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Executive summary 
The Toby Inlet Sediment Study was undertaken by Ottelia Ecology on behalf of the City of Busselton, and 

contributes to the implementation of the Toby Inlet Waterway Management Plan (City of Busselton, 

2019).  The study was funded via ōȅ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ²ŀǘŜǊ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ wŜƎǳƭŀǘƛƻƴΩǎ ό5²9wύ 

Revitalising Geographe Waterways Program. The specific aims of the study were to: 

1. Identify the priority areas for sediment management within Toby Inlet. 
2. Determine sediment composition and volume for these areas, building on previous sediment 

investigations.  
3. Assess potential outcomes and impacts of sediment removal from priority areas. 
4. Undertake an assessment of the feasibility of removing sediment and evaluate the likely costs 

and benefit of strategic sediment removal. 

Sediments in Toby Inlet 

Four zones of sediment condition were identified in Toby Inlet, with priority for sediment removal 

allocated to Zones 2 (from McDermott St to east end of Wilson Ave) and 3 (between McDermott St and 

the Footbridge). Together these zones occupy a length of 3.7 km.  A total of 60300 m3 of soft sediment, 

comprised of monosulfidic black ooze (MBO) has accumulated in this area and areas where sediment 

was at least 80cm deep were recorded in both zones.  The total sediment accumulation roughly equates 

to 2.8 times the average annual amount of seagrass wrack deposited from seagrasses meadows onto 

Geographe Bay beaches (Oldham et al 2010). 

Accumulated MBO sediment in Zones 2 and 3 was found to be having multiple severe impacts over a 

significant proportion of the Toby Inlet.  These include physical degradation of the estuary with loss of 

habitat for both fish and waterbirds; potential ongoing impacts on water quality; loss of amenity; and 

the loss of recreational access. High total organic carbon sediments in Toby Inlet likely reflects excessive 

macroalgal growth and decay which contributes to poor estuarine sediment health. Build-up of organic 

sediments creates an internal nutrient source and may have contributed to past low oxygen in the inlet. 

Although recent improved management of the Toby Inlet mouth by opening the sand bar has improved 

water quality, the legacy of past regular macroalgae blooms has left the majority of the inlet with very 

poor habitat quality and virtual complete loss of macrophytes from the system. The restoration of 

habitat values in Toby Inlet is unlikely to be achieved without removal of accumulated black sediment.   

Removal of sandy sediments accumulated in the upper inlet (Zone 1) was not recommended so as to 

preserve the threatened ecological community of subtropical and temperate coastal saltmarsh, and in 

recognition that sediments here were associated with a lower level of amenity and ecological impact. 

Rehabilitation of Zone 1 is recommended as an alternative to removal.  Sediments in Zone 4, located 

downstream of the footbridge were mainly sandy, with minimal MBO deposits. However, removal of 

accumulated seagrass wrack mixed with sand is recommended to improve tidal water exchange. 

Importantly, the acid neutralising capacity of sediments in Toby Inlet was found to substantially exceed 

potential acidity, meaning disturbance of sediment is highly unlikely to result in acidification issues. 

Further, heavy metal concentrations in sediment samples were all below ecosystem protection criteria.  

These findings are important as previous studies recommended against removal of sediment due to 

concerns about the potential for acidification and subsequent release of heavy metals. The potential for 



 
Ottelia Ecology 

deoxygenation of the water column remains an important potential impact of concern associated with 

sediment disturbance. 

Sediment management approaches 

Six different sediment management approaches were evaluated.  The two approaches recommended in 

this report involve staged removal of sediment from zones 2 and 3, working progressively from 

downstream to upstream, combined with removal of the small island of accumulated seagrass wrack 

downstream of the footbridge.  This approach, while likely very costly, was considered to have the best 

chance of restoring habitat and amenity values of the inlet and could be staged in a way that reduces 

the risk of fish becoming separated in isolated pools at low tide.  

Other approaches evaluated included: leaving sediment in-situ; deepening the mouth of the inlet; 

removing small isolated zones of sediment and removing sediment from zone 2 only. Each of these 

options have merits, but were set aside due to concerns related to effectiveness in solving the identified 

issues caused by accumulated sediment; the fluid consistency of sediment, which can easily flow back 

into small zones of removal; and potential adverse effects on water quality of the inlet during summer, 

particularly at low tide. 

Sediment removal options 

The substantial volume of sediment that has accumulated in Toby Inlet presents a logistical challenge for 

any future removal project.  It is important to avoid potential impacts on sensitive seagrass meadows in 

Geographe Bay and to minimise the extent and duration of drops in dissolved oxygen that could pose a 

risk to fish and other aquatic life. Accordingly, any future sediment removal process should be 

undertaken with a slow and staged approach, possibly over a period of five to ten years so as to carefully 

manage the potential impacts associated with disturbing these sediments during removal. 

Sediment removal from zones 2 and 3 was found to be feasible, despite the challenges presented by the 

substantial volume to be removed. Three techniques are recommended for pilot projects, with each 

being suitable for different locations in the inlet.  Small scale pilot projects will enable evidence of likely 

effectiveness and impacts to be gathered.  The three techniques are: 

¶ Suction pump sediment and dewater using mobile containerised filter press system.  This 

involves using suction pump to remove sediment to temporary holding tanks, adding flocculent 

and dewatering using a mobile compact filter press.  Mobile compact technology would need to 

be moved to a number of stations along the inlet for this to occur (Zones 2 and 3). 

¶ Slow and staged sediment raking to enable natural flow to move sediment into the ocean during 

winter (Zone 3 only).  This involves using a purpose built device attached to a small boat to 

mechanically stir sediment under high flow conditions in winter thereby allowing controlled, 

staged dispersal to sea. 

¶ Suction pump to liquid waste disposal tankers and transport to wastewater treatment plant 

(WWTP) (Zone 2 only). This involves the use of liquid waste disposal trucks to pump sediment 

slurry and transport for disposal to the Quindalup WWTP. 

Of the three techniques recommended sediment raking was found to have the lowest likely cost of 

implementation, though has the greatest potential to reduce dissolved oxygen in water around the 
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disturbance area.  The extent, duration and outcomes of such impacts would require evaluation through 

small scale pilot projects. Potential impacts on seagrass meadows from this technique would need to be 

mitigated through careful selection of both timing and scale of works undertaken. 

The used of liquid waste disposal trucks to remove and transport sediment from the inlet to a waste 

water treatment plant was recently undertaken with success in the Vasse Estuary exit channel. There 

are few expected negative impacts from this technique but its potential is limited to Zone 2 during 

summer at low tide, when there is minimal water covering sediments.  Even under these conditions this 

option is likely to have the highest cost of implementation given the extensive transport costs. 

The use of a mobile, compact containerised filter system has potential to greatly reduce transport costs 

yet there are limited available hire options in Western Australia.   An expression of interest process to 

invite technology companies to present a cost effective solution for hire (or sale) to the City of Busselton 

is recommended. 

Recommendations 

Considering the outcomes of sediment investigations, current and future impacts of sediment 

accumulation in Toby Inlet, and assessment of sediment removal options, recommendations are as 

follows: 

1. Sediment removal from Toby Inlet should be pursued to restore ecological values and amenity, 

targeting Zone 3 as a priority, followed by Zone 2. 

Removal would require a staged approach starting at the lower end of the Inlet and progressively 

moving upstream. 

Such works should only be commenced subject to consultation with the South West Land and Sea 

Council and in accordance with State Government approvals processes. 

2. Further evaluate the potential for sediment raking to remove sediment through a small scale pilot 

project in the downstream end of Zone 3 during high flow conditions in winter, when dissipation of 

flows from the Inlet into Geographe Bay are likely to be rapid.  This would be facilitated by the 

following actions: 

- Monitoring of this pilot for effectiveness and water quality impacts both within downstream 

areas of Toby Inlet and in nearshore areas of Geographe Bay to enable informed evaluation 

of the likely impacts of wider scale staged sediment raking. 

- Prior to commencement of this project, removal of the small island of seagrass wrack mixed 

with sand that is located downstream of the footbridge (in Zone 4) would improve tidal 

water exchange and outward flow of suspended sediment. 

- Flow velocity data collection in the Toby Inlet during winter would aid in the evaluation of 

sediment raking and future sediment removal proposals.   

 

3. Develop pilot projects for direct sediment removal from Zones 2 and 3 in the Toby Inlet to further 

inform appropriate techniques and costs for larger scale removal, including:  

- Suction pump sediment and dewater using mobile containerised filter-press system.  (Zones 

2 and 3). Expressions of interest would be required to access a suitable dewatering plant. 
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- Suction pump to liquid waste disposal tankers and transport to WWTP (Zone 2 only).  

4. Develop a larger and longer term program of sediment removal for Toby Inlet to be developed 

based on the outcomes and key findings from the pilot projects. In addition, such a program would 

require: 

- Measurements of the salinity of sediments in Toby Inlet be made during winter to assist in 

evaluating potential re-use options for sediment.   

- Undertake site assessments and consultation with landholders adjoining Toby Inlet to 

identify potential locations for short term dewatering stations along the inlet. 

- Preparation of an acid sulfate soils management plan.  

- Liaison with the Department of Water and Environmental Regulation to outline the aims of 

sediment removal being for restoration purpose, and to confirm the approvals processes in 

this context. 

5. Undertake weed control and rehabilitation through revegetation of appropriate local native species 

in Zone 1, rather than removing sediments, so as to preserve the threatened ecological samphire 

community and maintain shallow feeding habitat for shore birds. 
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Background and scope 
Toby Inlet is a unique and highly-valued estuary in Quindalup, Western Australia that is recognised for 

its regionally significant ecological, rural landscape and cultural values (WAPC, 1998). The accumulation 

of sediments in Toby Inlet has led to strong community concern regarding the loss of social and 

ecological values of the Inlet over the past twenty years, or more.  Catchment development, 

hydrological changes, high nutrient inputs and a history of severe macroalgal blooms have led to an 

accumulation of both sandy sediments and fine, black, sulfidic sediments known as monosulfidic black 

ooze (MBOs). Concern about the impacts of these sediments has persisted and intensified over the past 

ten years or more, and a recent community views study identified sedimentation as the primary issue of 

concern regarding management of Toby Inlet (Andrew Huffer and Associates, 2016).  Issues arising from 

these sediments include reduced visual amenity, unpleasant odours, reduced on-water recreational 

access, loss of recreational fishing values and impeded fish passage.   

In 2019 the Toby Inlet Waterway Management Plan (City of Busselton, 2019) identified the need to 

manage existing sediment in the inlet to improve water quality, water flow and amenity of the inlet. The 

plan identified the investigation of sediment removal from the inlet as a key management strategy with 

actions to include the following: 

¶ Define priority areas for sediment management and determine sediment composition and 

volume for these areas, building on previous sediment investigations. 

¶ Assess potential outcomes and impacts of sediment removal from priority areas and undertake 

a cost benefit analysis of strategic sediment removal. 

¶ Assess whether sediment agitation would facilitate mobilisation and flushing of sediment 

deposits from Toby Inlet.  

In November 2020, the City of Busselton commissioned Ottelia Ecology to undertake a study of the Toby 

Inlet sediments ǿƛǘƘ ŦǳƴŘƛƴƎ ǇǊƻǾƛŘŜŘ ōȅ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ²ŀǘŜǊ ŀƴŘ 9ƴǾƛǊƻƴƳŜƴǘŀƭ wŜƎǳƭŀǘƛƻƴΩǎ ό5²9wύ 

Revitalising Geographe Waterways Program. The specific aims of this study were to: 

¶ Identify the priority areas for sediment management within Toby Inlet. 

¶ Determine sediment composition and volume for these areas, building on previous sediment 
investigations.  

¶ Assess potential outcomes and impacts of sediment removal from priority areas. 

¶  Undertake an assessment of the feasibility of removing sediment and evaluate the likely costs and 
benefit of strategic sediment removal. 

The outcomes of the study are expected feed into strategic decision making by the City of Busselton 

regarding future management of sediments within Toby Inlet, help inform whether removal of 

sediments should be attempted (or not), and assist in responding to ongoing community concerns 

regarding sedimentation of the inlet.   
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The study area 

Description and values 

Toby Inlet is a small estuary located near the town of Dunsborough, Western Australia, about 250 km 

South of Perth. The Inlet has an unusual estuarine morphology, being an elongated channel that flows 

parallel to the coastal dunes for over 5.5 km (Figure 1).  This long stretch of water lies adjacent to Caves 

Road, thereby providing an important scenic focal point to the entrance of the Dunsborough town site, a 

popular tourist destination in WA.  Upstream of Caves Road, Toby Inlet extends to a chain of wetlands 

that are seasonally inundated and are unaffected by tidal exchange.  This sediment study was limited to 

the tidal channel downstream of the Caves Road Bridge. The catchment comprises a combination of 

land uses including urban, light industry, rural residential (lifestyle blocks) and agricultural areas. Urban 

residences adjoin a large portion of the foreshore. 

 

Figure 1: Aerial view of Toby Inlet (COB, 2019) 

Toby Inlet is seasonally open to Geographe Bay, a sheltered, north facing marine embayment that forms 

part of the Ngari Capes Marine Park and supports large and diverse temperate seagrass meadows.  The 

inlet provides similar ecological functions to other sheltered bar-built estuaries in south-western 

Australia.  Importantly, it is one of only two natural discharge points providing a link between marine 

waters and estuarine habitat in southern Geographe Bay.  The other is Wonnerup Inlet to the north, 

which forms part of the Ramsar-listed Vasse Wonnerup wetland system. All waterways between these 
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systems have been artificially cut through to the ocean, and their straight drainage channels that lie 

perpendicular to the coast do not replicate the form or function of natural estuaries.  

The aquatic environment of Toby Inlet provides habitat for fish, waterbirds, frogs, and aquatic 

macroinvertebrates (COB, 2019).  Despite a relatively narrow foreshore, the fringing vegetation along 

the banks of the inlet are largely in good condition (Clay, 2006; COB, 2019), which is unusual for an 

urbanised estuary.  Vegetation on foreshore reserves of the inlet provide important habitat for the 

threatened Western Ringtail possum and Quenda. The Coastal Saltmarsh Threatened Ecological 

Community occurs in some parts of the inlet (COB, 2019).  

Toby Inlet has experienced water quality issues over a long period of time.  Blooms of macroalgae, 

unpleasant odour, loss of amenity and fish kills have all lead to community concern regarding the health 

of the inlet (COB, 2019).  A review of dissolved oxygen data collected as part of DWER regular 

monitoring indicates that low dissolved oxygen levels occurred regularly in summer at monitoring sites 

for many years and are a possibly cause of previous fish kills (Figure 2). Improved management of the 

sand bar at the mouth of the inlet since 2018 appears to have improved water quality in recent years. 

 

 

Figure 2: Dissolved oxygen in the Toby Inlet (mid reaches) between 2006 and 2020. Black dashed lined indicate ANZECC & 
ARMCANZ 2000 ecosystem protection guideline range for estuaries.  Red dashed line is critical threshold level for aquatic 
organisms (Boulton et al. 2014). DWER sampling  locations TIOE2 and TIOE3 are equivalent to sampling sites TISED7and TISED6 
in this report respectively  

Toby Inlet has long been important to the fabric of the Quindalup and Dunsborough local communities. 

The strength of these community ties are reflected by the long volunteer commitment provided by the 

Toby Inlet Catchment Group, which commenced in 1998 and continues to this day. 
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Historical changes 

The Toby Inlet and its catchment has experienced extensive modification since European settlement.  

Drainage works undertaken in the early 1800s and then expanded in the 1920s have resulted in a 

substantial proportion of natural flow being diverted away from the inlet.  Prior to these changes the 

Carbunup River, Annie Brook and Station Gully waterways all likely flowed through Toby Inlet to the sea 

via a chain of wetlands that lie to the south of the Caves Road (Frazer and Hall, 2017).  These drainage 

works were aimed at improving agricultural productivity within low lying land by allowing winter flow to 

be passed directly into the sea.  Such changes have irreversibly altered the hydrodynamics of the estuary 

and transformed the inlet into a low flow environment that is poorly scoured. Today Toby Inlet receives 

an average inflow volume of approximately 7 to 8 GL in winter and 3 to 4 GL in spring (Frazer and Hall, 

2017). There are no measured data on flow velocity in the Toby Inlet.  Flood flows in the inlet were 

modelled by the Water Authority in 1990 and range from 6 m3/s under a 1 year flood event to 22m3/s 

under a 100 year flood event (MP Rogers and Associates, 1999). 

Toby Inlet was a focal point for the timber town of Quindalup that was settled in the mid -1800s.  A 

homestead and outbuildings from this settlement are still in use on and near the banks of the inlet.   

Further urban development surrounding Toby Inlet did not substantially commence until the late 1960s 

to early 1970s when land on the coastal side of the inlet was subdivided.  Development of this area was 

largely comprised of holiday homes and deep sewer was not constructed as part of the subdivision.  

Anecdotally, Toby Inlet was used as a slipway during the 1960s and 1970s and was dredged to maintain 

access for small boats during winter, at a time when a harbour had not yet been constructed in 

Busselton.  

The photo series below from 1970s illustrates the early development of new roads and coastal 

subdivisions along Toby Inlet (Figures 3A to 3D).  They depict low density housing interspersed with 

native bushland along the length of the inlet. In these photographs there are two discharge points 

(estuary mouths) visible where Toby Inlet drains to Geographe Bay (Figure 3C). The upper most mouth is 

shown with a dredge in place a short distance upstream (Figure 3D).  The upper reaches of Toby Inlet 

was relative clear of sandy deposits at this time (Figure 3A). 

 

3A) Toby Inlet 1970 Upper Inlet 
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3B) Toby Inlet 1970 mid-section vicinity of Lagoona Pl to Stroud St 

 

3C) Toby Inlet Lower Inlet 1970 showing two mouths. 

 

3D) Toby Inlet 1970 enlargement of the upper mouth, likely showing dredge in operation. 

Figure 3: A to D Historical aerial photo sequence of Toby Inlet in 1970 Upper to Lower Inlet. 
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Sources of sediment 

Two sources of sedimentation in Toby Inlet have been previously identified: eroded soils transported to 
the inlet from the catchment; and accumulation of organic material within the inlet (City of Busselton, 
2019; Env Australia, 2007; Ward et al 2009). Sandy sediments downstream of the Caves Road Bridge are 
believed to have accumulated over the past 20 years as a result of erosion within the wider catchment 
as land was cleared for subdivisions and drainage works extended (Env Australia, 2007). High nutrient 
inputs from the septic systems of adjoining urban development, agricultural fertilizer use and other 
catchment sources, contribute to regular severe macroalgae blooms in summer over the past twenty 
years (DOW, 2010).  The long morphology of Toby Inlet combined with the lack of flow has often 
resulted in such blooms being trapped within the inlet where they sank to the bottom, adding to 
sediments as they decomposed. Past aerial photographs of Toby Inlet illustrate the formation of 
macroalgae blooms in the upper inlet during November 2001 (Figure 4) and severe macroalgae blooms 
in the same area during 2007 (Figure 5).  
 

 

Figure 4: November 2001 Upper Toby Inlet, macroalgae blooms visible ς mouth closed. 

 

Figure 5; March 2007 Upper Toby Inlet, severe macroalgae blooms visible ς mouth open. 
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Sulfidic sediment in Toby Inlet 

Past studies of the sediments in Toby Inlet undertaken in 2007 (Env Australia, 2007) and in 2009 (Ward 

et al., 2009) identified the presence of monosulfidic black ooze (MBO) sediments at multiple locations in 

the inlet, though sampling extent was limited in both cases.  MBO sediments are a form of potential acid 

sulfate soils (PASS) and cause acidification and low oxygen when disturbed or exposed to air, depending 

on their specific properties (Sullivan et al. 2018).  MBO sediments typically form in estuaries when large 

volumes of organic matter, such as algae, decompose under low oxygen conditions.  Sulfate-reducing 

bacteria (those able to use sulfate from seawater instead of oxygen) dominate the decomposition 

process and produce gases such as hydrogen sulfide as a by-product.  When dissolved iron and other 

metals are also present, sulfide minerals can be formed with some of this hydrogen sulfide.  Ward et al. 

(2009) identified that MBO sediments in the upper Toby Inlet were likely to have been caused by 

macroalgae blooms, and tend to accumulate in the following circumstances:  

a) Low energy depositional conditions (low flow conditions); 

b) Conditions that favour persistence of primary aquatic productivity (persistent algal blooms); 

c) Anaerobic conditions that favour reducing microbial communities (low oxygen conditions that allow 

sulfide reducing bacteria to dominate decomposition). 

The ENV Australia (2007) study concluded that disturbance of MBOs in the Toby Inlet had potential for 

substantial impact on aquatic systems of the inlet and beyond, and that any such disturbance should 

only be undertaken following further investigations and under an approved management plan.  Ward et 

al. (2009) noted the sediments had high carbonate content, and may have sufficient acid neutralizing 

capacity (ANC) to neutralize any acid produced.  They also recommended that any future disturbance 

activities would need to consider strategies to minimize environmental impacts, including understanding 

the chemical properties of the MBO materials, the presence of contaminants, acid neutralizing capacity 

and deoxygenation potential. 

Once large volumes of MBO sediments accumulate in natural systems they can contribute to long term 

water quality problems by causing reductions in dissolved oxygen (leading to fish kills) and release 

nutrients back into the water column.  These impacts are known are known as ΨǇǊŜƳƻōƛƭƛǎŀǘƛƻƴ ƛƳǇŀŎǘǎΩ 

ŀƴŘ Ƴǳǎǘ ōŜ ǿŜƛƎƘŜŘ ǳǇ ŀƎŀƛƴǎǘ ǘƘŜ Ǌƛǎƪǎ ǇƻǎŜŘ ōȅ ΨǇƻǎǘ ƳƻōƛƭƛȊŀǘƛƻƴ ƛƳǇŀŎǘǎΩ (Sullivan et al, 2018).  The 

Australian Government guidance on management of monosulfidic black ooze (Sullivan et al. 2018) notes 

that techniques for the long term removal and management of these sediments are still very early in 

development. The potential for disturbance of MBO sediments to cause deoxygenation and acidification 

in waterways depends on the volume and characteristics of the MBO and the volume and characteristics 

of the receiving waters (Sullivan, 2018). It is not uncommon for MBO sediments to be removed (with 

management) as part of access maintenance for canal development and estuarine boat ramps.  MBOs 

have been removed from canal developments in Busselton and Mandurah as well as from the Vasse 

Estuary exit channel in recent years without adverse water quality and ecological impacts (DWER, 2019).   

There are few examples of large scale removal of sediments for the purposes of estuarine restoration in 

Australia, except for flood mitigation (City of Launceston, 2019) or sediment decontamination (Swanson 

et al, 2017).  Examples of sediment removal for the purposes of ecological restoration are emerging 

overseas.  For example, in the Indian River Lagoon (Florida) the collapse of seagrass meadows due to 

poor water quality led to accumulation of rotted plant material on the estuary floor, creating an 
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inhospitable environment for plants and animals; indirect nutrient fluxes into overlying waters that 

fueled algal blooms; and placed stress on pelagic and benthic aquatic fauna (Windsor, 2016). In that 

system, sediment removal now forms part of a comprehensive ecological restoration program as it was 

decided that the long term ramifications of leaving high volumes of organically loaded sediments in the 

estuary outweighed the risks associated with removing it (Windsor et al, 2016).  

Recent management  

A substantial investment in management of water quality issues has been undertaken in the Toby Inlet 

catchment over the past ten years. These have included: 

¶ Summer opening of the mouth of the Toby Inlet by the City of Busselton; 

¶ Urban and agricultural fertilizer management as part of wider catchment management 

initiatives and implementation of the Water Quality Improvement Plan for Geographe Bay 

(DOW, 2010),  the Toby Inlet Management Plan (Clay, 2005) and the Revitalising Geographe 

Waterways Program; 

¶ Community awareness of nutrient management techniques and benefits of native gardens via 

ǘƘŜ Ψ.ŀȅ hY tǊƻƎǊŀƳΩ; 

¶ Fencing and restoration of riparian vegetation on streams in the catchment by the Toby Inlet 

Catchment Group and GeoCatch; 

¶ A $5 million Water Corporation project to extend connection of deep sewer along Geographe 

Bay Road to enable future connection of residences that adjacent to Toby Inlet, as 

recommended by DOW (2010). This sewer line does not extend to the lower reaches of the 

inlet. 

Improvements to water quality within Toby Inlet have been observed following summer opening of the 

Toby Inlet mouth. Since that time there has been limited growth of macroalgae in the Toby Inlet.  The 

resolution of this key source of sediment formation lends weight to the consideration of sediment 

removal, presuming it can be achieved safely, as it now seems likely that if sediments were removed 

from the inlet they are unlikely to reform quickly. 
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Part A: Qualitative investigations 

Zones of sediment in Toby Inlet 

A reconnaissance visit undertaken on November 7 2019 confirmed that different areas of Toby Inlet 

comprise sediments of different materials. These include sand and silt washed from the catchment as 

well as sulfidic black sediments (monosulfidic black ooze), which have likely formed in the estuarine 

sediments due to eutrophication and limited flushing. Both forms of sediment are the subject of 

community concern.  For the purposes of the describing the condition of sediments in Toby Inlet, four 

separate zones have been defined (Figures 6 to 11).  These include: 

¶ Zone 1 ς sandy sediments of the upper catchment.  A variety of wading water birds were observed 

feeding in these areas.  Dead melaleucas in this upper zone may be indicative of historical 

hydrological change (or changes to salinity regime) and there is substantial weed invasion within the 

riparian vegetation in this zone.  Important samphire communities (subtropical and temperate 

coastal saltmarsh) have colonised the edges of the upper inlet and these are protected via their 

listing at state level as a priority ecological community, and threatened ecological community at a 

federal level. 

¶ Zone 2 ς Fine black sediments exposed at low tides. This zone occurs in the upper inlet between 

Stone Street and just downstream of Wilson Cresent.  At low tide there is very little water cover over 

the deep (40 to 80 cm) black sulfidic sediment in the Toby Inlet noting that assessments were 

undertaken at typical summer tide heights.  The length of this zone was 900m. 

¶ Zone 3 -  Fine black sediment with shallow water cover.  The reaches of the Toby Inlet, between the 

footbridge and Stone Street, visual amenity is less severely affected than upstream due to deeper 

water over laying sediment, but overall visual amenity is moderate to poor. Some fish life was 

observed in the shallow water lying above sediments in this zone, although the shallow water means 

they are vulnerable to predation. The depth of sulfidic sediment remains between 50 and 80 cm, 

severely impacting recreational boating access and providing limited habitat for aquatic species. The 

length of this zone was 2800m. 

¶ Zone 4 - Clean sandy sediments with varying amounts of seagrass wrack in the lower inlet. 

Downstream of the footbridge through to the mouth of the inlet the sediments are clean and sandy 

with patches of seagrass wrack.  Fish were abundant in this area and crabs were also observed. 

Downstream of the footbridge a longer term accumulation of seagrass wrack has created a small 

island and this possibly influences tidal exchange and flushing. 



 
Ottelia Ecology 

 

 

Figure 6: Summary of sediment condition in Toby Inlet. 
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Figure 7: Zone 1: Sandy sediments have deposited in the upper portion (approx..500 m) of Toby Inlet between the Caves Rd 
bridge and just downstream of Wilson Ave. 

.  
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Figure 8: Zone 2 ς Fine black sediments exposed at low tide in the upper inlet between Stone Street and just downstream of 
Wilson Avenue. 
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Figure 9: Figure 8: Zone 2 Further examples of poor visual amenity, limited recreational access and very poor habitat values in 
the upper Toby Inlet. 
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Figure 10: Zone 3: Fine black sediments covered with shallow water at low tide. 
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Figure 11: Zone 4 ς Clean sandy sediments of lower inlet. 
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Aerial assessment 

The following series of aerial photos captured during January 2020 illustrate the extent of sedimentation 

in the Toby Inlet (Figure 12A ς 12F) from the air.  Accumulated sediment is more visible in the photos in 

the upper inlet (Figures 12A and 12B) owing to low water levels in these areas at the time of 

photography.  The upper zone of Figure 12A also illustrates the accumulation of sandy sediments from 

the catchment that have resulted in a narrowing of the channel in this area.  Surveys and sampling 

outlined in the following sections have demonstrated that deep sediment extends from this upper inlet 

area all the way to the footbridge in the lower Inlet, some 3.7km distance downstream. The clean sandy 

base of the estuary is clearly visible in Figures 12E and 12F.  

 

Figure 12A) Toby Inlet upper inlet  

 

Figure 12B) Toby Inlet upper McDermott St to Lagoona Pl  
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Figure 12C) Toby Inlet Robbies Close to Campion Way  

 

Figure 12D) Toby Inlet Campion Way to Stroud Street  

 

Figure 12E) Stroud Sreet to below the footbridge  
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Figure 12F) Toby Inlet below footbridge to mouth  

Figure 12: A to F - Aerial photo series of Toby Inlet from upper to lower Inlet in January 2020 (COB, 2020) 

Community views 

Community consultation to canvas and clarify issues of concern relating to Toby Inlet was undertaken in 

2016 by the City of Busselton during the development of the Waterway Management Plan. This 

consultation identified sedimentation as the most significant concern, with many of the others issues 

identified also arising from sedimentation.  These other issues included amenity (odour), water quality, 

water flow, impacted ecology and poor recreational access (AHA, 2016; COB, 2019).  Suggested actions 

to alleviate these issues included management of the mouth of the inlet to improve water exchange, 

restoring habitat, removing sediment, improving access and improving flow.  Managing the summer 

opening of the mouth in recent years seems to have at least partially addressed many of these concerns. 

Removal of sediment as part of a wider restoration project will assist in addressing many of the 

remaining issues. 

For this study, attendees of a meeting with the Toby Inlet Catchment Group were asked to record notes 

on large scale maps regarding their specific concerns with respect to sediments in Toby Inlet.  Some of 

the information received was general and related to the wider inlet, while some was specific to certain 

locations.  Attendees identified the most concern about sediments in the upper and middle stretches of 

the Inlet, yet many perceived that issues could resolved by removing sediment from the lower end of 

the Inlet (to help facilitate flushing from the sea (Table 1).  The general comments included the 

following: 

¶ /ƻƴŎŜǊƴ ǘƘŀǘ ǘƘŜ ΨǊŀǘŜΩ ŀƴŘ ΨŀƳƻǳƴǘΩ ƻŦ Ŧƭƻǿ Ƙŀǎ ōŜŜƴ ŀŦŦŜŎǘŜŘ ōȅ ŀƭƭ ǘƘŜ ŘŀƳǎ ŀŎǊƻǎǎ ŎǊŜŜƪǎ ƛƴ 

the catchment. 

¶ The health of the Inlet has improved in the last 2 years. Smell has reduced and clarity has 

improved. 

¶ Opinion that sedimentation issues relates to Station Gully Drain and the Dunsborough Lakes 

development. Given both remain dredging is needed then prevent re-silting. 
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Attendees were also invited to provide quotes that describe how they perceive the Toby Inlet to have 

changed over time.  Many of the attendees were either long term residents, or had visited the Toby Inlet 

regularly during the 1960s and 1970s and then moved to Quindalup in later life. These quotes provide 

valuable insight into the timeframe of changes in the inlet. The majority of these quotes make 

references to changes in recreational access, fishing, birdlife or visual amenity (Table 2) 

Table 1: Comments received from community regarding specific locations of the inlet. 

Location  Comments provided by community members 
Wilson Ave New large samphire flats 

 

Between 
McDermott and 
Geographe Close 

2 Ft of sediment. Shallow smelly, toxic slush. 

No smell, no mosquitoes but is a battle to paddle board now.  In the 1980s we 
could easily motor dinghy here and had crabs and mullet 

Between 
Geographe Close 
and Stone St 

L ǳƴŘŜǊǎǘŀƴŘ Ψ.ŀȅǎƘƻǊŜΩ ŀƴŘ Ψ²ƘƛǘŜǎŀƴŘǎΩ resorts are on deep sewerage and 
they connect to the line running along Caves Road ς Accordingly the pipe and a 
corresponding bund should be removed when the resorts are connected to the 
new infill system ς flow improved! 

Across Inlet from 
Robbies Close 
(Caves Road Side) 

Very happy for you to dump excess sediment in these spots (until removal).  We 
have been experimenting using an air compressor to loosen sediment and 
created some holes and channels.  We have seen blue swimmer here in last six 
months!  I believe sediment has risen in the last 3 years. 

Robbies Close My feelings are after living on the inlet for 25 years ς when the mouth opening is 
blocked it causes a big problem of algae build-up.  When golf club starting 
displacing water into the inlet there was a build-up of silt and less marine life 
was in the inlet at Robbies Close. 
Whatever the pipe that was put across Campion Way - this caused sediment and 
blocked water.  10 years ago it was much deeper. 

Between 
Footbridge and 
Mouth 

I think some dredging from the cycle way Bridge to the opening would increase 
the flow both winter and summer and would increase flow all the way along the 
Inlet. 

Dredge from ocean to footbridge.  Would have to help upstream. 

 Start dredging from eastern end  

What is to be achieved by removing the silt? Suggest to remove the silt derived 
from seagrass from mouth to footbridge 

Entrance Backwater (Chain Ave) into a samphire flat with dredged fill from Toby 
Inlet. 
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Table 2: Quotations received from community members regarding recollections of Toby Inlet from the 

past   

Name / 
knowledge of 
Toby Inlet 

Quote Provided ς Recollections of Toby Inlet 

Dorothy 
Sellholm ς 
permanent 
resident now ς 
visitor prior from 
1973 
 

άhǳǊ ŦŀƳƛƭȅ ƘŀǾŜ ōŜŜƴ ƛƴ vǳƛƴŘŀƭǳǇ ǎƛƴŎŜ ōŜŦƻǊŜ ǘƘŜ мфтлΩǎ ς Ian Robertson used 
ǘƻ ŎŀǘŎƘ ƳǳƭƭŜǘ ƛƴ ¢ƻōȅΩǎ ŀǎ ōŀƛǘΦ 
When we left WA in 1981 the Inlet was still in reasonable condition and quite deep 
ς about 6 foot. 
2001 ς we returned permanently to acid sulfate soils as identified by studies by 
Brian Clay ς Black ooze was present and at this stage there are spots where the 
ǎƭǳǎƘ ƛǎ ŘŀƴƎŜǊƻǳǎ ŀƴŘ ƴŜƛƎƘōƻǳǊǎ ŘƻƎǎ ŦŀƛƭŜŘ ǘƻ ōŜ ŀōƭŜ ǘƻ ƎŜǘ ƻǳǘΦέ 
 

Alison Brown ς 
Resident now ς 
visitor prior from 
the 1950s 
 

άLn the 1950s as a teenager, my family used to holiday here in camps, subsequently 
in approximately 1953 purchased property and built in 1954.  In those days the 
Inlet was dredged near Stockyard Gully (west of) and the opening to the ocean was 
a deep fast flowing tidal inlet.  As the tide came in the water teemed with mullet, 
herring and bream which locals netted, also crabs.  In 2002/3 when I came to live 
there were dinghies still being driven past my property (274 Geographe Bay Road). 
After the causeway was put in (in the 60s I think), the tidal flow lessened, and after 
the Lakes development there was a rapid rise in siltation.  A core sample taken that 
was requested by concerned residents over a period of many years showed 80% 
build-up in the last 4 years. 
Since then, every year siltation has increased to the point that only a trickle of 
water remains after the winter rains (season), exposing large areas of mud flats 
that are smelly and inhospitable to marine life. 
In the last 3-4 years even pelicans are unable to swim anymore. 

¶ Remove the causeway drain pipe to help flow at the Stockyard end and dredge. 

¶ Dredge the Inlet at the western end to encourage flushing. 

¶ Remove and dredge the silt at intervals from east end. 
 

Lisa ς Resident 
for 6 years 
 

I think the sediment has risen substantially in the last 3-4 years.  Consider creating 
a channel.  Happy for you to gain access through 1102 (Caves side) 
 

Gabrielle Ahun-
Mally ς Resident 
for 25 years 
 

When I first looked at our block on Robbies Close the mouth was blocked and the 
inlet at our block was 70% covered in algae.  When opened it was flushed out.  
There was abundant sea life and it was relatively deep.  When golf course was 
started and displaced water it had a build-up of silt, and sea life was not nearly so 
abundant ς little if any.   
In the last 5 years it has become very shallow and when has been left clocked at 
the mouth there has been devastating algal growth and dead marine life, very very 
sad.  I am not sure if dredging is the answer / the offspill from Gold Club is a 
problem / when the mouth is blocked it is devastating for us at Robbies Close. 
 

Anna 
Marchesani ς 

I used to be able to row across the Inlet from 1168 Caves over to Whitesands and 
Bayshore and go to beach. 
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Name / 
knowledge of 
Toby Inlet 

Quote Provided ς Recollections of Toby Inlet 

Resident 30 
years 

We could cross row to beach, eat crabs and Bream. 
Last 6 years ς no fish and no crabs. About 2 foot sediment.  Smells and looks toxic.  
I have photos. 
About ten years ago there were banks and banks of wet (dead) fish. 
 

Terry and 
Michelle 
Cornelius ς 
Residents for 31 
years and visited 
prior to that 
from mid 1960s 
 

¢ǊŀǾŜƭƭŜŘ Řƻǿƴ ǘƻ ¸ŀƭƭƛƴƎǳǇΣ ǎǳǊŦƛƴƎ ŦǊƻƳ ƳƛŘ Ψслǎ ŎǊƻǎǎƛƴƎ ƻǾŜǊ ƻƭŘ ǘƛƳōŜǊ ōǊƛŘƎŜ 
into Dusnborough.  There was a dredge in Tobys just east of the cycle bridge, the 
remains are still visible today. 
In the ƭŀǘŜ Ψулǎ ǿŜ ōǳƛƭǘ ƻƴ ǘƘŜ ōŜŀŎƘ ŦǊƻƴǘ ƻƴŜ 9ŀǎǘ ǎƛŘŜ ƻŦ aŀǊȅ .Ǌƻƻƪ 5ǊŀƛƴΦ  ²Ŝ 
regularly boated up Tobys from the ocean catching crabs. 
 

Floyd Irvine ς 
Resident for 20 
years 
 

Fishing about 1999 ς used to fish for Black Bream in the inlet.  Remember once 
catching Herring / Tailor / Trumpeter / Estuary Perch (sea trumpeter), Flathead / 
Flounder / Whiting (sand/yellowfin) (probably also mullet), King George ς All in one 
season. 
Bottom used to have a bit of sludge on it but lots of sand bottom, patches of weed 
(growing) ς nearly up to the old bridge / Caves Road. Further down near the mouth 
/ drain ς lots of yellow eye mullet and sometimes mullet. 
About 10 years ago I waded in there and the mud was up to my knee in a places we 
used to work across fairly clean bottom.   
Probably about 10 years ago I used to fly fish around where bridge is ς some sludge 
ŀōƻǳǘ сέ ǿƛǘƘ ŎƭŜŀƴ ǇŀǘŎƘŜǎΦ  !ƴŘ /ǊŀōǎΗ   
Used to be a slipway. 
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Part B: Sediment properties 

Methods 

Samples for sediment characterization were collected from ten sites along Toby Inlet, determined in 

collaboration with DWER and CoB (Figure 13).  Sample sites were chosen to provide a roughly even 

spread of sites along sections of the inlet that were known to contain deep black sediment or blockages 

of accumulated seagrass. Sites TISED9 and TISED10 were relocated given seagrass wrack that had 

accumulated in the lower inlet during the time of site reconnaissance had largely cleared by the time 

sampling was undertaken in early December.  These sites were relocated further upstream to provide a 

better coverage of the major areas of sediment accumulation.  This relocation of sites has resulted in 

site numbers not being completely ascending from upper to lower reaches of the inlet.     

Sediment cores were collected by wading into shallow water using an Uwitec sediment corer, which allows 
sectioning of the core without disturbing the core in its entirety.  Three replicate cores were collected 
from each site (approximately within a 1 m x 1 m quadrant area). Each core was photographed, the layers 
of sediment measured, and description recorded of the sample profile. 

Subsampling from cores at each site included the top 20cm of surface sediments and the bottom 20cm of 
the organic sediment layer (each labelled accordingly).  Subsamples from the 3 cores at each site were 
combined for analysis.  Samples were transferred into labelled double zip lock plastic bags and exposure 
was minimised.  

Sediment pH was measured for all samples in the field using a Utec multiparamter pcs tester probe 
immediately after collection by placing the probe into a bagged sample while concurrently holding the 
bag sealed around the top of the probe. A 225ml aliquot for acid volatile sulfur (AVS) and reduced 
inorganic sulfur (RIS) analysis was transferred into a clean plastic vial (tightly packed without headspace) 
and the vial placed back into the plastic bag containing the rest of the sediment. All samples were placed 
in an Eski with ice slurry immediately after collection then transferred into a freezer as soon as possible. 

Samples were analysed at a NATA registered laboratory (ALS) for: 

¶ Reduced inorganic sulfur 

¶ Acid volatile sulfuur (AVS) 

¶ Nutrients (TN, TP) 

¶ Acid neutralising capacity 

¶ Heavy metals and metalloids (Fe, Al, As, Cd, Cr, Cu, Mn, Ni, Zn, Pb, Hg, Se, Ag, Sb) 

¶ Total organic carbon 

¶ Particle size 

Detection limits for all analysis are located in Appendix A. 
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Figure 13: Location of sediment cores collected for analysis and description of profiles.  Note that sites  

Results and Implications 

Sediment core profiles 
All sites except the upper most site TISED 1 (near Wilson Ave), the site located near Campion Way TISED 

6, and the lower most site TISED 8 near the footbridge, recorded a minimum of 40 cm of fine black 

sediment, in some instances with portions of sand (Figures 14 A to J).  Most sites also recorded a thin (5 

to 20mm) layer of orange to brown layer over the fine black sediment.  The orange / brown layer is likely 

to be the result of oxidisation of iron within the upper layer of the black sediment, where it has contact 

with oxygenated waters of the inlet. 

The deepest areas of fine black sediment were recorded at sites TISED 4 and TISED 9, where up to 60 

and 80 cm was recorded respectively.  Both sites are located in areas where residential development 

occurs on both sides of the inlet.  Site TISED 6 is located within or close to a sand bund associated with 

installation of sewer and water services that cross the inlet in at this location (near Campion Way) , 

which accounts for the different sediment characteristics and depth at that location. TISED 8 located 

near the footbridge contained a substantial amount of recent seagrass wrack material and this area is 

subject to seasonal wrack deposition and tidal flushing. 

 

Zone 2 

Zone 3 

Zone 4 

Zone 1 

Figure 13:  Location of sediment cores collected for analysis and description of profiles.  Note that sites ordered from upper to lower inlet 
are not presented entirely in numerical order. 
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Figure 14: Sediment core profiles ate sites TISED1 to TISED5 




























































































