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1.0 Background 

 

The Cities of Joondalup and Wanneroo and Department of Environment and 

Conservation as members of the Midge Steering Committee for Lake Joondalup 

requested the following: 

·  The scope of works includes the researching of various archives for 

documentation relating to midge research with the two cities.  Documentation 

to be sourced from relevant sources. 

·  Collate a database of documents pertaining to midge studies relating to the 

Lake Joondalup. 

·  The database of records is to be in both chronological and alphabetical 

sequence.  

·  Liaise with the various institutions that have reported on midge within Lake 

Joondalup and obtain copies of their reports and findings. 

o Some of the organisations that need to be liaised with include but are 

not limited to the Department of Environment and Conservation 

(DEC), Edith Cowan University Joondalup, Murdoch University, the 

Midge Steering Group, City of Joondalup and City of Wanneroo.  

·  Investigate and report all findings to the City of Wanneroo’s Co-ordinator 

Health Services.  

·  Provide a comprehensive summary of all the recommendations contained 

within the reports, technical journals, and relevant studies regarding 

appropriate control procedures.   

 

In addition, a small project was commissioned to attempt to identify the probable 

sources of nutrients entering the lake from the south.  
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2.0 Review of information on Lake Joondalup 

2.1 Introduction 

Cumbers (2004) had completed a comprehensive data collection exercise for Lake 

Joondalup. Other useful sources of information were identified from her reference list, 

which in turn had their reference lists checked and so on. In addition, libraries at 

Murdoch University, University of Western Australia, Curtin University and Edith 

Cowan University were searched. The references collected have been assembled in an 

annotated bibliography and a chronological bibliography.  

2.2 Annotated Bibliography 

*Copies of these reports were not obtained within the timeframe. 
 
Bamford MJ and Bamford AR (1990) Yellagonga Regional Park: A Preliminary 
Survey of Vertebrate Fauna. Unpublished Report.  
Details vertebrates (frogs, fish, mammals, reptiles, birds) found in Yellagonga, including 
around/in the lake. 
 
Bekle H (1980) A Seasonal Biogeography of Lake Joondalup. Geowest 16:83-119 
Provides a summary history of the lake and classifies the lake into bird habitats and describes 
the birds found in each habitat.  
 
Bekle H (1988) Waterbird usage of lakes in the Perth region, Western Australia: A 
study of patterns in time and space. Ph.D. Thesis, University of Western Australia. 
Lake Joondalup is one of the many lakes discussed; more detail is presented in Bekle (1980).  
 
*Benier J and Horwitz P (2002) Annual report for the Wetland Macroinvertebrate 
Monitoring Program of the Gnangara Mound Environmental Monitoring Project – 
Spring 2001 to Summer 2002. Centre for Ecosystem Management, Edith Cowan 
University, Perth. 
This is part of an ongoing monitoring program for the Gnangara Mound Lakes including Lake 
Joondalup for the Department of Water. The monitoring program collects water quality and 
macroinvertebrate data from a limited number of sites in each wetland, twice per year.  
 
*Benier J and Horwitz P (2003) Annual report for the Wetland Macroinvertebrate 
Monitoring Program of the Gnangara Mound Environmental Monitoring Project – 
Spring 2002 to Summer 2003. Centre for Ecosystem Management, Edith Cowan 
University, Perth. 
 
Blair A (1978) Mosquito Investigation No. 2: Shire of Wanneroo. Bulletin 36 
Department of Conservation and Environment, Perth.  
Covers all Yellagonga waterbodies. Mosquito larvae were only found in swampy fringes on 
the eastern side of the lakes. This report also contains many photographs of the waterbodies 
which are a useful reference (many of the photographs have aged, rendering them less useful 
than they would have been). 
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*BSD Consultants (2003) Yellagonga Regional Park - Final Drainage Investigation 
Report. City of Wanneroo, Perth, Australia. 
 
*Chapman K and Horwitz P (2001) Annual report for the Wetland Macroinvertebrate 
Monitoring Program of the Gnangara Mound Environmental Monitoring Project – 
Spring 2000 to Summer 2001. Centre for Ecosystem Management, Edith Cowan 
University, Perth. 
 
*Clark J and Horwitz P (2004) Annual report for the Wetland Macroinvertebrate 
Monitoring Program of the Gnangara Mound Environmental Monitoring Project – 
Spring 2003 to Summer 2004. Centre for Ecosystem Management, Edith Cowan 
University, Perth.  
 
*Clark J and Horwitz P (2005) Annual report for the Wetland Macroinvertebrate 
Monitoring Program of the Gnangara Mound Environmental Monitoring Project – 
Spring 2004 to Summer 2005. Centre for Ecosystem Management, Edith Cowan 
University, Perth.  
 
*Congdon RA (1973) Studies on the synecology of Lake Joondalup, Western 
Australia, and the autecology of Juncus species. Honours thesis, University of 
Western Australia. 
 
Congdon RA (1979) Hydrology, Nutrient Loading and Phytoplankton in Lake 
Joondalup. Bulletin 67, Department of Conservation and Environment, Perth, 
Western Australia  
Details (using a grid) the spatial extent of submerged macrophytes in Lake Joondalup, along 
with nutrients and phytoplankton. Includes a water and nutrient budget, much of the data 
presented is repeated in Congdon (1985, 1986). 
 
Congdon RA (1985) The Water Balance of Lake Joondalup. Bulletin No. 183. 
Department of Conservation and Environment: Perth, Western Australia.  
This report is a detailed study of the water balance of the lake; it clearly shows that the 
contribution to the water budget from surface inflows (drains) is relatively small compared to 
inputs from the south. Although groundwater was not measured the net effect (input – output) 
was relatively small.  
 
Congdon RA (1986) Nutrient Loading and Phytoplankton Blooms in Lake Joondalup, 
Wanneroo, Western Australia. Technical Series 6, Department of Conservation and 
Environment: Perth, Western Australia. 
Detailed report that covers nutrient budgets and likely impacts on algae in the lake. Highlights 
that Beenyup and Walluburnup Swamps are a major source of nutrients into the lake, while 
stormwater and groundwater were minor by comparison. Describes Lake Joondalup as mildly 
eutrophic.  
 
Congdon RA and McComb AJ (1976). The nutrients and plants of Lake Joondalup, a 
mildly eutrophic lake experiencing large seasonal changes in volume. Journal of the 
Royal Society of Western Australia 59, 14-23. 
Reports on water quality and algal data collected prior to 1976 (date not mentioned) in Lake 
Joondalup. They also provide a description of the lake’s riparian vegetation. Highlight the 
potential risk of cyanobacterial (Blue-green) algal blooms. 
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Cumbers M (2004) Improving nutrient management at Lake Joondalup, Western 
Australia, through identification of key sources and current trajectories. Honours 
thesis, Edith Cowan University, Perth. 
Reviews all the water quality data available for Lake Joondalup, which suggests that nutrient 
concentrations are still rising in the lake. She also redoes Congdon’s nutrient and water 
budget using modern data (including sampling of drains) and comes to the same conclusions 
– the majority of nutrients are entering from the south. The main source of nutrient 
contamination in groundwater appears to be from the old landfill in between Wallawa and 
Neville Rds. Positively more nutrients seem to be exiting the lake in groundwater than 
entering the lake providing a mechanism for continued cleansing of the lake.  
 
Davis JA, McGuire M, Robson B, and Lund MA (2002) Predicting wetland response 
to nutrient enrichment: modelling temperature, algal blooms and nuisance midge 
swarms. Verhandlungen der Internationalen Vereinigung fur Theoretische und 
Angewandte Limnologie 28, 635-340. 
Investigates using a model the relationship between midge, depth and algae. The main 
conclusion is that warmer temperatures caused by shallower lake depths results in midge 
problems. Probably places an over-reliance on food availability as a major driver and does not 
provide a mechanism by which temperature causes the midge problem.  
 
Davis JA, Pinder AM, Trayler KM, and Harrington SA (1990) Towards more effective 
control of nuisance chironomids (midges) in metropolitan wetlands, Perth, Western 
Australia. Murdoch University, Western Australia.  
Reports on sampling of Lake Goollelal for adult and larval midge. Also covers testing the 
effectiveness of Abate in the field and an investigation into Sumilarv.  
 
Davis JA, Harrington SA and Pinder AM (1989) Further investigations into the 
control of nuisance chironomids (midges) in metropolitan wetlands, Perth, Western 
Australia. Murdoch University, Western Australia. 
Reports on sampling of Lake Goollelal for adult and larval midge. Includes a residents survey 
at Lake Goollelal, interesting most problems were experienced in the western shore.  
 
Davis JA, Harrington SA and Pinder AM (1988) Investigations into more effective 
control of nuisance chironomids (midges) in metropolitan wetlands, Perth, Western 
Australia. Murdoch University, Western Australia. 
Reports on sampling of Lake Goollelal for adult and larval midge.  
 
Davis JA and Rolls SW (1987) A Baseline Biological Monitoring Programme for 
Urban Wetlands of the Swan Coastal Plain, Western Australia. Bulletin 265. 
Environmental Protection Authority, The Water Authority of Western Australia: 
Perth, Western Australia.  
Sampled water quality and macroinvertebrates in Lake Joondalup between 1985 and 1986.  
 
Davis JA, Rolls SW and Wrigley TJ (1991) A survey of the environmental quality of 
wetlands on the Gnangara Mound. Environmental Protection Authority, Water 
Authority of Western Australia, Western Australia.  
One-off study of Gnangara Mound wetlands (including Lakes Joondalup and Goollelal) for 
water quality and macroinvertebrates 
 
Davis JA, Rosich RS, Bradley JS, Growns JE, Schmidt LG and Cheal F (1993) 
Wetland Classification on the Basis of Water Quality and Invertebrate Community 
Data. Volume 6 in the Wetlands of the Swan Coastal Plain. Water Authority of 
Western Australia, Environmental Protection Authority, Perth.  
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Examination of physico-chemical parameters, nutrients and macroinvertebrate communities in 
a range of wetlands across the Swan Coastal Plain. One wetland that is examined is Lake 
Joondalup.  
 
Dooley B, Bowra T, Cluning D and Thompson P (2003) Yellagonga Regional Park: 
management plan, 2003-2013. Department of Conservation and Land Management, 
City of Wanneroo, City of Joondalup: Western Australia.  
http://www.naturebase.net/pdf/nature/management/yellagonga_rp_mp.pdf  
 
Froend, RH, Farrell, RCC, Wilkins, CF, Wilson, CC and McComb, AJ. (1993) The 
effect of altered water regimes on wetland plants. Volume 4 in the Wetlands of the 
Swan Coastal Plain. Water Authority of Western Australia, Environmental Protection 
Authority, Perth.  
Describes the vegetation at a number of Lakes including Lake Joondalup (although there is 
less focus on this lake than the others). Notes the steep lake edge restricts the width of the 
riparian vegetation. 
 
Gordon, DM (1975) Studies on the relationship between phytoplankton productivity 
and phosphorus in three shallow freshwater lakes. Honours thesis, University of 
Western Australia. 
See Gordon et al (1981) 
 
Gordon DM, Finlayson CM and McComb AJ (1981). Nutrients and Phytoplankton in 
Three Shallow, Freshwater Lakes of Different Trophic Status in Western Australia. 
Australian Journal of Marine and Freshwater Research 32, 541-553. 
Covers the material in Gordon (1975) and reports on nutrients and algae in Lake Joondalup.  
 
Hamann JA (1992) Lake level changes within the Yellagonga Regional Park: A 
Historic Perspective. Honours thesis, Edith Cowan University. 
This thesis was produced by a Geography Honours student; it clearly shows that prior to 
European settlement around the lake that the southern part of the lake was often dry, while 
the northern part would have been dry except for shallow pools that formed around 
groundwater springs. The lake water levels were almost exclusively reflective of the 
groundwater table, but that development and drainage built around the lake has increased 
water levels. She also describes water levels for Lake Goollelal. The thesis also contains a 
bathymetric map of the lake produced by the Water Authority, although unusable from the 
microfiche, it might be usable from the original copy. This map could then be compared with 
the depths in Lund et al (2000) to determine if things have changed.  
 
Jarvis B (1994) Management of Lake water levels in the North West Corridor. Water 
Authority of Western Australia, Perth.  
Reviews water levels in Lakes Joondalup and Goollelal based on the premise that lake levels 
were becoming too high and might need to be controlled by pumping water out of the lake.  
 
*JDA Consultant Hydrologists (2003) Lake Joondalup - Outfall 12, Water quality 
monitoring 2003. City of Wanneroo, Western Australia. 
 
Kennealy S (1994) Oral histories of Wanneroo wetlands: Recollections of Wanneroo 
Pioneers. Water Authority of WA. Perth. 
Recollections of Lake Joondalup focus on occasional spells when the lake was dry and how 
in recent times it had got deeper.  
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Kinnear A and Garnett P (1999). Water chemistry of the wetlands of the Yellagonga 
Regional Park, Western Australia. Journal of the Royal Society of Western Australia 
82, 79-85. 
A published summary of their more detailed report (Kinnear et al. 1997). Shows a strong trend 
of increasing nutrient concentrations from north to south in the lake, and indicates that 
nitrogen is probably limiting algal growth.  
 
Kinnear A, Garnett P, Bekle H and Upton K (1997) Yellagonga Wetlands: A study of 
the water chemistry and aquatic fauna. Centre for Ecosystem Management Report 
1997-01, Edith Cowan University, Western Australia.  
Reports on water quality, plankton, macroinvertebrates and birds in Yellagonga regional park 
(including Lake Joondalup, Beenyup Swamp & Lake Goollelal) over 1991-1992. Conclusions 
as described for Kinnear and Garnett (1999). 
 
Khwanboonbumpen, S. (2006) Sources of Nitrogen and Phosphorus in Stormwater 
Drainage from Established Residential Areas and Options for Improved Management. 
Ph.D. Thesis (passed but corrected version not completed), Edith Cowan University, 
Perth. 
This project involved detailed monitoring of a small urban drain into Lake Joondalup (from 
Wanneroo) for nutrients and looked at landuse practices in the catchment that contributed to 
the nutrient loads seen in the drain. This research confirmed the assertion that these urban 
drains are not a major source of nutrients to the lake.  
 
Lamb C (2001) The influence of temperature and metaphyton on non-biting midges 
(Diptera: Chironomidae) at Lake Joondalup. Honours thesis, Murdoch University. 
Examines midge larvae in Lake Joondalup in detail, from depth in sediment, dietary analysis, 
distribution survey (using a grid), then attempts some simple modelling of midge populations.  
 
Lund MA (2003) Monitoring Program of the Cities of Joondalup and Wanneroo: A 
Review. Report No. 2003-02, Centre for Ecosystem Management, Edith Cowan 
University, Perth. 
Reviews all the monitoring data collected by the Cities up to the end of 2002. 
 
Lund MA, Brown S, and Lee G (2000) Controlling midges at Lake Joondalup and 
Lake Goollelal. Report No. 2000-10, Centre for Ecosystem Management, Edith 
Cowan University, , Perth. 
Includes a grid mapping of sediment, macrophytes, nutrient concentrations and midge larval 
density across Lake Joondalup. Experimentally tests the effectiveness of Abate in Lake 
Joondalup. Includes midge larval monitoring in Lake Goollelal. 
 
Lund MA and Ogden G (2005) Midge research program 2004-2005 Lake Joondalup. 
Report No. 2005-04, Centre for Ecosystem Management, Edith Cowan University, 
Perth. 
Reports on vulnerability of midge eggs to Abate, whether wingbeat sounds can enhance 
trapping and details midge emergence from the lake. 
  
*McKay K and Horwitz P (2006). Annual report for the Wetland Macroinvertebrate 
Monitoring Program of the Gnangara Mound Environmental Monitoring Project – 
Spring 2005 to Summer 2006. Centre for Ecosystem Management, Edith Cowan 
University, Perth. 
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Ove Arup & Partners (1994) Yellagonga Regional Park Drainage Study. City of 
Wanneroo, Western Australia. 
Calculates nutrient inputs via stormwater drains into Lake Joondalup and recommends 
remediation strategies. Unfortunately the estimated loads are unrealistic and substantially 
over-estimate loads from stormwater.  
 
*Pinder AM (2001) Monitoring and research for midge control at Lake Joondalup. 
Department of Conservation and Land Management, Unpublished report, Perth. 
Pinder reviews the monitoring of midge at Lake Joondalup and suggests increasing the 
number of monitoring sites.  
 
Pinder AM, Trayler KM, Davis JA (1991) Chironomid control in Perth wetlands. 
Final Report and recommendations. Murdoch University: Western Australia. 
A great summary of the work undertaken by Dr Jenny Davis’s group on midges. Covers 
effects of nutrients on midges, effects of midges on sediment nutrient release, alternate 
treatments to Abate and some information on emergence and wind on adults. None of the 
report examines Lake Joondalup.  
 
PPK Environment & Infrastructure Pty Ltd (2000) Drainage upgrade works to Lake 
Joondalup Outfall No 12, Ariti Avenue Detention Basin and Wanneroo Road. Design 
Report for the City of Wanneroo. PKK Environment & Infrastructure Pty Ltd, 
Subiaco.  
Proposes designs and systems for the treatment of Outfall 12 and other drains on the 
Wanneroo side of the lake.  
 
Roberts M (2003) Investigation into the population dynamics and key life history 
characteristics of non-biting midge (Diptera: Chironomidae) which can be utilised to 
improve nuisance control at Lake Joondalup. Western Australia. Honours thesis, 
Edith Cowan University, Perth. 
Reports on two experiments, one to determine how midge survived the summer dry period 
and secondarily to assess growth rates and survival in the Lake.  
 
Sommer B (2006) Drying and re-wetting of organic wetland sediments: 
Biogeochemistry and implications for wetland management. Ph.D. Thesis, Edith 
Cowan University, Perth. 
A very detailed account of Lake Goollelal sediments, particularly the effects of drying and 
rewetting. Clearly shows that the ‘metaphyton’ is in fact an organic floc. This floc is very 
important in nutrient cycling within the lake and generally is a sink for nutrients. If the floc 
were to dry then it would release large quantities of nutrients upon reflooding, which could 
trigger algal blooms. Accessible in electronic form from the ECU Library 
(http://library.ecu.edu.au/) 
 
Storey AW, Vervest RM, Pearson GB and Halse SA (1993) Waterbird usage of 
wetlands on the Swan Coastal Plain. Volume 7 in the Wetlands of the Swan Coastal 
Plain. Water Authority of Western Australia, Environmental Protection Authority, 
Perth.  
Records some water quality parameters and waterbirds at Lakes Goollelal and Joondalup and 
Beenyup Swamp. 
 
*Sommer B and Horwitz P (1998) Wetland Macroinvertebrate Monitoring Program 
of the Gnangara Mound Environmental Monitoring Project (Sampling Period 1996-
1997). Centre for Ecosystem Management, Edith Cowan University, Perth. 
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*Sommer, B. and Horwitz, P. (1999) Annual report for the Wetland 
Macroinvertebrate Monitoring Program of the Gnangara Mound Environmental 
Monitoring Project – Summer/Autumn 1997/1998, Spring 1998 and Summer 1998/99. 
Centre for Ecosystem Management, Edith Cowan University, Perth. 
 
*Sommer B, Chapman K and Horwitz P (2000) Annual report for the Wetland 
Macroinvertebrate Monitoring Program of the Gnangara Mound Environmental 
Monitoring Project – Spring 1999 to Summer 2000. Centre for Ecosystem 
Management, Edith Cowan University, Perth. 
 
*Sommer B and Horwitz P (2007) Annual report for the Wetland Macroinvertebrate 
Monitoring Program of the Gnangara Mound Environmental Monitoring Project – 
Spring 2006 to Summer 2007. Centre for Ecosystem Management, Edith Cowan 
University, Perth. 
 
Suffell K (2002) Improving management of nuisance midges (Diptera: 
Chironomidae) in Perth (Western Australia) wetlands based on their responses to 
temperature and sediment type. Honours thesis, Edith Cowan University, Perth. 
Conducts a detailed laboratory study looking at the effects of temperature and food on midge 
larval growth rates and survival.  
 
Upton K (1996) Temporal and Spatial Patterns in Water Chemistry, Phytoplankton 
Biomass and Microcrustacea in Lake Joondalup and Beenyup Swamp, Western 
Australia. Honours thesis, Edith Cowan University. 
Detailed study of algae, zooplankton and water quality in 1996 within Beenyup Swamp and 
Lake Joondalup (either side of Ocean Reef Rd).  
 
Whincup TM (2000) Yellagonga Regional Park Groundwater Monitoring Program: 
Establishment of a groundwater monitoring bore network for Lake Joondalup. 
Unpublished report, Water and Rivers Commission, Perth. 
Describes the location and preliminary data from bores established along the Wanneroo side 
of the lake. These bores were monitored for a short time by the Yellagonga Catchment 
Management Group.  
 
Wild S and Davis J (200?) Determination of the organic resources driving larval 
midge production at urban wetlands. Report to the Midge Research Steering 
Committee. Murdoch University, Perth. 
This report utilises stable isotopes of N and C to attempt to identify what midge are eating 
within Lake Joondalup and other lakes. It is based on the premise that you are what you eat. 
This study suggests that midge eat a variety of cyanobacteria. The evidence provided is only 
preliminary and is somewhat unconvincing. However they recommend that control of algal 
blooms should be considered as a priority to control midge problems.  
 
Wong V (2003) Metaphyton and phosphorus dynamics at Lake Joondalup, Western 
Australia. Honours thesis, University of Western Australia. 
This study examined the effects of ‘metaphyton’ (see Sommer, 2006) on nutrient dynamics. 
She concluded that metaphyton was a nutrient sink and that this occurred even when the 
metaphyton had been quickly dried (not completely dry as Sommer, 2006).  
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2.3 Bibliography in Chronological Order 

1970s 

Congdon RA (1973) Studies on the synecology of Lake Joondalup, Western Australia, 
and the autecology of Juncus species. Honours thesis, University of Western 
Australia.  

Gordon DM (1975) Studies on the relationship between phytoplankton productivity 
and phosphorus in three shallow freshwater lakes. Honours thesis, University of 
Western Australia. 

Congdon RA and McComb AJ (1976). The nutrients and plants of Lake Joondalup, a 
mildly eutrophic lake experiencing large seasonal changes in volume. Journal of 
the Royal Society of Western Australia 59, 14-23. 

Blair A (1978) Mosquito Investigation No. 2: Shire of Wanneroo. Bulletin 36 
Department of Conservation and Environment, Perth.  

Congdon RA (1979) Hydrology, Nutrient Loading and Phytoplankton in Lake 
Joondalup. Bulletin 67, Department of Conservation and Environment, Perth, 
Western Australia  

1980s 

Bekle H (1980) A Seasonal Biogeography of Lake Joondalup. Geowest 16:83-119 
Gordon DM, Finlayson CM and McComb AJ (1981). Nutrients and Phytoplankton in 

Three Shallow, Freshwater Lakes of Different Trophic Status in Western 
Australia. Australian Journal of Marine and Freshwater Research 32, 541-553. 

Congdon RA (1985) The Water Balance of Lake Joondalup. Bulletin No. 183. 
Department of Conservation and Environment: Perth, Western Australia.  

Congdon RA (1986) Nutrient Loading and Phytoplankton Blooms in Lake Joondalup, 
Wanneroo, Western Australia. Technical Series 6, Department of Conservation 
and Environment: Perth, Western Australia. 

Davis JA and Rolls SW (1987) A Baseline Biological Monitoring Programme for 
Urban Wetlands of the Swan Coastal Plain, Western Australia. Bulletin 265. 
Environmental Protection Authority, The Water Authority of Western Australia: 
Perth, Western Australia.  

Bekle H (1988) Waterbird usage of lakes in the Perth region, Western Australia: A 
study of patterns in time and space. Ph.D. Thesis, University of Western 
Australia. 

Davis JA, Harrington SA and Pinder AM (1988) Investigations into more effective 
control of nuisance chironomids (midges) in metropolitan wetlands, Perth, 
Western Australia. Murdoch University, Western Australia. 

Davis JA, Harrington SA and Pinder AM (1989) Further investigations into the 
control of nuisance chironomids (midges) in metropolitan wetlands, Perth, 
Western Australia. Murdoch University, Western Australia. 

1990s 

Bamford MJ and Bamford AR (1990) Yellagonga Regional Park: A Preliminary 
Survey of Vertebrate Fauna. Unpublished Report.  
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Davis JA, Pinder AM, Trayler KM and Harrington SA (1990) Towards more effective 
control of nuisance chironomids (midges) in metropolitan wetlands, Perth, 
Western Australia. Murdoch University, Western Australia.  

Davis JA, Rolls SW and Wrigley TJ (1991) A survey of the environmental quality of 
wetlands on the Gnangara Mound. Environmental Protection Authority, Water 
Authority of Western Australia, Western Australia.  

Pinder AM, Trayler KM, and Davis JA (1991) Chironomid control in Perth wetlands. 
Final Report and recommendations. Murdoch University: Western Australia. 

Hamann JA (1992) Lake level changes within the Yellagonga Regional Park: A 
Historic Perspective. Honours thesis, Edith Cowan University. 

Davis JA, Rosich RS, Bradley JS, Growns JE, Schmidt LG and Cheal F (1993) 
Wetland Classification on the Basis of Water Quality and Invertebrate 
Community Data. Volume 6 in the Wetlands of the Swan Coastal Plain. Water 
Authority of Western Australia, Environmental Protection Authority, Perth.  

Froend RH, Farrell RCC, Wilkins CF, Wilson CC and McComb AJ. (1993) The effect 
of altered water regimes on wetland plants. Volume 4 in the Wetlands of the 
Swan Coastal Plain. Water Authority of Western Australia, Environmental 
Protection Authority, Perth.  

Storey, AW, Vervest, RM, Pearson, GB and Halse SA (1993) Waterbird usage of 
wetlands on the Swan Coastal Plain. Volume 7 in the Wetlands of the Swan 
Coastal Plain. Water Authority of Western Australia, Environmental Protection 
Authority, Perth.  

Ove Arup & Partners (1994) Yellagonga Regional Park Drainage Study. City of 
Wanneroo, Western Australia. 

Jarvis B (1994) Management of Lake water levels in the North West Corridor. Water 
Authority of Western Australia, Perth.  

Kennealy S (1994) Oral histories of Wanneroo wetlands: Recollections of Wanneroo 
Pioneers. Water Authority of WA. Perth. 

Upton K (1996) Temporal and Spatial Patterns in Water Chemistry, Phytoplankton 
Biomass and Microcrustacea in Lake Joondalup and Beenyup Swamp, Western 
Australia. Honours thesis, Edith Cowan University. 

Kinnear A, Garnett P, Bekle H and Upton K (1997) Yellagonga Wetlands: A study of 
the water chemistry and aquatic fauna. Centre for Ecosystem Management 
Report 1997-01, Edith Cowan University, Western Australia.  

Sommer B and Horwitz P (1998) Wetland Macroinvertebrate Monitoring Program of 
the Gnangara Mound Environmental Monitoring Project (Sampling Period 
1996-1997). Centre for Ecosystem Management, Edith Cowan University, 
Perth. 

Kinnear A and Garnett P (1999). Water chemistry of the wetlands of the Yellagonga 
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3.0 Sediment and Water Sampling south of Lake 
Joondalup 
 

3.1 Introduction 
A number of studies on Lake Joondalup (Congdon 1986; Cumbers 2004; Kinnear et 
al. 1997) have identified the southern lakes of Yellagonga Regional Park as a major 
source of N and P into the lake. The source of the nutrients is not known. Improving 
water quality in Lake Joondalup appears to be most easily achieved by targeting this 
southerly input. As such it is important to start to identify whether the source(s) are 
point sources or diffuse. This project aimed to examine nutrient and metal 
concentrations in key sections of the water flow from Lake Goollelal to Lake 
Joondalup.  
 

3.2 Methods 
Between the 30/5/07 and 4/6/07 sediment and water samples were collected from the 
following locations in Yellagonga Regional Park (Figure 1): 

1. Outflow from Beenyup Swamp 
2. Middle of Beenyup Swamp 
3. Join between Walluburnup Swamp and Beenyup Swamp 
4. Outflow of southern Walluburnup Swamp into northern Walluburnup Swamp 

as it flows under Woodvale Drive.  
5. Drain from Lake Goollelal just prior to culvert under Whitfords Ave 
6. Sump near Della Rd 
7. Main drain north of Della Rd. 

 
These sites were chosen to attempt to identify the major sources of nutrients and 
metals that enter into the south of Lake Joondalup. Ideally the drain from Wangara 
would have been sampled, however access from Yellagonga Regional Park was not 
possible and there was insufficient time to gain access from private land. Photographs 
of some of the sites are shown in (Figure 2). 
 
At each site, a water sample was collected (if possible). In the laboratory unfiltered 
aliquots (subsample) of this sample were frozen for later determination of Total N and 
Total P. A filtered (through 0.5 µm Pal Metrigard filter paper) aliquot was then frozen 
for later determination of NOx, FRP and NH4 (as per APHA 1998). Another similarly 
filtered sample was acidified with nitric acid and then kept at 4oC for later 
determination by ICP-AES of a range of metals (Al, As, Ca, Cd, Co, Cu, Fe, Mg, Mn, 
Pb & Zn). 
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Figure 1 Sample sites in Yellagonga Regional Park (indicated by numbers; adapted from 

GoogleMaps). 

 
Also at each site a hand corer was used to collect 3 sediment samples (<100 mm 
deep), these were combined and mixed together. Sediment samples were then kept at 
4oC prior measurement of Total P and Total N (as per APHA 1998) and for selected 
metals (Al, As, Ca, Cd, Co, Cu, Fe, Mg, Mn, Pb & Zn) using ICP-AES.  
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a) Join (4) Main drain (7) 

 
c) Beenyup Swamp Mid (2) d) Lake Goolellal Drain (5) 

 
e) Sump (6)  

 

 

Figure 2  Photographs of selected sample sites from Yellagonga Regional Park. 

3.3 Results and Discussion 

Total P concentrations in waters flowing towards Lake Joondalup were generally high 
(between 400 and 4200 µg L-1; Figure 3). The highest value was recorded in the Main 
Drain (7) as it moves through Walluburnup Swamp. There was very little water in 
drain and it is likely that particulates in the water were responsible for this high level, 
especially as FRP concentrations were much lower. The Sump (6) which drained into 
Walluburnup Swamp contained the lowest concentrations of P (Total P and FRP) 
indicating that this contained mainly road runoff. As FRP is a better indicator of P 
availability for algal and plant growth than Total P, the increasing concentrations seen 
towards Lake Joondalup is cause for concern. The increase in concentration in FRP 
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appears to occur primarily in Beenyup Swamp (390 to 780 µg L-1 from start to end). 
These concentrations far exceed those required to cause substantial blooms of 
cyanobacteria (a level of 50 to 80 µg L-1 is considered problematic). This trend is also 
similar for NOx and NH3 which increase in concentration through Beenyup Swamp. 
Concentrations of NOx and NH3 are typical for the other sites and would not cause 
concern. Concentrations of NOx and NH3 entering Lake Joondalup are very high (210 
µg L-1 NH3 and 69 µg L-1 for NOx) and potentially contribute to algal blooms in the 
lake. Total N is also high in the Main Drain (7) further supporting the suggestion that 
turbidity (particulates, possibly stirred up during sampling) in the water was 
responsible for the high Total P and Total N. Total N concentrations with the 
exception of Main Drain are at levels typical of Perth wetlands and do not pose a 
concern.  
 
a) Phosphorus 
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b) Nitrogen 
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Figure 3 Breakdown of a) Total Phosphorus and b) Total Nitrogen into chemical fractions 

recorded in sur face waters at sites 1-4, 7, 6 and 5 (shown left to r ight; note that 

Lake Goollelal drain was dry at the time of sampling). 
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Nutrient concentrations within sediments are typically variable even within short 
distances and high concentrations do not necessarily translate directly to high release 
rates. Therefore, the single combined samples collected in this study should be 
interpreted cautiously and be only seen as indicative of potential problems.  
 
Davis et al (1993) found concentrations of Total P in sediments from 40 Perth 
wetlands ranged from 0.02 mg g-1 in Lake Jandabup and Malaga wetlands to 1.81 mg 
g-1 in Lake Goollelal. Lund et al (2000) reported sediment concentrations in Lake 
Joondalup ranging from 0.06 to 1.44 mg g-1. Concentrations of Total P found in this 
study fall within the ranges found in other studies, although the Beenyup Swamp (mid 
and start) and those at the Join (4) are high (Figure 4). It certainly appears that 
Beenyup Swamp is the source of much of the P entering the south of Lake Joondalup, 
the high sediment concentrations indicate that this maybe a source, although I suspect 
that another unknown source (surface input or groundwater) is also likely to be 
important. Total N concentrations in the sediment show a similar pattern, with the 
highest concentrations in Beenyup Swamp (mid and start) and Join. These 
concentrations are typical of eutrophic wetlands (Davis et al. 1993) and might 
contribute to the high NOx and NH3 concentrations seen in the water passing through 
the Swamp.  
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Figure 4 Concentrations of a) Total Phosphorus and b) Total K jeldahl Nitrogen recorded in 

sediments at sites 1-4, 7, 6 and 5 (shown left to r ight) 

 
Comparison of water quality against ANZECC/ARMCANZ guidelines (2000) for the 
protection of aquatic systems (95% protection – due to the degraded nature of the 
park) following corrections for water hardness (estimated to be >150 mg CaCO3 L

-1) 
found that Al in Beenyup mid, the Main Drain and Sump exceeded the guideline of 
0.055 mg L-1 (Table 1). Copper concentrations also exceeded the guideline of 0.005 
mg L-1 in Beenyup out, Join and Main Drain. However as the detection limits for Cu 
were above the guideline value, the guidelines could have been exceeded at all sites. 
Zinc concentrations also exceeded the guidelines (0.031 mg L-1) in the Main Drain 
and Sump. The limited data set makes it difficult to determine likely sources of 
contamination, however the number of exceedances suggest that the sources require 
investigation and remediation.  
 

Table 1: Concentrations of selected metals and metalloids found in water  from sites in 

Yellagonga Regional Park (< = detection limits) 
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mg L-1 mg L-1 mg L-1 mg L-1 mg L-1 mg L-1 mg L-1 mg L-1 mg L-1 mg L-1 mg L-1
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Beenyup out   0.02 <0.002 62 <0.01 <0.01 0.03 0.81 27 0.02 <0.01 <0.005
Beenyup mid   0.09 0.005 64 <0.01 <0.01 <0.01 0.74 45 0.02 <0.01 <0.005

Beenyup start <0.01 <0.002 54 <0.01 <0.01 <0.01 0.54 50 0.01 <0.01 0.006
Join        <0.01 <0.002 36 <0.01 <0.01 0.04 1.30 17 0.01 <0.01 0.021

Main Drain     0.04 <0.002 63 <0.01 <0.01 0.05 0.51 33 0.02 <0.01 0.050
Sump 0.29 <0.002 91 <0.01 <0.01 <0.01 3.69 92 0.12 <0.01 0.112  

 

Davis et al (1993) provides levels of metals in sediments for 40 Perth wetlands, only 
Zn concentrations at the Join are notably high. However, a clear trend can be seen of 
contamination by As, Cu, Fe, Mn, Pb and Zn at the Join which then declines through 
Beenyup Swamp (Table 2). This suggests that the source is close to the Join and most 
of the metals are being absorbed there.  
 

Table 2: Concentrations of selected metals and metalloids found in sediment from sites in 

Yellagonga Regional Park (< = detection limits) 
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Beenyup out   2.29 6.1 10.98 <0.5 <0.5 1.7 2.43 0.49 8.5 5.4 4.6
Beenyup mid   4.54 13.9 8.22 <0.5 <0.5 9.0 10.97 1.66 14.4 32.1 21.3

Beenyup start 7.57 15.7 9.04 <0.5 <0.5 9.8 25.88 1.75 51.9 47.3 31.4
Join        5.29 42.0 9.09 <0.5 <0.5 14.4 40.28 1.87 62.7 66.0 142.0

Main Drain     0.85 9.7 1.63 <0.5 <0.5 2.8 4.78 0.32 9.1 4.6 6.3
Sump 1.78 20.6 0.85 <0.5 <0.5 2.5 16.12 0.17 4.2 9.4 6.4

Lake Goollelal 1.74 13.8 0.67 <0.5 <0.5 0.9 10.98 0.12 12.2 7.0 2.0  

4.0 Recommendations 

4.1 Introduction 

A number of reports have made recommendations in relation to midge and water 
quality in Lake Joondalup, however only Kinnear et al. (1997), Lund et al. (2000), 
Lund (2003) and Lund &  Ogden (2005) remain relevant or address the issues of 
concern to the Committee. I have grouped the recommendations together and 
commented on some. 
 

4.2 Modelling the midge problem 
1. An automatic logging weather station should be established close to the lake 

(possibly on an island), to collect more useful rainfall, temperature, wind speed 
and direction and light measurements. These will be essential if modelling of the 
lake is required (Lund, 2003). 

2. The life cycle information collected when combined with both larval and 
emergence data will allow the development of a simple population model. This 
model can be related to water quality changes in the lake with the aim of being 
better able to predict nuisance midge problems. The model can also be used to test 
the effectiveness of alternative spraying regimes and the likely effectiveness of 
light traps before these techniques or traps are tried in the field. The knowledge 
gained at Lake Joondalup will be applicable with some modifications to other 
wetlands with nuisance midge problems in Perth (Lund, 2003).  

In my opinion, modelling midge in the lake is not a high priority. It will be difficult to create a 
model that is suitably predictive. The time and expense required for this would in my opinion 
be better devoted towards rehabilitation of the lake.  
 

4.3 Controlling the midge problem 
3. AbateÒ is currently the best short-term treatment for midge plagues and appears 

effective for 6-8 weeks. Alternatives to AbateÒ (when and if available) should be 
considered as it does not appear to reduce midge densities to below 2000 larvae m-

2 and appears to be less effective against certain species. When the manufacturers 
recommended application rate is applied larval densities are substantially reduced. 
Repetitive use of AbateÒ is undesirable on environmental grounds, as it is known 
to effect non-target fauna (particularly Crustacea). In addition, applications are 
relatively expensive (Lund et al, 2000). 

 
4. Currently as the link between larval densities and plagues can not be established, a 

threshold to trigger spraying can not be accurately determined. It is suggested that 
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until a clearer figure can be determined that larval density of 5000 midges m-2 will 
tend to result in nuisance midge plagues. It is recommended that the following 
approach to spraying be adopted to reduce the incidence of plagues while 
protecting the environment as much as possible (Lund et al, 2000). 

Our understanding of midge has made this recommendation outdated. 
 

5. Spraying focus on the area between Ariti Avenue and Neville Drive, this will treat 
the major ©hotspot© and provide a refuge for non-target fauna. Other areas should 
be considered only when larval densities within them exceed 5000 larvae m-2 

(Lund et al, 2000). 
There does not appear to be hotspots and spraying should target areas with high larval 
densities. 
 

6. No spraying is recommended before September and then only if larval density 
exceeds 5000 larvae m-2. A second follow up spraying should be considered if 
monitoring reveals that densities have again exceeded 5000 larvae m-2 and the 
lake in not close to drying (Lund et al, 2000).  

Outdated 
 

7. It is recommended that resident complaints not be used as a primary trigger for 
spraying and that larval densities are used. This is because weather conditions can 
cause localised problems at very low midge densities, but these are likely to be 
short-lived. If persistent complaints occur at midge densities below 5000 larvae m-

2, in hotspot areas then the threshold needs to be reviewed (Lund et al, 2000).  
Outdated 
 

8. The spraying of adults by fogging is not recommended, given the 2-3 week life 
span of adults and the large number of potentially negative effects of fogging on 
human and environmental health (Lund et al, 2000). 

 
9. This approach limits the number of treatments to a maximum of two per year 

while it should substantially reduce the incidence of midge plagues during the 
spring and summer months. It is based on the premise that midge plagues during 
winter are more socially acceptable. Secondarily that occasional short-lived midge 
plagues are inevitable under certain weather conditions that concentrate adults in 
one particular area, given the size of the lake (Lund et al, 2000).  

Outdated 
 

10. More research into the habitat preferences of midge species is needed to allow 
prediction of midge plagues and more effective control. Research into life-history 
of key species would enable better planning of spraying (Lund et al, 2000).  

Done, reported in Suffell (2002), Roberts (2003) and Lamb (2001). 
 
11. The life histories of the midge are now relatively well understood. There appears 

to be little opportunity to improve the efficacy of pesticide treatments (until 
Methoprene® is available). It is therefore recommended that future research be 
devoted to alternatives to spraying, including light and egg traps that might be 
deployed around the summer pools. Targeting small populations with these 
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techniques could significantly delay the onset of problems during the year (Lund 
& Ogden, 2005). 

The data suggests that this approached could be effective and I would suggest that it is 
considered for future research. 
 
12. Alternates to Spraying 

a. In conjunction with spraying, it is recommended that the Councils consider 
the installation of more light traps on the lake itself and near the paths in 
problem areas (as used at Lake Monger). Consideration should also given 
to using yellow light covers (or non-insect attracting bulbs) for street 
lighting. Residents should be advised to reduce the amount of white light 
that can been around their houses. This approach is unlikely to remove the 
need for spraying but may reduce the number of sprays that are required 
(Lund et al, 2000).  

b. A closer examination of the effects of lighting on the distribution of midge 
adults is required, leading onto the potential of using light (traps) to reduce 
nuisance levels. Light traps have been used at Lake Monger and insect 
zappers have been installed with limited success at Lake Joondalup. Light 
traps have been used successfully overseas. They are potentially an 
environmentally better and lower cost option than spraying and therefore 
deserve to be investigated. Light traps can be used to lure midges away 
from populated areas, they can also be associated with zappers and they 
can attempt to control midges by simply confusing them. Zappers are not 
an ideal solution as they are indiscriminate killers of many insect species 
and they can become blocked with dead midges resulting in a potential fire 
hazard. It is recommended that a research project be established to 
examine how adult midges respond to light wavelength and intensity. 
Further experiments should use powerful lights such as those used for road 
working to examine possibilities for luring midges away from houses. The 
use of barges should also be tested. Experiments will be undertaken from 
late August to late February when nuisance midges are emerging from the 
lake (Lund, 2003).  

Although Lund & Ogden (2005) did a small amount of work on sound traps, the potential for 
light traps remains largely unknown. This work lends itself to a postgraduate student project. 

c. Currently the City of Wanneroo has reduced street lighting to the 
minimum required under Australian Safety Standards. Residents should 
also be more actively encouraged to reduce the amount of light emanating 
from their homes. Light intensity rather than type of lights may be more 
important in attracting midges than the effects of wind. Only substantial 
reductions in light emissions are likely to be effective. The deployment of 
insect zappers in front of the residents housing maybe counter productive. 
These zappers contain highly attractive lights and may be attracting more 
midges to the area than they can eliminate. There is no evidence that 
zappers outperform bright lights in terms of attracting or killing adult 
midges. It is suggested that research be conducted into the effectiveness of 
zappers and whether positioning them away from the residences may 
improve the situation (Lund, 2003). 

Probably an opportune time to review the effectiveness of the light traps (zappers) already 
installed. 
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13. Current midge management in Perth relies on spraying when larval densities reach 
critical threshold levels. Research into the life cycles of the midge by Suffell 
(2002) suggests that this approach is flawed. Spraying when a threshold has been 
exceeded appears to allow sufficient midges to emerge after the spraying to 
quickly repopulate the lake. Further research is required to better understand 
midge lifecycles in the field to determine whether there are times when the 
population is more vulnerable to control measures. The benefits of identifying 
these times are better control of adults and reduced spraying (cost savings and less 
environmental damage) (Lund, 2003). 

Most of this information has been collected and integrated into the current spraying approach. 
 
14. Abate should continue to be applied at the rate of 3 kg ha-1 and at this level 

appears effective against P. nubifer but less effective against winter species (Lund, 
2003). 

Kill rates are very variable, would continue to recommend use of two sprays within 2 weeks to 
increase effectiveness. 
 
15. Currently only 60% of the lake is sprayed on any occasion. It is suggested that this 

continue until research into the effects of Abate on non target species within the 
lake has been conducted. This research should also aim to assess the effectiveness 
of the refugia (unsprayed areas) for protecting sensitive species. Until this is 
known, no spraying should take place in the southern end of the lake (Lund, 
2003).  

Only areas high in midge in the lake should be sprayed, the number of these areas will vary 
between years and seasons and so the Cities need to remain flexible in choosing the 
appropriate area for each occasion. However, minimising the area sprayed at any one time, 
still seems a valuable approach to reducing the impact of the sprays on non-target fauna. 
 
16. The northern end was sprayed in the last couple of weeks (contrary to my 

recommendations) due to substantial midge densities causing problems for 
Tapping and Carramar residents. This area would be an ideal test site to look at 
the effectiveness of alternate treatments such as lights and water sprays. It is 
recommended that spraying in the northern end be only done as a last resort to 
minimise potential effects on non-target species. This stance can be reviewed once 
non-target effects are better understood (Lund, 2003). 

Sampling of macroinvertebrates at Lake Joondalup (Pierre Horwitz) over the last 11 years 
appears to show that Abate has resulted in the loss or reduction in sensitive species at the 
lake. 
 
17. It is suggested that in 2003, a spray be conducted early in the year towards the 

beginning of August before nuisance levels of C. occidentalis and C. alternans 
occur and while these populations are still growing. Subsequently two consecutive 
sprays should be considered in September as P. nubifer populations are growing. 
It should be noted that without data on emergence and egg laying these proposed 
spraying regimes are still only experimental (Lund, 2003). 

 
18. The current threshold of 2000 larvae m-2 could sensibly be reduced to 1500 if the 

necessary increase in cores per site is made (Recommendation 1). As suggested 
earlier this is unlikely to substantially reduce nuisance problems unless it is 
coupled with emergence monitoring (Recommendation 10). It is recommended 
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that an alternate approach to treatment such as suggested in Recommendation 18 
be pursued in preference to lowering the threshold (Lund, 2003).  

The threshold has been maintained at 2000 larvae m-2, and the additional effort required to 
reduce it to 1500 larvae m-2 is probably not worth the investment, especially given the current 
level of complaints at this level. 
 
19. Monthly spraying is inadequate to prevent monthly nuisance midge numbers (see 

Recommendation 18 for an alternative). The limit on 4 sprays per year should be 
maintained, but much greater effort should be focussed on alternative approaches 
including lighting, light traps, egg traps and disruption of emergence (Lund, 
2003). 

Monitoring is now conducted weekly 
 

4.4 Managing Biodiversity in the Lake 
20. The mudflats and littoral habitats of the eastern shoreline north of Ocean Reef 

Road be protected as an important feeding ground for a wide diversity of 
waterbird species, including trans-equatorial waders (Kinnear et al. 1997); 

 
21. The protective seclusion of the important roosting site for ibis on the north-west 

shoreline of Lake Joondalup be maintained (Kinnear et al. 1997); 
 
22. An intensive survey of remaining terrestrial fauna be undertaken (Kinnear et al. 

1997); 
 
23. The conservation of high quality areas of terrestrial vegetation be given a high 

priority (Kinnear et al. 1997); 
 
24. The conservation of all remaining areas of natural fringing vegetation be given a 

high priority in Lake Joondalup, Beenyup Swamp and Lake Goollelal. In this 
context, the conservation of vegetation within Beenyup Swamp and restoration of 
an effective vegetation buffer zone around it is particularly important, given the 
role that this small waterbody appears to play in modifying the algal response to 
enrichment (Kinnear et al. 1997); 

 
25. In the longer term, strategies for the exclusion of feral predators be considered to 

allow for the reintroduction of indigenous fauna (Kinnear et al. 1997); 
 
26. Activities inconsistent with the conservation of the wetland system eg. 

Agriculture, market gardening and horse agistment be phased out (Kinnear et al. 
1997); 
 

4.5 Lake Rehabilitation 
27. Understanding the cause of the water quality decline 

a. The source(s) of nutrients flowing into Beenyup Swamp be identified 
as a matter of urgency and strategies be put in place for reducing these 
inputs (Kinnear et al. 1997); 

b. The nutrient load into Lake Joondalup needs to be substantially 
reduced to improve water quality within the lake, which in turn will 
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make the lake less able to support high midge densities. The formation 
of the Yellagonga Integrated Catchment Community Group is a 
positive beginning and if this matched by on ground actions then long 
term improvements in the lake are likely.  This approach is the only 
viable long-term approach to dealing with the midge problems (Lund 
et al, 2000). 

c. Research is required to identify the major inputs of N and P into the 
lake, this study suggests that stormwater drains need immediate 
investigation (Lund et al, 2000). 

d. The rehabilitation of degraded fringing and riparian vegetation, and 
restoration where appropriate, should be considered in areas where this 
is likely to improve water quality and re-establish natural habitats 
(particularly in South Lake Joondalup). Strategies such as these which 
increase the options for plant nutrient uptake may also be significant 
for reducing the potential internal nutrient loading from sediments. 
Such sediment release of nutrients is likely to slow or even prevent 
restoration as external loadings are reduced (Kinnear et al. 1997); 

e. Lake Joondalup will continue to become degraded until the large 
inflows of P from south of Ocean Reef Rd are controlled. Further 
research is required to determine how best this control might be 
implemented (Lund & Ogden, 2005).  

f. A materials budget for water and nutrients for Lake Joondalup is an 
essential first stage for the development of a lake rehabilitation plan 
(see Recommendation 13). An accurate budget will require at least a 
years worth of sampling (Lund, 2003). 

Has been undertaken by Cumbers (2004), although this was conducted over about 6 months 
and would be better extended to the full year. 
 
28. A review of all existing data is needed to prevent duplication. The review should 

be written so as to be accessible by the public (Lund, 2003).  
Completed in Cumbers (2004), although not in a form that is really accessible to the public. 
However I would recommend short annual reviews of all the data being collected so that we 
learn as we go and can apply this to adaptive management of the lake. 
 
29. Rehabilitation Plan 

a. Revegetation (with native species) of the lake edge on the Wanneroo side 
should be seen as a priority, as this will help reduce nutrients in the lake as 
well as providing a buffer against adult midges (Lund et al, 2000). 

b. The lawns adjacent to the lake edge should no longer be fertilised (if they 
still are) the use of irrigation water taken from the lake itself will provide 
sufficient nutrients for a healthy lawn (Lund et al, 2000).  

c. Preparation of a rehabilitation plan for the Lake is a priority as this is the 
only long-term solution to the problem. It is suggested that this plan follow 
a review of existing data on the lake, research into a water and nutrient 
materials budget for the lake and an ecological risk assessment. The 
ecological risk assessment would involve all stakeholders and identify 
priorities for rehabilitation (Lund, 2003).  

d. An Ecological Risk Assessment should be undertaken as part of the 
development of the Lake Rehabilitation Plan to involve all stakeholders 
(Lund, 2003). 
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e. Strategies for rehabilitation and restoration of degraded areas be 
implemented (Kinnear et al. 1997); 

A Lake Rehabilitation Plan should be a priority. 

4.6 Monitoring at the lake 
30. A monitoring program should be established to direct any spraying campaign to 

ensure that maximum effectiveness is obtained using the minimum quantities of 
spray (Lund et al, 2000). 

Done and implemented 
 

31. A year round (or when the lakes are accessible) monitoring program is needed for 
both lakes. This should cover midge densities and nutrient/chlorophyll a status of 
the lake (Lund et al, 2000).  

The current monitoring program is working well and should be continued. The 
nutrient/chlorophyll a monitoring is not working well and needs to be improved. 
 

32. The existing monitoring program for larvae is currently adequate to determine 
larval densities.  It is recommended that the number of cores per site be increased, 
probably to 5 to improve the accuracy of estimates. As this substantially increases 
the workload, the benefits of this should be assessed at a couple of sites (suggest 
G and I) where on one occasion 10 samples are collected. This will allow the 
variability to be examined and the benefits of increased sampling to be more 
clearly understood. Dr Mark Lund would be happy to provide advice on this point 
once the data has been collected (Lund, 2003). 

My understanding is that the number of cores was increased to 5.  
 
33. It is suggested that the two extra sites being currently monitored in the northern 

part of the lake become part of the regular monitoring program. It is suggested that 
several sites are moved to provide better overall coverage of the lake, the new 
coordinates are G – 384649E 6488590N, 9 – 384428E 6487943N, F - 385099E 
6487683N, E – 385525E 6486949N, J – 385044E 6486113N, and 2 – 384768E 
6487446N. A GPS will need to be used for position these sites. More sites maybe 
required if the data is going to be accurately modelled (Lund, 2003).  

These changes were discussed with John Bail and his advice suggested that the sites might 
best be left as is. It would be worth revisiting this to see whether any improvements to site 
selection are warranted and practicable. 
 
34. Sampling should continue to occur at weekly intervals. Sampling should continue 

throughout the year. When the normal sites are dry, it is suggested that 6 sites be 
established in any of the remaining wet areas to assess the number of larvae 
surviving to the next year. Water quality sampling should also continue, at two of 
the sites (as far apart as possible) (Lund, 2003). 

I support the concept of continuing to monitor in the remnant water bodies as Roberts (2003) 
showed that this was the major refuge for the midge over summer. 
 
35. Water quality sampling 

a. Collection of water samples is essential, but currently samples are 
collected on an ad hoc basis and are not processed correctly. It is suggested 
that a water sample be collected from each site where physico-chemical 
variables are being measured. A suggested protocol for collection is 
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attached in Appendix A, although it is recommended that Dr Mark Lund 
provide a demonstration of the sampling to those involved (Lund, 2003). 

b. Physico-chemical monitoring should continue in its present form, although 
with more attention to getting accurate and meaningful results. There are 
too many occasions where there is missing or possibly erroneous data in 
the records. Water temperature measurements should be replaced by 
installation of two temperature loggers at each of the three sites. These will 
be attached to the buoys at the surface and bottom. Data should be 
downloaded from the loggers at monthly intervals (Lund, 2003). 

Regular water quality monitoring of the lake is still required. There has been no funding 
provided for analysis of samples for nutrients and there are still issues related to data/sample 
collection.  

c. Nutrient levels and the trophic status of the wetlands be monitored 
regularly and opportunities for maintaining sustainable levels of nutrients 
be investigated (Kinnear et al. 1997); 

d. The current method of recording the data makes it very difficult analyse, a 
suggested method is provided in Appendix B (Lund, 2003). 

This has been fixed in recent spreadsheets. 
e. Water quality data collected as part of the regular monitoring program has 

been largely unusable with poor labelling being the main problem (many 
samples have no or confusing labels). It is recommended that the Cities 
monitoring teams improve their practices for water sampling for the 
2005/06 season. Dr Mark Lund is available to advise how water sampling 
should be undertaken. The cost of analysis of these samples will be the 
Cities responsibility (Lund & Ogden, 2005). 

 
36. Midge Calendars should be continued with approximately 4 households per area 

(Figure 2) being required (including Central Wanneroo and Carramar). An 
incentive maybe needed to encourage more consistent returns, the reward of an 
instant lottery ticket for each completed calendar maybe sufficient. It is 
recommended that the calendars are returned to their original format, as no benefit 
was gained from the extra data on winds etc that people supplied (Lund, 2003). 

This activity has ceased over the last couple of years, it is a useful exercise but needs a 
regular commitment of funds to ensuring that the data is analysed on a regular basis so that 
residents participating are assured that the data is being used. 
 
37. The complaints registers for the Cities remain a useful source of information and 

should be maintained; where possible more details of the location of the complaint 
would be useful (Lund, 2003). 

Suggest that this data is reviewed annually, as it was in Lund (2003). 
 
38. Adult Emergence Monitoring 

a. Adult emergence rates are an important measurement and would add 
greatly to the ability to predict nuisance problems. It is recommended 
that at each site an emergence trap (inverted funnel) be established and 
monitored. They need to be deployed on each sampling occasion and 
emptied and removed the following day. Adults will need to be 
preserved in ethanol, counted and identified. This may be too difficult 
for the Cities to undertake and could be incorporated into any proposed 
research projects (Lund, 2003). 
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b. Monitoring of emergence is required to enable better prediction of 
midge problems (Lund, 2003). 

Emergence traps were trialled in the lake in Lund & Ogden (2005) and while providing 
valuable information on life histories are probably not required for a regular monitoring 
program. 

c. Over the 2004/05 season (till the lake dries) emergence of adults from 
Lake Joondalup will be monitored at sites B, E, 10 and NW using 5 
Pinder type emergence traps. Traps will be deployed and collected the 
following day by ECU for counting and identification. Replicate sticky 
traps will be deployed at the same sites by the ECU team. Traps will be 
collected and analysed following recovery of emergence traps (Lund & 
Ogden, 2005). 

I believe that this was done and reported in Lund & Ogden (2005). 
 
39. Midge Identification 

d. Currently there appears to be large gaps in identification of larvae data. 
Identification of larvae is essential to improve the targeting of 
spraying, especially if as suggested spraying target the winter species 
and P. nubifer separately. To undertake this in a timely manner, I 
would suggest that only larvae from sites A to G were identified as a 
minimum (Lund, 2003). 

I understand that the midge identification is now being successfully completed on all samples 
e. All midge (adults and larvae) samples collected should be stored 

correctly so that they can be re-analysed if necessary by a research 
project. This would involve placing all midges from each site into an 
individual glass vial with a label (pencil on waterproof paper) 
recording the site and the date of collection and filled with 100% 
ethanol (Lund, 2003).  

I understand that this has been done. 
 
40. Surface inputs of nutrients into the Park wetlands be monitored on a regular basis, 

including stormwater drains, and strategies for reducing these inputs be 
implemented (e.g. nutrient stripping basins; Kinnear et al. 1997); 

Suggest that is probably not necessary and would practically be very difficult. Conducting 
research to understand the sources of nutrients would probably be a better starting point. It 
then may be necessary to monitor/rehabilitate drains known or with the potential to be 
problematic. 
 
41. Regular monitoring of biotic diversity be undertaken to inform and guide 

management strategies (Kinnear et al. 1997); 
As part of a DOW project, Pierre Horwitz (ECU) has been monitoring water quality and 
macroinvertebrates in the lake for the last 11 years on two occasions per year. 
 
42. The benthic fauna be considered for study, particularly in terms of the potential 

impact of the removal and degradation of riparian (Kinnear et al. 1997); 
I believe this recommendation is already covered by Pierre Horwitz’s monitoring of 
macroinvertebrates and the Cities midge monitoring. 
 
43. Water Levels 

a. Trends in the water levels in Lake Joondalup and Lake Goollelal be 
monitored as well as their potential effects on the sustainability of the 



� � � � � � � � � 	 
 �� � � � � � � � � � � �

 

wetlands system (including protection of the full range of habitats for 
aquatic and avian fauna (Kinnear et al. 1997); 

b. Anecdotal evidence of long-term residents in the area suggests that midge 
problems are more severe following the lake drying. Pre-European Lake 
Joondalup is likely to have been groundwater dominated, receiving little 
surface runoff, other than overflow from the southern wetlands (Beenyup 
Swamp etc). European settlement has seen the increase in hard surfaces 
and drainage associated with increasing urban development, which are 
likely to have made the lake deeper than in the past. At the same time, the 
inputs from groundwater are likely to have declined through upstream 
groundwater abstraction for gardens and water supply, and extensive 
plantings of pine plantations. Historical records suggest that the water 
levels have been lower in the past, with the lake drying on many occasions. 
Until it has been established through research that drying increases midge 
numbers and the mechanism through which this happens is understood, it 
is not possible to recommend that any alteration be attempted the lakes 
hydrologic regime. There is a strong possibility that increased water levels 
throughout summer will merely serve to extend the midge problem 
throughout the summer (Lund et al, 2000).  

Expanding the water budget undertaken by Cumbers (2004) and coupling it with predictions 
on Gnangara Mound groundwater levels would indicate what potential is for further drying of 
the lake. Sommer (2006) has indicated that increased drying would potentially dramatically 
increase nutrient concentrations that would be detrimental to the lake and enhance midge 
problems. 
 

4.7 Park Management 
44. Education 

a. Educational and recreational facilities such as viewing areas and 
walkways be planned with conservation as the major priority (Kinnear 
et al. 1997); 

b. Access nodes to the lake for educational and recreational purposes be 
planned using already degraded sites (Kinnear et al. 1997); 

c. Public education is required to inform residents how they can reduce 
nutrient loads into the lake and therefore participate in the recovery of 
the lake (Lund et al, 2000). 

d. A public education campaign focussing on the midge problem may 
help reduce the level of complaints received and foster better 
catchment practices amongst the general public (Lund et al, 2000).  

Have been considered in the DEC Management Plan 
e. Long-term strategies for the design and implementation of educational 

programmes be developed. Such programmes would provide 
educational platforms for developing a community understanding of 
the importance of reducing nutrient inputs to the wetlands and of the 
strategies implemented. In the longer term they would develop an 
appreciation in the local community for this resource and encourage 
the community to own, share and contribute to the vision for the Park 
(Kinnear et al. 1997); 

Improving opportunities for interaction between ECU and local Schools might be useful in this 
regard. 
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45. Water quality within Lake Goollelal is currently acceptable; every effort should be 
made with new urban developments to prevent further enrichment. All the 
indications are that further enrichment of the lake will create a substantial midge 
problem for the future (Lund et al, 2000). 
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5.0 Research & Monitoring Recommendations 
 
It is clear reviewing the literature that while our understanding of the midge problem 
at Lake Joondalup has dramatically improved, we have probably gone as far as 
possible in maximising the effectiveness of Abate treatments. There are currently no 
alternative pesticides to Abate and there is only limited likelihood of alternatives 
gaining the necessary approval.  
 
1. The current practice of two sprays with Abate close to each other (within 2 

weeks), once the midge threshold is exceeded should continue. 
2. Spraying should continue to be confined to the minimum area of the lake where 

midge densities are close to the threshold. There appears to be little benefit in lake 
wide treatment and the damage to non-target organisms and the expense do not 
seem justifiable.  

 
The effectiveness of this treatment approach is dependant on reliable midge density 
data, especially as there appears to be no consistent larval hotspots in the lake. 
 
3. The current monitoring program for midge larvae should continue at its current 

frequency and intensity. Although recommended in Lund (2003) that the sample 
sites be altered to get better coverage, it is now recommended that the sites 
remain unchanged to provide ongoing consistency in the data collected. 

 
Each year a comprehensive data set is collected on midges at the lake, including larval 
densities, larval identifications, physico-chemical parameters, and complaints. The 
timing and nature of sprayings is also recorded. Presently there is no review of this 
data that could be used to better inform management of the problem in the next year.  
 
4. It is recommended that the Committee fund a small annual review of the data 

(similar to that in Lund, 2003) in January/February of each year to better inform 
the next year’s management of midge problems.  

 
In conjunction with the midge monitoring program, water samples for nutrient 
analysis are also collected at three sites (north, central and south) in the lake. These 
water samples are currently sitting in the freezer at the Cities, there is no money to 
analyse them. It is essential that some basic nutrient data is collected at the lake so 
that a long term data set can be collected. This will enable the Committee to see 
whether the lake water quality is in decline or improving (as seen in Cumbers 2004, 
this is currently difficult to determine).  
 
5. It is recommended that water quality sampling continues. It should continue at the 

three sites but water should be collected only at monthly intervals. A 2L surface 
sample from each site should be collected, stored on ice and immediately 
transferred to a lab (Commercial or University) for processing. At which, a known 
volume of water should be filtered through 0.45 µm glass fibre filter paper, the 
filter paper retained for chlorophyll a, the filtrate used for NH3,  NOx and FRP 
analysis. An unfiltered sample should be analysed for Total P and Total N. If the 
samples cannot be processed immediately then they should be frozen. This water 
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quality data should be included in the annual review proposed in 
Recommendation 4. 

6. There are a number of samples stored in freezers in the Cities that could be 
analysed and fill in some missing data from previous years. It is recommended 
that these samples be sorted and a selection be analysed (as described in 
Recommendation 5). It is likely that lack of filtration will limit the analyses 
possible.  

 
The installation of additional light traps north of Banyandah Boulevard, suggests that 
there is community interest in alternatives to spraying. I do not believe that light traps 
would be able to control a significant midge problem; however they may well be 
effective at lower midge densities. Their design, location and potential effectiveness 
needs to be researched to determine whether they are a useful midge control strategy. 
 
7. It is recommended that a trial of light traps, evaluating most effective locations, 

design and cost effectiveness should be conducted. Targeting midge populations 
during the summer months when the majority of the lake is dry with light traps 
might be effective at substantially reducing the populations for the following year.  

 
At the moment there does not appear to be any reason to expect Lake water levels to 
return to pre-2000 levels. This means annual drying of the lake is likely to continue 
providing ideal conditions for midge problems. The only long term solution to the 
midge problem is to improve water quality. Unfortunately it is difficult to determine 
what water quality would effectively eliminate the need to control midge populations 
through pesticide applications. However, in Lake Monger a substantial improvement 
in water quality reduced the incidence of nuisance midges dramatically 
reduced/eliminated the need for spraying in most years. The main source of nutrients 
is from the south, in particular from Beenyup Swamp.  
 
8. Cities should continue to upgrade stormwater drains entering Yellagonga 

Regional Park. However the drains entering Lake Joondalup appear to make only 
a minor contribution to nutrients within the lake.  

9. It is recommended a research project be commenced to more fully understand the 
source of nutrients in Beenyup Swamp, their impact on the lake and to 
development of strategies to treat/control these sources, if required. Given the 
state of knowledge in this area, this is likely to be a substantive project. 

10. Either as part of the study proposed in 9, or separately, the source of metals and 
metalloids at the Join, Sump and Main Drain need to be investigated as currently 
levels of Al, Cu, and Zn currently exceed the ANZECC/ARMCANZ (2000) 
guidelines for protection of naturals ecosystems (95% protection). 

 
My suggestions as to prioritisation of the above recommendations are as follows: 
 

·  Recommendations 1, 2, 3 and 8 are directions to continue current practice, 
which can be considered to be best management practice.  
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·  Recommendation 4 should be considered a high priority and budgeted for 
annually. The first round of the review should not just cover the preceding 
year but fill in the intervening years following Lund (2003). This will make 
the first review more expensive (estimate $10,0001) than subsequent reviews 
(estimate $6000).  

·  Recommendation 5 is also a high priority, as without data on water quality 
management of the lake is difficult (estimated costs $105 per sample, <$4,000 
per annum).  

·  Recommendation 6 is a medium priority, the estimated cost per sample (only 
doing Total P and N) would be $40, I would suggest checking all the held 
samples and attempting to rationalise down to monthly samples (estimated 
120-150 samples).  

·  Recommendations 7 and 9&10 represent new research programs. 
Recommendation 7 relates directly to midge control and would lend itself to a 
pilot research project that would run over a single summer season to determine 
feasibility and likely success (estimate $40,000). Recommendations 9&10 
attempt to get to one of the root causes of the midge problem in Lake 
Joondalup, by understanding the major source of nutrients into the lake. This 
project could probably be started by simply focusing on Beenyup Swamp and 
attempting to determine the sources of nutrients with the Swamp. This project 
would need at least a year of research (estimate $80,000).  
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