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Abstract: The Wet Tropics region of north Queensland contains the highest biological diversity
in Australia, has outstanding environmental values, is economically important and located adjacent
to the Great Barrier Reef (GBR). Increasing urban development and agricultural intensification
in the Wet Tropics has raised serious water quality concerns. To successfully achieve water quality
improvement outcomes, the integration of social and biophysical knowledge, in particular clarifying
the roles and responsibilities of multiple stakeholders for knowledge integration, has been identified
as a key issue and research priority. However, research into the processes supporting knowledge
integration and clarifying roles and responsibilities of multiple stakeholders for improving water
quality is largely lacking. To fill this gap, we further developed and advanced a social-ecological
planning framework to improve our understanding of how multiple-stakeholders can contribute to
successful water quality management outcomes. Our conceptual framework, applied in the Tully
basin adjacent to the GBR: (1) provides a transdisciplinary approach; (2) enhances the integration
of social and biophysical knowledge through tailored methods fitting the local context; (3) shares
knowledge and provides recommendations; (4) outlines factors that may promote or inhibit the
implementation of freshwater quality objectives; (5) highlights inadequacies of existing government
guidelines, policies, and presents co-management opportunities and (6) offers a novel collaborative
approach supporting water quality improvement in the Wet Tropics of Australia and beyond.

Keywords: transdisciplinary; water quality objectives; social and biophysical knowledge; monitoring;
collaborative; co-management

1. Introduction

The Wet Tropics region stretches approximately 500 km along the north-eastern coast of Queensland
and forms a belt approximately 50 km wide (Figure 1). The region has exceptional environmental
values and high economic importance [1]. World Heritage status was established for some 900,000 ha
(48%) of the area in 1988, which borders the Great Barrier Reef (GBR); creating a unique setting where
two World Heritage Areas (WHAs) meet (Figure 1) [2,3].

Water quality degradation, contested uses and values of resources, climate change and urban
growth put significant pressures on the protection, management and conservation of the Wet Tropics
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and the GBR WHAs. In response, one of the top national conservation priorities for the Australian
Government is to help local communities rehabilitate and better protect coastal basins and critical
aquatic habitats in the WHAs of the Wet Tropics and the GBR [3,4].

The Tully basin in the Wet Tropics has been identified as one of the top ten pollution hot spots
in the GBR lagoon [3,5]. The Tully basin includes the Tully River, the Hull River, coastal tributaries and
the Murray River, all draining into the GBR. Agricultural production is a major economic livelihood
in the basin. Issues identified include in-stream water quality degradation in freshwater reaches from
runoff from pesticides, nutrients and sediments leaving agricultural, but also industrial and urban lands.
Other implications include drinking water impairments, fish kills, and losses of cultural, aesthetic,
biological and recreational values [3,6]. Further urban growth and agricultural intensification is likely to
increase water quality concerns in freshwater waterbodies and downstream marine environments [7].

Subsequently, a Water Quality Improvement Plan (WQIP) was developed for the Tully basin in 2008
to reduce sediment, nutrient and pesticide loads for waters entering the GBR. The 2008 WQIP was
developed with industry and community members (including Traditional Owners) over a three-year
period to establish local environmental values (EVs), and Water Quality Objectives (WQOs) targeted
for estuarine, marine and selected freshwater parameters in the Tully WQIP area with the overarching
aim to improve GBR water quality. This plan was endorsed by the local community [5]. In addition,
a Wet Tropics WQIP 2015–2020 was recently completed (at a larger scale) to provide a regionally
consistent approach to water quality improvement for Wet Tropics catchments and the GBR [3]. WQIPs
are an important part of the Australian and Queensland Government’s Reef 2050 Water Quality
Improvement Plan 2017–2022 (The Reef 2050 WQIP) [8].

1.1. Environmental Values, Relevant Guidelines and Water Quality Objectives

Identification of Environmental Values (EVs) forms an important part in the development of WQIPs.
EVs are the communities’ preferred uses and values of local waterbodies (including drinking water,
aquatic ecosystems, water for farm use, spiritual and cultural values). Schulz et al. also state that “better
knowledge of environmental values can contribute to better design of incentives for pro-environmental
behaviour including environmental policy.” [9] (p. 212). EVs for waterways are found in Queensland
Water Quality Guidelines 2009 (QWQG) [10].

The National Water Quality Management Strategy (NWQMS) [11] and the QWQGs [10] categorise
EVs of waterways into “a suite of categories to include aquatic ecosystems, primary industries,
recreation and aesthetics, drinking water, industrial uses, and cultural and spiritual values. Some
of these categories are further stratified [2].

Ecological protection guidelines have been developed for many different water types (upland
streams, lowland streams, wetlands, lakes estuaries and marine), and some nutrient and physiochemical
guidelines (suspended solids, turbidity) have been developed for different climates/regions within
Australia. These recommended default guidelines are to be used if no locally derived guidelines are
available. The Tully, Murray and Hinchinbrook Island River Basins EVs and WQOs [12] are currently
the most relevant to apply to the Tully Basin, but these guidelines/trigger values are not available for
all parameters [13–15]. The list of EVs for the Tully Basin are in Table A3, Appendix A.

The QWQGs (2009) state that where sub-regional (i.e., more localised water quality guidelines are
available; they are to be given precedence) [10]. Additionally, the development of these sub-regional
guidelines should be consistent with the NWQMS, embedded in the 1997 Queensland Environmental
Protection Policy (QEPP), and approved by EPA and GBRMPA [5]. According to the State Department
of Environment and Heritage Protection [10], developing and improving water quality guidelines is
considered to be an ongoing process.

WQOs are “water quality levels (i.e., the concentration of water pollutants) that, if achieved and
maintained, would protect the communities preferred EVs” [5] (p. 17). WQOs are based on “relevant
state and federal water quality, drinking water, and recreational water quality guidelines and standards
(to protect EVs) as well as on the community’s choices for EVs” [5] (p. 17).
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However, the Tully WQIP was focused on developing downstream WQOs for estuarine and
marine environments including the GBR. No WQOs for freshwaters (except selected pesticides)
were developed. Marine ecosystem targets were linked to end-of-river pollutant load targets and to
farm-level management practice targets to establish management actions for water quality improvement
in the basin [16]. Targets were defined as quantifiable performance levels or changes in levels to be
attained at a specific future date [16].

The Tully WQIP defined aspirational targets for water quality parameters as draft WQOs
in marine waters, and aspirational targets for selected herbicides as draft WQOs in all waters (marine
and freshwater). No other water quality targets were developed in this basin for freshwater parameters
as draft WQOs [5]. Refining WQOs for freshwaters in the Tully basin could potentially be used to
establish processes to improve or restore basin water quality conditions, and community uses and
values of basin waterways [17]. Therefore, refining WQOs for freshwaters in the Tully basin was critical
since they have not been fully developed in the Tully basin [18].Water 2020, 12, x FOR PEER REVIEW  6 of 38 
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Through the Tully 2008 WQIP community consultation process, several local water quality issues
of concern (relevant to freshwater reaches) were also identified. These concerns include the safety
of drinking water, limited or no access to areas of cultural and spiritual significance, and loss of local
waterbodies including wetlands, lagoons and small streams [19,20].

During the Tully WQIP process, interviews and workshops with members of the local community
supported setting water quality objectives (WQOs) for the freshwater reaches to protect the community’s
environmental values (EVs) and uses [3,21,22]. The WQIP recommended additional consultation with
the community to develop freshwater WQOs, as the Tully WQIP was mainly focused on developing
downstream WQOs for estuarine and marine environments including the GBR [5].

1.2. Rationale for Selecting the Tully Basin as the Case Study for this Research

In addition to the recommendations stated in the Tully WQIP, we chose the Tully basin as a case
study for this research as it is biophysically and economically representative of other Wet Tropics
basins in the region and is draining into the GBR lagoon (Figure 1). In addition, the Tully River is
the least variable river in the Wet Tropics with respect to annual discharge and allows for accurate
and defined water quality trends [3,23]. The Tully basin also represents the wet tropical climate
of the region [24] and is characterised by high, summer dominant rainfall (average 2000–4082 mm).
The Tully basin covers an area of 2787 km2, draining wet tropical rainforest in its upper reaches [25].
The basin’s middle and lower reaches contain beef grazing, and a large coastal floodplain is comprised
of wetlands modified to support sugarcane and banana production as well as urban areas [5,24,26,27].
Approximately 65% of the Tully basin is located in the Wet Tropics WHA (Figure 1) [5,26].

Main land uses include natural forest (71%), sugarcane (13%), grazing (5%), plantation forestry
(4%), banana and other horticulture (3%) and urban (1%). The remaining 3% are waterways [27].
According to Brodie et al. [27], the landscape of the Tully basin has been significantly altered since
European settlement, including reductions in areas of floodplain vegetation (~80%, to 20.8 km2),
riparian areas (~60%, to 59 km2), and wetland areas (~69%, to 72.5 km2). These floodplain alterations
and clearing of forests for agricultural development have changed local hydrology and drainage
patterns [3,27].

As of July 2020, the Tully River basin had an estimated resident population of 11,195 persons [28].
Three Aboriginal Traditional Owner groups live in the area including the Girramay, Jirrbal and
Gulnay people [5]. The Girringun Aboriginal Corporation, an indigenous community-based
organisation in the region, represents the interests of these Traditional Owner groups in the basin.
The Aboriginal Corporation has expressed a desire to recognize the Tully basin as an Indigenous
Protected Area (IPA), thereby creating opportunities for Traditional Owners to be involved in monitoring,
protecting, co-managing water resources (freshwater and marine), assisting with enforcement measures,
and creating future research opportunities in the area [20].

1.3. Community-Based Natural Resources Management

Gruber [29] and Carlson and Cohen [30] state that community-based natural resource
management is a valuable governance approach for sustainability to better manage common resources.
This approach emphasises the role of communities to assist in making decisions about resources.
Some community-based programs have become established to focus on the empowerment of local
communities [29,31,32]. Successful environmental outcomes for common resources (such as water
quality improvements to local waterways) may lie in the ability to successfully integrate different kinds
of knowledge (e.g., scientific and local knowledge) to create new knowledge while encouraging social
and collective learning and building key partnerships [33–38].

1.4. A Transdisciplinary Research Approach

Everly et al. [39] state that there have been improvements to better understand social processes
and phenomena in relation to environmental planning and management that link the work of social
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and biophysical sciences. However, there has been limited integration of these disciplines. Greater
recognition has recently been placed on the use and contribution of transdisciplinary approaches
to help understand complex environmental issues [30,32,33,39,40]. Transdisciplinary research is
defined as studies that involve academic researchers as well as non-academic participants such as
land managers, user groups and the general public to create new knowledge and theory to research
a common question [41,42]. Knowledge integration and translation has expanded from a ‘rational’
scientific approach to encompass local knowledge and informal institutions to inform planning and
management decisions [43]. Researchers have promoted the active participation of stakeholders from
the beginning of the research process [2,30,32,33].

The integration of social and biophysical knowledge has been identified as one of the key issues
and research priorities for successful water quality improvement outcomes [34–38]. The integration
of this knowledge has gained widespread recognition in water quality planning and management
for its potential to inform management plans and gain community support for these actions [19].
Scholars have established that communication and collaboration between scientists (from different
backgrounds), planners, administrators, and local stakeholders is essential, and supports the integration
of social and biophysical knowledge [33,35–38].

Brodie et al. [34] stated that a transdisciplinary approach can also assist in better understanding
of the social-biophysical catchment to the Great Barrier Reef system processes by providing
an overarching structure that has the capability to integrate knowledge, encourage social and collective
learning and build key relationships [43].

Natural and cultural values are “inherently linked and Indigenous involvement in natural
resources management is essential in maintaining culture” [44] (p. 190). The Millennium Ecosystem
Assessment (2005) identified that cultural values and services is seldom acknowledged within landscape
planning and management processes, and a better understanding is needed to identify how changed
landscapes and ecosystems are linked to changes to communities’ cultural, spiritual and religious belief
systems. Cullen-Unsworth et al. [45] state that “greater attention needs to be given to the protection
of landscapes especially in areas where biodiversity and cultural practices are linked” [45] (p. 183).
Additionally, a better framework needs to be developed to identify “linked cultural and biophysical
indicators to be used at local and regional scales in routine monitoring and management” [45] (p. 185).
By using a cooperative research approach, “appropriate indicators could be developed to monitor
cultural heritage values of ‘country’ and indicators could potentially be coordinated with or integrated
into existing local, regional, national and international reporting frameworks” [45] (p. 191).

Understanding spiritual and cultural values of waterways and incorporating them into water
resources planning, policy and management frameworks is as important as understanding the other
values of waterways (e.g., hydrologic and ecological values) [45]. Often, there are no clear or consistent
stakeholder engagement policies and delivery frameworks from local, State and Federal governments
to contribute to an improved integrated and effective approach to water quality planning and
management [46]. There has been little opportunity for indigenous participation in developing water
quality objectives (WQOs), and managing water resources [47]. In addition, there is little guidance
in Australia and elsewhere for water resource managers and agencies to recognise indigenous access
and involvement in water resources issues [47,48].

1.5. Social-Ecological Planning for Improving Water Quality

Based on a holistic concept of landscape, representing the relationship between people and
place [49] and the idea that dialogue and public participation are essential in the debate about possible
future landscape developments [50], Bohnet and Smith [2] developed a social-ecological framework
for planning future landscapes in the Wet Tropics. This framework incorporates a range of planning
methods, including participatory tools, such as maps and landscape visualisations, and processes,
such as the involvement of local communities in the development of alternative landscape scenarios.
Application of this framework in two case study areas proved to be effective in building social capital
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in the region in relation to planning and local development, and of building capacity for participation
in planning processes. It also highlighted the communities’ interest in learning more about predicted
effects on water quality of different land use and management change scenarios [51].

Tailored application of this framework in the nearby Tully basin supported development of the Tully
WQIP [19], while highlighting a number of issues requiring further research attention [19,35,52].
Building on these findings as well as drawing on frameworks and experiences from Australia and
Europe in relation to enhancing implementation of local management actions for improving water
quality [53–55] we continued our research efforts in the Tully basin.

The overall aim of our research was to build on and advance the social-ecological framework
applied in the Tully WQIP planning process [35] to support improving water quality conditions
in the Tully basin. In particular, we focused on the roles and specific activities of multiple-stakeholders
to support knowledge integration and implementation of measures for improving water quality
conditions [18]. Joint design and implementation of a pilot water quality monitoring program
by scientific and non-scientific stakeholders in the Tully basin proved to be a critical, yet missing,
component in the conceptual framework that can significantly influence the implementation of local
management actions to improve water quality.

2. Materials and Methods

2.1. A Conceptual Framework for Revising Freshwater Water Quality Objectives (WQOs) in the Wet Tropics

A conceptual framework was developed for the refinement of freshwater WQOs in the Tully basin.
The framework links social and biophysical knowledge and supports collaboration between diverse
stakeholder groups (Figure 2). The conceptual framework outlines the essential steps for integrating
multiple uses and values of local waterbodies and spatially explicit biophysical data into refining
freshwater WQOs. The conceptual framework builds on existing planning frameworks [2,35] and
addresses important questions, such as the role and relevance of systematic (scientifically derived)
and local (derived from experience and familiarity with local conditions) knowledge for making
decisions [52]. It includes a range of applied biophysical and social science methods and processes,
such as the involvement of local communities in the development of a pilot water quality monitoring
program. Inclusion of design and implementation of a feasible water quality monitoring program
in the conceptual framework proved to be the critical mechanism supporting collaboration between
scientific and local knowledge holders, local leadership, and knowledge building and brokerage [53].

A range of tools and processes can be applied in each of the stages of this conceptual framework.
Community involvement is recommended throughout the framework with different tools and processes
suggested for each stage. The process is not unidirectional as illustrated in Figure 2; there is potential
for feedback loops and reasons for iterative processes within and between different stages. In each
stage, a combination of desk studies, field studies and communication are suggested, and are not
always distinct tasks as shown in Figure 2. They often inform each other and may overlap depending
on the task [2,22].

2.2. Application of the Conceptual Framework in the Tully Basin, Queensland, Australia

2.2.1. Stage 1 of the Conceptual Framework

Stage 1 used the Tully WQIP [5] as a basis to verify environmental values (EVs) previously listed
in the Tully WQIP [5], documenting any EVs not listed, communicating stakeholder interests in basin
water quality issues, and providing knowledge to inform the processes needed to refine water quality
objectives. Further, meetings with key informants in the basin were also part of Stage 1. A two-staged
participatory approach included personal interviews with key stakeholders and community workshops
was implemented to engage basin stakeholders in this research. Key stakeholder groups were identified
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as they have the greatest potential to influence water quality changes. Stakeholder groups included
Traditional Owners, local residents, farmers, and general community members.
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biophysical and social knowledge (Tsatsaros [18]) * adapted and modified from Bohnet [18,35]. Black
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Ethics approval was obtained by the James Cook University Human Research Ethics Committee
(HREC) in accordance with the Australian National Statement on Ethical Conduct in Human Research
(2007–2018). Interview and community workshop data were anonymized, and statements of informed
consent was obtained by all participants.

An Informed Consent Form was given to all interview participants, and all participants signed
the Consent form before the interviews began or any photographs were taken. All the identifying
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information from the interviews was designed to be confidential and remain confidential. No names
were used without the permission of the participants. We ensured that the raw data from this study
have been stored in a secure location and raw data will be destroyed when they are no longer needed
as per James Cook University Human Research Ethics Committee Guidelines.

Before interviews and workshops were conducted in the Tully Basin, we met with key informants
in the basin to discuss the objectives of this research, gather important background information, gain
additional information about basin water quality issues, and provide an opportunity to solicit and
secure potential workshop participants and interviewees.

Key informant discussions were held with the CEO of Girringun Aboriginal Corporation
(representing the interests of Traditional Owners from tribal groups in the basin), Traditional Owner
elders (individuals who are most knowledgeable in terms of traditional knowledge and changes
to country), researchers/scientists working on basin water quality issues, agricultural and industry
representatives, community, government and conservation groups, representatives from local schools,
representatives from the local natural resource management body (Terrain), local planners from
the Cassowary Coast Regional Council, extension agents, and tourism operators. The key informant
discussions were also important as these informants regularly attended and participated in other
locally relevant basin meetings; they helped provide information about recruiting potential workshop
participants/interviewees, and informed others about this research.

After the key informant discussions were completed, three workshops were held in the Tully Basin
in three different locations; one at Girringun Aboriginal Corporation (Girringun requested a separate
meeting for Traditional Owners), one in Euramo (a central basin location), and one at South Mission
Beach (a coastal location) (See Appendix B, Figures A1–A3). Workshops were held in these locations
to allow local people to attend a workshop in their local area. These workshops informed the basin
community about this research and provided a forum to invite participants to be interviewed for
this research. They also allowed participants to discuss their views and values with other workshop
participants, be exposed to potentially different views, and learn from others.

All three workshops included attendees from the key stakeholder groups, including the CEO
from Girringun Aboriginal Corporation, Traditional Owner elders from the basin, representatives from
the local NRM body (Terrain), regional council staff (Cassowary Coast Regional Council), tourism
operators, and locals representing local conservation organizations.

A series of basin maps and tables were used to help guide the community workshops (see
Appendix B, Figures A1–A3). Maps and tables showed the previous environmental values (EVs)
identified for each river reach (from the 2008 Tully WQIP), and additional maps showed land use
information and locations of water quality monitoring stations in the basin. By providing this
information as a starting point for discussion, workshop participants were able to discuss issues,
values, and ideas for water quality monitoring in a ‘spatially explicit’ context.

2.2.2. Stage 2 of the Conceptual Framework

Stage 2 of the conceptual framework focused on an extensive literature review to describe
the current water quality degradation of coastal waterways in the Wet Tropics and summarize
the current level of water quality knowledge in the Wet Tropics. Stage 2 provided current anthropogenic
disturbance and coastal waterway conditions, environmental management regimes and an overview
of existing planning frameworks and processes, water quality standards, statutory and voluntary
guidelines and sources of stressors resulting from key land uses. This key biophysical information also
provided a summary of stressors and sources resulting from key land uses that linked pollutant sources,
stressors, freshwater ecosystem responses, management actions, and its effectiveness to describe overall
water quality degradation of coastal waterways in the Wet Tropics [18].
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2.2.3. Stage 3 of the Conceptual Framework

Stage 3 was mainly based on findings from stages 1 and 2 and focused on assessing whether
additional data were needed to design a process for refining WQOs in the Tully Basin. More detail is
provided in subsequent sections.

2.2.4. Stage 4 of the Conceptual Framework

Stage 4 focused on developing specific processes for refining WQOs, incorporating knowledge
gathered from stages 1, 2 and 3. First, we developed a master list of potential interviewees to
be consulted. The list was designed to include interviewees from different parts of the basin and
diverse social status (gender, age, broad occupational status, and length of time lived or worked
in the basin) [11]. In addition, we used a snowballing technique, where one person in the community
introduced the researchers to others, which provided researchers with access to interviewees that
may have otherwise not participated [19,56]. This type of sampling is applied where the purpose
behind the sampling is theoretically defined. In this case, the sample was stratified geographically and
socially. This technique expanded upon previous work that had been done in the Basin prior to this
research [19,57].

From previous work conducted in the Tully WQIP (using a checklist of possible water interests
provided in the National Water Quality Management Strategy 1998), and the stakeholder mapping
exercise for the Tully WQIP, interviews were designed to be primarily conducted with the Tully basin
community (i.e., people living in the geographical area covering the basin), but also expanded to
include researchers and government agency folks working directly on basin water issues. As stated
previously, the stakeholder mapping exercise in the Tully WQIP identified a “whole range of local
community members representing varying interests and values including Traditional Owners, other
indigenous people, farmers, industry, non-farming residents, conservation groups and the concerned
public” who should be involved and represented in the research [21,22]. Girringun Sea Country
Aboriginal Rangers provided the researchers with valuable assistance in recruiting Traditional Owners
to participate in the interviews and workshops for this research. Additionally, the Canegrowers
Association in Tully also gave the researchers office space to work out of while they were in the Tully
Basin, so researchers could conduct interviews in a central location with the basin community.

In total, 124 personal interviews were conducted with the main stakeholder groups. From previous
(2008) work performed in the Tully WQIP (using a checklist of possible water interests provided
in the NWQMS 1998), and the stakeholder mapping exercise for the WQIP, interviews were designed
to be primarily conducted with the Tully Basin community (i.e., people living in the geographical area
covering the basin), but also expanded to include researchers and government agency folks working
directly on basin water issues.

Stakeholder groups interviewed included Traditional Owners (n = 32), local residents (n = 31),
farmers (n = 31) and general community members (n = 30). The aim was to interview a minimum
of thirty individuals from each stakeholder group to compare interview responses between key groups,
illustrate potentially diverse points of view, and provide local knowledge about water quality issues
in the basin. The comparison of responses between key stakeholder groups was considered to be
a key priority in the design of the questionnaire [57]. Interview participants were not randomly
selected in this research. The main aim was to interview a representative number of individuals
from each stakeholder group so that responses to interview questions could be compared to other
key stakeholder groups. Therefore, a target of about 120 interviews in total was established (4 key
stakeholder groups × 30 individuals).

The semi-structured face-to-face interview and combination with the basin map were selected as
tools, as they can help contribute to social and biophysical knowledge integration and assist in building
important relationships between the researchers and key stakeholder groups. The face-to-face interview
was also selected to obtain a high response rate and probe for detail that may be difficult in telephone
or mail surveys [58].
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Interviews with Traditional Owners and other indigenous people living in the basin took place
at peoples’ residences or at Girringun Aboriginal Corporation (where an office space had been assigned
to conduct interviews). Interviews with local residents, farmers and general community members
mainly took place at interviewees’ residences, farms or workplaces, or were conducted at the local
Canegrowers office in Tully. An office space was assigned to the principal researcher at the local
Canegrowers office so that interviewees could be interviewed in a central location if the interview was
not scheduled at a residence, farm or workplace.

A basin map showing existing basin EVs from the Tully WQIP was also shown to interviewees
during the interviews. Participants were asked to verify EVs previously identified from the Tully WQIP
and to also identify any EVs missing from this process. Tables showing EVs for each sub-catchment
were also made available. The use of basin maps was important as they visually showed the locations
of previously identified EVs (from the Tully WQIP), and also provided a mechanism for interviewees
to add any additional water uses and values in a spatially explicit context.

In addition, maps for each sub-catchment showed the main land uses and water quality monitoring
stations. These maps were important during the latter stages of the interview questionnaire when
discussing water quality monitoring questions. These mapping tools facilitated knowledge integration
and fostered communication and sharing of local knowledge between the JCU principal researcher
and the interviewee(s).

Interviews were tape recorded, notes taken, and responses documented. The interview data
were put into a series of tables, systematically coded, and then put into an Excel database where
this data could be analysed [57] (Appendix C). All information related to EVs and associated coastal
and marine environments was coded according to the EV classification scheme provided by the
Queensland Water Quality Guidelines (2009) [21]. Additional EVs identified by stakeholders that did
not fit into the State classification scheme were also documented (Appendix C). Descriptive statistics
were used to present results from the close-ended questions. To analyse the open-ended questions,
major concepts were extracted from the interview data based on an interpretation of the content, codes
were created to identify the expression of these major concepts, and then categorised by grouping
common themes [59] (Appendix C). Results from the interviews were also shared with the basin
community after all interviews had been completed. A workshop was held in a central location in the
basin (Euramo) in 2012 to give interview participants an opportunity to view the interview results and
provide feedback. All interview respondents were invited to this workshop and a flyer was emailed
and mailed to all interviewees before the workshop.

In addition to the interviews, five additional community workshops were held in the Tully basin
and included an assessment of key stakeholder perceptions of basin water quality conditions and
existing monitoring programs, while also outlining main differences between these groups. Interviews
and workshops were also designed to identify key waterbody pollutants from a community perspective,
including source categories and basin hot spot areas.

The community workshops were held in a central basin location so everyone interviewed
for the research could attend. The purpose of the workshops was to discuss preliminary results from
the interviews, highlight main water quality issues from existing biophysical information in the basin,
and discuss a rationale for designing and implementing a pilot water quality monitoring program
using social and biophysical knowledge, while providing opportunities for stakeholder participation
in the pilot program. A draft pilot water quality monitoring plan to fill in biophysical gaps (showing
potential sampling sites and parameters to be sampled) was given to workshop attendees.

The workshops were well attended and consisted of farmers, local residents, Traditional
Owners, Girringun Indigenous Rangers, and representatives from natural resource organizations and
government agencies. In consultation with stakeholders from these workshops, the design of the pilot
program was finalized (See Appendix B Figures A1–A3).
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2.2.5. Stage 5 of the Conceptual Framework

Stage 5 of the conceptual framework focused on identifying potential factors that could support
or inhibit the refinement of WQOs. These factors are discussed in subsequent paragraphs below.

2.2.6. Stage 6 of the Conceptual Framework

The final stage in the framework was outside the scope of this research; however, this stage
provided opportunities to assess revised water quality objectives against development/management
scenarios to evaluate feasibility.

3. Results

3.1. Community Values and Perceptions of Local Water Bodies

Key informant discussions, workshops and interviews with the wide range of Tully Basin
stakeholders showed that community perceptions of basin water quality conditions differed between
stakeholder groups, but despite differences in stakeholder perceptions, all groups agreed that additional
water quality monitoring was needed for the Tully Basin to better characterise current water quality
conditions and assist in refining water quality objectives [18].

Interviewees also stated there were several sources and threats to basin waterways. Overall,
findings showed that stakeholders had a range of views regarding their perceptions of water quality
issues or pollutant sources in the basin. However, all stakeholder groups agreed that agricultural
activities were sources of water quality issues or pollutant sources in the basin. These results informed
the design of the pilot water quality monitoring program by helping to identify potential sampling
station locations. In particular, in the community workshops, water quality sampling stations could be
verified as well as parameters to be sampled.

Participants from all stakeholder groups specified that chemicals used in agriculture (e.g., pesticides)
should be sampled as part of a monitoring program. In addition, Traditional Owners stated they would
like to see fish and other aquatic life be sampled. This higher response rate by Traditional Owners
may be due to their greater dependence on aquatic food sources to supplement their daily foods than
other groups.

Interview results also highlighted potential human health concerns in the basin. Interview
responses verified that a large percentage of stakeholders regularly drink untreated water from local
waterways. If potential human health concerns or risks exist, e.g., high levels of pesticides found
in the Tully waterways, regular water quality monitoring should be established, and locals should be
appropriately informed of the results.

There was also agreement between stakeholder groups regarding who should be involved
in a monitoring plan for this basin. All stakeholder groups suggested that a mix of participants should
be involved in this program.

3.2. Biophysical Knowledge

A comprehensive review of biophysical knowledge for the Tully basin indicated that several
water quality parameters exceeded state and federal guidelines, and some data gaps existed. Longer
term water quality data were determined to be needed to ensure comprehensive basin coverage that
encompassed different flow regimes, seasonality and to fill in water quality data gaps. Results from
the literature review also verified that no comprehensive water quality sampling network in the basin
was currently being monitored and water quality sampling was not consistently conducted across
different seasons and different flow regimes. A long-term monitoring program to characterise water
quality conditions over different flows and seasons is currently underway in the Wet Tropics, however,
monitoring programs in the Tully Basin had mainly been directed at assessing impacts to the GBR with
little or no attention given to the health of freshwater ecosystems [20,34].
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The Tully Basin became part of the Girringun Region Indigenous Protected Areas (GRIPA)
(8 June 2013). “The GRIPA works towards the Girringun vision of providing ‘social, cultural, spiritual,
environmental and economic well-being of Traditional Owners and community members of Girringun
for the benefit of the region” [60] (p. 1137). The GRIPA designation assists in providing opportunities
for Traditional Owners to be involved in monitoring, protecting and co-managing water resources
(both freshwater and marine) [61,62].

3.3. Rationale and Development for a Pilot Water Quality Monitoring Program

The results from stages 1 and 2 formed the rationale (stage 3) to establish a pilot water quality
monitoring program for this basin.

1. Federal and State of Queensland Water Quality Guidelines: Australian Government guidelines
state that locally relevant water quality guidelines should be developed for in-stream water
quality protection. In addition, local authorities should use their own tools to better refine these
guidelines, either by developing regional guidelines or developing specific local WQOs.

2. Tully Water Quality Improvement Plan (WQIP 2008): The basin community had issues of concern
regarding freshwaters. The community supported setting Water Quality Objectives (WQOs)
to protect Environmental Values (EVs) for freshwaters.

3. Water Quality Data and Reports Indicated Potential Water Quality Issues in the Basin. There was
no comprehensive water quality sampling network in the basin. Current water quality sampling
schemes were patchy; and did not consider seasonality and different flow regimes.

4. Workshops and Interviews from this Research. There were continuing community concerns about
water quality issues, and input from the community indicated they would like to be involved
in a pilot water quality monitoring program.

5. Key results from the interview data were compared to biophysical data for this basin. Social and
biophysical results informed each other and indicated that additional data were needed to refine
WQOs for this basin.

3.4. Development of a Pilot Water Quality Monitoring Program for the Tully Basin

The pilot program verified whether a water quality monitoring plan could be undertaken by a local
community group, allowed preliminary results to be discussed, presented opportunities and obstacles
encountered during the pilot program, and identified recommendations for refining a long-term water
quality monitoring program. A three-month timeframe was chosen (May–July 2012) to determine
whether a community driven monitoring plan could be feasibly undertaken. This pilot program
prioritised key water quality parameters and sampling locations (in consideration of interview responses
by stakeholder groups, existing biophysical data and water quality monitoring stations), basin coverage
and dominant land uses, safety, ease of sampling, budget, and feasibility. Sampling stations were
also selected at specific waterbody locations draining subcatchments dominated by a single land use.
Land use types included forest (rainforest), sugarcane, bananas (horticulture), grazing and urban
(existing and lands being developed) (See Appendix B, Figures A1–A3). Although most subcatchments
had a mixture of land use types, it was expected that concentrations of water quality parameters
(measured at subcatchment stations) reflected the dominant land use of the subcatchment, as each land
use utilises very different management regimes [23].

A draft plan of the pilot water quality monitoring program was derived from knowledge gained
from the interview responses and biophysical information obtained. The community workshops
provided additional opportunities to verify the draft pilot water quality monitoring program, including
where, i.e., in which spatially explicit locations in the sub-basins, what, i.e., which specific parameters,
how often and by who the monitoring program is carried out.

Fifteen sub-catchment stations were selected to be sampled over a two-day period (each month)
representing the major land uses of the region; they were classed as sugarcane, grazing, urban, banana,
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or natural forest land use categories, as defined using Queensland Land Use Mapping Program
data. These sampling locations were also selected based on access to the site and the size of the
waterway (Table 1).

Table 1. Overview of the Pilot Water Quality Monitoring Program for the Tully Basin.

Parameter Frequency Location Sample Dates (2012)

Total Suspended Solids (TSS) Once a month
(3 times in total) All 15 stations May, June, July

Turbidity Once a month
(3 times in total) All 15 stations May, June, July

Pesticides (herbicides–Atrazine,
Diuron, Hexazinone) Once Three locations May

Total and Dissolved Nutrients (FRP,
NH3, NO3, TDN, TDP, TN, TP) * Twice All 15 stations May, July

Faecal Coliform Bacteria Once Three locations May
Probable Source(s) and Site
Condition Class Field Form

Once a month
(3 times in total) All 15 stations May, June, July

Stream Condition Field Form
(visual assessment)

Once a month
(3 times in total) All 15 stations May, June, July

Supplemental Field Form (including
streamflow measurements)

Once a month
(3 times in total) All 15 stations May, June, July

* FRP (filterable reactive phosphorus); NH3 (Ammonia); NO3 (Nitrate); TDN (Total Dissolved Nitrogen); TDP (Total
Dissolved Phosphorus); TN (Total Nitrogen); TP (Total Phosphorus).

3.5. Water Quality Sampling Methodology

Freshwater sampling within each subcatchment was led by James Cook University (JCU) Principal
Researchers. During the community workshops, we asked if any of the stakeholders would be
interested in assisting with the sampling effort. Girringun Aboriginal Corporation stated they were
interested in the sampling effort and workshop participants agreed. Several Girringun Indigenous Sea
Country Rangers assisted and were trained using JCU quality assurance/control procedures.

Water quality parameters for the pilot program included Total Suspended Solids (TSS), turbidity,
selected pesticides (the herbicides atrazine, diuron, hexazinone), faecal coliform, and total and dissolved
nutrients. Basic streamflow measurements were taken as well as visual assessments for riparian
vegetation condition, presence/absence of fish and aquatic life, and potential pollutant sources and site
conditions (Table 1).

Results indicated some water quality parameters (nitrates and total phosphorus) had higher than
expected values. Nitrate values exceeded federal water quality guidelines (17 µg N/L) at several
locations. The highest nitrate values were between 325–329 µg N/L comparable to previous studies.
Total phosphorus values (13–98 µg P/L) also exceeded state water quality guidelines (10 µg P/L)
at several locations. The highest nutrient values recorded were in sub-basin areas draining sugarcane
and below towns. Groundwater influences may also be an important contributor to these elevated
nutrient levels [18].

Since 97% of Traditional Owners, 65% of farmers, and 61% of local residents drink directly from
waterways when participating in recreational activities (e.g., fishing, camping and hiking) regular
water quality monitoring should be established due to potential health risks, and locals should be
appropriately informed of the results [20].

3.6. Factors Supporting and/or Inhibiting Refinement of WQOs

Results suggest that basin waterways are extensively used and valued by a diverse stakeholder
community via a wide range of activities, and Traditional Owners have a particularly strong interest
in supporting water quality monitoring and ultimately improving water quality conditions. Hence,
there may be a strong incentive by the community to work together to improve water quality
outcomes. Assisting in building relationships between stakeholder groups and encouraging consensus
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in the design and implementation of the pilot water quality monitoring study may also support
refinement of WQOs.

Providing a holistic approach, our conceptual framework, tested in the Tully basin, fostered
collaboration amongst key stakeholders, encouraged knowledge co-production and trust, and reduced
conflicts. All stakeholder groups interviewed supported the design and implementation of the pilot
water quality monitoring program, and there is community ownership of this process and its outcomes
as evidenced in the continuation of the water quality monitoring program beyond the life of our
project [18].

4. Discussion

The main aim of this research was to develop a conceptual framework that outlines necessary
steps to integrate multiple values and knowledge to refine freshwater quality objectives for a basin
in the Wet Tropics to improve its water quality. This study applied a transdisciplinary approach to
contribute and enhance the integration of different types of knowledge to achieve improvements
in water quality using the Tully Basin as an empirical case study to test the conceptual framework.

The application of this conceptual framework highlights (1) how social and biophysical knowledge
integration was achieved (i.e., the data collection methods that were used and the way different types
of knowledge, e.g., scientific and experiential, informed each other) and (2) how this research expanded
transdisciplinary approaches to include a local community to continue the on the ground work as
a pathway to impact real world issues [18].

The pilot program also verified whether a water quality monitoring plan could be undertaken
by a local community group and allowed preliminary results to be discussed including emerging
opportunities and encountered obstacles during the pilot program. While the focus of this pilot program
was not designed to provide a comprehensive water quality data set for this basin, the data collected
indicated that long-term water quality monitoring is needed. Therefore, the development of a long-term
water quality monitoring program was a key recommendation resulting from this research.

Girringun Aboriginal Corporation assisted in all phases of the pilot water quality monitoring
program and continued the pilot water quality monitoring program over a three-year timeframe
(post 2013) through their Indigenous Rangers Program (in partnership with a local not-for-profit
natural resource management body in the basin (Terrain NRM)). Girringun Aboriginal Corporation
secured a three-year State of Queensland environment grant, taking a lead role in water quality
monitoring, using the pilot study as a basis for their program [18]. The success of the pilot water
quality monitoring program and the continuation of this program by Girringun Aboriginal Corporation
provide an important long-term community-based mechanism to assist in better characterising local
environmental conditions and can be used to refine WQOs for this basin.

Girringun’s Indigenous Land and Sea Ranger program is continuing water quality monitoring
on the Tully River and its tributaries and maintaining revegetation sites at Tully and Hull Heads.
The Rangers are also involved with the protection and maintenance of cultural sites through clearing
debris, fire and weed management, and cattle and feral animal exclusion fencing and monitoring and
management of weed infestations (including hymenachne, siam weed and lantana) in partnership
with Biosecurity Queensland and other State agencies [63].

Challenges of Community Participation and Knowledge Integration

We addressed some of the challenges identified in previous research [19,30,33,35,46,52,64] which
included:

(1) Conflicts between stakeholder groups regarding consumptive and non-consumptive water uses
and intrinsic values,

(2) A lack of sustained stakeholder participation, unequal knowledge-power dynamics, and
(3) Biases in local and scientific knowledge contributions.
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To tackle these challenges this research developed and implemented a community-based
conceptual framework (Figure 2). This framework addressed these challenges by enhancing
the integration of social and biophysical knowledge to improve water quality conditions. A range
of tools and processes in which communication (via interviews, informal discussions, and workshops)
played a major role were used in each stage of the framework to achieve knowledge integration and
provided transparency. Key stakeholders were involved throughout with different tools and processes
used in each stage. The process was not unidirectional as there was potential for feedback loops and
reasons for iterative processes within and between different stages. This enabled the integration of social
and biophysical knowledge while also gaining community support and contributed to the credibility
of community participation and knowledge integration. This framework enabled different types
of knowledge to inform each other to produce new knowledge and assisted in developing a successful
water quality monitoring plan that has been accepted and taken up by the basin community. The design
and implementation of the pilot water quality monitoring study also demonstrated that by using
appropriate techniques, key results (i.e., community acceptance and ownership of a water quality
monitoring program to assist in refining water quality objectives) can be successfully achieved.

These challenges involving key stakeholders and the integration of knowledge for water quality
improvement outcomes were addressed successfully in this research through genuine partnerships
leading to the development of a water quality monitoring program that was collaboratively designed,
implemented and monitored with basin community members. This collaboration also extended to
training opportunities for community members including the Girringun Aboriginal Rangers which
was a major achievement of this research.

As mentioned previously, Girringun Aboriginal Corporation established the Girringun Region
Indigenous Protected Areas (GRIPA). By including major waterways such as the Tully and Murray
Rivers (Figure 1), the GRIPA may also contribute towards achieving Aboriginal aspirations in water
management and provide meaningful opportunities for Traditional Owners to contribute on a more
equitable and meaningful basis to the collaborative management of the Tully and Murray Rivers and
adjacent riparian habitats. Traditional Owners could also assist with enforcement measures through
river patrols carried out by the Girringun Aboriginal Rangers to incorporate traditional knowledge
and contemporary science-based land management practices and water quality sampling activities.

While the application of the conceptual framework has successfully facilitated knowledge,
integration needed to refine water quality objectives, there are still challenges and opportunities.
Additional research is still needed to include environmental values that are outside the EPA’s
(2018) established suite, as well as the development of a guideline for cultural and spiritual values.
Additionally, in order to effectively support the refinement of water quality objectives and improvement
outcomes, it will be essential to link a wide range of local and scientific knowledge and values with
local government planning and regional natural resource management activities.

5. Conclusions

In northern Australia, as in many other regions around the world, a challenge exists to
integrate different kinds of knowledge to ensure water planning and management proceeds
in appropriate ways (including culturally appropriate ways). Moreover, it remains unclear which
social and biological knowledge processes and tools support actions leading to water quality
improvement [19,30,32,33,35,37,38]. This research fills an important gap by providing an advanced
conceptual framework that was tested in the Tully basin. The conceptual framework links
social and spatially explicit biophysical knowledge and an evidence base for freshwater quality
objective development.

The design and application of a wide range of tools and processes was tailored to a local context
and helped provide a Wet Tropics case study of transdisciplinary research which contributes towards
achieving a more holistic and forward-looking approach to improving water quality outcomes.
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Key results from this research advanced the theory and practice of transdisciplinary research
by enabling different types of knowledge to inform each other to produce new knowledge, and to
assist in developing a successful water quality monitoring plan that has been accepted and taken up
by the basin community. This is a novel approach as there are few research examples outlining the
steps needed to translate social and biophysical knowledge into the development of water quality
objectives based on a community driven long-term water quality monitoring program co-managed by
an Indigenous organization.

Improving co-management opportunities may be the best approach to share common resources,
reduce conflict and to improve Indigenous participation in water resources management. Lessons
learned may provide useful guidance in developing successful collaborative approaches with
Indigenous peoples for effective long-term water quality management outcomes [65].

This research also contributed to the credibility of community participation and knowledge
integration and also facilitated and enabled knowledge co-production which is very important in the
development and implementation of long term water quality improvement processes [2,30,32,34,38,41,66].

Author Contributions: J.H.T., J.E.B., I.C.B. and P.V. conceptualized the research and methodology. J.H.T. prepared
the draft manuscript while the review and editing were completed by J.H.T., J.E.B., I.C.B. and P.V. All authors
have read and agreed to the published version of the manuscript.

Funding: This research was funded by a grant from the Marine and Tropical Science and Research Facility
(MTSRF), a component of the Commonwealth Environment Research Facilities Program (CERF), an initiative
of the Australian Government.

Acknowledgments: The authors would like to thank Philip Rist, Matt Gillis, Penny Ivey, Evelyn Ivey, and Cindy
Togo at Girringun Aboriginal Corporation. We would like to thank Peter Lucy at Canegrowers in Tully, Queensland,
Australia, and the Tully Basin community. Tina Lawson at the Commonwealth Scientific and Industrial Research
Organisation (CSIRO) helped us with the graphics. This publication was supported by a grant from the Marine
and Tropical Sciences Research Facility (MTSRF), a component of the Commonwealth Environment Research
Facilities Program (CERF), an initiative of the Australian Government.

Conflicts of Interest: The authors declare no conflict of interest.



Water 2020, 12, 3148 17 of 36

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research.

Water Uses and
Values/Location

EVs

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and
Values/Lo
cation 

EVs 

A
quatic

ecosystem
s 

Irrigation

Farm
 Supply

Stock W
atering 

A
quaculture

H
um

an
C

onsum
ption 

Prim
ary

Recreation

Secondary
Recreation

V
isual

D
rinking W

ater 

Industrial U
se 

Spiritual and
C

ultural V
alues 

Hull 
River/Coastal
Tributaries 
(freshwaters) 
(undeveloped) 

Hull 
River/Coastal
Tributaries 
(freshwaters) 
(developed) 

Hull River 
natural wetlands 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and
Values/Lo
cation 

EVs 

A
quatic

ecosystem
s 

Irrigation

Farm
 Supply

Stock W
atering 

A
quaculture

H
um

an
C

onsum
ption 

Prim
ary

Recreation

Secondary
Recreation

V
isual

D
rinking W

ater 

Industrial U
se 

Spiritual and
C

ultural V
alues 

Hull 
River/Coastal
Tributaries 
(freshwaters) 
(undeveloped) 

Hull 
River/Coastal
Tributaries 
(freshwaters) 
(developed) 

Hull River 
natural wetlands 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and
Values/Lo
cation 

EVs 

A
quatic

ecosystem
s 

Irrigation

Farm
 Supply

Stock W
atering 

A
quaculture

H
um

an
C

onsum
ption 

Prim
ary

Recreation

Secondary
Recreation

V
isual

D
rinking W

ater 

Industrial U
se 

Spiritual and
C

ultural V
alues 

Hull 
River/Coastal
Tributaries 
(freshwaters) 
(undeveloped) 

Hull 
River/Coastal
Tributaries 
(freshwaters) 
(developed) 

Hull River 
natural wetlands 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and
Values/Lo
cation 

EVs 

A
quatic

ecosystem
s 

Irrigation

Farm
 Supply

Stock W
atering 

A
quaculture

H
um

an
C

onsum
ption 

Prim
ary

Recreation

Secondary
Recreation

V
isual

D
rinking W

ater 

Industrial U
se 

Spiritual and
C

ultural V
alues 

Hull 
River/Coastal
Tributaries 
(freshwaters) 
(undeveloped) 

Hull 
River/Coastal
Tributaries 
(freshwaters) 
(developed) 

Hull River 
natural wetlands 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and
Values/Lo
cation 

EVs 

A
quatic

ecosystem
s 

Irrigation

Farm
 Supply

Stock W
atering 

A
quaculture

H
um

an
C

onsum
ption 

Prim
ary

Recreation

Secondary
Recreation

V
isual

D
rinking W

ater 

Industrial U
se 

Spiritual and
C

ultural V
alues 

Hull 
River/Coastal
Tributaries 
(freshwaters) 
(undeveloped) 

Hull 
River/Coastal
Tributaries 
(freshwaters) 
(developed) 

Hull River 
natural wetlands 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and
Values/Lo
cation 

EVs 

A
quatic

ecosystem
s 

Irrigation

Farm
 Supply

Stock W
atering 

A
quaculture

H
um

an
C

onsum
ption 

Prim
ary

Recreation

Secondary
Recreation

V
isual

D
rinking W

ater 

Industrial U
se 

Spiritual and
C

ultural V
alues 

Hull 
River/Coastal
Tributaries 
(freshwaters) 
(undeveloped) 

Hull 
River/Coastal
Tributaries 
(freshwaters) 
(developed) 

Hull River 
natural wetlands 

A
quatic

ecosystem
s

Irrigation

Farm
Supply

Stock
W

atering

A
quaculture

H
um

an
C

onsum
ption

Prim
ary

R
ecreation

Secondary
R

ecreation

V
isual

D
rinking

W
ater

IndustrialU
se

Spiritualand
C

ulturalV
alues

Hull River/Coastal
Tributaries
(freshwaters)
(undeveloped)

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Hull River/Coastal
Tributaries
(freshwaters)
(developed)

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Hull River natural
wetlands

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Tully
(undeveloped)

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Tully (developed)

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 

Water 2020, 12, x FOR PEER REVIEW  17 of 38 

 

Appendix A. Table of Environmental Values (EVs) * Summarised for the Tully Basin 

Table A1. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research. 

Water 
Uses and 
Values/Lo
cation 

EVs 

        

  A
quatic 

ecosystem
s 

Irrigation 

Farm
 Supply 

Stock W
atering 

A
quaculture 

H
um

an 
C

onsum
ption 

Prim
ary 

Recreation 

Secondary 
Recreation 

V
isual 

D
rinking W

ater 

Industrial U
se 

Spiritual and 
C

ultural V
alues 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(undeveloped) 

 

    

     

 

 

Hull 
River/Coastal 
Tributaries 
(freshwaters) 
(developed) 

    

 

 

 

  

  

 

Hull River 
natural wetlands  

       

 

  

 



Water 2020, 12, 3148 18 of 36

Table A2. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research.

Water Uses and
Values/Location
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Table A3. List of EVs * Summarised for the Tully Basin EVs (as a result of this current research.
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Appendix C. Results from Interviews

Appendix C.1. General Information

From November 2011 to April 2012, a total of 124 personal interviews with the four key stakeholder
groups were conducted by the JCU principal researcher. This breakdown is as follows: 32 Traditional
Owner (and other indigenous people living in the basin) interviews; 31 local resident interviews;
31 farmer interviews; and 30 general community member interviews. Figure A4 shows the interview
participant numbers by stakeholder group. Of the 124 interviews, 102 participants live in the basin
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and the remainder (22 interviewees) live outside Tully basin; but frequently work in the basin.
The 22 interviewees living outside the basin belonged to the general community members group.
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Figure A4. Interview participants by stakeholder group. Total # of Interviews: 124. Total # of Interviewees
Living in Basin: 102.

Table A4. Broad characteristics of the interviewees in the Tully Basin.

Traditional
Owners Residents Farmers

General
Community
Members *

Gender

Male 22 15 28 20
Females 10 16 3 10

Total 32 31 31 30

Age (years)

<21 3 1 0 0
21–30 6 0 0 2
31–40 7 7 4 9
41–50 7 2 6 4
51–60 7 10 5 8
>60 2 11 16 7

Total 32 31 31 30

Length of Time Lived in the Basin (years)

<10 2 4 2 5
10–20 4 9 4 1
21–30 6 4 3 0
>30 20 14 22 2

Total 32 31 31 8

Interviewee’s Primary Residence (#s of interviewees per location)

Tully Basin 37
Murray Basin 44

Hull Basin 21
Outside Basin 22

Total 124

* 22 general community members do not live in the basin but frequently work in the basin.
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Generally, the interviews were evenly spread geographically throughout the basin, with 36%
of interviewees from the Tully sub-catchment; 43% from the Murray subcatchment; and 21% from the
Hull subcatchment (Table A4). In total, more males (68.5%) were interviewed than females (31.5%),
except for interviews with stakeholders in the local residents group, where slightly more females
were interviewed than males (Table A4). There was a broad representation of interviewees from most
age group categories; however, interview participants were mainly aged from their 30 s to their 70 s.
Very few interviewees from the Traditional Owners group were aged over 60 years old (6%), whereas,
52% of farmers were over the age of 60 (Table A4). The lack of older Traditional Owner interviewees
(>60 years old) may be due to wider health and socio-economic factors.

For stakeholder groups whose members live in the basin (Traditional Owners, farmers and
local residents), 59.5% of interviewees have lived in the basin for 30 years or more. Some of these
interviewees were born in the basin, and have always lived there. Approximately 71% of farmers
stated that they have lived in the basin for more than 30 years (Table A4).

Appendix C.2. EV Verification

Environmental Values (EVs) previously identified in the Tully WQIP (2008) included:

• Drinking water
• Aquatic ecosystems
• Recreational opportunities and aesthetic qualities
• Cultural and spiritual values and access to those sites
• Primary production and associated industries

While national and state water quality guidelines provide a broad framework regarding the process
of identifying environmental values and setting water quality objectives, several EVs and uses identified
from the interviews did not fit into the State guideline’s suite of EV categories. This research resulted
in finer detail by engaging a wide range of community members to verify existing EVs (from the Tully
WQIP), and provided additional opportunities to further elicit uses and values of waterways not found
in the guidelines.

The interviews highlighted that most respondents agreed with the existing EVs in the Tully WQIP.
Ninety-seven percent (120/124) of interviewees agreed with the Tully WQIP EV list. However, some
interviewees stated they would like to add additional EVs to the list (Figure A5). The additional EVs to
be added (additional EVs that can be categorised in the 2009 Queensland guidelines suite of EVs) are
listed in Figure A5. Figure A5 also indicates waterbody locations for these additional EVs. However,
some additional environmental values were also identified during this research but do not fit into
established EVs categories in the guidelines.

Terrain NRM (the local NRM body) and the State Department of Environment Heritage and
Protection requested the additional EV data from this research (except for the EVs that could not
be categorised into the established suite of EVs). Table A3 was incorporated into a consultation
report which was completed by Terrain NRM (Terrain 2012) to inform the Wet Tropics Healthy Waters
Management Plan (WTHWMP 2020).

Appendix C.3. Additional EVs to be Added

Appendix C.3.1. Summary of Additional EVs to be Added that Can Be Categorised by the Guidelines

Additional EVs (identified from this research) to be added to the Tully WQIP EV list include
the following types of EVs:

• Cultural and spiritual values
• Human use EVs (consumption of wild or stocked fish/crustaceans, irrigation, farm use, stock

watering and aquaculture)
• Recreation and aesthetics EVs (water for primary and secondary recreation and visual appreciation)
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• Raw drinking water supply
• Aquatic ecosystems

Figure A5 indicates the specific EVs to be added and basin waterbody locations for these specific
EVs. Several interviewees said they would like to add spiritual and cultural EVs to Koombooloomba
Dam and Bulgan Creek. Some interviewees felt that Koombooloomba Dam still had spiritual and
cultural values even though the waterway had been altered by a hydroelectric dam and reservoir.

Appendix C.3.2. Summary of Additional EVs to Be Added that Are Outside the List of Established
EV Categories

The additional EVs that were documented by this research but are outside the list of established
EV categories include:

• Community development (knowledge sharing) uses and values
• Groundwater values
• Flooding values
• Conservation values
• Tourism values
• Lost EVs

Similar to findings in the Tully WQIP, some interviewees identified uses/values of waterbodies
that had been lost over time (i.e., loss of wetlands and waterbodies) and potential(s) for restoration.
Other values included loss of community development values significant to Aboriginal people.

There is no prescribed guideline for cultural and spiritual values, and unlike other EVs, no specific
standard has been identified to meet cultural and spiritual values. To address this shortcoming,
the NWQMS recommends that managers in cooperation with indigenous people decide how to best
account for cultural and spiritual values within their own management frameworks [52]. The absence
of a specific water quality guideline for spiritual and cultural values is a shortcoming of the water
quality improvement process indicating that Aboriginal people may not be sufficiently represented
in water planning initiatives [52].

Previous research has been undertaken in the Tully Basin and in the WHWTA to identify cultural
and biophysical indicators with Traditional Owners. In 2005, a paper detailing cultural indicators
in the Tully Basin was used as a framework for more recent research (2011) to identify cultural indicators
for the WTWHA (described below). A pilot study with the Jumbun community in 2001 identified
“an indicator for cultural values” [39] (p. 107). This cultural indicator incorporated a category to
“understand history” to recognise the impacts of colonial and post-colonial effects, while acknowledging
other aboriginal cultural values” [39] (p. 110). The authors state that these cultural “indicators developed
by the Jumbun community cannot automatically be applied everywhere in the Wet Tropics” but the
methodology used can be applied elsewhere to identify cultural indicators [39] (p. 110).

Cullen-Unsworth et al. [45] stated that their research used the above study as a framework to
identify “linked cultural and biophysical indicators that could be used at local and regional scales
in routine monitoring and management of the WTWHA” [44] (p.185). The authors state that by using
a cooperative research approach, “appropriate indicators could be developed to monitor cultural
heritage values of ‘country’ and indicators could potentially be coordinated with or integrated into
existing local, regional, national and international reporting frameworks” [45] (p. 191). Cullen-Unsworth
et al. [45] also stated that regional scale cultural indicators that were developed in this 2011 study
(using community case studies in the Wet Tropics) have been “recommended for future planning and
management uses in the WTWHA. However, the development of protocols and metrics associated
with these cultural indicators are still needed and co-management activities within the Wet Tropics
must consider separate Aboriginal cultural identities.” [45] (pp. 191–192).
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Appendix C.4. Water Quality

Results from the interviews also included an assessment of stakeholder perceptions of basin
water quality conditions. Perceptions of basin water quality conditions differed between groups,
and depended on age, background and uses. Differences may also be due to socio-economic or
geographic factors (i.e., where people live) in the basin. Differences in perception may also be due to
consumptive versus non-consumptive users of waters. Fifty-three percent of Traditional Owners and
39% of local residents considered basin waterways to be in poor condition. However, approximately
43% of farmers and general community members stated local waterway conditions were good to
excellent (Figure A6).
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Figure A7. Perceptions of water quality issues/pollutant sources in the basin.
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Interviewees were also asked if there were water quality issues or pollutant sources in the basin
(Figure A6). All stakeholder groups stated that agricultural activites were sources of water quality
issues or pollutants in the basin. More general community members and Traditional Owners groups
stated that agricultural activities were sources of water quality issues or pollutant sources in the basin
(Figure A7). Other issues and sources listed by interviewees included sediment, erosion and urban
areas. More farmers (than other stakeholder groups interviewed) stated that sediment and erosion
were water quality issues or sources of pollutants in the basin than other groups. As well, more general
community members listed urban areas than did other groups. A few interviewees stated that cyclones,
climate change, floods, roads and pigs were sources of pollutants or water quality issues in the basin,
however, this number was quite low. Findings indicated that stakeholders hold a range of views
in regards to water quality issues and pollutant sources in the basin. However, all groups interviewed
stated that agricultural activities were sources of water quality issues or pollutant sources in this basin.

Interviewees were also asked if there were water quality hot spots or priorty areas in the basin
(Figure A8). Traditional Owners and local residents listed the Tully and Murray Rivers and other
specific locations (i.e., tributaries or areas around Mission Beach) in the basin. Some local residents
also stated that the entire basin was a hot spot or priority area. Farmers mainly listed the Tully River
as a hot spot or priority area, while more general community members listed farming areas as hot
spots/priority areas than did other groups.
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Figure A8. Number of participants who expressed comments about hot spots or priority areas
in the basin.

Interview results also highlighted potential human health concerns in the basin. A large percentage
of stakeholders living in the basin stated they regularly drink untreated water from local waterways.
Ninety-seven percent of Traditional Owners, 65% of farmers, and 61% of local residents said they drink
directly from basin waterways when participating in recreational activities (e.g., fishing, camping
and hiking) (Figure A9). If potential human health concerns or risks exist (i.e., if there are high levels
of pesticides or herbicides in basin waterways), regular water quality monitoring should be established
throughout the basin, and locals should be appropriately informed of the results.
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Figure A9. Participant #’s (by stakeholder group) that drink untreated water from basin waterways.

Interviewees were also asked if they knew of any recent water quality reports for the GBR
(i.e., the GBR baseline report, 1st Report Card based on water quality data from 2009; or pesticide
reports). Only 38% percent of Traditional Owners knew of these water quality reports while 68%
of local residents, 77% of farmers and 73% of general community members knew of these reports
(Figure A10). The lower percentage of Traditional Owners knowing about these reports may be due to
a lack of effective communication or consultation by government agencies, whereas other stakeholders
(farmers) have been engaged by government agencies over a longer timeframe in basin water quality
programs, and are involved in initiatives such as the Paddock to Reef program.
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Interviewees were also asked if they knew of any water quality monitoring programs
in the basin. Only 25% percent of Traditional Owners knew of these programs, while 61% of local
residents, 74% of farmers and 73% of general community members knew of these programs
(Figure A11). The lower percentage by Traditional Owners may also be due to a lack of effective
communication/consultation by government agencies. In contrast, other stakeholders (farmers) have
been engaged by government agencies in water quality monitoring programs (i.e., plot scale studies)
aimed at improving water quality delivery to the GBR.
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Interviewees were also asked what should be sampled in a water quality monitoring program
for this basin. All stakeholder groups stated that chemicals used in agriculture (e.g., pesticides and
herbicides) should be included in a monitoring program (Figure A12). In addition, a higher number
of Traditional Owners stated they would like fish and other aquatic life be included. This higher
response rate by Traditional Owners may be due to their greater dependence on local aquatic food
sources to supplement their dietary needs than other groups. In addition, indigenous people interact
and educate children in the protocols of fishing and hunting while carrying out custodial responsibilities
to look after cultural sites and carrying out customary management activities.

All stakeholder groups listed sediment, soils, and turbidity to be included in a water quality
monitoring program. However, a higher number of farmers and general community members groups
listed this category than other groups. Additionally, more local residents listed bacteria than other
groups. This may be due to stormwater runoff concerns in more developed areas of the basin. General
community members, farmers and residents also listed nutrients to be included in a monitoring
program. Farm drains and lagoons were also listed by various stakeholder groups.

Interviewees were also asked where should water quality sampling activities be located in the
basin (Figure A13). All stakeholder groups stated that sampling should be located throughout the
basin. In addition, some stakeholders specifically listed the Tully and Murray Rivers as well listing
other specific locations in the basin.
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Figure A13. Suggestions for sampling locations in the basin.

Interviewees were also asked who should conduct water quality sampling activities in the basin
(Figure A14). Participants from all stakeholder groups suggested that a mix of participants
(e.g., government, universities, industry, local residents and Traditional Owners) should be involved
in a sampling program for this basin. Some Traditional Owners specifically stated they would
like indigenous people (including the Girringun Indigenous Rangers) to conduct water quality
sampling activities in this basin. This high response rate from Traditional Owners may be due to their
cultural obligations to water on their country. A higher number of farmers (than other stakeholder
groups) suggested an independent organisation should conduct water quality sampling in this basin.
This suggestion may be due to recent water quality reports suggesting agricultural activities are main
sources of pollutants to GBR, and farmers would like other organisations (other than the government)
to conduct these sampling activities.
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Appendix C.5. Summary of the Key Interview Results

Results from the interviews assisted in verifying EVs from the Tully WQIP, and also identified
EVs to add to this list. Several interviewees said they would like to add spiritual and cultural
EVs to Koombooloomba Dam, even though the waterway had been altered by a hydroelectric dam
and reservoir.

Additional EVs from this research also included EVs that cannot be categorised in the State
of Queensland’s current suite of EVs. These additional EVs that fall outside this established suite may
be overlooked or not included as EVs when WQOs are being refined for this basin. There needs to be
a better process to account for all EVs, not just the ones that fall within the established suite of EVs.

Interview results also assisted in better understanding key differences and similarities
of stakeholder perceptions of water quality conditions, hot spot areas, pollutant sources and water
quality issues in the basin. Perceptions of water quality conditions differed between groups and
depended upon age, background and water uses. These differences may also be due to socio-economic
or geographic factors (i.e., where people live in the basin). The differences in perception may also
be due to consumptive versus non-consumptive users of water and may indicate potential conflicts
between these groups.

All stakeholder groups stated that agricultural activities were sources of water quality issues or
pollutant sources in the basin, however, more Traditional Owners and general community members’
listed agricultural activities as sources of water quality issues or pollutant sources than did other groups.
More general community members also listed urban areas as water quality issues or pollutant sources
than did other groups. Overall, findings indicated that stakeholders hold a range of views in regards
to their perceptions of water quality issues or pollutant sources in the basin. However, all groups
interviewed stated that agricultural activities were sources of water quality issues or pollutant sources
in the basin.

Perceptions of hot spots or priority areas in the basin also varied between groups. The Tully and
Murray Rivers were listed by all stakeholder groups as a hot spot or priority area in the basin; however,
other specific areas (i.e., tributaries or areas around Mission Beach) were also listed. Several local
residents stated the entire basin was a hot spot or priority area and more general community members
listed farming areas as hot spot or priority areas than did other groups.

From a human health perspective, interview results indicated that stakeholders living in the basin
are drinking untreated water directly from basin waterbodies. If there are water quality issues or
concerns in this basin (i.e., high levels of herbicides and pesticides), and if these waterbodies are not
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regularly being monitored or results not being effectively communicated to the public, there may be
a potential human health concern. Locals should be informed of any potential human health issues if
there is one in the basin.

Interview results also highlighted that Traditional Owners are much less aware of GBR water
quality reports and water quality monitoring programs than other groups. Improved communication
and consultation by government agencies may be needed to better communicate this information to
this stakeholder group.

There was some agreement between stakeholder groups regarding water quality parameters
to be sampled in a basin water quality monitoring program, and basin locations for these sampling
activities. All stakeholder groups stated that chemicals used in agriculture should be sampled as
part of a water quality monitoring program. In addition, Traditional Owners stated they would like
fish and other aquatic life be sampled as part of a water quality monitoring program. This higher
response rate by Traditional Owners may be due to their greater dependence on aquatic food sources
to supplement their dietary needs than other groups. In addition, all groups interviewed had more
of their members stating that water quality sampling activities should be located throughout the basin
than any other response.

There was also agreement between groups regarding who should be involved in basin water quality
sampling activities. All stakeholder groups suggested that a mix of participants (e.g., government,
universities, industry, local residents and Traditional Owners) should be involved in a sampling
program for this basin. However, more farmers suggested an independent organisation should
conduct water quality sampling activities in this basin. This response may be due to government
reports suggesting agricultural activities are main sources of pollutants to basin waterways and to the
GBR. Some Traditional Owners stated that Traditional Owners/Girringun Indigenous Rangers should
conduct sampling activities in this basin. This response may be due to their cultural obligations to
water on their country.
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