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Introduction
The Bay Area Bioassessment Information Network (BAMBI), established in February, 2002, was created to bring together individuals and organizations involved in aquatic bioassessment in the San Francisco Bay Area (Bay Area). Interest in bioassessment has grown significantly in the Bay Area the past five years, as evidenced by the increasing number of organizations that collect and use bioassessment data.  Although some biomonitoring has been performed in bays and wetlands, the primarily focus of BAMBI is aquatic bioassessment in lotic freshwater environments (creeks and rivers) using benthic macroinvertebrates (BMI).  

The goal of BAMBI is to maximize the utility of aquatic bioassessment in the Bay Area by developing a programmatic and analytical framework for the collection, sharing, analysis, and use of bioassessment data. The purpose of this proposed workplan is to identify specific objectives for BAMBI in 2004, which will be discussed at BAMBI’s third annual meeting on January 29, 2004. Following a brief background of the status of bioassessment in the United States and the Bay Area, this workplan addresses four essential elements of regional bioassessment programs: 

1. Regional Coordination and Collaboration;

2. Protocol Standardization;

3. Data Management; and,

4. Analysis and Assessment.

Background

Bioassessment is the use of biological organisms for environmental assessment.  It is based upon the idea that organisms have specific habitat requirements and the presence of a taxon indicates certain environmental conditions. Modern bioassessment had its origins almost a century ago, when Kolkwitz and Marsson (1908) developed lists of organisms indicative of organic pollution in German rivers. Their approach using indicator organisms served as the theoretical basis for indices of pollution tolerance, popularized in the United States by Hilsenhoff’s (1977, 1987) studies of organic pollution in Wisconsin streams.  

Interest in aquatic bioassessment increased substantially in the United States throughout the 1980s, as the focus of water quality regulation began to shift from point sources to non-point sources of pollution. Recognizing that chemical analyses were often inappropriate to evaluate the biological integrity goal of the Clean Water Act (CWA), the U.S. Environmental Protection Agency (EPA) developed and promoted a Rapid Bioassessment Protocol (RBP) (Plafkin et al., 1989).  The purpose of the RBP was to provide a standard methodology to assess the biological condition of waterbodies using aquatic organisms.  Ohio was one of the first states to implement a comprehensive biological monitoring program, adopting numeric biological criteria for fish and macroinvertebrates in 1990.  Throughout the 1990s, practically every state in the nation adopted rapid bioassessment methods as an essential component of their water quality monitoring programs.  

Bioassessment data in the United States is most frequently analyzed using the multimetric approach. Metrics can provide information on biological attributes and, when fully integrated, function as an overall indicator of biological condition.  Karr (1981) developed the first Index of Biological Integrity (IBI), using metrics derived for fish communities. The general IBI approach, used to develop numerous multimetric indices throughout the world, is designed to maximize detection of degradation by controlling for natural variation (summarized from Karr and Chu, 1999; Ode et al., 2002). The following are the general steps taken to develop an IBI:

1. Identify minimally disturbed reference sites;

2. Evaluate need to create separate IBIs for different stream classes by analyzing natural variability between reference sites;

3. Select stressor variables and develop a measure of stressor impacts (i.e., site disturbance index), used to integrate multiple aspects of stressor impacts at a site;

4. Apply site disturbance index to all sites;

5. Test biological metrics against site disturbance index scores at all sites, and select those metrics with high discriminatory power (clear dose response curves) that are not redundant; 

6. Assemble IBI: score, assign rating categories; and,

7. Test and refine IBI.

In California, IBIs have been developed for San Diego (Ode et al., 2002) and Coastal Southern California (Ode et al., 2003).  The California Department of Fish and Game is planning to develop similar IBIs for the North Coast and the Central Valley.

Other countries, such as the United Kingdom, Australia, and Canada, use multivariate statistical models to predict species assemblages based on the environmental, physical, and climatic conditions at test sites.  The number of observed taxa (O) is compared to the expected (E) number of taxa predicted by the multivariate model in an O/E score.  O/E scores near 1 indicate minimally disturbed biotic assemblages; O/E scores significantly less than 1, where many expected taxa are absent, indicate poor biological integrity.  Multivariate approaches are gradually gaining acceptance in the United States; in California, the U.S. Forest Service has developed a RIVSPACS-type predictive model (Joseph Furnish, Region 5 Forest Service District Aquatic Ecologist, personal communication).

Status of Bioassessment in the Bay Area
Numerous groups, representing both government agencies and non-governmental organizations, are currently collecting or using bioassessment data in the Bay Area (Table 1). To optimize the value of bioassessment projects, a regional approach is needed to develop analytical tools. Over 300 sites have been monitored in the San Francisco Bay Area using established bioassessment methods in the last 10 years. Despite this abundance of data, evaluation of the biological condition of Bay Area streams is limited by four critical issues:

1. Regional Coordination: Prior to the creation of BAMBI, there was no organized means of discussing bioassessment-related activities in the Bay Area;

2. Protocol Standardization: Many different field and laboratory protocols are used in Bay Area bioassessment programs, complicating the comparison of data;

3. Data Management: Bioassessment data will need to be incorporated into a common database if data analysis and sharing is to occur; and,

4. Analysis and Assessment: Without an analytical framework, such as an Index of Biological Integrity, evaluation of biological condition is limited to relative comparisons between nearby sites.

In the remainder of this workplan each of these elements/issues is addressed with respect to BAMBI, and a preliminary list of improvement options is presented. Improvement options are preliminary and are not exclusive. If BAMBI chooses, multiple options could be implemented in parallel for each element.

Table 1: Partial list of organizations involved in aquatic bioassessment in the Bay Area.

	Federal Government
	United States Geological Survey, United States Environmental Protection Agency 

	State Government
	San Francisco Bay Regional Water Quality Control Board, California Department of Fish and Game 

	Local Government/

Stormwater Programs
	Alameda Countywide Clean Water Program, Contra Costa Clean Water Program, Marin County Stormwater Pollution Prevention Program, San Mateo County Pollution Prevention Program, Santa Clara Valley Urban Runoff Pollution Prevention Program, Vallejo Sanitation and Flood Control District, Fairfield Suisun Urban Runoff Management Program

	Land and Watershed Management Agencies
	National Park Service, East Bay Municipal Utilities District 

	Educational Institutions
	California State University, Hayward; San Jose State University; University of California, Berkeley

	Watershed Groups
	Friends of the Napa River, Sonoma Ecology Center (SEC), Friends of Sausal Creek, Friends of Five Creeks, Stevens Creek Watershed Council


1. Regional Coordination

BAMBI was organized to provide a forum for the sharing and disseminating bioassessment-related information.  To facilitate this process, BAMBI has held annual meetings since 2002.  Given the amount of technical work and decision-making necessary for the development of a successful regional bioassessment program, BAMBI may want to consider refining its current structure to facilitate coordination and information dissemination. Improvement options include: (1) developing and maintaining a website, (2) email discussions, and/or (3) technical workgroups.  

Improvement Options: 

a. Website: A website/page devoted to BAMBI member bioassessment-related activities could provide a central location for relevant documents, program descriptions, and additional information.  Arleen Feng has indicated that it may be possible to use the technical capabilities of the Alameda County Clean Water Program (ACCWP) to develop a website for BAMBI.

b. Email: Depending on the level of interest of BAMBI members, discussion of bioassessment topics could be performed using an email listserve.

c. Technical Workgroups: Small workgroups, composed of a subset of BAMBI participants (e.g., 3-5 people), could meet more frequently to address specific technical issues, and report back the larger group with their results and recommendations via email.  Issues that BAMBI may choose to address include (1) identification of reference sites, (2) database development, (3) protocol standardization, and (4) QAQC of existing datasets.

Discussion Points:

· Are there other options not listed? 

· Which option(s) would be the most useful to BAMBI participants if implemented? 

· Which option(s) is the most feasible? 

· Which option(s) would BAMBI participants like to see implemented in 2004? Subsequent years? 

· What resources are available to implement the selected option(s)?

2. Protocol Standardization
The standardization of field and laboratory protocols is of utmost importance when comparing data collected or analyzed by different individuals. The most commonly used bioassessment protocol in the Bay Area is the California Stream Bioassessment Protocol (CSBP), a regional adaptation of the RBP developed by the California Department of Fish and Game’s Aquatic Bioassessment Laboratory (ABL).  The CSBP is used by the San Francisco Bay Regional Water Quality Control Board’s Surface Water Ambient Monitoring Program (SWAMP), as well as Bay Area urban runoff/stormwater management programs. The CSBP specifies detailed field, laboratory, and QAQC methods for bioassessment in order to reduce operator error and bias.  The ABL recommends that personnel performing field collections be trained in the CSBP by the Sustainable Land Stewardship International Institute (SLSII). The ABL also recommends that laboratory work be performed by laboratories that participate in the California Aquatic Macroinvertebrate Laboratory Network (CAMLnet) using the ABL’s most recently published Standard Taxonomic Effort (STE). In addition, the ABL recommends external QA/QC be performed on 10% of all laboratory samples and has developed a guidance document for the interpretation of QA/QC results (see BAMBI Issue Paper #2, 2003).

In 2003 the ABL adopted a new version of the CSBP, which included four major changes from previous versions: 

· Stream reach length is defined as 100 meters, rather than 5 pool-riffle sequences;

· Each riffle sample is composed of three (3) 1-square foot samples, rather than three (3) 2-square foot samples, reducing the total sampled area from 18 to 9 square feet;

· There is now the option to composite the three riffle samples and identify 500 organisms, rather than identifying 300 organisms from each of three samples; and,

· Duplicate samples will be collected at 10% of sites for projects with more than 20 sites;

Changes 2 and 3 are especially relevant to BAMBI, as they may affect the comparability between data collected using the 1999 and the 2003 CSBP.  

Bioassessment data collected using other protocols may or may not be compatible with data collected using the CSBP, depending on the methodological differences.  For example, the DFG ABL is investigating the compatibility of data collected using the CSBP and the U.S. Forest Service’s (USFS) RIVPACS-type method. The two methods differ primarily in the number of samples per site and the number of organisms picked per sample (the 1999 version of the CSBP requires 3 samples of 300 organisms, while the USFS method uses 1 sample of 500 organisms).  Minor differences in the number of organisms identified may be dealt with using a statistical approach. Monte Carlo simulations have been shown to be useful at resolving the differences between the two methods (Andy Rehn, DFG ABL, personal communication). Major methodological differences, however, such as net mesh size, sampling season, or habitat type sampled, probably preclude the comparability of data sets. Additionally, citizen monitoring groups also use methodologies (e.g., Issac Walton League Save Our Streams Program) that may not generate data which are comparable to the CSBP.

The necessity of protocol standardization depends on the purpose of the project or analysis.  If datasets are to be combined for the purposes of quantitative analysis of spatial biological patterns, data should be held to the highest standards of comparability.  Standardization of protocols for pilot projects or ecological studies, however, may not be essential.  

Improvement Options:

1. Field and Laboratory Protocols: The CSBP is the most commonly used field bioassessment protocol in the Bay Area, with over 200 assessment sites sampled by at least seven agencies. It has the advantages of being widely used throughout the state.  The ABL’s laboratory protocols, adopted by CAMLnet, are considered part of the CSBP.  Other protocols are not as widely used in the region. The following options are proposed:

a. BAMBI suggests that participants use the CSBP in the future (if possible) when collecting bioassessment data that may be used in a regional dataset; or,

b. Status Quo. BAMBI participants continue to collect bioassessment data using various methods and the comparability of methods will be further examined (see Improvement Option #3).

2. Changes to the CSBP: BAMBI participants using the CSBP must decide whether to adopt the 500-count composite sample, or stick with the 3 riffle 900-count sample for future CSBP sampling. Extensive past data was collected using the 900-count method, although it may be possible to convert 900-count data to be comparable with 500-count data using statistical manipulations. 500-count data has the benefit of reducing laboratory costs.  The affects of the reduction in total sampling area from 18 square feet to 9 square feet also must be considered. The following options should be considered:

a. BAMBI recommends participants using the CSBP use the 500-count composite method; or,

b. BAMBI recommends participants using the CSBP use the 900-count method.

3. Ensuring Comparability of Datasets: The ABL recommends that field and laboratory workers using the CSBP be properly trained. When combining or comparing data from different programs, records certifying field and laboratory workers have been trained by SLSII and CAMLnet, as well as review of laboratory QA/QC records, would help ensure the comparability of datasets. Data collected using different protocols must undergo a rigorous comparison of methods and results before it is consolidated.  BAMBI may want to consider developing criteria for the comparability of different datasets. The following options should be considered:

a. BAMBI develops data quality acceptance criteria for datasets which may be considered for inclusion into a regional database; or,

b. BAMBI accepts all data for inclusion into a regional database, regardless of training and QA/QC procedures used.

Discussion Points:

· Are there other options not listed? 

· Which option(s) would be the most useful to BAMBI participants if implemented? 

· Which option(s) is the most feasible? 

· Which option(s) would BAMBI participants like to see implemented in 2004? Subsequent years? 

· What resources are available to implement the selected option(s)?

3. Data Management 

The development of a regional database is a critical first step in maximizing the utility of bioassessment data. Because of the multitude of groups collecting bioassessment data, combining data together will vastly increase our ability to develop rigorous analytical approaches.  The status of bioassessment data management in the Bay Area was summarized in the 2003 BAMBI Issue Paper #5. The following options should be considered:

Improvement Options:

1. Data Sharing: BAMBI members should decide to what level they are interested in sharing their data between partners. The sharing of data can exist at several levels. Data can be added to a regional database for the purposes of data analysis, but not distributed to the general public.  The following options should be considered: 

a. BAMBI participants agree to share data sets between themselves and will allow data to be entered into a regional database, or equivalent; or, 

b. BAMBI participants prefer that data not be shared between themselves and not entered into a regional database or equivalent.

2. Development of a Regional Database and Conversion of Data to a Common Format:  Most agencies and organizations currently keep their bioassessment data in Excel spreadsheets. Combining different datasets within Excel will involve considerable work to address issues such as data comparability (see above) and potentially reducing taxonomic data to standard levels. The ABL has developed an Access-based database, Cal-EDAS, for all of their bioassessment data. BAMBI may be able to use Cal-EDAS to input all Bay Area bioassessment data, but the ABL is not able to provide technical support (Peter Ode, ABL, personal communication). The 2002 BAMBI Issue Paper #5 identified several options for improvement, including:

· Improve documentation and reporting of individual data management applications;

· Promote common standards for QA/QC information and metadata;

· Promote use of common formats in Excel; and,

· Promote conversion to a common relational database

Depending upon the level of commitment of BAMBI members and the type of database desired, it will likely require a substantial time commitment from one or more persons to incorporate existing data into one agreed upon database. At a minimum, it is suggested that BAMBI members using the most common bioassessment protocol (CSBP) should submit their raw data (taxa abundance data) in Excel spreadsheets to BAMBI (point person to be determined).  Additionally, the following options should be considered: 

a. BAMBI participants should develop or adopt a regional database structure to facilitate the coordinated management of bioassessment data in the Bay Area; or,

b. BAMBI should not develop/adopt a regional database.

Discussion Points:

· Are there other options not listed? 

· Which option(s) would be the most useful to BAMBI participants if implemented? 

· Which option(s) is the most feasible? 

· Which option(s) would BAMBI participants like to see implemented in 2004? Subsequent years? 

· What resources are available to implement the selected option(s)?

4. Data Analysis and Assessment

As discussed above, multimetric and multivariate analyses are the most common approaches to bioassessment data analysis. An essential first step of both analytical approaches is the development of reference conditions, expected biological conditions in the absence of human disturbance. Generally, reference conditions are established from biological surveys of sites that are minimally disturbed by human impacts. Peter Ode and David Herbst have developed a framework for identifying minimally disturbed reference sites based upon: (1) a GIS-based analysis of upstream human disturbance and (2) a qualitative reach-scale field verification of habitat quality (Ode, 2002). Their method is particularly useful for identifying minimally disturbed sub-watersheds. Employing the GIS analysis for existing bioassessment sites is more difficult because graphical delineation of the upstream drainage area of each sampling point is often very time-consuming. Identification of reference sites will enable a number of analyses to be performed, including (1) evaluation of natural sources of variation in macroinvertebrate communities; (2) construction of a multivariate predictive model, and/or (3) development of an Index of Biotic Integrity (IBI).

Improvement Options:

1. Identification of Minimally Disturbed Sites: Traditionally, reference sites are determined by the best professional judgment (BPJ) of local land managers and biologists. Recently, GIS land use data has been used to select reference sites in a more quantitative, objective manner. Although the BPJ approach is simpler, it requires familiarity and knowledge with the entire region. The GIS approach requires a significant time investment (probably 40-80 hours) by an individual with some GIS experience. To that end, the following options should be considered:

a. BAMBI chooses to initially develop a single set of reference conditions for urban and non-urban streams in the Bay Area; or, 

b. BAMBI chooses to initially develop reference conditions only for urban and non-urban streams Bay Area streams separately; or, 

c. BAMBI chooses to not develop reference conditions for Bay Area streams.

Discussion Points:

· Are there other options not listed? 

· Which option(s) would be the most useful to BAMBI participants if implemented? 

· Which option(s) is the most feasible? 

· Which option(s) would BAMBI participants like to see implemented in 2004? Subsequent years? 

· What resources are available to implement the selected option(s)?

Next Steps

The issues and improvement options presented in this proposed 2004 workplan will be discussed at the January 29, 2004 BAMBI meeting. A focused discussion regarding the options will occur in the afternoon session. Desired outcomes of the meeting are not to resolve all issues and details in this document, but to:

· Gain a better group understanding of the which proposed options BAMBI participants would like to see implemented in the near future; and,

· Discuss the resources needed/available to accomplish these goals.
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Summary and overview:   BAMBI was initiated in 2002 as a regional information-sharing network modeled after the annual meetings of the California Aquatic Bioassessment Workgroup.  Initial support for BAMBI was provided by stormwater management agencies that saw a need to coordinate their bioassessment activities with the Regional Water Quality Control Board and other entities.  For the BAMBI meeting in January 2003, these agencies and Regional Board staff collaborated on a series of “issue papers” that described technical and methodological hurdles to be addressed for improving the usefulness of bioassessment in the Bay Area.  Follow-up discussions among stormwater and Regional Board staff during 2003 have produced the workplan proposal that follows. 


To date BAMBI has been a forum, not an organization with specific mission or goals.  The activities described in this workplan would be much more effective with collaboration and active participation by a wide variety of agencies and organizations, but we recognize that not everyone involved with BAMBI may be as interested.  Therefore we have drafted this proposal for consideration in the context of some overall questions about BAMBI’s direction:


Will BAMBI have specific goals and sponsor activities, either as a whole or as an umbrella for smaller workgroups or coalitions?


How formal should decision making ground rules be, for the whole or for small groups?


What are useful ways to exchange information outside of the annual meetings?


--the 2004 BAMBI agenda planning committee (Matt, Arleen, Paul, Chris) 
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