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Appendix A - Catchment characteristics 
 
Geography and topography 

The Leschenault estuary is located approximately 160 km south of Perth in the South 
West of Western Australia and covers an area of around 4,808 km2 (see Figure A.1). 
For the purpose of this Water Quality Improvement Plan the Collie River catchment 
above the Wellington Dam has been excluded. This smaller catchment includes five 
river systems which drain an area of approximately 2000 km2 to the Leschenault 
Estuary and the coast. The main rivers of the catchment include the Preston, 
Ferguson, Brunswick and Wellesley rivers and the lower Collie River.   

The  major river valleys are characterised by gentle slopes and broad floodplains, 
which has allowed rural development to encroach east of the Darling Scarp.  Large 
areas of native vegetation remain in the Western Darling Range and the Donnybrook 
Sunkland (Kelsey 2010).  The catchment has been cleared extensively on the Swan 
Coastal Plain and the broad river valleys east of the Darling Scarp for the purpose of 
agriculture, principally beef, dairy, horticulture and viticulture.  The low lying areas of 
the Swan Coastal Plain away from the coast are dominated by pasture, with some 
areas at the northern and southern fringes set aside for beef and dairy cattle.  

On the Swan Coastal Plain, the elevations range between 0 and 30m, towards the 
Darling scarp this increases to 80m, and the remainder of the catchment on the 
Darling Plateau the elevations increases further from west to east to between 300 
and 400m (Kelsey 2010). 

The catchment encompasses five local governments: 

• Part of the Shire of Harvey, the entire Shire of  Dardanup, parts of the 
Donnybrook-Balingup comprising of the majority of the land area in the 
catchment;  

• The City of Bunbury boundaries and small portions of the Shire of Capel 
cover the remainder, however, these comprise most of the population in the 
catchment.   

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.1  Map of the Leschenault Catchment (the red line is the boundary of the 
Water Quality Improvement Plan) 

Climate 

The climate in the south west region of WA has a Mediterranean climate with warm, 
dry summers and cool, wet winters. Rainfall is highly seasonal and highest just east 
of the Darling Scarp, receiving an average of 1200 mm per year. This amount of 
rainfall tapers away in both eastern and western directions to below 900 mm at the 
coast and the eastern edge of the Preston catchment (Kelsey 2010). Usually more 
than 90 per cent of the rainfall occurs in the May to October period, although this can 
be lower (between 80 and 85 per cent) during dry years (Kelsey 2010). CSIRO 
(2009a) reports that on an annual basis the total areal potential evapotransportation 
(APET) exceeds the total rainfall in the South West region.  It is also understood that 
during recent past (1997-2007), compared to the historical past (1975-2007), the 
mean annual rainfall in the Leschenault catchment has been slightly lower.  The 
monthly average daily temperatures vary within the catchment for instance at 
Bunbury between 27.8o C in summer (February) to 16.8°C in winter (July), whilst 
further inland at Collie, bigger extremes reflected with monthly average daily 
temperatures of 30.5°C in summer (January) to 15.5°C in winter (July). 

 



Soil and geology 

The catchment can be broken into three main physiographic regions: the Swan 
Coastal Plain, the Donnybrook Sunkland and the Darling Plateau illustrated by the 
main soil types (see Figure A.2). These geomorphic regions have been further 
divided into soil landscape zones, systems, subsystem and phases through various 
surveys conducted or compiled by the Department of Agriculture (Leschenault 
Catchment Council 2007).  These soil types have a Phosphorus Retention Index 
(PRI) (See Figure A.3) which provides good indication of the phosphorus leaching 
rate capacity.   
 

Western Darling Plateau 

The western section of the Darling Range is a lateritic plateau characterised by steep 
slopes and deeply incised valleys broadening further to the east. It encompasses a 
significant area of the catchment.  The area consists of lateritic sandy to loamy gravel 
soils with deep sand. PRI in this area is mostly high, usually between 50 and 200 
reducing to 30 at the eastern edge of the catchment. However, along the Preston 
valley, in farmed areas of the floodplain, PRI may fall to as low as 10.  

 
Donnybrook Sunkland Zone 

The north eastern tip of the Donnybrook Sunkland zone wedges between the 
western Darling Plateau and the Swan Coastal Plain in the southern half of the 
catchment. The landscape is gently undulating dissected by shallow valleys and 
comprising a single soil landscape zone of the same name (Leschenault Catchment 
Council 2007).  It is similar to the darling Plateau, although with less altitude, broader 
valleys and more sandy soil. The soil PRIs are moderate to high in this zone, at 
around 20, and even higher in riparian areas where values of over 100 are typical 
(Kelsey  2010). 

 
Swan Coastal Plain 

The Swan Coastal Plain, which makes up the remainder of the Leschenault 
catchment adjacent to the coast is a 15 km wide and a level to gently undulating plain 
(Leschenault Catchment Council  2007).  It is characterised by a broad alluvial plain, 
with lines of sand dunes and limestone near the coast and is split into six soil types. 
The three soil types closest to the coast include two coastal dune systems overlying 
either calcareous sand (Quindalup) or limestone (Spearwood) as well as estuarine 
flats found between the dune systems (Vasse). Soil PRI in these three areas varies 
slightly, but is usually between 5 and 10 (Kelsey 2010). 

The remainder of the coastal plain is extremely flat and poorly drained. Bassendean 
Sands are coarse and have very limited phosphorus retention ability with PRI’s of 
around zero and below being common. The soils of the Bassendean System have 
low inherent fertility, low water holding capacity, and low capacity to retain added 
nutrients.  Hence these soils require heavy applications of fertiliser to achieve 



satisfactory agricultural production levels. However, this is offset by the rapid loss of 
applied fertiliser by the highly permeable nature of the soils and the lack of a nutrient 
retention capacity (Thomson Mc Edgeloe et al 2009). 

Pinjarra zone soils tend to be duplex with higher clay content than the other coastal 
plain soils. Soil PRIs vary greatly with some areas having low PRIs of between 1 and 
3, while others have PRIs as high as 50 to 70 (Kelsey 2010). 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure A.2 Soils in the Leschenault Catchment 
  



 

Figure A.3 Soil Phosphorus Retention Index (PRI) map of the catchment 

  



Hydrology 
 

There are two hydrological catchments in the Leschenault catchment (Figure A.4).  
Five major waterways drain the Leschenault catchment the Wellesley, Preston, 
Brunswick, and Collie rivers making the Collie catchment and the Ferguson and 
Preston rivers making the Preston Catchment (See Figure A.6) both converging on 
the Swan Coastal Plain.  All rivers, with the exception of the Wellesley, have 
headwaters in mainly forested areas of the Darling Plateau and Whicher Scarps.  
They flow through the coastal plain, feeding into various wetlands before finally 
emerging into the Leschenault estuary.   Several other major tributaries drain mostly 
upland catchments.  The only rivers discharging into the estuary are the Collie and 
Preston. 

The Collie and Brunswick catchments discharge the largest proportion of flow into the 
estuary (57%), whilst the Preston river catchment discharges slightly less (43%) (See 
Figure A.5).  The Wellesley catchment is the largest single contributor to the summer 
inflows to the estuary from December to February inclusive.  

According to Rose (2004), the river flows of the Brunswick River are very important to 
the lower tidal riverine section of the river and the Leschenault estuary.  During the 
wet and median flow years, the flows are critical to the water balance, estuarine 
processes and productivity of the estuary. 

 

 

 

Figure A.4 The Collie and Preston basins 

 
 
 
 



 

Figure A.5 Proportion of annual flows from Rivers within the Leschenault catchment 

Rainfall in the catchment is highly seasonal with 90% falling between April and 
November.  Due to the nature of rainfall patterns in the South West Region, stream 
flow is intrinsically linked to winter rainfall and is as a result also very seasonal 
(Department of Water 2009b). The catchment hydrology is dominated by winter 
flows, which make up 97 per cent of total annual flows (Marillier et al. 2009b), with 
the major flows starting in May, peaking in August and ending in October each year 
(see Figures A7 to A11).  The remainder of the year, the flows in the main waterways 
remain very low.   

Irrigation return flows make a significant contribution to the water-balance of the 
Leschenault Catchment in summer and the relative proportion of flow from irrigated 
catchments increases in summer (Marillier et al. 2009b).   

 
Drainage  

The Leschenault catchment hydrology has been extensively altered over the past 
century to enable agriculture and reduce flooding by diverting excess water into the 
major rivers or directly into the sea. 

The Leschenault catchment contains the Harvey Irrigation and Collie Irrigation 
districts. The Preston Valley Irrigation Co-operative also runs a small irrigation 
scheme along the Preston River. 

The main irrigation scheme in the catchment is the South West irrigation Scheme 
(Harvey Water), which supplies the Harvey and Collie irrigation districts, from the 
Stirling, Harvey, Logue Brook, and Wellington dams.  A channel network supplies 
irrigation water in the Leschenault catchment resulting in a complex network of drains 
and natural rivers.  For instance part of the Harvey district (fed by the Stirling, Harvey 
and Logue Brook dams) is within the Leschenault catchment area, which results in 
the Wellesley River receiving irrigation runoff that originates from the Harvey 
catchment (Kelsey 2010). 

The Preston Valley Irrigation scheme is a smaller scheme, which supplies water from 
the Glen Mervyn dam to irrigators along the Preston River Valley.  The remainder of 

35%

8%
28%

15%

14%

Preston

Ferguson

Collie

Wellesley

Brunswick



the irrigation water is self supplied, mainly from abstraction of groundwater, and on 
and off stream extraction to farm dams.  On the Brunswick River, pumping directly 
from the river is common. 

 

 

Table A-1 Surface area of the Leschenault catchment covered by the Harvey and 
Collie irrigation districts  

Artificial drainage combined with the impact of dams located on the Collie, Brunswick 
and Preston Rivers have resulted in a modified natural flow within the Leschenault 
catchment (Marillier et al. 2009b).  A further complicating feature of the catchment 
drainage network is that some supply channels act as drains in winter (Kelsey 2010). 

 
Groundwater sources and interactions: 

The Leederville, Yarragadee and superficial aquifers are an important water source 
on the Swan Coastal Plain (Water Authority of Western Australia 1994).  As indicated 
in Table A-2 , they interact with the local waterways, wetlands and the estuary itself. 
The groundwater interaction with the rivers in the Leschenault catchment is poorly 
documented. However it is understood that the Swan Coastal Plain has shallow 
superficial groundwater that can discharge to waterways in the winter period.  With 
the decrease in rainfall over the last decade (CSIRO 2009a), and increased 
abstraction, groundwater levels have dropped in some areas. This means that in 
affected areas, substantial recharge is required in winter in order for groundwater to 
intersect, and discharge to waterways. This reduction in base flow from groundwater 
can result in: 

• less flushing; 

• higher concentrations of nutrients; 

• reducing or eliminating summer baseflows (Richard Pickett, DOW, Personal 
communication, Nov 2010).  

Freshwater also enters the estuary via groundwater seepage along the shoreline 
(Brearly 2005), some of the freshwater discharges come from the peninsula barrier 
from shore seepages. These groundwater seepages are: 

• important for shore vegetation and faunal use, zones of freshwater seepage 
at interfaces between high tidal platforms and dune (rush vegetated), cliffed 
sandy shores, steep dune shores, beach ridges, spits  and bars 
(Semeniuk et al. 2000a); and  

District Area (km2) %
Not irrigated 1725 88
Harvey 61 3
Collie 163 8
Total 1950 100



• ecologically significant along the western shore of the Leschenault inlet 
estuary (Creswell 2000). 

Further changes in water management to the catchment, in addition to reduced 
rainfall, are the efficiency gains in irrigation methods which will also result in 
decreased runoff.  The piping of the Harvey Irrigation Area, removing leaching losses 
from the old open sluice system, is contributing to decrease summers flows into the 
waterways (Brunswick and Wellesley). Those summer base flows have maintained 
artificially over the past 100 years a small by constant flow of water and nutrients into 
the estuarine section of the Brunswick and Collie River (Richard Picket, DOW 
personal communication, Nov 2010).  It is these baseflows that primarily are 
reflective of groundwater contributions but have been supplemented either by 
relatively large baseflow or by keeping the waterways damp (Richard Picket, DOW, 
personal communication, Nov 2010). 

Table A-2  Aquifers and interactions with water assets (Extracted from Commander 
1982 and 1984) 

Aquifers Discharges to 

Superficial formations 

Ocean,  

Swamps and wetlands 

Wellesley, Collie and Preston Rivers 

Drains in the Dardanup area  

Leederville Formation  
Along  Leschenault estuary above a body of 
intruding sea water  
And coastal swamps south of the estuary 

Yarragadee 
Occurs via the superficial formations into the ocean 
south west of Bunbury 

 
 



 

 Figure A.6 Surface water hydrology of the Leschenault catchment 

 
  



Dams and effects on hydrology 

Wellington Dam 

A key change to the Collie River hydrology was the construction of the Wellington 
Dam in 1933, originally as a source of irrigation on the coastal plain and its 
subsequent raising in 1960 to supply the comprehensive Water Supply Scheme for 
southwest towns and their ongoing development.  However the increased salinity 
resulting from land clearing in some parts of the upper catchment, has resulted in 
water being of poor quality, restricting its use for pasture.  “The utilisation of 
Wellington Dam water is compromised by its salinity level, which over the past 30 
years has risen to the point where it is now approximately twice the potable limit.  As 
a consequence, dam water is barely suitable for irrigation and unsuitable for most 
other higher value forms of use. The task of developing Wellington Dam as a 
potential source of potable water and solving the environmental issues caused by 
salinity is both challenging and complex” (Government of Western Australia 2007). 

Below the Wellington Dam the Collie River is maintained by irrigation releases of 
water from the dam during summer months and releases in winter.  This supports a 
modified downstream environment and associated values (Department of Water 
2009b). Furthermore, a salinity mitigation release has been put in place releasing 
freshwater from the Harris dam to the Wellington dam to maintain environmental 
flows. 

 
Burekup Weir 

This weir is used to divert water into the Collie open-channel irrigation network.  It 
significantly modifies flow in the Collie River despite having a relatively small storage 
capacity (Marillier et al. 2009). 
 
Glen Mervyn Dam: 

This dam releases water in summer for irrigators (mostly horticulture) along the 
Preston River all the way down to Argyle, creating artificial summer flows. 

 
  



 

Figure A.7 Preston River Modelled Monthly flows (1997-2008) 

 

Figure A.8 Ferguson River Modelled Monthly Flows (1997-2008) 
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Figure A.9 Collie River Modelled Monthly Flows (1997-2008) 

 

Figure A.10 Brunswick River modelled Monthly flows (1997-2008) 

Figure A.11  Wellesley River Modelled Monthly Flows (1997-2008) 
 
History of catchment and changes to the estuary and land use 

Catchment history 

There is good evidence, that prior to the arrival of Europeans, the Aborigines have 
lived continuously in the South West for at least 35,000 years (Heritage Council of 
Western Australia 1999). It is through that the Leschenault estuary acted as a 
boundary between the Pinjarup and Wardini group (Waterways Commission 1992).  
The many different bodies of water, vegetation types and landforms around estuary 
provided a rich wildlife and an ideal place for the Aborigines and their mythology 
strongly relates to the connections to the area (Goode 2009). 

 

0

20

40

60

80

100

120

140

160

180

10 000

20 000

30 000

40 000

50 000

60 000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ra
in

fa
ll 

/ i
rr

ig
at

io
n 

(m
m

)

Fl
ow

 (M
L)

Brunswick River modelled monthly flows (1997 – 2008)

Brunswick River (ML)

Upstream inflows (ML)

Rainfall (mm)

Irrigation (mm)

*Upstream inflows include
Wellesley River

0

20

40

60

80

100

120

140

160

180

10 000

20 000

30 000

40 000

50 000

60 000

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Ra
in

fa
ll 

/ i
rr

ig
at

io
n 

(m
m

)

Fl
ow

 (M
L)

Wellesley River modelled monthly flows (1997 – 2008)

Wellesley River (ML)

Rainfall (mm)

Irrigation (mm)



Early settlers and changes in the landscape  

The Leschenault catchment, like most of the Swan coastal plain, was explored  in the 
17th century by the French and Dutch explorers but was only settled later on by the 
British in the mid 1800s (Brearly 2005).  Nicola Baudin, leading a French scientific 
voyage in 1801 to 1803, mapped Koombana bay, explored the estuary and nearby 
rivers as well as the inlet.  He named Point Casuarina in Bunbury after his ship and 
the Leschenault inlet, Port Leschenault (renamed Bunbury in 1841 by Stirling in 
honour of Lieutenant Bunbury) (Sanders 1975) after the ship’s botanist, Jean 
Baptiste Leschenault de la Tour.  In 1829 Dr Collie and Lieutenant Preston led an 
expedition to map out the Collie and Preston rivers, which were named after them 
(Brearly 2005).   They were accompanied by Captain James Stirling and a few 
settlers which explored the area around the Leschenault catchment with the aim of 
opening up land for settlement.   This was soon followed by the arrival of a few 
prospective settlers. The first 20 years of the colony were very difficult, due to in part 
of the monopolisation of good land in a single grant owned by Stirling himself, 
resulting in virtually no viable and good land for animal to graze on (Heritage Council 
of Western Australia, 1999).  This forced later settlers to look beyond the Swan 
Coastal plain into the river valleys towards the Darling Scarp.  Early settlements 
within the Leschenault catchment often failed and were unsuccessful in establishing 
themselves bringing hardship.  According to Brearly (2005) the first explorers were 
disappointed by the apparent soil sterility and scarcity of freshwater streams. The 
poor soils, climate and the different environmental conditions (very dry and hot in 
summer and very wet and waterlogged conditions in winter) to the ones in Europe 
were not suited to European agricultural practices.  

The establishment agriculture and irrigation between the days of the early settlers 
until now are documented in Table A-3 providing a good insight on the difficulties 
encountered prior to having a productive agriculture. This is further documented in 
many historical reports and publications (Lund and Martin, 1996, GHD 2008, Powell 
1998, Water Authority of Western Australia 1994, Heritage Council of Western 
Australia 1999, Shire of Donnybrook-Balingup 2008). 

A comprehensive drainage scheme started around Harvey (Powell 1998) allowed 
farmers the early 1900s farmers around Harvey to turn to irrigated dairy pastures and 
supplementary fodder crops (Power 1998).  Dairying also became established and 
successful in the early 1900 on other parts of the catchment.  The Dardanup district 
became an efficient dairy area by 1918 (Lund and Martin 1996).  In the 1930s, further 
irrigation works took place in the Collie River District, dams were constructed, most 
importantly the Wellington Dam, and channels were progressively lined in concrete, 
whilst paddocks were systematically graded.  This allowed for winter drainage and 
summer watering.  Around Harvey this further led struggling orchards to be converted 
into dairy properties, which expanded after the 1930s along with supplementary 
fodder crops (Powell 1998).  A substantial dairy industry was established around 
Bunbury after the 1st world war with a butter factory in town. 

It was not until the 1930s that agriculture in the catchment really started becoming a 
significant industry when drainage, irrigation and input of artificial fertilisers changed 
the circumstances of the farmers.  



Agriculture in south-western Australia was developed on soils which are amongst the 
most ancient and highly weathered in the world (Bowen et al. 2006). This is 
particularly true to sandy soils which do not hold nutrients and allow direct leaching of 
dissolved nutrients (Government of Western Australia 2003). Native plants in 
Western Australia and in particular the Swan Coastal Plains have soils of low fertility 
which support native plants that are adapted to low nutrient levels.  Once native 
plants were removed and cleared to make way for western style agriculture using 
introduced plant species, this often resulted in failed ventures not profitable enough 
as soils did not provide enough water soluble P for targeted crops, unless water 
soluble P was applied.  Until the development of single superphosphate, agriculture 
was stalling and agriculture was concentrated near valley floors, streams and rivers, 
where alluvium soils and red-brown loam to clays soils were present.  In those 
locations, soils had sufficient P for profitable crops and pastures without the regular 
application of single superphosphate (Bowen et al 2006). Major agricultural 
development in Western Australia and in the Leschenault was only possible once 
single superphosphate became available.   

The establishment of the superphosphate works near Bunbury in early 1930s 
benefited from the expansion and growth of irrigated network and enabled the dairy 
industry to flourish. This resulted in further clearing and a continuing expansion of the 
irrigated area (English and Boudikin 1994).  Agriculture became even more 
productive after the Second World War, and according to English and Boudikin 
(1994) it boomed on the coastal plain, fuelled by good prices for most farm produce 
and by the increase in use of superphosphate and trace elements on the sandier 
soils.  Improved irrigation in the catchment further resulted in a three folds increase of 
irrigated area between Waroona and Dardanup between 1939 and 1973 (English and 
Boudikin 1994), reaching by then a total amount then of 13400 hectares, most of 
which within the Leschenault catchment.  The supply of irrigation water provided by 
the irrigation district through an extensive network of open channels established over 
the last half of the 20th century enabled the dairy industry to be firmly established 
(GHD 2008) throughout the Harvey Water Irrigation Area (now Harvey Water).  

Bowen et al. (2006) indicate that the present status of those soils is largely derived 
from fertiliser P (mostly single superphosphate, but more recently including triple and 
double superphosphate and ammonium phosphate fertilisers) applied to soils to grow 
crops and pastures over many years”.  Up to 1974, applications of superphosphate 
were subsidised by the State via bounties, paying half the cost and farmers were 
recommended to apply sufficient fertiliser P to produce 95-99% of the maximum yield 
(Bowen et al 2006).  This has resulted in large quantities of P (not sorbed by the soil 
or taken up by the plants) to leach into the waterways and finishing into the estuary. 
In other areas, where soils are heavier and nutrients are bound to soil particles, soil 
erosion plays a leading role in eutrophication. 

The main agricultural industries have remained rather the same until now, with cattle 
for beef and dairy dominating the land use, as well as horticulture (annual and 
perennial), with growing changes in the land use around the coast with increased 
urbanisation. 

 



Table A-3  Summarisation of history of farming and drainage on the Coastal Plains 
(extracted from Water Authority of Western Australia 1994). 

 
Period Status of agriculture Other comments 

1829 – 1887 • Semi nomadic pastoralism 
• Settlers survived by grazing cattle on natural vegetation 

and pastures of the rivers flats 
• Pastoral gentry : beef and dairy cattle on large 

leaseholds where cattle were moved between coastal 
sands and darling range 

• Natural fertility of areas 
became depleted and 
could not support 
extensive grazing or 
intensive small 
operations of the 
nomadic settlers 

1887 – 1919 • Government established sturdy and independent 
yeomanry on coastal plains enabling self sufficiency  
(eggs, butter, fruit, hay, grain and livestock) 

• Development of drainage systems and establishment of 
the first irrigation scheme at Harvey 

• 1902: drain on the Wokalup creek, the forerunner of the 
Wellesley Drainage system 

• Areas between the Scarp 
and Bunbury regularly 
flooded in winter 

• Most of the areas 
surveyed by the 
government in 1983 were 
on the flats west of the 
scarp and thus 
waterlogged and flooded 
during winter, which 
worsened as clearing 
carried out for the 
development of farming 
resulted in raised water 
tables. 

• Crops planted at the time 
(wheat, oats, potatoes 
and horticultural crops) 
tolerated waterlogging to 
the extent of pasture 

1919 to 
present 

• Emphasis in government policy to shift farmers from 
mixed farming to the promotion of dairying on the 
coastal plain; reflected in the construction of several 
dams in the catchment (Wellington, Glen Mervyn, Harris 
dam) over that century; 

• Major drainage works on the Harvey River plain; 
• Around 1910’s further drains constructed around 

Waterloo; 
• After first world war, government purchased properties 

in the Harvey – Brunswick area for soldier settlement, 
expansion of drainage network followed, and drainage 
was constructed to improve the land but winter flooding 
remained unsolved; 

• Extension and intensification of an irrigation system 
between Waroona and Dardanup 

• Between 1934-1939 further drainage constructed from 
top of the catchment all the way down to Brunswick; 

• Areas under irrigation increased rapidly in the 1930s up 
to the 1970s 

• Following 1964 floods all major rivers had been enlarged 
and levee bank strengthened 

• Extensive land clearing 
took place resulting in 
higher flows, flooding 
and increasing land 
salinity inland 

 

  



Changes to the estuary and its waterways 

It is principally agricultural development which has resulted in major environmental 
changes in the catchment, with the clearing of much of the natural deep rooted 
vegetation and drainage being the most obvious on the coastal plain (Brearly 2005; 
English and Boudikin 1994).  Land clearing resulted often in rising watertables, 
increased runoff, salinisation and soil erosion, all of which impact downstream in the 
receiving estuary (Brearly 2005).  Cumulatively it has led to the destruction and 
damage of many wetlands and streams on the coastal plain (Water Authority of 
Western Australia 1994).  More recently agricultural practices have been responsible 
for significant nutrient input into the waterways and the estuary. 

The clearing of land also resulted in increase runoff associated with bigger floods, 
which resulted, in the 1900s, in the start of a series of streamlining and widening 
works of the rivers as well as the construction of levees to protect Bunbury and other 
settlements.  Following the 1964 floods the Harvey, Brunswick, Collie and Ferguson 
and Preston rivers were further altered and enlarged and levee banks strengthened 
(Water Authority of Western Australia. 1994). 

   
Changes to the estuary: 

The anthropogenic induced changes to the estuary over the past century are well 
described and documented (English and Boudikin 1994, Mc Kenna and Derrington 
2005, Mc Kenna, 2007, Brearly 2005, Symeniuk et al 2000a).  This is summarised in 
Table A-4 below and represented in Figure A.14 ) 

Originally, there was only one tidal water body known as the Leschenault inlet.  Now 
the system is divided into two water bodies (Figure A.12): 

• the Leschenault Inlet: small lagoon in the city of Bunbury; 

• and the Leschenault estuary: the larger water body, in which the Collie and 
Preston flow into. It is now connected to the ocean via the “cut” (Figure A.13). 

The two major changes that occurred in recent history and which have led to the 
significant ecological changes in the Leschenault estuary are:  

• Relocation of the ocean entrance: in 1951 the old entrance was closed and a 
new one built opposite of the collie river mouth by the opening of the “Cut”. 
Those changes have resulted in the estuary, being predominantly brackish to 
becoming predominantly marine.  In the 1950s the “cut” made to the sea 
changed the “essence of the estuary “(Brearly 2005), which increased its 
marine influence but at the same time enabled excess nutrients to be flushed 
to sea.  

• Secondly the construction of the Wellington Dam on the Collie River which 
has reduced both the duration and flow to the Collie River as well as 
lessening the magnitude of freshwater input to the Leschenault estuary 
(Brearly 2005, Mc Kenna 2004 and Schwinghammer 1978).  Mc Kenna and 
Derrington (2005) indicate that the reduced freshwater flushing in the 
estuarine section of the Collie River has resulted in more prolonged 



saltwedges which stratify the water column.  As a consequence of the 
construction of Wellington dam and the increased marine exchange through 
the “cut”, the estuary has become predominantly marine influencing the 
salinity intrusion in the inflowing waterways (Hill et aI. 1991).   During the 
summer months, for instance, a salt wedge travels some 4 kilometers up the 
Collie River (Hill et al 1991).  

Housing, roads, and port facilities have now covered the original low lying swampy 
grounds of the southern part of the Leschenault estuary (Brearly 2005).  By the 
1990s only 350 hectares of original fringing vegetation around the estuary remained 
in the 1990s, compared to 700 hectares in the 1940s due to land clearing and 
reclamation (McKenna 2004).  Despite the ecological significance of the estuary’s 
vegetation types, the loss of the fringing vegetation is still continuing around 
Australind and Point Druro, as little protection of the estuarine foreshore is accorded 
to safeguard the integrity of the estuary’s fauna and flora and their ecological 
interdependence. 

  



 

 

Figure A.12 Leschenault inlet in Bunbury on the left, and Leschenault estuary on the 
right (photo: Joanna Hugues-Dit-Ciles) 

 

 

 



 

Figure A.13  The “Cut”: estuary artificial opening to the ocean (photo: Joanna 
Hugues-Dit-Ciles) 

 

 

 

  



Table A-4   Summary of major alteration to the Leschenault estuary and its 
waterways due to man-made activities (information extracted from Mc 
Kenna, 2007, Mc Kenna and Derrington 2005, Brearly 2005, 
Schwinghammer, 1978, English and Boudikin 1994, Water Authority of 
Western Australia 1994, Semeniuk C and V 2005a and 2005b)  

Year Alterations to the Leschenault 
landscape, waterways and estuary  

Key impact of change 

1839 
Settlement and commencement of 
clearing and subsequent agricultural 
farming 

  

1910 – 1912 

Brunswick, Collie, Wellesley, 
Mornington, Ferguson and Preston 
Rivers snags and vegetation were cleared 
for the first time to improve drainage 
and reduce flooding (Water Authority of 
Western Australia 1994).   

Altered hydrology, and ecology 

1910: path of the Ferguson river was re-
established and deepened by the cutting 
of a small drain and exploding charges at 
a depth of 4 or 5 feet below the surface. 

  

1933 

Wellington Dam was constructed 
originally built on the Collie River in 1933 
as a source of water for irrigation on the 
coastal plain and facilitated the 
development of the Collie irrigation area. 
It provided a reliable water supply for an 
increasing number of towns in the region 
from 1953 to 1990 (Heritage Council of 
Western Australia 2003)”. 

  

1951 
Original Outlet to the estuary was filled 
(known as “The Plug”) 

  

1941 – 1989 
Loss of fringing vegetation through land 
clearing and development 

Loss of half of fringing vegetation 
(around 350 hectares) 

1951 "The Cut” was opened 

This significantly changed the 
dynamics of the estuary and the 
lower Collie and Brunswick river 
with increase marine influence and 
marine sediment accumulation in 
the estuary.  

This has altered the estuarine 
landforms, hydrodynamics and 
hydrochemistry 



Year Alterations to the Leschenault 
landscape, waterways and estuary  

Key impact of change 

1960 Wellington Dam was raised  
Reducing the flows, particularly 
freshwater flows in winter, into the 
Lower Collie River and estuary 

Following 
1964 

Following the 1964 widespread flood, 
the Brunswick, Collie, Ferguson and 
Preston Rivers were enlarged and their 
levee bank strengthened. 

  

1967 – 1976  Inner Harbour development 
 Destruction of large areas of 
samphires along the southern end of 
the estuary 

1964 

Following widespread floods in 1964, the 
Harvey, Brunswick, Collie and Ferguson 
and Preston rivers were enlarged 
(English and Boudikin 1994) 

  

1967 – 1976  
Reclamation of old inlet channel near 
inner harbour 

  

1969 – 1970  Preston River Channel was redirected Alteration of natural river delta  

1974 
Dredging of boat channel from lower 
estuary to Koombana bay 

  

1977 Parkfield Drain was constructed 
Draining water from agricultural 
land use  

1990 to 
present 

Further loss of fringing vegetation with 
the development of Pelican point canals 
and Lakes estates housing development 
as well as land use changes due to the 
port 

Fringing vegetation was reduced by 
half, and reduction is continuing 

 
  



 

Figure A.14  Alterations to the estuary over time due to anthropogenic activities  
(extracted from Semeniuk et al 2000a) 

  



Present land use, demography and economic drivers 

The South West region has undergone a rapid and sustained change to the make-up 
of its population and economy in recent decades (Western Australian Planning 
Commission 2009) and the Greater Bunbury area has been very much a part of this 
change. The Greater Bunbury area is the most populous area of the South-West 
Region of Western Australia in the area and is encompassed by the Greater Bunbury 
Region Scheme (GBRS).  More specifically it represents 42% of the total population 
of the South West, estimated to be in 2009 at 61,117 residents (South West 
Development Commission 2010 source : http://www.swdc.wa.gov.au/information-
centre/statistics/population.aspx).  It covers the City of Bunbury and Shires of 
Harvey, Dardanup, and Capel, and is one of the fastest growing areas in Australia 
with a population projected to exceed 100 000 by 2031 (WAPC 2005b)  
(Figure A.15) and potentially reaching up to 150,000 (Department of Planning, 
personal communications, Nov, 2010).  Only a small fraction of the Shire of Capel 
resides within the Leschenault catchment, nonetheless its northern parts are the 
most populated and are neighbouring the city of Bunbury.  The Greater Bunbury has 
grown at an average annual rate of 4.2 per cent for the period of 2003-2008 (SWDC 
2010).  This growth is continuing to occur along the coastal fringe and along the 
estuary and its associated waterways.  In addition to these areas, the catchment also 
supports additional towns such as Donnybrook with a population of 2370 people 
(Shire of Donnybrook 2010, website: http//www.donnybrook-balingup.wa.gov.au), 
Boyup Brook, and Collie with a population around 9,332 people (SWDC website) 
which are also projected to grow.   

Many of the towns in the catchment were until the mid 1970s only very small 
settlements.  For instance Australind has grown from a population of 701 residents to 
presently 10 000 residents.   In the 1980s, this growth was paralleled across the 
Greater Bunbury area where new estates being build:  Kinsgton, Galway green, 
Clifton Park and more recently Millbridge, Dalyellup East, Treendale, Meadow 
landings and Twin Rivers.  All those developments have taken place along the lower 
parts of the Collie, Brunswick Rivers and Millers Creek at close proximity from the 
estuary.  The Preston Industrial park, a large industrial area presently being 
developed has also been considered for further expansion and situated between the 
Lower Preston and Ferguson Rivers.  

The Western Australian Planning Commission (2009) indicates that the Greater 
Bunbury area is predicted to continue its pattern of strong growth and continue to 
increase its regional dominance.  However it is important to note that within the 
Greater Bunbury area, the fastest growth is happening in the Shires of Harvey, 
Dardanup and Capel with growth of around 4.5% per annum (SWDC, 2010). For 
instance the Shire of Dardanup’s population projections of the Shire indicate a 
possible population for the Shire of over 22,000 people by 2026 (Shire of Dardanup 
2009).  Nearly double that of at present and it is estimated that approximately 70% of 
those will be located in Eaton (Shire of Dardanup 2009).  In the Shire of Capel the 
newer estate of East Dalyellup and its upcoming planned development lies within the 
Leschenault catchment.  Growth is also predicted outside of the Greater Bunbury in 
the Shire of Harvey, Dardanup and Capel in smaller towns. 



 

In a geographical sense, the majority of the population in the Greater Bunbury area is 
nestled on land between the lower reaches of the four major rivers and either the 
coast or the eastern shore of the Leschenault estuary. The Shire of Harvey, 
Dardanup, Capel and even the City of Bunbury are expanding fast and urban sprawl 
is encroaching on what used to be traditionally agricultural land (beef and dairy). The 
competing demand for agricultural land is likely to result in more intensive farming 
practices and increase density of urban settlement putting further environmental 
pressure on the catchment‘s waterways already suffering from degradation and thus 
careful land management needs to be put in place.   Presently, the Greater Bunbury 
Regional Scheme is under review and at present the intention in managing 
population growth is to focus planning strategy towards “urban consolidation”, 
thereby concentrating on urban infill and redevelopment in existing urban centres and 
towns (Verity Lee, Department of Planning, personal communications, Nov 2010). 

 

 

Figure A.15: Population growth and projection (Source ABS 2009 and DPI 2005) 

 



 
 
Figure A.16 Urban development near the Leschenault Estuary (photo: South West 
Catchment Council) 
 
  



 
Figure A.17 Future development areas with 2005 urban areas based on the Greater 

Bunbury Region Scheme  



 

Economy and driving forces of growth in the Greater Bunbury Area 

Bunbury is the State’s largest urban centre outside of Perth-Peel metropolitan area 
as well as the regional centre of the South West. As previously documented almost 
half of the people living in the South West live in or around Bunbury (South West 
Planning Commission, 2009 and Department of Planning 2002),  Bunbury functions 
as the commercial and administrative hub of the South West and  is the centre of the 
region’s rail and road network (Western Australian Planning Commission 2009).   
Most of the labour force lives in close proximity to commercial and Industrial centres 
located around the City of Bunbury.  The Shires of Harvey Dardanup, Capel although 
with their own industries tend to serve a role of dormitories for Bunbury’s and 
surround’s business, commercial and industrial areas (Western Australian Planning 
Commission 2009), as people choose to live in the outer areas attracted by more 
affordable housing and lifestyle. The Leschenault estuary and waterways plays in 
important recreational role for the residents of the Greater Bunbury area and this 
increase population is likely to put additional pressure on the present recreational 
and social values and will require careful management. 

The Leschenault catchment provides a wide range of opportunities for economic 
activities based primarily on the use of natural resources (30% of the total area is 
used for agriculture), but also lifestyle, tourism and recreation.  The major industries 
within the catchment are dominated by the primary and secondary industries. 
Extraction and processing of raw minerals is the largest section of the economy of 
the Greater Bunbury area in terms of dollar value (SWDC 2010).  This is expected to 
continue with a number of new projects either under construction or planned. 
Projects around the town of Collie are important economic driver for the catchment 
with various large mining companies employing large number of people living in the 
Greater Bunbury area.  The resources sectors are strongly strengthened by the 
Bunbury port expansion, which is critical to the region’s economy. It is the export port 
of the South West Region for bulk products such as alumina, heavy mineral sands, 
coal, tin, woodchip, tantalum and spodumene.   

Agriculture predominantly focuses on dairy, livestock predominantly beef, annual 
horticulture, intensive horticulture, orchards, viticulture and forestry, all those 
combine being of a great economic value of the area. The Shire of Harvey for 
instance, is one of the largest in terms of overall value of agricultural production in 
the South West region (SWDC 2010).  Horticulture is also an important economic 
driver, in the Harvey and Donnybrook areas, the former being driven towards the 
export market and the latter being the most productive horticultural area (fruit trees) 
in the South West (Shire of Donnybrook and Balingup 2008), whilst the north west of 
the catchment is the biggest annual horticulture area. 

Hobby farms and small scale farming rose in popularity between in the 1980’s and 
1990’s in most Shires, which saw an influx of people seeking often a life style 
change, with the primary income not necessarily being derived from agriculture 
(Shire of Donnybrook and Balingup, 2008).  

 



The irrigation districts, supported by the Collie River Irrigation District (CRID), Harvey 
Irrigation District and the Preston Irrigation District cover a significant proportion of 
the farmed agricultural land on the Swan Coastal Plain.  These districts play an 
important economic role in the catchment for instance the Harvey Water irrigation 
Area contributes 40% of Western Australia’s milk production (Harvey Water 2009).  
Following the deregulation of the dairy industry in 2000, which has impacted the dairy 
industry particularly in the irrigation districts (Harvey Water 2009), generation of 
farmers which had established their business on the quota system, in particular many 
irrigators, struggled to adjust to price fluctuations and more significantly to the drop in 
the value of milk at the farm gate. Consequently the number of dairy producers in 
that decade in the Harvey Water irrigation Area is reported to have dropped by one 
third (Harvey Water 2009).  Despite the importance of dairy industry within those 
irrigated districts, it is projected to continue to decline (DAFWA, and Western Dairy, 
personal communication 2010).  The decreased of dairy pasture production, in the 
irrigation districts has been however compensated by the increase in the production 
of non fodder crops especially for the production of beef (GHD 2008).  Cattle for beef 
is presently the predominant land use in the Leschenault catchment covering 33% of 
the catchment. 

Further changes in the land use is more prevalent in the part of the Collie River 
Irrigation District in close proximity to Bunbury which has come under pressure from 
urban development or in some instance with the subdivision of land into smaller 
parcels resulting in an increase number of lifestyle farmers (GHD 2008).   

Whilst a significant proportion of agricultural land below the scarp has been identified 
as priority agricultural area (Western Australian Planning Commission 2009), and 
whilst agriculture still plays an important role in the community within the Leschenault 
catchment,  the urban and industrial land use is likely to progressively replace what 
was once beef and dairy paddocks. Whilst the land use is still primarily agricultural 
and rural, the growth of towns such as Eaton, Australind and Leschenault can now 
see the population in the catchment as being largely urbanised.  

It is expected that Bunbury and surrounds will continue to experience strong 
economic and population growth, much of this related to the export and downstream 
processing of the region’s primary resources (Environmental Protection Agency 
1998). This indicates the important role the region plays, and will continue to play, as 
a centre for employment and industry. 

 

 



 

Figure A.18 Land use of the Leschenault catchment (2005) 

 



Appendix B - Ecological, economic and social values associated with the Leschenault catchment aquatic 
resources (estuary, inlet, rivers and lakes) 
 

Assets and 
subcatchments 

Ecological Values Economic Values Social values 

Habitat 
Aquatic 

birds 

Native 
freshwater 

fish 

Marron 
and gilgies 

Native 
freshwater 

mussels  
Dolphins 

Irrigation 
water 

Stock 
water 

Discharges 
from 

industry 

Direct 
contact 
sports1 

Passive 
recreation2 

Cultural 
and 

spiritual3 

Leschenault 
estuary 

Yes F No No No Yes No No No 
C, KS, WS, 

SW 
B, F, P, Wa,  

C, SP 

Leschenault 
inlet 

Yes F No No Yes Yes No No No Tr, Sw  B, 

Lower Collie 
estuarine 
section  

Yes F & N No No No Yes Yes Yes No 

Yes  

Yes Tr, Sw, C 

  

Lower Preston 
Estuarine 
Section  

Yes, delta F & N No No No Yes No No Yes No Limited, F 

Brunswick 
River Estuarine 
section  

Yes Yes, Nesting  No No No Yes No No No 
Limited  

F, W, P 
C 

Non estuarine 
Collie River   
and Tributaries 

Yes Yes yes Yes Yes No 
Yes 

(Burekup 
weir) 

Yes Yes 

Only 
between 

Burekup and 
wellington 

dam 

Between 
Burekup 

and 
Wellington 

Dam 

and  

South west 
highway 
and the 
estuary 



Assets and 
subcatchments 

Ecological Values Economic Values Social values 

Habitat 
Aquatic 

birds 

Native 
freshwater 

fish 

Marron 
and gilgies 

Native 
freshwater 

mussels  
Dolphins 

Irrigation 
water 

Stock 
water 

Discharges 
from 

industry 

Direct 
contact 
sports1 

Passive 
recreation2 

Cultural 
and 

spiritual3 

Non estuarine 
Brunswick 
River and 
Tributaries  

Yes Yes yes Yes Yes No Yes  Yes Yes 
Only  in 

Brunswick 
junction 

Only  in 
Brunswick 
junction 

Non estuarine 
Preston River 
and Tributaries 

Yes Yes Yes Yes Yes No Yes Yes Yes 

At Lyall’s Mill 
Stream and 

Glen Mervyn 
Dam 

No boating, 
Marroning 

yes, 

Wellesley 
River 

Low No ? Yes ? No 
Irrigation 
District 

Yes No ? ? 

Ferguson River Moderate No ? Yes ? No Yes Yes No ? ? 

Brunswick 
Upper 1 

High No Yes ? 
Not 

surveyed 
No No Yes No No ? 

Brunswick 
Upper 2 

High No Yes ? 
Not 

surveyed 
No NO Yes No No ? 

Collie Lower 2 

Yes, 
between 
Burekup 
weir and 

wellington 
dam,  

No Yes Yes Yes No Yes Yes 

Yes (Kristal 
Global 

discharging 
warm 
water) 

Yes in 
Wellington 

national park 
Yes to all 

Moderate 
below 

Mid Preston Moderate No Yes Yes Yes No Yes Yes No No Ma 

Preston-
Donnnybrook 

Moderate No Yes Yes Yes No Yes Yes ? No P, F, Ma, Wa 



Assets and 
subcatchments 

Ecological Values Economic Values Social values 

Habitat 
Aquatic 

birds 

Native 
freshwater 

fish 

Marron 
and gilgies 

Native 
freshwater 

mussels  
Dolphins 

Irrigation 
water 

Stock 
water 

Discharges 
from 

industry 

Direct 
contact 
sports1 

Passive 
recreation2 

Cultural 
and 

spiritual3 

Thomson 
Brook 

High No Yes ? Yes No Yes Yes No No No 

Upper 
Ferguson 

HIgh No Yes ? Yes No Yes Yes   No No 

Upper Preston  High No Yes ? Yes No Yes Yes No No 

Activities 
mostly 
around 

Lyall’s Mill 
Stream and 

Glen 
Mervyn 

Dam 

Parkfield drain 

High in 
conservation 

category 
wetlands,   

limited 
further up 

Yes No No ? No No Yes No No No 

Wellesley Yes 

Yes 
(Kemerton 

wetland 
suite) 

Yes Yes 
Not 

surveyed 
No 

Irrigation 
District 

Yes ? No ? 

Mid Brunswick Moderate ? Nesting Yes Yes Yes No 
Irrigation 
District 

Yes Yes SW P, F, Ma, Wa 

Lower Preston Moderate Yes Yes Yes Yes Yes yes Yes Yes C 
Yes, but 
limited 

Lower 
Ferguson 

Low No Yes Yes Yes No 
Irrigation 
District 

Yes No No No 



Assets and 
subcatchments 

Ecological Values Economic Values Social values 

Habitat 
Aquatic 

birds 

Native 
freshwater 

fish 

Marron 
and gilgies 

Native 
freshwater 

mussels  
Dolphins 

Irrigation 
water 

Stock 
water 

Discharges 
from 

industry 

Direct 
contact 
sports1 

Passive 
recreation2 

Cultural 
and 

spiritual3 

Estuary 
foreshore 

Yes 

Yes; 
Kemerton 
wetlands 

suite 

No No Yes Yes No No Yes Ca, KS, WS,  Bo, Wa, F, P 

Lower Collie 1 Moderate  

Yes, 
foreshore 

and 
surrounding 

wetlands 

No No Yes Yes 
Irrigation 
District 

Yes Yes Ca, Sw, Wa, F, Ca,  

Coast Yes Yes No No ? Yes No No No Ca, SW Wa, F, Ca   

 
1Recreation passive: walking (wa), picnicking (P), boating (b), fishing (f), Marroning (Ma) 
2Direct contact sports: swimming (SW), canoeing (C), triathlon (Tr), Kite Surfing (KS), windsurfing (WS) 
3Please note that all waterways in the Leschenault catchment are identified to have mythological importance at the exception to Thomson Brook and Wellesley River.   All 
the rivers are listed as permanent register under the Aboriginal Heritage Act 1972.  The entire Brunswick river is a registered mythological site. “?” reflects the lack of  
knowledge regarding the values 
 



Appendix C – List of Birds recorded on the Leschenault estuary, inlet 
and out-lying wetlands 
List of water birds recorded on the Leschenault Estuary 

List of water birds recorded on the Leschenault estuary, inlet and out-lying wetlands during 
surveys by Ninox Wildlife Consulting (information extracted from Raines et al. (2000). 
Waterbird species recorded on the Leschenault Inlet estuary and out-lying wetlands during 
the surveys by Ninox Wildlife Consulting between 1987 and 1988 at Leschenault estuary and 
outlying wetlands.  

 

Legend 

 * Breeding Species 

 + Species recorded in the out-lying wetlands only 

 # Species scheduled on international migratory bird agreements 
 

 
ANATIDAE 
Musk Duck   Biziura lobata 
* Black Swan   Cygnus atratus 
* Australian Shelduck  Tadorna tadornoides 
* Australian Wood Duck  Chenonetta jubata 
* Pacific Black Duck  Anas superciliosa 
Australasian Shoveler  Anas rhynchotis 
* Grey Teal   Anas gracilis 
 
PODICIPEDIDAE 
* Australasian Grebe  Tachybaptus 

novaehollandiae 
Hoary-headed Grebe  Poliocephalus 

poliocephalus 
 
ANHINGIDAE 
Darter    Anhinga melanogaster 
 
PHALACROCORACIDAE be 
* Little Pied Cormorant  Phalacrocorax 

melanoleucos 
* Pied Cormorant   Phalacrocorax varius 
* Little Black Cormorant  Phalacrocorax sulcirostris 
Great Cormorant   Phalacrocorax carbo 
 
PELECANIDAE 
Australian Pelican   Pelecanus conspicillatus 
 
ARDEIDAE 
* White-faced Heron  Egretta novaehollandiae 
Little Egret   Egretta garzetta 
White-necked Heron  Ardea pacifica 
*# Great Egret   Ardea alba 
+ Nankeen Night Heron  Nycticorax caledonicus 
 
 
THRESKIORNITHIDAE 
* Australian White Ibis  Threskiornis molucca 
Straw-necked Ibis   Threskiornis spinicollis 

* Yellow-billed Spoonbill  Platalea flavipes 
 
ACCIPITRIDAE 
Osprey    Pandion haliaetus 
Swamp Harrier   Circus approximans 
 
RALLIDAE 
* Buff-banded Rail   Gallirallus philippensis 
Spotless Crake   Porzana tabuensis 
+ Purple Swamphen  Porphyrio porphyrio 
*+ Dusky Moorhen  Gallinula tenebrosa 
+ Eurasian Coot   Fulica atra 
 
 
CHARADRIIDAE 
# Pacific Golden Plover  Pluvialis fulva 
# Grey Plover   Pluvialis squatarola 
Red-capped Plover   Charadrius ruficapillus 
# Greater Sand Plover  Charadrius leschenaultii 
Black-fronted Dotterel  Elseyornis melanops 
+ Banded Lapwing   Vanellus tricolor 
 
LARIDAE 
Silver Gull   Larus novaehollandiae 
# Caspian Tern   Sterna caspia 
Crested Tern   Sterna bergii 
Fairy Tern   Sterna nereis 
 
SYLVIIDAE 

Little Grassbird   Megalurus gramineus 
 



SCOLOPACIDAE 
# Black-tailed Godwit  Limosa limosa 
# Whimbrel   Numenius phaeopus 
# Eastern Curlew   Numenius madagascariensis 
# Common Greenshank  Tringa nebularia 
# Common Sandpiper  Actitis hypoleucos 
# Grey-tailed Tattler  Heteroscelus brevipes 
# Ruddy Turnstone   Arenaria interpres 
# Great Knot   Calidris tenuirostris 
# Red Knot   Calidris canutus 
# Red-necked Stint   Calidris ruficollis 
# Sharp-tailed Sandpiper  Calidris acuminata 
# Curlew Sandpiper  Calidris ferruginea 
 
HAEMATOPODIDAE 
Pied Oystercatcher   Haematopus longirostris 
 
RECURVIROSTRIDAE 
Black-winged Stilt   Himantopus himantopus 
Banded Stilt   Cladorhynchus leucocephalus 
Red-necked Avocet  Recurvirostra novaehollandiae 
 
  



Taxonomic groupings of birds recorded on the Leschenault Estuary and Inlet 
 

This list was extracted from Department of Conservation and Land Management 
Leschenault Peninsuala Management Plan 1998-2008 (CALM 2008). 

 
Latin name 
 

Common name 
 

PODICIPEDIDAE : 
Poliocephalus poliocephalus 
Tachybapus novaehollandiae 
 

 
Hoary-headed Grebe 
Australasian Grebe 
 

SPHENISCIDAE : 
Eudiptula minor 

 
Little Penguin 
 

PROCELLARIIDAE : 
Daption capense 
Macronectes giganteus 

 
Cape Petrel 
Southern Giant Petrel 
 

SULIDAE: 
Morus serrator 

 
Australasian Gannet 
 

PHALACROCORACIDAE: 
Phalacrocorax melanoleucos 
P.sulcirostris 
P.carbo 
P.varius 

 
Little Pied Cormorant 
Little Black Cormorant 
Great Cormorant 
Pied Cormorant 
 

ANHINGIDAE : 
Anhinga melanogaster 

 
Australian Darter 
 

PELECANIDAE : 
Pelecanus conspicillatus 

 
Australian Pelican 
 

ARDEIDAE : 
Egretta garzetta 
E.alba 
Ardea novaehollandiae 
A.pacifica 
Nycticorax caledonicus 

 
Little Egret 
Great Egret 
White-faced Heron 
Pacific Heron 
Rufous Night Heron 
 

PLATALEIDAE : 
Platalea flavipes 
Threskiornis spinicollis 
T.aethiopica 

 
Yellow-billed Spoonbill 
Straw-necked Ibis 
Sacred Ibis 
 



Latin name 
 

Common name 
 

ANATIDAE : 
Cygnus atratus 
Tadorna tadornoides 
Chenonetta jubata 
Anas superciliosa 
A.rhynchotis 
A.gracilis 
A.castanea 
Biziura lobata 

 
Black Swan 
Australian Shelduck 
Maned Duck 
Pacific Black Duck 
Australasian Shoveler 
Grey Teal 
Chestnut Teal 
Musk Duck 
 

PANDIONIDAE : 
Pandion haliaetus 

 
Osprey 
 

ACCIPITRIDAE : 
Accipiter cirrhocephalus 
A.fasciatus 
Circus approximans 
Milvus migrans 
Haliastur  sphenurus 

 
Collared Sparrowhawk 
Brown Goshawk 
Marsh Harrier 
Black Kite 
Whistling Kite 
 

ACCIPITRIDAE: 
Lophoictinia isura 
Hieraaetus morphnoides 
Haliaeetus leucogaster 
Aquila audax 
Elanus notatus 

 
Square-tailed Kite 
Little Eagle 
White-breasted Sea Eagle 
Wedge-tailed Eagle 
Black-shouldered Kite 
 

FALCONIDAE : 
Falco berigora 
F.cenchroides 
F.longipennis 
F.peregrinus 

 
Brown Falcon 
Australian Kestrel 
Australian Hobby 
Peregrine Falcon 
 

PHASIANIDAE : 
Coturnix  pectoralis 
Turnix varia 

 
Stubble Quail 
Painted Button-quail 
 

RALLIDAE : 
Porzana tabuensis 
Rallus philippensis 
Fulica atra 
Gallinula tenebrosa 
Porphyrio porphyrio 

 
Spotless Crake 
Buff-banded Rail 
Eurasian Coot 
Dusky Moorhen 
Purple Swamphen 
 

CHARADRIIDAE : 
Pluvialis dominica 
P.squatarola 
Erythrogonys cinctus 
Vanellus tricolor 
Charadrius melanops 
C.leschenaultii 
C.ruficapillus 
Peltohyas australis 

 
Lesser Golden Plover 
Grey Plover 
Red-kneed Dotterel 
Banded Lapwing 
Black-fronted Plover 
Large Sand Plover 
Red-capped Plover 
Inland Dotterel 
 



Latin name 
 

Common name 
 

SCOLOPACIDAE : 
Calidris ruficollis 
C.acuminata 
C.ferruginea 
C.canutus 
C.tenuirostris 
Arenaria interpres 
Limosa lapponica  
Numenius phaeopus 
N.madagascariensis 
Tringa brevipes 
T.stagnatilis 
T.nebularia 
T.hypoleucos 

 
Red-necked Stint 
Sharp-tailed Sandpiper 
Curlew Sandpiper 
Red Knot 
Great Knot 
Ruddy Turnstone 
Bar-tailed Godwit 
Whimbrel 
Eastern Curlew 
Grey-tailed Tattler 
Marsh-Sandpiper 
Common Greenshank 
Common Sandpiper 
 

RECURVIROSTRIDAE: 
Cladorhyncus leucocephalus 
Himantopus himantopus 
Recurvirostra  novaehollandiae 

 
Banded Stilt 
Black-winged Stilt 
Red-necked Avocet 
 

HAEMATOPODIDAE : 
Haematopus longirostris 
 

 
Pied Oystercatcher 

STERCORARIIDAE : 
Stercorarius skua 

 
Great Skua 
 

LARIDAE : 
Larus novaehollandiae 
Sterna bergii 
S.nereis 
Hydropogne caspia 
 

 
Silver Gull 
Crested Tern 
Fairy Tern 
Caspian Tern 
 

COLUMBIDAE : 
Phaps chalcoptera 
Streptopelia senegalensis 

 
Common Bronzewing 
Laughing Turtle-Dove 
 

CACATUIDAE : 
Calyptorhyncus latirostris 
Cacatua roseicapilla 
Glossopsitta porphyrocephala 

 
Carnaby`s Black Cockatoo 
Galah 
Purple-crowned Lorikeet 
 

PLATYCERCIDAE : 
Platycercus zonarius 
P.icterosis 
Purpureicephalus spurius 
Neophema elegans 

 
Port Lincoln Ringneck 
Western Rosella 
Red-capped Parrot 
Elegant Parrot 
 

CUCULIDAE : 
Cuculus pyrrhophanus 
C. palllidus 
Chrysococcyx basalis 

 
Fan-tailed Cuckoo 
Pallid Cuckoo 
Horsefield`s Bronze Cuckoo 
 

ALECINIDAE : 
Dacelo Novaeguineae 

 
Laughing Kookaburra 



Latin name 
 

Common name 
 

Halcyon sancta Sacred Kingfisher 
 

MEROPIDAE : 
Merops ornatus 

 
Rainbow Bee-eater 
 

STRIGIDAE : 
Ninox novaeseelandiae 
Tyto alba 

 
Southern Boobook 
Barn Owl 
 

PODARGIDAE : 
Podargus strigoides 

 
Tawny Frogmouth 
 

HIRUNDINIDAE : 
Hirundo neoxena 
Cecropis nigricans 

 
Welcome Swallow 
Tree Martin             
 

MOTACILLIDAE : 
Anthus novaeseelandiae 

 
Richard`s Pipit 
 

CAMPEPHAGIDAE : 
Coracina novaehollandiae 
Lalage sueurii 

 
Black-faced Cuckoo-shrike 
White-winged Triller 
 

MUSCICAPIDAE : 
Petrocia multicolor 
Eopsaltria griseogularis 

 
Scarlet Robin 
Western Yellow Robin 
 

PACHYCEPHALIDAE : 
Pachycephala pectoralis 
Colluricincla harmonica 

 
Golden Whistler 
Grey Shrike-thrush 
 

MONARCHIDAE : 
Rhipidura fuliginosa 
R.leucophrys 

 
Grey Fantail 
Willy Wagtail 
 

SYLVIIDAE : 
Megalurus gramineus 

 
Little Grassbird 
 

 
MALURIDAE : 
Malurus splendens 
 

 
 
Splendid Fairy-wren 
 

ACANTHIZIDAE : 
Sericornis frontalis 
Gerygone fusca 
Acanthiza chrysorrhoa 
A.apicalis 
 

 
White-browed Scrubwren 
Western Gerygone 
Yellow-rumped Thornbill 
Inland Thornbill 

MELIPHAGIDAE : 
Anthochaera carunculata 
A.chrysoptera 
Lichenostomus virescens 
Lichmera indistincta 
Phylidonyris novaehollandiae 

 
Red Wattlebird 
Little Wattlebird 
Singing Honeyeater 
Brown Honeyeater 
New Holland Honeyeater 



Latin name 
 

Common name 
 

Acanthorhynchus superciliosus Western Spinebill 
 

ZOSTEROPIDAE : 
Zosterops lateralis 

 
Silvereye 
 

EPHTHIANURIDAE : 
Ephthianura albifrons 

 
White-fronted Chat 
 

PARDALOTIDAE : 
Pardalotus striatus 

 
Striated Pardalote 
 

GRALLINIDAE : 
Grallina cyanoleuca 

 
Magpie Lark 
 

ARTAMIDAE : 
Artamus cyanopterus 
A.cinereus 

 
Dusky Woodswallow 
Black-faced Woodswallow 
 

CRACTICIDAE : 
Cracticus torquatus 
Strepera versicolor 
Gymnorhina tibicen 

 
Grey Butcherbird 
Grey Currawong 
Australian Magpie 
 

CORVIDAE : 
Corvus coronoides 

 
Australian Raven 
 

 
 



Appendix D - Summary of values of regional, state, national and international significance of key assets 
within the Leschenault catchment 
 

International 
significance 

National significance State significance Regional significance 

Leschenault Estuary 
 Supporting 18 

species of 
migratory birds 
protected under 
international 
agreements  Japan 
and China 
Australian 
Migratory Bird 
Agreement 
(JAMBA , CAMBA); 

 Potentially globally 
significant because 
of its microfauna 
(Foraminifera 
diversity) 

 

 

 Cathedral avenue and associated 
wetlands are listed under the 
Register of National Estate 

 The estuary is nationally significant 
because of its geoheritage (pollen 
records) and presence of the most 
southern occurrence of the white 
mangrove, Avicennia marina, in the 
State 

 Listed under Indigenous cultural 
heritage register as a permanent 
site of significance 
 

The estuary and inlet are under the System 6, listed as C66 for regional park 
recommendations for its high conservation and recreation value. 
 
Listed under the “Agency Statement of important natural resource 
management assets in Western Australia” as high value and high threat (State 
NRM Office. 2007). 
 
the northern part, north of Waterloo head and Vittoria bay, near the Cut are 
considered to be very important areas for waterbirds and mangroves and 
worthy of marine nature reserve status “(Department of Conservation and Land 
management, 1998). 
 
State wide significant because of its peripheral vegetation  
 
From an avifauna aspect, the Leschenault Estuary ranks from a State 
perspective as: 
 
 The “top 5% of wetlands of importance to waterbirds in terms of species 

richness, richness of species scheduled under international migratory bird 
agreements and median numbers of waterbirds” (Raines et al 2000); 

 The top 10% of wetlands in terms of numbers of waterbirds scheduled on 
international migratory bird agreements (Raines et al 2000); 

 The top 15 % for maximum numbers of waterbirds counted in any one 
survey (Raines et al 2000); 

 The top 1% of wetlands of importance for numbers of Caspian Tern 
(Sterna caspia) (Raines et al 2000); 

 Second largest summer population of pelicans (Schwinghammer 1978) of 
all the estuaries from Perth to Esperance 

 In the top 5% wetlands of importance for numbers of Australian Pelican, 
(Pelicanus conspicillatus), Little Pied Cormorant (Phalacrocorax 
melanoleucos), Darter (Anhiga melanogaster), Australian Shelduck 
(Tadorna tadornoides), Common Greenshank (Tringa nebularia), and 

The Estuary has the potential to 
becoming a regional park 
(Environmental Protection Authority, 
1993) 
 
Major recreational focus for the 
population of the Bunbury region (The 
Waterways Commission (1992) 
 
The Leschenault Estuary and 
associated waterways combine to form 
a singular and significant conservation 
resource providing a recreational focus 
for the Bunbury region (Water and 
Rivers, Commission, 2001, Waterways 
Commission, 1992, Donohue et al, 
1994).   
 
Unique in the south-western Australia:  

 
 formed behind a shore parallel 

dune barrier and wholly Holocene 
in age, its estuarine 
geomorphology and hydrologic 
structure  are different to other 
local estuaries such as the Swan 
Canning and Peel Harvey 
Estuaries; 

 classic area for studies of ecology 
of estuarine peripheral vegetation, 
ranking as one of the most 
significant in South Western 



International 
significance 

National significance State significance Regional significance 

Silver Gull (Larus novaehollandiae); 
 The top 5% of ranked wetlands in southern Western Australia in terms of 

median numbers of waterbirds, reflecting its constant use. 
 the second largest white egret population of any estuary in south west 

Australia (Schwinghammer 1978 and EPA 1993) 
 

Australia. 
 
 

Leschenault Inlet 

 
 Nationally significant because the 

presence of the most southern 
occurrence of the white mangrove, 
Avicennia marina, in the State 
 

 under the System 6 listed as C68 to protect areas of mangrove and 
saltmarsh 

 

Collie River 

 
 The lower Collie River is listed 

under the Register of National 
Estate 
 

 Under the System 6 recognized as regional open space for its high 
conservation and recreation value; 

 Listed under the “Agency Statement of important natural resource 
management assets in Western Australia” as high value and high threat 
(State NRM Office 2007). 

 Provides an important source of 
irrigation water for the Harvey 
Water Irrigation Scheme 

Brunswick River 

 
 The lower Wellesley, and Brunswick 

under the Register of National 
Estate 
 
 

 Under the System 6 recognized as regional open space for its high 
conservation and recreation value; 

 Listed under the “Agency Statement of important natural resource 
management assets in Western Australia” as high value and high threat 
(State NRM Office 2007). 

  a potential drinking water 
resource for inclusion within 
Water Corporation’s Integrated 
Water Supply System under the 
State Sustainability Strategy 
2003, and is subject to growing 
demands for water extractions 
and diversions for private and 
commercial uses.  

 

Preston River 

 
 

 Listed under the “Agency Statement of important natural resource 
management assets in Western Australia” as medium value and medium 
threat (State NRM Office 2007). 

 

 Considered within the Ocean to 
Preston River Regional Park; 

 Supplies irrigation water for 
horticulture  

Benger Swamp 



International 
significance 

National significance State significance Regional significance 

 This wetland is also 
presently being put 
for consideration by 
the DEC for listing 
under the Ramsar 
convention.  

 

 Listed under the “Directory of 
Important Wetlands” in Australia 
(Environment Australia 2001) 

 DCLM (1992) report that Benger 
Swamp was supporting the highest 
number of Australasian bittern 
recorded from any known locality in 
South Western Australia  at the time 
of the publication. Yet DEC 
(personal communication FEB 
2011) indicate that other wetlands 
now support large populations such 
as Muir Unicup 

 Potential wetland to be listed under 
the Ramsar convention 

 Benger Swamp is an important wetland and conservation area.   
 Listed under System 6 as recommendation number C65 as Class A 

reserve (EPA 1993).   
 It is ranked as one of the 10 most important wetland nature reserves in the 

south West (DCLM 1992).   
 It is one of the only seven known breeding sites in the SW Australia for the 

Freckled duck gazetted as rare under the Wildlife Conservation Action 
(1950)  

 One of the last remaining populations of Australasian Bittern on the west 
coast of WA. (DEC, personal communications, Jan 2011). 

 

 



Appendix E - Phytoplankton communities in the Leschenault 
estuary 
 

Phytoplankton or microscopic algae are a naturally occurring assemblage of primary 
producers in estuaries.  Assessments of phytoplankton communities include biomass 
(measured as total chlorophyll a), density (cells/mL) and community composition (cell 
counts of phytoplankton groups). In the Leschenault estuary, phytoplankton 
assessments have been conducted in the main basin of the estuary and the 
estuarine reaches of the Brunswick, Collie and Preston Rivers.  Samples have been 
collected since 1999, however the monitoring program focus has been on the 
summer, autumn and early winter months between December and June, as such the 
data is concentrated in these months.  Samples collected between 1997 and 1999 
also include the months between June and November (Winter and Spring).  
Phytoplankton biomass (as Chlorophyll-a) 

Chlorophyll a concentrations generally reflect the primary productivity of 
phytoplankton, as Chl a is the primary pigment in microalgae.  River flow can also 
influence chlorophyll a concentrations when plant materials (containing Chlorophyll) 
are transported into the estuary after rainfall events. In the Leschenault Estuary, it 
should be noted that collection methods have also changed over the period of the 
program. Winter and Spring Chl a data were collected as integrated samples over the 
depth of the water column (rather than a surface water sample) which can influence 
concentrations.  Integrated samples may show diluted concentrations in Chl a 
depending on the depth of the water column.  Integrated samples may also show 
elevated Chl a concentrations in instances when phytoplankton (which contain Chl a) 
are positioned in the middle or bottom water column but not in the surface waters.  In 
the context of the data provided, while there may be subtle differences in the data 
distribution for winter and spring which were collected as integrated samples, the 
overall seasonal patterns exhibited by all the data is typical. 

Chlorophyll a concentrations in the Leschenault Estuary are generally low compared 
to the estuarine reaches of the rivers (lower Brunswick, Collie and Preston Rivers) 
(Figure E.1). The ANZECC guideline value for Chlorophyll a, used to assess the 
ecological health of southwest estuaries, is a median value of 0.003 mg/L (ANZECC 
2000). On occasion chlorophyll a concentrations in the middle to upper reaches of 
the estuary exceed 0.003 mg/l in the summer months but in most instances 
concentrations are below 0.003 mg/l.  In the rivers chlorophyll a concentrations 
frequently exceed the guideline value, peaking in the summer and autumn months.  
The highest concentrations of chlorophyll a were recorded in the Brunswick River in 
2008 (0.35 mg/L) and in the Collie River in 2006 (0.12 mg/l).  Seasonal fluctuations in 
Chlorophyll a concentrations are most obvious in the rivers, declining in winter as 
primary productivity of microalgae declines (due to low water temperatures and less 
sunlight for photosynthesis) and river flows increase.  In spring, concentrations of Chl 
a increase again as temperatures and light conditions become more favourable for 
algal growth. 



 

Figure E.1 Median Chlorophyll-a densities between November 1997 and December 
2009. The box represents 50 percent of the data range.  The whiskers 
represent the standard deviation about the median. 

 

Phytoplankton community composition and cell densities  

Phytoplankton assemblages in the Leschenault estuary and the lower reaches of the 
Brunswick, Collie and Preston Rivers consist of a number of groups including 
chlorophytes, chrysophytes, cryptophytes, diatoms and dinoflagellates.  

In the estuary diatoms (orange), a favoured group of phytoplankton, typically 
dominate phytoplankton assemblages. Dinoflagellates, Chrysophytes and 
Cryptophytes were typically low in the estuary. Average cell densities have been 
considerably lower in the Leschenault estuary compared to the estuarine rivers.  

Average cell densities in the estuary between 1997 and 2009 were less than 1000 
cells/ml. Maximum cell densities have only exceeded 10,000 cells/ml on 3 occasions 
over the sampling program and only once have cell densities exceeded 40,000 
cells/ml (December 2000) (Figure E.2).  In each case harmless species of diatoms 
dominated the phytoplankton assemblage. Cell densities exceeding 20,000 cells/ml 
are considered high and also referred to as a phytoplankton bloom. Diatom blooms is 
estuaries are a common phenomenon in spring and early summer, when increasing 
temperatures and longer days favour phytoplankton growth. 
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Figure E.2 Cell densities of dominant phytoplankton groups in the Leschenault 
estuary between November 1997 and December 2009. The red line 
represents typical  

In the Preston, Collie and Brunswick Rivers, dinoflagellates, chlorophytes as well as 
diatoms dominated the composition of phytoplankton assemblages (Figures E3 to 
E5). Cell densities frequently exceed 20,000 cells/ml in the estuarine reaches of the 
Preston, Collie and Brunswick Rivers.  In particular, cell densities exceeding 140,000 
cells per ml were recorded in the Collie River when small chlorophyte cells 
dominated in the water column (Figure E.4).  Dinoflagellate blooms are also 
common, frequently exceeding cell densities of 80,000 cells/ml.  Particular high 
numbers were recorded in the Preston River (Figure E.3) in January 2002 (36,000 
cells/ml dominated by the species Prorocentrum sp.), in the Collie River (Figure E.4) 
in January 2001 (67,000cells/ml dominated by Gyrodimium sp) and May 2002 
(87,000 cells/ml dominated by Katodinium sp.) and in the Brunswick River (Figure 
E.5) in April 2005 (117,000 cells/ml dominated by Karlodinium micrum, a harmful 
species) and in June 2006 (106,000 cells/ml also dominated by K. micrum). 
Dinoflagellate blooms occur in Autumn and Winter when the onset of autumn rains 
results in fresh nutrients for algal growth from drainage and also from the sediments.  
Freshwater inflows cause stratification triggering sediment nutrient release.  
Dinoflagellates have an advantage over other groups as they have motile 
appendages that enable them to move towards the sediment-water interface to 
access these nutrients when available light for photosyhtesis is limited. 
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Figure E.3 Cell densities of dominant phytoplankton groups in the Preston River 
between November 1997 and December 2009. 

 

Figure E.4  Cell densities of dominant phytoplankton groups in the Collie River 
between November 1997 and December 2009. 

 

 

Figure E.5 Cell densities of dominant phytoplankton groups in the Brunswick River 
between November 1997 and December 2009. 
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Harmful algal blooms 

A harmful algal bloom (HAB) is an algal bloom that causes negative impacts to 
other organisms via production of natural toxins, mechanical damage to other 
organisms, or by other means.  

Examples of common harmful effects of HABs in estuaries include: 

• the production of neurotoxins which cause mass mortalities in fish and birds 

• human illness or death via consumption of seafood contaminated by toxic 
algae  

• mechanical damage to other organisms, such as disruption of epithelial gill 
tissues in fish, resulting in asphyxiation  

• oxygen depletion of the water column (hypoxia or anoxia) from cellular 
respiration and bacterial degradation  

A number of harmful algal species have been recorded in the estuary and the rivers 
belonging to the groups: Dinoflagellates, Raphidophytes, Cyanophytes and 
Prasiniophytes (Table E-1). Densities from 1 cell/ml to a few cells/ml depending on 
the species can be enough to trigger health warnings if detected in estuaries. 
  
  

Summary 
 

• Estuary - diatom dominated, with rare/infrequent bloom 
events. 

• Rivers – frequent phytoplankton blooms in particular of 
dinoflagellates.  Most frequently in Autumn but also in 
summer.  Respond to nutrient inputs from summer rains or 
nutrient release from sediments when water column becomes 
stratified. 

• The presence of harmful algal species at trigger levels in all 
reaches of the estuary system, are an indication that the 
system is either under stress or at risk. 
 



Table E-1 Harmful algal species recorded in the Leschenault Estuary and its rivers. 

 

Species Significance Estuary Preston Collie Brunswick 
Dinoflagellates      
Dinophysis acumunata Potential DSP (okadaic acid 

and derivatives, 
pectenotoxins) producer 

Yes    

GKC- 
Gymnodinium/Karenia 
complex  

Potential PSP(saxitoxins) 
producer    Yes 

Karlodinium micrum Potential fish-killing species. 
Potential NSP (brevetoxins 
and derivates) producer 

  Yes Yes 

Rhizosolenia Potential NSP (brevetoxins 
and derivates) producer, 
developed an unpleasant 
bitter taste 

Yes Yes Yes Yes 

Pfiesteria Potential fish-killing species. 
Circumstantially linked to 
(temporary) human health 
problems such as skin 
irritation and cognitive 
impairment (Estuarine 
Associated Syndrome) 
through water or aerosol 
contact. 

   Yes 

Prorocentrum 
cordatum 

Forming red tide, fishy 
odour. Potential DSP 
(okadaic acid and derivates) 
producer. 

 Yes Yes Yes 

Raphidophyte      
Heterosigma sp. Potential fish-killing species, 

brown water discolouration. 
Potential NSP producer 

Yes Yes Yes Yes 

Cyanophytes      
Oscillatoria Potential for irritation when 

abundant 
Yes    

Anabeana Greenish-blue scum and 
odour forming at high 
density 

 Yes   

Coelosphaerum,     Yes 
Anabeanopsis Microcystins. Greenish-blue 

scum and odour forming at 
high density 

   Yes 

Prasoinophyte      
Pyramimonas sp.   Yes   
 
 
 
 
 
 
 
 
 



 
 

 
 

Figure E.6 Total phosphorus, total nitrogen and Chl a concentrations in south west 
estuaries 
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Appendix F – TN and TP status and trends in catchment 
waterways 
TN status and trends in the Brunswick and Collie River basin (612)  

 

 

Site Context name Site name Data record Trend (All)

Status 
(2006-
2008) 

median

Trend 
(2006-08)

Parkerfield Drain

6121173 Leschenault Estuary Parkfield Drain 1996-2008 1.2

6121184 Mangosteen Drain Leitch Road 2006-2008 2.6 Inc

6121220 Wellesley River Hope Ave 2006-2008 3.1

6121221 Bindiup Creek Bernies 2006-2008 1.8

6121187 Mornington Creek Campbell Road 2006-2008 1.6

6121229 Wellesley River Kemerton Bridge 2007-2008 1.85

612039 Wellesley River Juegenup Wellesley 1992-2008 1.45 E. Inc

Trend in residuals E. Inc E. Inc

Upper Brunswick

612047 Brunswick River Beela 1998-2008 0.315

Trend in residuals

6121195 Brunswick River Caravan Park Brunswick 2005-2008 E. Inc 0.39

6121130 Brunswick River Wellesley Road Crossing 2004-2008 E. Inc 0.38

6121203 Elvira Gully Elvira Gully 2004-2008 2.8

612032 Brunswick River Cross Farm 1992-2008 1.2

Trend in residuals

6121162 Brunswick River Brunswick 2 1996-2008 1.2

Lower Collie

612013 Collie River Wellington Flume 2005-2008 0.47

612043 Collie River Rose Road 1995-2008 0.4

Trend in residuals

6121168 Collie River Coll ie 4 1996-2008 E. Dec 0.49

6121222 Henty Brook Henty 2006-2008 0.67

6121223 Canal to Henty Near Henty 2006-2008 1.1

6121225 Millars Creek Millars 2006-2008 1.55

6121226 Collie River Hands Street 2006-2008 1.3

6121230 Traverner Road Canal Hynes Road 2007-2008 2.05

612015 Vindictive Drain Harris Road 1992-2008 2.25

E = Emerging, Inc = Increasing, Dec = Decreasing

Total nitrogen

Wellesley

Lower Brunswick

TN Status TP
> 2.0 mg/L Very high > 0.2 mg/L

> 1.2 - 2.0 mg/L High > 0.08 - 0.2 mg/L

0.75 - 1.2 mg/L Moderate 0.02 - 0.08 mg/L

< 0.75 mg/L Low < 0.02 mg/L



TP status and trends in the Brunswick and Collie River basin (612)  

 
 

 

Site Context name Site name Data record Trend (All)

Status 
(2006-
2008) 

median

Trend 
(2006-08)

Parkerfield Drain

6121173 Leschenault Estuary Parkfield Drain 1996-2008 0.052

6121184 Mangosteen Drain Leitch Road 2006-2008 0.365 E. Inc

6121220 Wellesley River Hope Ave 2006-2008 0.305

6121221 Bindiup Creek Bernies 2006-2008 0.135

6121187 Mornington Creek Campbell Road 2006-2008 0.15

6121229 Wellesley River Kemerton Bridge 2007-2008 0.205

612039 Wellesley River Juegenup Wellesley 1992-2008 0.17 E. Inc

Trend in residuals Inc Inc

Upper Brunswick

612047 Brunsw ick River Beela 2002-2008 0.011

Trend in residuals Dec E. Dec

6121195 Brunsw ick River Caravan Park Brunsw ick 2005-2008 0.012

6121130 Brunsw ick River Wellesley Road Crossing 2004-2008 0.014

6121203 Elvira Gully Elvira Gully 2004-2008 0.42

612032 Brunsw ick River Cross Farm 1992-2008 0.12

Trend in residuals

6121162 Brunsw ick River Brunsw ick 2 1996-2008 0.11

Lower Collie

612013 Collie River Wellington Flume 2005-2008 < 0.005

612043 Collie River Rose Road 1995-2008 0.01

Trend in residuals

6121168 Collie River Collie 4 1996-2008 E. Dec 0.018

6121222 Henty Brook Henty 2006-2008 0.017

6121223 Canal to Henty Near Henty 2006-2008 0.039

6121225 Millars Creek Millars 2006-2008 0.09

6121226 Collie River Hands Street 2006-2008 0.026

6121230 Traverner Road Canal Hynes Road 2007-2008 0.18

612015 Vindictive Drain Harris Road 1992-2008 0.235

E = Emerging, Inc = Increasing, Dec = Decreasing

Total phosphorus

Wellesley

Lower Brunswick

TN Status TP
> 2.0 mg/L Very high > 0.2 mg/L

> 1.2 - 2.0 mg/L High > 0.08 - 0.2 mg/L

0.75 - 1.2 mg/L Moderate 0.02 - 0.08 mg/L

< 0.75 mg/L Low < 0.02 mg/L



TN status and trends in the Ferguson and Preston River basin (611) 

 

 

 

 

 

 

 

Site Context name Site name Data record Trend (All)

Status 
(2006-
2008) 

median

Trend 
(2006-08)

Ferguson

611017 Ferguson River Doudell Road Bridge 1998-2001 0.74

6110055 Ferguson River Canal 2006-2008 2.1

611007 Ferguson River SW Hw y Ferguson 1992-2008 E. Dec 0.805

Trend in residuals E. Dec

Middle/Upper Preston

611001 Preston River Trib Mumballup Road 2006-2008 0.30

6111002 Preston River Bridge No 751 2006-2008 0.83

6110059 Preston River South Mandalay 2006-2008 0.925

611009 Preston River Low den Road Bridge 2006-2008 0.525

Trend in residuals

611111 Thomson Brook Woodperry Homestread 1997-2008 0.73

6110058 Thompson Brook South Brookhampton Road 2006-2008 0.53

6111040 Thompson Brook Donnybrook-Boyup Road 2006-2008 0.465

611005 Preston River Upstream Joshua Creek 2006-2008 0.345

6110056 Joshua Creek Joshua 2006-2008 0.56

611004 Preston River Boyanup Bridge 1987-2008 E. Dec 0.33 E. Inc

Trend in residuals E. Dec

6111043 Preston River Preston 1 1996-2008 0.42 E. Dec

Lower Preston

6110060 Rec Rd Recreation Road 2006-2008 0.8

6111035 Crooked Brook South West Hw y 2006-2008 1.5

6111058 Preston River Dardanup Road 2006-2008 0.335

6111059 Canal Meadow  Road 2006-2008 1.9

6121232 Charterhouse Street St Marks Park Lake 2007-2008 1.1

Coastal

6121231 Punchbow l Canal Hayw ard Road 2007-2008 2.1

E = Emerging, Inc = Increasing, Dec = Decreasing.

Total nitrogen

TN Status TP
> 2.0 mg/L Very high > 0.2 mg/L

> 1.2 - 2.0 mg/L High > 0.08 - 0.2 mg/L

0.75 - 1.2 mg/L Moderate 0.02 - 0.08 mg/L

< 0.75 mg/L Low < 0.02 mg/L



TP status and trends in the Ferguson and Preston River basin (611)  

 

 
 
 

Site Context name Site name Data record Trend (All)

Status 
(2006-
2008) 

median

Trend 
(2006-08)

Ferguson

611017 Ferguson River Doudell Road Bridge 1998-2001 0.021

6110055 Ferguson River Canal 2006-2008 0.17

611007 Ferguson River SW Hw y Ferguson 1992-2008 0.026

Trend in residuals

Middle/Upper Preston

611001 Preston River Trib Mumballup Road 2006-2008 0.006

6111002 Preston River Bridge No 751 2006-2008 0.01 E. Inc

6110059 Preston River South Mandalay 2006-2008 0.028

611009 Preston River Low den Road Bridge 2006-2008 0.011

Trend in residuals

611111 Thomson Brook Woodperry Homestread 2002-2008 0.016

6110058 Thompson Brook South Brookhampton Road 2006-2008 0.0165

6111040 Thompson Brook Donnybrook-Boyup Road 2006-2008 0.011

611005 Preston River Upstream Joshua Creek 2006-2008 0.01

6110056 Joshua Creek Joshua 2006-2008 0.018

611004 Preston River Boyanup Bridge 1983-2008 0.012

Trend in residuals

6111043 Preston River Preston 1 1996-2008 0.021

Lower Preston

6110060 Rec Rd Recreation Road 2006-2008 0.023

6111035 Crooked Brook South West Hw y 2006-2008 0.06

6111058 Preston River Dardanup Road 2006-2008 0.011

6111059 Canal Meadow  Road 2006-2008 0.12

6121232 Charterhouse Street St Marks Park Lake 2007-2008 0.028

Coastal

6121231 Punchbow l Canal Hayw ard Road 2007-2008 0.066

E = Emerging, Inc = Increasing, Dec = Decreasing.

Total phosphorus

TN Status TP
> 2.0 mg/L Very high > 0.2 mg/L

> 1.2 - 2.0 mg/L High > 0.08 - 0.2 mg/L

0.75 - 1.2 mg/L Moderate 0.02 - 0.08 mg/L

< 0.75 mg/L Low < 0.02 mg/L



Appendix G – Model Refinements 

The WaterCAST model used for this WQIP has been refined since the previous 
version, which was discussed in WaterCAST nutrient modelling of the Leschenault 
catchment (Marillier 2010). The major modifications are listed below: 

• The Wellesley subcatchment was divided into four regions to report nutrient 
export at a finer spatial resolution. The Parkfield Drain and Punchbowl Canal 
catchments were delineated to assist in model calibration and improve spatial 
resolution. 

• Dairy sheds were included as point sources within the catchment. 

• DEC licensed polluters, and waste water treatment plants were modelled 
using a time-series of discharge with a fixed concentration, rather than as a 
monthly load with no discharge.  

• Nutrient input rates for diffuse sources were made consistent with input used 
in CMSS modelling by Kelsey (2010) for most land uses. 

• All diffuse sources and point sources were modelled as either low or high 
PRI, with associated nutrient leaching rates. 

• The model was recalibrated, and leaching parameters were kept consistent 
throughout the catchment (i.e. higher or lower leaching rates were not applied 
to specific catchments, with the exception of the Wellesley subcatchment). 

These modifications and their affect on model calibration and results are discussed 
below. 
Modification of subcatchments 

The WaterCAST model was re-constructed with several new subcatchments. The 
Wellesley subcatchment was split into four, to help identify nutrient export hotspots in 
the area. The division of the catchment was based on major drains, including the 
Mangosteen drain.  

The Parkfield Drain and Punchbowl Canal subcatchments were created within the 
Estuary Foreshore, and Coast subcatchments respectively.  
Inclusion of dairy sheds 

The Department of Agriculture and Food WA identified 41 dairy sheds within the 
Leschenault catchment. Detailed information on the number of milking cows per 
shed, and effluent management for each property was not available. Given the large 
number of sheds it was deemed important to estimate their load contribution at 
catchment scale, even if individual property information was not available. An 
average annual load per dairy shed was calculated using the following steps: 

1. WA milk suppliers provided information on the volume of milk supplied by 
dairies within the Leschenault catchment. This was used to estimate the 
number of dairy cows needed to supply the volume of milk. 

2. These cows were divided evenly amongst the 41 sheds located within the 
catchment (approximately 240 cows per shed). 



3. Victorian studies of dairy shed effluent estimated 3.2 kg of TN and 0.64 kg of 
TP are supplied per cow per year (Hopkins and Waters, 1999), based on time 
spent in or around the dairy shed. These values were used to estimate the 
total input load per dairy shed, of 768 kg of TN and 154 kg of TP for 240 
cows. 

4. Dairy sheds were included in the model in the form of a flow timeseries and 
fixed concentration to deliver the correct annual load of TN and TP each year, 
with most load delivered in winter (see Figure G-1). 

5. A total discharge of 1 ML per year was assumed from each dairy shed. Based 
on water use of 50 L per cow per day (Dairy NZ, 2006), around 4.3 ML of 
water is likely to be produce in washdown – however, much of this water is 
likely to evaporate in effluent ponds or be reused – hence the lower discharge 
estimate.     

6. An export rate of 29% of inputs for TN and TP was assumed for all dairy 
sheds.  

 

 

Figure G-1 Timeseries of nutrient load and flow for a single dairy 

The estimated loads from dairy sheds could be improved with more detailed 
information; however, collecting the necessary data from each property owner was 
outside the scope of the modelling project. The export rates were determined by 
calibrating to observed concentrations of nutrients in the Wellesley and Mid 
Brunswick catchments, which have a high density of dairies. Previous models which 
excluded the dairy sheds could not account for the high concentrations of TN and TP 
in these catchments, and inclusion of the dairy sheds accounts for the additional load 
generated.  
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Use of timeseries concentration and discharge for point sources 

Timeseries information on discharge and concentration was not provided by DEC for 
licensed premises in the catchment. However, total annual flow and median 
concentration of TN and TP were provided. These were included in the model by 
applying the annual flow throughout the year based on the curve shown in Figure G-2 
such that more nutrient load was delivered in winter. Concentration in discharge was 
assumed to remain constant. Figure G-2 shows the annual flows and concentrations 
expected from each point source. 

 

 

Figure G-2Standard curve used to apply annual discharge at monthly timestep 

Table G-1 Annual flows, loads and concentrations for point sources 

 

The Water Corporation provided data on the daily (or monthly) discharge and 
concentration from each of the WWTPs within the Leschenault catchment. This 
timeseries information has been incorporated into the new version of the model at 
monthly timestep. 

For some WWTPs data was not available for the entire modelling period. In these 
cases, the earliest year on record was repeated for each of the previous years, such 
that a continuous timeseries of discharge was created for the period 1998 – 2007.For 
each WWTP the average concentration in discharge for TN and TP was used as 
model input. Timeseries of discharge and average concentrations for each WWTP 
are shown below in Table G-3. 
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Point source Flow (ML/yr) TN (kg/yr) TN conc (mg/L) TP (kg/yr) TP conc (mg/L)
Dardanup Butchering Company Nominees Pty Ltd 23 1848 81.8 746 33.0
Fonterra Brands Australia (P&B) Pty Ltd 81 2066 25.5 608 7.5
Willow Bridge Estate 1.4 62 44.4 26 18.5
Preston River Abattoir 21.5 3118 145.0 366 17.0
CA & MJ Jenour 8.7 661 76.0 405 46.5
V&V Walsh 198 29700 150.0 3960 20.0



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure G-3 Discharge from WWTPs within the Leschenault catchment 
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Modified input loads for diffuse sources 

Input loads for diffuse sources were made consistent with input rates identified by 
Kelsey (2010) in CMSS modelling of the catchment.  

The exception is for horticulture, and urban residential land uses, for which TP input 
rates were reduced, as modelled concentrations in runoff from these land uses 
resulted in excessively high concentrations of TP in Parkfield Drain (which drains a 
horticultural area) and Punchbowl Canal (which drains a large urban catchment).  

Plantation and uncleared native vegetation were included as separate land use 
categories, and native vegetation was assigned a small input load for phosphorus 
and nitrogen, so as to meet observed TP concentrations in uncleared catchments 
and account for trace concentrations of these nutrients. 

Table G-2 lists input loads and concentration in runoff for each land use and soil type 
considered within the model. 



Table G-2 diffuse land use, load and concentration 

 
  

Land use

TN
load on

(kg/ha/yr)

TP
load on

(kg/ha/yr)

TN 
concentration

off (mg/L)

TP 
concentration

off (mg/L)

Land uses on high PRI soils

Annual horticulture 120.000 35.000 2.270 0.114

Aquaculture 0.065 0.001 0.001 0.000

Cattle for beef 72.000 9.700 1.362 0.031

Cattle for dairy 161.300 29.640 3.052 0.096

Non res. Urban 5.000 1.000 0.095 0.003

Horses 70.100 13.200 1.326 0.043

Urban residential 109.500 13.000 2.072 0.042

Lifestyle block / hobby farm 49.200 3.400 0.931 0.011

Perennial horticulture - trees 9.400 5.400 0.178 0.018

Quarry / extraction 0.000 0.000 0.000 0.000

Recreation - grass 175.000 35.000 3.311 0.114

Recreation - turf 350.000 70.000 6.622 0.227

Recreation / conservation 9.000 0.600 0.170 0.002

Turf farm 432.800 14.500 8.188 0.047

Unused - cleared - grass 0.000 0.000 0.000 0.000

Viticulture 9.000 6.970 0.170 0.023

Water body 0.000 0.000 0.000 0.000

Plantation 15.000 8.200 0.284 0.027

Land uses on low PRI soils

Cattle for beef Low PRI 72.000 9.700 1.362 0.393

Cattle for dairy Low PRI 161.300 29.640 3.052 1.202

Non res. Urban low PRI 5.000 1.000 0.095 0.041

Horses Low PRI 70.100 13.200 1.326 0.535

Urban residential Low PRI 109.500 13.000 2.072 0.527

Lifestyle block / hobby farm Low PRI 49.200 3.400 0.931 0.138

Perennial horticulture - trees Low PRI 9.400 5.400 0.178 0.219

Quarry / extraction Low PRI 0.000 0.000 0.000 0.000

Recreation - grass Low PRI 175.000 35.000 3.311 1.419

Recreation - turf Low PRI 350.000 70.000 6.622 2.838

Recreation / conservation Low PRI 9.000 0.600 0.170 0.024

Turf farm Low PRI 432.800 14.500 8.188 0.588

Unused - cleared - grass Low PRI 0.000 0.000 0.000 0.000

Viticulture Low PRI 9.000 6.970 0.170 0.283

Water body Low PRI 0.000 0.000 0.000 0.000

Plantation Low PRI 15.000 8.200 0.284 0.332



Leaching rates 

The model was recalibrated after changing inputs by updating leaching rates for 
diffuse sources, point sources and dairies. Table G-3 shows the leaching rates used 
in the model. These were applied equally to all point or diffuse sources, with the 
exception of diffuse sources within the Wellesley subcatchment, which required 
slightly higher leaching rates for TP in order to meet observed concentrations in the 
Wellesley and Brunswick Rivers. Previously, higher leaching rates for low PRI soils 
were not applied to all land uses, and this has been corrected in this version of the 
model. 

Table G-3 Leaching rates for point and diffuse source 

 
 
Calibration and results 

Calibration results for TN and TP are shown in Table G-4 and Figure G-4 below. 
Modelled winter median concentrations were fairly consistent with observations for 
most catchments. Very low TP concentrations were difficult to model accurately.  

Results from this version of the model are very similar to the previous version. The 
model estimates that slightly less TN and around one third more TP are exported 
from the catchment. 

  

High PRI Low PRI High PRI Low PRI High PRI Low PRI High PRI Low PRI
TN 3.5% 3.5% 20.0% 40.0% 29.0% 29.0% 3.5% 3.5%
TP 0.6% 7.5% 0.6% 15.0% 29.0% 29.0% 0.075% 9.0%

Dairy sheds

Leaching rate

WellesleyDiffuse sources Point sources



Table G-4 Calibration results   

 
 

 

Figure G-4 Observed and modelled median winter concentrations for calibration 
sites  

 

  

Catchment Gauge ID
Observed

(mg/L)
Modelled

(mg/L)
Observed

(mg/L)
Modelled

(mg/L)

Parkfield 6121231 1.20 1.39 0.052 0.056

Brunswick Upper 1 612047 0.32 0.31 0.011 0.007

Collie Lower 2 612043 0.40 0.43 0.010 0.013

Lower Ferguson 611007 0.80 0.76 0.026 0.034

Mid Brunswick 612032 1.20 1.11 0.120 0.118

Mid Preston 611004 0.53 0.60 0.012 0.014

Thomson Brook 611111 0.73 0.48 0.016 0.012

Upper Ferguson 611017 0.74 0.68 0.021 0.019

Upper Preston 611009 0.53 0.49 0.011 0.011

Wellesley 612039 1.45 1.58 0.170 0.162

TN TP

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1.40

1.60

1.80

0.00 0.40 0.80 1.20 1.60

M
od

el
le

d 
TN

 c
on

ce
nt

ra
tio

n 
(m

g/
L)

Observed TN concentration (mg/L)

0.000

0.020

0.040

0.060

0.080

0.100

0.120

0.140

0.160

0.180

0.000 0.040 0.080 0.120 0.160

M
od

el
le

d 
TP

 c
on

ce
nt

ra
tio

n 
(m

g/
L)

Observed TP concentration (mg/L)



References  

Hopkins, D, Waters, C 1999, Dairy Effluent: Application to Pastures, Department of 
Primary Industries, Victoria. 

Dairy NZ 2006 How much water am I adding to my effluent? Dairy NZ, viewed May 
2010, <http://www.dairyaustralia.com.au>.  

  

 



Appendix H – Nutrient sources in each subcatchment 

Surface areas, nitrogen load and phosphorus load contribution per land use for all 
reporting subcatchments. 
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Appendix I – Extent of hydrodynamic model domain for estuary 
receiving model currently being implemented by CSIRO and 
Department of Water 

 

 

 

 



Appendix J – DAFWA guidance for fertcare accredited advisors 
for grazing industries  

(After Windsor et al. 2010)  

For the Grazing industries: Guidance for Fertcare Accredited Advisers making 
phosphorus recommendations for grazing industries in the Fertiliser Action 
Plan Policy: 

• Fertiliser recommendations must be made on the basis of a soil test for the 
paddock or management unit that the recommendation addresses.  The test 
should preferably use samples taken within the past twelve months but  
certainly within the last three years; 

• Soils samples must have been collected according to the procedures set out 
in Russel, W. K. (2010) Soil testing high rainfall pastures.  Farm note 418, 
Department of Agriculture and Food, South Perth. 

• Soil samples must have been analysed by a laboratory certified for soil 
phosphorus analysis by the Australasian Soil and Plan analysis Council 
(ASPAC).  A list of laboratories can be found at : http://www.aspac-
australasia.com/index.php?option=com_labproficiency&Itemid=126&analyte= 

• Soil test phosphorus concentrations should be expressed as mg/kg of 
phosphorus extracted using the Colwell procedure.  Soil phosphorus sorption 
capacity should be expressed as the Phosphorus Buffering Index (PBI) or the 
Phosphorus retention Index (PRI) Based on ASPAC approved procedures; 

• Phosphorus should not be recommended for applications to soils with a pH 
below 5.5 as measured in calcium chloride without an accompanying 
recommendation for lime or other soils amendments to raise pH. Application 
of P to soils with a pH level expected to induce aluminium toxicity (<4.5).  
Recommending additional phosphorus to overcome response limitations due 
to acidity should be avoided; 

• Phosphorus application should aim to maintain soil P close to critical levels.  
Phosphorus application should not be recommended when soil test 
phosphorus levels exceed 110% of the critical values set out in Table A-1. 
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Table A-1  Critical soil test phosphorus levels for the Coastal Plain of Western 
Australia (December 2009) 

PBI Range (no units) Critical Colwell soil Test 

P (mg/Kg) 

<5 10 

5-10 15 

10-15 20 

15-35 25 

36-70 29 

71-140 34 

141-280 40 

281-840 50 

Greater than 840  

• The critical values in the table should be sufficient to support 95% of potential 
pasture production at most sites in the policy area.  Advisers may choose to 
manage to lower critical values where their knowledge of local conditions or 
system intensity makes that appropriate 

• The quantity of phosphorus recommended for application to site where soil 
test phosphorus is less than 110% of the critical values set down in Table 1 
will be determined by the adviser. 

• Phosphorus recommendations will be made in the context of the site specific 
requirements for other plant nutrients. 

 



Appendix K – Proposed characterisation scheme for Swan 
Coastal Plain soil amendment material  

(After Wendling and Douglas 2010) 

 

 
 

Basic Requirements

• MSDS describing chemical and physical properties of the material and 
providing advice on safe handling and use of the material;

•Information on material source and documentation of process used to generate 
the material;

•Information on intended material application (application for registration 
document/propforma)

Primary Characterisation

•Geochemistry, including major and trace elements,nutrients and 
organic carbon content;

•Mineralogy

•Radioactivity;

•Phosphorus retention index (PRI/phosphorus buffering index (PBI)

Secondary characterisation

•Column and /or pilog scale field trial to further validate fit for purpose 
use

•Comprehensive assessment of projected life cycle of material

Tertiary characterisation

•Column and /or pilot scale field trial to further validate fit for 
purpose use;

•Comprehensive assessment of projected life cycle of material 

Registration for use

•Define conditions of use including any limitations and reuse 
or disposal where applicable

•Generate necessary supporting documentation for NRM 
agency/Industry/domestic product use on SCP



Appendix L – Septic infill cost benefit for targeted sites in 
Australind and Bunbury 

The Water Corporation was consulted regarding the cost of infill in targeted areas, 
shown in Table L-1. 

The cost estimates provided by the Water Corporation, and the modelled load 
reduction are shown in Table L-1. 

 

 

Table L-1 Load reductions achieved with proposed infill areas and costs  

  

Proposed infill area

TN 
reduction

(kg)

TP 
reduction

(kg)

TN 
reduction

(kg)

TP 
reduction

(kg)

TN 
reduction

(kg)

TP 
reduction

(kg)

TN 
reduction

(kg)

TP 
reduction

(kg)

Cost**

South Bunbury 3347 80 - - - - 3347 80 Not provided

Australind - - 1492 212 1082 89 2574 301 7,709,365$          

Australind East - - 1969 276 281 24 2251 299

Australind West - - 71 1 849 34 920 35

*Note that nutrient leaching rates for Australind may be higher then calculated in modelling, as septics in this area are likely to intersect groundwater.
**Cost of infill area provided by Water Corporation, additional costs of $15,481,772 apply to Australind infill areas collectively. This would be 
considerably less if the Australind East and West areas were not included in the infill program.

Coast Collie Lower 1 Estuary Foreshore Total*

31,685,499$       



 

Figure L-1 Map of proposed infill areas 

 



Appendix M – Example of a report card produced for the 
Leschenault Estuary in 2006 

(After McKenna 2007) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Interim Report Card 2006 
Subject : Ecosystem Health in Leschenault Estuary   

Environmental Quality Indicators Management 
Response* 

Comments 

Ph
ys

ic
al

 a
nd

 
C

he
m

ic
al

 
M

ea
su

re
s 

Turbidity/Light Attenuation 
Dissolved Oxygen 
pH 
Salinity 
Temperature 

 1996-1999: Monthly sampling of 4 sites 
2000-2006: Fortnightly sampling of 2 sites 
between November and May 
Salinity stratification pronounced during 
summer in the absence of catchment 
freshwater inputs. 

 
 
 
 

In
di

re
ct

 B
io

lo
gi

ca
l 

M
ea

su
re

s 

Algal Growth Potential  
Total Nitrogen (TN) 
Total Phosphorous (TP) 
Nitrate 
Nitrite 
Ammonium 
Filtered Reactive Phos. 

 Sampling regime as above.  
 
Mean Total Nitrogen – 0.19 mg/L 
Mean Total Phosphorous – 0.02 mg/L 
(based on 2004-2006 moving median) 
 
Nutrients considered to be ‘Low’ in 
concentration. 

 
 
 
 
 
 

D
ire

ct
 B

io
lo

gi
ca

l 
M

ea
su

re
s 

Phytoplankton Blooms 
Identify Phytoplankton  
Chlorophyll a, b and c 
 
Seagrass 

 Fortnightly sampling of 4 sites within 
estuary between November and April. 
Last bloom was a non-toxic bloom of the 
diatom Cyclotella in December 2000. 
See Recommendation for further 
investigation # 4 (Section 3.6.1) for 
research requirements. 

 
 
 

Fi
sh

  
Ki

lls
 

Response and Investigation  No fish kills recorded to date. 
 
Management response as required. 

To
xi

ca
nt

s 
in

 
W

at
er

 

Metals and Metalloids 
Organics 
Pesticides 
Herbicides and Fungicides 
Hydrocarbons 

 Absence of previous studies. 
 
See Recommendation for further 
investigation # 5 (Section 3.6.1) for 
research requirements.  

 
 
 
 

To
xi

ca
nt

s 
in

 
Se

di
m

en
t 

Metals and Metalloids 
Organics 
Pesticides 
Herbicides and Fungicides 
Hydrocarbons 
Algal Spores 

 Absence of previous studies. 
 
See Recommendation for further 
investigation # 5 (Section 3.6.1) for 
research requirements.  

 
 
 
 
 

LEGEND 
* Management Response (Note: All management responses are subject to funding) 

 Monitor – Below guideline; continue monitoring 
Investigate – Investigate and where necessary, take precautionary action 
Action Required – above standard; initiate response 
Research – Additional information required to establish environmental state and/or criteria 
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