
Title:
Testing the effectiveness of bioretention at reducing the toxicity of urban stormwater to adult salmon spawners

Topics & Questions:
Low Impact Development (LID): Flow and pollutant reduction benefits to receiving waters.
- How are collective installations of stormwater retrofits working to protect receiving waters at receiving water scale?
- Conduct soil amendment and bioretention soil mix leaching studies combined with plant selection studies for optimum removal of nutrients, bacteria, and metals.

Retrofits: Water quality and habitat benefits of retrofit efforts.
- Which combinations of retrofit BMPs and LID in a basin are most effective at reducing stormwater impacts in receiving waters?

Lead entity:
NOAA Fisheries (NMFS), Northwest Fisheries Science Center, 2725 Montlake Blvd. E, Seattle, WA 98112

Partners:
United States Fish and Wildlife Service (USFWS), Washington Fish and Wildlife Office, 510 Desmond Drive SE, Lacey, WA 98503

Washington State University (WSU), Puyallup Research and Extension Center, 2606 W Pioneer Ave, Puyallup, WA, 98371

Suquamish Indian Tribe (SIT), Grovers Creek Salmon Hatchery, 23175 Indianola Rd NE, Poulsbo, WA 98370

Abstract:
Many strategies are being developed and implemented to reduce ecological impacts of stormwater runoff. Bioretention, pervious pavement, vegetated swales, and green roofs are examples of approaches considered effective for retaining stormwater and preventing runoff of toxic chemicals. Typically, their effectiveness is measured either physically (e.g., % flow reduction) or chemically (e.g., % reduction in mass loading). However, little research has focused on biological metrics - specifically, the extent to which the biological integrity of “receiving waters” (aquatic habitats) is protected. This is important because a specific approach might be successful from the standpoint of physical and chemical indicators, and yet fail to protect aquatic species from the harmful effects of toxics. Research by NMFS and USFWS has shown that polluted stormwater can significantly impact the health of fish. Major findings have included documenting recurrent and widespread adult coho pre-spawn mortality (PSM) in urban streams and modeling how PSM is likely severely reducing the productivity of coho populations. This project will combine expertise with stormwater toxicity (NOAA, USFWS, and WSU), stormwater reduction methods (WSU), and salmon husbandry (SIT). The objective is to assess the effectiveness of a specific LID/GSI strategy (bioretention) at reducing or preventing PSM in adult salmon. 

Approach:
[bookmark: _GoBack]The approach used for this study will be based on previous studies on adult coho salmon by NOAA, WSU, and USFWS at the Suquamish Tribe's Grovers Creek Salmon Hatchery (GCSH). A study in 2012 determined that exposure to unfiltered stormwater runoff was sufficient to cause PSM in adult coho returning to the hatchery. A pilot study during 2013 suggested that bioretention could reduce acute toxicity.  We propose expanding our pilot test of the effectiveness of bioretention in preventing PSM in adult salmon exposed to stormwater runoff. We will utilize large bioretention drums (800 L) constructed for pilot testing at GCSH during 2013.  Similar to the columns used in testing at Washington State University, the drums are composed of a drainage layer of gravel aggregate overlain by a mixture of 60% sand and 40% compost, as recommended in the Washington Stormwater Manual. Stormwater runoff will be collected from an urban location in Seattle, transported to GCSH, and filtered through the bioretention drums. Adult salmon spawners will be exposed to one of three treatments; unfiltered runoff, filtered runoff, or well water. Staff at GCSH will capture adult salmon spawners returning to the hatchery pond. Salmon will be placed into individual PVC tubes specifically designed for holding and transporting salmon. They will then be placed in a treatment tank for up to a 48-hour exposure. All treatment tanks will include aeration, chilling, and water flow through the PVC tubes. Salmon will be monitored over the course of each exposure. In addition to mortality, observations of behavioral effects associated with PSM will be made. This will allow us to determine the biological effectiveness of bioretention for preventing PSM in adult spawners exposed to urban runoff. Exposures will be repeated across multiple storms over approximately 12 weeks in the fall (October through December).

This question can be answered in less than 5 years.

Monitoring sites:
Stormwater runoff will be collected from an urban location in Seattle, WA. Exposures will be performed on adult salmon spawners returning to the Suquamish Tribe’s Grovers Creek Salmon Hatchery.

Intended outcomes:
The primary outcome of the proposed study will be knowledge about the effectiveness of LID/GSI methods at reducing the biological impact of stormwater runoff. Importantly, this will be measured through direct effects on fish. In this case, by testing the effectiveness of bioretention treatment to prevent PSM in adult salmon. By identifying ecologically effective LID/GSI methodologies the results will directly target the desired outcome of adaptive design and implementation of LID/GSI technologies to reduce toxic loadings to Puget Sound and its surrounding watersheds. Finally, the project is expected to produce highly visible results from the standpoint of public education and engagement. Salmon declines have a direct bearing on the “why do we care?” questions that are at the core of ongoing societal efforts to reverse ongoing ecological decline in Puget Sound.

What is known about the effectiveness of this stormwater management practice?
Our more than decade of research into coho pre-spawn mortality has linked mortality events with stormwater runoff from highly developed watersheds (Scholz et al. 2011, Feist et al. 2011).  In clear agreement with the white paper on Traditional BMPs Retrofitting (Section 3.0), existing developments do not contain sufficient stormwater treatment measures to protect sensitive aquatic biota in receiving waters.  
The literature on bioretention shows it to be a highly effective means of reducing many pollutants in stormwater runoff, especially contaminants associated with particulate matter (LID Technique white paper Section 2.4.2).  Our pilot work filtering highway stormwater runoff through bioretention columns at WSU showed reductions in metals, PAHs, and conventional water quality parameters such as TSS and DOC on par with values summarized in the white paper (Table 5).   What is unknown is whether these reductions in pollutants are sufficient to protect aquatic wildlife in receiving waters.  Our work is a first step towards assessing the biological effectiveness of low impact development.  The white paper on LID Techniques clearly notes a lack of ecological effectiveness studies for any LID techniques employed to control stormwater quantity and quality (Sections 2.1.5 and 2.1.7).  Biological effectiveness adds a layer of assessment above and beyond performance metrics of flow control and contaminant reduction that is directly relevant to the ultimate goal of LID – to protect the resiliency of aquatic ecosystems.  
	In the LID white paper, assessing the biological benefits of LID to receiving waters is mentioned only at the basin scale (Executive Summary, Section 3.1.3.1).  In contrast, we believe it is imperative to incorporate biological impacts at smaller scales (e.g. as part of ‘internal scale effectiveness studies’ Section 3.1.1) in order to increase the likelihood of ecological success as we move towards larger and more comprehensive installations. 

Expected duration:
1 year

Approximate cost:
$120,000

How would the findings be shared?
In addition to publishing the results in a peer-reviewed scientific journal, we would present the findings at the Annual Review of the WSU LID Research Center and other local stormwater events, and aim to incorporate these findings into LID educational materials distributed by the WA Department of Ecology.

Name, email, and phone number:
David Baldwin
NOAA Fisheries/Northwest Fisheries Science Center
David.baldwin@noaa.gov
(206) 360-3306
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