CHIPS Urban Team 2011- 2015 activities related to forage fish
We have three general objectives related to forage fish in Puget Sound.  
Objective 1: Investigations of forage fish spawning, shoreline armoring, and beach dynamics.
Objective 2: Pacific Sand Lance burial behavior in intertidal and deep-water habitats: Are they at risk from contaminants in the sediments and low oxygen events?
Objective 3: Forage fish early life history and use of eelgrass as rearing habitat 

Objectives and Tasks:
Objective 1: Investigations of forage fish spawning, shoreline armoring, and beach dynamics
This objective includes tasks related to past research conducted by the Urban CHIPS team as well as plans for future research.  We are currently working to prepare a manuscript and publish the findings from our forage fish model developed from sampling in Liberty Bay and Possession Point.  We plan to continue this research topic in future CHIPS studies through the expansion of our current habitat selection spawning model and targeted experiments to address specific questions about the location and style of bulkhead and their corresponding impacts on beach morphology.

 	Recently we received USGS funding for a proposal titled: “Forage fish and eelgrass in the nearshore area: the coming squeeze between sea level rise and armored shorelines in Puget Sound.”  Our expectation is that individual shoreline owners and local governments may be inclined to increase shoreline armoring in the coming decades if sea level rise causes shorelines to recede with water elevation rise or to erode inland.  Based on our knowledge of obligate beach-spawning forage fish, we predict that fish will move spawning sites to remain in the historic upper tidal spawning areas.  We hypothesize that these relations may result in forage fish getting squeezed between a receding upper tidal zone and the resistance to allow the shoreline to move landward from landowners. We’ll predict sea-level rise impacts and future shoreline armoring and evaluate nearshore impacts.  The 2011 – 2015 sampling will occur at two sites on Bainbridge Island and will be done in collaboration with the Washington State Department of Ecology and the Suquamish Tribe.  We will be mapping beach morphology and conducting an armoring inventory at our two study sites.  This study enables us to continue activities related to beach morphology and beach-spawning forage fish.

Objective 2: Pacific Sand Lance burial behavior in intertidal and deep-water habitats: Are they at risk from contaminants and low oxygen events?
The Pacific sand lance (Ammodytes hexaptarus) is the least understood of Puget Sound forage fish, and potentially a species at risk from shoreline development and pollution of coastal waters.  Like most of the forage fish species, the status of sand lance stocks in Puget Sound is currently unknown due to the lack of a cost-effective strategy for assessment and data gaps in their basic life history.  Although we are gaining understanding of their spawning habitats in the upper intertidal zone of beaches, intriguing and important questions remain regarding the non-spawning phases of their life history.  
Sand lance have a unique strategy of burying into soft bottom substrates during parts of diurnal and seasonal cycles.  This strategy may be based on energy conservation because of their lack of an air bladder and the corresponding energy expenditure required to maintain position within the water column (Quinn 1999), or it may minimize their risk of predation (Girsa and Danilov 1976).  It is generally believed that these fish remain buried during the night and then form tight schools during the day during when feeding (Winslade 1974; Johnson et al. 2008).  
Task 2.1: Evaluations of intertidal aggregations of sand lance and contaminant risk.
Sand lance and other demersal fish that live in polluted waters have been found to contain contaminated tissues (Matthiessen 2003; Rempel et al. 2006).  The burying behavior of sand lance may subject these fish to contaminants that have collected in marine sediments near urban areas.  In addition, any events that cause reduced availability of oxygen may impact these fish.  
Currently, the presence of Polycyclic Aromatic Hydrocarbons (PAHs) within Puget Sound is a topic of increased concern.  PAHs are fossil fuel-derived contaminants which are discharged from industrial areas and in stormwater runoff into Puget Sound (Visitacion et al. 2009).  A wide range of adverse effects have been observed in fish exposed to PAHs including: mortality, decreased growth, decreased fitness, deformities, lesions and tumors, and bioaccumulation of toxins (Logan 2007).  Previous Puget Sound studies (Stein et al. 1994; Sol et al. 2008) found that fish sampled near urban areas had higher concentrations of PAHs than fish sampled from nearby nonurban areas.  Although sand lance have been found to avoid sediments that were contaminated with oil (Pinto et al. 1984), elevated levels of PAHs in tissues of sand lance have been documented (Humason and Gadbois 1982; Hellou et al. 2006).  
We propose to conduct a series of investigations to describe habitat selection, habitat contamination, and site fidelity. To evaluate site fidelity we plan to use a mark-recapture approach.  The initial step for this approach is to experiment with the marking technique for sand lance so be sure we are having a minimal impact on the fish.  Sediment samples will be analyzed for contaminants such as heavy metals, PAH’s, and endocrine disrupting compounds
Two nearshore study sites with different intensities of urbanization were selected:  Clayton Beach in Larrabee State Park in North Skagit County, and Browns Bay, near Lynnwood in Snohomish County.  Larrabee State Park is a natural beach with little anthropogenic development or modification.  The Browns Bay area is located in an urban setting, and lies within three miles of sewage and stormwater outfalls for the municipalities of Mukilteo, Edmonds, and Lynwood, Washington.  At both sites, previous studies have documented the presence of intertidal sand lance aggregations (Robinette and Ha 1997; Quinn 1999).

Task 2.2:  Evaluations of deep-water habitat use by sand lance
Recent research has revealed a unique and potentially important aspect of sand lance life history.  Using a sediment sampler, Blaine (2006) captured sand lance juveniles burrowed into a sand-wave field in the San Juan Channel in water depths of 60 to 80 m.  The author reports fish densities of 48 to 120 fish per square meter of sediment, which represents, when expanded to the full size of the bed, the possible presence of 25 to 63 million sand lance in this single sand-wave field.  This is an unusual finding, and it highlights the significant lack of information about the life history of this species.  Since these fish are believed to be visual feeders (Winslade 1974), and there is no light penetration at this depth, it seems unlikely that this deep-water site serves as a feeding ground.  The fish captured in the sand-wave field in November were predominantly sexually immature juveniles (Blaine 2006), so links to spawning activity are unclear.  Any attempt at stock assessment is unlikely to be effective when large numbers of the target species may be unavailable to the sampling methodology during certain months or times of day.
We propose to use a Dual-frequency Identification Sonar (DIDSON) acoustic camera survey of the deep-water habitat to learn more about how sand lance use this area.  The DIDSON forms images using sound so it is not limited by low light or high turbidity.  It can be used to visualize fish without use of an external light source which might otherwise influence the behavior of the fish being monitored.  We believe that this innovative approach is the best way to collect information about fish behavior in these habitats, the number of fish present, the environmental cues that might be influencing the burrowing, and how long fish remain burrowed.
Since sand lance use the deep-water sand-wave field in the San Juan Channel it’s likely that they are also using other deep-water sand forms elsewhere in Puget Sound.  To investigate this hypothesis, we propose to sample sand forms detected in Skagit Bay through the CHIPS Large River Deltas studies.  A map of Skagit Bay that will describe the locations of several large, deep-water sand forms is scheduled to be completed this summer (E. Grossman, U.S. Geological Survey, personal communication).  We propose to sample these potential sand lance habitats with the DIDSON to learn whether or not they are being used like the San Juan Channel sand-wave field.  We’ll compare the physical attributes of the sand forms (sediment grain size, current velocity, etc.) between the two sites and relate that to sand lance behavior and densities.  
Similar to the proposed approach for the intertidal aggregations of sand lance, we can examine the sediments in deep-water sand forms for contaminants and their corresponding risk to sand lance.  Risks of low-oxygen events are relevant in the deep-water setting if currents are insufficient to provide adequate exchange across the sand form.  These environmental variables could be part of an evaluation of the deep-water habitats.
Ultimately we would like this task to move beyond Skagit Bay so that we can map and describe deep-water sand forms throughout Puget Sound and document their significance to sand lance.  The Puget Sound Partnership is very interested in assessing the status of all the forage fish species, and sand lance may be particularly challenging if large numbers of them bury in deep-water habitats for unknown periods of their life history.  Prior to development of assessment approaches we need to determine if the San Juan Channel sand-wave field is a unique habitat, or if sand lance use similar habitats across Puget Sound. 



Objective 3: Forage fish early life history and use of eelgrass as rearing habitat 
We are interested in expanding our surf smelt and sand lance beach spawning studies to the nearshore environment.  Very little is known of the early life history, rearing, and feeding habitats for either of these species.  This group of investigations would focus on areas where surf smelt and sand lance are known to spawn, looking at potential rearing habitats within the drift cells near the spawning beach.  Our hypothesis is that drift cells provide an important dispersal mechanism enabling forage fish fry to disperse to eelgrass beds thereby improving survival.  Alternatively, spawning sites are associated with productive pocket embayments that provide rich rearing areas.  Although it’s not been formally tested, there is some evidence that forage fish will use eelgrass for rearing.  We would like to identify the benefits that accrue to surf smelt and sand lance that use eelgrass beds.  Do they use eelgrass simply for cover and protection from predators?  Do they feed in this habitat, and if so, what are their primary food sources?
In addition to the direct measures of fish activity, we will also need to describe the habitat, including some of the standard eelgrass metrics.  Descriptions of the drift cell and oceanographic conditions will also be important as they are drivers of larval and juvenile fish movements.  To address some of these questions we’ll be using a recently funded project from the Western Regional Office, USGS described under Objective 1.  As described under Objective 1, we are working at Bainbridge Island with Washington State Dept of Ecology and the Suquamish Tribe.  Our objectives are to 1) inventory existing conditions, including: forage fish spawning locations, extent of eelgrass beds, beach morphology, drift cell properties, and shoreline armoring attributes, 2) predict sea level rise using the Sea Level Affects Marshes Model (SLAMM) and current armoring/bulkhead attributes to project shoreline configurations for 2050 and 2100, and 3) integrate sea level rise, predicted shoreline armoring, and biological attributes to determine nearshore impacts.  
We plan to use lempira seines or beach seines to sample areas where there has been historical forage fish spawning adjacent to eelgrass.  Larval sampling will also be conducted in and around eelgrass beds to increase our understanding of what species occur at what times of the year.  
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