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Key Points 
• Current Australian Government gully erosion control programs are targeted to catchments which 

make the largest contributions to fine sediment export from gully erosion 
• Cost-effectiveness is the guiding principle for designing works that are suitable for each gully site 
• One Program has so far implemented erosion control on >170 gullies, treating >500 ha of gully area 
• A much larger investment will be required to achieve a targeted 25% reduction in sediment load 
• Targeted gully erosion control remains a key approach to manage the ecological condition of the 

Great Barrier Reef.  
 

Abstract 
Gully erosion control is a priority approach for reducing fine sediment exports to the Great Barrier Reef 
lagoon, because it is the largest source of fine sediment across the 423,000 km2 of contributing catchment 
area. This paper describes the development and implementation of a recent Australian Government program. 
We interpreted prior modelling of catchment sediment budgets to identify 10 priority catchments that 
contribute larger amounts of fine sediment from gully erosion. Site scale designs considered the ratio of 
project cost to the mass of fine sediment prevented from entering coastal waters. More intensive and costly 
activities such as engineered rock chute structures were targeted to sites with rapid erosion, where they are 
required and can be cost-effective. Projects have so far implemented erosion control works on more than 170 
gullies. The average cost-effectiveness has been of the order of $700 per t/y reduction in fine sediment 
export at the coast, generally being better for gullies with larger areas. The total gully area treated to date is 
500 ha area, relative to 20,000 ha of total gully area in priority catchments. Learnings have accrued from 
implementing and monitoring a range of gully erosion control activities in a variety of settings, which will 
refine program design and implementation into the future.  
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Introduction 
The Great Barrier Reef (GBR) ecosystem is being impacted by multiple stressors including global warming and 
associated ocean acidification, and also poor water quality which deteriorated following the European 
settlement of the GBR catchments. Investment in managing the terrestrial causes of impaired water quality in 
the GBR lagoon is an important pathway towards GBR protection because water quality influences recovery 
from all stressor events including coral bleaching and physical damage from cyclones, and because Australia 
can unilaterally address it (Hairsine, 2017). Fine sediment and nutrient exports from river basins to the GBR 
lagoon are the largest drivers of GBR water quality, and reduction targets have been set for them (The State 
of Queensland, 2017). Fine sediment impairs coral recruitment and growth, while nutrients also reduce coral 
reproduction and water clarity (Fabricius, 2005), and enhance outbreaks of Crown of Thorns Starfish 
(Fabricius et al., 2010). Particulate nutrients comprise 60–80% of the total terrestrial nutrient load to the 
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lagoon (Kroon et al., 2012; McCloskey et al., 2017). In marine waters, 55–80% of particulate nitrogen is 
bioavailable within months (McCulloch et al., 2003; Burdige, 2005; Radke et al., 2006), and this material can 
be delivered at least 100 km from river mouths (Bainbridge et al., 2012). Controlling upstream erosion to 
reduce fine sediment and nutrient impacts requires careful targeting to be efficient (Lu et al., 2004).  The 
erosion control approaches which are most appropriate also depend on local climate, erosion processes, land 
uses and governance.  

Gully erosion control has been identified as the priority approach to managing fine sediment and particulate 
exports from GBR catchments (Wilkinson et al., 2015c). Sediment tracing studies have identified subsoil as the 
main source of river TSS in the Burdekin (Wilkinson et al., 2013b; Wilkinson et al., 2015b), Fitzroy (Hughes et 
al., 2009), and Normanby basins (Olley et al., 2013); together these basins deliver half of the total GBR TSS 
load (Kroon et al., 2012; McCloskey et al., 2017). These results are supported by field measurements showing 
that hillslope erosion rates are modest apart from on bare ground (Bartley et al., 2010; Silburn et al., 2011), 
and also that gully erosion is extensive; approximately 87,000 km of gullies have been mapped in GBR 
catchments (Thorburn and Wilkinson, 2013). While GBR stream channels are large, with some notable 
exceptions (e.g., Mary River) they have not undergone rapid historical expansion (Bainbridge, 2004; Hughes 
et al., 2010) such as has occurred in southeast Australia (Rutherfurd, 2000). Catchment modelling based on 
these datasets indicates that 50% of all TSS eroded in the GBR lagoon derives from gully erosion (McCloskey 
et al., 2017), although gullies occupy <0.5 per cent of all grazing land (Wilkinson et al., 2015c).  

As well as addressing the largest TSS source, gully erosion control can potentially be implemented without 
requiring broad-scale changes in the land use surrounding gullies. This arguably makes it a more tractable 
approach to securing long-term reductions in TSS loads in grazing land than approaches which rely on 
reducing livestock grazing pressure. Stocking rates in Northern Australia have more than doubled since the 
1970s (McIvor, 2010), including in some GBR catchments where extensive land degradation has occurred as a 
result of over-grazing in past droughts (McKeon et al., 1990). Many studies indicate that grazing within 
sustainable stocking rates that maintain vegetation condition is more profitable in the long term (Wilkinson et 
al., 2014), but under some conditions heavy stocking is regarded as being more profitable over decadal 
timelines, even accounting for declines in productivity caused by land degradation (Bowen and Chudleigh, 
2018). In addition to economic drivers, the climate of tropical Australia is highly variable in world terms, 
making it particularly difficult to match stocking rates to annual forage availability.  

This paper describes the development of the Gully Erosion Control Program, within the Australian 
Government Reef Trust Phase II investments (http://www.environment.gov.au/marine/gbr/reef-
trust/investments), current progress on implementation, and learnings to date. We describe an approach to 
identifying priority catchments, development of technical guides, and frameworks for designing and 
implementing cost-effective erosion control projects and for monitoring and evaluating initial works.  

Priority catchments 
For erosion control to be cost-effective it needs to be spatial targeted (Lu et al., 2004), and well-designed and 
implemented. This is particularly the case given how extensive gully erosion is within GBR catchments, the 
substantial targets for reducing fine sediment exports, and the relatively limited resources available. The GBR 
gully erosion control programs have been targeted spatially at two scales; choosing priority catchments, and 
then selecting sites within those catchments. Firstly they were constrained to operate within priority 
catchments in which gully erosion makes high contributions to fine sediment export to the GBR lagoon 
(t/km2/yr). These catchments contain many gullies, and they efficiently deliver sediment to the coast because 
they do not have large downstream sinks such as reservoirs or large floodplains. Catchments with high river 
sediment delivery efficiency were also favoured because by definition a higher proportion of site sediment 
savings would be effective at the river mouth. Gully contribution for the 47 catchment units draining to the 
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GBR lagoon (Figure 1a) was obtained from the latest available catchment modelling in the Paddock to Reef 
Program (e.g., McCloskey et al., 2017). The gully contribution rates were also estimated relative to gully area 
within each catchment (t/ha/yr); differences in gully mapping methods between catchments contributed 
uncertainty to those estimates.  

Building local capacity was an additional objective which resulted in priority catchments being identified in 
multiple NRM regions. There was little publicly-funded gully erosion control occurring in GBR catchments 
prior to these programs.  

Ten priority catchments were thus identified across multiple NRM regions (Figure 1), which together 
contained a total of approximately 20,000 km of gullies (approximately 20,000 ha in area). The second stage 
of spatial prioritisation was selecting sites within priority catchments, as described later. 

  

Figure 1. (Left) Gully and stream bank erosion contributions to fine sediment export from GBR catchments 
(McCloskey et al., 2017). Priority catchments are shown with blue borders. (Right) Prospective sediment 
reductions based on Reef Trust Phase II gully erosion control planned in each catchment up to May 2018.  

Toolbox for erosion control planning 
As technical partners for the Reef Trust erosion control program, we assembled a “toolbox” of technical 
guidelines for gully erosion control (Wilkinson et al., 2015a), which was updated for a subsequent investment 
phase which included stream bank erosion (Wilkinson et al., 2016). These guides were designed for use by 
local agencies to inform their bids for program funding and subsequent on-ground activities. These guides 
defined:  

• Objectives of gully erosion control as (i) assisting sediment retention within the gully floor by reducing 
the runoff gradient and increasing ground cover, (ii) increasing the resistance of gully walls to erosion 
by revegetation or otherwise, and (iii) reducing headcut erosion by structural means or by managing 
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surface runoff. Higher levels of vegetation cover, and more diverse vegetation composition within 
and around gullies is known to be associated with lower gully erosion rates (Wilkinson et al., 2018). 

• A range of recommended erosion control activities, which drew on limited gully remediation studies 
in GBR catchments (Shellberg and Brooks, 2013; Wilkinson et al., 2013a; Wilkinson et al., 2017)), 
studies elsewhere (summarised in Thorburn and Wilkinson, 2013; Wilkinson et al., 2015c).  

• A site-specific approach to designing erosion control was defined. Some activities are applicable at all 
sites; such as to control livestock access (fencing, and water points where required), weeds and pest 
animals. Where required and warranted to control more active gully erosion, higher-cost activities 
were recommended in addition; such as active revegetation, porous check dams, managing upslope 
drainage, grade control structures and gully reshaping.  

• Monitoring and reporting frameworks for the design and implementation of erosion control to enable 
adaptive management. These are described in more detail below.  

Framework for designing and monitoring cost-effective gully erosion control 
Even within priority catchments gully sediment yield is highly variable due to differences in gully catchment 
area, runoff volume, depth and soil erodibility. Selecting gully sites with sufficiently active erosion is essential 
to achieving reductions in river sediment loads, and there is a risk of over-investment in relatively stable sites. 
The following framework was established to assess potential sites and to identify suitable and cost-effective 
approaches to gully erosion control: 

1. Estimate recent average sediment yield from the gully to the GBR lagoon, accounting for wet and dry 
periods, and catchment model estimates of the efficiency of sediment delivery to the coast   

2. Estimate potential sediment savings by identifying suitable erosion control activities, and estimating 
their effectiveness as a proportional reduction of historical sediment yield 

3. From the above, determine an appropriate ceiling for public investment at the site, by assuming a 
target cost-effectiveness (typically $500–1,000 per t/y fine sediment reduction at the coast)  

4. Cost the suitable activities in more detail and determine if they can be delivered within the budget, 
including any in-kind contributions. If not, then revise the proposed activities to improve the cost-
effectiveness, or seek other sites.  

To enable adaptive management within the programs, these steps are recorded in a site report, supported by 
the site history and erosion issues, the objectives and details of erosion management, and project budget. 
Each site is also monitored before and after installation, including grazing management, works integrity 
vegetation condition and cover at several points within the gully, and photo points. Un-treated ‘control’ 
gullies are established where available, to enable comparison of changes due to treatment and climate.  

Preliminary results and learnings 
An important objective of this program has been to develop learnings which can guide future activities. 
Identifying candidate gullies has been greatly assisted by pre-existing gully mapping (Brooks et al., 2013; Darr 
and Pringle, 2017). However in heavily-gullied areas, information on which gullies are eroding rapidly has also 
greatly benefited prioritisation. A historical air photo archive (https://qimagery.information.qld.gov.au/) has 
been useful in estimating rates of gully expansion to assess the cost-effectiveness of planned works.  

https://qimagery.information.qld.gov.au/
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Almost all sites include fencing to control livestock access and allow revegetation, consistent with the 
program strategy. Where permanent exclusion is not planned, the intended grazing regime has been 
documented with land holders to reduce the risk that grazing will jeopardize the erosion control outcomes. 
Decision support for when to use more active erosion control techniques, such as porous check dams or rock 
chutes, is emerging in certain settings. Use of porous check dams has been found to be best suited to gullies 
with small catchment areas (<2 ha in undulating terrain) where vegetation is not too degraded and where 
natural regeneration is likely. Applying them to sites which are highly degraded with little vegetation and soil 
A-horizon remaining has been found to give a lower probability of successful revegetation. Accounting for 
degraded conditions is challenging for any landscape restoration, particularly in gullies where runoff is 
concentrated. Alternative options which rely less on revegetation include constructed sediment traps, or gully 
plug dams (Carey et al., 2015b).  

To date the average cost-effectiveness has been $700 per t/y reduction at the coast. This includes all 
expenses related to on-ground works including technical design, but not administration or communication 
activities. At the scale of individual gullies, the cost-effectiveness tends to be better when treating gullies with 
area >0.1–1 ha (Figure 2). The pre-treatment gully specific sediment yield (t/ha/yr erosion rate) has a weaker 
influence on cost-effectiveness (data not shown), which suggests that more expensive treatments are being 
generally applied only where required to address more rapid erosion.  

 

Figure 2. The cost of reductions in sediment load (t/y) estimated at the coast, relative to individual gully 
area (note the log scales on both axes). Gullies smaller than 0.1 ha are typically more expensive to treat 
than larger gullies.  

In some areas engaging land holders to host gully erosion control projects has taken longer than expected. 
Targeting gully remediation to fewer sites with larger gullies, or emphasising only cheaper treatments for less 
active gullies, are ways to improve efficiency in this operating context.  

Monitoring and evaluation 
Post-implementation monitoring has been successful in prompting land holders and project leaders to revisit 
sites, to check for failures in grazing management and structures. Ideally monitoring would continue into the 
future to identify maintenance needs. Livestock exclusion has resulted in impressive vegetation responses 
around gullies at some sites, particularly when past grazing pressure has been heavy, and if significant rainfall 
occurs. Poor germination of native grass species has hampered revegetation within some gullies. At many 
sites vegetation responses have only just commenced. Intensive gully reshaping and rock chute treatments 
have been rapidly effective relative to their respective control sites which continue to show substantial 
headcut retreat. Due to shortcomings in design or installation, some rock chutes and porous check dams have 
required repairs. These have been completed within the projects. It is clear that hydraulic structures require a 
robust design process, including:  
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• Estimating catchment area and associated peak runoff rates of specified recurrence interval using 
methods such as the rational method (Carey et al., 2015a)  

• Calculating the minimum stable rock size for rock chutes based on the slope and flow width of the 
structure (e.g., Keller, 2003) 

• Ensuring the correct rock chute configuration including abutments to prevent bypass flow, apron or 
stilling basin at the downstream end, and geotextile and soil ameliouration as required 

• Scheduling sufficient time for the design and to source the correct materials and equipment.  

Perhaps the most important outcome to date has been development in the local capacity to implement 
erosion control in GBR catchments, which will underpin ongoing progress in the years ahead.  

Conclusions 
The Reef Trust Phase 2 projects have so far implemented gully erosion on more than 170 sites, treating more 
than 500 ha of gully area (100 km in length) in a wide range of land use, soil type, topography and climate. 
Information on spatial patterns in gully sediment supply and delivery from catchment modelling in the 
Paddock to Reef program (McCloskey et al., 2017), supported by sediment source tracing and field 
measurements, has been very useful for defining priority areas. Information on gully erosion rates allows 
further improvement of prioritisation at site scale where it is available. We continue to recommend a site-
specific approach to selecting and designing either fencing / revegetation or engineering style gully 
rehabilitation depending on site conditions and erosion rates. Site monitoring has enabled learnings to be 
identified for common treatments and soil types. The sites completed and skills developed are valuable 
resources to guide future implementation of gully rehabilitation.  

We conclude that targeted erosion control can deliver reductions in sediment loads to the GBR lagoon. The 
average cost of the erosion control activities has been $700 per t/yr reduction in fine sediment load delivered 
to the GBR lagoon. Based on this cost, the two Reef Trust programs funded to date will reduce fine sediment 
loads to the GBR by ~1%. This is a small proportion of the 25% sediment reduction target required to meet 
water quality guidelines (The State of Queensland, 2017), making the scale of the challenge clear. However, 
there are many gullies remaining to be treated in the priority catchments, and the resulting aggregate cost of 
meeting GBR sediment and nutrient reduction targets is likely to represent an attractive payback in terms of 
retaining the ~$6 billion annual economic value of the reef. Efficiency can be increased by focusing on sites 
with large and active gullies. Local capability to implement gully erosion control has increased, and continued 
targeting of activities will help to ensure efficiency and effectiveness at site scale.  

Acknowledgments 
We thank Giles West, Jenny Giopoulos, Andrew Brooks and Rebecca Bartley for comments on drafts. 

References 
Bainbridge ZT. 2004. Bank erosion in the Upper Burdekin River, North Queensland: An evaluation of a 

predictive bank erosion model. Honours thesis, School of Tropical Environment Studies and 
Geography, James Cook University. 

Bainbridge ZT, Wolanski E, Ãlvarez-Romero JG, Lewis SE, Brodie JE. 2012. Fine sediment and nutrient 
dynamics related to particle size and floc formation in a Burdekin River flood plume, Australia. Marine 
Pollution Bulletin, 65: 236-248. 10.1016/j.marpolbul.2012.01.043. 

Bartley R, Corfield JP, Abbott BN, Hawdon AA, Wilkinson SN, Nelson B. 2010. Impacts of improved grazing 
land management on sediment yields, Part 1: hillslope processes. Journal of Hydrology, 389: 237-248. 
http://dx.doi.org/10.1016/j.jhydrol.2010.05.002  

http://dx.doi.org/10.1016/j.jhydrol.2010.05.002


Full Paper 

Wilkinson et.al. – Addressing gully erosion in the Great Barrier Reef catchments  

Wilkinson SN, Hairsine PB, Hawdon AA, Austin J. (2018). Addressing gully erosion in the Great Barrier Reef catchments – priorities and progress, in 
Vietch G, Rutherfurd ID (Eds), Proceedings of the 9th Australian Stream Management Conference. Hobart, Tasmania, Pages - . 7 
 
 

Bowen MK, Chudleigh F. 2018. Grazing pressure, land condition, productivity and profitability of beef cattle 
grazing buffel grass pastures in the subtropics of Australia: a modelling approach. Animal Production 
Science: -. https://doi.org/10.1071/AN17780. 

Brooks A, Spencer J, Olley J, Pietsch T, Borombovits D, Curwen G, Shellberg J, Howley C, Gleeson A, Simon A, 
Bankhead N, Klimetz D, Eslami-Endargoli L, Bourgeault A. 2013. An empirically-based sediment 
budget for the Normanby basin. . Griffith University, Brisbane, 
http://www.capeyorkwaterquality.info/downloads. 

Burdige DJ. 2005. Burial of terrestrial organic matter in marine sediments: A re-assessment. Global 
Biogeochemical Cycles, 19. doi:10.1029/2004GB002368. 

Carey B, Stone B, Shilton P, Norman P. 2015a. Chapter 4 The Empirical version of the Rational Method. In: Soil 
Conservation Guidelines for Queensland, 3rd Edition. Queensland Department of Science, 
Information Technology and Innovation. www.publications.qld.gov.au/dataset/soil-conservation-
guidelines  

Carey B, Stone B, Shilton P, Norman P. 2015b. Chapter 13 Gully erosion and its control. In: Soil Conservation 
Guidelines for Queensland, 3rd Edition. Queensland Department of Science, Information Technology 
and Innovation. www.publications.qld.gov.au/dataset/soil-conservation-guidelines  

Darr SD, Pringle MJ. 2017. Improving gully density maps for modelling water quality within Great Barrier Reef 
Catchments. In: 22nd International Congress on Modelling and Simulation, Hobart, Tasmania, 
Australia.mssanz.org.au/modsim2017, pp: 1920-1926. 

Fabricius KE. 2005. Effects of terrestrial runoff on the ecology of corals and coral reefs: review and synthesis. 
Marine Pollution Bulletin, 50: 125-146. http://dx.doi.org/10.1016/j.marpolbul.2004.11.028  

Fabricius KE, Okaji K, De'ath G. 2010. Three lines of evidence to link outbreaks of the crown-of-thorns seastar 
Acanthaster planci to the release of larval food limitation. Coral Reefs, 29: 593-605. 
http://dx.doi.org/10.1007/s00338-010-0628-z. 

Hairsine PB. 2017. Review: Sediment-Related Controls on the Health of the Great Barrier Reef. Vadose Zone 
Journal, 16. http://dx.doi.org/10.2136/vzj2017.05.0115. 

Hughes AO, Olley JM, Croke JC, McKergow LA. 2009. Sediment source changes over the last 250 years in a 
dry-tropical catchment, central Queensland, Australia. Geomorphology, 104: 262-275. 
http://dx.doi.org/10.1016/j.geomorph.2008.09.003. 

Hughes AO, Croke JC, Pietsch TJ, Olley JM. 2010. Changes in the rates of floodplain and in-channel bench 
accretion in response to catchment disturbance, central Queensland, Australia. Geomorphology, 114: 
338-347. http://dx.doi.org/10.1016/j.geomorph.2009.07.016. 

Keller RJ. 2003. Guidelines for the Design of Rock Chutes using CHUTE. Hydrology CfC. 
Kroon FJ, Kuhnert PM, Henderson BL, Wilkinson SN, Kinsey-Henderson A, Abbott B, Brodie JE, Turner DR. 

2012. River loads of suspended solids, nitrogen, phosphorus and herbicides to the Great Barrier Reef 
lagoon. Marine Pollution Bulletin, 65: 167–181. http://dx.doi.org/10.1016/j.marpolbul.2011.10.018. 

Lu H, Moran CJ, Prosser IP, DeRose R. 2004. Investment prioritization based on broadscale spatial budgeting 
to meet downstream targets for suspended sediment loads. Water Resources Research, 40: W09501. 
http://dx.doi.org/10.1029/2003WR002966. 

McCloskey GL, D. W, Baheerathan R, Darr S, Dougall C, Ellis R, Fentie B, Hateley L. 2017. Modelling pollutant 
load changes due to improved management practices in the Great Barrier Reef catchments: updated 
methodology and results – Technical Report for Reef Report Cards 2015. Queensland Department of 
Natural Resources and Mines, Brisbane, Queensland. 

McCulloch M, Pailles C, Moody P, Martin CE. 2003. Tracing the source of sediment and phosphorus into the 
Great Barrier Reef lagoon. Earth and Planetary Science Letters, 210: 249-258. 

McIvor JG. 2010. Sustainable management of tropical grazing lands - having our cake and eating it too. CSIRO, 
Brisbane. pp: 65. 

https://doi.org/10.1071/AN17780
http://www.capeyorkwaterquality.info/downloads
http://www.publications.qld.gov.au/dataset/soil-conservation-guidelines
http://www.publications.qld.gov.au/dataset/soil-conservation-guidelines
http://www.publications.qld.gov.au/dataset/soil-conservation-guidelines
http://dx.doi.org/10.1016/j.marpolbul.2004.11.028
http://dx.doi.org/10.1007/s00338-010-0628-z
http://dx.doi.org/10.2136/vzj2017.05.0115
http://dx.doi.org/10.1016/j.geomorph.2008.09.003
http://dx.doi.org/10.1016/j.geomorph.2009.07.016
http://dx.doi.org/10.1016/j.marpolbul.2011.10.018
http://dx.doi.org/10.1029/2003WR002966


Full Paper 

Wilkinson et.al. – Addressing gully erosion in the Great Barrier Reef catchments  

Wilkinson SN, Hairsine PB, Hawdon AA, Austin J. (2018). Addressing gully erosion in the Great Barrier Reef catchments – priorities and progress, in 
Vietch G, Rutherfurd ID (Eds), Proceedings of the 9th Australian Stream Management Conference. Hobart, Tasmania, Pages - . 8 
 
 

McKeon GM, Day KA, Howden SM, Mott JJ, Orr DM, Scattini WJ, Weston EJ. 1990. Northern Australian 
savannas - management for pastoral production. J. Biogeogr., 17: 355-372. 
http://dx.doi.org/10.2307/2845365. 

Olley J, Brooks A, Spencer J, Pietsch T, Borombovits D. 2013. Subsoil erosion dominates the supply of fine 
sediment to rivers draining into Princess Charlotte Bay, Australia. Journal of Environmental 
Radioactivity, 124: 121-129. http://dx.doi.org/10.1016/j.jenvrad.2013.04.010. 

Radke L, Ford P, Webster I, Douglas G, Smith J, Robson B, Atkinson I. 2006. Transformations and fate of 
nutrients transported from the Fitzroy catchment to Keppel Bay, tropical northern Queensland. In: 
Australian Marine Sciences Association and Society of Wetland Scientissts Catchments to Coasts 
conference. 

Rutherfurd ID. 2000. Some human impacts on Australian stream channel morphology. In: River Management: 
The Australasian Experience. Brizga S, Finlayson B (eds.) John Wiley and sons, pp: 11-49. 

Shellberg JG, Brooks AP. 2013. Alluvial gully prevention and rehabilitation options for reducing sediment loads 
in the Normanby catchment and northern Australia. pp: 314. 

Silburn DM, Carroll C, Ciesiolka CAA, deVoil RC, Burger P. 2011. Hillslope runoff and erosion on duplex soils in 
grazing lands in semi-arid central Queensland. I. Influences of cover, slope, and soil. Soil Research, 49: 
105-117. http://dx.doi.org/10.1071/SR09068  

The State of Queensland. 2017. Reef 2050 Water quality improvement plan, draft for consultation. 
Thorburn PJ, Wilkinson SN. 2013. Conceptual frameworks for estimating the water quality benefits of 

improved land management practices in large catchments Agriculture Ecosystems & Environment, 
180: 192-209. http://dx.doi.org/10.1016/j.agee.2011.12.021. 

Wilkinson S, Hawdon A, Hairsine P, Austin J. 2015a. Gully Toolbox. A technical guide for the Reef Trust Gully 
Erosion Control Programme 2015-16. Commonwealth of Australia, 
https://www.environment.gov.au/marine/gbr/reef-trust/gully-erosion-control. pp: 46. 

Wilkinson S, Brooks A, Hairsine P, Crawford D, Bartley R, Pietsch T. 2016. Gully and Stream Bank Toolbox – A 
technical guide for the Reef Trust Phase IV Gully and Stream Bank Erosion Control Program. 
Commonwealth of Australia, http://www.environment.gov.au/marine/gbr/reeftrust/addressing-
stream-bank-gully-erosion. pp: 84. 

Wilkinson S, Henderson A, Hawdon A, Baker B. 2017. Impacts of grazing on gully erosion rates in red 
goldfields soil, Burdekin Region. Case Study. Reef Water Quality Protection Plan Secretariat, 
www.reefplan.qld.gov.au/measuring-success/case-studies/. 

Wilkinson SN, Kinsey-Henderson AE, Hawdon AA, Ellis TW, Nicholas DM. 2013a. Gully erosion and its response 
to grazing practices in the Upper Burdekin catchment. CSIRO. pp: 96. 
https://doi.org/10.4225/08/5852db8711df6  

Wilkinson SN, Hancock GJ, Bartley B, Hawdon AA, Keen RJ. 2013b. Using sediment tracing to assess processes 
and spatial patterns of erosion in grazed rangelands, Burdekin River basin, Australia. Agriculture 
Ecosystems & Environment, 180: 90-102. http://dx.doi.org/10.1016/j.agee.2012.02.002. 

Wilkinson SN, Stokes CJ, Hawdon AA, Nicholas DM. 2014. Fat cows improve water quality: the benefits of 
higher forage levels in GBR rangelands. In: 7th Australian Stream Management Conference. Vietz G, 
Rutherfurd ID, Hughes R (Eds.), pp: 116—122. 

Wilkinson SN, Olley JM, Furuichi T, Burton J, Kinsey-Henderson AE. 2015b. Sediment source tracing with 
stratified sampling and weightings based on spatial gradients in soil erosion. Journal of Soils and 
Sediments, 15: 2038-2051. http://dx.doi.org/10.1007/s11368-015-1134-2. 

Wilkinson SN, Bartley R, Hairsine PB, Bui EN, Gregory L, Henderson AE. 2015c. Managing gully erosion as an 
efficient approach to improving water quality in the Great Barrier Reef lagoon. CSIRO. 
https://doi.org/10.4225/08/584d95410e1bd  

Wilkinson SN, Kinsey-Henderson AE, Hawdon AA, Hairsine PB, Bartley R, Baker B. 2018. Grazing impacts on 
gully dynamics indicate approaches for gully erosion control in northeast Australia. Earth Surface 
Processes and Landforms, 43: 1711-1725. http://dx.doi.org/10.1002/esp.4339. 

http://dx.doi.org/10.2307/2845365
http://dx.doi.org/10.1016/j.jenvrad.2013.04.010
http://dx.doi.org/10.1071/SR09068
http://dx.doi.org/10.1016/j.agee.2011.12.021
https://www.environment.gov.au/marine/gbr/reef-trust/gully-erosion-control
http://www.environment.gov.au/marine/gbr/reeftrust/addressing-stream-bank-gully-erosion
http://www.environment.gov.au/marine/gbr/reeftrust/addressing-stream-bank-gully-erosion
http://www.reefplan.qld.gov.au/measuring-success/case-studies/
https://doi.org/10.4225/08/5852db8711df6
http://dx.doi.org/10.1016/j.agee.2012.02.002
http://dx.doi.org/10.1007/s11368-015-1134-2
https://doi.org/10.4225/08/584d95410e1bd
http://dx.doi.org/10.1002/esp.4339

	Abstract
	Keywords
	Introduction
	Priority catchments
	Toolbox for erosion control planning
	Framework for designing and monitoring cost-effective gully erosion control
	Preliminary results and learnings
	Monitoring and evaluation

	Conclusions
	Acknowledgments
	References

