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HIGHLIGHTS 

• The local Riversdale-Murray Valley Water Management Scheme, and other schemes 

abroad, that fund the restoration of wetlands for their ecosystem services were evaluated 

to inform a future scheme for the GBR catchment. 

• The Riversdale-Murray Scheme funded wetlands have improved crop yield and water 

quality, and support the barramundi fishery, biodiversity and landowner wellbeing. The 

majority of the financial benefit to farmers is likely to come from increased production from 

improved drainage across the farm and, to a lesser extent, elevation of low-lying fields. 

Improved drainage and elevation allowed increased cane productivity on land that was 

previously used for low production cane or cattle grazing. 

• Many schemes seeking to financially incentivise wetland restoration for the ecosystem 

services they provide often struggle with achieving financial viability, establishing credibility 

through effective verification and accounting, and balancing trade-offs to establish and 

maintain a social license to operate. 

• Future schemes funding the restoration of wetland-based ecosystem services should have 

clear objectives; well-informed trade-offs; centrally coordinated landscape-scale planning 

with strategic positioning and designs; high stakeholder engagement and indigenous 

partnership; pool funding for multiple ecosystem services; make bundled payments based 

on wetland provision rather service provisioning; provide ‘how to guides’ to landowners on 

wetland restoration for services; use simple, cost-effective assessments with models; and 

maintain an assessment and transaction database. 

• We propose a Great Barrier Reef Catchment Wetland Investment Fund, operating as a 

common asset trust, to invest in a portfolio of wetland restoration projects with the overall 

aim of maximising the return on investment of overall ecosystem services. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Field characteristics and wetland services before and after wetland restoration in the Riversdale-Murray 
Scheme.  
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EXECUTIVE SUMMARY 

1. Since European colonization, approximately 77,500 ha of palustrine wetland has been lost 

across Queensland’s Great Barrier Reef (Kattner et al.) catchment, largely on freshwater 

floodplains due to urban and agricultural land uses. This loss reduces habitat for 

freshwater species, reduces the resilience of the Great Barrier Reef, and reduces supply 

of valuable ecosystem services to society. Halting and reversing this decline will require a 

concerted effort that is well coordinated and adequately funded.  

2. Public/private funding schemes that include payment for ecosystem services (PES) 

mechanisms present a potential avenue for raising the financial capital required to deliver 

large-scale wetland restoration. Any potential schemes in the GBR should maximise their 

chance of success in delivering wetland restoration by first reviewing the strengths and 

weaknesses of existing or past schemes, both locally and further afield. 

3. In this project, we sought to outline a potential PES scheme suitable for driving large-scale 

wetland restoration across the Great Barrier Reef catchment. In doing so, we first 

evaluated the strength and weaknesses of various schemes across the globe that fund 

wetland restoration for their services. We then examined in detail the strengths and 

weaknesses of a historical scheme within the GBR catchment (the Riversdale-Murray 

Valley Water Management Scheme), benefiting from over 15 years of stakeholder 

hindsight. The Riversdale-Murray Scheme carried out a range of projects to reduce 

inundation of cane land by floodwaters and increase cane production across the Tully-

Murray floodplain through the creation of arterial drainage and lagoon wetlands. Learnings 

derived from evaluations of overseas schemes, and the local Riversdale-Murray Scheme, 

were used to inform the design of a proposed GBR-specific, PES-based wetland 

restoration scheme. 

4. Wetland-based PES schemes abroad were typically challenged with achieving financial 

viability, establishing credibility with effective verification and accounting, and balancing 

trade-offs to establish and maintain a social license to operate. Future schemes should 

consider: having early and clear identification of values and objectives across the 

landscape; strong indigenous and community engagement; using a central fund to 

aggregate contributions from those seeking improved delivery of a range of ecosystem 

services; making bundled payments, via a reverse-auction process, for provision of 

service-supporting wetlands that meet agreed input-based criteria; supporting the scheme 

with a robust environmental accounting framework and transaction database; legally 

protecting restoration projects from destruction; monitoring scheme performance using 

conservative and cost-effective estimates of both intermediate and final ecosystem 

services; and managing ecosystems as common property that recognises their non-rival 

and non-excludable benefits. 

5. The Riversdale-Murray Scheme wetlands assessed were largely in a healthy state, rarely 

exceeding guideline values for pollution limits, and collectively supporting at least 36 native 

freshwater fishes (range: 5-15 species per survey). The created wetlands and 

watercourses also provided at least 22 ecosystem services including: nitrogen removal 

(average maximum potential denitrification rate of ~2000 kg N/ha/yr); barramundi fishery 

support (mean density= 9.4 kg/ha; growth coefficient = 0.1-0.15); improved farm drainage 

(14% of cane land experiencing reduced inundation). Unquantified benefits include 

biodiversity provision, sediment removal, support for both active and passive activities 
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promoting health, provision of aesthetic experiences, and the personal satisfaction of 

accomplishment and bequest value held by landowners. 

6. We estimated that when elevation of land parcels (arising from lagoon excavate 

deposition) allowed intensification from a two-ratoon cane cycle to a four-ratoon cane 

cycle, gross margin on the elevated land increased by approximately $118/ha (in 2003 

AUD). When elevation permitted the conversion from cattle fattening to a four-ratoon cane 

cycle, then gross margin on the elevated land increased by approximately $538/ha (in 

2003AUD). These estimates do not include the benefits from improved farm drainage. 

7. Evaluation of the Riversdale-Murray Scheme suggests future schemes should consider: 

ensuring objectives are clear and trade-offs well informed; strategically designing and 

positioning wetlands at the landscape-scale, coordinated by a central body, to achieve 

scheme objectives; meaningfully engaging with potential stakeholders early in scheme 

development; remunerating landowners for wetland construction and maintenance; 

providing landowners education and support to create effective wetlands and navigate 

legal requirements; and recognising the biodiversity, aesthetic, amenity and personal 

health benefits wetlands can provide to landowners. 

8. We present a Great Barrier Reef Catchment Wetland Investment Fund to invest in a 

portfolio of wetland restoration projects with the overall aim of maximising the return on 

investment from the full suite of ecosystem services provided. Akin to a conventional 

managed investment fund, the Wetland Investment Fund could accept investment from 

multiple investors and invest in multiple wetland restoration projects that support multiple 

scheme objectives, with any benefits arising from the restoration portfolio returned to 

investors as “dividends” either directly (where excludable and rival) or indirectly (where 

non-excludable and/or non-rival). Wetland developers would not be paid based on the 

provision of commodified ecosystem services, but the provision of wetlands (meeting 

agreed design criteria) that support supply of ecosystem services. 

9. The investment fund could be operated as a common asset trust and benefit from: 1) 

having well-established legal mechanisms, with conflict resolution procedures, for 

investments that benefit the commons rather than solely individuals; 2) being objective-

focused with strategic planning; investment decision flexibility, enabling investment in 

multiple ecosystem services; 3) a highly collaborative platform; and 4) administrative and 

transaction efficiency. 
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1.0 INTRODUCTION 

Wetlands, including rivers and estuaries, and their floodplains, hold incredible biodiversity, 

cultural value and social amenity, yet they continue to be modified and replaced by other land 

uses as part of expansion of industry, urbanization and agriculture sprawl (Elliott and Whitfield 

2011; Gorski et al. 2011; Elliott et al. 2016; Waltham and Fixler 2017). Approximately 10% of 

global animal biodiversity is associated with freshwater ecosystems, which occupy <1% of 

Earth’s surface (Dudgeon 2019). However, wetlands are vulnerable to runoff from urban, 

agricultural and industrial sites (Barbier et al. 2011; Creighton et al. 2015), sea level rise from 

climate change (Lee et al. 2019; Rogers et al. 2019), drainage and reclamation (Coleman, 

Huh, and Braud 2008) and invasive species. Global floodplain wetland loss is estimated at 95 

km2/yr (Davidson 2014; Coleman, Huh, and Braud 2008). Furthermore, a global assessment 

predicts that climate change is likely or highly likely to exacerbate the impacts of habitat loss 

and fragmentation for 100% of all wetland ecosystems; by comparison, rainforests (the next 

most impacted ecosystem) are predicted to have a substantially lower proportion (45%) 

exacerbated (Segan, Murray, and Watson 2016). There is, however, an increasing global 

movement to halt this loss and degradation, and to commence large-scale programs to repair 

and restore coastal wetland ecosystem habitat and connectivity (Barbier 2013; Van 

Coppenolle and Temmerman 2019). The United Nations General Assembly declared 2021-

2030 as the Decade of Ecosystem Restoration, embedded within Sustainable Development 

Goals, including the universal provision of clean water access, the sustainable management 

of land and water ecosystems, and climate action (United Nations General Assembly 2015). 

There is also optimism that such large-scale wetland restoration can make substantial 

progress towards achieving the UN Sustainable Development Goals (Waltham et al. 2020). 

 

Like the rest of the world, Australia faces a legacy of degraded freshwater ecosystems, despite 

a small population and a relatively short 200 years of urban, industrial and agricultural 

development (Creighton et al. 2016). Between 2001 and 2017, the Great Barrier Reef (Kattner 

et al.) catchment experienced net loss of 740 ha of coastal floodplain wetland. While 

contemporary loss has been relatively small, since European arrival approximately 77,500 ha 

of palustrine wetland has been lost, much of which is from freshwater floodplain systems. 

Artificial/highly modified wetlands, however, increased substantially over this period, 

increasing by 21,690 ha, much of which was created through construction of earth walls which 

form bunds preventing the ingress of tidal water (8299 ha) (Department of Environment and 

Science 2019; Environmental Protection Agency 2005). This loss of natural habitat, and the 

degradation of remaining habitat, is also reducing the GBR’s resilience to pressures from on-

going pollutant runoff (Waterhouse et al. 2016; Adame, Arthington, et al. 2019; MacNeil et al. 

2019), and reducing habitat availability for species with freshwater life stages (Adame, 

Arthington, et al. 2019; Arthington et al. 2015). Not only do coastal freshwater floodplain 

wetlands support diverse biological communities, they support connected ecosystems as they 

provide habitat for migratory species, regulate flows, reduce sedimentation and reduce 

nitrogen runoff (Bainbridge et al. 2009; Brodie and Waterhouse 2012; Waterhouse et al. 2016). 

While artificial/highly modified wetlands are unnatural, their creation may be mitigating impacts 

of freshwater floodplain wetland loss that has occurred since European arrival – though little 

examination of this has occurred. This has sparked management goals seeking to maintain 

and improve the extent and condition of wetlands (Box 1; State of Queensland 2018).  
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A potential way of raising the financial capital needed to deliver large-scale wetland restoration 

is through public/private funding schemes that include payment for ecosystem services 

approaches (PES; Salzman et al., 2018b).  PES schemes, which may be regulated (e.g., 

government programs) or voluntary (e.g., non-government organization led programs), seek 

to provide payment for the additional ecosystem services that restored wetlands provide, often 

as part of offsetting adverse impacts elsewhere. PES schemes elsewhere, to date, have arisen 

from trading carbon for climate change mitigation or nutrients for water quality improvement, 

mitigation banking or sale of habitat protection/restoration “stamps” (Salzman et al. 2018b; 

2018a). New scheme mechanisms (e.g., crowd funding), new technologies (e.g., block-chain 

mechanisms and remote sensing) and new opportunities (e.g., blue carbon, bioenergy and 

water flow trading) are on the horizon and present options for funding future wetland 

restoration ahead of the UN declaring 2021-2030 as the ‘decade of ecosystem restoration’ 

(Waltham et al. 2020). 

 

While promising, PES schemes can fail to deliver the expected benefits for wetland restoration 

(Pan et al. 2017). For example, a review of the effectiveness of four North American water 

quality trading schemes (of which, wetlands form one of many options for improving water 

quality) identified many challenges including inadequacy in monitoring, low participant 

motivation, difficulties in achieving and enforcing compliance, ill-defined property rights and 

high administrative and transaction costs (Cherry et al. 2007). Similar challenges were also 

identified by a review of PES schemes across China (Pan et al. 2017). It is likely that PES-

based restoration schemes in other locations will face similar and scheme-specific challenges. 

If wetland restoration is to deliver a substantial contribution towards the SDGs, it is imperative 

that financial incentive mechanisms, such as PES, are well designed to minimise failure. 

 

In addition to learning from schemes applied elsewhere, it needs to be recognised that every 

region has its own nuances, cultures, values, environments, legislations, goals, and existing 

financial incentives/disincentives. If available, examining the efficacy of past schemes adopted 

within a region can help provide highly valuable locally-relevant context. Applying a ‘one size 

fits all’ approach often leads to inappropriate restoration outcomes that are poorly aligned with 

project objectives (Hobbs, Higgs, and Harris 2009; Hobbs and Harris 2001). Understanding 

local context is particularly relevant when decisions lead to trading off competing values. For 

instance, depending on the objective, particular actions can either be mutually beneficial or 

trade-off against one another.  By way of example, removing non-native macrophytes is 

common regardless of whether the goal of the restoration project is to improve water quality 

or to increase biodiversity (Zedler and Callaway 2000). If biodiversity outcomes are expected, 

the removal of non-native macrophytes could be important, as they reduce oxygen availability 

in the water column, which results in reduced fish habitat (Perna et al. 2012; Waltham and 

Fixler 2017). However, macrophyte removal efforts might be conducted differently if the goal 

is improvement of water quality, as denitrification will decrease if the macrophytes are 

removed (Alldred and Baines 2016). Desired restoration outcomes will inevitably be locally-

dependent and the Queensland Government’s Wetlands of the Great Barrier Reef Catchment 

Management Strategy (2016-2021) has a framework to assist practitioners evaluate the 

components and processes of the target ecosystem, and to assist in setting values and 

services as targets for restoration in the GBR catchment (Box 1). 

 

Within the GBR, the Riversdale-Murray Valley Water Management Scheme, completed in 

2004 as a part of Queensland’s $40M Sugar Industry Infrastructure Program (Queensland 
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SIIP; Ernst & Young, 2001), provides a useful local case study of a scheme that financially 

incentivised wetland restoration. The Riversdale-Murray Scheme carried out a range of 

projects to reduce cane inundation by flood waters and increase production across the Tully-

Murray floodplain through the creation of arterial drainage and lagoon wetlands (Merrin, n.d.; 

p.24). With over 15 years of wetland maturation and stakeholder hindsight, evaluation of the 

wetland ecosystem services provided, financial implications and stakeholder opinions could 

be useful in informing future schemes seeking to financially incentivise large-scale wetland 

restoration within the Great Barrier Reef catchment. 

 

Against this background, this project has three overall aims: 

1. To identify the strengths and weaknesses of payment for ecosystem services schemes 

aimed at wetland restoration across the globe; 

2. To identify the strengths and weaknesses of the Sugar Infrastructure Package program 

in incentivising wetland restoration within the GBR’s Tully-Murray and Johnstone 

catchments; and 

3. To propose a PES scheme suitable for funding wetland restoration across the GBR 

catchment. 
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Box 1. GBR wetlands management framework. 

Legislation governing Australia’s Great Barrier Reef (Kattner et al.), a World Heritage Area and 

National Marine Park, reflect a desire for coastal wetland restoration. In response to the loss of 

coastal wetlands that are reducing the GBR’s resilience to future disturbance, the overarching 

framework for managing the GBR, the Reef 2050 Long-term Sustainability Plan (Reef 2050 Plan 

hereafter), and its subordinate Wetlands in the Great Barrier Reef Catchments Management 

Strategy 2016-2021 (Reef wetlands strategy) and The Reef 2050 Water Quality Improvement Plan 

2017-2022 (Reef WQ Plan), all recognise the need to maintain and improve the net extent and 

condition of wetlands, within a whole-of-system catchment management approach. In addition to 

the Reef 2050 Plan framework, there are numerous laws regulating the development or disturbance 

of coastal habitats, including the Australian Government’s Environment Protection and Biodiversity 

Conservation Act 1999 and the Queensland Government’s Environmental Protection Act 1994, 

Fisheries Act 1994, Marine Parks Act 2004, Planning Act 2016, Vegetation Management Act 1999 

and Water Act 2000. While the Queensland Environmental Offsets Act 2014 provides a framework 

to facilitate environmental offsets that may lead to restoration of degraded habitats or creation of 

wetlands with demonstrable benefits. 

  

Whole-of-system catchment management is an integrated approach to catchment management 

and the protection, maintenance and restoration of wetland systems (catchment strategy). The 

approach integrates information on natural and human values of a wetland with catchment 

functioning. Most wetlands have multiple values and managing wetlands effectively involves 

balancing these values to achieve the best outcomes economically, socially and environmentally. 

Restoring wetland services first requires defining the values desired, for example, bird habitat, fish 

habitat, water quality, carbon abatement, hydrology, or cultural. These values will differ between 

stakeholders and locations. Ecosystem repair strategies seem to be most effective when values of 

all stakeholders are incorporated, a process best facilitated through discussions to set objectives 

early in the project lifecycle. Often there will be trade-offs between values, for example, wetlands 

designed for high nitrogen attenuation are often poor for carbon abatement. The nature of the 

catchment can heavily influence the ability of a wetland to support given values, integrating desired 

values with catchment functioning is, therefore, critical to successful restoration. Once the values 

are set and agreed to by relevant stakeholders, wetland restoration projects can then be prioritised 

and implemented in a way that supports the identified values and catchment constraints, maximising 

the likelihood of a successful restoration that is generally accepted. 

http://www.environment.gov.au/epbc
http://www.environment.gov.au/epbc
https://www.legislation.qld.gov.au/view/pdf/inforce/current/act-1994-062
https://www.legislation.qld.gov.au/view/pdf/2013-11-01/act-1994-037
https://www.legislation.qld.gov.au/view/pdf/2017-07-03/act-2004-031
https://www.legislation.qld.gov.au/view/pdf/inforce/current/act-2016-025
https://www.legislation.qld.gov.au/view/pdf/2017-07-03/act-1999-090
https://www.legislation.qld.gov.au/view/pdf/inforce/current/act-2000-034
https://www.legislation.qld.gov.au/view/pdf/2017-07-03/act-2014-033
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2.0 PAYMENT FOR ECOSYSTEM SERVICES SCHEMES 

2.1 Challenges with existing PES schemes 

In Canning et al (n.d.; Appendix 1) we reviewed the effectiveness of a range of PES and 

related schemes with potential to fund wetland restoration, including carbon markets; water 

quality trading; habitat stamps and wild harvesting; eco-labelling; crowd-funding; and water 

funds. Three cross-cutting challenges were identified (Box 2):  

 

(1) Demonstrating sustained financial viability. Funding is often insufficient, intermittent or 

highly variable, such that it cannot confidently cover the costs of wetland restoration 

(including the opportunity cost of land use change), associated assessments, 

monitoring and administration, and on-going maintenance after construction 

(Stephenson and Shabman 2017; Wylie, Sutton-Grier, and Moore 2016; Raffini and 

Robertson 2005). Financial viability rests on sufficient, stable and sustained payments 

for projects and delivery of acceptable rates of return for project investors. It is 

considered that variable provision of services may lower investor confidence in returns, 

deter investors, and erode financial viability. Additionally, sometimes 

measuring/estimating service flows requires complex and expensive assessments to 

boost confidence (Hou, Burkhard, and Müller 2013; Farley and Costanza 2010; Friess 

et al. 2015). Often, schemes trade a single service commodity (e.g., credits for carbon 

sequestration or nitrogen removal) where restored wetlands are designed and 

positioned to optimise cost-effective delivery of that service (Bullock et al. 2011; 

Matzek, Wilson, and Kragt 2019). Focusing on just a single service may deter 

landholders from participation in the scheme as payments received to undertake the 

land use change may fall below landholders’ minimum willingness to accept 

compensation. Payments should be bundled for multiple ecosystem services, so that 

the payments would be much higher and more appealing for participants.   

 

(2) Establishing credibility with effective verification and accounting. For market-based 

schemes that incentivise the provision of ecosystem services to be credible they must 

demonstrate at least four features (Ullman, Bilbao-Bastida, and Grimsditch 2013; 

Banerjee et al. 2013): (1) additionality, where projects need to demonstrate that 

provision of the ecosystem services would not have occurred under a business as 

usual scenario (e.g., that the generated pollution abatement is additional to that 

accounted for when pollution discharge licenses and/or catchment load caps were set); 

(Islam and Tanaka) leakage minimization, where projects need to realise a net gain in 

provision of ecosystem services; i.e., additional provision of ecosystem services at a 

wetland location has not been outweighed through adverse changes in practice or land 

use elsewhere; (3) permanence, where projects need to minimise the risk that future 

developments will reduce or remove the benefits delivered, such as a restored wetland 

being drained again; and (4) verification, where benefits need to be measurable and 

reported in a transparent fashion to demonstrate unequivocally that environmental 

gains are realised (Ullman, Bilbao-Bastida, and Grimsditch 2013; Banerjee et al. 

2013); and 
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(3) Balancing trade-offs to establish and maintain social license to operate. All schemes 

have the potential for both positive and negative impacts, and may create winners and 

losers, perceived or real. While complete consensus among stakeholders is highly 

unlikely, trade-offs need to be identified and managed to ensure schemes are socially 

acceptable; schemes may be rendered unviable if their social licence is not established 

or is lost (Del Corso, Nguyen, and Kephaliacos 2017; Kemkes, Farley, and Koliba 

2010).  ‘Social licence’ is the acceptance of an activity or system granted by the 

community, permitting it to operate. This is critical for those schemes reliant on 

legislated environmental limits and legislated trading, as democratic political decisions 

are highly sensitive to societal appetite. Without a social licence, politicians in a modern 

democracy are unlikely to support a scheme, which ultimately threatens scheme 

viability. Trade-offs may arise at multiple points within a scheme as conflict can arise 

both within and between environmental, social, cultural and economic goals, including 

the UN SDGs. Contentious areas of trade-off may include differences in ecosystem 

service provision driven by wetland location and design, and the alteration of individual 

and/or community use rights (Vogdrup-Schmidt et al. 2017; Howe et al. 2014; Zheng, 

Wang, and Wu 2019). 
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Box 2. Common challenges faced by schemes funding the provision of ecosystem services 

by restored wetlands (Canning et al., n.d.). 
 

Financial viability 

• Carbon markets can face variable trading prices, which can sometimes be low. 

• Wetland extent, functioning and condition are variable, making estimation of ecosystem 

service provision difficult and uncertain. Comprehensive measurement of benefits can be cost 

prohibitive, particularly for environmental markets (e.g., carbon and water quality trading 

schemes) where an environmental commodity is being traded. 

• Biodiversity offsetting and mitigation banking depends on the pace of nearby construction and 

stringency of legislative requirements, which can leave banked projects stranded. Identifying 

land suitable for creation of a wetland offset that replaces ‘like with like’, and then measuring 

the biodiversity provided, can be contentious and costly, especially where large offset ratios 

are required. 

• Eco-labels require a critical mass of support by consumers. To achieve this needs marketing 

to increase recognition, and robust and credible measurement/estimation and verification. 

Eco-labels often have a price premium, so tend to be more attractive to more affluent, well-

educated consumers rather than in less affluent demographics. 

• Habitat stamp schemes rely on the hunting of game birds to generate funding for habitat 

restoration. While hunting has traditionally been a popular pastime in some areas, societal 

pressures have reduced its popularity.  

• Wild harvesting schemes depend on market demand for wild goods and sustainable supplies 

to remain profitable. 

• Few crowdfunding projects (~10%) receive sufficient funding to be financially viable over the 

longer term. Funders/citizens may be wary of campaigns fearing they are fraudulent or lack 

trust in the scheme’s ability to deliver on project goals. 

• Measurement/estimation costs to quantify and verify the ecosystem service benefits can be 

high where benefits are stacked. Each service requires its own evaluation and this can make 

multiple assessments cost-prohibitive. Many schemes prohibit stacking as it can be difficult to 

demonstrate additionality. 

• Bundling schemes can deter buyers if they do not want to pay for all the ecosystem services 

included. 

 

Credibility of ecosystem service provision 

• All market-based schemes must demonstrate additionality and permanence, minimise 

leakage, and include verification. 

• The variability in the extent, condition and provision of ecosystem systems by wetlands makes 

it challenging to develop robust, credible and affordable measurement/estimation approaches. 

Some approaches are distrusted because of their poor transparency, poor reliability, lack of 

validation and peer-review, inappropriate use, or are managed by those with conflicted 

interests. 

• To demonstrate additionality in terms of wetland restoration for market-based schemes 

requires that baseline wetland extent and type are mapped and their condition assessed. 

• Biodiversity offset and mitigation banking schemes face challenges with replacing lost habitat 

with like habitat. Demonstrating ‘like’ with ‘like’ require robust methods for assessing losses 

and gains in biodiversity and associated services if they are to be credible. 

• Providing credible information to buyers or consumers on the efficacy of wetland restoration or 

the transactions that may have occurred can be expensive and challenging. 

• Eco-labels face high cynicism from consumers who question corporate motivations and ethics 

for creating or adopting an eco-label. 
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• Latin American Water Funds differ considerably between schemes in the variables and 

intensity of monitoring of objectives, often lacking social indicators. 

 

Social license to operate 

• Wetlands differ considerably in the amount and type of ecosystem services provided. Wetland 

restoration is typically focused on maximizing the funded service (e.g., nutrient attenuation, 

carbon sequestration, biodiversity enhancement, waterfowl hunting or tourism). Focusing on 

one service may reduce the benefits to other services and even adversely affect a service. 

• Restoration schemes can result in “green grabbing” and “blue grabbing” – where a community 

loses its use rights for an area due to terrestrial and aquatic conservation respectively. 

• The initial allocation (if any) of discharge rights for water quality and carbon trading schemes 

creates an initial distribution of rights that may favor some uses/people over others. Where 

this happens, social and/or political acceptability is important. 
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2.2 Lessons from existing PES schemes 

Based on the review by Canning et al (n.d.; Appendix 1), it was evident that some schemes 

performed better at financing wetland restoration than others. The following recommendations 

are drawn from the review for PES schemes, suggesting that these features assist effective 

delivery of large-scale wetland restoration: 

(1) Identify clear values and objectives early in the program, both spatially and temporally 

(i.e. across the landscape and through time), and with trade-offs identified. 

o The early identification of values and scheme objectives, including how values 

vary temporally, spatially and existing dependencies on ecosystem services, 

can reduce conflicts and trade-offs, increase acceptability and efficiency in 

achieving objectives, and minimise disruption of local norms (Reed et al. 2017; 

Fenemor et al. 2011; Reis et al. 2019).  

o Furthermore, moving from site-scale to landscape-scale PES schemes can 

allow for greater incorporation of diverse stakeholders as different sites can be 

tailored to meet different needs; this could be facilitated by applying spatial 

multi-criteria analysis (Vogdrup-Schmidt et al. 2017; Friess et al. 2015). 

Landscape-scale restoration enables integrated planning and strategic 

placements of individual restoration sites producing complementary portfolio of 

services. 

 

(2) Ensure the scheme has strong indigenous partnership and community/stakeholder 

engagement, particularly during value identification and objective setting. 

o Indigenous partnership and community/stakeholder engagement is necessary 

to ensure the scheme builds and maintains a social license to operate as local 

values, including indigenous practices, can be incorporated and respected. 

Local knowledge can also help reduce the cost of investigations into identifying 

suitable restoration sites. 

 

(3) Use a central fund and management agency to pool funding from multiple sources 

including payments for offsets, then use this pooled fund, and any interest earned, to 

invest in a portfolio of wetland restoration projects in a coordinated and strategic 

manner to achieve scheme objectives.  

o This allows each wetland to be designed and positioned to maximally support 

a particular ecosystem service and account for local nuances, while collectively 

contributing to the broader objectives (e.g., maximising ecosystem service 

delivery overall). 

o A central agency allows for landscape-scale planning of restoration projects to 

ensure maximal, integrated delivery of desired ecosystem services, rather than 

ad-hoc restorations. 

 

(4) Pay wetland developers using staged, bundled payments based on the provision of 

agreed, input-based criteria, identified via a reverse-auction process and facilitated by 

a central agency. 

o Given that payments for the provision of a single benefit can be insufficient or 

too variable to support long term and large-scale wetland restoration, bundling 

increases the financial viability of restoration projects by combining funding 

from multiple sources, for multiple benefits, into a single payment. 
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o Paying wetland developers on the provision of pre-defined input-based criteria 

(e.g., providing a wetland meeting agreed specifications) reduces the 

administrative burden, assessment costs and financial risk associated with 

output-based criteria (e.g., sequestering 100t of carbon and removing 3t of 

nitrogen). Given the variable nature of wetlands and the flows through them, 

adopting a ‘pay by performance’ approach that promises a level of service 

provision to those seeking to purchase offsets a priori will be fraught with risk 

and difficult to guarantee (Costanza et al. 2021; Banerjee et al. 2013). 

o Reverse auctions have been shown to deliver greater cost effectiveness in 

conservation and wetland restoration programs than uniform payments (Hill et 

al. 2011; Connor, Ward, and Bryan 2008). Reverse auctions are where 

individuals/organizations submit a bid for the minimum amount they are willing 

to accept to undertake a wetland restoration project. Bids are then ranked 

based on the ecosystem service provision generated by the project and the bid 

amount (Hill et al. 2011; Connor, Ward, and Bryan 2008). 

 

(5) Ensure the scheme is supported by a robust environmental and economic accounting 

framework and transaction database with sufficient detail to allow third-party 

verification. 

o This supports scheme efficacy and credibility by demonstrating additionality, 

minimises leakage, and supports permanence and verifiability. 

 

(6) Ensure that restoration projects are legally protected and safeguarded from outside 

influences. 

o Legally binding agreements, such as covenants, are needed to ensure the 

permanence of restored wetlands for perpetuity. 

o Advocacy for the protection and improvement of catchment and freshwater 

management would be required to ensure external activities do not 

compromise the ability of restored wetlands to deliver ecosystem services. 

 

(7) Monitor scheme performance using conservative estimates (realistic estimate to allow 

for unknowns) with repeatable and cost-effective models and assessments of both 

intermediate and final ecosystem services. 

o Using models, cost-effective field surveys and conservative estimates of 

service provision can help alleviate the assessment burden, but may require 

larger, aggregated, areas of wetlands to be restored to achieve financial 

viability (Schmolke et al. 2010). 

o Estimates of service provision would need to be underpinned by science, 

validated, reliable, peer-reviewed, robust, preferably independent, and used by 

appropriately trained operators to be acceptable (Schmolke et al. 2010; van 

Voorn et al. 2016). 

o Proven performance in delivering desired ecosystem services can be used to 

attract those interested in investing in wetlands for the services they provide. 

o Providing final ecosystem service provision estimates using established 

classification systems, such as the National Ecosystem Services Classification 

System (Sinha and Houtven 2015), or the Common International Classification 

of Ecosystem Services (Haines-Young and Potschin 2012), allows for more 

accurate and consistent reporting of ecosystem services, more seamless 
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inclusion within national environmental economic accounting and improved 

measurement of multiple ecosystem services from one site (Finisdore et al. 

2020; MacNair, Tomasi, and Freeman 2014). 

 

(8) Manage ecosystems as common property that provide multiple non-rival and non-

excludable benefits. 

o Forcing all ecosystem services to fit within conventional markets designed for 

rival and excludable goods is challenging (Costanza et al. 2021). Ecosystem 

services differ substantially in the extent to which they are rival and excludable, 

which are conditions necessary for well-functioning markets (Farley and 

Costanza 2010; Kemkes, Farley, and Koliba 2010). Many goods and services 

provided by wetlands are not easily excluded (e.g., fish migration to the open 

ocean and pollutants), are non-rival (e.g., flood protection), or have scarcity 

dependent on legislatively imposed constraints (e.g., pollution discharge limits). 

Wetlands would be better considered as common assets, rather than as 

providers of independent privatisable services. 
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3.0 CASE STUDY – THE RIVERSDALE-MURRAY VALLEY 

WATER MANAGEMENT SCHEME 

The Riversdale-Murray Valley Water Management Scheme provides a useful local case study 

of a scheme for financially incentivising wetland restoration within the GBR catchment. Here 

we provide an overview of the scheme, including its purpose and objectives, evaluate the 

scheme with over 15 years hindsight, and then identify learnings from the scheme that may 

assist in making future schemes successful for financially incentivising wetland restoration 

across the GBR Catchment. 

 

3.1 Scheme overview 

The Riversdale-Murray Valley Water Management Scheme (hereafter ‘the Riversdale-Murray 

Scheme’), completed in 2004, was a part of Queensland’s $40M Sugar Industry Infrastructure 

Program (Queensland SIIP; Ernst & Young, 2001). The Queensland SIIP was a joint venture 

between the Australian and Queensland Governments that aimed to facilitate expansion and 

improve the economic performance of the Queensland sugar industry. The Riversdale-Murray 

Scheme carried out a range of projects to reduce cane inundation by flood waters and increase 

cane production across the Tully-Murray floodplain through the creation of arterial drainage 

and lagoon wetlands. The objective of the arterial and mid-catchment on-farm drainage works, 

in combination, was to establish a drainage modulus of 10 litres/second/hectare of catchment 

area by improving or preserving preferential flow paths across the flood plain and constructing 

artificial arterial and on-farm lagoons at appropriate locations in mid-sections of the catchment 

to act as detention basins. The Scheme aimed to reduce inundation of mid-catchment cane 

land by directing water via preferential flow paths and draining it into ‘sump’ lagoons, whilst 

also reducing inundation of downstream areas by using the detention time provided by the 

lagoons to reduce runoff rates to, and therefore also inundation of, downstream areas (Merrin, 

n.d.; p.24).  

 

Projects were funded in thirds, with the Australian Government, Queensland Government and 

landholders each contributing equally (Merrin, n.d.; p. 2). The total funding allocated to on-

farm works was of $1.73M (in 2001 AUD$), comprising $1.09M of SIIP subsidy and $585k of 

landholders’ contributions (Merrin, n.d.; p.28). The $1.73M funding for on-farm works 

comprised 30.6% of the $5.65M cost of the Riversdale-Murray Scheme as a whole (Merrin, 

n.d.; p.30). The total cost of constructing on-farm detention lagoons was $495k ($330k of SIIP 

subsidy and $165k of landholders’ contributions). Guidelines for implementation of on-farms 

works stated that on-farm lagoons were to “be located in low lying or unproductive areas” and 

could “take the form of excavation within a detention area” (Merrin, n.d.; p.24). Lagoons were 

to have 100m2 of surface area per hectare of their contributing catchment and a depth of up 

to 3m to provide adequate detention time. Spoil excavated from a lagoon could be spread on 

adjacent low-lying areas to improve their productivity. 
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3.2 Scheme purpose and objectives 

Merrin (n.d.) describes the overall purpose, specific objectives, and strategies to achieve those 

objectives, of the Riversdale-Murray Scheme as follows: 

 

Purpose: To enhance productivity in existing and yet to be developed agricultural lands in the 

Riversdale-Murray valley through investment in water management infrastructure to improve 

the residual drainage of the area and thus reduce the period of time for which cane land 

remains inundated after high intensity rainfall events. The Scheme was to be designed in such 

a way as to maintain essential ecological processes and protect key natural resources.  

 

Water Management objectives: 

• To reduce the period of inundation on agricultural land after flooding1.  

• To improve residual drainage in order to remove floodwaters more rapidly, including 

improvements to and reinstatement of preferential flow paths. 

• To manage runoff from new agricultural developments to avoid adverse impacts on 

existing agricultural land. 

• To maximise use of pre-existing drainage systems and infrastructure. 

• To develop drainage infrastructure in line with natural system drainage capacity. 

 

Environmental objectives: 

• To protect and enhance significant environmental features such as fish passage, 

existing floodplain lagoons and wetlands complexes. 

• To maintain and where necessary improve water quality on the Murray floodplain and 

downstream environments. 

• To protect the quality and quantity of groundwater reserves. 

• To maintain and enhance land and habitat values such as terrestrial Mahogany Glider 

habitat, and significant cultural heritage and archaeological sites. 

 

Land Management objectives: 

• To avoid development of marginal or unsuitable land for agriculture. 

• To ensure that the viability of existing farms is not compromised by new developments. 

• To ensure that the Scheme is acceptable to the majority of stakeholders on the 

floodplain. 

 

Strategic approaches to achieve objectives: 

• Establishment of an arterial drainage network to enhance floodplain hydraulic capacity 

and biological function. 

• Reinstatement and enhancement of natural flow paths across the floodplain and 

catchment outlets in the lower floodplain. 

• Reduction of adverse impacts from existing and potential future farm developments on 

downstream lands and systems. 

• Inclusion of environmental enhancement measures. 

 

 
1 Merrin, (n.d.; p.31) reported that the improvement in drainage from the proposed scheme would reduce average cane losses 
from inundation by between 1.7 and 3.4 tonnes per hectare across 3,400 hectares of existing cane land, or up to 7,000 hectares 
of cane land when the potential for cane land expansion was included. 
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3.3 Evaluation scope 

In evaluating the Riversdale-Murray Scheme, we investigated the following questions: 

1. To what extent do the created wetlands support healthy ecosystems, in terms of water 

quality, habitat and fish biodiversity? 

2. To what extent do the created wetlands support the provision of ecosystem services 

(such as fisheries production)? 

3. What are the opinions of key stakeholders in the scheme with 15 years hindsight? 

4. What were the economic implications for landowners involved in the scheme? 

5. What learnings can be identified to support the success of future GBR-based wetland 

restoration schemes? 

 

3.4 Evaluation findings 

Wetlands health 

Wetland health was assessed using water quality grab samples and electric fishing surveys 

at twelve sites in October 2019 and ten sites in June 2020 (Appendices A2.1 Background & 

A2.2 Fish biodiversity). 

 

Water quality parameters were compared against the relevant water quality objectives 

prescribed by the Environmental Protection (Water and Wetland Biodiversity) Policy 2019: 

Tully River, Murray River and Hinchinbrook Island Basins Environmental Values and Water 

Quality Objectives, or the ANZECC (2000) trigger values, where available, for parameters not 

covered by the policy. Most samples exceeded the total nitrogen, ammonia and chlorophyll-a 

objectives, and all samples exceeded the total phosphorus objective. While total dissolved 

nitrogen objective was largely met (small exceedances) and total dissolved phosphorus 

objective was always met. All toxicants (pesticides and herbicides) tested were well within set 

objectives or guideline trigger values, except for one sample at one site which exceeded the 

diuron trigger value2. Of the 20 diurnal oxygen cycles assessed, all but three events, had  

dissolved oxygen saturations that exceeded the default acute trigger value guideline of 30%, 

as proposed by (Butler and Burrows 2007). 

 

Wetlands supported a high diversity of freshwater fish. Across all sites surveyed, and on both 

survey occasions, 36 native freshwater fish species (out of the Wet Tropics 78 freshwater fish 

species) were caught (Appendix A2.2 Fish biodiversity). The mean species richness observed 

at each survey was 8.2 (range=5-15), while each survey caught, on average, 222 individuals 

(range = 35-838). 

 

Ecosystem services 

We identified 22 final ecosystem services, as per the Common International Classification of 

Ecosystem Services (Haines-Young and Potschin 2012), that are potentially supported by the 

Riversdale-Murray Scheme wetlands (Table 1). Most notably, we estimate that the wetlands, 

and the connected drainage scheme resulted in greater water aggregation, with 1,192 ha of 

 

 
2 The ANZECC (2000) disclaims the diuron trigger value as having high uncertainty.  
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cane land being drier, and 58 ha of cane land being wetter post implementation of the Scheme 

(Appendix A2.5 Drainage). We also anticipate that the wetlands provide some benefit to 

improved water quality, with potential (not actual) nitrogen removal rate estimated to be ~2000 

kg N/ha/yr (Appendix A2.4 Nitrogen removal); and benefit to commercial fisheries production, 

with a productive and connected barramundi population observed across most wetlands 

(Appendix A2.3 Fisheries provision). 

 

Table 1: Final ecosystem services estimated to be provided by wetlands created as part of the 
Riversdale-Murray Scheme. Class and codes are from the Common International Classification of 

Ecosystem Services (Haines-Young and Potschin 2012). Pedigree scores indicate confidence in service 
provision estimates, ranging from 1 (low confidence) to 4 (total confidence), in line with those proposed 

by Costanza et al (1992). 

Section Class Code Application in Riversdale-Murray 
scheme 

Pedigree 

Provisioning 
(Biotic) 

Wild plants (terrestrial and 
aquatic, including fungi, 
algae) used for nutrition 

1.1.5.1 Indigenous community harvest (purpose 
unknown) observed by some farmers 
and relayed to us in person 
 

1 

Fibres and other materials 
from wild plants for direct 
use or processing 
(excluding genetic 
materials)  

1.1.5.2 Indigenous community harvest (purpose 
unknown) observed by some farmers 
and relayed to us in person 

1 

Wild animals (terrestrial 
and aquatic) used for 
nutritional purposes 

1.1.6.1 Farmers and their family reported 
fishing in lagoons in interviews. 
Indigenous community harvest (purpose 
unknown) observed by some farmers 
and relayed to us in person and in 
interviews 
 

4 

Fibres and other materials 
from wild animals for direct 
use or processing 
(excluding genetic 
materials)  

1.1.6.2 Indigenous community harvest (purpose 
unknown) observed by some farmers 
and relayed to us in person. Potential 
could include crocodile hide 

1 

Regulation & 
Maintenance 
(Biotic) 

Visual screening.                             2.1.2.3 Farmers mentioned (in person) trees 
from wetland riparian screening 
unsightly land. 
 

2 

Control of erosion rates 2.2.1.1 Riparian vegetation may be reducing 
bank erosion 
 

1 

Hydrological cycle and 
water flow regulation 
(Including flood control, 
and coastal protection) 

2.2.1.3 Change in farm inundation frequency 
observed in Appendix A2.5 Drainage, 
and hydrological modelling changes 
modelled and published by Karim et al 
(2012) 
 

3 

Wind protection 2.2.1.4 Tall Eucalyptus trees were observed in 
the riparian vegetation at some lagoon, 
and these may be protecting crops from 
wind, though yet to be quantified 
 

1 

Pollination (or 'gamete' 
dispersal in a marine 
context) 

2.2.2.1 Wetland riparian vegetation may be 
supporting insect vectors that assist 
crop pollination. Not quantified. 
 

1 

Maintaining nursery 
populations and habitats 
(Including gene pool 
protection) 

2.2.2.3 Field surveys caught Barramundi across 
many wetlands of various sizes, 
indicating habitat support (Godfrey et al. 
2016; Appendix A2.3 Fisheries 
provision) 

3 



Financial incentive schemes to fund wetland restoration across the GBR catchment 

27 

Regulation of the chemical 
condition of freshwaters by 
living processes 

2.2.5.1 The wetlands likely provide some level 
of nutrient and sediment removal. 
Indirect estimates of potential 
denitrification rates in ideal conditions 
(likely over-estimating actual rates) are 
provided in Appendix A2.4. 
 

2 

Regulation of chemical 
composition of 
atmosphere and oceans 

2.2.6.1 The wetlands will likely store carbon in 
deposited sediments and riparian 
vegetation. This is not quantified. 
 

1 

Regulation of temperature 
and humidity, including 
ventilation and 
transpiration 

2.2.6.2 Open water and forested vegetation 
typically have a much lower albedo than 
crops and soil, which is likely to reduce 
ambient temperature. Wetlands can 
also increase humidity as retained water 
evaporates. The specific effect of this 
from these wetlands has not been 
quantified. 
 

1 

Cultural 
(Biotic) 

Characteristics of living 
systems that that enable 
activities promoting health, 
recuperation or enjoyment 
through active or 
immersive interactions 

3.1.1.1 Multiple farmers have mentioned using 
the wetlands for fishing, kayaking, 
boating, skiing and walking in person 
and in interviews. 

3 

Characteristics of living 
systems that enable 
activities promoting health, 
recuperation or enjoyment 
through passive or 
observational interactions 

3.1.1.2 Multiple farmers have mentioned visiting 
wetlands to enjoy the nature and to 
relax. They also mentioned personal 
satisfaction from completing the 
restoration. 

3 

Characteristics of living 
systems that enable 
scientific investigation or 
the creation of traditional 
ecological knowledge 

3.1.2.1 Several scientific papers have arisen 
from examining these wetlands 
(Pearson et al. 2013; Godfrey et al. 
2016; Karim et al. 2012). 

4 

Characteristics of living 
systems that enable 
education and training 

3.1.2.2 Farmers have gained considerable 
knowledge from restoring and observing 
these wetlands. 
 

2 

Characteristics of living 
systems that are resonant 
in terms of culture or 
heritage 

3.1.2.3 Indigenous people have been observed 
collecting from the lagoons, and this 
may resonate with their heritage/culture. 

1 

Characteristics of living 
systems that enable 
aesthetic experiences 

3.1.2.4 Numerous farmers have mentioned in 
person and in interviews the pleasure 
they get from wetlands improving farm 
aesthetics. 
 

3 

Characteristics or features 
of living systems that have 
an existence value 

3.2.2.1 The wetlands support a diverse array of 
freshwater fish (Pearson et al. 2013; 
Appendix A2.2 Fish biodiversity). 
 

3 

Characteristics or features 
of living systems that have 
an option or bequest value 

3.2.2.2 Farmers mentioned during visits and in 
interviews the satisfaction they get from 
providing a resource for their 
grandchildren to enjoy in the future. 
 

3 

Provisioning 
(Abiotic) 

Surface water used as a 
material (non-drinking 
purposes) 

4.2.1.2 Some farmers have used stored water 
for irrigation. The extent to which this 
occurs has not been quantified. 
 

1 
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Stakeholder opinions 

Stakeholder opinions of the scheme, following 15 years hindsight, were garnered via semi-

structured interviews with five landowners, one agricultural advisor and one industry 

representative (Appendix A2.6 Stakeholder interviews; Figure 1). 

 

Overall, the stakeholders interviewed spoke positively of the scheme and all indicated a 

willingness to take part in a similar scheme again, having the benefit of hindsight. Much of the 

scheme success was attributed to extensive and early consultation with landowners, with 

several speaking positively of the consultation in the Riversdale-Murray Scheme and 

negatively of the consultation with the current Wet Tropics Major Integrated Projects (WTMIPs) 

scheme. Scheme success was also strongly attributed to having clear and focused objectives, 

landscape-scale planning, and a high level of support with finances, education and guidance. 

Landowners also spoke highly of the biodiversity, aesthetic and amenity values the wetlands 

hold/support, and expressed pride in their personal accomplishment. Interviewees also 

expressed challenges with government bureaucracy and not all farms being suitable for 

wetland creation. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Word cloud from the written transcripts of semi-structured interviews with seven stakeholders 
involved in the Riversdale-Murray Scheme. 
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Farm economic implications 

Return on investment from constructing a representative Murray Valley – Riversdale SIIP-

subsidised on-farm drainage lagoon was evaluated from a private landholder’s perspective 

(Appendix A2.8 Microeconomic assessment). The cost incurred by the landholder comprised 

33% of the construction cost of their on-farm drainage lagoon (the remaining 67% of 

construction costs being covered by the SIIP subsidy), plus any on-going maintenance costs. 

Landholder’s costs were incurred as a combination of in-kind and cash costs. Of multiple 

ecosystem services provided by the wetlands and the associated drainage network, of which 

the wetland was a key element, at least two services provided direct financial benefits to 

landholders: (1) increased cane yield from improved drainage across the farm, and (Islam and 

Tanaka) increased cane yield from land that was elevated using wetland excavation spoil. 

Improved drainage reduced cane yield loss from waterlogging.  

 

Elevation of land with excavation spoil permitted two potential land use change scenarios to 

arise. The first was the conversion of cattle fattening land to production of sugarcane on a 

plant cane plus four ratoons cycle. The second was extension of the existing sugarcane 

production cycle from plant cane plus two ratoons to plant cane plus four ratoons. The benefits 

from improved drainage across the farm and change of land use on elevated land from cattle 

fattening to plant cane plus four ratoons are estimated to yield an internal rate of return ranging 

from 12.2% to 23.8%, and a benefit:cost ratio ranging from 1.35:1 to 2.02:1 (depending on the 

assumed increase in cane yield from improved drainage). When construction of the wetland 

permitted extension of the cane production cycle from two ratoons to four ratoons on the 

elevated land, a lower internal rate of return ranging from 0.5% to 14.7% and a benefit:cost 

ratio ranging from 0.82:1 to 1.49:1 resulted (again depending on the assumed increase in cane 

yield from improved drainage) (Appendix A2.8 Microeconomic assessment). 

 

3.5 Recommendations arising for future schemes 

Having evaluated the Riversdale-Murray Scheme, several key lessons arise for consideration 

in designing future schemes that seek to incentivise wetland restoration across the GBR 

catchment (Table 2). Briefly, schemes need: 1) to ensure their objectives are clear and ensure 

that trade-offs are well informed and outlined clearly; 2) they should seek a landscape scale 

plan, with wetlands designed to achieve specified objectives; 3) they should engage 

landowners and stakeholders early in the planning phase; and 4) they should provide financial 

and education support to landowners seeking to carry out wetland restoration. 
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Table 2: Key lessons and rationale for future wetlands restoration schemes arising from a review of the 
Riversdale-Murray Scheme 

Lesson Rationale 

Objectives need to 

be clear and 

complementary, 

with trade-offs well 

considered, and not 

ad-hoc 

Clear objectives will be critical in guiding the appropriate design and 

placement of wetlands, in managing expectations and in reducing trade-offs.  

 

Nitrogen improvement example 

The desire for reduced nitrogen runoff (as part of greater water quality 

improvement aspirations) presents a potential conflict and trade-off with the 

desire for improved drainage, low weed maintenance and fish habitat. 

Wetlands designed for nitrogen removal are typically highly vegetated, 

require hypoxic conditions and high hydraulic residence time. Whereas those 

for drainage require low hydraulic residence time, low weed maintenance 

wetlands are preferred deep to reduce vegetation rooting, and wetlands for 

fish require high oxygen levels. 

 

The interviews highlighted where objectives could have been clearer with 

some stakeholders upset by suggestions that their wetlands could be having 

minimal water quality benefit as they initially thought the wetlands would be 

beneficial. 

 

Wetlands need to 

be strategically 

designed and 

positioned across 

the landscape to 

achieve their 

objective, 

coordinated by a 

central organisation 

Not all farms are suitable for wetlands and not all wetlands are suitable for all 

objectives. The best wetland position and design will depend on the local 

context and objectives. For example, wetlands for fish diversity are best 

positioned close to the mainstream river, are well connected and have a 

diversity of habitats. Other factors such as farm profitability following land 

use change may also affect the suitability of a site for acceptable wetland 

restoration. Interviewees were highly supportive of a coordinated, landscape-

scale and systems approach, rather an ad-hoc approach, as the best 

position for a wetland may be on a neighbour’s property or its drainage 

catchment may span across multiple property ownership boundaries. 

 

Landowners 

require funding 

assistance to 

construct and 

maintain wetlands 

All interviewees cited budget constraints as a large barrier to building and 

maintaining wetlands. After construction, the need for on-going weed control 

and sediment removal present ongoing maintenance costs for the 

landowners. While wetlands may provide farmers with some direct financial 

benefit, many of the benefits provided by wetlands are non-rival and non-

excludable, benefitting the public more generally – funding should recognise 

the breadth of beneficiaries. 

 

Government 

regulation should 

not be needlessly 

complex and 

should be 

accompanied by 

appropriate support 

services. 

Interviewees indicated that the scheme was delayed by at least three years 

due to government bureaucracy and intervention, as well as a general 

nervousness about navigating the increasing requirements imposed by 

government regulation. While government regulation may be well-founded, 

reducing unnecessary complexity and providing support may help reduce the 

risk of deterring landowners from carrying out restoration. 

Landowners 

require education 

and support to 

Interviewees indicated that most landowners are farmers, not restoration 

experts, and lack knowledge on wetlands and compliance. A view was also 

expressed that people are hesitant in constructing new wetlands for 

downstream water quality improvements because they do not understand 
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create effective 

wetlands 

how they work. Expert support, education and ‘how to’ guides could help 

landowners be adequately equipped to execute restoration. 

 

Landowners 

warrant high and 

early consultation 

Most land where wetland restoration would be positioned is privately owned, 

consequently requiring landowner engagement and support. Without social 

license from the community a scheme is unlikely to be successful. 

Landowners also often hold considerable knowledge of their land, which can 

be critical in informing the best land parcels to prioritise for restoration. Early 

consultation can help identify suitable values, objectives and trade-offs 

across the landscape, help reduce resistance, and avoid unnecessary 

expense on inappropriately directed investigations. 

Biodiversity, 

aesthetics, amenity 

and personal 

accomplishment 

are highly valued 

In addition to the direct financial benefit, and perhaps more importantly, the 

biodiversity and amenity benefits of wetland restoration were greatly 

appreciated by the landowners and were considerable incentives for their 

engagement with the scheme. 
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4.0 THE GREAT BARRIER REEF CATCHMENT WETLAND 

INVESTMENT FUND 

There are multiple and growing opportunities for financing wetland restoration within the GBR 

catchment, whether it be for water quality improvement, increased farm production, carbon 

sequestration, fishery support, cultural benefit or any other desired wetland value/service 

(Waltham et al. 2019). As government, corporate, philanthropic and citizen desire and financial 

support for wetland restoration grows, a scheme that utilises all sources of funding to efficiently 

and effectively restore wetlands to strategically maximise the dividend of ecosystem services 

to society may be desired.  

 

To incentivise large-scale wetland restoration across the Great Barrier Reef catchment, we 

propose the establishment of a Great Barrier Reef Catchment Wetland Investment Fund 

(hereafter called ‘the fund’), operating as a common asset trust (CAT) and along the lines of 

that described by Canning et al (n.d.; Appendix 1). The implementation of CAT could have 

multiple benefits, including: having well-established legal mechanisms, with conflict resolution 

procedures; being objective-focused; permitting flexibility in the investors and investment 

decisions, enabling investment in multiple ecosystem services; allowing a coordinated 

framework for strategic planning; providing a platform for high levels of collaboration; and 

supporting administrative and transaction efficiency (Costanza et al. 2021). 

 

4.1 Fund overview 

The Great Barrier Reef Catchment Wetland Investment Fund would aim to maximise the 

overall value of ecosystem service flows, both monetary and non-monetary, arising from a 

portfolio of wetland restoration projects (i.e., ecosystem service return on investment from 

wetland ecosystems). Akin to a conventional managed investment fund, the fund could accept 

investment from multiple investors and invest in multiple wetland restoration projects that 

support multiple scheme objectives, with any benefits arising from the portfolio returned to 

investors as “dividends” either directly (where excludable and rival) or indirectly (where non-

excludable and/or non-rival). For directly apportionable services, investors could choose 

whether to take their share of any credits generated or the proceeds from the sale of their 

credit share on a trading market. For example, an airline investor may wish to use their share 

of carbon credits generated to offset their GHG emissions, while a finance manager may seek 

payment from the sale of their share of carbon credits, and a conservation investor may wish 

the proceeds of their carbon credit share to be invested back into the fund. The fund managers 

(i.e., the CAT trustees) would have the flexibility to invest in either individual restoration 

projects that capitalise on the provision of a single service (e.g., improving water purification), 

or others with multiple complementary objectives, that then collectively increase the overall 

value of ecosystem services flowing from the portfolio of wetland restoration sites (Figure 2). 

A local scientific/technical support agency could provide strategic guidance on restoration 

activities and assess overall fund performance, based on both intermediate and final 

ecosystem services (Finisdore et al. 2020). 

 

The Wetland Investment Fund can invite wetland developers to submit proposals for wetland 

restoration project detailing for example the minimum amount they are willing to accept, 

location and type of wetland. Selection of successful bidders is based on a reverse auction 
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mechanism, similar to those that have been conducted by Australian Government in water 

quality tenders in GBR catchments (for example Rolfe and Windle (2011a,b)). Reverse auction 

mechanisms reveal the opportunity cost of changing land use (Rolfe and Windle 2011b) which 

effectively reveal the proponent's minimum willingness to accept compensation for 

undertaking water quality improvement projects. In reverse auctions, individuals/organizations 

submit a bid for the minimum amount they are willing to accept to undertake a wetland 

restoration project. Bids are then ranked based on the ecosystem service provision generated 

by the project and the bid amount (Hill et al. 2011; Connor, Ward, and Bryan 2008).  

 

The Wetland Investment Fund’s funding would come from investors who seek dividends from 

one or multiple ecosystem services generated by the portfolio of restored wetlands. Fund 

performance, in terms of trends in the ecosystem services return on investment, would attract 

new investors. Investors interested in single ecosystem services, such as airlines seeking 

carbon abatement, may choose to invest based on historical performance, and anticipated 

(but not guaranteed) future improvements based on restoration plans for their focal service 

(e.g., trends in estimated CO2e abated). Additional complementary benefits generated (e.g., 

improvements in water quality, fisheries, tourism or mental health) could also be 

acknowledged in investor marketing, via integrated reporting (Busco et al. 2013), to 

demonstrate the broader societal and environmental benefits generated compared to those 

initiatives where only one service improves (e.g., technological carbon offset projects). 
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Figure 2. A proposed wetland restoration investment fund with entities, roles and their relationships. Panels A-C contain hypothetical information for 
demonstration purposes. Panel (A) mapping exemplifies guidance on strategically locating potential wetlands to maximise provision of a desired service (e.g., DIN 

removal across the Great Barrier Reef catchment by Waltham et al 2021). Panels (B & C) exemplify potential performance metrics that could be reported to 
investors, such as the performance in providing (B) final and (C) intermediate ecosystem services. Numeric codes within panel (B) are the NESCS-Plus codes for 

final ecosystem services. 



Financial incentive schemes to fund wetland restoration across the GBR catchment 

35 

4.2 Roles and responsibilities of fund agents 

The Great Barrier Reef Catchment Wetland Investment Fund (Figure 2) would need to include 

the elements/components typical of trust funds, as well as supporting agents (Costanza et al. 

2021; Ostrom 2008).  

 

Key agents in such a scheme would include: 

1. A fund management group; 

2. Indigenous peoples/traditional owners; 

3. Investors; 

4. Wetland developers; 

5. Government; 

6. Scientific/Technical support; and 

7. The general community. 

 

A fund management group (or board of trustees), and their supporting staff, would need to be 

established to manage the investment fund and be responsible for fund performance (i.e., 

increasing the overall return of ecosystem services on investment over time). The group 

should be independent and include indigenous representation, with members focused on 

setting and achieving the Wetland Investment Fund’s objectives, working closely with all 

stakeholders (Needham et al. 2019).  

 

The management body would have numerous roles including: 

 

1. Identifying locally relevant values and setting objectives that support those 

values. Those objectives should be clearly defined spatially and temporally, and have 

trade-offs between conflicting objectives identified up front. 

2. Partnering with Indigenous communities. There are many Indigenous communities 

across the Great Barrier Reef catchment, each with their own laws, customs and 

beliefs according to their creation ethic or Dreaming. A single indigenous view cannot 

be assumed across the entire catchment. Having indigenous representation on the 

management body will help with forging enduring partnerships for both societies, 

particularly if indigenous representatives are well networked and well respected across 

numerous indigenous groups, but it will be insufficient alone to ensure the diverse 

range of views are well encapsulated. All Aboriginal groups in locations where 

restorations might occur need to be consulted with, and a working relationship 

developed, at the scheme outset, well before values and objectives are set. For 

communities where visitors are completely unknown, ensure a respected go-between 

joins the initial meetings. Meetings should follow the guidance by the Department of 

Aboriginal & Torres Strait Islander Policy and Development (1999). With each group, 

identify local customs and sacred areas, and ensure they are respected. Establish how 

they wish the relationship to function in future, including when and how they would like 

to be partnered or consulted with, and respect these wishes. 

3. Regularly consulting with stakeholders and local communities to maximise the 

probability of investment wetlands aligning closely with funder and community 

demands, while minimising potential conflict with local values, ensuring social licence 

is maintained. This may best assisted through the establishment of a stakeholder 

engagement group with representatives across industry and the community. 
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4. Managing a common asset trust that collates funding from multiple sources and 

invests in a portfolio of wetland restoration projects that seek to maximise the overall 

delivery of ecosystem services. 

5. Providing a one-stop-shop for funders and developers to provide and access 

wetland restoration funding, reducing the need for multiple parallel assessments and 

administration.  

6. Showcasing fund performance to prospective funders using evaluations from the 

scientific support group. Rather than guaranteeing a certain level of provision for a 

given service, developers would be paid based on the provision of a desired wetland. 

Any benefits arising from the portfolio are returned to investors as “dividends” either 

directly (where excludable and rival) or indirectly (where non-excludable and/or non-

rival). 

7. Managers would be responsible for the registration and trading of any credits 

generated. 

8. Permitting and collecting royalties from commercial activities occurring within 

wetlands, such as fisheries harvesting, and reinvesting royalties back into the fund. 

9. Engaging potential local wetland developers and operating reverse auctions, or similar, 

to invest in restoration proposals and increase overall fund returns. Local providers 

ensure local costs are reflected, allow for consistent and locally relevant assessment 

methods, and build trust in projects by ensuring wetlands are proximal and open for 

investors to visit (Bonn et al. 2014). Reverse auctions can help fund managers to better 

understand patterns of compensation requirements to minimise the risk of 

misallocation of funding resources and to cost-effectively allocate funding that would 

achieve the desired flows of ecosystem services. 

10. Disseminating guidance on the desired location and design of restored wetlands for 

developers.  

11. Managing covenants to ensure permanence of restored wetlands, ensuring high 

confidence of continued provision. 

12. Advocating for the protection and improvement of freshwater habitats. Poor catchment 

land use and freshwater management may compromise the provision of ecosystem 

services (Camacho-Valdez et al. 2014; Islam et al. 2015; Ricaurte et al. 2017). Weak 

environmental limits could also reduce the demand for ecosystem services. 

Queensland’s Environmental Protection (Water and Wetland Biodiversity) Policy 2019, 

sitting under the Environmental Protection Act 1994, generally provides stringent 

environmental objectives, and advocacy would need to be focused on ensuring there 

is sufficient action and enforcement in place to support achieving the desired 

objectives. 

13. Setting and maintaining scheme-wide policy on assessment methodologies and 

reporting standards to ensure consistency and efficiency in assessment. Assessment 

methodologies and standards should be based on advice from the local partner 

university/research institution. Updates to standards and methodologies should be 

scheduled at pre-defined intervals to increase certainty for developers. There are 

currently no ‘off-the-shelf’ ready assessment methods suitable for wetlands within the 

GBR and the scientific/technical support partner would need to develop these for the 

key services prior to scheme operation. Appendix A2.9 Candidate Final Ecosystem 

Services provides potential final ecosystem services, and the CICES ecosystem 

service codes, that could be relevant to the scheme. 
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Supporting the fund management body would be a local scientific/technical support partner, 

which may a university, research institution or consultancy with experience in wetland ecology, 

ecosystem service valuation and strong links in the local community, government and industry 

partners. 

 

The scientific support partner would have numerous roles including: 

 

1. Assisting with the technical aspects of mapping values, such as mapping current 

ecosystems, surveying human values and modelling optimal wetland positioning for 

delivery of different ecosystem service benefits. 

2. Developing and refining simple, low-cost on-site and remote assessment 

methodologies. Streamlined, low-cost assessments that provide consistent standards, 

are robust to gaming, and scalable to inform overall fund performance adequately, 

rather than seeking perfection through costly and precise assessments, should be 

preferred. It would be preferable to have greater wetland restoration and more certainty 

of service provision, rather than high certainty in service measurement and fewer 

restored wetlands. Updates to assessment methods should be scheduled well in 

advance to align with the frequency decided by the management body to ensure a 

balance between currency and scheme confidence. Ecosystem service performance 

metrics should include both intermediate and final ecosystems. Providing final 

ecosystem service provision estimates using established classification systems, such 

as the Common International Classification of Ecosystem Services (CICES) (e.g., 

Appendix A2.9 Candidate Final Ecosystem Services), allows for more accurate and 

consistent reporting of ecosystem services, unambiguous inclusion within national 

environmental economic accounting, and should improve consistency in the 

measurement of multiple ecosystem services from one site (Finisdore et al. 2020; 

MacNair, Tomasi, and Freeman 2014). 

3. Developing guidance on wetland creation and design standards, potential restoration 

locations, specifically to maximise the provision of single ecosystem services, or the 

provision of complementary ecosystem services, and understanding trade-offs 

between managing for multiple services. Waltham et al (2017) used multi-criteria 

analysis across the GBR’s Wet Tropics highlighting locations where wetlands could be 

optimally positioned to maximise DIN removal, and provides an example of the 

potential guidance that could be provided for other services. WetlandCare Australia 

(2008) have produced a ‘how to’ guide on restoring wetlands within the GBR 

catchment. Although this guide is useful and easy to follow, guidelines need updating 

and guidance is required on how to restore wetlands to maximise desired ecosystem 

services as one design approach does not fit all services. 

4. Running workshops to train wetland designers, community groups, and assessors. 

Assessors (who would be hired by the developer) should be certified with a training 

requirement that includes refreshers every time assessment methods are updated. 

Workshops could be similar to those by Waltham et al (2018), whom provided training 

to indigenous Land and Sea Rangers in Queensland’s Torres Strait islands on 

conserving, restoring and monitoring wetlands. Strengths of this training included a 

high level of partnership and community involvement, allowing for utilization of the 

existing local skill base and incorporation of local traditional knowledge. Workshops 

would, therefore, need to understand and incorporate local values and abilities, while 



Waltham et al. 

38 

providing education on designing and monitoring wetlands that deliver desired 

ecosystem services. 

5. Auditing the assessment reports submitted by developers to the management body, 

including carrying out random site visits, and maintaining an open database of 

assessment data. Reporting from the local scientific/technical support partner would 

only be to the management body, and not to the developer or assessor, to maintain 

independence and minimise cynicism that developers have paid for false or weak 

assessment. 

 

Governments would be central and interacting with all groups, with roles including: 

 

1. Legislating and enforcing policy that requires no net loss of the extent and condition of 

natural wetlands to help ensure additionality and minimise outside leakage (Ullman, 

Bilbao-Bastida, and Grimsditch 2013).  

2. Developing and managing a wetland accounting system, supported by data provided 

by the local university/research institution. A wetland accounting system will help the 

scheme demonstrate additionality, minimise leakage  and increase permanence 

(Ullman, Bilbao-Bastida, and Grimsditch 2013). Adopting the United Nations System 

of Environmental-Economic Accounting guidelines would improve data parity between 

countries (United Nations et al. 2014). The Queensland Government already operates 

considerable environmental accounting, including a maintained database of wetland 

extent and typologies covering the state, including the Great Barrier Reef catchment 

(Environmental Protection Agency 2005; Department of Environment and Science 

2019). This, however, could be improved to include indicators of wetland ecological 

health, which may require Government to increase systematic and randomised 

ecological monitoring (Canning and Waltham 2021). 

3. Potentially establishing a legislated mechanism that recognises investment in the fund 

as an option for offsetting environmental impacts, such as for carbon emissions or 

water quality degradation. At present, those requiring offsets are able to contribute to 

the Reef Trust in lieu of carrying out their own offset projects, this could be extended 

to allow contribution towards the proposed GBR wetland fund as a viable offset. This 

could involve introducing Pigouvian taxes (a tax on any market activity that generates 

negative externalities (costs not included in the market) on agricultural inputs, such as 

fertiliser or water takes, and urban rates, or directing environmental fines towards the 

fund.  

 

Investors enable the continued operation of a Wetland Investment Fund, and could be a 

mixture of individuals, not-for-profit organisations, financial institutions, companies and 

government (Heberling, Thurston, and Nietch 2018). Investors receive “benefits in the form of 

annual dividends” arising from the ecosystem services generated by their investment. Where 

excludable credits are registered, such as carbon or nutrient credits, investors would receive 

these as dividends  which could be used to offset their organizations activities, or alternatively 

could choose to receive cash when credits as sold by the Trustees on their behalf.  

 

Royalties collected from commercial use of portfolio wetlands, or from property 

developers/insurers seeking strategic wetland placement for property protection, could also 

be returned to investors as dividends or reinvested back into the Wetland Investment Fund (if 

the investor so desires). Investors will also benefit more generally, or indirectly, from the 
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provision of non-rival and difficult to exclude services. Investors would be able to examine the 

fund performance and plans, most likely in terms of the ecosystem service(s) they are most 

interested in, and make investments according to their ability, requirements and/or desired 

return on investment. In addition to dividends, the Wetland Investment Fund may also create 

eco-labels or certificates to attract and recognise large investors that may wish to convey 

social and environmental responsibility.  

 

The investment providers, or project developers, may be landowners (freehold, 

indigenous/traditional owners, or aggregation of landholders) or consultants/managers 

working on their behalf. Project developers should be independent of the fund management 

group, local scientific/technical support partner and government to ensure scheme credibility 

and accountability. Project developers propose and create wetlands for payment, competing 

with one another for funding via a reverse-auction. Proposals should not only include wetland 

creation, but also monitoring and long-term maintenance of the wetland. If accepted, 

developers are responsible for managing the on-ground construction, including identification 

of suitable sites, wetland design, organizing staff and machinery, partnering with volunteer 

organizations, assessment and reporting, and liaising with the fund management group and 

government. Project developers may design and assess wetlands internally, but assessors 

would require training, approval, and all assessments would be subject to independent audit 

against the provisions agreed by the local scientific/technical support partner (mediated by the 

Wetland Investment Fund). 
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Table 3: The components of the proposed GBR Catchment Wetland Investment Fund designed to satisfy lessons identified earlier. 

Lessons/recommendations Great Barrier Reef Catchment Wetland Investment Fund component 

Values and objectives need to be clear and identified early, both 

spatially and temporally, with trade-offs well informed. 

The fund management group has a role to identify values and objectives at the scheme outset, 

supported by indigenous partnerships, stakeholder engagement, and the technical capabilities of 

the scientific support partner. 

 

The scheme needs strong indigenous partnership, and 

community/stakeholder/landowner engagement, particularly during 

value identification and objective setting. 

Indigenous partnership is embedded throughout, including the fund management body requiring 

indigenous representation, and a role to form relationships with relevant indigenous communities 

and work with them, if they wish, to identify values and objectives, restore, maintain and assess 

wetlands. 

 

Wetlands need to be strategically designed and positioned across the 

landscape to achieve objectives, coordinated by a central organisation. 

Once values and objectives have been identified, the scientific support partner will identify 

potential land parcels and wetland designs that best support provision of desired ecosystem 

services.  Here landholders would still need to agree to participate and submit offer(s) via the 

reverse tender processes.  

 

The scheme should use a central fund and management agency to 

pool funding from multiple sources, then use a balance of the principal 

and interest to invest in a portfolio of wetland restoration projects. 

The fund would operate a common asset trust, managed by the fund management group (i.e., 

trustees) that will pool multiple sources of funding and invest in wetlands with the aim of 

maximising the total return to ecosystem services. Fund managers would have the flexibility to 

decide the share of principal and interest invested in restorations, depending on their perceived 

financial and political stability. 

 

Wetland developers are awarded staged, bundled payments based on 

the provision of agreed, input-based criteria, identified via a reverse-

auction process and facilitated by a central agency. 

The fund would use a reverse-auction process to identify cost-effective projects and agree upon 

the provision of input-based wetland standards. Bundled payments would be made to successful 

wetland developers upon satisfaction of staged milestones. 

 

Landowners require funding assistance to restore and maintain 

wetlands 

All wetland developers, including landowners, would be paid for the restoration and maintenance 

of wetlands if they are successful during the reverse-auction process. Long term maintenance 

needs would need to be outlined in the initial reverse-auction submission. 

 

The scheme is supported by a robust environmental accounting 

framework and transaction database with sufficient detail to allow third-

party verification. 

The scientific support partner will be responsible for establishing and maintaining a database of 

detailed assessments of restoration projects. Fund managers will also advocate for Government to 

develop and maintain a broader environmental accounting framework in line with the United 

Nations System of Environmental-Economic Accounting guidelines (United Nations et al. 2014). 

The Queensland Government already operates considerable environmental accounting, including 
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a maintained database of wetland extent and typologies covering the state, including the Great 

Barrier Reef catchment. Fund advocacy should focus on including assessments of ecological 

health into this database. 

 

The scheme’s performance is monitored using conservative estimates 

with repeatable, cost-effective models and assessments of both 

intermediate and final ecosystem services. 

The scientific support partner will be responsible for developing simple on ground assessment 

methods to be reported by wetland developers via trained assessors. The scientific support 

partner will also collate the on-ground assessment data across the entire scheme, collate any 

additional data from remote sensing, model a range of intermediate and final ecosystem services, 

and regularly report on portfolio performance. A list of candidate final ecosystem services for 

consideration by the fund management group is provided in Appendix A2.9 Candidate Final 

Ecosystem Services. 

 

Restoration projects require legal protection and safeguards against 

outside influences. 

The fund managers will use the common asset trust, covenants and other relevant agreements to 

ensure long term legal protection of restoration projects. The fund managers also have a role to 

advocate with Government for the development and enforcement of sufficient environmental 

safeguards. 

 

Government regulation needs to avoid being needlessly complex, and 

should be accompanied by support services. 

The fund managers will work with Government to identify policy areas that could be improved and 

create guidance on navigating relevant legislation. 

 

Landowners require education and support to create effective wetlands The scientific support partner has a role to run education workshops and produce ‘how to’ guides 

on restoring wetlands for desired ecosystem services. 

 

Restored wetlands are managed as common property that provide 

multiple non-rival and non-excludable benefits. 

Wetlands will be managed using a common asset trust with the aim of maximizing the overall 

provision of ecosystem services, including those that are non-rival and non-excludable.  

 

Biodiversity, aesthetics, amenity and personal accomplishment are 

highly valued by landowners. 

Restoration guidelines produced by the scientific support partner will provide advice on balancing 

trade-offs in wetland design, so that landowners can then decide for themselves the extent to 

which they wish to develop a wetland for its biodiversity, aesthetic and amenity values versus 

other values. Fund investments will also account for the ecosystem services arising from 

biodiversity, aesthetic and amenity values of restored wetlands. 
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4.3 Research gaps 

There are a number of research gaps identified in completing this research project.  These are 

summarised below:  

 

• Carry out a review of all the mechanisms funding wetland restoration within the GBR 

catchment. This review should include, but not be limited to, assessment of funding 

viability (both volume and stability), scheme objectives and performance of delivery 

against those objectives (including after project completion), the methods for assessing 

performance, wetland position and design and alignment with objectives, the 

ecosystem services arising from restored wetlands, and communities acceptance of 

schemes. 

• Estimates of biodiversity, carbon, nutrient removal using rapid assessments and 

remote sensing. This will involve reviewing the needs for relevant carbon, biodiversity 

and nitrogen markets. Use literature reviews, experiments and field surveys to establish 

relationships between wetland characteristics and the various ecosystem services. 

• Design a scheme level assessment framework and database to house collected data. 

• Develop training workshops and ‘how to’ guides for assessors and developers.  

• Stock take the health of current wetlands needed to establish baseline using relevant 

indicators of wetland condition. SEEA-EEA (2014) provides guidelines on how such 

indicators should be selected. 

• Carry out stakeholder consultation to map out social values and objectives 

• Create maps that identify land parcels potentially suitable for wetland restoration that 

best support each desired service 

• Engage with relevant and willing indigenous groups to identify their values, objectives 

and traditional monitoring metrics, and identify what support they require. 

• Review the suitability of existing ‘willingness to pay’ value estimates for the non-rival 

and non-excludable services in Appendix A2.9, and carry out local surveys where 

existing estimates are insufficient.  
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APPENDIX 1: FINANCIAL INCENTIVES FOR LARGE-SCALE 
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APPENDIX 2: TULLY SCHEME EVALUATION  

A2.1 Background 

Site locations 

Fourteen wetlands, created under the Sugar Industry Infrastructure Package program during 

the early 1990s, within Queensland’s Tully-Murray catchment (except one in the Johnstone 

catchment), were examined as part of this study (Figure 2). For confidentiality reasons, details 

linking sites with owners is not provided, each labelled T1-T14. 

 

 

Figure 2: Locations of created wetlands examined within the Tully-Murray catchment, Queensland. 

 

Bathymetry  

Bathymetry was mapped at eight study sites using boat depth sounding (10 m intervals) in 

June 2020 and interpolated using ArcGIS’s Kernel Interpolation with Barriers tool (Figure 3 & 

Figure 4). This also allowed the volume (on assessment date) to be approximated. 
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Figure 3: The bathymetry maps of lagoons T1-T4 (left to right, top then bottom respectively). 
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Figure 4: The bathymetry maps of lagoons T1-T4 (left to right, top then bottom respectively). 
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Rainfall 

Rainfall has been recorded daily at the Tully Mill station since 1927. Analysis of these data 

reveals that the highest accumulative wet season (November to March) rainfall occurred 

1973/1974 (5,504mm) while the lowest was recorded 1988/1989 (247 mm). Annual summer 

rainfall totals recorded during the study were near to, or above, long term average (Figure 5; 

Table 4). 

 

Table 4: Summary wet season (Nov – March) statistics of rainfall recorded at Tully Mill station  

 

  

 

 

 

 

 

 

 

Figure 5: BOM wet-season (Nov - March) rainfall data recorded at Tully sugar mill (station number 32042) 
ranked in order of decreasing total rainfall (mm). Blue bars show total rainfall over the past few years, red 

bars cover wet season prior to this project. 
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Water quality sampling 

In October 2019 and June 2020, the water quality at study sites was examined using grab 

samples collected at  three open water locations at 15 to 30 cm below the water surface (except 

for depth profile measurements). Analysis included 15 measures of nutrient enrichment and 

sedimentation (Table 5) and 22 toxicants (Table 6). 

 

Collection was made with the vessel facing into the current; if flow is absent the sample 

container was swept gently through the water column to minimise intake of water that has been 

in contact with the outside of the container and/or the grasping hand. Care was taken to ensure 

that the bottom sediment was not disturbed and that surface films were not collected. Except 

where otherwise stated, standard sampling and preservation methods were employed (DERM 

2009; American Public Health Association(APHA) et al. 2005). Water samples for filterable 

nutrients were syringe-filtered on site with an unused disposable plastic 60 mL syringe, 0.45μm 

Sartorius minisart filters, and were kept on ice, in an esky, until late freezing, and eventually 

processing at the TropWATER analytical laboratory. At each site, water samples for pesticides 

were also collected in appropriate glass jars, stored cool, for later analysis at an accredited 

laboratory. 

 

A calibrated Hydrolab multi-probe data logger was deployed in the near-surface water layer 

(0.2m below the surface) at wetland sites to measure diel periodicity (cycling) of these physico-

chemical parameters (water temperature, dissolved oxygen, conductivity, pH) at 20 min 

intervals (Table 7; Figure 6). Loggers remained at a site overnight in order to measure diel 

patterns in water quality conditions. 

 

To examine thermal stratification conditions in lagoons T1, T4, T5 and T6, temperature 

pendants (Onset Corporation) were deployed in each waterhole at two depths: 1) surface – 

0.2 m below water surface; and 2) bottom – 0.1 m above waterhole bottom. The surface logger 

was attached to the underside of a 0.15 m buoy to shield it from the sun at all times as any 

direct exposure could produce erroneous results. All of these loggers (air and water) were 

programmed to record data every 20 min (Table 8).  

 

Depth profiling (down to 3.50 m where possible) of pH, electrical conductivity (EC), temperature 

and dissolved oxygen took place at each site in October 2019 and June 2020. At each site, 

profiles were taken at three random sites and at 0.25m depth intervals. The results are 

summarised in Table 9. 
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Figure 6: Hydrolab recording physio-chemical conditions deployed in wetland (photo taken 5/10/2019, Dr 
N. Waltham) 
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Table 5: Water quality concentrations from grab samples collected at each site in October 2019 and June 2020. TSS, Total Suspended Sediment; PN, particulate nitrogen; PP, particulate phosphorus. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  

Site Date TSS 

mg/L 

Turbidity Total 

Nitrogen 

µg N/L 

Total 

Dissolved 

Nitrogen 

µg N/L 

Ammonia 

µg N/L 

Nitrate 

µg N/L 

Nitrite 

µg N/L 

PN  µg 

N/L 

Total 

Phosphorus 

µg P/L 

Total 

Dissolved 

Phosphorus 

µg P/L 

PP  

µg P/L 

Filterable 

Reactive 

Phosphorus 

µg P/L 

Chlorophyll-

a µg/L 

Phaeophytin 

a µg/L 

T1 6/10/2019 2 1.2 278 255 18 7 1 23 14 8 6 2 2.64 1.18 

T2 5/10/2019 6 5.6 552 362 20 4 1 190 30 8 22 3 7.44 1.32 

T3 2/10/2019 6.1 6.2 422 357 24 5 2 65 27 15 12 3 4.95 1.95 

T4 4/10/2019 15 13 344 237 17 4 1 107 24 8 16 3 9.85 0.92 

T5 2/10/2019 41 55 868 656 91 62 3 212 34 13 21 4 7.34 2.31 

T6 6/10/2019 19 16 592 313 8 4 1 279 44 11 33 4 8.12 2.04 

T7 6/10/2019 7.2 3.9 384 376 3 5 1 8 17 8 9 3 5.22 1.1 

T8 4/10/2019 4.1 2.5 273 209 20 2 2 64 17 7 10 3 5.16 1.65 

T9 3/10/2019 7.7 9.3 414 358 7 4 1 56 16 8 8 2 4.13 2.39 

T10 3/10/2019 18 12 446 160 10 2 2 286 23 8 15 3 8.86 2.65 

T11 3/10/2019 34 37 450 312 4 6 2 138 22 8 14 3 4.82 2.43 

T12 5/10/2019 15 16 468 286 12 4 1 182 32 7 25 3 7.79 1.52 

T1 27/06/2020 6.8 6.2 487 114 10 3 2 373 67 7 60 3 32.09 5.58 

T2 23/06/2020 5.6 5.4 298 196 31 47 3 102 20 12 8 6 7.49 2.23 

T3 24/06/2020 5.6 5.3 276 149 14 11 2 127 22 6 16 2 18.17 1.53 

T4 27/06/2020 4.2 5.4 349 270 31 124 2 79 11 3 8 <1 2.05 0.84 

T5 26/06/2020 7.5 10 274 195 8 15 2 79 15 5 10 <1 3.36 1.53 

T6 23/06/2020 12 12 480 266 9 168 4 214 54 17 37 3 43.72 1.89 

T9 25/06/2020 25 24 383 115 14 5 2 268 33 5 28 2 22.58 5.58 

T10 25/06/2020 14 12 507 211 5 82 4 296 42 7 35 3 34.86 4.79 

T11 25/06/2020 12 16 394 268 14 218 3 126 14 3 11 3 5.84 1.12 

T12 28/06/2020 59 80 540 67 14 5 2 473 64 5 59 3 10.97 3.16 
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Table 6: Toxicant concentrations from grab samples collected at each site in October 2019 and June 2020. 
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T1 6/10/2019 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0311 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0161 <0.0002 0.0149 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

T2 5/10/2019 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0079 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0022 0.0008 0.0028 <0.0002 <0.0002 <0.0002 0.0006 <0.0002 <0.0002 

T3 2/10/2019 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0312 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0171 <0.0002 0.0014 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

T4 4/10/2019 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0136 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0153 0.0003 0.0030 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

T5 2/10/2019 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0060 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0084 0.0003 0.0089 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

T6 6/10/2019 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.213 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.460 0.0015 0.0488 <0.0002 <0.0002 0.0003 0.0003 <0.0002 <0.0002 

T7 6/10/2019 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0080 0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0058 0.0002 0.0040 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

T8 4/10/2019 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0392 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0086 0.0002 0.0024 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

T9 3/10/2019 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0424 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0532 0.0012 0.0067 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

T10 3/10/2019 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0636 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0371 0.0010 0.0032 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

T11 3/10/2019 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0764 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0042 0.0013 0.0055 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

T12 5/10/2019 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0062 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0137 0.0005 0.158 <0.0002 <0.0002 0.0014 0.0005 <0.0002 <0.0002 

T1 27/06/2020 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0308 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0200 0.0004 0.0292 <0.0002 <0.0002 0.0003 <0.0002 <0.0002 <0.0002 

T2 23/06/2020 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0232 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0288 0.0005 <0.0200 <0.0002 0.0004 0.0002 <0.0200 <0.0002 <0.0002 

T3 24/06/2020 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0240 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0200 <0.0002 <0.0200 <0.0002 0.0006 <0.0002 <0.0002 <0.0002 <0.0002 

T4 27/06/2020 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0028 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0038 <0.0002 <0.0020 <0.0002 0.0006 <0.0002 <0.0002 <0.0002 <0.0002 

T5 26/06/2020 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0125 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0035 0.0003 0.0020 <0.0002 0.0002 <0.0002 0.0003 <0.0002 <0.0002 

T6 23/06/2020 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0248 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0200 0.0006 <0.0200 <0.0002 0.0010 <0.0002 <0.0002 <0.0002 <0.0002 

T9 25/06/2020 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0248 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0440 0.0011 <0.0200 <0.0002 0.0006 <0.0002 <0.0002 <0.0002 <0.0002 

T10 25/06/2020 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0248 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0079 <0.0002 <0.0020 <0.0002 0.0002 <0.0002 <0.0002 <0.0002 <0.0002 

T11 25/06/2020 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 0.0292 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0084 0.0002 0.0030 <0.0002 0.0007 <0.0002 <0.0002 <0.0002 <0.0002 

T12 28/06/2020 <0.001 <0.001 <0.0002 <0.0002 <0.0002 <0.001 <0.0200 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 <0.0002 0.0024 <0.0002 0.0015 <0.0002 <0.0002 <0.0002 0.528 <0.0002 <0.0002 
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Table 7: Summary statistics for Hydrolab loggers in wetlands during the late dry season (October 2019) and post wet (June 2020) season surveys. 

Site Start Time Finish Time Min 
Temp 

Max 
Temp 

Mean 
Temp 

Min EC Max EC Mean 
EC 

Min pH Max pH Mean 
pH 

Min DO Max DO Mean DO 

T1  06/10/19 09:40 07/10/19 14:20 24.86 28.15 26.01 44 45 44 5.57 5.82 5.65 12.70 61.90 31.48 

T2 05/10/19 09:40 07/10/19 13:20 25.62 29.20 26.94 52 54 53 6.00 6.65 6.27 59.60 106.92 80.90 

T3 02/10/19 16:20 04/10/19 14:50 25.34 27.74 26.43 48 49 48 6.10 6.31 6.20 73.10 96.70 83.55 

T4 04/10/19 13:40 06/10/19 08:00 25.20 30.02 27.23 61 62 62 5.97 6.52 6.22 43.20 103.10 77.06 

T5 02/10/19 12:40 04/10/19 08:40 25.39 27.71 26.25 67 75 68 6.37 6.90 6.56 46.10 91.20 67.91 

T6 04/10/19 09:30 05/10/19 13:15 25.03 29.24 27.50 52 80 56 6.32 8.20 6.82 75.80 120.20 99.30 

T7 06/10/19 16:30 07/10/19 14:15 24.37 30.71 26.76 53 55 54 5.33 5.69 5.44 46.50 85.10 62.72 

T8 03/10/19 11:40 05/10/19 07:45 26.35 29.24 27.69 52 54 53 6.33 8.20 6.90 83.20 120.20 99.69 

T9 04/10/19 18:30 07/10/19 11:40 26.52 28.13 27.08 57 57 57 6.26 6.46 6.34 75.90 92.00 83.12 

T10 03/10/19 13:50 05/10/19 08:00 24.80 29.39 26.53 56 57 57 6.24 6.66 6.40 40.20 97.10 65.81 

T11 03/10/19 16:50 05/10/19 08:15 25.42 30.26 27.09 57 59 58 6.43 7.36 6.69 52.58 106.92 78.34 

T12 05/10/19 13:20 07/10/19 09:30 22.95 30.14 25.91 61 66 64 5.90 6.25 6.02 16.50 106.40 55.76 

T1 27/06/20 16:00 29/06/20 16:00 20.74 25.06 21.89 49 57 52 5.15 5.47 5.24 11.80 71.50 29.73 

T2 23/06/20 16:30 25/06/20 09:30 22.50 25.69 23.95 43 46 45 6.03 6.35 6.15 46.00 88.80 67.72 

T3 24/06/20 14:45 26/06/20 14:00 20.38 22.85 21.44 47 48 48 5.73 6.01 5.84 49.20 109.30 67.02 

T4 27/06/20 16:50 29/06/20 15:10 21.30 23.19 21.93 41 43 42 5.77 6.07 5.88 11.60 98.20 41.50 

T5 26/06/20 18:50 28/06/20 09:00 21.77 24.85 22.63 65 67 66 5.75 5.98 5.88 55.20 84.30 67.62 

T6 23/06/20 13:30 25/06/20 10:00 21.57 24.46 22.75 64 79 78 6.01 6.58 6.40 53.30 124.10 102.92 

T9 25/06/20 14:40 27/06/20 10:15 21.74 25.54 23.02 52 53 52 5.92 6.42 6.06 74.40 118.00 90.69 

T11 25/06/20 13:30 27/06/20 09:50 20.60 24.31 22.00 63 65 64 5.71 5.96 5.82 64.00 99.00 80.52 
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Figure 7: Continuous Dissolved oxygen saturation (%) and pH measured over at least one diurnal cycle, along with the mean temperature (Kwong and Van Stempvoort) and electric conductivity (EC), at sites during October 2019 & June 2020
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Table 8: Summary statistics, with start and end dates, of Hobo temperature deployed at the surface and 
bottom of four study lagoons 

Site Statistic Surface Bottom 

T5 

Start 2/10/2019 10:00 2/10/2019 10:00 

End 27/12/2019 14:20 27/06/2020 21:00 

Max 33 32 

75th 28 29 

Median 27 27 

25th 27 26 

Min 25 15 

T6 

Start 5/10/2019 16:00 5/10/2019 16:00 

End 24/06/2020 16:20 28/12/2019 5:40 

Max 37.8 34.4 

75th 31.2 31.9 

Median 29.3 29.9 

25th 26.9 28.5 

Min 15.2 20.9 

T4 

Start 3/10/2019 16:00 3/10/2019 16:00 

End 27/06/2020 15:40 10/10/2019 19:20 

Max 36.9 34.8 

75th 31.0 26.5 

Median 28.6 26.0 

25th 26.0 25.6 

Min 18.2 24.6 

T1 

Start 5/10/2019 16:00 5/10/2019 16:00 

End 28/06/2020 17:34 30/12/2019 14:00 

Max 35.9 32.3 

75th 30.9 28.1 

Median 29.0 26.6 

25th 26.6 25.8 

Min 19.5 22.4 
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Table 9: Depth profiling statistics for pH, electrical conductivity (EC), dissolved oxygen (DO) and temperature at 12 Riversdale-Murray Scheme lagoons in 2019 and 
2020. N is the number of profile reads per survey 

Site Date Start 

Time 

Max Reading 

Depth (m) 

N Min 

pH 

Max 

pH 

Mean EC 

(µS/cm) 

Min DO (% 

sat) 

Max DO (% 

sat) 

Min Temp 

(ºC) 

Max Temp 

(ºC) 

T3 02-Oct-19 14:20:00 3.50 19 6.02 7.53 46.0 10.8 92.8 23.8 28.9 

T1 06-Oct-19 9:10:00 3.50 29 5.87 6.27 40.0 2.0 31.8 24.5 25.9 

T4 02-Oct-19 10:30:00 2.25 24 6.31 7.29 63.1 17.8 80.0 25.2 27.6 

T7 06-Oct-19 15:30:00 1.70 19 5.94 6.59 48.5 0.8 82.9 25.8 28.9 

T9 03-Oct-19 9:30:00 1.75 23 6.72 7.20 49.1 69.6 80.8 26.8 27.0 

T10 03-Oct-19 11:00:00 1.50 20 6.26 7.01 52.8 16.8 68.3 24.6 26.9 

T11 03-Oct-19 13:10:00 1.50 21 6.43 7.28 53.5 35.1 84.3 25.7 29.6 

T2 05-Oct-19 15:15:00 4.00 27 6.25 6.72 48.6 38.2 83.6 25.8 27.9 

T8 04-Oct-19 15:50:00 5.00 27 6.58 7.38 52.5 5.1 90.3 25.1 27.7 

T4 04-Oct-19 11:00:00 2.00 17 6.10 7.15 56.6 4.6 75.9 25.4 29.2 

T12 05-Oct-19 11:30:00 0.75 11 6.09 6.83 62.4 1.9 93.0 23.6 27.8 

T6 06-Oct-19 12:30:00 1.35 18 6.49 7.02 74.6 36.5 99.5 25.7 29.0 

T1 06-Oct-19 9:10:00 3.50 26 5.87 6.27 40.0 2.0 29.1 24.5 26.0 

T7 06-Oct-19 15:30:00 1.70 19 5.94 6.59 48.6 0.8 82.9 25.9 28.9 

T6 23-Jun-20 10:40:00 2.10 25 6.45 7.03 76.7 0.9 103.0 21.4 24.4 

T2 23-Jun-20 14:15:00 4.50 27 5.95 7.03 42.4 1.3 70.7 23.1 25.8 

T3 24-Jun-20 11:00:00 3.50 26 5.83 6.55 47.0 26.0 58.6 20.3 22.4 

T11 25-Jun-20 11:05:00 2.30 24 6.11 6.97 61.0 3.7 78.1 21.1 22.7 

T9 25-Jun-20 13:10:00 1.90 25 6.21 7.35 50.5 8.6 97.1 22.5 24.9 

T10 25-Jun-20 15:00:00 1.50 19 6.22 7.54 59.3 23.0 98.0 21.3 23.0 

T5 26-Jun-20 15:30:00 3.50 27 5.60 6.30 56.6 2.8 97.1 21.6 24.7 

T4 27-Jun-20 11:20:00 2.75 20 5.41 6.35 40.5 30.4 52.7 20.1 21.9 

T1 27-Jun-20 14:00:00 5.10 26 5.45 6.41 37.0 2.5 51.9 20.4 23.2 

T12 28-Jun-20 14:40:00 0.75 4 5.67 5.88 42.3 38.8 43.9 21.5 22.6 
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A2.2 Fish biodiversity 

Objective 

To determine the fishes present at wetlands created under the Riversdale-Murray Scheme.  

 

Method 

Fish assemblages were surveyed at twelve lagoons in October 2019 and repeated at nine 

lagoons in June 2020. The fish assemblage was surveyed using a Smith-Root 2.5 GPP 

generator boat-mounted electrofishing unit (Figure 8), using a single pass technique following 

a standardised protocol (5-7 five minute shots, depending on size of water body), with effort 

standardised to number of individuals caught per minute of fishing time. All fish were measured 

(standard length in mm) and identified according to Allen et al. (2002). Sampling was non-

destructive with all fish returned to the water, apart from non-native species which were 

retained and euthanised in accordance with Australian Law. 

 

Results 

Across all survey events, 36 native fishes and 3 non-native fishes were observed (Table 10; 

Figure 9). The mean species richness observed at each survey was 8.2 (range=5-15), while 

each survey caught, on average, 222 individuals (range = 35-838). Further analysis on 

Barramundi production is presented in Appendix A2.3 Fisheries provision. 

 

 
Figure 8: Example of fish sampling using electrofishing vessel in wetland. (Photo taken 

5/10/2019, Dr N Waltham)  
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Table 10: Fish observed across the restored wetlands surveyed using electric fishing. 

Family Species Common Name 

Native fish species 

Ambassidae Ambassis agrammus Sailfin glass perch 

Anguillidae Anguilla reinhardtii § Speckled longfin eel 

 Anguilla obscura § Pacific short-finned eel 

Apogonidae Glossamia aprion Mouth Almighty 

Ariidae Neoarius graeffei Lesser salmon catfish 

Atherinidae Craterocephalus stercusmuscarum Fly speckled hardyhead 

Belonidae Strongylura krefftii Freshwater longtom 

Centropomidae Lates calcarifer § Barramundi 

Chanidae Chanos chanos § Milkfish 

Clupeidae Nematalosa erebi Bony bream 

Eleotridae Giuris margaritacea § Snakehead gudgeon 

 Hypseleotris compressa § Empire gudgeon 

 Hypseleotris klunzingeri Western carp gudgeon 

 Hypseleotris galii Firetail gudgeon 

 Hypseleotris spp. 1 Midgeley’s carp gudgeon 

 Mogurnda adspersa Purple-spotted gudgeon 

 Oxyeleotris lineolatus Sleepy cod 

Elopidae Elops hawaiensis § Giant Herring 

Engraulidae Thryssa scratchleyi § Freshwater anchovy 

Gobiidae Redigobius bikolanus § Speckled goby 

Kuhliidae Kuhlia rupestris § Jungle perch 

Lutjanidae Lutjanus argentimaculatus § Mangrove jack 

Megalopidae Megalops cyprinoides § Tarpon 

Melanotaeniidae Melanotaenia splendida Eastern rainbow fish 

Scatophagidae Scatophagus argus § Spotted scat 

 Selenotoca multifasciata § Banded scat 

Synbranchidae Ophisternon gutturale Swamp eel 

Terapontidae Amniataba percoides Barred grunter 

 Hephaestus fuliginosus Sooty grunter 

 Leiopotherapon unicolor Spangled perch 

Toxotidae Toxotes chatareus Seven-spot Archerfish 

 Neosilurus ater Black catfish 

 Neosilurus hyrtlii Hyrtl’s tandan 

 Arrhampus sclerolepis Snub-nosed garfish 

 Porochilus rendahli Rendahl’s catfish 

 Scortum parviceps Small-headed grunter 

Non-native fish species 

Cichlidae Oreochromis mossambicus Tilapia 

Osphronemidae  Trichopodus trichopterus Three-spot gourami 

Poeciliidae Gambusia holbrooki Eastern mosquitofish 

  Total native species: 36 

https://www.fishbase.se/summary/FamilySummary.php?ID=429
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Figure 9: Selection of fish recorded in Tully wetlands during field surveys (Photo taken by Dr Nathan 
Waltham): (A) barramundi (Lates calcarifer); (B) mangrove jack (Lutjanus argentimaculatus); and (C) the 

first record of the mozambique tilapia (Oreochromis mossambicus) in this catchment. 
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A2.3 Fisheries provision 

Overview 

Barramundi are one of Queensland’s prime fisheries, with wild Barramundi retailing at ~$40/kg 

filleted. Given the presence of Barramundi in the electric fishing surveys (Appendix A2.2 Fish 

biodiversity), it is likely that the lagoons provide nursery habitat that supports the fishery. For 

the lagoons to provide fisheries benefit, the populations need to be productive and well 

connected. Without a tag-release-catch program, it is difficult to quantify the actual contribution 

of the wetlands to the overall fishery. However, fishery growth parameters can be estimated 

from length-frequency data and connectivity from hydrological modelling (Karim et al. 2012). 

 

Here aims are two-fold: (1) to estimate fishery growth parameters to indicate on productivity, 

and (Islam and Tanaka) to estimate connectivity with nearby rivers across the floodplain during 

high rainfall events. 

 

Methods 

Using all Barramundi catch and length data collected during electric fishing surveys (Appendix 

A2.2 Fish biodiversity; Figure 10), we used the TropFishR (Mildenberger, Taylor, and Wolff 

2017) within R 3.5.3 (R Development Core Team 2019) to estimate the asymptotic length (Linf) 

using the Powell-Wetherall Method (Wetherall, Polovina, and Ralston 1987); the Brody growth 

coefficient (K; measures the exponential rate of approach to the asymptotic size) and the 

theoretical maximum age (tmax) using Electronic Length Frequency Analysis (ELEFAN) with K-

scan and a fixed Linf from (1) (Pauly 1987); and the instantaneous mortality rate (M) using the 

tmax method by Then et al (2015), which uses empirical relationships from over 200 species. 

All data were pooled as all individuals are likely part of a single population (Streipert et al. 

2019). As electric fishing area was also measured, the density of Barramundi, measured as 

biomass/ha surveyed, was estimated after estimating biomass from length-mass regressions 

provided in Fishbase. 

 

Hydrodynamic modelling by Karim et al (2012) was used to estimate the duration of 

connectivity (via overbank flooding) between ten Riversdale-Murray Scheme lagoons and the 

nearby Tully and Murray rivers for five flood events (differing magnitude) between 2009 and 

2018. 

 

Results and discussion 

The asymptotic length (Linf) was estimated to be 736 ± 169 mm (Figure 11), growth coefficient 

(K) to be 0.1-0.15 (Figure 12 & Figure 13), and instantaneous mortality rate (M) of 0.315. The 

growth coefficient (K) is within the range indicated by fishbase (0.09-0.13). Approximately 9.4 

kg of Barramundi was caught per hectare of lagoon electric fished. 

 

When a population is at steady state, the mortality rate is equal to production rate. However, 

populations are rarely at steady state, often fluctuating with growth rates environmentally 

influenced. Estimates may not be representative of entire population, as the population likely 

covers a much larger area and lengths may differ between different nursery environments 

(Streipert et al. 2019). Density estimates are also substantial underestimates as it was not 
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possible to capture all individuals in surveyed areas, particularly where the lagoons were deep 

or had low conductivity. 

 

All but one lagoon were predicted to be connected to both the nearby Tully and Murray rivers 

during overbank flooding, regardless of magnitude (Table 11). These windows of connectivity 

could allow Barramundi to contribute to the wider fishery. There is also likely a level of longer 

lasting connectivity provided by the drainage network that has not been assessed here. 

 

 

Figure 10: Length frequency of Barramundi populations in terms of (top) catches and (bottom) 
restructured data following Pauly (1980) with MA=5. 
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Figure 11: Powell-Wetherall plot used to estimate the Linf of Barramundi 

 

 

Figure 12: The non-parametric score from ELEFAN with different K values used in estimating the best K 
for Barramundi 
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Figure 13: Growth curves fitted through the reconstructed length-frequency data 

 

Table 11: Duration (days) of connectivity (via overbank flooding) between a given wetland and the Tully 
and Murray rivers for five floods between 2009 & 2018 (Karim et al. 2012) 

 

Wetland 
2009 2010 2011 2014 2018 

 
Tully Murray Tully Murray Tully Murray Tully Murray Tully Murray 

Lagoon Creek 0 0 0 0 0 0 0 0 1 1 

T2 11 11 4 4 7 7 5 4 7 7 

Hassles 1 11 11 4.3 4.3 7.5 7.5 4.3 4.3 6.5 6.5 

Hassles 2 11 11 4 4 8 8 4 4 7 7 

T4 12 13 9 10 13 14 5 5 7 8 

T2 13 14 11 12 13 14 7 7 8 9 

T6 12.8 15 12.3 14.8 12.5 14.8 12 14.5 13.8 14.8 

Landcare 13 14 12 14 13 14 12 14 14 15 

Digman 8 8 2.3 2.3 4.8 4.8 0.5 0.5 5.3 5.3 

Kyambul 11 13 10 13 13 15 3 4 6 8 
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A2.4 Nitrogen removal 

Overview 

Excessive nutrient enrichment is one of the most pervasive environmental impacts, with 

nitrogen and phosphorus enrichment well beyond the planetary boundary safety envelopes 

(Nash et al. 2017; Carrizo et al. 2017; Vorosmarty et al. 2010). This is largely driven by 

agricultural intensification, relying on high fertiliser inputs, and wastewater discharge from 

growing populations. Much of this nutrient addition ends up in groundwater, lakes, rivers and 

ultimately the ocean with often detrimental impacts on those ecosystems. Impacts include 

excessive algal and microbial growth, chaotic and skewed food webs, large diurnal fluctuations 

in dissolved oxygen, changes in water chemistry, alteration of organic matter decomposition 

rates and changes to biological community composition, potentially even resulting in “dead-

zones” of no life in downstream estuaries and bays (Ferreira et al. 2015; Wurtsbaugh, Paerl, 

and Dodds 2019; Le Moal et al. 2019).  

 

Queensland also experiences eutrophication in areas with intensive agriculture, indicated by 

the Reef 2050 Plan seeking a 60% reduction (from 2009 baseline) in anthropogenic end-of-

catchment DIN loads by 2025 to improve the health of the Great Barrier Reef. Often described 

as “kidneys of the landscape”, wetlands are often able to intercept and improve water quality, 

for nitrogen this is done via denitrification. 

 

Denitrification is a process whereby microbes reduce nitrate (NO3
-) to dinitrogen (N2), 

dinitrogen monoxide (N2O) or nitrogen monoxide (NO), and primarily occurs in hypoxic and 

anoxic conditions. Within a wetland, denitrification can reduce dissolved inorganic nitrogen 

(DIN) loads by exporting nitrogen as gas; however, denitrification rates vary substantially 

between systems. Wetlands with high denitrification rates are typically characterised by having 

high DIN loads; long hydraulic residence times; warm temperatures; large organic inputs with 

N:C stoichiometry; being dominated with emergent macrophytes that are 1-2 m shoot heights; 

and have large zones that are hypoxic or anoxic for long periods (Land et al. 2016; Alldred and 

Baines 2016; Fisher and Acreman 2004). 

 

Here the aim is to estimate the denitrification potential at the case study wetlands. 

 

Methods 

Two methods were used to estimate denitrification potential: (1) using estimates based on 

vegetation cover; and (Islam and Tanaka) using estimates based on the nitrate-nitrogen 

concentrations. 

 

Method (1) relied on Adame et al (2021) whom used isotope pairing to measure the potential 

denitrification rates of emergent grass, epiphyton and sediment within Barretts Lagoon, one of 

the case study wetlands examined in the Tully-Murray catchment (Figure 14). Using high 

resolution aerial imagery, we manually mapped the areas of emergent grass, epiphyton 

(including waterlilies) and open water at all case study wetlands. Potential denitrification rates 

were then estimated at each site by multiplying the rates estimated by Adame et al (2021) by 

the areas of each zone and then summed for the entire wetland. 
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Aerial imagery of each site was collected in June 2020 using an unmanned aerial vehicle (UAV) 

(DJI Phantom 4). Individual images were georectified and stitched together using the online 

platform ‘DroneDeploy’ (www.dronedeploy.com) to create an orthomosaic image for each 

survey at each site. The image resolution was set to 0.3 m. A total of 15 stitched orthomosaic 

images with 3 bands (Red, Green and Blue) covering 3 survey events at 5 sites was produced. 

A polygon was delineated on each image outlining the high tide line. Where the high tide line 

could not be distinguished, the tree line was used as a proxy. This polygon was buffered 5 m, 

to account for any potential error in delineating the polygon and each image was clipped to the 

buffered polygon.  

 

 

Figure 14: Schematic diagram of the capacity of tropical macrophytes to remove N-NO3- through 
denitrification (Dt, mg m2 hr-1) within sediment underneath them and from the epiphyton attached. The 

macrophytes sustain the epiphytes and produce C that fuels denitrification resulting in potential exports 
of N2 and N2O gas, and reduced NO3- concentrations in the water column. The denitrification “hotspot” 

is shown as the darker section of the wetland. The epiphyton is assumed to cover one meter of the 
macrophytes  (reproduced from Adame et al (2021).  

 

Method (1) relied on Adame, Roberts, et al (2019) predicted the potential denitrification rates 

for 16 coastal wetlands across North Queensland from inflow nitrate-nitrogen concentrations 

(R2=0.46). This regression was used to estimate the potential denitrification rates at each site 

using the 2019 concentrations observed in Appendix A2.1 Background. 

 

Results and discussion 

The mean rates of potential denitrification across all examined wetlands are estimated to be 

~2114 kg N/ha/yr (range: 964-2959 kg N/ha/yr; Table 12) when using method (1), while similar 

method two estimates rates of ~1969 kg N/ha/yr (range: 1532-2660 kg N/ha/yr; Table 12). 

These represent potential denitrification rates, which indicate the denitrification anticipated with 

ample hydrological residence time and nitrate availability. In reality, hydrological residence 

time and nitrate concentrations vary substantially, and actual denitrification rates are likely 

much lower. It is unknown whether the altered land use arising from elevating low-lying areas 

resulted in increased or reduced nitrogen leaching from soil; however, given the small area, 

any potential increases in nitrogen loss are likely to be miniscule in comparison to the wetland 

nitrogen removal capacity. 

 

 

http://www.dronedeploy.com/


Financial incentive schemes to fund wetland restoration across the GBR catchment 

75 

Table 12: The estimates rates of denitrification potential for twelve Riversdale-Murray scheme wetlands 
using Adame et al (method (1); 2021) and Adame, Roberts et al (method (2); 2019) 

 
Site 

Wetland coverage (m2) Potential denitrification rates 

Deep Grass Lily Total area  
(ha) 

Total (kg/ha/y) - Method (1) Total (kg/ha/y) - Method 
(Islam and Tanaka) 

 
T1 11210 8737 2308 2.2 2719 1838 

T2 9558 0 3039 1.3 1336 2108 

T3 22402 0 9505 3.2 1423 2097 

T4 1096 2244 5419 0.9 2959 1787 

T5 1897 0 2458 0.4 1834 2660 

T6 2662 2250 1739 0.7 2742 1992 

T7 0 0 7054 0.7 2505 2140 

T8 16761 971 2846 2.1 1369 1701 

T9 1418 0 0 0.1 964 2099 

T10 0 0 2552 0.3 2505 1532 

T11 0 0 1773 0.2 2505 1989 

T12 0  1862 0.19 2505 1923 
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A2.5 Drainage 

Objective 

To estimate the change in farm water inundation as a result of implementing the Riversdale-

Murray Drainage Scheme, which involved the construction of drains and wetlands. 

 

Method 

The extent and frequency of cane inundation was deriving Digital Earth Australia’s ‘Water 

observations from Space’ dataset from 1986 to 2019 (Geoscience Australia, n.d.; Mueller et 

al. 2016). This dataset reports the number of times over a specified run of years from 1986 

onwards that 25m x 25m pixels have been (a) observed and (b) deemed to have been covered 

by water when viewed with multi-band imaging from Landsat satellites. Cane land extent was 

derived from QLUMP mapping across the Murray River catchment (Queensland Government 

2015). Splitting this dataset into pre- and post-Riversdale-Murray Valley Drainage Scheme 

portions enables an estimate to be made of the percentage of cane land in the Murray 

catchment for which inundation time reduced after implementation of the Riversdale-Murray 

Scheme.  

 

Water observations from Space 25 x 25m annual rasters each comprising 217,711 pixels, 

covering 13,606ha of cane land in the Murray, were downloaded for the period 1986 – 2019 

and split into pre- (1986 – 2004) and post-drainage scheme (2005 – 2019) segments. For each 

segment, the frequency of pixel observation, and the frequency of those pixels that are ‘wet’ 

were calculated. The frequency of both observations was then normalised per year to adjust 

for the different durations of the pre- and post-drainage datasets. The distribution of the 

normalised ‘standard year’, integer-rounded percentage of wet observations per pixel pre- and 

post-drainage improvement were then compared to estimate the area of cane land over which 

inundation duration reduced (or increased) following implementation of the Riversdale – 

Murray Scheme. Bureau of Meteorology rainfall data from Tully Sugar Mill (monitoring station 

number 32042), approximately 10 km north-east of the Scheme area, were compared for the 

1986-2004 and 2005-2019 periods to test for significant difference in mean rainfall between 

the two periods, using a Welch two-sample t-test. 

 

Results and discussion 

Overall the scheme resulted in greater water aggregation, with large areas becoming drier, 

while some areas became wetter (Figure 15). Specifically, 31,868 grid cells (1,192 ha i.e.14.5% 

of cane land in the Scheme area) recorded fewer wet observations, while 929 cells, 58 ha, 

0.4% of cane area showed increased inundation, after implementation of the Riversdale-

Murray Valley Scheme (Figure 17). There was no significant difference in average annual 

rainfall for the duration of the ‘Water observations from space’ datasets pre- and post-

implementation of the drainage scheme (p = 0.244, Welch 2-sample t-test) (Figure 16), 

suggesting changes in rainfall are unlikely driving the differences.  

 

These findings are consistent with the drainage scheme succeeding in its central objective of 

removing standing water rapidly from large areas of cane land after major rainfall events. This 

is confirmed by spatially plotting these locations (Figure 17a: green). The small area of cane 
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land for which inundation probability increased after the Scheme was implemented are 

primarily located adjacent to natural wetlands, arterial lagoons and the main river channel 

(Figure 17b: blue). These locations appear to have become more prone to spillovers as water 

holding areas fill to capacity to accommodate more rapid runoff from cane land further up the 

catchment. 

 

Figure 15: Spatial plots of 25m x 25m grid cells from Digital Earth Australia’s ‘Water observations from 
space’ dataset for which the integer-rounded percentage of ‘wet’ observations (a) decreased [green] and 
(b) increased [blue] after implementation of the Riversdale-Murray Valley Drainage Scheme. Cane land in 

the Scheme area is shaded light grey 

 

 

Figure 16: Annual rainfall recorded at Tully Sugar Mill (Bureau of Meteorology rainfall recording station 
number 32042) between 1986 and 2019. Vertical grey bar indicates Scheme construction. Orange lines 
indicate pre- and post-construction means. Data for 2005 are incomplete, with no rainfall data recorded 

for December that year. 

 

(a) (b) 
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Figure 17: Histograms of the number of 25 x 25m grid cells recorded as being wet for stated integer-
rounded percentages of observations for a ‘standard year’ before and after construction of the 

Riversdale-Murray Drainage Scheme. Panels are separate to indicate change in grid count scale.  
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A2.6 Stakeholder interviews 

Objective 

To garner lessons arising from the opinions of stakeholders involved in the Riversdale-Murray 

Scheme, following more than 15 years’ hindsight. 

 

Method 

Face-to-face semi-structured interviews were conducted with five Riversdale-Murray cane 

growers who had constructed drainage lagoons on their farm, an agronomist, and an employee 

of a peak body. 

 

This research was conducted under Griffith University Human Research Ethics approval no. 

GU 2019/941. Human research ethics approval required data and information obtained to 

remain anonymous, with reporting not identifiable back to specific data providers or 

interviewees. The accompanying participant information sheet and consent form are shown in 

Appendix A2.7 Interview consent form. 

 

The guiding interview questions were as follows: 

 

• How many years have you been growing sugarcane in in this region? 

• Do you also grow other crops as well as sugarcane or carry out other agricultural 

operations (e.g. cattle fattening) – perhaps at different times of year, or on different 

areas on your properties? 

• What is the typical sugarcane yield from your elevated field(s) in t/ha/yr? 

• How much fertiliser do you put on (plant cane and ratoon cane fertiliser rates 

separately) – and how are fertiliser rates determined?   

• From your recollection: what is the average yield; and also highest and lowest yield in 

tonnes/ha/year on your cane land? What was special about the conditions in those 

particularly high/low yield years? 

• Did you see changes in yield (or usage) on the elevated areas after the wetland was 

constructed? [What yield did you get from the land before it was elevated? – for how 

much fertiliser applied?] 

o How consistent is this yield across the years? 

o Are there any weather effects on this difference in yield? 

• Does the yield change only affect the elevated area or have other areas of the farm 

been affected too? e.g. due to improvements from the drainage scheme more 

generally across the farm  

• What about soil properties? Were there any advantages or disadvantages from 

adding the dredge spoil from the wetland to adjacent fields?  

• Are there other area on the farm that yield like the area that was elevated? [y/n] If 

yes, what yield do you typically get from those areas, for how much fertiliser applied? 

• Are there any other benefits to the farm business from constructing the wetland? 

o Trackways are drier, less risk of machinery getting bogged? 

o Benefits for farmer, family and friends from fishing/wildlife watching in the 

wetland? 
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• Are any additional costs associated with the wetland? 

• What about the on-going maintenance of your farm? Specifically, how much time and 

money are required per year to maintain your 

o (elevated) sugarcane area to achieve its full productivity 

o Wetland from weed invasion and feral animals 

• For your elevated sugarcane growing areas and the creation of a wetland as a result, 

on your farm 

o What was the nature of the construction/earthworks involved?  

o When was it constructed?  

o How long did it take for the construction work to complete? 

o How many machine hours did it take? 

o Did the construction go according to schedule?  

o How much did the construction work cost in total and what was the breakdown 

for each major component of costings? 

o Were there any other additional/unexpected construction costs that you had to 

incur (beyond those initially budgeted e.g. cost over runs)  

o Were maintenance costs for the wetland different to what you expected? 

• Looking back, if you had known then what you know now, would you still go ahead 

and construct the wetland? 

• Would you do it again in the future and if so what would be the main drivers of this? 

• For the wetland that was created: 

o What is your perception of the effectiveness and benefits of the wetland? 

o What are your views on the barriers and enablers influencing wetland 

conversion? 

• Do you have any other comments you would like to raise? 

• Do you know anyone else in the industry who may like to participate in a survey such 

as this one? 

 

Key lessons arising 

 

Objectives need to be clear, and wetlands need to be strategically designed and positioned to 

achieve the objective, not ad-hoc and multi-purpose 

• Several interviewees highlighted the need to know the outcomes before construction, and 

then position them accordingly for those outcomes. 

o The steep sides to the lagoon were deemed highly desirable as they kept weed 

(particularly Hymenachne) maintenance to a minimum. Some comments 

expressing a lack of desire for the current MIPS wetlands that are shallow and 

densely vegetated as the weed maintenance would be burdensome. 

o Not all farms have suitable spots for wetlands and a landscape-scale, systems 

approach is desirable. It may be best for a catchment to situate a wetland on a 

neighbour’s property. 

o Some people constructed the wetlands under the belief that they were improving 

water quality flowing into the Great Barrier Reef, and were later upset by 

suggestions that their wetlands have minimal benefit for water quality. 

o Wetlands, and their watercourse network, were highly effective in achieving the 

objective of improved drainage. 
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o Some had difficulty repurposing the spoil from the excavated wetland given the 

clay content, typically requiring ashing and liming to support sugarcane 

production. 

 

Landowners require funding assistance to construct and maintain wetlands 

• Funding burden should recognise that wetlands provide public benefit, not just private 

benefit. Particularly with budget barriers often the largest constraint.  

• Farmers have benefited financially largely from the improved drainage, with modest 

gains from elevating land. This allowed either the conversion from cattle to cane or 

the intensification of existing cane. 

• Silt traps and drains flowing into the wetlands require desilting. 

• Repurposing spoil often incurred a cost of ashing and liming before use. 

 

Government regulation needs to support regulation with assistance available to navigate 

challenges 

• There is concern that increasing government regulation (e.g., fish passage 

requirements and environmental approvals), and the associated administrative 

burden, would inhibit future schemes. 

• One mentioned Government bureaucracy/intervention delayed funding by 3+ years. 

 

Landowners require education and support to create effective wetlands 

• A general view that farmers lack knowledge on wetlands and compliance. 

• ‘How to’ guides are suggested to educate farmers and improve cost-effectiveness by 

cutting out the middle man. 

• A view that people are hesitant in constructing new wetlands that remove nitrogen 

because no one has explained to landholders how they work.  

• Support partners need to be respectful of landowners. For example, there was 

displeasure expressed about CSIRO leaving behind three monitoring towers after 

project cessation that have still not been removed. 

 

Landowners warrant high and early consultation 

• Consistent views that the Riversdale-Murray Scheme had positive outcomes as there 

was a high level of consultation early on. 

• Several expressed displeasure against the current MIPS project for not engaging 

farmers early, and coming to farmers after consultants when all the decisions had 

been made, which is viewed to be reducing scheme efficacy. 

• Views that farmers can assist with identifying suitable sites earlier on, which can save 

on consultant costs. 

 

Biodiversity, aesthetics, amenity and personal accomplishment are highly valued 

• Wetlands have supporting water sports (skiing), fishing, kayaking and, one mention, 

of jumping push bikes into the lagoons for fun. 

• One farmer showed a picture of indigenous Australians catching barramundi and 

expressed pleasure in seeing the smile of a girl’s face as she practices what her 

culture has done for centuries. 
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• Common view that the biodiversity provisioning is highly valued, with some saying it 

was the primary motivation. Several views that providing habitat for fish and 

crocodiles was the greatest asset that could not be valued. One farmer mentioned 

that the only reason he built a wetland was for creation of barramundi habitat. 

• Several mentioned satisfaction from a sense of accomplishment. 

• Wetlands were considered as adding to the farm’s aesthetics. 
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A2.7 Interview consent form 

Evaluating the costs and benefits of agricultural land conversion 
to wetlands (Interviews) 

CONSENT FORM 
 

Research Team Jim Smart, Joshua Dyke 
Australian Rivers Institute  
 

 
By signing below, I confirm that I have read and understood the information package and 

in particular have noted that: 
 

• I understand that my involvement in this research will take the form of a short 
(approximately 20 minutes) discussion with researchers to help researchers obtain 
typical costs of constructing and maintaining a wetland, including enablers and 
barriers to land-wetland conversion in the GBR catchments; 

 

• I have had any questions answered to my satisfaction; 
 

• I understand the risks involved; 
 

• I understand that there will be no direct benefit to me from my participation in this 
research; 

 

• I understand that my participation in this research is voluntary; 
 

• I understand that if I have any additional questions I can contact the research team; 
 

• I understand that I am free to withdraw at any time, without explanation or penalty; 
 

• I understand that my data will be de-identified and that individual participants will not 
be identifiable in any reports produced; 

 

• I understand that this research is conducted in accordance with the National 
Statement on Ethical Conduct in Human Research under Griffith University Research 
Ethics approval no. GU 2019/941; 
 

• I understand that I can contact the Manager, Research Ethics, at Griffith University 
Human Research Ethics Committee on 07 3735 4375 (or research-
ethics@griffith.edu.au) if I have any concerns about the ethical conduct of the 
project; and 

 

 

 I agree to participate in the project 

 

Name 
 

 

Signature 
 

 

Date 
 

 
 

 

 

mailto:research-ethics@griffith.edu.au
mailto:research-ethics@griffith.edu.au
mailto:research-ethics@griffith.edu.au
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A2.8 Microeconomic assessment 

Overview 

A range of benefits result from this investment. Two forms of direct economic benefit were 

envisaged when the scheme was proposed:  

(i) increased cane yield across the farm due to reduced water inundation time from 

the improved drainage delivered by the Riversdale-Murray Valley Scheme as a 

whole – of which the on-farm drainage lagoon is an important local component 

(Appendix A2.5 Drainage); and  

(ii) cane productivity improvement from elevation of land areas adjacent to the 

drainage lagoon following deposition of excavation spoil (). Improvements arise 

from being able to convert from a two-ratoon cane cycle or cattle grazing to a four-

ratoon cane cycle. 

 

Here we evaluate the return on investment that a representative landholder obtained from the 

costs incurred in constructing a representative scheme-subsidised lagoon on a medium-sized 

cane farm. Return on the private investment in lagoon construction is calculated from (i) the 

estimated financial benefits of improved drainage across the farm as a whole, and (ii) increased 

gross margins under two scenarios arising from elevating adjacent land with dredge spoil: (a) 

conversion of cattle grazing to cane growing, and (b) the intensification of existing cane 

growing.  

 

Method 

Outline 

Return on investment from constructing a representative Riversdale-Murray Scheme 

subsidised on-farm drainage and lagoon is evaluated from a private landholder’s perspective. 

The cost incurred by the landholder comprises 33% of the construction cost of their on-farm 

drainage lagoon (the remaining 67% of construction costs being covered by the scheme 

subsidy), plus any on-going maintenance costs. Landholder’s costs are incurred as a 

combination of in-kind and cash costs. Data on construction and maintenance costs were 

sourced from archived Riversdale-Murray Valley Water Board lagoon and drainage designs 

and farm compliance plans (Table 13) and from stakeholder interviews. 

 

Benefits, in terms of gross margin, were estimated using the Farm Economic Analysis Tool 

(FEAT) Online tool developed by the Queensland Department of Agriculture and Fisheries 

(State of Queensland Department of Agriculture and Fisheries 2020).  
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Table 13: Farm-scale drainage works that required excavation: from Riversdale-Murray Valley Water 
Board archival data 

Description Measurement units Number of data points 

Excavation identifier (lagoons & 

silt traps) 

Index from 1 - 45 45 

Spatial location (x,y) coordinates of centroid 45 (x,y) pairs 

Surface area of excavation ha (from GIS) 45 

Maximum depth of excavation m (from design plan) 45 

Excavated volume m3 (from design plan) 45 

Total construction cost $ (2003 AUD) 45 

Spoil spreading locations (x,y) coordinates of soil 

spreading area centroid 

15 (x,y) pairs 

Area of soil spreading  ha (from GIS) 15 

APSIM soil type  Category (mari or coom) 11 

APSIM soil permeability Category (moderate or low) 11 

SILO climate zone Identifier  11 

 

Construction cost 

Construction costs for individual elements in farm-scale drainage designs were extracted from 

archived Riversdale-Murray Valley Water Board farm compliance plans for 76 drainage 

features on 16 properties3. Data extracted was then used to estimate a function for the total 

cost (SIIP subsidy plus farmer contribution) of constructing farm-scale drainage lagoons using 

the linear regression model in Equation (1): 

 

𝐶𝑜𝑠𝑡𝑖 =  𝛼 + 𝛽1𝑉𝑜𝑙_𝐸𝑥𝑐𝑎𝑣𝑎𝑡𝑒𝑑𝑖 + 𝛽2𝑉𝑜𝑙_𝐸𝑥𝑐𝑎𝑣𝑎𝑡𝑒𝑑_𝑆𝑞𝑖 + 𝛽3𝑆𝑢𝑟𝑓𝑎𝑐𝑒𝐴𝑟𝑒𝑎𝑖 + 𝜀𝑖                (1) 

 

where the subscript 𝑖 is an index for lagoon; 𝛼 is a constant term; 𝛽1, 𝛽2  and 𝛽3 are coefficients 

to be estimated for the cost drivers: volume excavated (m3) (𝑉𝑜𝑙_𝐸𝑥𝑐𝑎𝑣𝑎𝑡𝑒𝑑 and 

𝑉𝑜𝑙_𝐸𝑥𝑐𝑎𝑣𝑎𝑡𝑒𝑑_𝑆𝑞) and lagoon surface area in (m2) (𝑆𝑢𝑟𝑓𝑎𝑐𝑒𝐴𝑟𝑒𝑎), respectively. 𝜀𝑖 is the error 

term which is assumed to be normally distributed.  

 

The construction cost for a representative SIIP drainage lagoon is derived from these 

regression results, having determined the dimensions of a representative lagoon from archived 

data for the 29 farm lagoons constructed as part of the scheme (Table 14). 

 
  

 

 
3These were kindly made available to Project 4.10 by Mr Peter Lucy, Canegrowers, Tully.  
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Table 14: Descriptive statistics for farm-scale drainage lagoons catalogued in Riversdale-Murray Valley 
Water Board archival data, along with a representative lagoon for return on investment calculation 

Data Mean Median Max Min Representative 

Surface area (ha) 0.41 0.25 2.55 0.02 0.3 

Maximum depth (m)  3.24 4 5 0.7 3.5 

Volume (m3) 8225 4072 25000 500 10,500 

Total Construction cost $ (2003 

AUD) 

13,019 8,000 30,000 1,000 a20,053 

Construction cost to farmer $ 

(2003 AUD) 

4,340 2,667 10,000 333 b6,684 

Area of soil spreading (ha) 1.45 1.11 4.09 0.38  

aTotal cost of construction obtained via fitted regression equation.  

bFarmer contribution is 33% of total cost. The remainder is covered by the scheme subsidy. 

 

Maintenance costs 

During the semi-structured interviews farmer interviewees (N=5) were asked to quantify the 

operations undertaken and the annual costs incurred in maintaining their SIIP wetland. 

Maintenance costs for the representative wetland are based on these responses.  

 

Economic benefit from reduced duration of inundation 

The original business case for the Riversdale-Murray Scheme indicated that the planned 

drainage improvements would reduce inundation time following major rainfall events such that 

average cane losses from inundation of cane land would reduce by between 1.7 and 3.4 tonnes 

per hectare (Merrin n.d.; p.31). The increase in gross margin per hectare arising from a given 

increase in cane yield can be estimated using Equation (Islam and Tanaka) (Canegrowers 

2020):  

 

𝐺𝑀𝑖𝑛𝑐 = ((𝑃𝑠 × 0.009 × (𝐶𝐶𝑆 − 4)) + 𝐶𝑐 − 𝐶ℎ) × 𝑌𝑖𝑛𝑐                                                  (2) 

 

Where is GMinc is the increment to gross margin ($/ha), Ps is the market price of sugar ($/tonne 

of sugar), CCS is the percentage sugar content per tonne of cane harvested (expressed as a 

%, i.e., ‘13’ denotes 13%), Cc is the constant term in the cane price formula ($/tonne of cane), 

Ch is the harvesting cost ($/tonne of cane), and Yinc is the increment to yield (tonnes/ha) 

(Canegrowers, 2020; p.6). 

 

Equation (Islam and Tanaka) is applied to calculate the increment to gross margin for a 

medium-sized cane farm in the Murray catchment for cane yield increments of 1.7 and 3.4 

tonnes per hectare.  

 

Economic benefit from productivity improvement of elevated fields 

During the semi-structured interviews (Appendix A2.6 Stakeholder interviews), cane farmers 

reported two forms of productivity improvement following elevation of fields adjacent to the 

drainage lagoon with excavated spoil. Two farmers reported that they had been able to grow 

cane on these areas prior to elevating them with excavated spoil. However, the typical cane 
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production cycle for these areas prior to elevation comprised two ratoon harvests in addition 

to the plant cane harvest. Following elevation, this extended to four or five ratoon harvests 

following the plant cane harvest. A further three farmers reported that they had been unable to 

grow cane adjacent to the lagoon site before these areas were elevated, and so had used 

them for cattle fattening instead. After elevation these areas could support cane production, 

with a cane cycle covering four ratoons following plant cane.  

 

Farm Economic Analysis Tool (FEAT) 

The economic benefit from the two productivity improvement scenarios is calculated from the 

increased gross margin that follows from either (I) extension of the cane rotation from plant 

cane plus two ratoons to plant cane plus four ratoons, or (ii) from the switch from cattle fattening 

to cane production on a plant cane plus four ratoon production cycle. Gross margins from cane 

rotations are estimated using the Farm Economic Analysis Tool (FEAT) Online tool developed 

by the Queensland Department of Agriculture and Fisheries (State of Queensland Department 

of Agriculture and Fisheries 2020). FEAT was configured starting from the default 2015 activity 

and cost profile for cane production in the Tully catchment4, but using cane yields predicted by 

the APSIM cane production simulation software for the climate zone, soil type and soil 

permeability surrounding a representative Riversdale-Murray Valley lagoon (Keating et al. 

2003), these characteristics are provided in Table 15. Gross margins from cattle fattening on 

poorly draining alluvial loam soil in the Tully-Murray catchment are drawn from Roebeling et 

al. (2007). For retrospective evaluation, gross margins are converted to December 2003 AUD 

$ using Quarterly CPI indices for Brisbane, Queensland published by the Australian Bureau of 

Statistics (Australian Bureau of Statistics 2020). 

 

Table 15: Soil and climate characteristics of a representative soil spreading area. 

Soil spreading area  Characteristics 

Area of soil spreading (ha) 1.25 

APSIM soil type  mari 

APSIM soil permeability moderate 

SILO climate zone 1800_14585 

 

The FEAT Online tool includes detailed default region-specific cane production scenarios for 

the main cane production regions in Queensland: the Wet Tropics (examples from the Tully 

and the Herbert), the Burdekin River Irrigation Area, the Burdekin Delta, Mackay and 

Bundaberg. Full details of these production scenarios can be found at: 

https://www.daf.qld.gov.au/__data/assets/pdf_file/0016/122380/FEAT-Regional-Scenario-

Example-File-Major-Parameters.pdf  

 

These default scenarios include region-specific assumptions for the costs incurred in 

implementing the full suite of cane production activities from land preparation and planting 

through to harvest for all stages of a multi-ratoon production cycle. Key features of the scenario 

 

 
4 Many of the Riversdale-Murray Valley scheme’s farm-scale drainage works were implemented at 
locations near the watershed between the Murray and the Tully. Several of the farm-scale drainage 
lagoons in the archived data were implemented less than 2km from the main channel of the Tully River. 

https://www.daf.qld.gov.au/__data/assets/pdf_file/0016/122380/FEAT-Regional-Scenario-Example-File-Major-Parameters.pdf
https://www.daf.qld.gov.au/__data/assets/pdf_file/0016/122380/FEAT-Regional-Scenario-Example-File-Major-Parameters.pdf
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that was used here to estimate gross margins from cane production are: 

 

• Cane production cycle comprising plant cane, four ratoons and a cow-pea legume 

fallow 

• Row spacing 1.8m 

• Sugar price 430 (net AUD$/tonne IPS) 

• Harvesting cost $8.50/tonne 

• Levies $0.65/tonne 

• Tractor fuel price (after rebate) $1/litre 

 

Prices and costs are stated in 2015 AUD. 

 

Return on investment 

The return on investment a representative landholder could obtain from the costs incurred in 

constructing and maintaining a representative SIIP-subsidised lagoon on their cane farm is 

calculated via discounted cash flow analysis over the 15-year period 2004 – 2019. An annual 

real discount rate of 5% per annum is assumed, in common with much of the literature e.g., 

Alluvium (2019). For this retrospective analysis, all costs and benefits are expressed in 2003 

AUD. The net present value achieved over the analysis period is given by Equation (3): 

   

𝑁𝑃𝑉 = ∑
𝐵𝑡

(1 + 𝑟)𝑡

15

𝑡=0

− ∑
𝐶𝑡

(1 + 𝑟)𝑡

15

𝑡=0

                                                            (3) 

 

Where NPV denotes net present value, t denotes the year within the 15-year analysis time 

span, Bt denotes the monetary benefit arising in year t, Ct denotes the monetary cost incurred 

in year t, and r denotes the real discount rate (5% per annum). The benefit to cost ratio (BCR) 

and internal rate of return (IRR) are calculated. The IRR delivered by the representative 

farmer’s investment in lagoon construction and maintenance is calculated as that discount rate 

which when inserted in Equation (3) reduces NPV to zero. IRR reports the return on investment 

delivered by lagoon construction. 

 

Results 

Lagoon construction costs 

Results obtained from fitting the Equation 1 model (one influential outlier removed) to the 

Riversdale-Murray Valley dataset are shown in Table 16. Using this regression, the 

construction cost of the representative lagoon with the dimensions shown in Table 14 is 

estimated to be $20,053 in 2003 AUD$, (equivalent to $29,900 in 2019 AUD$5). The 

Riversdale-Murray Scheme paid 67% of lagoon construction cost. This would leave the farmer 

to cover a cost of $6,684 in 2003 AUD ($9,967 in 2019 AUD) as a combination of in-kind and 

cash for construction of the representative lagoon. 

 

 

 
5 Escalation to 2019 AUD$ with the quarterly CPI deflators for Brisbane, Queensland from the Australian 
Bureau of Statistics: https://www.abs.gov.au/statistics/economy/price-indexes-and-inflation/consumer-
price-index-australia/latest-release#data-download Downloaded 26th January 2021. 
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Lagoon maintenance costs 

During the semi-structured interviews farmers indicated that annual maintenance of the 

drainage lagoon was largely limited to one application of glyphosate herbicide to control 

aquatic weeds, particularly the introduced invasive species hymenachne (Hymenachne 

amplexicaulis and hybrids). Treatment took 2 – 5 hours annually and typically cost between 

$100-1000 (in 2020 AUD$; equivalent to $66 to $664 in 2003 AUD). Based on this information, 

we assume a mid-range annual maintenance cost of $350 (in 2003 AUD) for the representative 

lagoon. 

 

Over the years, farmers took action to reduce hymenachne management costs by deepening 

the lagoon (to 3.5m – 4.5m), maintaining steep drop-offs and planting trees for shade around 

the edge of the lagoon to reduce grass and hymenachne growth. Sediment management in 

the lagoon was not viewed as a significant cost. Some farmers indicated that they excavated 

sediment from the lagoon once every 10 to 20 years. All farmers mentioned that they regarded 

the cost of maintaining the lagoon as minimal in comparison with the cost of keeping drainage 

channels elsewhere on the farm free from vegetation to ensure adequate flow capacity to 

reduce cane field inundation rapidly after major rain events.  

 

Table 16: Estimated wetland cost function based on Equation 1. Dependent variable: Cost ($). 

Variable Coefficient Robust SE p-value 

Constant 326.628 512.844 0.528 

Volume excavated 2.501 0.206 <0.001 

Volume excavated squared -0.00004 0.000008 <0.001 

Lagoon surface area -0.708 0.212 0.002 

Number of observations 44 

R2 0.946 

Adjusted R2 0.941 

 

Benefit from productivity improvement on elevated land 

The gross margins predicted by FEAT for plant cane plus two ratoon and plant cane plus four 

ratoon cane production cycles on a representative soil parcel described Table 15 are shown 

in Table 17. Increasing from a two ratoon to a four ratoon production cycle increased the 

estimated gross margin from $521/ha to $639/ha, an increase of $118/ha (all prices in 2003 

AUD). Roebeling et al. (2007) estimated that the gross margin from cattle fattening in the Tully-

Murray catchment on poorly drained loam soils of alluvial origin can be maximised at a fertiliser 

application rate of 59 kgN/ha and a stocking density of 2.0 animal units/ha (where one animal 

unit equals 400 kg live weight). The resulting maximised annuity gross margin is $101/ha (in 

2003 AUD) (Roebeling et al., 2007; Figure 10, p.23: reported as $115/ha in 2007 AUD). 

Converting from cattle fattening to 4-ratoon cane would, therefore, increase gross margins by 

$538/ha.  

 

When the benefit from reduced inundation across 14% of the area of a medium-sized farm 

(see  Appendix A2.5) is added to the benefit from converting from two-ratoon cane to four-
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ratoon cane on a representative 1.25 ha soil parcel as described in Table 15 construction and 

maintenance of the farm lagoon yields an internal rate of return ranging from 0.5-14.7%.  When 

the elevated land can be converted from cattle fattening to four-ratoon cane (in addition to the 

benefit from reduced inundation across the representative farm), the corresponding internal 

rate of return ranges from 12.2-23.8% (Table 18). 

 

Disregarding the gross margin increment from improved yield due across the farm, the 

additional income required from payments for ecosystem services from the lagoon to achieve 

a benefit to cost ratio of 1:1 would need to be $1,050/ha when elevated land can be converted 

from cattle fattening to four-ratoon cane rotation, or $2,800/ha when elevated land is converted 

from two-ratoon to four-ratoon cane rotation. 
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Table 17: Predicted gross margins under two and four-ratoon cane production system for a moderate permeability Mari soil in SILO climate zone 1800_14585 under 
Six Easy Steps fertiliser applications and legume fallow. Predictions produced by FEAT, using default parameter settings for the Tully Catchment and yield 

predictions for SILO climate zone 1800_14585 from APSIM. Prices, costs, revenues and gross margins expressed in 2003 AUD (deflated from FEAT predictions in 
2015 AUD using ABS quarterly CPI-indices for Brisbane). 

 Plant cane + four ratoons with cow-pea legume fallow Plant cane + two ratoons with cow-pea 

legume fallow 
 

Late 

Plant 

First 

Ratoon 

Second 

Ratoon 

Third 

Ratoon 

Fourth 

Ratoon  

Legume 

Fallow 

Farm Late 

Plant 

First 

Ratoon 

Second 

Ratoon 

Legume 

Fallow 

Farm 

Area (ha) 25 25 25 25 25 25 150 37.5 37.5 37.5 37.5 150 

Yield (tonne/ha) [cane only] 80.45 77.84 72.8 69.25 70.02 0 74.07 80.45 77.84 72.8 0 77.03 

CCS (ha) [cane only] 13.08 12.73 12.55 12.33 12.64 0 12.68 13.08 12.73 12.55 0 12.79 

Price ($/tonne) [cane only6] 25.59 24.61 24.11 23.50 24.36 0.00 24.44 25.59 24.61 24.11 0 24.77 

Net Revenue ($/ha) 2058 1916 1756 1628 1706 0 1511 2058 1916 1756 0 1432 

Growing costs ($/ha) 1076 365 365 365 365 426 494 1076 365 365 426 558 

Harvesting costs ($/ha) 492 476 445 423 428 0 377 492 476 445 0 353 

Variable costs ($/ha) 1568 841 810 789 793 426 871 1568 841 810 426 911 

Gross Margin ($/ha) 490 1075 945 839 913 -426 639 490 1075 945 -426 521 

 

 

 
6 Derived in FEAT using the industry standard cane pricing formula, a representative sugar price of $430, harvesting cost of $8.50/tonne, levies of $0.65/tonne (all in 2015 AUD$), and representative 
CCS percentages for each crop stage in the production cycle.  
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Table 18: Return on investment from a representative farmer’s contribution to the construction and 
maintenance of a representative scheme-subsidised on-farm drainage lagoon and soil spreading parcel 

(Table 14 & Table 15) 

Costs (2003 AUD) 

Lagoon construction (farmer contribution) $6,684 

Annual maintenance $350 

Benefits (2003 AUD) 

 Lower 

bound 

Upper 

bound 

Gross margin increment from improved drainage over 14% of farm area 

($/year) 
$660 $1,319 

Productivity improvement from elevated area ($/year) 

2-ratoons to 4-ratoons: gross margin increment ($/year) $148 

Cattle fattening to 4-ratoons: gross margin increment ($/year) $672 

Financial performance 

 Lower 

bound 

Upper 

bound 

2 ratoons cane to 4 ratoons cane and improved drainage   

Net present value (2003 AUD)  -1,869 4,978 

Net present value (2019 AUD) -2,786 7,433 

Benefit cost ratio 0.82 : 1 1.49 : 1 

Internal rate of return (%) 0.5 14.7 

Cattle fattening to 4 ratoons cane and improved drainage   

Net present value (2003 AUD)  3,577 10,424 

Net present value (2019 AUD) 5,333 15,542 

Benefit cost ratio 1.35 : 1 2.02 : 1 

Internal rate of return (%) 12.2 23.8 

 

Discussion 

A positive return on investment was indicated for a landholder when constructing and 

maintaining a scheme-subsidised drainage lagoon on a medium-sized Riversdale-Murray 

property, based on increased production on land elevated by spoil from lagoon construction 

and the benefits of improved drainage across a representative proportion of the farm. The 

investment return was greater when elevated land permitted the conversion of cattle fattening 

to a four-ratoon cane production cycle than conversion from a two-ratoon cane cycle. 

 

In addition to standard sensitivities to assumptions regarding input and output prices (within 

FEAT) and the discount rate, financial returns on investment will also be sensitive to 

assumptions regarding the characteristics of the representative lagoon and the accompanying 

area of elevated land. Interviews with farmers indicated that adjacent land was typically 

elevated by 0.2m – 1.5m when construction spoil was added. An elevation of 0.84m was 
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assumed in the preceding analysis (with 10,500m3 of excavated spoil spread over 1.25ha). 

The area of elevated land could be doubled to 2.50ha if the assumed elevation was reduced 

to 0.42m. This would double the total present value benefit from the productivity increase, but 

would not have a major impact on investment returns because gross margin gains from 

productivity improvement are a modest component of benefit – particularly when that 

improvement only enables the cane cycle to be increased from 2 ratoons to 4 ratoons. The 

majority of the financial benefit is likely to come from improved drainage across the farm, rather 

than from production intensification on the elevated area. 

 

Interviews clearly established that farmers were enthusiastic about their participation in the 

Riversdale-Murray Scheme, and – if the opportunity were to be repeated – would not hesitate 

to construct a lagoon on their land again (Appendix A2.6 Stakeholder interviews). All farmers 

perceived that they obtained benefits from the lagoon, citing specifically habitat creation, 

recreational fishing opportunities (for grandchildren, visitors and Indigenous Australians), 

crocodile sightings, bird sightings and improved property aesthetics.  All farmers also 

recognised production improvements on land elevated by construction spoil. Farmers’ 

perceptions of the benefits they obtained from the lagoon were more positive than would 

perhaps be suggested by the indicative return on investment analysis. This might be because 

the farmers ascribe considerable value to the biodiversity and fishing benefits from the lagoon. 

It may also suggest that their primary contribution to lagoon construction and maintenance 

could have been in-kind rather than in cash, and the perceived cost of this contribution has 

diminished over the fifteen years since construction. 

 

The investment analysis highlights the importance of the potential production benefits 

delivered by the Riversdale-Murray Valley Drainage Scheme as a whole. Yield improvements 

from reduced inundation of cane land were the stated objective for the Scheme. Analysis of 

data from ‘Water observations from space’ suggests that this objective has been achieved. 

This emphasises the benefits from coordinated catchment-scale drainage planning. The on-

farm lagoons are important components of a catchment-wide drainage network that appears 

to deliver considerable benefits to farmers with lagoons on their properties, and to their 

neighbours.
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A2.9 CANDIDATE FINAL ECOSYSTEM SERVICES 

Table 19: Potential final ecosystem services and relevant CICES code (Haines-Young and Potschin 2012)  for consideration by a GBR wetland investment fund. Also included are examples, wetland characteristics to support given services and 
comment on potential assessment methods 

Section  Class Code Class type Simple 
descriptor 

Ecological clause Use clause Example Service Example Goods and 
Benefits 

Potential GBR 
wetland example 

Wetland location and design 
features 

Potential assessment 
methodology 

Potentially 
interested sectors 

Provisioning 
(Biotic) 

Animals reared  for 
nutritional purposes 

1.1.3.1 Animals, products by 
amount, type (e.g. beef, 
dairy) 

Livestock raised 
in housing 
and/or grazed 
outdoors 

The ecological 
contribution to the 
rearing of 
domesticated land-
based animals and 
their outputs… 

…that can be used as 
raw material for the 
production of food 

Increase in weight or 
numbers of cattle herd per 
year [previously the grass 
feeding these animals was 
considered the final service] 

Meat produced at 
abattoir, eggs, milk 
sold on farm or in 
shops 

Meat from cattle 
grazing in tidal bund 
wetlands 

Likely located on or near a cattle 
station, are shallow and expansive, 
support palatable vegetation 
suitable for forage, and dry out for 
periods of the year to allow cattle 
foraging. 

The value of additional meat or 
leather produced by cattle  
grazing ponded pastures 
multiplied by extent  

Agriculture (cattle) 

Fibres and other 
materials from 
reared animals for 
direct use or 
processing 
(excluding genetic 
materials) 

1.1.3.2 Material by amount, 
type, use, media (land, 
soil, freshwater, marine) 

Material from 
animals that we 
can use 

The ecological 
contribution to the 
production of animal 
matter… 

…that can be harvested 
and used as raw material 
for non-nutritional 
purposes 

Harvestable number and 
quality of animal skins in herd  

Hide products Leather from cattle 
grazing in tidal bund 
wetlands 

Wild plants 
(terrestrial and 
aquatic, including 
fungi, algae) used for 
nutrition 

1.1.5.1 Plants, algae by 
amount, type 

Food from wild 
plants 

Parts of the 
standing biomass of 
a non-cultivated 
plant species… 

…that can be harvested 
and used  for the 
production  of  food 

Harvestable volume of wild 
berries or wild mushrooms,  
OR 
Benthic macroalgae (e.g. 
Dulse, Laminaria (Kelp)) and 
macrophytes (e.g. Salicornia 
and other saltmarsh plants) 
harvested in the shallow 
sublittoral and/or littoral zone 

Berries as food or for 
the production of jam  

Plants including: 
samphire, seablite, 
pigfacem pandanus, 
october bush, 
pisonia, spinach, 
mangrove, water 
lilies, water ribbons, 
nardoo, and 
melaleuca 

Design will vary to provide habitat 
suitable for supporting the desired 
species. Wetlands will be positioned 
in a suitable climate zone and close 
to those harvesting, Will also have 
features, such as tracks or ramps 
that improve access to wetland for 
harvest. 

Survey indigenous groups to 
gauge typical harvest rates 
and estimate commercial 
value. Require reporting by 
commercial harvesters within 
scheme wetlands. 

Agriculture 
(emerging 
industries, 
horticulture), and 
indigenous groups. 

Fibres and other 
materials from wild 
plants for direct use 
or processing  
(excluding genetic 
materials) 

1.1.5.2 Plants, algae by 
amount, type 

Materials  from 
wild plants 

Parts of the 
standing biomass of 
a non-cultivated 
plant species… 

…that can be harvested 
and used as raw material 
for non-nutritional 
purposes 

Harvestable volume of reeds 
OR macroalgae used for 
thickening agents, agar and 
superconductor electrodes  

Roofing material Wood from 
mangroves and 
eucalyptus 

Wild plants 
(terrestrial and 
aquatic, including 
fungi, algae) used as 
a source of energy 

1.1.5.3 Material by type/source Materials from 
wild plants, fungi 
and algae used 
for energy 

Parts of the 
standing biomass of 
a non-cultivated 
plant, fungi, algae or 
bacteria species… 

…that can be harvested 
and used as and energy 
source 

Volume of harvested wood Fuel wood Biofuel from 
Eucalyptus trees 
that are harvest from 
tree swamps 

Wild animals 
(terrestrial and 
aquatic) used for 
nutritional purposes 

1.1.6.1 Animals by amount, type Food from wild 
animals 

Non-domesticated, 
wild animal species 
and their outputs… 

…that can be used as 
raw material for the 
production of food 

Harvestable surplus of cod 
population, or deer 
population 

Cod liver oil, Venison 
joint 

Fish, turtles, snakes, 
crocodiles and 
shellfish harvested 
from wetlands 

 Design will vary to provide habitat 
suitable for supporting the desired 
species. Wetlands will be positioned 
in a suitable climate zone and close 
to those harvesting, Will also have 
features, such as tracks or ramps, 
that improve access to wetland for 
harvest. For example, those 
supporting Barramundi will need to 
be deep, permanently wetted, have 
high connectivity, high dissolved 
oxygen concentrations, large 
submerged woody vegetation, and 
water quality that supports healthy 
invertebrate and small fish 
populations for food. 

Fibres and other 
materials from wild 
animals for direct 
use or processing 
(excluding genetic 
materials) 

1.1.6.2 Material by type/source Materials from 
wild animals 

Materials from wild 
animals…. 

…that can be harvested 
and used as raw material 
for non-nutritional uses 

Reindeer skins 
Or 
Zooplankton – jellyfish used 
to produce collagen for 
various purposes 

Hide products Hide from harvested 
crocodiles 

Regulation & 
Maintenance 
(Biotic) 

Visual screening                                     2.1.2.3 By type of living system Screening 
unsightly things 

The reduction in the 
visual impact of 
human structures on 
people… 

…that mitigates its 
harmful or stressful 
effect, or the cost of the 
nuisance 

Shelter belts around 
industrial structures 

Visual amenity Wetland vegetation 
screening industrial 
sites 

 Wetlands may be tree swamps or 
have tall riparian vegetation, and be 
situated to hide unsightly features. 

Estimate increase in property 
value or rent return by looking 
at examinations elsewhere. 

Agriculture, 
manufacturing and 
property 
developers 

Control of erosion 
rates 

2.2.1.1 By reduction in risk, 
area protected 

Controlling or 
preventing soil 
loss 

The reduction in the 
loss of material by 
virtue of the 
stabilising effects of 
the presence of 
plants and 
animals… 

…that mitigates or 
prevents potential 
damage to human use of 
the environment or 
human health and safety 

The capacity of vegetation to 
prevent or reduce the 
incidence of soil erosion 
Or 
Macroalgae, 
microphytobenthos, 
macrophytes and biogenic 
reef structures (epifauna and 
infauna) all contribute 
through sediment 
stabilisation 

Reduction of damage 
(and associated 
costs) of sediment 
input to water 
courses 

A wetland's riparian 
vegetation 
preventing bank 
destabilisation  

 Highly erodible lands, such as 
steep banks, are vegetated with 
plants that have fibrous root 
systems. 
  

Estimate land retained that 
would have otherwise been 
lost and unavailable for 
production.  

Agriculture, 
property 
developers, 
councils and 
insurers. 
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Buffering and 
attenuation of mass 
movement 

2.2.1.2 By reduction in risk, 
area protected 

Stopping 
landslides and 
avalanches 
harming people 

The reduction in the 
speed of movement 
of solid material by 
virtue of the 
stabilising effects of 
the presence of 
plants and 
animals… 

…that mitigates or 
prevents potential 
damage to human use of 
the environment or 
human health and safety 

The capacity of forest cover 
to prevent or mitigate the 
extent and force of snow 
avalanche 

Reduction in cost to 
human lives and 
physical damage to 
infrastructure  

Estimate land retained that 
would have otherwise been 
lost and unavailable for 
production. 

Hydrological cycle 
and water flow 
regulation (Including 
flood control, and 
coastal protection) 

2.2.1.3 By depth/volumes Regulating the 
flows of water in 
our environment 

The regulation of 
water flows by virtue 
of the chemical and 
physical properties 
or characteristics of 
ecosystems…. 

…that assists people in 
managing and using 
hydrological systems, 
and mitigates or prevents 
potential damage to 
human use, health or 
safety 

The capacity of vegetation to 
retain water and release it 
slowly,  
OR 
The capacity of mangroves to 
mitigate the effects of 
tsunamis  

Mitigation of damage 
as a result of reduced 
in magnitude and 
frequency of 
flood/storm events 

Wetlands mitigating 
against storm surge 
and flooding 

Size and positioned to dampen 
large pulses and regulate outflows. 
Are likely large and high within 
catchments where high rainfall 
occurs, and have wide riparian 
strips with high stem densities that 
regulate overland flows (Kadykalo 
and Findlay 2016; Zhao et al. 2016; 
Zhang et al. 2018). 

Estimate change in inundation 
risk and use correlations 
between flood risk and 
property value to estimate 
change in property value. 

Wind protection 2.2.1.4 By reduction in risk, 
area protected 

Protecting 
people from 
winds 

The reduction in the 
speed of movement 
of air  by virtue of 
the presence of 
plants and 
animals… 

…that mitigates or 
prevents potential 
damage to human use of 
the environment or 
human health and safety 

Wind breaks Reduction in scale or 
frequency  of 
damage to crops 

Wetland vegetation 
protecting crops 
from wind damage 

Wetlands may be tree swamps or 
have tall riparian vegetation, and be 
situated to protect wind sensitive 
infrastructure or crops. The height of 
trees will be determined by typical 
prevailing winds and the area to be 
protected. 

Use existing tree height and 
width equations to estimate 
reduction in strength and 
extent of wind over crops. 
Then use known crop wind 
tolerance ratings to estimate 
the frequency and extent of 
crop retained that would have 
otherwise been lost. Then 
estimate the crop value 
retained and relate to change 
in land value. 

Horticulture 

Fire protection 2.2.1.5 By reduction in risk, 
area protected 

Protecting 
people from fire 

The reduction in the 
incidence, intensity 
or speed of spread 
of fire by virtue of 
the presence of 
plants and 
animals… 

…that mitigates or 
prevents potential 
damage to human use of 
the environment or 
human health and safety 

The capacity of ecosystems 
to reduce the frequency, 
spread or magnitudes of 
fires. (e.g. wetland area 
between forests, or fire belt in 
woodland containing species 
of low combustibility) 

Reduction in fire 
damage costs 

Wetlands as a fire 
break between 
forests 

 Wetlands may be positioned in 
areas anticipated to have a high fire 
risk, such as dry forests. They may 
be used to bisect forests or protect 
infrastructure. Wetlands will likely be 
long and wide, permanently 
inundated and have little vegetation.  

Use existing fire break 
equations and estimated 
frequency of bush fires to 
estimate the area of bush 
protected from travelling bush 
fires. Then multiply the extent 
of protected forest by the 
average bush firefighting 
costs. 

Agriculture and 
state government 

Pollination (or 
'gamete' dispersal in 
a marine context) 

2.2.2.1 By amount and 
pollinator 

Pollinating our 
fruit trees and 
other plants  

The fertilisation of 
crops  by plants or 
animals… 

…that maintains or 
increases the abundance 
and/or diversity of other 
species that people use 
or enjoy 

Providing a habitat for native 
pollinators or in the context of 
societal efforts for the 
restoration of, for example, 
seagrass beds, it can be 
considered final since seed 
dispersal can occur through 
this service rather than 
artificially. 

Contribution to yield 
of fruit crops 

Bees from wetlands 
pollinating crops 

Wetlands designed to provide the 
habitat for desired pollinators (e.g., 
Vickruck et al. 2019). 

Correlate crop pollination rates 
(e.g., bee visitor frequency) 
across a gradient of 
landscapes with different 
wetland coverage. 

Agriculture 

Maintaining nursery 
populations and 
habitats (Including 
gene pool protection) 

2.2.2.3 By amount and source Providing 
habitats for wild 
plants and 
animals that can 
be useful to us 

The presence of 
ecological 
conditions (usually 
habitats) necessary 
for sustaining 
populations of 
species…. 

…that people use or 
enjoy 

Important nursery habitats 
include estuaries, seagrass, 
kelp forest, wetlands, soft 
sediment, hard bottom, shell 
bottom and water column 
habitats. 
Floating seaweed clumps 
(macroalgae) form rafts 
under which juvenile fish 
aggregate e.g. in the North 
Sea in pelagic habitats 

Sustainable 
populations of useful 
or iconic species that 
contribute to a 
service in another 
ecosystem. 

Nursery habitat for 
harvest fisheries 

Design will vary to provide suitable 
nursery habitat for the desired 
species, including suitable 
connectivity for relevant migrations. 

Estimate increase in fishery 
harvest resulting from 
additional nursery habitat. 

State government, 
and recreational 
and commercial 
fisherman 

Disease control                                         2.2.3.2 By reduction in 
incidence, risk, area 
protected by type of 
living system 

Controlling 
disease 

The reduction by 
biological 
interactions of the 
incidence of 
species... 

…that otherwise could 
prevent or reduce the 
output of food, material 
or energy from 
ecosystems, or their 
cultural importance, by 
hindering or damaging 
the ecological functioning 
of useful species 

Presence of native disease 
control agents  such as 
microbial antagonists for the 
control of postharvest 
diseases 

Reduction in disease 
damage due to 
harvested fruit or 
vegetables 

Wetlands reducing 
faecal bacteria 
contamination in 
swimming and 
drinking waters 

May be positioned downstream of 
areas with intensive livestock 
farming but upstream of river 
reaches used for recreation or 
drinking water takes. While efficacy 
of wetlands removing bacterial 
pathogens has been demonstrated, 
the mechanisms and design 
features are poorly understood 
(Donde and Xiao 2017). 

Monitor reductions of faecal 
bacteria contamination at 
swimming and drinking waters, 
and use established risk ratios 
to estimate the reduction in 
illnesses. Multiply the number 
of reduced illness cases by the 
average illness cost. 

State government, 
councils and 
agriculture 

Decomposition and 
fixing processes and 
their effect on soil 
quality                    

2.2.4.2 By 
amount/concentration 
and source 

Ensuring the 
organic matter in 
our soils is 
maintained 

Decomposition of 
biological materials 
and their 
incorporation in soils 

…that maintains their 
characteristics necessary 
for human use 

Decomposition of plant 
residue; N-fixation by 
legumes 

Maintenance of soil 
quality; legumes 
used to 
increase/maintain N-
levels in soil 

Soil benefits from 
potential 
wetlaculture 

 Located in areas with potentially 
suitable soils and climates to 
support crop production, but are 
inundated frequently. Will be 
designed to accumulate high 

Estimate value of crop yield 
produced from wetlaculture. 

Agriculture 
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organic matter when inundated and 
then used for cropping when dry. 

Regulation of the 
chemical condition of 
freshwaters by living 
processes 

2.2.5.1 By type of living system Controlling the 
chemical quality 
of freshwater 

Maintenance of the 
chemical condition 
of fresh waters by 
plant or animal 
species…. 

…that enable human use  
or health 

Use of buffer strips along 
water courses to remove 
nutrients in runoff 

Reduced damage 
costs nutrient runoff 
from agroecosystems 

Nitrogen and 
phosphorus 
transformed or 
stored by wetland 
plants, and sediment 
accumulated, that 
would have 
otherwise been 
exported to the reef 

Wetlands for denitrification feature: 
high DIN delivery; high hydrological 
residence time; large source of 
organic matter with high C:N 
stoichiometry; persistent hypoxia; 
rarely turbulent waters; warm water; 
sediment has low redox potential; 
large amounts of over-hanging 
vegetation; and aquatic macrophyte 
shoot heights between 1-2 m (Land 
et al. 2016; Alldred and Baines 
2016). 
 
Wetlands for sediment removal 
feature: high sediment delivery; may 
contain baffles or sub-aquatic 
trenches; little riparian, straight 
edges and sloped banks for easy 
excavator access; and a large 
surface area and volume relative to 
inflow. 

Develop models of 
denitrification, nutrient and 
sediment storage, then 
multiply by relevant water 
quality credit trading prices. 

Reef philanthropic 
agencies, state 
government, 
agriculture, and 
wastewater 
treatment providers 

Regulation of 
chemical 
composition of 
atmosphere and 
oceans 

2.2.6.1 By contribution of type 
of living system to 
amount, concentration 
or climatic parameter 

Regulating our 
global climate 

Regulation of the 
concentrations of 
gases in the 
atmosphere 

….that impact on global 
climate or oceans 

Sequestration of carbon in 
tropical peatlands 

Climate regulation 
resulting in avoided 
damage costs 
Or 
Mitigation of impacts 
of ocean acidification 

Carbon sequestered 
by wetlands 

 High organic matter delivery with 
high C:N stoichiometry; low nutrient 
delivery; large amounts of over-
hanging vegetation and aquatic 
macrophytes; may contain baffles or 
sub-aquatic trenches; a large 
surface area and volume relative to 
inflow; moderate sediment loading; 
and located where sediments 
persist within an envelope of redox 
potential. 

Use existing aerial evaluation 
methods to estimate carbon 
sequestration. Need to 
estimate soil carbon 
accumulation rates using 
corers or models. Multiply 
carbon stored by carbon 
trading price. 

Fuel companies, 
airlines, 
manufacturing, 
cruise-liners, 
agriculture, 
individuals and 
small businesses. 

Regulation of 
temperature and 
humidity, including 
ventilation and 
transpiration 

2.2.6.2 By contribution of type 
of living system to 
amount, concentration 
or climatic parameter 

Regulating the 
physical quality 
of air for people 

Mediation of 
ambient 
atmospheric 
conditions (including 
micro- and 
mesoscale climates) 
by virtue of 
presence of 
plants…. 

…that improves living 
conditions for people 

Evaporative cooling provided 
by urban trees 

Increased thermal 
comfort in cities 

Wetlands in cities 
mitigating extreme 
heat 

 Wetlands are large and positioned 
in areas with extreme heat, such as 
highly concreted areas with high 
albedo and sunshine. Irregularly 
shaped wetlands have been shown 
more effaceable than regular and 
long shaped wetlands (Ji, Zhu, and 
Sheng 2017). 

Use high-resolution thermal 
infrared remote sensing to 
estimate cooling relative to 
areas without wetlands. 
Estimate value of cooling 
effect using established 
relationships between heat, 
electrical energy and electricity 
costs. 

Councils, state 
government, 
neighbourhood 
groups and 
property 
developers. 

Cultural 
(Biotic)  

Characteristics of 
living systems that 
that enable activities 
promoting health, 
recuperation or 
enjoyment through 
active or immersive 
interactions  

3.1.1.1 By type of living system 
or environmental setting 

Using the 
environment for 
sport and 
recreation; using 
nature to help 
stay fit 

The biophysical 
characteristics or 
qualities of species 
or ecosystems 
(settings/ cultural 
spaces)…. 
 
 
 
 
 
 
 
 
  

…. that are engaged 
with, used or enjoyed in 
ways that require 
physical and cognitive 
effort 

Ecological qualities of 
woodland that make it 
attractive to hiker; private 
gardens 
Or 
Opportunities for diving, 
swimming 

Recreation, fitness; 
de-stressing or 
mental health; 
nature-based 
recreation 

Wetlands in or near 
urban areas with 
tracks for running, 
cycling, and access 
for kayaking 

Located close to population centres, 
are easily accessible, may have 
walking tracks and have places to 
launch kayaks. 

Potentially use contingent 
valuation methods to estimate 
value. Alternatively compare 
with alternative cost of 
achieving broadly equivalent 
benefits from the costs of 
pharmaceuticals and fitness 
centres. 

State government, 
recreation groups 
and wellness 
groups 

Characteristics of 
living systems that 
enable activities 
promoting health, 
recuperation or 
enjoyment through 
passive or 
observational 
interactions 

3.1.1.2 By type of living system 
or environmental setting 

Watching plants 
and animals 
where they live; 
using nature to 
de-stress 

…. that are 
viewed/observed by 
people or enjoyed in 
other passive ways by 
virtue of sounds and 
smells etc. 

Mix of species in a woodland 
of interest to birdwatchers 
Or 
Whales, birds, seals and 
reptiles can be enjoyed by 
wildlife watchers 

Recreation, fitness; 
de-stressing or 
mental health; eco-
tourism 

Wetlands in or near 
urban areas with 
viewing platforms, 
benches or tables 

 Located close to population 
centres, are easily accessible, may 
have walking tracks and have 
places to relax, such as viewing 
platforms or tables. 

Potentially use contingent 
valuation methods to estimate 
value. Alternatively compare 
with alternative cost of 
achieving broadly equivalent 
benefits from the costs of 
pharmaceuticals and fitness 
centres. 

Characteristics of 
living systems that 
enable scientific 
investigation or the 
creation of traditional 
ecological 
knowledge 

3.1.2.1 By type of living system 
or environmental setting 

Researching 
nature 

…that are the subject 
matter for in-situ 
research 

Site of special scientific 
interest, Natura 2000 site 

Knowledge about the 
environment and 
nature 

Wetlands used in 
academic research 

 This will vary greatly depending on 
the research objectives. 

Potentially use contingent 
valuation methods to estimate 
value. 

Scientific 
institutions 
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Characteristics of 
living systems that 
enable education 
and training 

3.1.2.2 By type of living system 
or environmental setting 

Studying nature …that are the subject 
matter for in-situ teaching 
or skill development 

Site used for voluntary 
conservation activities 

Skills or knowledge 
about environmental 
management 

Wetlands used in 
university, school 
and vocational 
education  

 Will likely be close to educational 
facilities, have sufficient access and 
space for class visits, and 
demonstrate multiple features 
relevant to learning objectives. 

Potentially use contingent 
valuation methods to estimate 
value. 

Schools and 
universities 

Characteristics of 
living systems that 
are resonant in 
terms of culture or 
heritage 

3.1.2.3 By type of living system 
or environmental setting 

The things in 
nature that help 
people identify 
with the history 
or culture of 
where they live 
or come from 

…that contribute to 
cultural heritage or 
historical knowledge 

Sherwood Forest Tourism, local 
identify 

Wetlands used for 
eco-tourism, e.g., 
sighting crocodiles 
or learning about 
indigenous cultures 

 Likely near a tourism centre and 
international airport, has high scenic 
value, access ways can handle high 
foot traffic, and wetland supports 
features that attract tourists (e.g., 
crocodiles). 

Require in reporting from 
commercial tourism operators 
using portfolio wetlands. 

Tourism operators 

Characteristics of 
living systems that 
enable aesthetic 
experiences 

3.1.2.4 By type of living system 
or environmental setting 

The beauty of 
nature 

… that are appreciated 
for their inherent beauty 

Area of Outstanding Natural 
Beauty; panorama site 

Artistic inspiration Wetlands used for 
art and photography 

 Difficult to anticipate, likely have a 
drastic landscapes and are highly 
scenic. 

Potentially use contingent 
valuation methods to estimate 
value. 

 

Elements of living 
systems that have 
symbolic meaning 

3.2.1.1 By type of living system 
or environmental setting 

Using nature to 
as a national or 
local emblem 

…that are recognised by 
people for their cultural, 
historical or iconic 
character and which are 
used as emblems or 
signifiers of some kind 

Bald Eagle Social cohesion, 
cultural icon 

Wetlands iconic of 
an area 

 Varies with local culture. Potentially use contingent 
valuation methods to estimate 
value. 

 

Elements of living 
systems that have 
sacred or religious 
meaning 

3.2.1.2 By type of living system 
or environmental setting 

The things in 
nature that have 
spiritual 
importance for 
people 

...…that are deemed to 
have sacred or religious 
significance for people.  

Totemic species, such as the 
turtle 

Mental well-being Wetlands of high 
cultural importance 
to indigenous or 
those practicing 
Earth-centred 
religions 

 Varies with religion or cultural 
practice. 

Potentially use contingent 
valuation methods to estimate 
value. 

Federal and state 
government, and 
religious or cultural 
groups 

Elements of living 
systems used for 
entertainment or 
representation 

3.2.1.3 By type of living system 
or environmental setting 

The things in 
nature used to 
make films or to 
write books 

.. that provide material or 
subject matter that can 
be communicated to 
others via different media 
for amusement or 
enjoyment 

Archive records or collections Nature films Wetlands that 
feature in movies or 
books 

 Varies greatly with storyline. Potentially use contingent 
valuation methods to estimate 
value. 

 

Characteristics or 
features of living 
systems that have 
an existence value 

3.2.2.1 By type of living system 
or environmental setting 

The things in 
nature that we 
think should be 
conserved 

…..which people seek to 
preserve because of their 
non-utilitarian qualities  

Areas designated as 
wilderness 

Mental/Moral well-
being  

Wetlands that 
support high 
biodiversity or 
provide a wilderness 
experience  

  Typically have high connectivity 
and habitat complexity to support a 
diverse range of species. May also 
have habitat to support species that 
are highly valued. 

  Pharmaceutical 
companies, state 
and federal 
government, and 
philanthropic 
groups 

Characteristics or 
features of living 
systems that have 
an option or bequest 
value 

3.2.2.2 By type of living system 
or environmental setting 

The things in 
nature that we 
want future 
generations to 
enjoy or use 

…..which people seek to 
preserve for future 
generations for whatever 
reason 

Endangered species or 
habitat 

  State government, 
recreational groups 
and philanthropic 
groups 

Provisioning 
(Abiotic)  

Surface water for 
drinking 

4.2.1.1 By amount, type, source Drinking water 
from sources at 
the ground 
surface 

Natural, surface 
water bodies….  

… that provide a source 
of drinking water 

Volume and characteristics of 
water from a natural springs 

Potable water in 
public supply system 

Wetlands providing 
drinking water 

 Are upstream and proximal to 
urban centres, have little to no 
upstream human or agricultural 
influence, are permanent with large, 
stable stores that are continuously 
replenishing. Will have pumps and 
other engineering structures to 
extract water and pipe for drinking. 

  Councils and state 
government 

Surface water used 
as a material (non-
drinking purposes) 

4.2.1.2 By amount & source Surface water 
that we can use 
for things other 
than drinking 

… that provide water for 
that can be used as a 
material or for cooling  

Temperature and volume of 
water that can be used for 
cooling or irrigation 

Reduced energy 
costs; glass house 
cultivation 

Wetlands used for 
providing industrial 
and agricultural 
water 

 Situated near an industrial or 
agricultural user, will have a 
continuous and stable supply of 
water, with engineering structures to 
transport water. 

  Manufacturing and 
agriculture 

Freshwater surface 
water used as an 
energy source 

4.2.1.3 By amount, type, source Hydropower The flow of water on 
land…. 

...that can be converted 
to electrical or 
mechanical energy 

Hydraulic potential (Head) HEP Wetlands used in 
hydropower 

 Situated within steep country to 
have high hydraulic head. Have 
large, continuous flows to provide 
stable electricity generation. Have 
turbines at the outflow drop. 

  Hydroelectricity 
companies 
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