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In 2015, the sudden decline in the only known population of Myuchelys georgesi (the Bellinger River snapping turtle) triggered a strong community response, and a link between turtle mortality and poor water quality in the Bellinger River was suggested. A multi-agency investigation later attributed the mortalities of M. georgesi to a novel virus (the Bellinger River virus) and not a direct effect of poor water quality. However, a lack of consistent water quality or river health data in the catchment limited the research of factors that may have heightened susceptibility to the virus or exacerbated its symptoms. Community consultation identified strong connections with the riverine environment and highlighted the cultural, social, economic, and environmental values of the Bellinger River catchment. In 2017 OzGREEN, a not-for-profit environmental education charity based in Bellingen, built upon their existing citizen science water quality monitoring program in collaboration with the Saving our Species (SoS) team in the New South Wales (NSW) Department of Planning and Environment (DPE), who provided funding and equipment and solicited the involvement of NSW Waterwatch, Western Sydney University and Taronga Zoo. Now known as Bellingen Riverwatch (Riverwatch), the program has become a long-term citizen science program that aims to assist the recovery of M. georgesi, now a critically endangered species, through the delivery of monthly water quality data covering the Bellinger River and its tributaries. SoS also engaged the DPE Estuaries and Catchments Team to commence the Bellinger River Health Program (BRHP), focusing on water quality and aquatic macroinvertebrates to assess river health, with the aim of providing scientifically rigorous data to support the management and recovery of M. georgesi. This case study compares and evaluates the Riverwatch citizen science and the BRHP professional science, examining methods and results to compare the accuracy of the citizen science data and assess its reliability for informing ongoing river management. The results demonstrate that Bellingen Riverwatch is a well-managed citizen science program and generally provides valid, accurate, and representative results that can be confidently used to enhance the spatial and temporal coverage of the professional science monitoring program.
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INTRODUCTION
Citizen science has been touted as a new way to perform science that could change the landscape and culture of science in general (Kasperowski and Kullenburg, 2019); however, there is some resistance from the scientific community, and some professional scientists question the quality of data collected through citizen science projects. Many citizen science projects produce high-quality data, but some projects have issues with deficits in data practices, such as a lack of accuracy, no standardised sampling protocol, poor spatial or temporal representation, and insufficient sample size (Anhalt-Depies et al., 2019), but quality and reproducibility are also issues faced by professional scientists (Baker, 2016). Today, most citizen scientists work with or are guided by professional scientists, either during the concept and design or throughout the life of a project. This provides an educational benefit to the citizen and the community more broadly and also benefits science through improved community engagement, data collection capacity, and insight through local knowledge, with better examples of citizen science benefiting both science and the community (Silvertown, 2009). Citizen science programs often have far-reaching social, educational, and community benefits for the citizens and professional scientists involved. Citizen science programs can also generate meaningful engagement opportunities on a local scale and often remove the divide between government and community (Jollymore et al., 2017).
There are many benefits of citizen science and it’s often through the collaboration of scientists and the communities they wish to engage that the success of scientific research is realised. For example, scientists are collaborating with communities in Cameroon, Namibia, the Democratic Republic of the Congo, and Brazil using smartphone software to monitor illegal poaching, conduct tree health surveys, and protect important resources during logging, and the success of these projects has led to government research funding awarding £1.5 m to projects that introduce citizen techniques to new fields of research (Piesing, 2020). It was recognised by the United Nations (UN) that citizen science has the potential to fill data gaps on a far wider scale than can be achieved by traditional professional field and laboratory-based water quality monitoring programs (Capdevila et al., 2020). Citizen science volunteers typically operate within a well-designed program underpinned by ongoing training provided by science professionals (Dickinson et al., 2012). This is highly evident in the United States of America, where it has been acknowledged that programs supported by state and federal administrations offer invaluable contributions to determining the status and temporal trends of water quality to the degree that citizen science programs have been recognised and included as part of their water protection strategies (Latimore and Stern, 2014; EPA, 2016; Poisson et al., 2020).
Water quality monitoring of freshwater environments globally is replete with large data gaps due to the complexity and resource constraints associated with quality monitoring on large spatial and temporal scales (Poisson, 2020). This lack of data limits the potential to identify long-term changes in water quality and reduces the ability to identify new threats to freshwater biodiversity on local and international scales (Babiso et al., 2023). Limitations of waterway management, particularly in Australia, are often due to large catchment areas, large distances across geographical regions, and logistic difficulties in achieving high sample frequency across such extensive geographic regions. This has led researchers to engage with the public and push for the inclusion of citizen science in research programs to fill these data gaps (Hampton et al., 2013; Pearce-Higgins et al., 2018).
Due to such large efforts globally to increase the inclusion of citizen science in waterway management, specifically water quality monitoring, to fill these data gaps, many factors have been identified that may ensure the success of a citizen science water quality monitoring program (Capdevila et al., 2020). Of these many factors, three have been identified as crucial: 1. The underlying knowledge attributes of the citizen scientists, such as previous knowledge of environmental problems, socio-economic background, and knowledge or experience of data collection and collation; 2. The underlying motivations and funding support of the organising institution; and 3. The interactions between the citizen scientists and the underpinning institution/s (Capdevila et al., 2020). The case study presented here has all three of these components and is underpinned by a highly supportive and motivated government institution, along with a highly motivated, well-funded, and knowledgeable not-for-profit organisation.
There are a handful of case studies that compare similar water quality parameters within freshwater environments akin to this study. Four of these case studies, which are discussed below, were performed in North America, one in Lebanon, and one in Ethiopia.
A case study in freshwater streams of Nova Scotia Canada investigated in situ water quality data gathered by citizen scientists and professional scientists. The presumptions were that there would be no significant difference between the results gathered by citizens when compared to professional scientists. The results show that some water quality parameters were found to be similar, such as pH, water temperature, and electrical conductivity. In contrast, dissolved oxygen was found to be significantly different (Shelton, 2013). Albus et al. (2020) found differences between citizen science and professional science in situ water quality data for dissolved oxygen and pH measured at multiple sites between 1992 and 2016 across the State of Texas in the USA, though these differences were not significant. Albus et al. (2020) concluded that the results showed an “agreement” of ∼80% between all data from 1992 to 2006 and an “agreement” of 91% for data gathered between 2009 and 2017. These results show that although there are differences between the citizen science and professional science data in this case study, they were found to be statistically reliable, and between 1992 and 2006 and between 2009 and 2017, an increase in reliability was observed, rising from 80% of the data being reliable to 91%.
Safford and Peters (2018) investigated the comparison of citizen science and professional science-gathered dissolved oxygen results in Georgia and Rhode Island in North America. The results of this case study showed that the two datasets had differences and the Georgia collected citizen science data was approximately 1 mg/L lower, while the Rhode Island data was approximately 1.8 mg/L lower. Though there were differences, these were not found to be significantly different, and it was concluded that these datasets were highly reliable (Safford and Peters, 2018). A comparative study was undertaken in the Yukon River Basin in Alaska and Canada, where the Indigenous Observation Network gathered water quality and chemistry from 50 locations. These datasets were compared to professionally gathered datasets, and it was found that there were no significant differences for pH, calcium, or alkalinity, whilst, in comparison, sodium, chloride, sulfate, and potassium were found to be statistically different. Although there were recorded differences, the authors concluded that these were likely not significant in terms of data interpretation (Herman-Mercer et al., 2018). This case study shows how the prescribed test for each parameter is likely the defining factor as to whether a selected parameter is significantly different or not. For example, this case study shows that the parameters pH, calcium, and alkalinity were in line with those collected by professional scientists, whilst the more complex test, usually performed in a laboratory when sampled by professional scientists, not in the field as they are when sampled by citizen scientists, were significantly different.
A study in Lebanon investigating groundwater monitoring comparing citizen and professional science-gathered data using 10 parameters found that the majority of the physical and chemical water quality parameters were comparable. Using t-tests, it was found that seven of the nine physical and chemical parameters were found to have no significant difference, these being pH, conductivity, turbidity, alkalinity, nitrates, and ammonia. However, both hardness and phosphate were found to be statistically different. It was found that bacteriological test results were much less reliable (Baalbaki et al., 2019). Here we find similar differences to the case studies above, with many of the field-sampled parameters being highly reliable, whilst more complex, laboratory-based tests undertaken by professional scientists were less reliable. Another case study in the Meki River, Ethiopia, found that citizen science-collected water samples, which were sent to be analysed in a commercial laboratory, have no significant difference when compared to professional science-collected water samples (Babiso et al., 2023). Parameters measured in this case study included PO4, NO3-, pH, and NH4+. This study, much like the previously described case studies, also shows that many of the parameters measured, for which professional scientists use laboratory equipment to achieve a higher level of accuracy, do not differ if the citizen science-collected water parameters use the same detection methods. In conclusion, these case studies show that it is often the test procedure and not the tester (i.e., professional or citizen scientist) that drives the differences.
Here, we present a case study from north-eastern New South Wales (NSW), Australia, where a strong community response to a significant localised mass mortality event affecting the only known population of Myuchelys georgesi (Cann, 1997) (a.k.a, Bellinger River snapping turtle) identified a publicly perceived link between turtle mortality and poor water quality. On the advice of researchers from Western Sydney University OzGREEN (Global Rivers Environmental Education Network Australia Inc.), an Australia-based non-government organisation initiated a partnership with the Citizen Science Unit in the NSW Department of Planning and Environment (DPE) in 2016. The Citizen Science Unit agreed and brought together OzGREEN, NSW Waterwatch (Waterwatch), and in-house scientists to co-design a citizen science project that could work alongside the scientific monitoring being undertaken. Bellingen Riverwatch (Riverwatch) was launched as a pilot project in May 2017, in collaboration with DPE, Waterwatch, Western Sydney University, and Taronga Zoo. Riverwatch has become a long-term citizen science program that aims to assist the recovery of M. georgesi through the delivery of monthly water quality data covering the Bellinger River and its subcatchments. Significant effort by the Saving our Species (SoS) Citizen Scientists of the Citizen Science Unit of the Science Strategy Branch was invested in the design of the monitoring program in collaboration with the Estuaries and Catchments Team (ECT) in the Science, Economics, and Insights Division of the NSW Department of Planning and Environment, hereafter referred to collectively as DPE.
A vital component was the strong community engagement, through OzGreen, DPE, and Waterwatch, to collect scientifically rigorous long-term data that can be used to inform management decisions that could aid in the recovery of M. georgesi and assess and manage the health of the Bellinger River and its subcatchments. Bellingen Riverwatch now engages over 40 local community volunteers and five schools to collect water quality data monthly across the Bellinger and Kalang catchments.
At the request of the SoS Citizen Scientist, ECT provided professionally qualified Environmental Scientists specialised in river health monitoring to commence biannual (twice-yearly) monitoring for the Bellinger River Health Program (BRHP) in 2017. The program initially investigated and sampled 25 sites across the Bellinger River catchment but was refined to 15 core sites for ongoing biannual monitoring in autumn 2018. The sites were selected to be representative of the study area, providing good spatial coverage and considering the land use and landscape features that had the potential to influence river health, also aligning with the citizen science monitoring where possible. The BRHP followed the methods, standards, and protocols required for compliance with the Australian and New Zealand Guidelines for fresh and marine water quality (ANZG, 2018), which follows the protocols and values given in the Australian and New Zealand Environment and Conservation Council (ANZECC) & Agriculture and Resource Management Council of Australia and New Zealand (ARMCANZ), hereafter referred to as the Guidelines (ANZECC, 2000). It also included the NSW AUSRIVAS Sampling and Processing manual (Turak et al., 2004) for the biological assessment of river health; however, only the water quality components are considered in this study.
In short, the BRHP was undertaken by professional environmental scientists qualified in aquatic ecosystem monitoring, with a focus on water quality and macroinvertebrate monitoring for the assessment of riverine health. The program has been designed to meet a set of objectives providing the highest spatial and temporal resolution, given the financial and human resource constraints, whilst also complementing the monthly citizen science data collection, effectively as a QA/QC check, and to allow for comparisons between the results of the citizen science program and the professional government science program. This comparison also helped to guide the training of the citizen scientists to improve the scientific rigour of their data collection methods and to verify the reliability of their results.
This research aims to assess the rigour of citizen science-gathered data in comparison to professional-gathered data and assess its reliability. To our knowledge, this is the first research in Australia to assess long-term datasets with high sampling intensity. This research indicates that citizen science water quality monitoring is highly reliable and informative and can fill gaps within a professional scientist water quality monitoring program, which is often not achievable due to time constraints and or funding.
MATERIALS AND METHODS
Study area
The Bellinger River catchment is in the Mid North Coast region of NSW. The catchment area is approximately 1,000 km2, 70 km in length and 20 km wide (DPE, 2023). The valley is surrounded by the steep eastern escarpment of the New England Tablelands and the Bellinger River flows from the Dorrigo Plateau through to the ocean at Urunga. The upper reaches of all streams are steep-sided valleys that drain onto alluvial floodplains. The steep areas of the catchment are under forest cover, while the narrow floodplain and associated foothills have some clearings for grazing, cropping, and other uses. The Bellinger catchment is highly valued for its natural environment and contains some regionally significant rainforest. Most of the forest is contained in either national parks or state forest areas.
The two main subcatchments are the Bellinger River to the north and the Kalang River to the south. The Bellinger and Kalang rivers converge downstream of Bellingen, within the Bellinger estuary. In median flow, the lower parts of both rivers are brackish, and tidal influence extends approximately 20 km upstream in the Bellinger River (to just downstream of Bellingen) and approximately 25 km upstream in the Kalang River. The freshwater reaches of these two subcatchments are therefore separated but hydrologically connected by brackish water. The Bellinger River includes two small subcatchments in the northwest of the main catchment (the Never Never River and the Rosewood River) and other small tributary streams that include the Boggy, Caratti, Cool, Hydes, and Woods creeks. The Kalang River catchment includes the Spicketts Creek catchment and some other small tributaries.
Monitoring sites
The monitoring sites included in the Bellingen Riverwatch citizen science program have increased over time, corresponding with increasing community interest and participation. By the most recent events considered in this study (June 2022), a total of 30 sites were regularly sampled by citizen scientists on a monthly basis for the Bellingen Riverwatch program; however, due to the time and resource constraints of the professional science BRHP, only half of these sites were consistently sampled, and only biannually in spring and autumn, and are indicated as core sites in Table 1; Figure 1. Furthermore, some of these sites are influenced by the intrusion of estuarine waters (as indicated in Table 1), which can dramatically change water quality conditions. As such, the results of these estuarine-influenced sites are not considered in all comparative assessments of water quality parameters.
TABLE 1 | Sites monitored for the Bellinger Riverwatch citizen science program and the core sites monitored by the professional Bellinger River Health Program.
[image: Table 1][image: Figure 1]FIGURE 1 | Map of monitoring sites for Bellingen Riverwatch and the Bellinger River Health Program.
Bellingen Riverwatch
The Bellingen Riverwatch program samples a total of 30 sites, which includes the 15 core sites also sampled for the BRHP (Table 1; Figure 1). The Bellingen Riverwatch program consists of 14 sites on the Bellinger River and three sites on small tributaries of the Bellinger, including Cool Creek in the upper catchment, Rosewood River in the mid-Bellinger catchment, and Caratti Creek in the township of Bellingen, near the lowest point of the freshwater catchment. There are five sites in the Never Never River subcatchment, with two on the main Never Never River and three on tributaries including Crystal Creek, Promised Land Creek, and Sweet Water Creek. The Kalang River is a subcatchment to the south of the Bellinger; it has six sites on the Kalang River and one additional site on Spickets Creek, a tributary in the lower Kalang River subcatchment.
Bellinger River health program
The monitoring performed by DPE for the BRHP included 15 core sites; these include 10 sample locations in the Bellinger catchment, which include the Never Never and Rosewood River subcatchments. In total, 7 of the sites are located on the Bellinger River, 2 on the Never Never River, and 1 on the Rosewood River. The remaining 5 sites to the south of Bellingen are in the Kalang River catchment, with 4 sites located on the Kalang River and 1 site on Spicketts Creek, a tributary of the Kalang River (Table 1; Figure 1). All 15 sites that were sampled by DPE for the BRHP are also sampled by the citizen scientists for the Bellingen Riverwatch program, although more recently, only 12 sites remain in the BRHP due to resource constraints.
Bellingen Riverwatch sampling methods
The water quality testing procedures and parameters measured for the Bellinger Riverwatch community monitoring program are dependent on the experience level of the person or team undertaking the sampling. The two levels are as follows:
• Junior Parameters: developed for school-age participants
• Senior Parameters: targeted to more experienced community participants that have some Waterwatch or higher-level training/qualifications
Step-by-step instructions for the procedures for each level can be found on the NSW Waterwatch website (https://nswwaterwatch.org.au/resources/testing-proceedures). The sample collection and measurement procedures are in alignment with the approved methods for water quality monitoring in NSW (EPA, 2022), which include calibration procedures for equipment, specifically for the Eutech ECScan conductivity meters, which are calibrated regularly by the citizen scientists. The parameters measured at each level are provided in Table 2, and the Riverwatch citizen scientists measure six water quality parameters across 30 sites (Table 1).
TABLE 2 | Water quality parameters and guidelines for the Bellinger Riverwatch and Bellinger River Health Program (Y = parameter normally measured, N = not measured).
[image: Table 2]Bellinger River health program sampling methods
Parameters measured by DPE are given in Table 2. In brief, in situ measures of water temperature, pH, electrical conductivity, dissolved oxygen, and turbidity are taken with a multi-parameter water quality meter (YSI, ProDSS) that is calibrated following the manufacturer’s calibration procedures (Xylem, 2020) prior to field surveys. The DPE ECT currently uses YSI ProDSS water quality meters but also used Horiba U-50 m in the first year of this program, which were also calibrated in accordance with the manufacturer’s instructions (HORIBA, 2010). Nutrients are collected following standard protocols, including field filtration of samples to be analysed for dissolved nutrient concentration. Nutrients are frozen in the field and kept frozen until they are delivered to a National Association of Testing Authorities (NATA) accredited laboratory for analysis. Although phosphate is the only nutrient result presented and discussed in this study, as this is the only nutrient parameter also measured for Riverwatch, DPE also determines results for other parameters including total and dissolved nitrogen and phosphorus, nitrogen oxides, and ammonia. DPE sample collection and laboratory measurement procedures follow the approved methods for water quality monitoring in NSW (EPA, 2022).
Assessment of water quality results
Regardless of the sampling organisation or method used, the water quality results are compared to the Australian and New Zealand Guidelines for Fresh and Marine Water Quality (ANZG, 2018) to assess their compliance and implications for aquatic ecosystem health. The default guideline values (DGV) applied to the study sites are for slightly-to-moderately disturbed systems (95% species protection DGV) for lowland east-flowing coastal rivers of NSW. Where the is no reliable DGV, the 80th percentile value is used as a trigger value for assessment of the water quality condition. Guideline values applied to this program are provided in Table 2.
Temperature does not have a Guideline value (ANZECC, 2000) as it can vary widely across a site and fluctuates with diurnal patterns and weather and climatic conditions. Like temperature, dissolved oxygen can vary across a site and may be influenced by local site scale factors such as local air pressure, stream flow, depth, and diurnal cycles of oxygen concentration driven by biological processes. As such, comparison of DO % saturation results against Guidelines should be done with caution. A more accurate measure is dissolved oxygen concentration (mg/L) as it better represents the availability of oxygen to organisms within the waterway and is less influenced by local air pressure fluctuations. However, there is no ANZECC (2000) Guideline for DO concentration, so derivation of a study-specific value was proposed in the BRHP, and a value of 7 mg/L is suggested as the lower trigger value. This value was considered in the context of other studies that focused on the biological and ecological consequences of change in dissolved oxygen (Summers et al., 1997; Miller et al., 2002; Boulton et al., 2014; Crossman et al., 2019).
An understanding of the methods and equipment used to measure water quality is important when making results comparisons as data resolution and accuracy are directly linked to the methods used. The Bellingen Riverwatch program uses NSW Waterwatch kits to obtain their measurements. The DPE ECT uses calibrated multiparameter water quality meters and submits samples for the analysis of nutrients to a NATA-accredited laboratory for the BRHP. The details of the methods used for each parameter measured are given in Table 3. The detection limit is the lowest possible measure that can be obtained using the method. Resolution refers to the smallest change that a test or sensor can detect in the quantity that it is measuring. Accuracy refers to the confidence that the results are correct.
TABLE 3 | Water quality parameters measured, method and sensitivity (“?” indicates accuracy of method unknown).
[image: Table 3]Data analysis methods
The data presented in this case study span over 6 years from 2017 to 2022, although not all years have a complete dataset as biannual sampling for the BRHP was not always possible and there were occasions when some sites were not sampled by either organisation. Certain factors, mostly related to illness or COVID-19 lockdown periods and subsequent travel restrictions, inhibited sampling in 2020/21 and safety issues due to environmental factors such as bushfires and flooding prohibited sample collection. However, over the 6-year study period, the Bellingen Riverwatch group collected 1,038 samples with an average of 35 sample events per site, consistently testing for all six water quality parameters with only a few exceptions. DPE recorded nine sample events, collecting 128 samples for all six water quality parameters at the majority of the 15 core sites.
Data collation and preparation were performed in Microsoft® Excel® for Microsoft 365 MSO (Version 2202 Build 16.0.14931.20988) and further analysis and visualisation was done in RStudio (2023.03.1 + 446“Cherry Blossom” Release for Windows). All Bellingen Riverwatch results up to June 2022 were combined with the BRHP results into one dataset to facilitate comparisons between the two programs. Each sample was designated a unique sample identification code (SampleID) and other factors were added to provide a means of categorising, grouping, and summarising the results.
Prior to detailed analysis, data cleansing was necessary to identify outliers and erroneous results that may have been transcription or data entry errors. Descriptive statistics of the parameters were used to identify where outliers and errors may occur. As the aim of this analysis was to compare the Riverwatch and BRHP results, it was important to evaluate data quality prior to and during the analysis. If the Riverwatch results are to be accepted as a quality source of high temporal resolution data, filling the gaps between the biannual BRHP results and those used to inform management decisions, then ensuring high-quality data should be a priority of the Bellingen Riverwatch program.
For each result of the Bellinger Riverwatch data identified as an outlier, the result was closely examined as it was important not to remove high values that may be representative of the conditions and better demonstrate the spatial and temporal variability that the biannual BRHP could not provide. Where a result was well above most of the data, it was checked to see if a data entry or transcription error may have been the cause (e.g., an incorrect decimal point placement) and, if so, the result could be altered (e.g., DO % sat = 950% changed to 95% where DO mg/L = 9). Where results had justifiable variability (e.g., high EC at sites near estuarine waters), they were left unaltered and remained in the analysis, but this case study is focused on freshwater, so most estuarine site data is omitted from analysis and discussion. Results indicating estuarine conditions were not considered to be an issue that would trigger an unnatural response from a chemical or ecological perspective when considering assessment of freshwater river habitats. Where results were clear outliers but could not be easily accepted as errors and justifiably altered, were from the core sites to be compared, and were considered outside the realm of possibility, given the nature of the waterways and an understanding of riverine chemistry and ecology, they were generally removed. See Supplementary Table S1, for details of the results that were either altered, removed, or modified and the justification for the alteration or omission.
Phosphate results adjustment
To allow a direct comparison between the results collected for phosphate, an adjustment of the Bellinger Riverwatch “Available Phosphate” result was necessary. DPE Science and other analytical chemistry laboratories use PO4-P as the standard for available phosphorus (i.e., only the P part of PO4) with the test of filterable reactive phosphorus (FRP) as the best approximation of available P. The Bellingen Riverwatch colorimetric test follows the NSW Waterwatch methods and measures the concentration of “phosphate” (PO4), which has a molar mass of approximately 3.06 times greater than that of phosphorus. The NSW Waterwatch manual advises users that they should multiply the National Guideline value by 3.06 to account for this difference. It is the opinion of the DPE Science Division that it is not logical or defensible to change the guideline to match an analytical idiosyncrasy and that the Riverwatch data should be expressed in the same units as the guidelines. This was achieved for this dataset by dividing all Riverwatch concentrations of PO4 by 3.06 and converting them to the appropriate units (µg/L) of PO4-P. This was to ensure that Riverwatch data would be comparable to the BRHP data, ANZECC (2000) Guidelines, and any other data expressed as PO4-P.
Comparing programs
To examine the statistical significance of any difference between the two programs, data were generally limited to the core study sites that were sampled by both the Riverwatch and BRHP programs and were freshwater, or not influenced by intermittent connection to estuarine waters, as indicated in Table 1. Descriptive statistics were derived for the water quality parameters measured by both programs, including temperature, pH, electrical conductivity, dissolved oxygen (mg/L), turbidity, and phosphate. For each parameter, the distribution of data was examined, and where data was normally distributed, t-tests (two-sample assuming equal variance) were performed. Parameters with non-parametric data distribution were assessed with the Wilcoxon signed ranks test. Interpretation of these results must be treated with caution due to the unbalanced design, as there are only nine sample events for the BRHP sites and up to 60 sample events for the Bellinger Riverwatch sites; however, we believe there is sufficient data for a realistic and representative comparison of results across organisations and sites.
To compare the results of the two programs thoroughly, a paired approach was conducted whereby samples collected for each program from the same site, within the same month, were considered a valid sample pair. While this may not be the most rigorous approach, it was the closest approximation to a paired design possible with this dataset. Most parameters can be considered sufficiently temporally consistent to permit this as a valid statistical approach, except for water temperature and dissolved oxygen, which fluctuate on a diurnal cycle, meaning that the time of day of sampling would strongly influence the results. Interpretation of these results must also be treated with caution as there may be days, or possibly a few weeks, between the Riverwatch and BRHP sampling. Nonetheless, this approach should be considered sufficient for a realistic and representative comparison of results across sampling programs and sites.
Visualising the results
For a simple and concise visual comparison of results between monitoring programs, a violin plot diagram was generated for each of the water quality parameters tested by both Riverwatch (Senior) and the BRHP (Table 2). The violin plot allows the visualisation of the distribution of a numeric variable, and each “violin” represents a group, while the shape represents the density estimate of the variable: the more data points in a specific range, the larger the violin is for that range (Hintze and Nelson, 1998). Further analysis at the site scale included box plots, which were chosen as they allow for a clear depiction of the results, indicated by the points on the graph, and the basic descriptive statistics including the min, max, and interquartile range; although useful for interpretation of the data, these box plots are included in the Supplementary Material rather than the main text to keep this article succinct. Additional time series line plots were also generated in some instances to investigate whether trends in the results over time were comparable between the Riverwatch and BRHP results.
RESULTS
Initial examination of the results (Figure 2) suggested commonality between sampling organisations as the range and distribution for most parameters were similar. Although the Riverwatch results generally had a greater range, with some obvious outliers, which may suggest inaccuracies of some results, these results may be representative of the variability in environmental conditions that may not be detected by the biannual monitoring of the BRHP, which highlights one of the benefits of the monthly Riverwatch program. As the BRHP considers only nine sampling events for each site, the ranges displayed in box plot figures are unlikely to capture the full range and natural variability of each parameter at each site, even though the accuracy of the results is higher compared to the Riverwatch data, due to the better resolution and higher accuracy of the equipment and sample analysis methods used for the BRHP (Table 3).
[image: Figure 2]FIGURE 2 | Violin plots demonstrating the range and density distribution of each water quality parameter measured for Bellingen Riverwatch (Riverwatch) citizen science program (blue) and the professional Bellingen River Health Program (BRHP) (red).
Water temperature
The mean water temperature of the Riverwatch results (M = 18.44, SD = 4.76) was significantly higher than BRHP (M = 16.94, SD = 3.61) for freshwater monitoring sites (t(1,026) = 3.26, p = 0.0006) (Table 4) and this difference was evident for all core sites (see Supplementary Figure S1). While this suggests the Riverwatch measurements may be an overestimate compared to BRHP results, which are collected using more accurate equipment, river water temperature exhibits diurnal cycles and seasonal patterns, so time of day and time of year need to be considered when making comparisons. For this reason, a paired approach (as conducted for other water quality parameters) was not considered a valid analysis for water temperature.
TABLE 4 | Results of t-tests (two-sample assuming equal variances) comparing sampling for Bellingen Riverwatch (Riverwatch) and Bellinger River Health Program (BRHP) for each water quality parameter.
[image: Table 4]Considering only the 12 core sites that were not influenced by estuarine intrusion and were sampled regularly enough to include in a time series analysis, examination of the results for the two programs shows the seasonal patterns in temperature (Figure 3) that are similar for both the Riverwatch and the BRHP data. In general, the results indicate that the Riverwatch data consistently captures the extremes in patterns of seasonal temperature that BRHP cannot, due to the unavoidable limitations of biannual sampling.
[image: Figure 3]FIGURE 3 | Seasonal variability in water temperature at each of the core sites sampled for the Bellingen Riverwatch citizen science program (blue) and the professional Bellinger River Health Program (red).
pH
The mean pH values for the Riverwatch results in the Bellinger River were within the Guideline values for all freshwater sites other than B7.1, which had a slightly acidic mean pH, outside the lower guideline. It should be noted that the catchment of site B7.1, Caratti Creek, is largely influenced by urban development as it flows through the township of Bellingen, so acidic conditions are likely on an intermittent basis. BRHP results for pH in the Bellinger River recorded all sites to be within the Guidelines (see Supplementary Figure S2). Results for the Never Never River indicated slightly more acidic conditions than the other waterways, and Riverwatch results indicated mean pH at the lower Guideline value (6.5) at site NN2, whilst the BRHP recorded mean pH below the Guideline at NN2. Riverwatch results for mean pH were equal to the lower Guideline at Kalang River sites K2 and K3. In comparison, the BRHP recorded mean pH within the guideline for the Kalang River sites K1, K2, and K3.
The results show that the pH measures collected by Riverwatch are coarse, with an accuracy of 0.5, which is a limitation of the method, while the BRHP method allows assessment to two decimal places. It should also be noted that although some of the pH results for both the Riverwatch and the BRHP are below the Guideline, this is not of concern as these waterways are likely naturally slightly acidic. These results show that although the ANZECC (2000) guidelines are robust, it is always pertinent to derive specific localised guidelines for water quality parameters if a dataset allows.
Considering all pH results for freshwater sites, the t-test revealed the Riverwatch results (M = 6.77, SD = 0.59) to be significantly lower than the BRHP results (M = 6.93, SD = 0.47), (t(1,004) = -2.8, p = 0.003) (Table 4). However, when considering just the results suitable for a paired t-test, there was no significant difference in mean values of the Riverwatch (M = 6.91, SD = 0.4) and BRHP (M = 6.96, SD = 0.47), (t(82) = -0.87, p = 0.19) (Table 5).
TABLE 5 | Results of paired tests comparing Bellingen Riverwatch (Riverwatch) and Bellinger River Health Program (BRHP) for each water quality parameter.
[image: Table 5]Electrical conductivity
Electrical conductivity (EC) was within the Guideline value for almost all samples collected from freshwater sites (excluding any sites with possible estuarine intrusion (as indicated in Table 1) with only two measures in the Riverwatch results being outside the Guideline value (200 μS/cm). These exceptions included one sample at each of B7.1 and S1. The Kalang River catchment is known to have a greater level of disturbance in the form of forestry and agriculture, the latter being more common in the Spicketts Creek catchment; as such, slightly elevated EC is expected and the Riverwatch results are likely reflective of environmental conditions. Similarly, the catchment of site B7.1, Caratti Creek, is largely influenced by urban development as it flows through the township of Bellingen, so elevated EC is expected.
Comparison of the Riverwatch and BRHP results for EC of the core freshwater monitoring sites demonstrated the Riverwatch results to be more variable, with outliers more common, and to have higher mean values for most sites (see Supplementary Figure S3). Results of the t-test (two-sample assuming equal variances) comparing all results from the freshwater sites revealed the Riverwatch data to be significantly higher (M = 77.43, SD = 27.5) than the BRHP data (M = 68.17, SD = 19.4), (t (991) = 3.47, p = 0.0002) (Table 4). Considering the results from the core sites that were collected by both Riverwatch and BRHP within the same month, the closest approximation of a paired design, found that there was a difference in the mean values for Riverwatch (M = 119.7, SD = 188) and BRHP (M = 97, SD = 162.9), although this was not statistically significant (t(82) = 1.01, p = 0.16) (Table 5), which suggests that the Riverwatch and BRHP results for EC are reasonably consistent and comparative. Riverwatch data also provides calibration records, with the EC meters used being calibrated prior to almost 68% of sample events, which suggests these consistent results should be considered accurate. Evidence of this consistency in Riverwatch results is more apparent when considering the results of the monitoring programs over time (Figure 4).
[image: Figure 4]FIGURE 4 | Electrical conductivity of the Bellingen Riverwatch (blue) and Bellinger River Health Program (red).
Dissolved oxygen
Considering all freshwater monitoring sites sampled, the results for dissolved oxygen (mg/L) (DO) indicated that although means for both datasets were within the Guideline values, the Riverwatch values (M = 7.67, SD = 1.68) were significantly lower than BRHP (M = 8.52, SD = 1.8), as determined by a two-sample t-test (t(974) = -5.03, p < 0.005) (Table 4). The comparative results for DO, considering only the results of the core freshwater sites sampled by both programs within the same month, a paired t-test indicated that the mean DO was significantly lower for Riverwatch (M = 7.93, SD = 1.48) compared to the mean of BRHP (M = 8.58, SD = 1.57), (t(79) = -4.19, p < 0.005) (Table 5). While this suggests the Riverwatch measurements may be an underestimate compared to the BRHP results, which are collected using more accurate equipment, river dissolved oxygen fluctuates over a diurnal cycle; therefore, the time of day of sample collection leads to differences in results. Furthermore, the results for all freshwater sites demonstrate similar trends between the Riverwatch and BRHP data at the site scale, and Riverwatch identified that sites B7.1 and S1 had low mean DO values, outside the lower guideline (see Supplementary Figure S4), which is representative of the degraded conditions of these sites. While there were a few outliers for some sites, including B2, B3, and K3, the Riverwatch results were generally within the standard error (SE) of the BHRP results (Figure 5).
[image: Figure 5]FIGURE 5 | Dissolved oxygen (mg/L) for core freshwater sites of the Bellingen Riverwatch (blue dots) and Bellinger River Health Program (red line) with loess smoothing (standard error indicated by grey shading). The majority of the Riverwatch results are within the standard error of the BRHP results (-- Guideline).
Turbidity
Bellingen Riverwatch recorded turbidity above the Guideline (6 NTU) for all sites on all occasions. In contrast, the BRHP recorded turbidity below the Guideline at all sites on all occasions other than one single measure at site S1. Although site S1 was above the guideline on more than one occasion, the majority of the BRHP measures at site S1 were below the guideline. Although all samples collected by Riverwatch were above the Guideline, the detection limit of the turbidity tube method is 7 NTU (see Table 3) which is higher than the Guideline. The multi-parameter water quality meter used for the BRHP has an optical turbidity sensor, which provides results to a much higher level of detection (0.1 NTU, ±0.3 or 2%); as such, a comparison of the results is not justifiable or useful.
Phosphate
Phosphate results for BRHP were within the Guideline value for most sites and samples except for the Bellinger River core sites in autumn 2017. Some results for the Riverwatch measurements for available phosphate were 0 ppm, which is likely inaccurate and a result of the limit of detection of the measurement method (0.07 ppm Available Phosphate = 22.86 μg/L Phosphate as P); for this reason, these results of 0 ppm were removed from further analysis. The level of detection of the Riverwatch method for available phosphate, which follows Waterwatch methods, is a major limitation of the testing procedure that limits the ability to compare results. Nonetheless, analysis of the remaining Riverwatch results suggested phosphate levels were often elevated, but Wilcoxon signed ranks test (unpaired) of the results suggested the Riverwatch results (M = 23.3, SD = 28.36) were significantly higher than the BRHP results (M = 6.13, SD = 5.82), (W = 62,367, p < 0.005). While many Riverwatch results were outside the Guideline, mean values for most sites were within the Guideline, although there were many sites with outliers (see Supplementary Figure S5), which suggests potential errors in sampling or measurement.
Considering results from the core freshwater sites only, the BRHP results were more consistent than the Riverwatch results, with fewer outliers and a reduced range for most sites (Figure 6), and likely a more accurate and realistic representation of environmental conditions. Paired Wilcoxon signed ranks test, examining the core sites with sample pairs from the same sites sampled in the same month, suggests the phosphate results of Riverwatch (M = 24.5, SD = 33.69) were significantly higher than the BRHP results (M = 4.71, SD = 3.05), (V = 1,504.5, p < 0.005).
[image: Figure 6]FIGURE 6 | Phosphate as P (µg/L) for the Bellingen Riverwatch (blue) and Bellinger River Health Program (grey) programs (-- Guideline).
DISCUSSION
This case study considers data collected for a community-led water quality monitoring program performed in conjunction with a professional science, Government-administered, water quality monitoring program. This case study highlights the notion that volunteer involvement in such projects can foster community engagement, raise awareness of the importance of river health, and reduce uncertainty about water quality issues within the community (Jordan et al., 2015; Gray et al., 2017). In addition, it highlights the potential for increasing the spatial and temporal coverage of monitoring programs and increasing the cost-effectiveness of traditional water quality monitoring programs while providing an incentive for corporate funding and support for citizen science programs (Haklay, 2013).
Comparative results between the Riverwatch and BRHP datasets show statistically significant differences for the majority of the water quality parameters considering all freshwater sites sampled. However, some parameters were found to be not significantly different when considering a paired analysis approach, which considered samples collected from the same site within the same month, for each of the separate programs, a valid sample pair. As such, the majority of the Riverwatch data should be considered reliable as it shows consistency over time at most sample sites, particularly for parameters of temperature, pH, and electrical conductivity. As the temperature fluctuates over diurnal and seasonal cycles and dissolved oxygen varies diurnally due to the photosynthesis and respiration of plants, algae, and bacteria (Bourg and Bertin, 1996; Boulton et al., 2014), assessment of these parameters needs to consider time of day for valid comparisons between programs. Nonetheless, paired sample comparisons demonstrated consistency between the two programs and the Riverwatch data appeared to capture seasonal variability and extreme values more accurately, which is important when considering factors that influence aquatic biota and river health (Liber et al., 2007). Similar discrepancies for dissolved oxygen and phosphorous were found in international research comparing citizen science and professional science-gathered datasets. For instance, this study and other international research found discrepancies in dissolved oxygen and phosphorous between citizen science-gathered data and professional science-gathered data. Albus et al. found discrepancies in dissolved oxygen gathered over a long period of time, and phosphorous was found to be statistically different when compared by Baalbaki et al. (2019) and Babiso et al. (2023).
The analysis of pH results across the two programs indicated comparative data even though the testing method of the Riverwatch citizen scientists (pH test strips) was much less precise than that of the BRHP (multiparameter water quality meter), with means and standard deviation of the two datasets being similar. The Electrical conductivity data also demonstrated similar results, with means not significantly different and similar standard deviations. Riverwatch uses single parameter meters for conductivity measurement, which, while not as precise as the meters used by BRHP, provides consistent results with minimal calibration required, although Riverwatch data shows that calibration of EC meters occurred prior to 68% of sample events. This shows that one of the overriding limitations of the Riverwatch data is the equipment used to measure parameters rather than the skills or abilities of citizen scientists. These pH and electrical conductivity results are similar to those found in international research performed by Safford and Peters in 2018 in Georgia and Rhode Island, Herman-Mercer et al., in 2018 in the Yukon area of Alaska and Canada, Albus et al., in 2020 in Texas State USA, Shelton in 2013 in Nova Scotia, Canada, and Baalbaki et al., in 2019 in Lebanon.
This work demonstrates that with adequate resources, well-trained and supported citizen science groups can provide professional scientists with valuable data that can be used to monitor riverine health at increasingly greater spatial and temporal scales. The social benefit of empowering the local community to be custodians of not only their local environment and the scientific information collected from it is boundless. One of the most obvious social outcomes of this joint citizen science and professional science program witnessed is the coming together of community members to help monitor and protect their local waterways with rigorous science. This creates waves within the community; the waterways become a greater talking point at the coffee shop, on social media, etc., and as such, this movement helps educate the wider community, which may not be involved in the citizen science program through word of mouth. There are far greater outcomes of this scenario, beyond monthly water quality monitoring, as the social gathering of like-minded individuals has, over the years, fostered the expansion of the citizen science water quality monitoring program, demonstrating a social snowball effect. There is no doubt that this program can be repeated in other parts of Australia or throughout the world.
By providing local communities with the tools, knowledge, and capability to effectively gather useful information, managers and custodians of ecosystems nationally (Robinson et al., 2020) and internationally (La Sorte and Somveille, 2020) will benefit. Having scientifically rigorous data collected by custodians at the doorstep of the environment in question can potentially deliver improved outcomes for waterways (Shupe, 2017) and the species that depend on them, such as the critically endangered Bellinger River snapping turtle. In this case study, the government scientists that deliver the monitoring for the BRHP are based over 500 km from the Bellinger River catchment. Although technology is providing increasingly more ways of connecting with communities (Wellman, 2004), the future of professional river health monitoring programs should incorporate as much collaboration with citizen science as possible. This would provide a more rigorous sampling regime than could be provided by the government’s biannual sampling regime and would have a much greater capacity to identify any water quality or chemistry changes that may make the turtle population more susceptible to the virus. This is crucial to ensure that if any poor water quality events occur, they are recognised as early as possible to facilitate intervention methods to help protect the turtle population from adverse water quality events.
This would facilitate more consistent and frequent data collection (Loiselle et al., 2017) and, providing there is some professional scientific cleansing and interpretation of the citizen science data, there is no reason why it cannot be used for valid scientific assessment and to inform management decisions (Jollymore et al., 2017). In an ideal scenario, citizen scientists would be provided sufficient funding to acquire the most accurate sampling and measurement equipment so that more reliable water quality data could be gathered. This could include funding for professional multi-parameter water quality meters and the provision of more sampling equipment, which would allow for highly reliable data that could be assessed against the Guidelines, reducing the time and resources needed for professional scientists to ensure appropriate interpretation of results. The collection of only the basic in situ water quality parameters is a major limitation of the Bellingen Riverwatch citizen science data. If funds and resources were made available for laboratory analysis of collected water chemistry samples, it would improve the reliability of more water quality parameters, such as nutrients, which may allow for a deeper understanding of the spatial and temporal variability of aquatic ecosystems (Forrest et al., 2019).
The alternative would be to prescribe regionally specific “citizen science” guidelines derived from their dataset to report against; however, this would have to consider a greater range of error due to the lower accuracy of the methods used for sample collection. In addition, it would need to consider, for some water quality parameters, specifically, phosphate and turbidity in this case study, that the methods do not allow the citizen scientists to reliably detect conditions within Guideline values. Thus, their results are commonly above the guidelines, which is problematic when assessing ecosystem health. Although this alternative of regionally specific “citizen science” guidelines would be more affordable than providing professional scientific equipment, it is our opinion that supplying professional equipment with appropriate additional training, funding laboratory analysis, providing ongoing QA/QC support, and providing mentoring for the interpretation of scientific data are essential to improve the results and outcomes of citizen science programs.
It is anticipated that this research will contribute to the citizen science research space, particularly for programs concerning the assessment of aquatic ecosystems, and it may lead to further discussion on factors that have led to the success of the program. The research demonstrates that the Bellingen Riverwatch community group provides robust, reliable data, which fills gaps in the professional science monitoring program. This is invaluable to the management of the waterways in the Bellingen and Kalang catchments and demonstrates that with the guidance, direction, and training of professional science, similar outcomes can be achieved by citizen scientists. This is a significant finding both nationally and internationally. It is important to note that cleansing of the Riverwatch data was required by professional scientists to effectively evaluate and analyse the results and should always be considered a necessity prior to using such results to inform management decisions. However, this highlights the need for citizen scientists and the scientific community to work collaboratively to ensure high-quality data are collected while providing opportunities for community education and the improvement of the spatial and temporal coverage that monitoring programs can deliver (Quinlivan et al., 2020).
The volunteers in this case study have a great deal of passion for the waterways discussed here and are able to focus this on their local waterways, more so than the professional scientists, who are stretched across many programs. These waterways are their local waterways; many of the volunteers were born in the area and therefore have a significant connection to the landscape. Such localised environmental stewardship underpinned by professional scientific equipment, training, QA/QC, and data management and interpretation should be nurtured and promoted by governments worldwide.
In conclusion, the case study of Bellingen Riverwatch provides insight into how a well-supported volunteer community science program, in conjunction with and supported by professional science, has the potential to deliver water quality monitoring programs that are highly robust and reliable to waterway managers. This program has provided educational benefits for the greater local community as well as both the citizen scientists and professional scientists involved. The lead authors of this manuscript are professional scientists who work for the Government. We are incredibly passionate about our scientific stewardship of the team of citizen scientists involved in this program. Their passion and dedication surrounding healthy waterways is a powerful motivator for professional scientists. We have a passion for waterway management, ecosystem improvement, and the protection of these environments for future generations. We want to pass on our knowledge to the community to empower communities to take scientific stewardship of their waterways. There is no better space in which to work as a waterway manager. The benefit for professional scientists is not lost here. In conclusion, we hope this case study can provide insights into what can be achieved with highly motivated community groups working collaboratively with the scientific community.
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Water quality Guideline(s) ~Organisation Detection Resolution  Accuracy

parameter - Abb. limit
(units)
Temperature: Temp (C) | N/A Riverwatch- Thermometer 1 i -
Junior
Riverwatch- ‘Thermometer 1 1c -
Senior
DPE YSI ProDSS; Combined Thermistor and EC sensor | 0.1 01c £02C
PH (mV, pH units) 65-80 Riverwatch- MN pH strips - 05 -
Junior
Riverwatch- MN pH strips - 05 -
Senior
DPE YSI ProDSS pH Sensor: Glass Bulb Combination | - 001
Electrode; Ag/AgCl Reference Gel
Electrical Conductivity: EC | 200 Riverwatch- Eutech ECScan Meter' 100 100 pS/em 1%
(uS/em) Junior
Riverwatch- Eutech ECScan Meter 100 100 pS/em £1%
Senior
DPE YSI ProDSS; Combined Thermistor and EC sensor | 1 1 pS/em £0.5%
(Four Nickel Electrode Cell)
Dissolved Oxygen: DO 85-110 Riverwatch- Modified Winkler Titration and Temp. Results | - 2% sat 2%
(% sat.) Senior converted via calculation when data uploaded to

Waterwatch database

DPE YSI ProDSS; Optical Luminescence Sensor 0.10% 0.10% £1%

Dissolved Oxygen: DO 7 Riverwatch- Modified Winkler Titration [ 01 2%
(mg/L) Senior

DPE YSI ProDSS; Optical Luminescence Sensor 001 001 £1%
Turbidity: Turb (NTU) 6 Riverwatch- Turbidity Tube <7 1 ?

Junior

Riverwatch- Turbidity Tube <7 1 ?

Senior

DPE YSI ProDSS; Turbidity Sensor Nephelometric - | 0.1 0.1 NTU 03 or £2%

Optical

Available Phosphate N/A Riverwatch- DCI500 colorimeter*- Ascorbic Acid Reduction | 0.07 0.05 2%
(mg/L) Senior
Filterable Reactive 20 DPE NATA Accredited laboratory 0001 0.001 1%

Phosphate: FRP (jg/L)

“Information for the Eutech EcoTestr EC low, taken from the product specification found at https://wwiw.utechinst.com/pdt-para-conductivity-ecotestreclow.html.
"Bellingen Riverwatch measure of Available Phosphate (ppm), which requires conversion to Phosphate as P (ug/L) for comparison to the Guidelines. This is done by multiplying by 1,000 (to
convert to g/L) then multiplying the result by 0.0306.

‘Information for the DC1500 Colorimeter taken from the product specifications found at https://lamotte.com/model-dc1500-phosphate-colorimeter-lab.
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Site code  Site location description Latitude ngitude Core Intermittent estuarine
site intrusion
BI Bellinger River, downstream of old Brinerville Farm -30.46690 | 15257861 4 N
B2 Bellinger River at Cool Creek, Darkwood -30.44673 15261882 Y N
B2.1 Cool Creek, upstream of confluence with Bellinger River, Darkwood 1 ~30.44705 | 15261815 N N
B3 Bellinger River at Richardsons Bridge Crossing, Darkwood -30.43015  152.66685 Y N
B3.1 Bellinger River, bridge upstream of Orama PS (Darcy’s Bridge), -3043287 15267762 N N
Darkwood
B32 Bellinger River at Orama Public School, Darkwood -3043172 15269191 N N
B33 Bellinger River, Homeland, Darkwood -3042632 15271735 N N
B4 Bellinger River, Darkwood Road, near Chrysalis Steiner School, -3043327 | 15272295 Y N
Thora
BS Bellinger River at 1st bridge on Darkwood Road, near Thora Sawmill | -30.42877  152.77063 Y N
B5.1 Bellinger River, off Summervilles Rd, Thora -30.41685 15280388 N N
B6 Bellinger River at Gordonville Crossing, Bellingen -30.41767 | 152.84777 Y N
B7 Bellinger River at Lavenders Bridge, Bellingen (township) -30.45071  152.89867 ¥ b
B7.1 Caratti Creek, downstream of footbridge, Church St, Bellingen -30.45420 15289710 N N
B8 Bellinger River, in front of Repton Public School, Repton -30.44607  153.02818 N Y
BS.1 Bellinger River, in front of Repton Public School, Repton -30.44607  153.02818 N Y
K1 Kalang River at Ford at Kalang Fire Trai, off Kalang Rd, Kalang | -30.49768  152.74919 ¥ N
K11 Roses Creek, upper Kalang headwaters ~3051331 15268219 N N
K12 Kalang River at corner of Wyembah Rd & Kalang River Crossing | -30.50574 15270387 N N
K13 Samuel Creek, tributary of Kalang River, Kalang | osons | 1527 N N
K14 Kalang River at ‘Wyuna’, 1,690 Kalang Road, Kalang -30.49681 15274836 N N
K2 Kalang River at Pearns Bridge, Kalang Road, Kalang -30.46203 152.83791 ¥ N
K3 | Kalang River at Sunny Corner Road bridge, Bellingen sy | 1528710 Y N
K4 Kalang River at Brierfield Bridge, Bowraville Road, Brierfield ~30.50199 | 152.89571 Y Y
NN1 Never Never River at Promised Land Road, Tuckers Nob | a0aesr | 152904 ¥ N
NN2 Never Never River at Arthur Keoghs Reserve ~30.38719  152.88414 ¢ N
NNL1 Never Never River - upstream at Crystal Creeks st 15290765 N N
NN12 Never Never River catchment - Promised Land Creek, Gleniffer | -3036539 = 15288303 N N
NN13 Never Never River catchment - Sweet Water Creek, Gleniffer [T N N
R Rosewood River at bridge on Summervilles Road, Thora -30.41669  152.77766 Y N
st Spicketts Creek at Bowraville Road Bridge, Brierfield -30.50528  152.89383 N N
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Water quality parameter Guideline(s) Bellingen riverwatch

Junior Senior
Temperature Temp NIA @ ' Y Y
pH pH 65-85 pH units ¥ Y Y
Electrical Conductivity EC 200 uS/em X Y Y
Dissolved Oxygen® DOmgl 7 mg/L N v Y
Dissolved Oxygen® ‘ DO% 85110 % sat N Y ¥
Turbidity* ‘ Turb 6 Nu Y v Y
7 Phosphate! PO,-P 20 pg/L N Y v

"No ANZACC, guideline available. An alternative lower guideline of 7 mg/L for dissolved oxygen (mg/L) is based on optimum conditions for the Bellinger River Turtle (Myuchelys georgesi). No
upper guideline is set as the results collected to date show no high DO, results and elevated DO, is unlikely to be a major issue unless streamflow ceases.

"Bellingen Riverwatch results for dissolved oxygen (% sat. are calculated from results for DO, mg/L and temperature.

“Turbidity in lowland rivers can be extremely variable. Values at the low end of the range are found in rivers flowing through well-vegetated catchments and at low flows. Values at the high end
of the range are found in rivers draining slightly disturbed catchments and in many rivers at high flows (ANZECC, 2000).
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Parameter (Units) Program Mean df p-value

PH(pH Units) Riverwatch 691 83 test 82 019
BRHP [

Electrical Conductivity (uS/cm) Riverwatch 1197 83 test 82 101 016
BRHP 97

Dissolved Oxygen (mg/L) Riverwatch 7.93 80 test 79 -419 354E-05
BRHP 858

Phosphate (ug/L) Riverwatch 45 55 Wilcoxon signed ranks 54 1,5045 7.691e-10
BRHP 47
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Parameter (U Program # Ob: Meal Test type df
Temperature (‘C) Riverwatch 914 1845 ttest 1,026 326
BRHP w6
PH (pH Units) | Riverwatch o e ttest 1,004 -278 0.002
BRHP 114 693
*Hlectrical Conductivity (uS/cm) | Riverwatch 880 7743 ttest 991 346 oo
BRHP 13 68.17
Dissolved Oxygen (mg/L) | Riverwatch s | e e o | -5.03 | asmer
BRHP 114 852
Phosphate (ug/L) Riverwatch 664 233 Wilcoxon signed ranks 756 64 LIE-10
BRHP 114 613
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