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Executive summary  

- The Montgomery Wetland is located near the Montgomery Highly Modified Water 

Course (HMWC), adjacent to the Hekeao-Hinds River in Mid Canterbury New Zealand.  

- The wetland was designed to reduced nitrate loads in the Montgomery HMWC and was a 

result of a collaboration between many shareholders, including Wairuna Farms, Dairy 

NZ, Hekeao-Hinds Water Enhancement Trust, the Mid Canterbury Catchment Collective, 

and MHV Water.  

- The overall research question was ‘Can small-scale community-based wetlands be an 

effective tool for improving water quality’? This was then broken down into two more 

specific research questions: “has there been any change in the Montgomery Stream water 
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in excess concentrations, they can reduce biodiversity and cause drinking water to become toxic 

to humans (Legg et al., submitted). Land surface recharge (LSR), where water drains through the 

soil, is a major pathway for nitrates to enter groundwater, which then eventually remerges again 

as surface water (Bidwell et al., 2009).  The extent to which nitrates enter groundwater via LSR 

depends on soil type, precipitation (including irrigation) and REDOX conditions (Legg et al., 

submitted). Therefore, nitrates have very complex spatial and temporal patterns (Legg et al., 

submitted). To manage this, farmers aim to have a variety of tools to mitigate variable nitrate 

concentrations in water, one example of which is the Montgomery Wetland.  

 

Figure 2. Map showing the location of the Montgomery Wetland and surface water in the area. Source: MHV Water (n.d). 

‘Location map of the Montgomery Wetland’. {Map}. 

Constructed wetlands in general 
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systems of multiple cells and ponds (Dunne et al., 2005; Gottschall et al., 2007), like what is seen 

in the Montgomery Wetland design. Research shows that surface flow wetlands can remove up 

to 82% of nitrogen in water, but their efficiency depends on proper design, hydraulic retention 

times, and continuous management (Gottschall et al., 2007). Most studies focus on short-term 

results, raising concerns about long-term viability (Dunne et al., 2005). Although with challenges 

such as space requirements, const
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two specific research questions, with the first one being: “Has there been any change in the 

Montgomery Stream water quality over the different phases of the wetland development?” and 

the second one as: “What are the shareholder aspirations for the wetland?”. As the wetland 

project is in its first year, the research aims to provide a snapshot of the current successes, pitfalls 
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For the comparison of nitrate levels throughout the three-pond system, a time series was 

produced, as seen in Figure 4.  It can be seen from this that nitrate levels drop as the water moves 

through the first and second pond outlet consistently throughout the 7-month monitoring period.  

 

Figure 4. Nitrate values for Montgomery HMWC and the three wetland ponds. 

The nitrate levels from the third pond outlet are the same or higher than the second pond outlet at 

the beginning and end of the monitoring period. This is likely due to issues with probe placement 

and an unexpected characteristic of the wetland. The third pond is predominately dry, and there 

is an assumption that the lack of clay lining has meant the water is infiltrating through the 

surface and is connecting back to the Montgomery HMWC underground. This meant the water 

in the plastic bucket was stagnant (see Figure 5), and the lack of biological activity could have 

resulted in the high nitrate value at the start of the monitoring period.  
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Figure 5. Picture of the third pond outlet, lack of surface flow has allowed the water in the bucket to become stagnant. 

To further explore the effect the ponds are having on nitrate levels, the mean nitrate values of 

each pond were compared. There is a clear declining trend, as seen in Figure 6. This is supported 

by a statistically significant result from an ANOVA test to test the difference between each of the 

means. With an Alpha of 0.05, the P-value for this test was 0.004, meaning that we can be 

confident there is a valid difference between the three-ponds.  

 

Figure 6. Comparison of mean nitrate values in the wetland. 
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For this to be more relevant to farmers who wanted to implement a similar program, we wanted 

to explain the pattern of nitrate levels throughout the system and throughout the year. This would 

further illustrate the behaviour of nitrates in this HMWC and describe trends that could influence 

the future effectiveness of the wetland.  

We looked at the nitrate levels in the adjacent Montgomery HMWC compared to local 

precipitation data. There were two nitrate datasets used, MHV grab samples from the drain taken 

once a month, and values from a permanent probe in the HMWC, recording values daily. 

Unfortunately, the upstream permanent probe was struck by lightning in Autumn of 2023, and 

the replacement probe was moved to a downstream position. Therefore, the data has a gap in 

Autumn/Winter of 2023, and we cannot use the permanent probe data to do an 

upstream/downstream analysis of nitrate levels as the monitoring period does not overlap.  

As mentioned in the introduction, nitrates have a complex seasonality, and this can be seen in 

Figure 7, as there are many peaks and troughs throughout the two years. There are corresponding 
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Overall, the constructed wetland system is removing nitrates as the water moves through the 

three ponds. A longer dataset would result in a more comprehensive pattern of nitrate removal 

throughout the ponds, and throughout the year. A weak linear relationship between nitrate and 

precipitation data means we cannot use rainfall to predict the nitrate levels of the Montgomery 

HMWC. However, we did find a complex seasonality, as was predicted, and further analysis of 
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intended purpose of the constructed wetland. Participant 2 
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We found a consensus that the ponds need at least 10% clay for water to sufficiently flow 

through the system. A quote in our interview with Participant 3 supports this idea. “The one 

technical thing I’ve learned for sure is that you do need clay in the soil, 10% clay or more in the 

soil, if you want it to hold water.” As mentioned in the results for Research Question Number 

One, the two ponds lined with clay allowed the water to flow through the system, while the third 

pond (not lined with clay) produced an insufficient amount of water flow.  

  

It was clear that 
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Lastly, to avoid large losses to the farmers, utilising “hard to manage” land contributed further to 

the success. A quote from the interview with Participant 1 emphasised this: “Choosing a less 

productive piece of land for the wetland ensures minimal impact on farming while maximising 

the environmental benefits”.  

 

Aspirations 

Aspirations among stakeholders were relatively consistent amongst the research pool, an 

interesting discovery as we were expecting divergent aspirations to be a focus issue. Seven key 

themes were identified, the first being maintaining community involvement and citizen science. 

Concerns were raised that engagement in the wetland is decreasing, affecting management 

processes. To quote Participant 2, “A wetland is successful as long as people still recognize and 

care for it”. In conjunction with this, an aspiration was to establish continuous maintenance, 

especially as no defined ‘champion’ currently exists to head organization. Shareholders wish to 

use the wetland as a tool to raise awareness of the positive change farmers are making, to change 

negative opinions on the industry, and to influence further change. To quote Participant 4, "even 

if it's a costly investment that doesn't actually have any return if it's doing good for the 

environment most farmers will probably invest in that”. Additionally, it is hoped that the wetland 

will influence the building of other community-built wetlands, using the Montgomery of wetland 

as effective proof of the concept. Finally, to reach their goal of restoring a piece of the farm to its 

pre-anthropogenic state, they wish to increase biodiversity, and maintain the health of the 

Montgomery Stream. This especially refers to increasing aquatic biodiversity, bird life, and 

native pollinators, decreasing nitrate concentrations and promoting the overall health of the 

stream, and supporting the growth of native plantings into a “riparian jungle with habitat value”, 

to quote Participant 3.  

We consider all these aspirations to be achievable with proper planning of maintenance and 

engagement surrounding the wetland. To work towards achieving these, suggestions for 

improving the wetland have been determined as below.  
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Limitations of interviews  

For our interviewing method, a flaw arose when we did a dyadic interview for two participants 

instead of an individual interview as we did for the rest of the shareholders. This complicated the 

transcribing process and could have reduced the validity of our data due to two people being 

influenced by one another. 

Conclusion 

Our research found that the Montgomery Wetland has been successful in its first year. Not only 

are the three ponds removing nitrates from the water, but there are many other social benefits 

that have already become evident in its first year. These include the following:  

Given the wetland is intended as a proof of concept, the project being completed on budget, 

without the added bureaucracy of a resource consent is a significant milestone. Ultimately 

proving that there are grassroots tools available in efforts to reduce agricultural nitrates. There 

needs to be simplified barriers to demonstrate results to win broader support for constructed 

wetlands, as results show the wetland is effective, and is expected to increase in performance 

with time as the constructed wetland matures. The value it offers to the Hinds community, 

providing a space to make a positive contribution to the environment, enriched by social 

engagement. Viewing wetlands holistically allows for a more positive outlook for wetlands, 

providing more opportunities for future wetlands. 

We look forward to the future development of the wetland and hope to see it continue to be a 

prime example of an effective tool for improving water quality in Mid Canterbury. 
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