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Background and Justification:  

Most of the former Cargill salt evaporation ponds (4000 ha) along the Napa River northwest of Vallejo were purchased in 1992 for their outstanding wildlife value.  California Department of Fish and Game (CDFG) became the agency responsible for managing the new Napa-Sonoma Marshes.  The State Coastal Conservancy (SCC) joined with CDFG in 1998 to develop a Napa River Marsh Feasibility Study under the Corp of Engineers restoration program (COE 2003) to determine alternatives for maximizing wildlife values.  In that same year, the U. S. Geological Survey (USGS) initiated a research and monitoring program on the ecology of salt ponds in the Napa-Sonoma Marshes through the USGS Place-based Program for ecosystem studies (Miles et al. 2000, Takekawa et al. 2001a).  The goal was to better understand existing salt pond values and to develop monitoring methods and information for restoration planning.  

Monitoring of water quality, primary productivity, plants, invertebrates, fishes, and birds was conducted from 1999-2002, providing a baseline of information to assess restoration progress.  After salt production ceased, water levels fluctuated widely in the inner ponds (Ponds 3-7) from 1999-2002 because of the deteriorating water delivery system.  By July 2002, Ponds 4 and 5 were dry and Pond 3 was shallowly inundated.  Salinity levels on Pond 3 had increased to 59.7 ppt on 25 Jul 2002.  Sometime in early August 2002, the north end of Pond 3 was breached near the siphon to Pond 4 with a narrow (<0.5m) channel extending 5 m across the levee.  The breach provided a unique opportunity to obtain empirical data on a breached pond within the proposed restoration project, and an additional southern breach was opened on 12 September 2003.  SCC supported additional monitoring by USGS and Phillip Williams and Associates (PWA; M. Orr) from Nov 2002 to May 2003.

On Pond 3, salinity increased near the breach in South Slough.  The water level rose because of tidal pumping, which altered salinity, temperature, dissolved oxygen (DO) and pH.  In mid-December, the combination of high tides and storms widened the breach from <0.5 m to 23 m and created a scour hole in the slough 8 m deep and 45 m long.  Salinity decreased from 45 ppt to 20 ppt, a level similar to the Napa River.  However, minimal erosion occurred at the southern breach to Dutchman Slough because the location and elevation allowed little exchange of water.  Several new species of fish were detected in June 2003, and bird species that use shallowly inundated habitats increased.  Continued monitoring of this breached pond will provide a wealth of data for predicting changes in the full restoration and optimizing monitoring and adapting Phase I of the restoration.

The primary objectives in the draft Napa River Salt Marsh Restoration Draft Feasibility Report (COE, 2003) are to: 1) create a mix of tidal and managed pond habitats for a broad range of wildlife; 2) restore large areas along the Napa River to benefit fish and aquatic animals with connections between patches; and 3) improve the ability to manage water depths and salinities to maximize habitat for birds.  Phase I of the restoration project includes levee repairs, water control structures, habitat restoration components, and salinity reduction (COE 2003).  Phase I was recently funded through a Calfed Grant (#31, Napa-Sonoma Marsh Restoration Project) with proposed habitat monitoring for each pond up to ten years after breaching (Appendix I), including a wildlife monitoring section submitted by USGS.  Here, we have developed a scope of work to accomplish the first 3 years of wildlife monitoring within the framework of the Calfed project in support of Phase I of the Napa-Sonoma Marshes Restoration Project.

Objectives:  

1. Summarize and continue baseline monitoring of primary productivity, macroinvertebrate, fish, and bird use to assess effects on wildlife for the Phase I Restoration.

2. Conduct construction and post-construction surveys with emphasis on Ponds 3-5 to track changes during the Phase I Restoration.

3. Establish avian point counts for passerines and rails and small mammal surveys on Ponds 3-5 to characterize fringing marshes and determine construction effects on tidal marsh species.

Procedures:  
Objective 1.  Summarize and continue baseline monitoring of primary productivity, macroinvertebrate, fish, and bird use to assess effects on wildlife for the Phase I Restoration.
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Wildlife monitoring will continue in Ponds 3, 4, and 5 where construction will occur and data will be compared with Ponds 1, 2, and 7.  Water quality will be sampled bimonthly, primary productivity and macroinvertebrates will be sampled quarterly, fish will be sampled semiannually (dry and wet seasons), and birds will be surveyed bimonthly.

Water pH, temperature, turbidity, and dissolved oxygen will be determined with water quality meters (Hach Hydrolab), and salinity will be measured with meters or hydrometers.  Samples will be taken at 2-5 locations on the perimeter of the ponds to account for spatial variation.  The water quality measurements will build on the existing USGS database to document baseline, construction and post-construction variation.

Primary production and macroinvertebrates will be sampled quarterly.  Chlorophyll will be measured with a SCUFA (Self-Contained Underwater Fluorescence Apparatus) submersible fluorometer, and nitrogen (NH4-N and NO3-N), total and soluble phosphorus, and sulfur concentrations will be analyzed in the laboratory (Dep. of Natural Resources Lab, Univ. of Calif. at Davis).  
Samples will be taken at four locations within quadrants dividing each pond equally.  Three sediment samples per quadrant will be sieved through 1.0 mm mesh screens to determine invertebrate composition and abundance.  Samples will be preserved in ethanol, glycerol, and rose bengal and stored.  Invertebrates from these samples will be sorted and identified at the UC Davis invertebrate lab, and then a sub-sample dried and weighed to estimate total biomass.  Four pelagic sweep samples (one per quadrant) will be taken per pond for invertebrates, and processed as above.
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Fish will be surveyed semiannually (dry and wet season).  Dry ponds or those with salinities >70ppt are devoid of fishes and will not be sampled.  Fish will be taken from 3-5 fixed sampling sites in each pond (see Miles et al. 2000, Takekawa et al. 2001a) with standard (15 m) hauls with a 5.5 m (1.8-m deep) bag seine (3.2 mm mesh) and with net sets (2 h) with monofilament gill nets (38 m x 1.8 m) of variable mesh (12.7 mm, 15.4 mm, 38.1 mm, 50.8 mm, and 63. 5 mm panels) where conditions allow.  Other sampling gear types may be substituted to assess distribution and relative abundance of juvenile and adult fishes. Captured fish will be identified to species (Miller and Lea 1972, Moyle 2002, Eschmeyer et al. 1983, McGinnis 1984), or if needed, voucher specimens will be submitted to taxonomic specialists.  All captured fish will be counted, and the first 25 of each species measured for total length.  Fish assemblages will be characterized and related to environmental variables with cluster or multivariate analyses (Green and Vascotto 1978, Ludwig and Reynolds 1988).

Bird surveys will be conducted bimonthly on all ponds in the Napa-Sonoma Marshes to document changes in distribution of the bird community in response to the Phase I.  USGS has provided baseline data through monthly to bimonthly bird population monitoring since 1999 restoration (see Takekawa et al. 2000, Takekawa et al. 2001b, Warnock et al. 2002); surveys will be conducted in all ponds following existing protocols (Miles et al. 2000, Takekawa et al. 2001a).  Ponds will be divided into 250 m x 250 m grids (6.25 ha) mapped in Arcview coverages (ESRI, Inc.).  All birds will be counted within 3 hours of high tide on each pond.  Birds will be identified to species, enumerated, and recorded in a grid square.  Data will be entered in spreadsheets, appended as point coverages, and grouped into abundance classes by grid.  Birds will be analyzed by month, grid, foraging guild, and behavior.  Feeding and non-feeding behavior will be recorded to estimate mean diurnal foraging rates.  Water temperature will be taken, salinity measured with hydrometers, and water depths recorded at staff gauge levels during each survey.  
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Procedures for Objective 2. Conduct construction and post-construction surveys with emphasis on Ponds 3-5 to track changes during the Phase I Restoration.

Monitoring of project breaches and sedimentation changes are important tools to assess restoration progress. USGS will continue to measure breach dimensions and bathymetric slough cross-sections on Pond 3 to determine changes in the width of the breaches.  We will also sample cross-sections of the sloughs near breaches on a bimonthly basis.  A pre-construction survey of the bathymetry of each pond exists (COE 2003).  However, we will conduct 1-2 surveys of post-construction bathymetry in Ponds 3, 4, and 5 if water levels permit use of our echosounder system and boat.  This will provide comparison of pre-construction bathymetry with Phase I changes.  These point data will be interpolated into an ArcGIS grid coverage and will provide baseline bathymetry data to be compared to future surveys to determine changes in sedimentation within the ponds.  Oblique digital photos from repeated photo point locations will also be taken to show the changes.
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Water depth will be measured using water quality monitors and by reading staff gauges in the ponds, and tidal range of the breached ponds will be determined on a quarterly to semiannual basis.  We will recommend installation of staff gauges as needed to properly monitor water levels if water levels are not uniform.  USGS will place erosion pins (5-cm PVC pipe buried to 1 m) along transects of levee walls inside project ponds (3-5 places).  These pins will allow measurement of any erosion of inner levee walls.

Wildlife monitoring methods will follow Objective 1 with increased frequency of surveys on Ponds 3, 4 and 5.  Sampling in these ponds will be increased to help determine changes during construction and post-construction.  Thus, water quality will be sampled monthly, elevations and breaches examined monthly, macroinvertebrates sampled quarterly, fish sampled semiannually (dry and wet seasons) or more frequently to improve surveys for new species, and birds will be sampled monthly.

Procedures for Objective 3.  Establish avian point counts for passerines and rails and small mammal surveys on Ponds 3-5 to characterize fringing marshes and determine construction effects on tidal marsh species.

Little monitoring has been conducting on the fringing marshes in the Napa-Sonoma Marshes; however, these marshes will be the source of native populations expected to colonize the newly created wetland areas.  In addition, construction will affect sections of the existing fringing tidal marshes along the pond levees.  Loss of more than 79% of tidal marshes in the estuary since the late 1800s has caused significant reductions in distribution and abundance of several endemic species including the federally and state endangered California clapper rail (Rallus longirostris obsoletus) and salt marsh harvest mouse (Reithrodontomys raviventris), and state threatened California Black Rail (Laterallus jamaicensis coturniculus; Gill 1979, Harvey 1988, Evens et al. 1991, Harvey et al. 1992, Eddleman and Conway 1998, Goals Project 2000)

Therefore, we will conduct vegetation surveys, point counts, small mammal trapping following our existing protocols (Takekawa et al. 2002) to monitor effects of Phase I construction.  We have existing federal and state permits to survey endangered species in tidal wetlands including trapping of the salt marsh harvest mouse (Reithrodontomys raviventris).  Plots will be established in areas where construction will take place, as well as in an equal number of adjacent control areas.  Monitoring will occur prior to, during, and following construction to document any changes in tidal marsh biota. 
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We will conduct variable circular plots to determine relative abundance and densities of tidal marsh passerines such as the San Pablo song sparrow (Melospiza melodia samuelis).  In addition, we will conduct passive surveys or playbacks of recorded species-specific rail vocalizations to detect the presence of rails in the fringing areas of marsh surrounding the Napa-Sonoma salt ponds following standard agency protocols.
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Trap grids (5x5: see Takekawa et al. 2002) or point samples (4 per point: see Padget-Flohr 2003) will be established in construction and control areas.  Grids will be flagged and trapped for 3 nights.  Each captured animal will be identified to species.  Records for each captured animal will include: 1) species, 2) gender, 3) reproductive condition 4) external parasites or wounds which might affect survival and reproduction, 5) measurements (weight, body, tail, body/tail ratio, hindfoot length), and 6) color (ventor, chin, upper lip, forefeet, hindfeet) after Fisler (1965).  On captured small mammals, small flank patches will be trimmed to identify recaptures.  Densities will be reported as animals captured per trap night, or for species with enough samples, calculated per unit area with Program CAPTURE.

Principal Investigators:

John Y. Takekawa, Research Biologist, USGS, WERC, PO Box 2012, Vallejo, CA  94592; tel: 707/562-2000; fax: 707/562-3001; email:john_takekawa@usgs.gov

A. Keith Miles, Research Ecologist, USGS, WERC, 1 Shields Ave., Univ. of Calif., Davis, CA 95616; tel: 530/752-5365; fax: 530/752-9680; email:keith_miles@usgs.gov

Michael K. Saiki, Research Biologist, USGS, WFRC, 6924 Tremont Rd., Dixon, CA 95620; tel: 707/678-0682x617; fax: 707/678-5039; email:michael_saiki@usgs.gov

Project Coordinator:

Nicole Athearn, Biologist, USGS, WERC, PO Box 2012, Vallejo, CA  94592; tel: 707/562-2002; fax: 707/562-3001; email: nathearn@usgs.gov

Cooperators and Collaborators:
Judith Drexler, USGS, Sacramento State Univ., Placer Hall, Sacramento, CA 95819; tel: 916/278-3057; fax: 916/278-3071; email: judith_drexler@usgs.gov

David Schoellhamer, USGS, Sacramento State Univ., Placer Hall, Sacramento, CA  95819, tel: 916/278-3126; fax: 916/278-3071; email: dschoell@usgs.gov

Timeline:  Initial work will commence from final signature of the agreement for three years unless extended by mutual agreement to continue monitoring and writing of the final report.  A timeline for the work elements is given in the table below for quarters of the year.

	Work Element
	Year 1
	Year 2
	Year 3

	
	1
	2
	3
	4
	1
	2
	3
	4
	1
	2
	3
	4

	Obj 1: Initial wildlife monitoring
	X
	X
	X
	X
	X
	X
	
	
	
	
	
	

	Obj 2: Construction surveys
	
	
	
	
	X
	X
	X
	X
	X
	X
	X
	X

	Obj 3: Salt marsh species surveys
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X
	X

	Report writing
	
	
	
	X
	
	
	
	X
	
	
	X
	X

	Report review
	
	
	
	X
	
	
	
	X
	
	
	
	X


Products:  Quarterly summaries will be provided electronically.  Databases will be updated monthly and provided for immediate use in the adaptive management planning processes.  Annual reports will be completed in the first 2 years, with a final report within 6 months of the end of the third year.  Pond coverages will be made available on CDROM for project partners as GIS grids in NAD83, NAVD29 datum with UTM coordinates.  Scientific contributions including presentations and papers will be prepared from collected datasets.
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Table 1.  USGS Current Scope of Work (November 2003 to November 2006)

	
	Ponds
	Parameter
	No. of Samples
	Frequency 

	Water Quality
	3, 4, 5
	DO, Temp, pH, turbidity, salinity
	2-5 perimeter samples/pond 
	Bimonthly (monthly in 3, 4, 5 after construction begins)

	PP and nutrients
	3, 4, 5 
	Chlorophyll, nitrogen, phosphorous, sulfur
	4/pond
	Quarterly

	Macroinverte-brates
	3, 4, 5 
	Composition

/abundance
	3 sediment samples /quadrant/pond + 1 pelagic sweep /quadrant/pond
	Quarterly

	Fish
	3, 4, 5 
	Composition

/abundance
	3-5 fixed sites/pond
	Semi-annually

	Bird Use
	1, 1A, 2, 3, 4, 5, 7, 7A, 8
	Distribution
	Grid, foraging guild, behavior
	Bimonthly (monthly in 3, 4, 5 after construction begins)

	Construction & Post-Construction Ssurveys
	3
	Breach dimensions; bathymetric slough x-sections
	
	Bimonthly (monthly in 3, 4, 5 after construction begins)

	Bathymetry
	3, 4, 5
	
	1-2 surveys
	1 or 2 in 3 years

	Hydrodynamics & Sedimentation
	3, 4, 5
	Water depth, tidal range, sedimentation
	Erosion pins read bimonthly, tidal range determined semi-annually after pond is opened to tidal action
	Semi-annually

	Vegetation 
	3, 4, 5
	Surveys 
	(see Takekawa et al. 2002)
	Prior, during, post construction (3)

	Passerines, Rails, Small Mammals
	3, 4, 5
	Density/abundance
	Trap grids or point samples
	Prior, during, post construction (3)
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