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Abstract
In conjunction with the US Geological Survey and the Nisqually Reach Nature Center we examined sediment composition and macroinvertebrate abundance in the newly restored Nisqually Estuary.  Careful monitoring of sediment and benthic macroinvertebrates ensures healthy communities arise in the newly restored estuarine environment.  Benthic invertebrates are crucial to the health of the ecosystem, cycling nutrients and providing a food source for food species.  Over the course of three tidal cycles, or six weeks from mid-March to early April, we kayaked to a select number of 34 site locations in the estuary.  Four 10 cm sediment cores were extracted at each site and processed in lab.  We collected 842 benthic macroinvertebrates among the ten sites sampled. We identified seven taxonomic groups, including two phyla, two classes, and five orders.  The typography of each site was determined as well.  The frequency of invertebrates differed noticeably between each site, as no two sites had both similar total number and composition of organisms. Instead of typography determining distribution, it is hypothesized that sediment grain size will show a stronger correlation to distribution in this restored estuary.    






Introduction
	The restoration of the Nisqually Estuary has been a joint effort among local agencies, governments and national organizations.  These groups range from the Nisqually Indian tribe, Ducks Unlimited, the Salmon Recovery Funding Board, Puget Sound Acquisition and Restoration, the Washington Department of Fish and Wildlife, National Fish and Wildlife Foundation, National Oceanic and Atmospheric Administration (NOAA) and the Environmental Protection Agency (Fish and Wildlife, 2010).  In 2010 the Nisqually Indian Tribe alone restored around 140 acres of estuary habitat on the east side of the Nisqually River (Fish and Wildlife, 2010).  Together these organizations plan to restore nearly 900 acres of the Nisqually Estuary.
	The major actions taken to restore this estuary have been the removal of dikes, both in the summer of 2008 and in May 2009.  The removal of the Brown Farm Dike reconnected many historic sloughs to the Puget Sound.  The removal of the dikes immediately brought back many of the natural processes, such as sediment transport, nutrient exchange and tidal circulation seen in estuaries (Fish and Wildlife, 2010).  All of these processes contribute greatly to the health of an estuary.
[bookmark: _GoBack]	Since restoration began at the Nisqually Estuary, researchers have been interested in observing the change over time.  Estuaries are one of “the most dynamic ecosystems on earth” (Edgar et al., 1999).  This ecosystem is where freshwater meets seawater.  These areas are crucial for the economic growth and also for recreation.  Many estuaries around the world experience degradation due to intense human use (Baird, 2005).  In order to protect the restored Nisqually Estuary, monitoring of vegetation, macroinvertebrates, and sediment has been implemented.  Macroinvertebrates cycle nutrients throughout the water column and provide a food source for many economically important fish species (Silva et al., 2006).  If there are increasing temperatures, poor nutrients or non-suitable sediment type for benthic life, the other organisms which rely on these communities may also suffer.     	
Sites must take into consideration several factors in order to efficiently and successfully restore an area.  Hopfensperger et al. (2006) examined case studies on wetlands ecologically comparable to the Dyke Marsh Preserve in Virginia.  Researchers sought to determine what factors affect success in order to establish feasibility in restoration of the Dyke Marsh.  By sending a survey to each manager overseeing the five different case studies, background information on each site was generated.  After analyzing the surveys, site visits were conducted to gain more specific information.  They identified several factors, ranging from social to environmental, that influence the restoration process.  Understanding historical data, models of water and land movement, and the effects of introduced restoration materials is crucial for success (Hopfensperger et al., 2006).  The researchers also stress the importance of good relations with the public and various government and private agencies.  Building communication and collaborations between groups is essential in order to make decisions regarding the restoration.  Also, without public support, the restoration may fail.  Lastly, Hopfensperger et al. (2006) emphasizes the importance of postrestoration monitoring.  Monitoring data on indicator species, accretion, and vegetation can help understand the current ecosystem in the estuary and allow management decisions to be made confidently.  
	Estuary restoration projects are greatly influenced by abiotic factors.  Since 1972, salt marshes in San Francisco have undergone various stages of restoration (Williams and Orr, 2002).  Lack of planning and coordination between different restoration groups has impeded some of the efforts in the Bay.  In order to understand the changes in salt marshes, Williams and Orr (2002) observed fifteen breached sites in San Francisco Bay.  Specific information was identified at each site, such as the date of breaching, the prerestoration elevation, salinity, vegetation cover and long-term monitoring.  They identified habitat restoration can be affected by physical constraints, such as sediment supply and limited tidal exchange.  The changes in sediment in the Nisqually Estuary may elicit changes in the taxonomic groups supported by that environment.  Over time, we expect a change in species diversity and distribution on the mudflats.  The prerestoration area was previously freshwater and with the dyke removed seawater flushed into the area.  The altered environment will support a different range of vegetation and macroinvertebrates.   
	Dynamic sediment exchange also influences the estuarine environment.  It is crucial to understand erosion and accretion in estuaries to promote conservation management.  The lateral and vertical sediment flow in the Seine estuary in France and the Medway estuary in the United Kingdom was documented over three and four tidal cycles (Cundy et al., 2007).  Cundy et al. (2007) used a variety of meters to determine the short term sediment movement, such as Acoustic Doppler Velocimeters, Optical Backscatter Sensors, and Acoustic Doppler Current Profilers.  In order to find the medium to long-term movement they observed sediment cores.  Using 137Cs and 210Pb dating, they found the accumulation rates for three tidal cycles and saw accretion of sediment in short and long-term studies was higher in the Seine estuary than the Medway.  Also, significant collections of sediment accumulated after major storm events.  We obtained surface samples of sediment in the Nisqually Estuary and the sediment movement may be dependent on the tendency for sediment to accrete or erode in this area.  Identifying the sediment grain size is crucial to understand the shape that the Nisqually Estuary will take in later years.
	Engle and Summers (1999) describes the composition of benthic invertebrate communities on the Atlantic coast being heavily reliant on water temperature, which they correlated to latitude.  They also compared the latitudinal distribution of the macroinvertebrates to habitat qualities such as salinity, sediment type and depth.  Researchers concluded that average summer water temperatures correlated more than sediment type, depth or salinity with the latitude groupings of benthic organisms.  This means that although sediment type, depth and salinity may have affected the distribution locally, on a larger scale temperature had the greatest correlation to latitudinal distribution.  This study relates to our research because they saw that on a small scale, benthic macroinvertebrates distribution was likely affected by sediment type.  This relates to our secondary goal, which is to find a relationship between the sediment grain size and the macroinvertebrates found within that sediment.  
	Other research has shown that sediment grain size can greatly affect the distribution of benthic invertebrates in estuaries.  Wieser (1959) is a more historic research paper, yet it gives us a great deal of insight on the significance of sediment type.  This study examined small marine invertebrates (<5mm) living on the beaches of five different locations around the Puget Sound.  Due to the tides, vertical gradients form with coarse grade sediment being deposited in the upper regions of the beach and finer greads of sediment in the lower intertidal regions.  Wieser found that different mixtures of sand form barriers, separating different invertebrates from one another.  He concluded that find sand is more favorable for some organisms, like gastrotrichs (~100 microns), while others, like ostracods (~200 microns), could move through coarser grains.  
	Other larger benthic macroinvertebrates have been studies as well.   Kraus and Crow (1985) describe the substrate characteristics associated with the distribution of the ribbed mussel, Geukensia demissa, on a tidal-creek bank in southern New Jersey.  These researchers found that substrate composition is directly associated with the distribution of the G. demissa.  Kraus and Crow (1985) examined how organic matter and percentage of sand, silt and clay were important in the distribution of mussels.  They saw the G. demissa was more heavily associated with a high organic content along with the low sand content.  This is useful to understand how important nutrient exchange, along with how grain size plays a role in distribution.  In our study at the Nisqually Estuary, we may find that sediment type has no significant relationship with macroinvertebrates.  We may decide to do a future study at the same sites in the estuary and examine organic content instead of just grain size.  The research by Kraus and Crow (1985) may point us in a new direction after our initial study takes place.  
	From these different scientific research papers, we can see how substrate and other abiotic factors can affect (or maybe not affect) the distribution of benthic invertebrates in marine ecosystems.  One of our goals is to identify the relationship between sediment and macroinvertebrate communities in the tidal flats of the Nisqually Estuary.  Perhaps in the future we may be able to predict what invertebrates are found in certain sediments.  With the great amount of sediment movement in the Nisqually Estuary, as a result of the restoration efforts, it is important that monitoring should continue.  These projects allow us to document the changes going on in the estuary and allow organizations that have provided funding and support of the Nisqually Delta Restoration Project to get concrete evidence as to how their efforts have affected their local bodies of water.  
As Saint Martin’s University students, we worked with the Nisqually Nature Research Center and US Geological Survey and promote working relationships between organizations as we conduct monitoring research on the restored Nisqually Delta.  Also, by collecting and analyzing sediment and invertebrate samples, we in turn are assisting in the restoration process of the Nisqually Estuary.  Understanding a small part of the sophisticated Nisqually Delta’s ecosystem will assist future researchers as well.
We focused on macroinvertebrates and sediment in the Nisqually Estuary in this study.  Our primary goal is to characterize the benthic invertebrate communities across the tidal flats of the newly restored estuary.  Our secondary goal is to determine the relationship between sediment grain size and the distribution and composition of benthic invertebrate communities.  This will be done by taking samples of surface sediment at selected sites of interest to the USGS and NRNC scientists.  We will process and preserve a split of samples for future analyses by the USGS team and process a second split at the Saint Martin’s University biology lab for major taxonomic group (to Order if possible) and determine grain size of the sediment collected.  This will take place between February 2011 and April 2011.  These data will be used to characterize the benthic macroinvertebrate communities and determine patterns of grain size for groups of invertebrates.  We hypothesize that there will be a gradient of invertebrates found in the tidal flats that will be correlated to grain size.  The end result of our project will be to better understand what invertebrates are living in the estuary and what their distribution and abundance are, as well as to find a relationship between sediment and the benthic communities.  If monitoring continues to occur, we may be able to see what abiotic factors (specifically sediment type) are affecting macroinvertebrate communities in the newly restored Nisqually Estuary.




Methods
On March 9th, March 23rd, and March 24th 2011 we examined the grain size and benthic invertebrate compositions of the newly restored tidal flats of the Nisqually Delta. We sampled 10 locations recommended by the US Geological Survey (USGS) and obtained 4 replicates along a transect during low tide.  The site locations are seen in Figure 1. 
[image: ]
Figure 1.  An aerial view of the restored Nisqually Estuary.  US Geological Survey divided the area into 4 transects indicated by T1-T4.  The green NIS (Nisqually) marks are sites sampled in 2010.  The red NIS marks indicate the 10 sample sites obtained in Spring 2011.



Each sample was collected near the early afternoon in the tidal cycle. The intertidal height of each sample location was based on the real time tidal height monitoring equipment at the Nisqually Reach Nature Center (NRNC).  The tidal chart could also be seen on the NRNC website.  
To collect samples of the invertebrate organisms and the sediment, we adapted our procedure from Eric Grossman from the USGS (personal communication, March 2011).  The site coordinates were found using a handheld Garmin GPSMap 76CSx.  At each site, a standard surveyor tape was laid parallel to the water line. We took one sample at 0 m and 0.5 m and took two samples at the 1.0 m mark. The two samples at the 1.0 m mark were approximately 4 cm apart.  This gave us four replicates for each site (Figure 2).  
[image: ]
Figure 2.  The positioning of the macroinvertebrate sediment corers along each 1 m long transect.  
We pushed a macrobenthic corer into the sediment at 10 cm depth line at each sample location.  The corer was removed and tilted to the side to keep the sediment intact inside the tube.  The two 1.0 m samples were inserted in the sediment and removed at the same time.  This allowed us not to disturb the surrounding sediment.    After removing the corers, we used a plunger made of PVC to force out the sediment into heavy duty Ziploc bags.  Samples were taken to the Nisqually Reach Nature Center and stored approximately 3°C until sieving.
A hose and pump at the nature center was set up to supply water of about the same salinity (approximately 27 ppt) as in the field.  We used a 0.5 mm brass sieve, placing it above a wash station.  One Ziploc bag was emptied into the sieve and rinsed well with the seawater. We washed the sediment and were careful to prevent damage to any organisms.  Large pieces of sediment were broken up with our fingers.  
After sieving all material, we washed the retained material into a preservation container (small mason jars) filled about two-thirds full of 80% ethanol and a small amount of rose bengal to stain the organisms.  Careful examination of the sieve was needed to ensure no organisms were missed, using forceps to remove any invertebrates we found.  Backwashing the sieve was done between each sample to prevent contamination between samples.  After preservation, samples were examined under a dissection microscope and taxa were identified down to their order, when possible, and counted.  
To analyze the sediment grain size, we again followed methods from Eric Grossman (personal communication, March 2011).  We categorized each site as either “sandy sediment” or “muddy soil.”  Approximately 45-50 g of sandy sediment or 20-25 g of muddy soil was placed in a pre-weighed mason jar.  Water was added to cover and 30% H202 was added until bubbling ceased.  Jars were placed in a 65° C bath and  H202 was added again until bubbling stopped.  The sample was cooled and 20 mL of deflocculent solution and 30 mL of dionized water was added.  
Once the sample disaggregated, it was sieved through a 63 µm sieve into a graduated cylinder.  The coarse sediment remaining in the sieve was dried in an oven at 70°- 90° C, and run through a series of six sieves.  The sieves were arranged from -1 phi to +4 phi.  Remaining sediment in the bottom pan was placed in the site’s graduated cylinder.   In order to analyze the silt/clay fraction, the graduated cylinder was filled with dionized water.  After stirring for 1 minute, a 25 mL aliquot was taken from 20 cm deep.  This accounted for 1/40 of the fine sediment.  The second aliquot was taken from 10 cm deep and accounted for 1/40 of the clay present.  Each aliquot was placed in a beaker and dried in an oven at 70°- 90° C.  The difference between the two samples represents the total silt fraction in the sample.      












Results
	A total of 842 benthic macroinvertebrates were collected among the ten sites sampled.  Seven taxonomic groups were identified to order when possible.  We identified two phyla, two classes, and five orders.  The typography (land type) of each site was determined (Table 1).  Channel sites were very close to or under estuarine waterways.  Saltmarsh sites were located on the elevated, vegetative marshland.  Interfluve sites were typically non-vegetative wetland found between channels. Site NIS8a and NIS8b had a considerable amount of vegetation, while all other samples lacked plant life. 

Table 1.  Typography, number of taxa identified and total number of invertebrates found at 10 sites at the Nisqually Estuary in Spring 2011.  
	Site
	Typography
	Number of
Taxa
	Number of Invertebrates

	NIS 1
	Channel
	5
	17

	NIS 2
	Channel
	3
	9

	NIS 3
	Interfluve
	3
	30

	NIS 4
	Interfluve
	6
	126

	NIS 5
	Interfluve
	6
	105

	NIS 8a
	Interfluve
	7
	323

	NIS 8b
	Saltmarsh
	6
	44

	NIS 9
	Interfluve
	6
	86

	NIS 10
	Interfluve
	7
	89

	NIS 11
	Interfluve
	4
	13



 Both diversity and abundance of invertebrates varied among sites.  NIS8a, a channel site, had both the greatest abundance and taxonomic diversity (Table 1).  This site was made up of a total of 322 invertebrates, with 7 taxonomic groups identified (Table 1).   Site NIS2, also a channel site, had the fewest organisms and was one of the least diverse.  There were only 9 invertebrates with 3 taxonomic groups identified (Table 1).  All other sites represented between four and six different taxonomic groups and varied between 17 and 126 total invertebrates (Table 1).  When comparing the different typologies, the channel samples had a smaller number of organisms in comparison to the interfluve and saltmarsh samples, as well (Table 1).   
 (
Figure 3. The distribution of benthic macroinvertebrates at 10 select sites of the Nisqually Estuary in Spring 2011.  Each color indicates a different taxonomic group.  
)Taxonomic groups such as Polychaeta, Oligochaeta, Nematoda and Nemertea are considered worms.  Worms were present at each of the 10 sites sampled (Figure 3).  Of these worms, polychaetes and oligochaetes dominated, making up 56% of the total invertebrates found in this study (Figure 4). 
 (
Figure 1.  The distribution of benthic macroinvertebrates at 10 select sites of the Nisqually Estuary in 
Spring
 2011.  Each color indicates
 a different identified taxon.  Representative taxon of <1% were not included in this figure.  
)
The bivalve order Verenoida, and arthropod orders Tannaidacea and Isopoda were poorly represented in each location.  Together they made up less than 1% of the invertebrates counted among all sites (Figure 4).  Dissimilarly, other arthropods, in the orders Amphipoda and Cumacea made up a much larger portion of the total invertebrates, 22% combined (Figure 4). These amphipods were found in all sites except for NIS2 and NIS3 as well.  	
 

Figure 4.  The total number of organisms found at the combined ten sites of the Nisqually Estuary in Spring 2011.  The annelid classes Oligochaeta and Polychaeta comprised a majority of the identified organisms.
	

	Along with diversity and total numbers, density of invertebrates varied among sites as well (Figure 5). The site with the highest density of individuals was NIS8a with 1,523,585 inverts/ m3.  The lowest density was found at site NIS2 with 40,453 inverts/m3.  The channel sites had the lowest densities on average when compared to the interfluve and saltmarsh samples.     

Figure 5.  The density of macroinvertebrates per cubic meter in the Nisqually Estuary in Spring 2011.  This model assumed even distribution of invertebrates in surface sediment.      





Discussion
	We accomplished our primary goal of this project, which was to characterize the benthic macroinvertebrate communities of the newly restored tidal flats of the Nisqually Estuary.  We saw that the frequency differed noticeably between each site (Fig.1).  No two sites had both the same total number and composition of invertebrates.  Even when comparing sites of similar topography (i.e. interfluve, channel or saltmarsh) there were few similarities.  For example, NIS 8a and NIS 11 were both interfluves, yet NIS 11 had well over 300 invertebrates while NIS 11 had only 13.  In addition, NIS 4 was an interfluve like NIS 8a.  However, it was dominated by oligochaetes while NIS 8a was dominated by polychaetes.  Differences such as these lead us to believe that topography has little to do with what invertebrates we found there.  Rather, this points us towards a different explanation of the variability among sites.    
	It is obvious that sediment analysis would be useful in accounting for the differences seen amongst sites.  We unfortunately did not have enough time to start looking at sediment during the time allotted for this project.  The samples set aside for the purpose of sediment analysis will be examined during Summer 2011.  This would meet our secondary goal, which was to find a relationship (correlation) between sediment composition and the benthic macroinvertebrate taxa.  We have the hopes of one day being able to predict the composition of benthic communities based on the composition of different grain sizes.  
	One piece of information that will be very useful to future studies is the data represented in Figure 4.  This pie chart gives us a snapshot of what the benthic community in the estuary is currently like.  With the dike removal, the Nisqually Estuary is under a great deal of sediment movement.  New channels are forming, sand bars are moving and water is constantly being moved in and out of the area (Personal communications Eric Grossman, April 2011).  If year after year, we sample the same sites, we should be able to see how the sediment has affected the benthic community.  The data collected from our initial monitoring project during Spring 2011 will be treated as a benchmark study, where future studies can compare their results and even begin to see trends over time.  
	Not only is percent composition important to know, but total numbers of organisms can be helpful as well.  Population increase means that there is a healthy ecosystem.  If we know that benthic communities (which is where a great deal of food comes from for other wildlife like fish and birds) are healthy, then we can predict that other communities will benefit.  The general health of the estuary may be predicted by the abundance of benthic macroinvertebrates.  
	This will be extremely beneficial to scientists, such as Eric Grossman from USGS and Daniel Hull from the Nisqually Reach Nature Center, studying how effective the estuary recovery efforts have been (Personal communications, April 2011).  Post restoration monitoring is incredibly helpful in measuring the restoration (Hopfensperger et al., 2006).  One benefit is that it allows organizations such as the Department of Fish and Wildlife to make confident decisions about land management.  Because governments and other organizations can make use of the data collected by our research and other similar monitoring projects, scientists help to facilitate an important step in maintaining healthy ecosystems.
	It is important to understand that the data collecting in Spring 2011 is merely a snapshot, a glimpse into what the benthic macroinvertebrate communities are really like.  Continued monitoring is essential to being able to understand what organisms are in the estuary and how they are changing over time.  Especially with the recent restoration efforts, this has never been a better time to start this.  With the support of organizations like USGS, NRNC and The Department of Fish and Wildlife, monitoring of the Nisqually Estuary will continue and the restoration efforts will continue to bring back our estuary.
	Possible ongoing research that is related to our study includes comparing our results to pre-restoration data from USGS and conducting more frequent sampling through out the year at select sites that are changing rapidly in the estuary.  This would provide useful data that would be fairly easy to acquire.  Instead of doing multiple sites, we would only focus on a few.  This would reduce both field and lab work.  
	Other projects include comparing our results to stomach content analyses (fish and bird diets) to see if the food resources we are finding (i.e. the invertebrates) are in fact being consumed by fish and birds.  Fish populations such as salmon are under great concern by many organizations.  This project would allow us to see where their food sources are located.  This information would be huge for organizations that are trying to protect salmon and other wildlife, because this would give them proof that certain areas in the estuary need to be more protected or more restored.  The greater the area of protection/restoration, the better off the wildlife will be.  The outcomes of these project supports even further the importance of monitoring projects, especially in areas of restoration.   
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