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Technical Report:  Feasibility of Implementing a Zebra Mussel Monitoring Program within the Sacramento-San Joaquin Rivers and Delta, California

Abstract

The non-native, invasive zebra mussel Dreissena polymorpha is a very real and dangerous threat to the health and welfare of the Sacramento/San Joaquin Delta.  It has spread throughout the east and Midwest and is now threatening to pass the 100th meridian line, into the far western states.  As part of a pilot study funded by the Non-native Invasive Species Project (NIS), the Stockton Fish and Wildlife Office (STFWO) conducted an investigation to look into a feasible monitoring project that would enable detection of zebra mussels if introduced into the waters of the Delta.  Our investigation did not produce any zebra mussel veliger or adult observations within California, however, a much broader monitoring project should be established to produce a more effective monitoring system.
Introduction

The spread of the exotic zebra mussel Dreissena polymorpha has been the concern of aquatic resource managers since 1988 when it was introduced into Lake St. Clair, near Detroit by way of ballast water (Herbert et al. 1989).  The native range of the zebra mussel includes the Black, Caspian, and Azov seas (Stanczykowska, 1977).  Between 1800 and 1900, the zebra mussel doubled its European range and is now found throughout most of Europe, (Schloesser, 1995) and has extended into western Asia and south into Turkey (Mackie et al, 1989).   Within the US, it has spread from Lake St. Clair into Lake Erie, the western edge of Lake Ontario and the St. Lawrence River (McMahon, 1996) and into the Hudson River.  Additionally, the zebra mussel is now found in many of the Mississippi River tributaries, including the Ohio, Tennessee, Cumberland, and Arkansas Rivers (Griffiths et al., 1991; Ram et al, 1992; O’Neill and Dextrase, 1994).  By 1995, the zebra mussel had invaded waters in 20 of the 38 U.S. States east of the Rocky Mountains (Ram and McMahon, 1996).  The rapid spread and subsequent establishment are due to the zebra mussels high fecundity, passively dispersed veliger stage, ability to attach to hard surfaces utilizing byssal threads, and the ability to stay alive out of water for extended periods of time (Ram, 1996; Tyus et al., 1994).  These characteristics allow zebra mussels to utilize many different transport methods (e.g. trailored boats, bilge water) to move across watersheds.  To try and limit expansion westward of the current range of zebra mussels, the 100th Meridian Initiative (www.100thmeridian.org) was formed by joint cooperation of social, political and scientific communities aimed at informing the public of the costly economic and ecological impacts this invasive species carries (Mangin 1998).

Fortunately, established populations of zebra mussels have not been detected west of the 100th Meridian (Drake and Bossenbroek, 2004).  However, zebra mussels have been detected in the western United States (Drake and Bossenbroek, 2004).  The westward movement of zebra mussels has been accomplished through transporting recreational or commercial vessels overland or via water from infested to non-infested areas (Johnson and Padilla, 1996).  These westward introductions have been possible mainly through the improper cleaning of live wells, boat hulls, and trailers.  Given that zebra mussels can survive out of water for extended periods of time and their tendency to congregate in very high densities (Whittier et al, 1995), resource managers are concerned that its not a matter of when, but rather where this invasive species will be first observed in California’s Central Valley (Drake and Bossenbroek, 2004).   
Recreation has been identified as the major pathway for the introduction of zebra mussels to the Sacramento and San Joaquin rivers and delta (Delta) by transporting infested boats, personal watercraft, and related equipment into these uninfested waters (Mangin, 2001).

 According to Drake and Bossenbroek (2004), the Central Valley has a combination of biological and physical features that would allow for the colonization of zebra mussels.  Once the zebra mussel is introduced into the Delta, it can spread throughout many of the waterways of California by way of recreational boats, trailers, water diversions, pumping facilities and fish hatchery operations.
The transport of the veliger stage can have drastic repercussions (Leach 1992, Morton 1993).  If conditions are optimal, the veligers will settle onto a hard substrate including water intake pipes at industrial or commercial plants or water pumping facilities. When large numbers of larvae settle in man-made raw water systems they accumulate in great numbers forming thick mats which can restrict water flow even in large diameter piping, increase sedimentation rates and promote surface erosion (Mackie et al., 1989; McMahon, 1992).  Early North American experiences with zebra mussel infestations in power stations, water treatment plants and industrial facilities on the Great Lakes indicate that the fouling problems were more severe that reported from Europe (Claudie and Mackie, 1993).   Thousands to billions of dollars in damage and down time have been reported from zebra mussel infestations in the Great Lakes region (New York Sea Grant 1994).   If zebra mussels infested California’s Central Valley water pumping facilities, economic damages could reach into the millions of dollars.  In addition to economic burdens within the Central Valley, if veligers were taken in to a pumping facility they could potentially be transported throughout California, and the number of infested sites and economic loss could be catastrophic.  An infestation of the Central Valley pumping facilities could impact both agricultural and municipal water systems in both Northern and Southern California.
A report by Messer and Veldhuizen (2005), documented 24 boats examined at California Agricultural Inspection sites between 1993 and 1997 were found to have zebra mussels attached to the boat hulls or in the engine compartments.   At one inspection site (CDFA  Inspection Station, Truckee, CA), zebra mussels were found attached between the hull and trim tabs of a boat (Figure 1).  In this instance, the commercial hauler abandoned the boat in a Stockton, California marina parking lot that subsequently flooded, potentially introducing zebra mussels to the Sacramento-San Joaquin Delta (Messer and Velduizen, 2005). 
Due to the threat zebra mussels pose to the Central Valley, coordination efforts related to zebra mussel monitoring are underway.  The USFWS, CalFed, and invasive species programs are funding, coordinating and providing technical assistance regarding these issues.  Efforts that are currently underway include projects run by the Department of Water Resources (DWR), Delta Juvenile Fish Monitoring Project (DJFMP) and Portland State University (PSU).   Based on existing documentation showing that zebra mussels have been transported into California, DWR, with funding from CalFed, has developed a Zebra Mussel Early-Detection and Outreach Project (ZMEDOP).   Implemented in 2000, ZMEDOP established a zebra mussel early-detection monitoring program and public outreach campaign in California’s Central Valley watershed, including the Sacramento-San Joaquin Delta (Messer and Velduizen, 2005).  This project, with the assistance of DWR staff, monitors a volunteer-based program that specifically addresses:  educating the public on how the zebra mussel would impact resources and recreation, information to help prevent the infestation of California waters, and the development of an early detection monitoring plan including field sampling for early detection of zebra mussels. 
The ZMEDOP established six sites in the Delta to be sampled:  Bridgehead Marina, Eddos’s Harbor, Herman and Helen’s Marina, Holland Riverside Marina, River Point Landing and the Tracy Fish Collection Facility (TFCF).  All sites except TFCF, were established in December of 2004, and are monitored year-round by DWR personnel.  The TCFC site was established in September of 2004 and is monitored daily by employees of the United States Bureau of Reclamation (USBR).  The other five sites are monitored year-round.  DWR uses a “Portland” sampler for zebra mussel detection (Marsden 1992, Pennington and Sysma 2002).  DWR uses volunteers at all other bodies of water to retrieve the samplers on a monthly basis.  Samplers that are removed are replaced by new ones. While this type of monitoring device samples for both veliger (larval), newly settled juveniles and adult life stages of zebra mussel, it is a passive type of device that requires moving water to effectively sample for zebra mussels. A concern with volunteer based sampling is the potential for irregular consistency in examining the samplers and providing documentation of results (Messer and Veldhuizen 2005).  
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 Figure 1.  Photo showing vessel and attached zebra mussels. (Photos by K. Webb, USFWS).
To augment the ZMEDOP designed by DWR, The U.S. Fish and Wildlife Service (USFWS), California –  Nevada Operations Office, Aquatic Nuisance Species Program (ANS), funded the USFWS Delta Juvenile Fish Monitoring Program (DJFMP) to implement a short-term pilot study to determine the feasibility of implementing a Central Valley-wide zebra mussel early detection monitoring program utilizing a long-term, trained monitoring crew.  This pilot study was designed to incorporate and evaluate on-the-ground zebra mussel monitoring within the framework of existing fisheries monitoring activities conducted by DJFMP .   The DJMFP actively monitors sites throughout the Delta for juvenile fish, primarily salmon, as part of the Interagency Ecological Program (IEP).  Sampling methods used by the DJMFP include beach seining, midwater and kodiak trawling.  This monitoring is designed to detect less abundant races of salmon and notify water operations managers so that pumping operations can be altered to lessen or eliminate hazards to these emigrating fish.   The early detection sampling conducted by DJFMP will augment the ZMEDOP by using different passive sampling equipment to detect settled juveniles and adults, incorporating active sampling for veligers and settled juveniles and adults, and by examining additional high risk sites within the Delta.  Three objectives were defined for the DJFMP pilot study for early detection of zebra mussels:  1. Develop and implement a short-term pilot study to monitor for the presence of zebra mussel veligers and settled individuals at select locations within the Delta by the examination of water samples, underwater infrastructure (i.e., rip rap, tidally exposed pilings), and artificial substrate samplers;  2.  Assess the pilot study along with risk assessment documents to develop a cost-effective zebra mussel monitoring network in the Delta waterways; 3.  Provide additional recommendations to the ANS program, on the most feasible methods for long-term zebra mussel monitoring in and around the Delta.

ZEBRA MUSSEL BACKGROUND
Life Cycle

Zebra mussels are dioecious (either male or female) broadcast spawners and are sexually mature within their second year (Ram and McMahon 1996).  Mature females can produce 30,000 to 1,000,000 eggs per year. Spawning occurs when water temperatures exceed 12º C and generally peaks between 15º to 17º C (Nichols 1993; Claudi and Mackie 1993).  The fertilized egg develops into a free-swimming trocophore veliger with a ciliated velum, which is used for swimming and filtering food from the water.  This trocophore veliger stage lasts only 6-20 hours, after which the veliger remains planktonic and forms a shell.  This life stage is temperature dependent and lasts from 7-30 days.  The planktonic stage lasts from three days to three months depending on water temperature (Nichols 1993); however, McMahon (1990) reports that the development of veligers from the time of hatching to settlement of the post-veliger of generally 8-10 days.   Since the veliger larvae are planktonic, they can be easily dispersed from one body of water to another.   It is at this stage that initial infestation can occur.  Zebra mussel larvae settle to the bottom and must attach to a hard substrate using byssal threads in order to survive.  Once attached, zebra mussels can live anywhere from 6 to 19 years (Karpevich, 1964).  Temperature, salinity and calcium are limiting factors for survival, growth, and reproduction.  Zebra mussels grow and reproduce best in water temperatures ranging from 12º to 26ºC and a calcium content ranging from 25 to 35 mg/L.  Calcium is critical for growth and maintenance of the shell.  Food is obtained through filter feeding.  It is estimated that the filtering capacity of zebra mussels can be between 10 to 100ml/individual/hour (Claudi and Mackie 1993).

Zebra Mussel Tolerances to Selected Water Quality Parameters 
Costan et. al (2002), provided data related to the physical and chemical conditions essential to zebra mussel growth, as thresholds for zero growth and optimum growth.  Optimum temperatures for growth and reproduction range between 12º C and 26ºC (Claudi and Mackie 1993).  Zero growth thresholds were: less than 8º C and greater than 30º C for water temperature; less than 36μS/cm conductivity; less than 7.4 pH; less than 11mg/L Calcium; and a current speed greater than 1.5 m/s.  Whittier et al. (1995) stated that zebra mussels could not colonize in northeastern lakes in part because soft water causes ion exchange and reproductive problems when [Ca²+] reaches a lower limit of 12mg/L and pH drops below 7.3.  In a study of 76 European lakes, Ramcharan et al. (1992) found no occurrences in lakes with pH < 7.3 or [Ca²+] < 28.3 mg/L.  Laboratory studies by Sprung (1987, 1993) indicate that zebra mussel larvae require [Ca²+] above 12 mg/L, with limited survival rates in the 12-20 mg/L range.  Salinity ranges based on literature by Jarvekulg (1979) states that in the Baltic Sea region, zebra mussels can tolerate waters from 0 ‰ to 6.0 ‰.  The peak of larval abundance was observed in areas with a salinity of 0.3 to 0.7‰ (Wictor, 1969).  Tolerances of oxygen saturation, under normal water quality conditions (pH, Ca levels, Temperature) for zebra mussels, were found where saturation is no less than 90% (Zhadin, 1946).  However, in reservoirs, zebra mussels have been found in areas when oxygen saturation is 70-80% (Ovchinnikov, 1954).  Feigina (1959) documented zebra mussels in areas where oxygen concentrations are at 50% saturation.  While these data seem to suggest that adult zebra mussels have a wider tolerance to water chemistry and climatic conditions, it was thought that veligers were much less tolerant to these same conditions, however Reed et al (1996) suggested that veligers were capable of delaying settlement and overwintering in the planktonic stage.  It has been documented that veligers in the lower Ohio River were able to tolerate temperatures as low as 7ºC (Reed, et. al., 1996).  These data suggest that zebra mussels can tolerate a wider range of physical and chemical conditions as adults, as well as in the veliger stage.

In California, A review of zebra mussel environmental requirements was conducted by Cohen and Weinstein in 1998.  This review was conducted to determine how well zebra mussels could tolerate environmental conditions in 160 lakes, rivers, reservoirs, aqueducts and canals.  They concluded that most coastal watersheds, the west side of the Sacramento Valley, the San Joaquin River and the southern part of the Delta provide suitable habitat for zebra mussels.  They also concluded that colonization would be prevented throughout most of the Sierra Nevada and Upper Sacramento River watersheds due to low levels of both calcium and pH.  In a report published for CALFED by the Division of Environmental Services Branch of the DWR, Messer and Veldenhuizen (2005) used data adapted from reports by Cohen 2005, Cohen and Weinstein 1998, O’Neill 1996, and McMahon to determine the level of risk for Central California watersheds.  These risk levels were determined using four factors: water chemistry, presence/absence of corbicula colonies, resident boater popularity and out-of-state boater popularity.  The resulting table showed an overall risk factor for 68 waterbodies within the Central Valley.  Of these, eight were at high risk, 13 were at moderate risk, 10 were at moderate to low risk, 23 were at low risk, seven were at low to no risk and seven were at no risk (Messer and Veldenhuizen 2005).   High risk areas included the Sacramento-San Joaquin Delta; with portions of the Sacramento River rated as having a moderate risk and portions of the San Joaquin River at Friant Dam as having a low risk.       
Methods

Site selection

The DJFMP currently samples 44 different sites within the Sacramento and San Joaquin Rivers and Delta using beach seining techniques (Figure 2) on a weekly basis. Bay sampling sites were not considered due to salinity (salinities ranged from 18.86 ppt in the North Bay (San Pablo) to 31.85 ppt in the Central Bay). To examine the feasibility of incorporating zebra mussel monitoring within DJFMP existing fisheries sampling, five sites that coincide with or are en route to DJFMP south Delta sampling sites (Cruiser Haven, Dad’s Point, Lost Isle, Union Island, and Woodward Island) were selected for the pilot study (Table 1).  Site selection was based on the sites proximity to boat ramps or marinas, a shipping channel, and/or water operations facilities.  
Water quality methods

Water quality parameters were generally documented at each site during the study to provide preliminary information related to conditions that may or may not support zebra mussels within the Delta. Air temperature (°C), water temperature (°C), dissolved oxygen (mg/L and percent saturation), conductivity ((S), specific conductance ((S), and salinity were measured using a YSI 85.  A YSI 60 was used to measure pH.  Turbidity was measured using a secchi disk.  Latitude and longitude coordinates were taken using a Garmin GPSmap76  hand held GPS unit.  All data collected were recorded onto a field datasheet.

[image: image2]
       Fig. 2  Stockton Fish and Wildlife Office DJFMP sampling locations.
Table 1.  Delta juvenile fish monitoring program sites selected for zebra mussel monitoring for 2005.

	
	
	
	
	
	
	

	Site Number
	
	Site Name
	
	Latitude (N)
	
	Longitude (W)

	
	
	
	
	
	
	

	1
	
	Dad’s Point
	
	37° 57.426’
	
	-121 20.880’

	
	
	
	
	
	
	

	2
	
	Turner Cut
	
	37º 59.055’
	
	-121º 28.216’

	
	
	
	
	
	
	

	3
	
	Middle River @ Hwy 4
	
	37º 53.463’
	
	-121º 29.361’

	
	
	
	
	
	
	

	4
	
	Old River @ Hwy 4
	
	37º 49.589’
	
	-121º 33.123’

	
	
	
	
	
	
	

	5
	
	Union Island
	
	37º 49.589’
	
	-121º 33.123’

	
	
	
	
	
	
	


Zebra Mussel Detection
Two methods were selected to document the presence or absence of settled juvenile and adult zebra mussels at each site, artificial substrate samplers and infrastructure observations.  Additionally, zooplankton tows were conducted to document the presence or absence of the veligers life stage. All Hazard Analysis and Critical Control Point procedures developed for DJFMP beach seining activities were followed or modified as needed to prevent the spread of any ANS species or sample contamination.

Artificial Substrate Samplers
Two types of artificial substrate samplers were used during the pilot study; modified Hester-Dendy (MHD) samplers and acrylic plate samplers (APS), to detect the presence of settled juvenile and adult zebra mussels.    The Hester-Dendy plate sampler was modified, using 3 of the14 round masonite plates.  Each plate has an area of .019 m².  Several small plastic washers were stacked (55mm) to separate each plate.  A buoy and a weight were affixed to the sampler so that the surface of each plate would be vertically oriented within the water column (Figure 3). All samplers were placed so that the plates would be suspended at between 3 and 6 meters depth in the water column.  The modified Hester-Dendy (MHD) samplers were deployed 9 September 2005 at all sites except Union Island.  Specific location of each MHD sampler are as follows:  Dad’s Point boat launch area (dock approximately 25 meters northwest of the boat ramp); Turner Cut (last 5mph buoy on east side of marina; slough that exits onto main channel near Lost Isle seine site);  Hwy 4 Bridge on Middle River (center piling on east side of pilings); and Old River at Hwy 4 Bridge (on first set of pilings on east side of river, not in main channel, but on the outside of the pilings).  A sampler was not placed at Union Island in September due to heavy boat traffic.  Approximately 30 minutes per sampler was needed to assemble and deploy a sampler at each site.
Between September and November 2005, three of the 4 MDH samplers were either lost or stolen.  During December, new samplers with an improved design were deployed at four of the sites; resulting in two samplers at Middle River Highway 4.  The sampler at Union Island was attached to a water gauging station on the west side of Old River, just north of the DJFMP fish sampling site (OR023E). A sampler was not placed at Turner Cut due to mechanical boat failure.  The new acrylic plate sampler (APS) was designed based on personal communication with J. Herod (USFWS), and allows three plates to move freely within the water column while remaining vertical and allows for placement of the plates at different depths (Figure 4).  Each plate was 7.6 cm by 7.6 cm black acrylic plastic that was sanded to slightly scuff the surface to facilitate attachment.  Black acrylic was selected as plate material based on literature by Kilgor and Mackie, 1993 which stated that the use of acrylic plates did not differ significantly from PVC, which was the material used by Herod (Note: flat PVC plate material was not locally available) . The sampler was affixed (tied) to its location using 600# throwman’s twine (MHD) or ½” solid braid nylon rope (APS).  Each sampler was inconspicuously attached to buoys or pilings so that the sampler was approximately 3.5 to 7 m deep during low tide and was at least 1 foot above the river bottom.  Verbal permission was attained for use of buoys or other private property.
In subsequent visits to each site, the last two plates were removed from the MHD sampler and placed into labeled 0.5L Nalgene containers with 70% isopropyl alcohol. Then, two new plates were added to the sampler and the sampler was returned to the water.  During October 2005, the MHD plates were put into the Nalgene containers with distilled water and were fixed in alcohol in the laboratory. After personal communication with J. Herod (USFWS), the plate exchange method was modified in December.  The modification consisted of removing only one plate each month, with the second plate removed after completion of one half of the study.  The pilot study completion date was February 22, 2006, so the second plate of the MHD sampler was removed in January 2006.  The third plates were all scheduled for removal at the end of the study.  The purpose of removing plates each month is to detect any new settlement, while removing a plate mid-way through and at the end of the study allows for a moderate amount of biological growth, which would potentially show an increase in size of settled organisms. The exchange of plates required approximately 5 to 15 minutes per site.  Plates were processed in the laboratory by examining each plate under magnification; 40x to 100x power based on literature by Marsden, 1992.    The entire surface area of both sides of the plate (0.019m² for MHD and 0.020m² for APS) was examined to document presence or absence of settled zebra mussels. Examination of the plates in the laboratory took approximately 30 minutes per plate.   Data was recorded on the field data sheets (Appendix A) and entered into an excel spreadsheet.
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Figure 3. Modified Hester – Dendy sampler used in the Delta juvenile fish monitoring program’s zebra mussel monitoring pilot study.
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Figure 4. Acrylic plate samplers used in the Delta juvenile fish monitoring program’s zebra mussel monitoring pilot study.

Infrastructure Observations

At all sites, the surfaces of several pieces of rip rap, other hard surfaces within reach, and tidally exposed pilings were examined using either visual or tactile methods.  Tactile searches were completed by cautiously running a hand over the surface of the rip rap or other hard surface.  Visual searches were completed by scanning the hard surfaces for clumps of adult zebra mussels known as Druses.  When possible visual and tactile searches were combined at the same site.  


Zooplankton tows

To detect the veliger stage of zebra mussel, zooplankton tows were conducted using methods modified from Riessen et al. (1993), Fraleigh et al. (1993), and Garton and Hagg (1993).  Two vertical tows were collected from a depth of approximately 3 m –  9m to the surface using a 60-(m plankton net (18 inches in length, 5 inch diameter mouth, plastic collection container attached to the end of the net) (Figure 5). In order to achieve a vertical tow, a weight was attached to the end of the zooplankton net to prevent it from floating in the current.  At applicable sites, samples will be within 100 m of a boat launch or marina.  Tows will be made near shore in open waters at all other sites.  After towing, the sample was concentrated and rinsed using 70% isopropyl alcohol to flush zooplankton into attached collection jar and poured into a labeled sample jar.   For each tow; date, time of sample, site location, beginning depth of each sample, was recorded.  The samples were returned to the laboratory for examination.  In the laboratory, ten sub-samples (1-mL) for each tow sample were examined using a Sedgewick-Rafter counting cell under magnification (40X to 100X) to determine presence or absence of zebra mussels. Magnification was standardized based on methods by Marsden, 1992.   The total volume of each sample was determined using the formula for volume of a cylinder:  V=╥R²h, Where R=radius of mouth of sampler, and h= depth of water.  Data collected in the laboratory was recorded on the field datasheets and transferred to an excel spreadsheet.
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Figure 5. Zooplankton net used in the Delta juvenile fish monitoring program’s zebra mussel monitoring pilot study
To determine if zebra mussels can survive in the Delta, the database of the Bay Delta and Tributaries (BDAT) Project site was used.  BDAT contains environmental data concerning the San Francisco Bay-Delta and provides public access to that data.  Over fifty organizations contribute data voluntarily to this project.  The database includes biological, water quality, and meteorological data.  These can be used to gauge the health of the estuary and to manage water and environmental resources.  The water quality parameters used to determine if zebra mussels can survive in the Delta were:  water temperature, salinity, pH, calcium, and water velocity.  October through February 2005 data were examined to coincide with the zebra mussel investigation pilot project.   While the timeframe does not correspond with the spawning period of zebra mussels, these water quality parameters will allow a quantitative look at baseline requirements for the survival of both veligers and adults.  The data available is limited to temperature, water velocity, and specific conductance.  It is possible to convert Specific conductance to salinity in parts per thousand (ppt) to determine if this is a limiting factor.  

RESULTS

Artificial substrate samplers

On 27 October 2005, only two of the four MHD samplers were located: Turner Cut and Middle River, and new samplers were not deployed at Dad’s Point and Old River.  On 22 November 2005, only 1of the remaining MHD samplers were located (Middle River).  Again on 22 December 2005, the remaining MHD sampler was located at Middle River.  On 26 January 2006, the one remaining MHD sampler was not located.  On 22 February 2006,  a total of 16 MHD plates with a surface area of 0.019m²/plate (0.304m² total) and 8 APS plates with a surface area of 0.02m²/plate have been examined (0.16m² total).  No settled zebra mussels were detected on any artificial substrate samplers during the study (Table 2).
Visual and Tactile Examination of Infrastructure

Visual and tactile examinations were conducted during every sampling period at most sites.  No settled adult zebra mussels were observed at any of the five sampling sites (Table 3). 

Table 2. Documentation of the presence or absence of settled zebra mussels on two types of artificial substrate samplers, modified Hester-Dendy (MHD) and acrylic plate samplers (APS) between October 2005 and February 2006.  * = original MHD sampler located.
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	October
	
	November
	
	December
	
	January
	
	February

	
	MHD
	
	MHD
	
	MHD
	
	MDH
	APS
	
	MDH
	APS

	Site Name
	Plate 1
	Plate 2
	
	Plate 1
	Plate 2
	
	Plate 1
	
	Plate 1
	Plate 2
	Plate 1
	Plate 2
	
	Plate 1
	Plate 2
	Plate 3
	Plate 1
	Plate 2
	Plate 3

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Dad’s Point
	missing
	missing
	
	Missing
	missing
	
	missing
	
	missing
	missing
	missing
	missing
	
	missing
	missing
	missing
	missing
	missing
	missing

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Turner Cut
	absent
	absent
	
	Missing
	missing
	
	missing
	
	missing
	missing
	No sampler
	No sampler
	
	absent*
	absent*
	absent*
	No sampler
	No sampler
	No sampler

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Middle R. @ Hwy 4
	absent
	absent
	
	Absent
	absent
	
	absent
	
	missing
	missing
	absent
	absent
	
	missing
	missing
	missing
	absent
	absent
	absent

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Old R. @ Hwy 4
	missing
	 missing 
	
	Missing
	missing
	
	missing
	
	missing
	missing
	absent
	absent
	
	absent*
	absent*
	absent*
	absent
	absent
	absent

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Union Island
	No sampler
	No sampler
	
	No sampler
	No sampler
	
	No sampler
	
	No sampler
	No sampler
	missing
	missing
	
	No sampler
	No sampler
	No sampler
	No sampler
	No sampler
	No sampler

	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	


missing- defined as sampler not located , absent- not present at this location, No sampler-sampler was not deployed at this location

Table 3. Infrastructure observations, visual (V) and / or tactile (T) to document the presence or absence of settled zebra mussels between October 2005 and February 2006.
	
	
	
	
	
	
	
	
	
	
	
	

	Site Name
	
	Type of Surfaces Examined
	
	Examination Method
	
	Zebra Mussels Detected

	
	
	
	
	
	
	Sept.
	Oct.
	Nov.
	Dec.
	Jan.
	Feb.

	
	
	
	
	
	
	
	
	
	
	
	

	Dad’s Point
	
	Corrugated dock floats 
	
	T
	
	No
	No
	---
	No
	No
	No

	
	
	Wood Pilings
	
	T
	
	No
	No
	---
	No
	No
	No

	
	
	
	
	
	
	
	
	
	
	
	

	Turner Cut
	
	Rip rap along shoreline
	
	V
	
	No
	---
	No
	---
	No
	No

	
	
	Buoy
	
	V
	
	---
	---
	No
	---
	No
	No

	
	
	
	
	
	
	
	
	
	
	
	

	Middle R. @ Hwy 4
	
	Wood pilings
	
	V
	
	No
	No
	No
	No
	No
	No

	
	
	
	
	
	
	
	
	
	
	
	

	Old R. @ Hwy 4
	
	Wood pilings
	
	V
	
	No
	No
	No
	No
	No
	No

	
	
	
	
	
	
	
	
	
	
	
	

	Union Island
	
	Rip rap along shoreline
	
	V
	
	No*
	No
	No
	No
	No
	No

	
	
	
	
	
	
	
	
	
	
	
	


--- indicates that sample was not completed.
* indicates that this sample was visual and tactile.


Zooplankton samples

A total of 56 zooplankton tows (two tows per station) were conducted (3.903m³ water sampled) (Table 4).  Zooplankton samples were only examined for the presence or absence of zebra mussel veligers.  Other zooplankton were observed but not identified.  No zebra mussel veligers were detected within the zooplankton samples.  Laboratory examination of September and October zooplankton tows took a mean of 3 hours per tow (range from 1 to 5) to process.  The November zooplankton tow samples took a mean of 1.5 hours per tow (range from 1 to 2 hours per tow).  The December, January, and February zooplankton tow samples took a mean of .75 hours per tow (range from .50 to 1.0 hours per tow). 
Table 4.  2005 zooplankton sampling data 

	
	
	
	
	
	
	
	
	
	
	
	Volume sampled (m³)
	
	

	Location
	Water Temp °C
	Date
	Air Temp °C
	Secchi (m)
	E.C.
	D.O.
	pH
	Salinity
	Tow time
	Tow depth (m)
	V=╥R²H
	Total
	mussels present

	Dads Point
	22
	09/08/05
	23
	0.59
	
	
	
	
	
	3.7
	0.0836496
	
	No

	Turner Cut
	23
	09/08/05
	22
	0.89
	
	
	
	
	1057
	4.8
	0.1085184
	
	No

	Hwy 4 Bridge (Middle R)
	23
	09/08/05
	23
	1.1
	
	
	
	
	
	4.0
	0.045216
	
	No

	
	
	
	
	
	
	
	
	
	
	3.7
	0.0418248
	
	

	Union Island
	23
	09/08/05
	27
	0.86
	
	
	
	
	1255
	3.4
	0.0768672
	
	No

	Old River @ Hwy 4
	23
	09/08/05
	
	1.75
	
	
	
	
	
	4.75
	0.053694
	
	No

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	5.0
	0.05652
	0.5
	 

	Dads Point
	17.4
	10/27/05
	17.5
	0.47
	440
	3.22
	
	0.30
	0935
	4.0
	0.090432
	
	No

	Turner Cut
	18.2
	10/27/05
	21.6
	0.78
	402
	6.3
	
	0.2
	1440
	7.0
	0.158256
	
	No

	Hwy 4 Bridge (Middle R)
	18.0
	10/27/05
	20.3
	1.74
	303
	7.5
	
	0.20
	1334
	4.0
	0.090432
	
	No

	Union Island
	17.6
	10/27/05
	20.4
	
	333
	7.95
	
	0.2
	1305
	12.0
	0.271296
	
	No

	Old River @ Hwy 4
	17.5
	10/27/05
	20.1
	1.80+
	352
	8.8
	 
	0.2
	1250
	9.5
	0.214776
	0.8
	No

	Dads Point
	13.8
	11/22/05
	15.9
	0.72
	558
	5.7
	7.6
	0.3
	923
	3
	0.033912
	
	

	
	
	
	
	
	
	
	
	
	925
	3.1
	0.0350424
	
	

	Turner Cut
	14.6
	11/22/05
	17.4
	1.29
	346
	8.3
	7.6
	0.2
	1421
	4.1
	0.0926928
	
	No

	Hwy 4 Bridge (Middle R)
	14.5
	11/22/05
	16.5
	1.8+
	298
	9.5
	7.6
	0.2
	1315
	4.2
	0.0949536
	
	No

	Union Island
	14.6
	11/22/05
	18.8
	1.5
	312
	8.6
	7.6
	0.2
	1241
	3.2
	0.0361728
	
	No

	
	
	
	
	
	
	
	
	
	1245
	2.8
	0.0316512
	
	

	Old River @ Hwy 4
	14.4
	11/22/05
	21.6
	1.8+
	460
	9.3
	7.7
	0.3
	1213
	10
	0.11304
	
	No

	 
	 
	 
	 
	 
	 
	 
	 
	 
	1215
	10
	0.11304
	0.6
	 

	Dads Point
	11.1
	12/22/05
	14.4
	0.51
	554
	5.57
	
	0.4
	923
	3.8
	0.0429552
	
	No

	
	
	
	
	
	
	
	
	
	925
	3.1
	0.0350424
	
	No

	Hwy 4 Bridge (Middle R)
	10.8
	12/22/05
	14.8
	
	378
	9.62
	
	0.3
	1346
	4.8
	0.1085184
	
	No

	Union Island
	10.8
	12/22/05
	15.1
	0.94
	396
	9.2
	
	0.3
	1258
	7.8
	0.0881712
	
	No

	
	
	
	
	
	
	
	
	
	1308
	6.8
	0.0768672
	
	

	Old River @ Hwy 4
	10.9
	12/22/05
	15.6
	1
	532
	9.75
	
	0.4
	1207
	
	
	
	No

	 
	 
	 
	 
	 
	 
	 
	 
	 
	1207
	 
	 
	0.4
	 

	Dads Point
	9.8
	1/26/06
	11.7
	0.55
	202
	9.06
	7.38
	0.1
	915
	3.9
	0.0881712
	
	No

	Turner Cut
	10.2
	1/26/06
	13.6
	0.95
	205
	9.17
	7.57
	0.1
	1454
	6
	0.135648
	
	No

	Hwy 4 Bridge (Middle R)
	10.1
	1/26/06
	13.6
	1.02
	222
	8.73
	7.47
	0.1
	1324
	9
	0.203472
	
	no

	Union Island
	9.9
	1/26/06
	11
	0.72
	262
	9.15
	7.25
	0.2
	1228
	4.9
	0.1107792
	
	no

	Old River @ Hwy 4
	9.9
	1/26/06
	10.4
	0.64
	258
	9.22
	7.27
	0.2
	1202
	14
	0.316512
	0.9
	No

	Dads Point
	10.3
	2/22/06
	9.2
	0.63
	228
	9.37
	7.24
	0.2
	855
	4
	0.090432
	
	no

	Turner Cut
	11.4
	2/22/06
	12.2
	1.12
	269
	9.45
	7.52
	0.2
	1350
	3
	0.067824
	
	no

	Hwy 4 Bridge (Middle R)
	11.4
	2/22/06
	10.7
	1.05
	228
	9.03
	7.46
	0.1
	1239
	6
	0.135648
	
	No

	Union Island
	11.1
	2/22/06
	12.5
	
	190
	9.96
	7.56
	0.1
	1158
	4.5
	0.101736
	
	no

	Old River @ Hwy 4
	11
	2/22/06
	12.7
	1.36
	196
	9.75
	7.51
	0.1
	1120
	7
	0.158256
	0.6
	no 


Water Quality Analysis

We conducted water quality sampling at each of the five sample sites every month except September. Measurements for pH began in October.   Site specific measurements are in Table x.  Water depth averaged 7 meters (4.0 – 12.0) between the five sites.  Water temperature averaged 18.3º C (14.5 – 23).  Secchi readings averaged 1.31 (0.47 – 1.80+), however, there were two sites (Old River, Middle River) which the water clarity regularly exceeded the length of the secchi staff (1.8m).   Electrical Conductivity (EC) readings were not taken during the first sampling period, but regularly after and averaged 380 (303 – 558).  Dissolved Oxygen (DO) was not taken during the first sampling period, however, averaged 7.5 (3.2 – 9.5).   pH averaged 7.6 (7.6 – 7.7).  Salinity readings averaged 0.23 ppt (0.2 - 0.3 ppt) over the last two sampling periods (October – November)     
Sampling costs

Artificial substrate samplers

The cost of samplers varied based on type; commercially purchased traps (type 1) from Forestry Suppliers, Inc. were $24.50 per trap; 300’ of 600# strength throw line, 27.90 (50’/trap = $3.49);  5# weight (appx. $10.00), and 8” buoy (appx. $5.00), for a net cost of $42.99 per trap.  The fabricated traps (type 2) consisted of:  ¼”x3”x3” acrylic plate ($0.75 each) with two 5/16” drilled holes ($0.50/hole); six 7/16” I-bolts ($0.59/pkg. of 2);  three 7/16” hex nuts ($0.59/pkg of 2); three 7/16” wing nuts ($0.99 each) and 50’ of ½”solid braid nylon rope ($12.99/100’); 5# weight (appx. $10.00) and 8” buoy (appx. $5.00), for a total supply cost of $33.67. 

The cost of modification and fabrication of the traps was calculated based on salary of GS-9 biologist.   Time required to modify five commercial traps (.5 day: $24.22/hr X 4 = $96.88/5= $19.37 per trap).  Time required to fabricate five traps (~1 day:  $24.22 X 8 = $193.76/5= $38.75).  Total cost of a modified trap would be:  $42.99 (supplies) + 19.37 (labor) = $62.36.  Total cost of a fabricated trap would be: $33.67 (supplies) + 38.75 (labor) = $72.42.


Zooplankton samplers

The 60μm zooplankton samplers were purchased from (Aquatic Ecosystems, Inc ) at a cost of  $59.12 per sampler.  Other supplies required for zooplankton sampling were:  rope (50’ of 600# throw line, appx. $3.49), 2# weight ($2.50), sample container (square, 1000 ml; $4.41 ea.), isopropyl alcohol (4 liters (1 liter bottles); $165.15)


Field and Laboratory costs 
The cost of labor was determined based on the salaries of one GS-5 biological science technician; one GS-9 and GS-11 fisheries biologists.  A total of 13 sampling days were required to complete the field sampling component for the 2005/2006 zebra mussel investigation project at a cost of $ 3,025.06 (table 5).  The field labor costs were for field sampling and data entry and editing of collected field data.   A total of 15 days, at a cost of $ 3,732.98, was required to work up the samples in the lab.  Once the samples were analyzed, the data was entered and edited.   A total of 15 days at a cost of $2,906.40 were required to write the report.  

Other costs incurred included: fuel and maintenance for vehicles and boats ($100.00 per day), and miscellaneous supplies (YSI conductivity meter, $1,224.00; YSI pH meter $750.00). (Note that the cost of fuel is to complete the IEP Delta Juvenile Fish Monitoring; no additional cost of fuel and maintenance was required to complete the zebra mussel investigations.)    
Table 5.  Zebra Mussel Investigation Project Budget for FY05  
	Field Sampling Staffing

	Labor
	Rate
	Hours/Day
	Days/Year
	Yearly
	Benefits (30%)
	Labor + Benefits

	GS-5, step 1
	$15.98
	8
	3
	$383.52
	$115.06
	$498.58

	GS-5, step 1
	$15.98
	8
	3
	$383.52
	$115.06
	$498.58

	Biologist, GS 11
	$29.31
	8
	5
	$1,172.40 
	$351.72
	$1,524.12

	Biologist, GS 9
	$24.22
	8
	2
	$387.52
	$116.26
	$503.78

	 
	 
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	Total staff sampling days
	13
	Total staff sampling labor cost
	$3,025.06

	
	
	
	
	
	
	

	Laboratory Staff Summary
	
	 
	 
	 
	 
	 

	Task
	Staff
	Rate
	Hours/Day
	Days/Year
	Labor + Benefits

	sample processing and ID
	Bio Tech, GS5
	$15.98
	8
	1.5
	$249.29

	Data input
	Bio Tech, GS5
	$15.98
	8
	1.5
	$249.29

	Data analyses, report preparation, project oversight
	Biologist, GS9
	$24.22
	8
	8
	$2,015.10

	
	Biologist, GS 11
	$29.31
	8
	4
	$1,219.30

	 
	Total
	 
	 
	15
	$3,732.98

	 
	 
	 
	 
	 
	 
	 

	Total staff sampling days (field + lab)
	28
	Total staff  field + laboratory labor cost
	$6,758.04


DISCUSSION
No zebra mussel veligers, juveniles, or adults were detected in zooplankton tows, on artificial substrate samplers, or on infrastructure, between October 2005 and February 2006 at the five Delta sites.  Although zebra mussels were not detected, the possibility that zebra mussels have been or may be introduced still exists (Messer and Veldhuizen 2005). Sampling for zebra mussels within the Delta is not well established; and has been accomplished using both volunteers and full-time employees and a variety of gear types (Messer and Veldhuizen 2005).  The DJFMP study examined the feasibility of establishing a cost-effective passive zebra mussel monitoring program to document the presence or absence of different zebra mussel life stages.  Our study incorporated the use of full-time employees conducting sampling following established protocols (Reed et. al.  1996)  using previously tested gear (Reed et. al. 1996), at selected sites that are part of the Delta Juvenile Fish Monitoring Program’s regular fishery monitoring sites. 

DJFMP incorporated sampling gear and protocols that have been effective in the Great Lakes and elsewhere to document the presence or absence of different life stages of zebra mussels: zooplankton tows, artificial substrate samplers, and infrastructure.  Both the zooplankton tows and plate samplers did capture/support many aquatic organisms and based on the literature would likely capture/support different life stages of zebra mussels, if they were present in the area.  Samples in the laboratory were also processed by full-time employees.  Processing consisted of examining the samples for presence or absence of different life stages of zebra mussels.  No other organisms were identified, as that expertise is not currently on staff. We recommend sending zooplankton and plate samples to a contractor for identification or hiring staff with zooplankton and sessile freshwater aquatic organism identification skills to increase the knowledge gained from each sample and to aid in the identification of native and other non-native species.

Sampling sites for this project were limited to five sites within the southern Sacramento – San Joaquin Delta to document initial costs and feasibility of incorporating new sampling methods into an existing program.  Building (avg .75 hrs/sampler) and placing plate samplers initially took approximately 15-30 minutes extra per site.  In design, samplers would only need to be placed once throughout the study and would therefore not increase the overall sampling time during the remainder of the project.  On each sampling event a minimal amount of time (15-20 minutes) was needed per site to conduct the zooplankton tows, remove and replace plates, and to conduct infrastructure observations.

Chemical and physical water quality parameters must be considered in order to design a cost-effective zebra mussel monitoring program.  Zebra mussels have somewhat defined water quality requirements; for spawning, water temperatures need to be between 12º and 17º C; salinity levels greater than 2ppt generally do not support the establishment of this species.  When calcium levels are less than 25 mg/L, survival is possible but reproduction and therefore establishment is generally limited.  Our limited water quality data collected during this study suggests that the five sites examined have salinity, calcium, dissolved oxygen, pH, and conductivity values well within the range for zebra mussels to become established.   
One factor that may limit the colonization of zebra mussels may be average water temperatures found at the five sites.  As stated above, optimum water temperature for spawning is between 12º and 17º Celcius.  While this may reduce the opportunity for zebra mussels to colonize, it does not suggest that they will not spawn.  According to Claudi and Mackie 1993, zebra mussels have been known to grow and reproduce in temperatures as high as 26º C, well within the temperature parameters found at all five Delta sites.  While this zebra mussel investigation project documented few water quality parameters, BDAT contained other environmental data concerning the Sacramento – San Joaquin Rivers and Delta and provided our project access to this data. The water chemistry parameters available through the Bay Delta and Tributaries (BDAT) Project, are well within the range for zebra mussel colonization.  Based on their life history, zebra mussel populations are most abundant where waters are hard (30 – 50 mg Ca L‾¹).  Data provided by BDAT indicates calcium levels in the delta range from 8 mg/L in the northern delta (above Colusa State Park) to 76 mg/L in the southern delta, near Clifton Court Forebay, with an overall average of 23.96 mg/L.  Calcium concentration is one of the most important components to the establishment of zebra mussels in that calcium is required for proper shell development.  If the calcium concentrations are low, reduced survival and zero growth is observed.  Sprung (1987) reported reduced survival of developing zebra mussel larvae in water with less than 40 mg/L. Several locations in the southern Delta, within close proximity to the Bureau of Reclamation and DWR pumping facilities, have calcium concentrations in the ranges needed by zebra mussels (50 – 76 mg/L).  
While our investigation did not specifically include a comprehensive chemical and geological profile of the Central Valley,  a study done by Drake and Bossenbroek (2004) predicted that, based on their computer modeling program, the Central Valley of California (Sacramento and San Joaquin Rivers) was moderately susceptible to invasion by zebra mussels with an invasion risk of 50 percent.  However, the level of invasion increased to almost 100 percent if they used their type II and III models.  These models used nine factors to predict potential risk:  bedrock geology, elevation, frost frequency, maximum temperature, precipitation, slope, solar radiation, and surface geology.   While most of these factors show that a potential exists for zebra mussel colonization, these models do not specifically account for calcium concentrations or salinity levels.   In an environmental review by Cohen, published within the DWR report:  Zebra Mussel Early Detection and Public Outreach Program by Messer and Veldenhuizen 2005; analyzed environmental parameters in order to determine potential zebra mussel distributions within California.    Cohen utilized six environmental parameters; including calcium, pH, mean summer temperature, maximum temperature, dissolved oxygen and salinity.  Using these parameters, Cohen determined a distribution potential as low-to-no, moderate and high (table 6).  Based on Cohen’s study, the entire Delta region has the potential of being colonized by zebra mussels.
Table 6.  Criteria used in a Potential Distribution Study in California (Cohen and Weinstein, 1998)
        Parameter
         Low-to-no
          Moderate

   High
	Calcium
	<15 mg/L
	15-25 mg/L
	>25mg/L

	pH
	<7.3 or >9.0
	7.3-7.5 or 8.7-9.0
	7.5 -8.7

	Mean summer temperature
	-
	0-15º C
	16-31º C

	Maximum Temperature
	<10º or >31º C
	10-31º C
	16-31º C

	Dissolved Oxygen
	<4 mg/L
	4-8 mg/L
	>8 mg/L

	Salinity
	>10 mg/L
	5-10 mg/L
	<5 mg/L


The five sites sampled in this study were selected for examination due to their proximity to recreational areas and the location of State and Federal water operations; water chemistry was not considered.  The limited sampling of the Delta may not allow for documentation of an introduction until the zebra mussels have become more widespread or established.  For this reason, continued sampling on a much broader scale, with prior examination of water quality parameters, should be conducted to better determine which sites may be vulnerable to invasion or establishment should be incorporated into the sampling design so that early detection of zebra mussels is more likely. 

Based on the systematic sampling of over 55 (table 7) sites in the Sacramento-San Joaquin Rivers and Delta by the USFWS Delta Juvenile Fish Monitoring Project, a cost-effective, delta wide early warning zebra mussel monitoring program could be established. To determine the feasibility of a Delta wide zebra mussel investigation project, these sites were examined for ease of access to sites and for proper use of sampling gear.  Currently there are 17 seine sites that are sampled within the Delta 
Table 7.  Delta Juvenile Fish Monitoring Project sampling sites showing level of risk for zebra mussel incidences
	

	StationCode
	Location
	sampling status
	Risk Level
	Possible Limiting Factor

	AM001S
	American River
	not sampled
	Low
	low calcium conc.

	SJ001S
	Antioch Dunes
	not sampled
	Low
	salinity

	MK004W
	B&W Marina
	not sampled*
	
	

	SA007E
	Berkeley (Frontage Rd)
	no sampling
	None
	salinity

	SJ063W
	Big Beach
	not sampled*
	mod-high
	

	TM001N
	Brannan Island
	not sampled*
	
	

	SP001W
	China Camp
	no sampling
	None
	salinity

	SR043W
	Clarksburg
	not sampled*
	
	

	SR144W
	Colusa St. Park
	not sampled*
	
	low calcium conc.

	OR014W
	Cruiser Haven
	sampled
	
	

	SJ041N
	Dad's Point
	sampled
	
	

	XC001N
	Delta Cross Channel
	not sampled*
	
	

	SR060E
	Discovery Park
	not sampled*
	
	low calcium conc.

	SJ051E
	Dos Reis
	not sampled*
	mod-high
	

	SJ068W
	Durham Site
	not sampled*
	
	

	SJ005N
	Eddo's
	not sampled*
	low-mod
	salinity

	SR071E
	Elkhorn
	not sampled*
	low
	low calcium conc.

	OR003W
	Franks Tract
	not sampled*
	mod
	

	SR049E
	Garcia Bend
	not sampled*
	low
	low calcium conc.

	GS010E
	Georgiana Slough
	not sampled*
	
	

	SR017E
	Isleton
	not sampled*
	
	

	SA009E
	Keller Beach 
	no sampling
	none
	salinity

	DS002S
	King's Island
	not sampled*
	mod
	

	SR090W
	Knights Landing
	not sampled*
	low
	

	SR024E
	Koket
	not sampled*
	
	

	SJ032S
	Lost Isle
	sampled**
	
	

	SP000W
	McNears Beach
	no sampling
	none
	salinity

	SJ026S
	Medford Island
	not sampled*
	mod
	

	SR057E
	Miller Park
	not sampled*
	low
	

	SJ056E
	Mossdale
	not sampled*
	mod-high
	

	SJ083W
	N. of Tuol. R.
	not sampled*
	low
	

	OR019E
	Old River 1
	sampled**
	
	

	SA008W
	Paradise Beach
	no sampling
	none
	salinity

	SP003E
	Point Pinole East
	no sampling
	none
	salinity

	SR094E
	Reels Beach
	not sampled*
	low
	

	SR014W
	Rio Vista
	not sampled*
	
	

	SJ077E
	Route 132
	not sampled*
	
	

	SA010W
	San Quentin Beach
	no sampling
	none
	salinity

	SR062E
	Sand Cove
	not sampled*
	
	

	MS001N
	Sherman Island
	not sampled*
	
	

	SR055E
	Sherwood Harbor
	not sampled*
	
	

	SR130E
	South Meridian
	not sampled*
	
	

	SS011N
	Steamboat Sl. (mouth)
	not sampled*
	
	

	SR012E
	Stump Beach
	not sampled*
	
	

	SJ074W
	Sturgeon Bend
	not sampled*
	
	

	LP003E
	Terminous
	not sampled*
	low
	

	SA004W
	Tiburon Beach
	no sampling
	none
	salinity

	SA001M
	Treasure Island
	no sampling
	none
	salinity

	OR023E
	Union Island
	sampled**
	mod
	

	WD002W
	Veale Tract
	not sampled*
	low-mod
	

	SR080E
	Verona
	not sampled*
	
	

	SR138E
	Wards Landing
	not sampled*
	
	

	SJ058W
	Wetherbee
	not sampled*
	
	

	SF014E
	Wimpy's
	not sampled*
	
	

	MR010W
	Woodward Island
	sampled**
	
	


that are accessible by boat which allows access to deeper waters for zooplankton tows and places to conceal artificial substrate samplers.  Costs incurred to sample these 17 sites would be low, since only a minimal amount of additional time would be required (1hr./person/per sample day).  Of the remaining 34 seine sites, 9 of these can not support zebra mussels due to high (18ppt – 38ppt) salinity concentrations (San Quentin, Tiburon, Paradise Beach, China Camp, McNear’s Beach, Treasure Island, Berkeley Frontage, Keller Beach, and Point Pinole) (Fig. 6)

[image: image6.png]



Figure 6.  Risk indicator for infestation/colonization of zebra mussels 
Two other sites, Antioch (SJ001S) and  Eddo’s (SJ005N), are questionable if they could support zebra mussels, since they are in close proximity to highly brackish water near Suisun Bay, which varies in salinity based on tide and river volume.  Fourteen sites that are monitored throughout the delta are currently sampled by driving to each site near a marina or boat ramp and sampled using beach seines.  These sites would require additional time and equipment to sample; however, these costs would be minimal, since the zebra mussel sampling gear could be loaded into the vehicles and transported to each site.  Nine additional sites are not located near a boat ramp or marina; however, infrastructure observations can still be documented. Water chemistry data aren’t available for many of these sites.  Once documented, additional sites could be added or eliminated as appropriate for addressing zebra mussel biology and ecology.
Based on established seine sites, the DJFMP could create a zebra mussel investigation project that would allow for delta wide monitoring.  This delta wide zebra mussel investigation project would be cost effective if it were incorporated into the daily beach seine operations.  Most of the costs incurred by adding the zebra mussel investigation duties would be for extra equipment (artificial substrate samplers, zooplankton samplers, collection bottles, alcohol to preserve samples, meters, and other miscellaneous items).  Personnel costs would be approximately $50.00/ site when sampled on a monthly basis; based on the initial zebra mussel pilot study, which added approximately two additional work hours (one hour per person) per seine run per day.  Some seine runs may require more or less additional time based on the number of sites being sampled per day and the experience of the field crew.  Based on this additional two hours per seine run per day, costs for additional time would range from $50.00 - $150.00 per seine run per day, depending on specific personnel costs.  As all of these sites are currently sampled by DJFMP, there would be no additional costs for fuel or maintenance of vehicles or vessels incurred.                 

In addition to a much broader sampling regime, more outreach regarding the potential effects of zebra mussels to California should be provided to the public. Messner and Veldhuizen (2005) published a report entitled, “Zebra Mussel Early Detection and Public Outreach Program”.  In the Messner and Veldhuizen (2005) report, they document groups which are part of the early detection program and include owners and operators of marinas, marina managers, biologists and water managers throughout California.  It is extremely important that all communities near lakes in California receive information regarding zebra mussels; including biological information and information on how to remove and/or destroy zebra mussels on boats and other personal watercraft (Messer and Veldhuizen 2005).   More information must be available for the public to prevent the spread of zebra mussels into California.  It is imperative that biologists and water managers target the public when it comes to publishing data regarding zebra mussels.  If the public is well informed, they can make appropriate decisions on what to do if they encounter zebra mussels and who to contact if such observations are made.  We recommend involving the public by creating a zebra mussel website that is linked to every lake and marina webpage.  The public is grossly unaware of the dangers of allowing zebra mussels to colonize in California.    While monitoring California’s waterways should be conducted, it is just as important to inform the public on the dangers that these invasive species pose.   

SUMMARY and RECOMMENDATIONS

The methods used in this study likely provide the ability to capture different life stages of zebra mussels using a minimal amount of time per sampling event ($50.00 – $150.00/site) and are recommended for use by the DJFMP and others throughout the Sacramento-San Joaquin Rivers and Delta to provide a cost-effective, standardized sampling protocol with the capability of expanding the program within the Sacramento – San Joaquin rivers and Delta.  

1. Encourage the use of acrylic plate sampler design, zooplankton tows, and infrastructure observations to document the presence or absence of zebra mussels in the Sacramento-San Joaquin Rivers and Delta.

2. Incorporate additional sampling at DJFMP sites within the Sacramento-San Joaquin rivers and Delta based on proximity to marinas, boat launches, or other recreational areas and local water chemistry (see table x of suggested locations).

3. Send samples to a contractor for identification or hire a full-time GS-5/7/9 Biologist with skills in identifying freshwater invertebrates as small as 60µm to increase the knowledge gained from each sample.

 4.   Initiate and expand outreach efforts in order to better inform the public of 
                                                                                                                                         

  the dangers of zebra mussel colonization; especially those living on or around 
                lakes, rivers and delta.
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