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	This plan was created to improve collaborative efforts to know where mussels are present in order to respond rapidly, eradicate where possible, contain when necessary and support interagency mussel management actions. 


Plan developed by: 

Elizabeth Brown, Colorado Division of Wildlife 
Allen Pleus, Washington Department of Fish & Wildlife 
Larry Dalton, Utah Division of Wildlife Resources
Brian Lang, New Mexico Department of Fish & Game 
Lynn Schlueter, North Dakota Game & Fish Department 
Eileen Ryce, Montana Fish, Wildlife & Parks 
Fish & Wildlife Service Regional Aquatic Invasive Species Coordinators
Ron Smith – Region 8 – Sacramento

Erin Williams – Region 6 – Denver

Bob Pitman – Region 2 – Albuquerque 
With support from participants in the January 21-22, 2009 “Early Detection of Dreissena Mussels in the West” workshop. 

Executive Summary:

Dr. Marc Frischer, Skidaway Institute of Oceanography, Savannah, Georgia, moderated a one-and-one-half day technical workshop, January 21-22, 2009, Early Detection of Dreissena Mussels in the West, sponsored by the U.S. Bureau of Reclamation. The workshop presented the best available practices for early detection of Dreissena mussels. Fifty three managers, researchers and scientists attended the workshop from nine western states, six federal agencies, four western universities, six public organizations and five metropolitan or city governments. The workshop agenda was structured to present current technical skills and processes with open discussion of the merits and limitations of each method. Group discussions and consensus building helped identify standard methods and terminologies acceptable for a comprehensive zebra/quagga mussel monitoring plan for western waters in 2009. 
The Bureau of Reclamation also hosted an interagency 100th Meridian working meeting immediately following the Workshop to begin drafting a monitoring plan for western waters. The proceedings and a list of attendees as well as the resulting monitoring plan are available on a dedicated website www.musselmonitoring.com developed to coordinate implementation of a comprehensive early detection mussel monitoring strategy in the west. 
The workshop agenda addressed four primary objectives.  
· Identify the best methods to detect Dreissenid larvae at low concentrations in plankton samples. State of the art techniques were presented by experts skilled in detecting mussels through microscopy and molecular DNA analysis.  
· Stimulate consensus building discussions by reviewing monitoring and detection programs being used in western states and identify components and methods which need to be included in a comprehensive regional monitoring program.  
· Define a universally accepted set of facts necessary to classify a body of water as positive for Dreissena larvae presence. Consensus voting for various options was used to develop common terms and usage for the monitoring plan.    
· The final workshop goal was to develop specific recommendations for the 100th Meridian Initiative working groups charged with developing a comprehensive Dreissena mussel early detection and monitoring program for the western region during the 2009 season.
The recommendations derived from the technical workshop where at least a majority consensus was reached included the following:

1. For the purpose of a regional early detection and monitoring program the western region should include the 19 Western Regional Panel States, western Canada, and western Mexico.  Communication with other regions should be actively sought.
2. Substrate sampling should be continued. Samplers should be as simple as possible and maximize surface area and “edge” habitat.  Samplers should be placed in areas thought to be at high risk and extend from the surface to the bottom with samplers at 10’ depth intervals.

3. By an almost unanimous vote, veligers are considered to be present if their presence can be confirmed in a single plankton sample by at least one authenticated microscopy and one PCR assay.
4. By a 2/3 majority attendees considered veligers to be present in a plankton sample if presence is confirmed by two expert microscopists and/or by two different PCR assays.

· There was a consensus that a common set of terminology describing graded levels of infestation and uncertainty was needed.
· Further research and development of PCR-based detection methods is required and worthwhile.  Appropriate processing of plankton tow samples was recognized as a significant bottle neck for both microscopy and PCR detection approaches.

· A standardized quality control and training program for labs involved in both PCR and microscopy veliger detection assays should be established.

· The ongoing round robin study comparing PCR, microscopy and other methods such as the FlowCam system should be continued.

Planning Format:
The 100th Meridian Initiative through the Fish & Wildlife Service and the Western Regional Panel of the Aquatic Nuisance Species Task Force has been developing capacity in western states to prevent and respond to zebra/quagga mussel spread since the mid-90s. Representatives from federal and state agencies, tribes, universities and stakeholder groups regularly participate on regional teams to prioritize work assignments and coordinate the collection and organization of data into useful formats for regional and national management actions. Actions are recorded on the website (www.100thMeridian.org) developed in the late 90s to coordinate 100th Meridian actions. 100th Meridian River Basin Teams are basic partnership units for collaborative responses to mussels in western North America. These Teams will serve as the primary monitoring network to implement this plan. Communications and monitoring information will be shared through the two companion websites noted in this section. Participating microscopy and molecular labs will receive samples from various western locations but will report results through designated state single points-of-contact for appropriate agency distribution and reporting throughout the 100th Meridian’s network. The U.S. Fish & Wildlife Service will maintain a password protected database of state contacts. Basin Team will be responsible for maintaining up-to-date state contact lists and providing these points-of-contact to participating labs and for the U.S. Fish & Wildlife Service database which will be available online at www.musselmonitoring.com.  
Monitoring results will be accumulated by Teams and compiled into a central database which will be available for management review by fall 2009. An interagency review team will be assembled early in 2010 to assess efficiency and identify monitoring improvements. 

Standard Terminology:
Action planning and plan implementation will use the following standard terms for monitoring and reporting.      
Actively monitored – An individual lake, reservoir or stream/river reach identified in management plans to be regularly sampled (more than once/year) for veligers and settled adults on substrates. Data (date, location, method, etc.) is collected, processed and recorded by agency or qualified persons for local or regional management decisions. Management resources are committed to conduct detection tasks. 
Intermittently monitored – Waters sampled for veligers and adults by agency or qualified persons once each year or less often. Data is collected, processed and recorded by agency or qualified persons for regional management decisions.
Negative – Monitored waters with no evidence of mussels.
Suspect – Monitored waters which have unconfirmed evidence of mussel presence.
Unknown – Waters which have not been tested.
Positive – Monitored waters where mussel presence has been confirmed by; 1); two independent microscopic detections of veligers from one plankton sample, or (2) two distinct PCR assays from one sample, (3) a microscopic detection plus a PCR confirmation from a single sample, or (4) detections from different samples by either method, or (5) documented visual observation of settled mussels on substrates. Joint decisions are recommended for shared waters as well as cooperative news releases by management agencies or authorities. 
Standard technical guidance is included as appendices to help maintain consistent implementation of the 2009 Monitoring Plan across borders and jurisdictions. 
River Basin Monitoring Actions Planned for 2009:
The 100th Meridian Initiative teams in California and the Columbia, Colorado, Missouri, Rio Grande, Arkansas and Red River Basins have identified 417 separate water bodies to be monitored in 2009. Seven waters included in this count have been declared Dreissenid positive by management authorities. Four reservoirs or lakes are positive for quagga mussels; one with zebra mussels and two have both species present. Thirty one percent (126 different waters) will be monitored only using substrate samplers while plankton analysis will be the sole monitoring method for 19% (78 water bodies) of the locations identified in the plan. Collectively, agencies and labs are planning to process 1,443 plankton samples either microscopically or through molecular assays to detect mussel DNA using PCR techniques. Although the number of at risk water bodies which should receive active or intermittent monitoring has not been quantified, this comprehensive effort will help identify gaps and the resources needed for effective mussel detection throughout the western states and regions of Canada and Mexico. 100th Meridian teams prioritize sample sites and analysis needs based on pathway pressure and habitat suitability.     
There is considerable variability in the methods Teams are using to detect mussels. All waters (24) identified in the Rio Grande and Red River basins will use PCR assays as the initial detection method. Suspicious samples will then be assessed microscopically or with additional DNA analysis. An estimated 316 samples, 80% of the plankton collections, from the Missouri, Arkansas, Colorado and Great basins will be reviewed microscopically first and followed by additional microscopic review or PCR assays of suspect samples. Reliance on substrate samplers for early detection varied from 0% in the Rio Grande to 56%, or 63 of the 113 identified waters in the Columbia basin. All Oregon and Arizona waters (100%) will be monitored with substrates. Substrate sampling alone reduces the likelihood that new invasions will be detected when eradication might still be possible, but this method is low cost requiring no specialized skills and provides positive evidence of mussel presence. 
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The Colorado River Basin drains 246,000 square miles from the states of Wyoming, Colorado, Utah, New Mexico, Nevada, Arizona and California. The Team plans to monitor 86 different water bodies using 136 plankton collections for microscopic or PCR analysis. A combination of early detection methods will be used in addition to 106 substrate samplers across the basin. Substrates will be the only monitoring used in 16% (14) of the monitored waters. In Arizona substrates will be exclusively to monitor 8 water bodies. Of the 45 water bodies scheduled to be monitored in Utah, substrate samplers will only be used in the 2 locations positive for mussels, Electric Lake and Red Fleet Reservoir. 
Almost half of the monitored waters in Utah are in the Great Basin and not the Colorado but they were included in the Colorado section for efficiency.  Monitoring actions will be funded using existing and/or diverted resources. Monitoring details are available on the host website www.musselmonitoring.com.  
[image: image5.jpg]


The Missouri River Basin drains 500,000 square miles from Canada and Montana, North and South Dakota, Wyoming, Colorado, Nebraska, Kansas, Minnesota, Iowa and Missouri. The 100th Meridian Team is scheduling to monitor 40 water bodies. Substrate sampling will be used exclusively at 11 locations (28%) with plankton analysis as the sole detection method at 6 water bodies (14%). Twenty three water bodies (58%) will be monitored using both methods. Plankton samples will be microscopically assessed by specialists at a lab maintained by Montana Fish, Wildlife & Parks. The Colorado Division of Wildlife will use automated FlowCam technology followed by PCR assays if necessary. 
Monitoring actions will be funded using existing and/or diverted resources. Monitoring details are available on the host website http://www.musselmonitoring.com/.
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The Columbia River Basin drains 260,000 square miles from Canada, Montana, Idaho, Wyoming, Utah, Nevada, Oregon and Washington. The 100th Meridian Team is planning to sample 113 different water bodies using 115 plankton collections. One FlowCam system will be used in addition to microscopic analyses at Portland State University and labs in Montana, Washington or Idaho. Nearly 300 substrates will be examined by agencies and volunteers throughout the basin to detect mussels. Substrates will be the exclusive monitoring method at 63 locations (56%) in the basin. Eighteen water bodies (20%) will be monitored solely by plankton analysis. 
Monitoring actions will be funded using existing and/or diverted resources. Monitoring details are available on the host website http://www.musselmonitoring.com/.
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The Rio Grande Basin includes 336,000 square miles but only half (182,000) contributes water to the river. The 100th Team is scheduling to monitor 10 water bodies. Twenty seven plankton collections will be assayed at molecular labs to detect mussel DNA. Substrates (35) are also deployed at all 10 waters. Suspicious results will be examined microscopically or subjected to additional PCR assays to confirm mussel presence. 
Monitoring actions will be funded using existing and/or diverted resources. Monitoring details are available on the host website http://www.musselmonitoring.com.
The Arkansas and Red River Basins drain 195,000 square miles from Colorado, Kansas, New Mexico, Oklahoma, Texas and Arkansas. Partners plan to sample 31 water bodies. Substrate sampling will be used as the only monitoring method at one location. All other waters will use a combination of substrate samplers and analysis of 88 plankton collections. 
Lake Texoma, on the Red River between Texas and Oklahoma north of Dallas, was reported as positive for zebra mussels through PCR analysis by the Bureau of Reclamation’s Denver Lab from a plankton sample collected in September, 2008. In April, 2009, one adult zebra mussel was collected in Texoma confirming the lab’s early detection analysis. Also in the samples processed at the Denver Lab, Ute Reservoir, northeast New Mexico, was positive for mussels in a PCR assay. Foss and Ft. Cobb reservoirs in west-central Oklahoma were also positive for mussel veligers through microscopic analysis. Using the criteria described earlier in this plan, these waters will be considered suspect with continued monitoring during 2009. 
Monitoring actions will be funded using existing and/or diverted resources. Monitoring details are available on the host website http://www.musselmonitoring.com/. 
The Sacramento-San Joaquin Basins collectively drain 59,000 square miles. The Sacramento River receives a small amount of water from Oregon but the San Joaquin River is entirely within California. The Team is scheduling to sample 137 different water bodies. Nearly 150 substrate samplers will be deployed and used as the sole monitoring method at 37 locations (27%). Plankton collection and analysis will be used exclusively at 15 water bodies (11%). Overall, the California Team plans to examine 945 separate plankton samples, or 65% of all the plankton sampling planned for western waters in 2009. These efforts will examine 19 separate locations in the Sacramento and San Joaquin rivers and the delta. This team effort is noteworthy in that it includes 8 community or city offices, 2 water districts, 2 state agencies and 2 federal organizations to implement a robust sampling strategy for 2009. 
Monitoring actions will be funded using existing and/or diverted resources. Monitoring details are available on the host website http://www.musselmonitoring.com/. 

Appendices and Associated Documents:
On-Line Collaboration
1. Plankton sample collection and preservation guides for mussel detection using cross polarized light microscopy. Guides developed by researchers skilled in detecting larval mussels through microscopic analysis.

2. Plankton sample collection and preservation guides for polymerase chain reaction (PCR) to detect mussel DNA. Guides developed by molecular scientists as a Workshop task and to support the 100th Meridian partnership.

3. River basin descriptions divided by state will be available on the host website http://www.musselmonitoring.com in spreadsheet format for ready review by 100th Teams and Partners. These plans will be updated regularly by river basin teams.    
4. An up-to-date list of state designated points-of-contact to receive analysis reports and sensitive information will also be maintained on the website.
5. A comprehensive report on the workshop ‘Early Detection of Dreissena Mussels in the West’ prepared by moderator Marc Frischer, is available on the host website.            
Monitoring reports, alerts, messages and guidance necessary to implement this plan will be posted on http://www.musselmonitoring.com.  

Appendix #1
Recommendations from the light microscopy research team. 

During the March conference calls, the Quality Control and Technical Expertise team (QC-TE team) combined comments for 100th Meridian recommendations. These recommendations are for the 2009 sampling season and they will probably be revised for the 2010 season.  Some of the concerns were research topics that were discussed in the 100th Meridian workshop and will require more research during the 2009 sampling season before they may be added to the recommendation list.  However, these ‘do-able’ recommendations for all of the topics below will result in improved and standardized practices which will facilitate early detection and prevention of spread.   

Laboratory Standards:

The team recommends that all laboratories performing microscopic Dreissenid veliger identification adopt a minimum of these documents.  The team has included a template for these documents.
QAPP (Quality Manual or Quality Assurance Plan) – PSU, Reclamation, (MWD)

All labs that are performing microscopy for the detection of Dreissenid veligers should have a quality manual.  The PSU and Reclamation QMs will be posted in their ‘Draft’ forms on the 100th Meridian site.  The current QMs will not be posted until the joint sampling protocol is completed for the website. 

Written SOPs (Written Procedures) 
The QC-TE team recommends that the current methods will be posted and used: PSU, COE, and Reclamation.  The team agreed that the labs may use the method of their choice.

Documented Training (Criteria?) 
For 2009, qualified microscopists will receive some form of certification documenting they have been trained to identify veligers.  The QC-TE team developed a ‘sign-off’ certification form.  The team also created a questionnaire for the trained techs that will be used by the QA-TE team to develop the training process for 2010.  The trainee is responsible for safe keeping of the training certification.

Round Robins for proficiency testing-QA/QC by periodic blind tests  

The QC-TE team agrees that proficiency testing should be done; further details will need to be outlined.  For the 2009 season, approximately 10% of samples will be split and sent to another microscopy lab for verification of results.  Results will need to be tracked.  Some samples will be spiked with Corbicula.

Lab certifications (Criteria?)  
This issue will be on hold until the 2010 sampling season. For 2009, the team recommends documentation and the team will look at laboratory certification for 2010.

Sample Collection:
The sample team (Wells, Kelly, and Hosler) have developed a recommended protocol for the 2009 sample season.
Sample protocol: The sample team will recommend that compositing will be acceptable, and that separate hauls may be performed when necessary.  The analysis of composited samples is a matrix issue, and results are compromised when there is a high concentration of organic debris.
Live samples: The sample team agrees that there may be some circumstances for this; however, in general the recommendation is to preserve samples.

Differential dyes/stains: improvements between Dreissenids and other organisms:

The use of dyes and stains are still in the research phases at MWD and TCU.  There are some neutral red dyes to determine mortality; however, this issue will be addressed for the 2010 season.  (Nondestructive sample handling, so they may be archived)

Sample preservation: 25 vs. 70% ETOH?   Reagent grade alcohol unnecessary for PCR? It is recommended for 2010 that research address the concentration of ethanol used for the preservation of veliger samples. Samples can degrade in low concentrations of ethanol (e.g. 25%) due to microbial activity and in high concentrations of ethanol (e.g. 70%) due to the dissolution of calcite in the veliger shell. Due to the rapid degradation of veligers in acidic solutions, the sample team will recommend measuring sample pH and buffering in the field. Sample pH can be raised (i.e. more basic) by adding a small quantity of baking soda (e.g. 1 tsp).   Final sample pH should be noted on the sample bottle.

Sample Prep:
Recommended methods by 100th Meridian? (PSU, Reclamation, MWD, COE) These methods will be the recommended methods for the 2009 sampling season.  Depending on the results of the method round robins these recommendations may change for 2010.

Centrifugation vs. settling cones  

The team will accept either method for sample prep.

Glucose filtration (density differentiation)

Based upon the results of testing performed at Reclamation, the team is not recommending the use of glucose filtration. It is recommended for 2010 that research address the use of density differentiation using Ludox-TM, a colloidal silica solution.

Sample Analysis: Protocol
Request for a Dilution protocol: vertical-haul plankton tows high in plankton need a standardized dilution protocol during sample analysis:

Samples are diluted using tap water when a high concentration of debris decreases visibility. Reclamation labs dilute the 1 mL sample by adding water into a Petri dish when a sample is full of debris. PSU labs dilute the sample by consecutively adding water into Sedgewick-Rafter with the sample. Reclamation labs due not need to record volume used to dilute sample because the entire Petri dish is counted. PSU labs record the volume used to dilute the sample in order to track sub-sample volume. 

Transfer protocol: Standardized pipette? Prevention of transfer loss is critical:

The amount of transfer varies with the method.  PSU utilizes a pipette to siphon off extraneous debris and rinses the veligers off slide into 50 mL tube with the appropriate mix of water and ethanol. After rinsing slide, scan the empty Sedgwick-Rafter cell to ensure no veligers became stuck. Repeat the rinse as necessary. A portion of water and ethanol used to rinse veligers off Sedgewick-Rafter cell may be removed by centrifuging the 50 mL tube and removing the supernatant. Reclamation uses glass pipettes to siphon veligers and then back flushes the pipette into the container.

FlowCam – side by side testing the first year?:
Although the FlowCam has shown promising results in the first phase of a round-robin proficiency test, additional documentation of the FlowCam’s efficacy is required. It is recommended for 2009 that laboratories using the FlowCam also perform side-by-side analysis using either microscopic or molecular methods. Further recommendations regarding the FlowCam will be made for 2010 depending upon the results of later phases of the round-robin proficiency tests as well as the results of the side-by-side analysis performed during 2009.  
Procedure for determination of positives by microscopy:

The team is recommending the use of high quality photographs.  The standardized criteria for veliger photos will include: Highest quality at highest magnification, with scale measurements-scale bars (added to photo if possible), taken from 3-4 angles, with and without polarization.

Result agreement by sharing via photographs with experts:

The photos will be shared with 3-5 other labs performing microscopic veliger analysis via email, regular mail, or FTP site sharing.  The results will include the evaluation of the original microscopist and the conclusions of the other microscopists that have evaluated the photographs.

Turn around time:

There is a direct relationship between funding and turn-around time. Team Support of multiple trained microscopists, will reduce turn-around time. A holding time of three months is recommended for the 2009 season but more research is recommended for 2010 to address the holding times under various concentrations of ethanol and holding temperatures. The handling time, holding temperature, and a grade based on the turn-around time, will be provided with sample results. 

Communication paths:

With the certification forms all trained techs will include contact information, so that there will be a contact list. This contact list will be added to the 100th Meridian Website.

All results, both negative and positive will be reported to the states ANS coordinator.  Issues of confidentiality will be addressed by adding a clause to the contracts or informing the clients that findings will be reported.
Needs for Future Research – Improved methodology for sample handing and analysis:

Density differentiation – see Bullet 3 under sample preparation. Some research for this topic is currently underway.

Use of differential stains and dyes – see Bullet 3 under sample collection.  Again some research for this topic is currently underway.

Evaluate sample preservation techniques and holding times – see Bullet 4 under sample collection.  This is currently the most critical need since the percent of ethanol used to preserve the samples are different for microscopy and PCR.  PSU has done some initial literature searches on the topic and has expressed a desire to pursue this research pending funding.
Appendix #2
Recommendations and procedures from the molecular researchers.
- Still Pending -
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