, grey heron and plover 
common.  A letter to council from BJ and WB Davis also identified shags, egrets, wrens, doves, 
lorikeets, king parrots and finches as being present in and around the lake. 
 
Table 7.3  List of birds identified from a search of the National Parks and Wildlife Service ‘Atlas of 
New South Wales Wildlife’, during the field trip by TEL in August 1999 and identified in previous 
studies of Lake Curalo. 
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Family Name Scientific Name Common Name 
Legal 
Status 

Procellariidae Puffinus  tenuirostris  Short-tailed shearwater c J 

Pelecanidae Pelecanus conspicillatus Australian pelican c P 

Phalacrocoracidae Phalacrocorax sulcirostris Little black cormorant c P 

 Phalacrocorax varius Pied cormorant c P 

Ardeidae Egretta novaehollandiae White-faced heron a P 

 Egretta sacra Eastern reef egret a P 

Anatidae Cygnus atratus Black swan a P 

Accipitridae Aquila audax Wedge-tailed eagle c P 

 Haliaeetus leucogaster White-bellied sea-eagle c P C 

Rallidae Porzana pusilla Baillon's Crake c P 

Charadriidae Charadrius ruficapillus Red-capped plover c P 

 Pluvialis squatarola Grey plover c P 

Scolopacidae Limosa lapponica Bar-tailed Godwit b P (J, C) 

 Numenius madagascariensis Eastern Curlew b P 

 Numenius phaeopus Whimbrel b P 

 Tringa brevipes Grey-tailed Tattler b P 

Psittacidae Calyptorhynchus funereus Yellow-tailed black-cockatoo c P  

Cuculidae Cuculus pyrrhophanus Fan-tailed cuckoo c P 

Strigidae Ninox novaeseelandiae Southern boobook c P 

Apodidae Hirundapus caudacutus White-throated needletail c J,C 

Menuridae Menura novaehollandiae Superb lyrebird c P 

Hirundinidae Hirundo neoxena Welcome swallow a P 

Muscicapidae Colluricincla harmonica Grey shrike-thrush c P 

 Rhipidura fuliginosa Grey fantail c P 

 Rhipidura rufifrons Rufous fantail c P 

Orthonychidae Cinclosoma punctatum Spotted quail-thrush c P 

Maluridae Malurus cyaneus Superb fairy-wren c P 

Acanthizidae Acanthiza pusilla Brown thornbill c P 

Climacteridae Climacteris leucophaea White-throated treecreeper c P 

Meliphagidae Acanthorhynchus tenuirostris Eastern spinebill c P 

Zosteropidae Zosterops lateralis Silvereye c P 

Cracticidae Strepera graculina Pied currawong c P 
P = Protected birds under TSC Act, 1995 a Observed during TEL visit in 1999. 
J = Birds protected under JAMBA, 1974 b Observed by others 
C = Birds protected under CAMBA, 1986 c From NPWS database 
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Other Fauna 
Table 7.4 lists other fauna recorded near Lake Curalo.  As with the information on birds in the lake, 
this information was based on records held in NPWS databases.  A total of seven other species have 
been recorded for the estuary, although none are listed as vulnerable under the TSC Act.  A more 
comprehensive list of endangered fauna is provided by Graham-Higgs (1984) which includes the 
geographical area of the Eden 1:100 000 map sheet. 
 

Summary of Previous Studies 
There is very little scientifically rigorous information about the faunal communities of Lake Curalo.  
Information that is available is generally out-dated and is often based on ad hoc studies and 
anecdotal evidence.  Such scant evidence does not lend itself to interpretation of the processes 
affecting the distribution and abundance of fauna.  Furthermore, the limited sampling to date does 
not allow an assessment of possible differences in fauna within different habitats and areas of the 
lake.  The results of the benthic invertebrate sampling conducted as part of this study provides 
baseline information against which future changes to fauna could be measured.  Similar data are 
required for other faunal communities within the lake, such as fish and mobile macro invertebrates.  
Sampling different fauna within the estuarine habitats of Lake Curalo would describe species 
diversity within habitats, the distribution and abundance of common taxa and may also help identify 
rare or endangered species. 
 
Table 7.4  List of other fauna identified from a search of the National Parks and Wildlife Service 
‘Atlas of New South Wales Wildlife’, during the field trip by TEL in August 1999 and identified in 
previous studies of Lake Curalo. 
Family Name Scientific Name Common Name Legal Status 
Reptiles    

Elapidae Acanthophis antarcticus Common death adder c P 
    
Mammals    

Dasyuridae Perameles nasuta Long-nosed Bandicoot c P 

 Perameles sp.  Bandicoot c P 

Petauridae Petaurus breviceps Sugar glider c P 

Pseudocheridae Pseudocheris peregrinis Common Ringtail Possum c P 

Macropodidae Macropus rufogriseus Red-necked Wallaby c P 

Pteropodidae Pteropus sp. Flying-fox c P 
 
7.2  General Habitat Assessment, August 1999 
Field surveys were conducted by The Ecology Lab over two days in August, 1999.  The general 
habitat assessment is described by area in the following sections and the detailed results are 
provided in the report, TEL (1999). 
 
7.2.1 Sand Spit to Caravan Park 
The sand spit at the entrance to the lake was approximately 100 m wide during the habitat 
assessment in August 1999.  At the southern end of the spit, dune plants dominated up to the 
northern end of Aslings Beach Road.  From here to the caravan park the shoreline consisted of 
saltmarsh backed by fringing paperbarks and wattle (Acacia sp.).  Saltmarsh plants included 
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samphire (Sarcocornia quinqueflora), rushes (Juncus sp.) creeping brookweed (Samolus repens) 
and a small patch of common reed (Phragmites australis) (Figure 7.1).   
 
There was a bed of eelgrass (Zostera sp.) near the sand spit that was covered with both floating 
macroalgae and epiphytes.  There were also small, scattered patches of eelgrass extending along the 
foreshore towards the caravan park.  Much of the intertidal and subtidal areas of this section of the 
lake were covered with filamentous macroalgae dominated by Enteromorpha sp. and including 
Polysiphonia sp. and Hinksia sp.  A small section of the foreshore of the caravan park has been 
cleared leaving approximately 200 m of grassland along the foreshore. 
 
7.2.2 Southern Shore of Lake 
The foreshore of the bay to the south of the caravan park was fringed with saltmarsh that extended 
back up to 100 m at the northern end of the bay (Figure 7.1).  The saltmarsh contained creeping 
brookweed, rushes, samphire and common reed and on the eastern side of the bay, was backed by 
she-oak and paperbarks.  To the south of the bay, the saltmarsh narrows and is backed by playing 
fields and Eden High School.  The floor of this bay was mostly bare sandy substratum with heavy 
bioturbation.  Although there was some filamentous macroalgae on the substratum and shoreline of 
this bay, it was much less dense than evident to the north of the caravan park.  Two small creeks run 
into the lake from the southern side of this bay.  The western creek is Freshwater Creek and the 
eastern creek is either another branch of Freshwater Creek or maybe an informal stormwater 
channel (no stormwater pipes were indicated in this area on the existing stormwater plan).  The 
small band of paperbarks and saltmarsh on the point at the western edge of the bay was more 
extensive in 1999 than indicated on the 1985 wetland maps (West et al., 1985), and there was some 
evidence of dieback at its eastern edge. 
 
7.2.3 Western Shore of Lake 
The western edge of the lake was backed by urban land with a narrow fringing reserve 
approximately 50 m wide.  The foreshore had a narrow band of saltmarsh with a single line of 
paperbarks and the predominantly grassed reserve had numerous large eucalypts.  The wide band of 
Ruppia sp. indicated by West et al. (1985) was not observed during the habitat assessment of 
August 1999 and instead the shallow subtidal area was dominated by Enteromorpha sp. with some 
Polysiphonia sp. (Figure 7.1).  A large stormwater drain discharges into the lake to the south of 
Palestine Creek.  The sediment in this area of the lake was finer than that found at the entrance and 
there was little evidence of bioturbation. 
 
Just to the south of Palestine Creek, another small creek flows into the lake from the west.  Within 
this creek, there were some small patches of eelgrass and the banks were lined with rushes, 
samphire, melaleuca and common reeds that grew thicker further upstream.  Beyond the saltmarsh, 
the land had been partially cleared for rural use.   
 
7.2.4 Palestine Creek to Sand Spit 
The northern bank of Palestine Creek was lined with rushes, paperbarks and samphire changing to 
eucalypts and phragmites, before cleared rural land began about 500 m upstream.  The southern 
shore had a narrow (< 2 m) band of fringing saltmarsh that extended approximately 200 m upstream 
to the beginning of the rural land on this bank.  There was patchy Ruppia sp. and eelgrass near the 
mouth of the creek and the Ruppia sp. continued upstream at least 500 m.  Many exotic weeds grew 
in the undergrowth of the eucalypt forest on the northern shore and the algae present in most of the 
lake was also evident within this creek.  The northern bay of the lake is undeveloped with between 
2 and 5 m of fringing saltmarsh backed by dense paperbarks (Figure 7.1).  The bay was very 
shallow (< 1 m) and the bottom was covered with Enteromorpha sp. 
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The vegetation on the island at the mouth of Palestine Creek as observed in August 1999, was very 
different to that mapped by West et al. in 1985 and W.S. Rooney & Associates (SKM, 1988).  The 
centre, northern and western edges of the island were dominated by paperbarks and the southern 
and eastern edges consisted of saltmarsh including rushes, creeping brookweed and samphire 
(Figure 7.1).  There was no evidence of the large beds of Ruppia sp. around this island although 
there were small patches of eelgrass.  The foreshore of the island and the northern shoreline of the 
lake were again clogged with Enteromorpha sp.   
 
Saltmarsh extended along the northern shoreline from the island, where it was approximately 30 m 
wide and backed by paperbarks, to the east where it narrowed out to a point opposite the caravan 
park where it was only 1 to 2 m wide and was backed by cleared rural land.  The fringing saltmarsh 
and paperbarks continue to the east to steep cliffs that begin about 100 m to the west of the sand 
spit.  The north-eastern corner of the lake had a band of eelgrass that extended between 20 m to 50 
m from the shore.  The shoreline and substratum of the eastern end of the lake near the entrance was 
covered with Enteromorpha sp. that in many cases clogs the entire water column, although the 
eastern most portion of the entrance near the sand spit was mostly bare sand.  The Ruppia sp. noted 
along the northern edge of the lake entrance in West et al. (1985) was not observed in August 1999.   
 
 
7.3 Seagrass Sampling, August 1999 
7.3.1 General Findings 
Two beds of Zostera sp. were found near the entrance of the lake (Figure 7.1).  The percent cover of 
seagrass along transects ranged from 44% – 100%, the remainder comprised bare sand (maximum 
of 20%) and macroalgae (maximum of 41%).  The mean percent cover of Zostera sp. within 
quadrats was 43.85% (+ 3.4 SE) and ranged from 5% – 80%.  The number of seagrass shoots 
ranged from 6 to 72 shoots per 0.5 m2 with a mean of 21.2 (+ 1.9 SE).  The mean shoot length was 
0.38 m (+ 0.02 SE) and epiphyte loads were moderate to heavy.   
 
7.3.2  Statistical Analyses 
Univariate analysis of variance indicated that the patchiness of seagrass beds was different between 
the two locations with Location 2 being patchier than Location 1.  The percent of macroalgae along 
transects was also significantly different between the two locations with Location 2 having much 
less algae than Location 1.  There was no difference among sites within locations for percent cover 
of either Zostera sp. or macroalgae.  However, at Location 1, the percentage of bare sand along the 
transects was lower at Site 2 than at either of the other two sites.  These results are summarised in 
TEL (2001, see Table 4). 
 
The density of Zostera sp. varied between the two locations, with greater percent cover and more 
shoots per quadrat at Location 2 than Location 1.  There was also a greater percentage of 
macroalgae within quadrats at Location 1 than Location 2.  The density and lengths of shoots 
differed significantly between sites within Location 2 and there were significant differences 
between transects within sites for the number of shoots, percent cover of macroalgae and epiphyte 
loads. 
 
Analysis of the data using correlation matrices revealed some significant correlations between 
variables measured in quadrats in seagrass beds with significant negative correlations between: 
• The percent cover of macroalgae and the percent cover of Zostera sp.; 
• The percent cover of macroalgae and the percent cover of bare space; 
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• The percent cover of bare space and the maximum length of shoots; 
• The percent cover of bare space and the cover of epiphytes; and  
• The percent cover of macroalgae and the number of Zostera sp. shoots. 
Significant positive correlations were found between: 
• The number of shoots and the percent cover of Zostera sp.; 
• The maximum length of shoots and the percent cover of Zostera sp.; and 
• The maximum length of shoots and the percent cover of epiphytes. 
 
7.3.3 Summary of Seagrass Sampling 
Overall, the health of seagrasses within Lake Curalo is comparable to that of a similar estuary, 
Werri Lagoon.  Werri Lagoon is another small, shallow intermittent estuary on the south coast of 
NSW in which seagrass was sampled by TEL as part of a baseline study.  Seagrass density within 
Lake Curalo (6 – 72 shoots ) were within the range observed in Werri Lagoon (0 – 88 shoots) and 
the shoots were slightly longer, 0.28 – 0.66 m in Lake Curalo compared to 0.16 – 0.49 m in Werri 
Lagoon.   
 
Differences between the two locations in many of the variables may be due to a number of factors 
including water movements, sediment composition, etc.  The results show in detail, however, the 
spatial variability associated with seagrass bed characteristics which is common in NSW estuaries 
(e.g. Werri Lagoon (TEL 1999), and Botany Bay (TEL, 1994)).   
 
There were significant negative correlations between the percent cover of macroalgae and the two 
seagrass variables, density and percent cover of Zostera sp., indicating a relationship between the 
amount of macroalgae and the health of the seagrass beds.  Although it is not possible to ascertain 
whether this is a direct causal relationship, it is plausible that the current levels of macroalgae are 
limiting the density and percent cover of Zostera sp. within Lake Curalo.  
 
The significant positive relationship between the cover of epiphytes and the maximum length of 
Zostera sp. may be due to a number of factors.  The leaves may be older and have therefore had a 
longer time to accumulate epiphytes.  Or, factors favouring epiphyte growth may also favour 
seagrass growth.  These explanations are not exclusive and there may be other factors.   
 
Maximum depth of seagrasses are known to vary among NSW estuaries and may be correlated to 
water quality variables such as turbidity and nutrient loads (Doherty and Scanes 1998).  Seagrass 
distribution within Lake Curalo did not appear to be depth limited during the site visit by The 
Ecology Lab in 1999.  Seagrass was limited to two large beds of Zostera sp. near the entrance and 
scattered patches around the edge of the lake.  Comparison of previous studies of seagrasses in the 
lake suggests, however, that seagrass distribution is variable and may be depth limited at some 
times (Figure 7.4). 
 
7.4  Benthic Invertebrate Sampling, August 1999 
7.4.1 General Findings 
A total of 870 individual benthic invertebrates were collected during sampling with cores.  Of the 
26 taxa identified, 10 were polychaetes, eight were crustaceans, four were molluscs and four were 
from other phyla (oligochaetes, nematodes, nemerteans and bryozoans).  The most abundant taxa 
collected was the polychaete family Spionidae, which contributed over 33% to the total abundance, 
followed by the worm class Oligochaeta and polychaete family Capitellidae, contributing 29% and 
15% respectively.  Two samples from sandy habitats contained no animals and 13 taxa were 
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represented by only a single animal across all samples.  There were a total of 17 families and 100 
individuals collected from sandy habitats and 18 families and 770 individuals from muddy habitats. 
 
7.4.2  Statistical Analyses 
A three-dimensional MDS plot of the assemblage of invertebrates is presented in Figure 7.7a.  This 
plot has a low stress value (0.01) and is therefore a good representation of the relationships among 
samples.  However, the presence of an outlier prevents the identification of spatial relationship 
between other samples.  This sample (sandy habitat, Location 1, Site 2) contained only one 
polychaete worm (Goniadidae) which was not present in any of the other samples.  Although other 
samples contained unique taxa, and many contained only one animal, the outlier was the only 
sample with both conditions and was therefore removed.  The resulting MDS had a stress value of 
0.13 which can be reliably interpreted (Figure 7.7b).  The two habitats are clearly associated into 
two groups, but the separation between locations is less clear, particularly within the muddy habitat.  
Samples from the sandy habitat also appeared more widely dispersed than samples from the muddy 
habitat.  This was confirmed by the index of multivariate dispersion, which quantifies this 
dispersion or variability, calculated for habitats and locations (Table 7.5).  The global relative 
dispersion was smallest for muddy habitats and pairwise comparison showed a large difference in 
the dispersion between the two habitats.  Between locations, the global relative dispersion was 
smallest for Location 3 (muddy habitat) and highest for Location 2 (sandy habitat).  Pairwise 
comparison of dispersion among locations revealed that all pairs of locations (both within and 
across habitats) were very different, with the exception of within muddy habitats where the IMD 
value was low. 
 
Table 7.5  Multivariate Index of Dispersion (IMD) of assemblages of benthic invertebrates among 
locations and habitats sampled using cores in Lake Curalo on 11/8/99.  For pairwise comparisons, 
IMD ranges from +1 to -1 and the sign of each value is relative to the first level compared: negative 
signs indicate the second level is more variable than the first; positive signs indicate the opposite 
and values close to zero indicate similar variability within locations or habitats.  See Figure 7.1 for 
locations.. 
Factor Comparison Level Dispersion 
    
Habitats Global Sand 1.53 
  Mud 0.65 
    
 Pairwise Sand vs Mud 0.88 
    
Locations Global Location 1 1.14 
  Location 2 1.73 
  Location 3 0.63 
  Location 4 0.75 
    
 Pairwise L1 vs L2 -0.87 
  L1 vs L3 0.60 
  L1 vs L4 0.51 
  L2 vs L3 0.98 
  L2 vs L4 0.97 
  L3 vs L4 -0.18 
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The two-way nested ANOSIM indicated that there were significant differences among locations 
(Global R = 0.350, p<0.001) and the one-way ANOSIM indicated there were also significant 
differences between the two habitats (Global R = 0.651, p<0.001).  Two polychaete families, one 
bivalve family, and the class Oligochaeta each contributed to greater than 10% of the difference 
between habitats.  Differences between locations within sandy habitats were attributed mainly to the 
polychaete family Nereididae, harpacticoid copepods and Nematoda (round worms), each 
contributing greater than 10%.  Within muddy habitats, the polychaete family Capitellidae, and the 
two phyla Nermertea and class Oligochaeta each contributed greater than 10% to the difference 
between the two locations. 
 
Univariate analysis of variance indicated that the total number of taxa and the number of mollusc 
taxa between the two habitats were significantly different , with SNK tests indicating that there 
were more taxa within muddy habitats in both cases (see Table 6 in TEL, 2001).  The total 
abundance, and the abundances of polychaetes and molluscs were also significantly different 
between the two habitats, with greater abundances within muddy habitats.  Locations within 
habitats were significantly different for the number of polychaete taxa and the abundance of other 
worm phyla.  SNK tests showed that within sandy habitats, Location 2 had the greater abundance of 
polychaetes compared with Location 1 and within muddy habitats, Location 3 had the greater 
abundance of other worm phyla compared to Location 4.  Sites were not significantly different for 
any of the variables analysed.  
 
7.4.3 Summary of Benthic Invertebrate Sampling 
A difference in the grain size between the two habitats is most likely to be responsible for the 
observed differences in the assemblages from the two habitats.  The benthic invertebrate fauna from 
muddy habitats was both more diverse and more abundant than from the sandy habitats.  This is 
consistent with observations from studies of benthic fauna within other shallow estuarine habitats 
(Dexter, 1983).  Overall the assemblages present in sandy habitats appear more variable than 
muddy habitats, probably reflecting the greater mobility of sandy sediments. 
 
The dominant families present in muddy habitats also suggests that the sediments from which the 
samples were taken may periodically experience oxygen depletion.  Polychaete families 
Capitellidae and Spionidae possess blood pigments that can load oxygen for use during periods of 
low oxygen tension and are therefore adapted to periods of low oxygen conditions. 
 
Differences between locations within habitats is due to variation in the numbers of a few key taxa.  
For example within sandy habitats, Nereididae occur at only one site and within muddy habitats; 
Location 3 had very high abundances of oligochaetes. 
 
 



Figure 7.1 Map of Lake Curaloshowing the distribution ofsaltmarsh, fringing vegetation 
and seagrass as recorded by The Ecology Lab in August 1999 and the location of sites for 
benthic invertebrate cores (B) and seagrass surveys (S) sampled on 11/8/99.
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Figure 7.2 Map of LakeCuraloshowing the distribution of saltmarshand seagrass as 
recorded by West et al.(1985).  Based on aerial photos taken in 1981 and field surveys
done in September 1982.
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Figure 7.3 Map of LakeCuraloshowing the distribution of  SEPP 14 Wetlands (DUAP 
1998).
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Figure 7.4 Map of Lake Curaloshowing the A) the distribution of foreshore vegetation, 
and B) the distribution of aquatic vegetation in Lake Curaloas recorded by W.S. Rooney 
and Associates (SKM, 1988). 
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Figure 7.5 Land use patterns in the Lake Curalocatchment in 1979 and 1994. (Provided  by  
DL WC). 
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Figure 7.6 Density of the  riparian vegetation within 30 and 100 m of the shoreline at 
Lake Curalofor 1950, 1979 and 1994.  (Provided by DLWC).
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Figure 7.7 Three dimensional MDS plots for benthic invertebrates sampled from 2 locations within 
each of 2 habitats at Lake Curaloon 11/8/99.  A)  Preliminary analysis, B) Analysis after  removal of 
outlier.
.
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8  Integration of Processes 
 
8.1 Overview of Processes 

The ecology of Lake Curalo is influenced by complex interactions between the physical, chemical 
and biological processes.  These processes vary in importance largely depending upon whether the 
entrance is open and the time of year.  The response of the system to external forces, such as 
nutrient and contaminant loads form the catchment and artificial entrance opening, adjusts to the 
particular regime of processes operating over some antecedent period.  

The hydrodynamic processes and flushing regime are highly dependent upon the entrance condition 
as shown schematically in Figure 8.1.  These processes in turn affect the water quality and ecology 
as described below. 

As outlined in the previous chapter, there is very little data available on the aquatic ecology of Lake 
Curalo.  In particular there is a lack of replicated spatial and temporal information to determine the 
variability of the system.  This limits our ability to accurately define the processes operating within 
the lake and restricts the potential to develop models that illustrate these processes adequately.  As a 
working hypothesis, ecological processes in Lake Curalo are fundamentally similar to those in other 
estuaries along the NSW coast.  The system, however, has some features that make some of these 
processes of particular importance to the community and the managers responsible.  Clearly the 
most important feature is the intermittent nature of the lagoon entrance, which has important 
implications for water quality and the ecological processes mediated by water flow such as the 
recruitment and migration of fishes and invertebrates.  Other important features include the shallow 
nature of the lake and the creeks and drains that enter the lagoon from rural, urban, and bush 
catchments.  These provide habitat and are a conduit for freshwater runoff, sediments and 
contaminants.   

From the small amount of data available for Lake Curalo, and information collected for other 
estuaries, we can identify processes that are important for intermittently closed lagoons such as 
Lake Curalo.  The application of these results to other systems, however, must be done with 
caution.  Moreover, there are many details of these processes that are incompletely understood.  
Figure 8.2 presents a “fish-eye” view of the lake and some of the major ecological processes 
operating within it.  In particular, the interactions between different biotic components in the water 
column and the benthos are illustrated.  The information is based on knowledge of processes gained 
from work outside the study area superimposed onto the particular conditions of Lake Curalo.  
Clearly, not all the characteristics of the lake or the links between the various components can be 
illustrated on the conceptual model.  It is also important to recognise that changes in any one of the 
components will lead to flow on impacts on the rest of the system.  For instance, increased inputs of 
nutrients could lead to blooms of macroalgae and epiphytic algae, increasing turbidity and the depth 
at which seagrasses can photosynthesise. 

The background conditions of Lake Curalo are that of a small shallow lake with inputs of 
freshwater, nutrients and sediments and an intermittently open entrance.  These conditions favour 
the presence of certain habitats and the growth of particular species of macrophytes and 
macroalgae.  Temporal variation in these conditions is likely to result in a corresponding change in 
the distribution and dominance of different species.  The variable nature of the system is best 
illustrated by the comparison of seagrass distribution composition between habitat maps produced 
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in 1985, 1988 and 1999.  High salinity conditions occur during low rainfall conditions when the 
lake entrance is closed and during the short period when the lake is open to the ocean.  These 
conditions favour the growth of macrophytes such as Zostera sp. and macroalgae such as 
Enteromorpha sp.  During periods of high rainfall when the entrance is closed the system is more 
brackish and favours the macrophyte Ruppia sp. and freshwater macroalgae such as Chara sp.   

In addition to the effects of salinity described above, sediment loads, nutrient loads, and catchment 
development will also lead to changes in habitat distribution and characteristics.  For example, 
increased sediment loads from Palestine Creek will speed the growth of the deltaic island at its 
mouth.  It is probable that changes evident between 1985 and 1999 (as seen in aerial photos) are due 
to increased sedimentation leading to a gradual progression from Ruppia sp. to saltmarsh and from 
saltmarsh to paperbark forest.  Similarly, increased nutrients will alter the biota of the lake, 
favouring fast-growing macroalgae and epiphytes on seagrass that have the potential to reduce the 
light available to seagrass.  The results of this study indicate that there is significant spatial 
variability in seagrass characteristics, in particular, the distribution and density of Zostera sp. And 
the distribution of macroalgae.  However, a positive correlation between these two variables 
suggests that the current levels of macroalgal growth may have a direct affect on seagrass health. 

Determining the relative contributions to temporal variability in the system attributable to natural 
and human induced causes is difficult.  Not only is there a lack of data on the current loads of 
sediments and nutrients entering the lake, but quantitative information on historic inputs is also not 
available.  Estimates of the nutrient loads derived from coarse catchment models by DLWC suggest 
the nutrient loads have roughly doubled since European settlement and have increased by about 30 
% (for total phosphorus) and 10% for total nitrogen since 1950 (DLWC, 2001).  These model 
estimates are based on crude assumptions about the system, are not calibrated for Lake Curalo and 
hence provide an indication only.  Thus, although it is clear that catchment development and 
anthropogenic uses of the catchment and the lake itself have increased sediment and nutrient inputs 
into the lake, it is not possible to accurately determine the extent of the increase. 

Entrance manipulation also has a large effect on the biota of the lake.  Fringing wetland 
communities are affected by changes in water level, as floods are an important component for the 
maintenance of such vegetation.  Regular and repeated ‘breakouts’ may degrade these wetlands and 
other riparian vegetation, particularly if continued opening below the ‘natural breakout range’ is 
practiced.  Breaching the barrier can also result in the oxidation of sediments and decomposition of 
aquatic vegetation, resulting in malodorous conditions and deoxygenation of the water column, 
which may affect fish and other fauna within the lake.  Conversely, periods of prolonged high water 
can also lead to deterioration in water quality, due to inputs of nutrients and pollutants from the 
surrounding catchment and the inundation of adjacent urban areas.   

It is difficult to assess the status of the faunal assemblages of the inlet, due to a limited amount of 
information.  Data on spatial and temporal patterns of abundance and distribution of most faunal 
groups are lacking, and further work is required to provide an adequate description of baseline 
conditions with which to identify principal factors that influence these components. 

 
8.2 Reliability Assessment 
The understanding of the ecological structure and function of Lake Curalo discussed above is based 
upon an interpretation of the available information and inference from other similar systems.  This 
approach provides the best current understanding that may be further improved and enhanced with 
further study and investigations.  While there exists a reasonable data set on the water level and 
physico-chemical characteristics within the lake, albeit relatively short term, from which the 
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hydrodynamic and flushing processes have been assessed, there exists very little information on the 
water and sediment quality, and long term biota measurements.  While the existing habitat mapping 
has highlighted changes it is not sufficient to interpret the causal relationships that led to these 
changes.  While the present level of understanding must be relied upon for planning purposes the 
major level of uncertainty revolves around the lack of information on long term variability through 
extended periods of closure followed by a period when the entrance remains open.  In particular 
information on the following issues would assist in reducing uncertainty: 
• Longer term information on the biota and changes through an extended period of closure 

followed by a period when the entrance is open, 
• Evaporation and groundwater flow during a period of entrance closure, 
• Quantification of catchment discharge and loads, 
• Water quality – the role of sediment nutrient release during periods of closure versus periods 

when the entrance remains open, and the influence of the shallow areas and wetlands on the 
nutrient budget, 

• Benthic fauna and flora interactions and species composition through the closed/open cycle. 
 



Figure 8.1 Schematic showing the open and closed system.  The entrance barrier is breached at 
water level 1.2 m AHD.  When the entrance is closed material inputs accumulate in the lagoon.
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Figure 8.2 Conceptual model of Lake Curalo profile showing some of the processes which occur within the water column and the benthos.
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9 ISSUES ANALYSIS 
 
9.1 Significant Issues 
9.1.1 Impacts of Human Activity  
The impacts of human activities within the catchment that affect the lake and directly in the lake are 
discussed below. 
 
• Catchment clearing for agricultural, forestry and urban purposes 
Catchment clearing generally increases the runoff flows, nutrient and sediment loads.  Much of the 
catchment has remained uncleared or various areas have possibly been cleared and revegetated 
during logging operations.  As the area affected at any given time has been relatively small it is not 
likely to have had significant long term effects on the lake.  Development of the urban and semi-
industrial areas near the lake may have led to increased loads but these areas are relatively small 
and hence not likely to have caused significant increase in loads. 
 
• Removal of riparian vegetation 
Removal of riparian vegetation in the tributaries has likely led to localised zones of bed and bank 
erosion with associated increase in nutrient loads.   
 
• Impervious surfaces increasing peak flows, watercourse erosion and flood frequency; and 
• Stormwater outlets to the lake 
It is likely that the stormwater input and drainage of the low lying playing fields have caused 
localised deterioration of water quality near their outlets at the lake.  Near the stormwater outlets 
localised accumulation of sediment and nutrient bound to the sediment is likely to be a source for 
deteriorating water quality. 
 
• Development of flood liable land 
Development of flood liable lands south and west of the lake and the caravan park to the east has 
caused a shift in the entrance opening regime.  Because of the flood mitigation requirements the 
entrance is now open more frequently than prior to these developments.  The  presence of the 
playing fields to the west and south of the lake are also likely to have led to an increase in nutrient 
loads to the lake through the application of fertilisers and the maintenance of the areas. 
 
• Sewage pump station overflows 
There was no evidence of sewer overflows to the lake but this may simply reflect a lack of 
measurements.  There exists one sewer pump station with the potential to overflow to the lake but at 
the time of writing this report the occurrence of overflows has not been monitored. The likely 
effects on recreational amenity, through pathogen contamination and on the aquatic ecosystem 
through the addition of nutrients requires further assessment. 
 
Overflows from the reticulated sewerage system may also occur at pump stations.  There are two 
sewer pump stations near the western foreshore of Lake Curalo, as well as a pump station at Eden 
Tourist Park.  Council records show only one overflow event (March 2000) has occurred in the past 
four years.  Some of the measures Council has taken to protect against overflows are: 

• Installation of permanent generator at the main sewer pump station (south of Emblen 
Street), 
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• Provision of portable generators for stations such as the secondary station north of Lakeside 
Drive, and 

• EPA procedures are in place in the event of an overflow and Council staff are alerted to any 
high levels in the pump stations through the telemetry system. 

 
• Road and bridge construction; and 
• Forestry activities 
Given the limited data it is not possible to establish a causal link between forestry activities and 
deterioration in lake water quality. While such activities do lead to increased sediment loads for the 
duration of activity their impact on the lake is generally more diffuse.  Higher loads of fine 
sediment may have occurred but there is not sufficient data to assess whether this has caused a shift 
in the system response, such as smothering of seagrass and a reduction in area of seagrass. 
 
• Dredging of the lake 
The dredging activities have generally not increased the depth of the lake beyond its previous 
maximum depth.  During the dredging operation it is likely that short term impacts arise outside the 
dredge area but these impacts would not be detectable over a longer time.  Dredging may have 
reduced the potential for sediment nutrient release by removal of the sediments and nutrients bound 
to these sediments.  The deeper waters following dredging may favour the production of 
stratification but whether this leads to water quality deterioration is arguable. 
 
• Artificial entrance opening 
The artificial opening has probably been the most significant change to the lake system.  Prior to 
development of flood liable land the need for opening to reduce flooding the lake probably 
remained closed for periods of years until a significant wet period raised the level to around 3m 
AHD and the barrier dune was breached.  The artificial opening occurs more frequently and hence 
the saline ocean conditions are more prevalent.  This has likely caused a shift in the ecosystem 
towards a more marine-like system. 
 
• Waterway use for boating, fishing and oyster cultivation. 
Boating is fairly restricted and not likely to have had a significant impact on the lake. The impacts 
of fishing require further investigation. 
 
 
9.2   Impacts of Dredging and Waterway Use 
 
There have been no studies within Lake Curalo which have directly monitored the impacts of 
dredging in the Lake.  However, only a small amount of dredging has been carried out by a private 
operator in 1989.   Studies on the impacts of dredging in other estuaries have demonstrated 
catastrophic, usually medium term, effects on the benthos of the dredged area with varying recovery 
rates.  Some features of benthic assemblages have been shown to recover from the effects of 
dredging faster than others.  For example the total number of individuals recovered faster than the 
total number of species after dredging in the Hawkesbury River (Jones, 1986).  In Port Hacking, 
surveys done six months after the dredging demonstrated that dredging operations had altered the 
diversity and abundance of benthic populations (TEL 1998).  Sampling 18 months after dredging, 
however, revealed no longer-term impacts of the dredging operations (TEL 1998).  In general, the 
rate of recovery of a dredged area depends upon natural recruitment, the extent to which animals 
remain after the dredging operation and the extent to which dredging causes sediments and fauna to 
slump down the sloping margins of the dredged channel into freshly dredged areas (Jones, 1986).  It 
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should be noted that recovery of benthic populations within Lake Curalo after dredging will be 
limited when the entrance is closed because many estuarine benthic invertebrates recruit from the 
ocean. 
 
No evidence was found of impacts of boating on the lake and surrounds.  There are, however, some 
potential impacts which should be considered.  The launching of boats has the potential to damage 
foreshore vegetation as there are no formal boat ramps to provide access to the lake.  Also, the 
shallow nature of the lake increases the possibility of boats damaging seagrass beds.  It is not 
possible to determine the impacts of commercial and recreational fishers on the fish stocks of the 
lake due to lack of accurate records.  It is unlikely that the current fishing effort will have 
detrimental effects on fish stocks but any future increase should be carefully monitored.  No oyster 
cultivation is carried out in Lake Curalo and the intermittent nature of the lake makes future 
aquaculture activity unlikely. 
 
9.3  Ecosystem Health 
 
The results of this study indicate that the health of Lake Curalo is temporally variable.  The estuary 
supports a variety of estuarine habitats including six SEPP 14 wetlands and beds of seagrass.  This 
study has found that there have been large changes in the distribution of seagrasses, namely Zostera  
and Ruppia.  One model to account for this is that variations in salinity are responsible for these 
changes, and that these changes occur following closure of the lake for extended periods.  However, 
the length of the closed periods required to bring about the changes is an important, unanswered 
question.  Further, there is no way of knowing what effect changes in habitat structure have on fish 
and invertebrates assemblages.  Sampling of fish and invertebrates during different salinities and in 
beds of different seagrasses should be incorporated in any future work.  Saltmarshes rely on being 
periodically inundated, so they are at risk of degradation if breakouts continually occur at water 
levels lower than the saltmarsh.  Given that this study has found the saltmarshes of Lake Curalo 
have survived at least since the early 1980s, it would appear that historical and current opening 
practices are not decreasing the area of saltmarshes, but it is not known if the species composition 
or the health of the habitat has changed. 
 
Table 9.1 summarises ecosystem health using the report card system defined in State of the Marine 
Environment Report (SOMER, Zann 1995) and expanded upon by Tony Roper of DLWC.  The 
table includes the current value of the indicator, comparison of the current value with a reference 
value, the trend in the status of the indicator and the pressures and their trends causing deterioration 
in the indicator. Particular ecosystem indicators were identified and assigned grades which were 
broad and descriptive, intended for qualitative assessments of the scale of the particular health 
issue.  The grades are defined as follows (Zann 1995): 
 
 A: EXCELLENT (no obvious effects of human activities) 
 B: GOOD (general slight effects, or few sites with moderate effects) 
 C: FAIR (general moderate effects, or some sites with serious effects) 
 D: POOR (general serious effects, or some very serious effects) 
 ?: UNCERTAIN STATUS (insufficient knowledge). 

The likely future pressures on particular indicators are described and the possible resultant trend in the 
indicator have been assigned one of the following four values:  

 ⇔ = stable 
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  = improving 

  = worsening 

    ?  = insufficient data. 
 
Given the lack of quantitative data the task of assigning a particular status and likely pressure trend 
has been somewhat subjective.  The Report Card indicates that all 25 indicators of ecosystem health 
have been affected by human activity either in the catchment, in the lake or in both.  Most 
indicators are showing slight to moderate effects but from the available observations it appears none 
have reached a critical reference value.  The projected trends from increased pressures are of greater 
concern as more than half suggest a likely worsening condition if the indicated pressures are 
allowed to proceed unchecked.  While the system overall could be said to be in generally good 
condition, there have been episodes of algal blooms that suggest the health of the system is subject 
to significant temporal changes most probably associated with the wet/dry cycles and entrance 
opening regime.  While this rather subjective assessment provides a reasonable indication of 
ecosystem health it must be emphasised that for assessment of any proposed developments and/or 
management initiatives more rigorous assessment would be required. 
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Table 9.1:  Lake Curalo ecosystem health report card.  Based on the report card system used in State of the Marine Environment Report 
(SOMER, Zann 1995).   
SEDIMENTS      

  STATE   PRESSURE  
INDICATOR Current Value Reference value Status Trend Sources Trend 
Geomorphology       

Fluvial sedimentation 
rate ? 100 m3/year over last 6,500 years C ⇔ 

Catchment clearing for 
agriculture Urban 

development 
 (slight) 

Marine sedimentation 
rate 

Flood tide delta growth 
when entrance open 

Delta growth affected by opening 
regime C ⇔ More frequent artificial 

entrance opening  (slight) 

Extent of foreshore and 
riparian bank erosion 

Negligible foreshore 
erosion 

Reclamation of south and western 
shores for recreation and development B  

Removal of vegetation, 
increased recreational 

activity, increased urban 
runoff 

 

Bank modification Stormwater structures, 
bridge  B ⇔ Urban development  

Sediment quality       
Toxicant levels 

(Arsenic, Chromium, 
Copper, Lead, Zinc) 

no data available Arsenic 20; Chromium 81; Copper 65; 
Lead 50; Zinc 200 (mg/L) 1 ? ? Roads, agricultural 

chemicals  (slight) 

Total Phosphorus no data available 

<420 mg/kg non-polluted 2 

420 – 650 mg/kg moderately polluted 2 

>650 mg/kg contaminated 2 

(typical in south coast estuaries) 

? ?  (slight) 

Total Nitrogen no data available 

<1000 mg/kg non-polluted 2 
1000-2000 mg/kg moderately polluted 

2 
>2000 mg/kg contaminated 2 

(typical in south coast estuaries) 

? ?  (slight) 

Total Organic Carbon no data available No specific criteria ? ? 

Sewage, rural and native 
animals, rural and urban 
fertilisers, catchment and 

creek bank erosion 

? 
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WATER      
  STATE   PRESSURE  
INDICATOR Current Value Reference value Status Trend Sources Trend 
Water flows       

Tidal prism 0 – 100 x 103 m3 Lake volume ≅ 400 x 103 m3 C ⇔ More frequent artificial entrance 
opening  ⇔ 

Environmental flows ? No specific criteria B ⇔ Groundwater use reducing dry weather 
baseflow  

Water quality       

pH 7.3 – 8.5 3 <0.2 pH unit change, 
5 – 9 2 B ⇔ Changing nutrient and algal levels, 

artificial entrance opening ⇔ 

Total Nitrogen 550 µg/L 3 100 – 750 µg/L 4 B - C   
Total Phosphorus 25 µg/L 3 10 – 100 µg/L 4 B   

Chlorophyll a  0.1 – 2.4 µg/L 3 1 – 10 µg/L 4 B - C  

Eutrophication, organic and inorganic 
pollution from elevated nutrients, 

contaminants and suspended solids from 
poor rural water quality, urban 

stormwater, sewage 
 

Total Suspended 
Solids ? ? ⇔  

Turbidity 0.5 – 40 (15 avg) NTU 3,5 

<5 NTU = Low 4 
5 – 25 NTU = Medium 4 
25 – 50 NTU = High 4 

>50 NTU = Very High 4 
<10% change in seasonal mean 

NTU 2 

C ⇔ 

Sourced mainly from soil and stream 
bank erosion and run-off  

Faecal coliforms (fc) ? 
1° contact <150 fc/100 mL 2 

2° contact <1000 fc/100 mL 2 
Edible seafood <14 fc/100 mL 2 

? ? Rural and native animals, urban 
stormwater, sewage ? 

Salinity 15 - 35 g/L3 <5% change from background 
levels 2 B ⇔ 

More frequent artificial entrance 
opening, altered tidal prism, modified 

catchment runoff 
⇔ 

Potential acid sulphate 
soils (PASS) Low No specific criteria B ⇔ ? 

 ⇔ 
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BIOTA       
  STATE   PRESSURE  
INDICATOR Current Value Reference value Status Trend Sources Trend 
Aquatic and riparian flora      

Seagrass area, 
composition and 

distribution (depth 
limits) 

Area = 0.058 – 0.30 km2 6 
 Species composition = 

Zostera, Ruppia, 
Halophila? 
Depth < 2m 

Observation suggests depth 
may be shallower than 

comparable lakes in region 

Fair → 
Poor  

Variable distribution may be due to 
temporal changes in entrance conditions, 

water quality, nutrients loads and 
epitphytic and macroalgae reducing light 

penetration 

 

Saltmarsh area and 
distribution 

Area = 0.116 km2 6 Includes 
6 SEPP 14 Wetlands 

No specific criteria but large 
area of regionally significant 

wetland 

Excellent 
→ Poor ⇔ 

Appears to be few pressures aside from 
small patches of potential weed 

invasion.  Area may be increasing due to 
sedimentation near mouth of Palestine 

Creek. 

⇔ 

Vegetation distribution 
and condition along 

tidal foreshores 

50-55% dense cover 7 
30-35% sparse cover 7 

15% absent 7 

No specific criteria.  Sparse 
cover probably due to large 

amount of saltmarsh. 

Fair → 
Poor ⇔ Potential clearing/grazing pressures.  

Aquatic fauna       
Macroinvertebrate 

distribution and 
abundance 

High species richness and 
eveness 8  No specific criteria ? ? Taxa found suggest possible oxygen 

depleted sediments 9 ? 

Fish distribution and 
abundance 

34 species of commercial 
importance, no other 
information available 

No specific criteria ? ? 
Water quality degradation, fish passage 
limited by entrance conditions, damage 

to subtidal and intertidal habitats 
? 

Exotic fauna 
distribution and 

abundance (known or 
likely to occur) 

 

17 species in far south New 
South Wales No specific criteria ? ? 

Almost all are unintentionally 
introduced species with the potential to 
compete/replace/exclude native species, 
damage local fisheries and aquaculture 

 

? 

 
1:  ANZECC (1998) 
2:  ANZECC (1992) 
3:  EPA Data (1994-95) 

4:  EPA Water Quality Objectives Towamba River 
5:  MHL (1998) 
6: West et al. (1985). 

7:  Tony Roper DLWC  
8:  Moverly and Hirst (in press) 
9:  TEL (current study) 
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