Natural wetlands: a nature-based solution for sediment load reduction?
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RÉSUMÉ

Les milieux humides naturels sont menacés en zone urbaine quand le développement empiète sur les corridors fluviaux et que des canaux sont construits pour acheminer le ruissellement. Parallèlement, des zones humides artificielles qui imitent les fonctions des milieux naturels sont construites pour réduire les charges de polluants en provenance des eaux pluviales urbaines. La possibilité d'envisager la conservation des zones humides naturelles pour solutionner la capture des sédiments en zone urbaine constitue une réelle interrogation. La surveillance des concentrations de sédiments en suspension en amont et en aval de la zone humide pendant deux ans a permis de mesurer le piégeage des sédiments d'une zone humide naturelle en aval du développement urbain de la ville de Melbourne, en Australie. Nous avons observé la remise en suspension des sédiments au droit de la zone humide la première année et l'élimination des sédiments la deuxième année. Nous concluons que la zone humide ne peut être considérée comme une solution naturelle pour la suppression des sédiments. Nous notons également que même si la zone humide réduirait les concentrations de sédiments de façon plus fiable, son utilisation comme ouvrage d'assainissement resterait problématique. La sédimentation élevée ne serait pas durable et l'accumulation de polluants compromettrait la valeur écologique de la zone humide. Idéalement, la zone humide serait protégée pour ses multiples avantages et sa valeur intrinsèque.

ABSTRACT

Natural wetlands are under threat in urbanizing areas, as development encroaches on waterway corridors and constructed waterways are built to convey runoff. At the same time, constructed wetlands are built to reduce pollutant loads from urban stormwater, mimicking natural wetland functions. We ask whether retaining natural wetlands could provide a nature-based solution for capturing sediment from urbanizing and urban areas. We measured the sediment-trapping function of a natural wetland downstream of urban development in outer Melbourne, Australia, by monitoring suspended sediment concentrations upstream and downstream of the wetland over a period of almost two years. We found that the wetland was prone to sediment resuspension in the first year, likely due to vegetation removal. The wetland was effective in removing sediment in the second year. We conclude that the wetland cannot be relied on as a nature-based solution for sediment removal. We also note that even if the wetland did reduce sediment concentrations more reliably, using it as a stormwater treatment asset is problematic. Ongoing elevated sedimentation rates would be unsustainable, and pollutant accumulation would compromise the ecological value of the wetland. Ideally, the wetland would be protected as a receiving water for the multiple benefits and intrinsic value it provides.
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INTRODUCTION

Constructed wetlands are in widespread use to reduce pollutant loads in urban stormwater. They mimic natural wetlands in providing a wide, shallow, low-gradient flow path through emergent macrophytes to encourage settling and remove nutrients. Constructed wetlands are often built in or alongside existing wetlands and floodplains in low-gradient landscapes. At the same time, natural wetlands are under threat in urbanizing landscapes, as development encroaches on waterway corridors. In many locations, wetlands are replaced with constructed waterways which provide greater conveyance of runoff. Using a case study in Melbourne where the sediment-trapping function of a natural wetland downstream of urban development has been monitored, we explore whether retaining a natural wetland could provide a nature-based solution for capturing sediment from urbanizing and developed areas.

STUDY AREA AND METHODS

Suspended sediment loads were monitored at two sites in Quirks Creek, on the eastern fringe of Melbourne, Australia. Both sites are located downstream of an urbanizing catchment (Figure 1). The upstream site is located on Quirks Creek just downstream of a treated stormwater outfall from a constructed wetland system (catchment area 4.9 km 2 ). Stormwater and sewage are managed separately and only stormwater is discharged to the waterway. The downstream site is located 500 m away, downstream of a low-gradient, natural wetland reach dominated by swamp paperbark (Melaleuca ericifolia) trees, Typha rushes and other wetland vegetation. There is 0.3 km 2 of additional catchment that drains between the upstream and downstream sites.

Sediment concentration was monitored at both sites. At each site, an autosampler was triggered to take samples at defined intervals. The samplers were synchronised by sending a radio pulse from the downstream sampler to the upstream sampler when it took a sample. The autosamplers were set up to take samples more frequently (every hour) at the start of the event then less frequently as the event went on (up to every 10 hours). Up to 24 samples were taken per event. Each sample was analysed for TSS concentration by an accredited laboratory. There was also a flow gauge at the downstream site. Event mean concentrations (EMCs) were estimated using a flow-weighted method.

RESULTS

In the first event, the TSS concentration downstream of the wetland was lower than upstream (Table 1), suggesting the wetland had a sediment-capturing effect. Then, from April to June 2021, the wetland appeared to be supplying additional sediment, with downstream concentrations up to 7 times higher than upstream. Increases were not related to peak flow. This autumn to winter period coincided with dieoff of summer plant growth which could influence sediment deposition and resuspension in the wetland. It also followed mechanical weed removal in the wetland which could have disturbed sediments. In the following year, from January to October (Summer to Spring), the wetland again appeared to have a sediment-capturing effect, reducing TSS concentrations by up to 60%. Across all monitored events, the sediment load (EMC multiplied by flow volume) downstream was approximately the same as the upstream value, indicating that the wetland did not have an overall sediment-capturing effect.

DISCUSSION

Our analysis indicates that the natural wetland provides a sediment-capturing effect at some times but can also be a source of sediment at others. The wetland tended to provide a sediment reduction function when suspended sediment concentrations were high at the upstream site. Conversely, the largest increases in sediment concentration downstream of the wetland coincided with times of very low TSS concentration at the upstream station, perhaps due to good functioning of the constructed wetland after it was first completed in January 2021. This period also followed mechanical weed removal from the natural wetland which may have caused the liberation of sediment in subsequent events from April to June. Therefore, the sediment-trapping function of the wetland appears to be sensitive to disturbance. It does not appear that this natural wetland could provide a reliable nature-based solution for sediment reduction.

Constructed wetlands also have variable effectiveness and have been reported to have periods of sediment resuspension. Resuspension is often associated with high flow (Birch et al. 2004;Braskerud 2001), but we did not observe that effect in the natural wetland. Like Braskerud (2001), we found that sediment resuspension was likely associated with vegetation cover. It is possible that sediment trapping in the natural wetland could be enhanced by avoiding disturbance and restoring native wetland vegetation.

However, even if the wetland's sediment-trapping function could be enhanced, there is a strong argument not to treat it as a stormwater treatment asset to be used, but as a receiving water to be protected. Wetlands provide multiple benefits, including habitat, organic matter retention, carbon storage, and flood mitigation, which could be compromised by relying on the wetland to remove sediment from stormwater. For example, the build-up of urban pollutants can create an environment that is toxic to invertebrates and other fauna (Sievers et al., 2018), with impacts on the structure and functioning of the whole wetland ecosystem. Additionally, increased sedimentation rates in the long term could interfere with outfall levels of urban stormwater infrastructure and flood levels at adjacent properties. Unlike a constructed wetland, a natural wetland can't easily be cleaned out and reset. A wetland that is protected as much as possible from stormwater pollution could provide a final treatment step to 'mop up' residual sediment and other pollution that is not captured in constructed stormwater treatment assets.

Finally, there is a philosophical argument about whether avoiding degradation of a natural ecosystem could really be considered a nature-based solution. For example, could the function of a natural wetland showing effect of wetland in reducing (below the 1:1 line) or increasing (above the 1:1 line) sediment concentrations be quantified instead of a constructed wetland to satisfy stormwater treatment obligations of developers? On one hand, allowing such a practice might mean that developers take less responsibility for managing polluted stormwater in the catchment, but on the other, not accounting for the value and functions of natural wetlands leads to perverse outcomes where natural wetlands are removed or altered and replaced with constructed assets. This practice is business as usual in outer Melbourne (Figure 3).

Where degradation and removal of natural wetlands is accepted practice, accounting for the stormwater treatment functions of natural wetlands and floodplains may be a valuable first step to demonstrating a case for protection. Ideally, however, we need better protections for wetlands as receiving waters based on their intrinsic values and biodiversity importance.

Figure 1 :

 1 Figure 1: study site arrangement, showing location of monitoring sites, natural wetland, constructed wetland and streamflow and stormwater flow paths

  Figure 2: (A) upstream and downstream event mean concentration (EMC) of total suspended solids (TSS) for each event, and continuous flow data; (B) downstream versus upstream TSS event mean concentrations (EMCs)showing effect of wetland in reducing (below the 1:1 line) or increasing (above the 1:1 line) sediment concentrations
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