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Project Summary

This proposal outlines a research plan to evaluate a priori and a posteriori methods of biological community classification for the riverine systems of Pennsylvania; evaluate the importance of biological and environmental variables in shaping aquatic communities over a range of temporal, landscape and anthropogenic conditions; and develop a methodology to define scientifically defensible reference conditions for the communities. 

The proposal work includes 4 main objectives: (1) Evaluate a number of classification methods to determine which produces the most defensible and accurate classification of Pennsylvania’s riverine systems; (2) Link biological and abiological characterstics of the riverine systems across a variety of spatial, and temporal scales and disturbance regimes; (3) Verify the effectiveness of classification based on models of abiotic variables that predict potential community composition; and (4) Determine whether select temporal, spatial and disturbance factors can be used to conduct condition analyses of existing communities, and define appropriate reference conditions. 

To provide results addressing these issues, the proposed research will be conducted along three lines of work. The first research area involves the use of a number of multivariate methods to produce a posteriori classifications of aquatic communities in Pennsylvania based existing biological data, and examine relationships with abiological variables. Alternative classification schemes based on abiotic variables will be developed and evaluated. Investigators will collect field data over the course of the project to address critical data gaps, and analyses will subsequently be re-run. The second area of research will involve the use of the biological data, and the aquatic community classification based largely upon it, to evaluate the sufficiency of a predictive, a priori hierarchical model of riverine community classification. The third area of research will evaluate a technique that combines spatial, temporal and disturbance factor analysis to define the condition of individual communities across the landscape and determine the appropriate reference conditions for those communities.

This study will benefit numerous parties working to improve the scientific basis for classification of aquatic systems, by providing guidance for deriving biological reference conditions for aquatic classes, facilitating development of more rigorous and defensible biocriteria. Results from this study will provide a framework for riverine assessment in Pennsylvania, improve our predictive capabilities surrounding aquatic communities,  facilitate waterway restoration, and improve the basis for the conservation community and environmental reviewers to make well-informed planning, restoration and conservation decisions.
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Research Plan

In an effort to increase our understanding of aquatic systems and the factors that affect those systems; standardize methods to sample, identify, classify, characterize and rank aquatic communities; test new and existing predictive community classification models; and develop reference conditions for aquatic communities, the Pennsylvania Science Office of The Nature Conservancy recently began a collaborative aquatic community classification project. This project was initiated through a grant from a private foundation. Beginning with this Star Grant, the Pennsylvania Science Office will partner with the Western Pennsylvania Conservancy, Pennsylvania State University and a number of other public and private institutions to develop an aquatic community classification for Pennsylvania. 

Background

Biological communities are assemblages of species that co-occur in defined areas at certain times, and have the potential to interact with one another (Whittaker, 1962).  Communities constitute unique sets of interactions among species, and provide numerous important ecosystem functions (Costanza et al., 1997). By describing, tracking and preserving biological communities, we are able to protect a complex suite of interactions not easily identified and protected through other means. Currently, there is no national or international standard for classifying aquatic communities (Grossman et al., 1998). 

Methods used to assess and compare freshwater resources vary tremendously across the country, even while freshwater animals are the most threatened on the planet (Master et al., 1998).  A nationwide, scientifically sound, standardized aquatic community classification system would greatly increase our understanding of aquatic ecosystems, improve our ability to communicate about aquatics and greatly further conservation of those systems. Presently, the void in knowledge of condition, distribution and abundance of aquatic systems appears to be leading to duplication of conservation efforts in certain areas, while some of the more unique and threatened aquatic systems are overlooked due to the lack of organization of descriptive information.  

National aquatic community classification has been called for in the literature for the past half century (Platts, 1980). A number of states have developed or are developing aquatic community classification systems. The methods used to develop these systems vary widely, ranging from statistical analysis of field data (Hunt, personal communication), to expert opinion combined with analysis of field data (Sather, 1991), to landscape level modeling using Geographic Information Systems (GIS) (Sowa, personal communication). The biotic and abiotic variables considered in the classification vary widely as well  (e.g. Sather, 1991; Langdon et al., 2000; Pflieger, 1989). As a result of the wide range of methods utilized by states in developing aquatic community classifications, the classes of communities defined in the classifications vary widely, and are not comparable across state lines, thus greatly impacting regional and nationwide conservation efforts.

Several attempts have been made to develop aquatic classification methodology for use at the nationwide scale. The Nature Conservancy conducted a study of classification methodology utilizing biotic and abiotic data in Michigan (Higgins et al., 1998). However, the product did not define communities at a scale fine enough to be used in making site-specific conservation decisions. The authors of this study found that utilizing fish data alone did not represent the complexity inherent in aquatic communities (Higgins et al., 1998). A number of other national aquatic ecosystem classification efforts addressing various biotic or abiotic aquatic ecosystem components have been undertaken as well (see Maxwell et al., 1995; Rosgen, 1994; Hawkins et al., 1993; and Lotspeich and Platts, 1982).  None of these methods have been adopted nationally to classify biological communities. 

The US Environmental Protection Agency (EPA) used remote sensing to define ecoregions in an effort to classify aquatic systems (Omernik, 1995). The ecoregion concept may prove to be an extremely useful tool in predictive modeling of potential aquatic community types, in community status analyses, and in regional conservation planning. However, ecoregions, as they are currently defined, do not provide enough detail to classify local sites, do not define biological community components, and are not field validated in most areas of the country. Therefore, ecoregions alone cannot be used to classify aquatic communities at fine scales.
The Nature Conservancy is currently working to develop a GIS-based nationwide aquatic classification by defining classes of “drainage units” and biophysical stream types through comparison and categorization of spatial data on historical fish distribution, geology, climate, landform, hydrologic regime, watershed drainage density, and drainage pattern (Groves et al., 2000). This approach is being used to classify aquatic systems within ecoregions, and in combination with peer-review, focus conservation resources on threatened aquatic ecological systems. However, biological components of aquatic communities are not being defined, and results are not field validated. While this effort cannot yet serve as a nationwide aquatic community classification, it may prove to give extremely accurate predictions of aquatic community types.

Pennsylvania’s Natural Heritage

Pennsylvania harbors diverse aquatic biota, and is uniquely suited for development of nationwide aquatic community classification methodology. There is great diversity in geologic, hydrologic, climatic, landscape, and ecoregional processes in the state that result in conditions that are comparable to numerous states across the country.

Pennsylvania is perhaps the most geologically diverse state in the United States (Schultz, 1999). Pennsylvania is divided into seven physiographic provinces, three of which (the Piedmont, the Ridge and Valley, and the Allegheny Plateau) occupy the majority of the state. As might be expected based on the diversity of physical characteristics of Pennsylvania, the state encompasses portions of more ecoregions than the majority of states in the United States. Portions of 12 Level III ecoregions defined by Omernik et al. (1995) occur in Pennsylvania.

Over 4,000 lakes, reservoirs and ponds, and 83,000 miles of streams occur in Pennsylvania. Aquatic habitats are extremely diverse, and range from deep, cold lakes, to shallow swampy lakes; from cold clear mountain streams, to slow moving warm silty rivers; to tidal estuarine systems (Steiner, 2000).  Pennsylvania waters drain into three major United States drainages: the Great Lakes Drainage, the Atlantic Ocean, and the Mississippi River Basin. Pennsylvania waters support almost one quarter, or over 194 species (Argent et al., 2000), of the 790 freshwater fish species known from the United States and Canada (Page and Burr, 1991). 
Within a number of invertebrate taxonomic groups, the diversity of species found in Pennsylvania is quite high.  In 1990, 320 species of caddisflies were known from Pennsylvania. Pennsylvania was second only to Alabama in caddisfly diversity (Masteller, personal communication). In addition, 134 of 618 species of stoneflies known from North America occur in Pennsylvania, along with 230 of approximately 500 species of mayflies; and 170 of 435 odonates (Masteller, personal communication; Earle, personal communication; Rawlins and Bier, 1998; Hoover, personal communication). Pennsylvania harbors 65 species of mussels, mainly in the Ohio River Drainage. A number of rare mussel species occur in Pennsylvania waters (Williams et al., 1993). 

Uses of the land in Pennsylvania are particularly diverse. Pre-settlement, much of inland Pennsylvania was forested, wetland or barrens. As in many areas of the United States, much of the land in Pennsylvania was logged by the 1900’s. Currently, row crop agriculture is common throughout the state, particularly in the southeast, and in the mountain valleys. Cattle, poultry and dairy operations are also common in the mid-state valleys. Mining of coal, anthracite and other minerals and materials began in the 1700’s in much of the southwestern and central portions of the state, and continues today (Schultz, 1999). As in many places throughout the country, suburban development is increasing, especially in the southeastern portion of the state.

Due to the wide variety of land uses in Pennsylvania, a wide variety of threats also affect Pennsylvania’s aquatic systems.  Threats of greatest concern are (1) man-induced disturbances; (2) changes in background environmental conditions influencing the availability of limiting microhabitats; and (3) reduction in viable population sizes (Rawlins and Bier, 1998). The impacts of these threats range from effects on individual organisms to impacts on ecosystem structure and function. In fact, these threats are thought to be responsible for the possible extirpation of 26 species of fishes that previously occurred in Pennsylvania (Cooper, 1983). 

In Pennsylvania, 79.5 percent of the assessed stream miles supported the designated fish and aquatic-life use, while 20.5 percent were reported as impaired. The two major sources of impairment were determined to be agriculture and abandoned mine drainage, each responsible for degradation of more than 2700 miles of streams (DEP, 2001). 

Because of the great diversity in major watersheds, geologic, hydrologic, climatic, landscape and ecoregional processes in the state and the diversity of threats that are affecting the aquatic communities, Pennsylvania offers a wide range of conditions to be evaluated in an aquatic ecosystem classification. This community classification project will address many of the questions being asked about aquatic community classification nationwide.

Project Objectives 

1. This project will improve the scientific basis for classification of riverine systems and provide guidance for deriving biological reference conditions for these classes, facilitating development of more rigorous and defensible biocriteria.

2. This project will provide a central GIS-linked database holding aquatic data for Pennsylvania. The existence of this database will greatly increase knowledge about the aquatic systems that exist in Pennsylvania, facilitate research and simplify regulatory processes. 
3. This project will evaluate the utility of a number of multivariate methods in producing a posteriori classifications of aquatic communities in Pennsylvania based existing biological data. 

4. Multivariate analysis will also be used to examine the relationship between the biological elements of aquatic communities and abiological variables. The utility of classification alternatives based on physical, chemical and spatial variables that are found to be important in shaping communities will be evaluated. The project will evaluate whether biological and abiological characterstics of the riverine systems can be linked across a variety of spatial, and temporal scales and disturbance regimes. 

5. This project will produce an a posteriori classification of aquatic communities in Pennsylvania resulting from these analytical efforts.

6. Biologic data, and the aquatic community classification based largely upon it, will be used to evaluate the sufficiency of a predictive aquatic ecosystem classification model. The model represents an a priori hierarchical model that classifies/predicts aquatic ecosystem diversity and condition based upon landscape scale abiotic parameters, and historical fish distribution.  The model has not been evaluated with biological data but is currently being used as a surrogate for predicting aquatic ecosystem diversity and condition within ecoregions.

7. Select temporal, spatial and disturbance factors will be used to conduct condition analyses of existing communities that are expected to be similar when subject to similar environments, to determine whether condition, and potential reference systems can be defined in this manner.

Hypotheses
The project objectives lead to several hypotheses concerning aquatic community classification:

1. We predict that aquatic ecosystems can be stratified into component communities utilizing multi-variate analyses of existing biological data, primarily data on macroinvertebrates, fishes and mussels.

2. We hypothesize that aquatic communities are strongly correlated to environmental variables (listed in Appendix A).

3. It is predicted that aquatic communities vary along natural environmental gradients in a predictable manner and that with sufficient biological and environmental data the potential spatial distribution of communities can be predicted. 

4. We hypothesize that communities will vary along gradients of human influence, with communities being more similar (and more degraded) with increasing exposure to similar types of human-related disturbance.

5. We hypothesize that the long-term impact of human disturbance on aquatic communities can be discerned by the comparison of current aquatic community condition with available historical data.
6. We hypothesize that analysis of select temporal, spatial and disturbance factors will allow accurate determination of existing condition of individual communities, and will provide for accurate definition of reference conditions. 
7. Finally, it is hypothesized that a recently developed predictive model of aquatic ecosystem classification will accurately predict the location of aquatic communities identified through this study.
Approach 

The first objective of this project is to produce a data-based (bottom-up) method of classification of Pennsylvania’s aquatic systems. Biological and environmental data will be gathered, evaluated, and input into a centralized database.  Patterns in species distribution across the landscape will be evaluated using multivariate data analysis techniques.  Statistical analyses will be conducted on the data to define communities and associated environmental characteristics. Characteristic biota, and indicator species will be identified for the communities that are defined. 

Characteristic abiotic traits will be identified for the suite of communities.  The value of abiotic characteristics as predictors of aquatic community type will be assessed.  Communities identified through this analysis will be compared to classes predicted to occur in specific geographical areas based on an existing abiotic aquatic classification model developed by the Freshwater Initiative of The Nature Conservancy.  

The geographic variation in community distribution and abundance will be mapped and evaluated. An analysis of the distribution, abundance and relative condition of the various community types will be provided.  Reference, or best remaining example, communities will be defined for each community type.

Project Year 1: Classification Utilizing Existing Data

The first step of the project will be to complete gathering of site-based existing data from available sources. The data gathering phase of this project is partially funded by a grant to the Pennsylvania Science Office of The Nature Conservancy from a private foundation.  It is anticipated that much of the existing data will be gathered before the work funded through this proposal would begin. Collection of existing data that has not been completed by the time this grant is funded will be completed in the first year of the project. Preliminary data analysis will also be completed in the first year of the project.

Data types sought will include current and historical biological and environmental data.  Information on species presence or absence, abundance, and associated habitat variables or site notes will be sought. Geo-referenced information will be sought whenever available. In Pennsylvania, there are a number of public and private sources of data on aquatic ecosystems.  The level of taxonomic identification of available data is variable, ranging from generally genus level in aquatic insects, to species level in fishes and mussels. The methods used to collect the organisms also vary widely.

Survey of Available Aquatic Biological Data

Agencies such as the US Geological Survey (USGS), the National Parks Service, the US EPA and the US Forest Service have conducted surveys of some of the aquatic systems of Pennsylvania, and have a variety of aquatic data available. 

The Pennsylvania Natural Diversity Inventory  (PNDI) maintains information on Pennsylvania’s rare species, endangered species, species that are otherwise of concern, important natural areas, and terrestrial communities.  312 different aquatic or semi-aquatic species, communities or features are tracked by PNDI in Pennsylvania. 

A primary source of comprehensive, statewide macroinvertebrate data is the Pennsylvania Department of Environmental Protection (DEP), who utilizes a modified EPA Rapid Bioassessment Protocol approach to assess streams, and collect data on macroinvertebrates and habitat. The Susquehanna and Delaware River Basin Commissions sample sites within the Susquehanna and Delaware drainages for macroinvertebrates and associated abiotic variables.  

A number of academic investigators also have completed baseline inventories for individual macroinvertebrate orders: Masteller and Flint (1992a and 1992b) worked on caddisflies and stoneflies;  Surdick and Kim (1976), Earle (1994), Grubbs (1996), and Masteller (1997) also inventoried stoneflies. Black flies were inventoried (Adler and Kim, 1986). Dragonflies and damselflies (Odonata) are relatively well known (170 species), beginning with early work by Beatty and Beatty (1971a, 1971b), and continued by Shiffer (1985). Several groups of aquatic insects are being actively inventoried at this time, including Ephemeroptera. A comprehensive survey of crane flies, the largest family of true flies (Diptera: Tipulidae), has been the object of baseline work by Young and Gelhaus (2000) that combines all available historical information with new collections from throughout the state. 

Pennsylvania was fortunate to have a malacologist at the Carnegie Museum (CMNH) in the early 1900’s, who established an historical record of what was once an exceptionally diverse mussel fauna (Ortmann, 1919). Two malacologists are currently revisiting all of the sites visited for this record, and documenting the status of mussels in Pennsylvania today. A summary publication on the Pennsylvania fauna is in preparation by Bogan and Proch (Rawlins and Bier, 1998).  Modern mussel surveys have been conducted in all drainage basins by a variety of investigators in the state as well (e.g., Bier, 1994 and Bogan, 1993). 

The major repositories for specimen-based information on Pennsylvania invertebrates are concentrated in the collections of the CMNH (insects and mollusks), the Philadelphia Academy of Natural Sciences (strength in mollusks, aquatic insects, and some freshwater non-arthropod taxa), and Pennsylvania State University (arthropods, especially insects). The Smithsonian Institution (National Museum of Natural History) in Washington, D.C. and the American Museum of Natural History in New York also have significant holdings of Pennsylvania invertebrates, and the Museum of Biological Diversity at Ohio State University in Columbus, has important holdings of freshwater mussels from Pennsylvania. The vast majority of invertebrate specimens from Pennsylvania in these repositories (more than 95%) are not entered into databases, and in many cases their current level of curation is such that authoritative verification of identification is needed (Rawlins and Bier, 1998). 

There are a number of sources of existing fish data in Pennsylvania. Edwin Cooper established a database of fishes that historically occurred in Pennsylvania in 1983, based primarily on voucher specimens (Shiels, personal communication). The Pennsylvania Fish and Boat Commission maintains a large database of their fisheries survey data including 11,000 records (Argent et al., 2000). Jay Stauffer and several other ichthyologists in the state are developing an atlas of the fishes of Pennsylvania, and maintain a 12,800 record database of survey information (Argent et al., 2000). The Pennsylvania State University, University of Michigan, and Philadelphia Academy of Natural Sciences Museums maintain large fish collections with many samples from Pennsylvania.

We are unaware of sources of comprehensive information on algae or aquatic macrophytes from Pennsylvania, but will collect data that are available and attempt to incorporate them into analyses.

Data will also be sought on a number of abiotic characteristics that are thought to be important in shaping aquatic communities. The characteristics of interest are listed in Appendix A, along with references that document relationships to biological community composition. There are four general categories of abiotic variables that will be examined: geomorphological, geological, hydrological, and environmental.  The variables to be examined encompass a wide range of spatial scales, from those that are measured at individual sampling sites, to those that are measured at the landscape scale. The variables also encompass a wide range of susceptibility of human influence.

Many types of abiotic data are evaluated as components of field surveys of aquatic systems.  Thus, many local scale abiotic data will be available through field survey records.  Many abiotic characteristics are also evaluated at the landscape scale.  Data on numerous abiotic variables are available as GIS layers from various sources.  A great deal of abiotic spatial data for Pennsylvania are available through the Pennsylvania Spatial Data Access (PASDA) web site, through USGS, and through The Nature Conservancy.  Additional sources of these types of data include the EPA and the PA DEP.

Data Management

A central database for data storage will be created in Microsoft Access. Data gathered for input into the database will be scrutinized for accuracy, compatibility and applicability.  The data sets gathered will be qualitatively evaluated, and assigned ratings based on confidence in identification of specimens, and in species location.  These ratings will be determined based on information provided by the data source, and best professional judgement by project investigators and the advisory committee. Data deemed appropriate for the analysis will be standardized, input into the database and spatially linked to a GIS whenever possible.  Spatial layers obtained will also be scrutinized for accuracy, compatibility and applicability. Layers deemed appropriate for the analysis will be standardized, and input into a centralized GIS.

Data Analysis
The first step in data analysis will be to evaluate the amount and type of information available. Information availability will be summarized within the following categories: taxonomic group, geographical area, watershed, type of waterbody, year of collection, survey effort, repetitive site sampling, rarity designation, exotic species abundance, data with associated habitat information, and data with species abundance information (Vaux, personal communication). This review will be conducted to evaluate completeness of the data, and highlight potential patterns, and problems.  A number of GIS tools will be used to summarize data from spatial layers, and evaluate spatial, geomorphological and quality characteristics of streams. Tools that were created by The Nature Conservancy will be useful in the data summarization process (see Fitzhugh, 2000). 

Species richness and taxonomic composition will be examined across major drainages, and various size hydrologic units (as defined by USGS), biophysical stream classes, stream sections, and ecoregions. The quality and quantity of the available data will be assessed. Completeness of species occurrence data will be evaluated; geographic and taxonomic gaps in data will be assessed; the significance of the data gaps will be considered; and temporal and spatial patterns in species presence and abundance will be examined. Preliminary patterns of presence of species that have been determined in the literature to be tolerant or intolerant to organic pollution will be evaluated.  Patterns in distribution of rare species, keystone species, and potential indicator species will also be evaluated. 

Preliminary Community Classification and Evaluation of Relationships between and Among Biotic and Abiotic Variables
Under the assumption that there are enough biological and environmental data available to conduct community classification analysis and obtain meaningful results, a preliminary classification will then be developed.  Utilizing the multivariate techniques described below, the biological data will be classified. Multivariate analysis is useful in community ecology for two primary reasons: it helps ecologists understand the structure of the data and provides objective, easy summarization of the data (Gauch, 1980). The goal of this analysis is to identify the distinct biological community types that exist in Pennsylvania waters. The entire biological dataset will be analyzed as a whole. Then various taxonomic groups will be analyzed in combination, and alone. Because of the large number existing fish and macroinvertebrate records it is anticipated that classification analyses of data from these groups will be the most meaningful.  

Potential relationships among different biological variables, as well as between biological variables and abiotic variables will be explored using several multivariate analysis methods.  Biologic data will be classified using several different methods, including detrended correspondence analysis (DCA), non-metric-multidimensional scaling (NMS), cluster analysis and two-way-indicator-species-analysis (TWINSPAN).  These analysis will be performed using PC-ORD (version 4.0, McCune and Mefford, 1999).  The use of multiple classification/ ordination techniques will assist in discerning real patterns in the data versus statistical artifacts/flaws particular to one method or another.  In addition, NMS provides a Monte Carlo test option where the statistical significance of ordination axes can determined.  The relationship between biologic and abiotic data will be assessed using canonical correspondence analysis (CCA), using the PC-ORD statistical software, as well as direct gradient analysis.  Abiotic variables that will be included in this analysis, when available, are listed in Appendix A. This suite of variables was derived from a literature review of variables that are associated with aquatic communities. Results of these analyses will be evaluated to determine whether certain abiotic characteristics can be used in models to accurately predict aquatic community composition. 

An attempt will be made to identify and remove statistical outliers from the analysis of biological and environmental datasets.  Exploratory clustering using PC-ORD 4.0 (McCune and  Mefford, 1999) or JMP 4.0 (SAS, 2000) will be used to identify outliers (Grossman et al., 1998).

Biologic data will be linked to location information, which will allow communities to be mapped as a GIS data layer using ARCVIEW version 3.2a or later (ESRI, 2000).

The distribution, composition and abundance of the communities identified through this analysis will be qualitatively evaluated to determine whether patterns exist along environmental gradients, and how communities vary geographically and in species composition. Patterns of species that have been determined in the literature to be tolerant or intolerant to organic pollution; rare; keystone or indicators will also be evaluated in relation to abiotic landscape patterns. 

Changes in community composition over time will be evaluated in areas where repeated sampling has been performed.  Multivariate techniques will also be used to explore how much overlap exists between communities defined using different taxonomic groups, as well as communities defined by specific taxonomic groups versus communities defined using all available biological data

Project Year 2: Field Work To Collect Additional Data For Refinement Of The Classification Developed Using Existing Data
Based on preliminary review and classification of available data, we anticipate a number of taxonomic and geographic gaps in the existing data on riverine systems. It is likely that data will be suitable for community classification across certain taxa, and for certain geographical areas. We specifically anticipate gaps in geographic distribution of existing data, and level of information available on macroinvertebrates, fishes and habitat. We anticipate spending the second year of the project collecting data to supplement the existing data, and addressing data gaps that are deemed most serious, through expert review and best professional judgement.  Additional field work will focus on riverine systems.

It is anticipated that at the minimum, additional data on fishes, macroinvertebrates and abiotic characteristics will be needed from across the state.  Published, commonly used field methods will be used to collect these data.  Reaches (150 m on average) that best represent the characteristics of the stream will serve as the sampling unit for study (Barbour et al., 1999). The number of sites that will be sampled for a given aquatic system will vary with the quality and quantity of the existing data on the aquatic system, and the characteristics of the system itself. Representative samples will be sought from all systems. The methods used to collect biological and habitat data will vary with the size of the stream being sampled, and the site conditions.

In general, fish will be collected with electrofishing equipment according to standard techniques for the size of stream that is being sampled. In streams that are sampled with backpack or barge (tow-behind) electroshockers, block nets will be positioned at the boundaries of the sampling reach.  Fishes will be identified and measured in the field, and released, with the exception of voucher and unidentified specimens. Seins may also be used in smaller streams to collect fishes that are less prone to be caught through electrofishing.

Macroinvertebrates will be collected from all habitats within the sampling reach, unless this is impossible (such as in a large river). Sampling will be based on multi-habitat sampling methods described in Barbour et al. (1999). Substrate, vegetation and bank-side areas will be sampled qualitatively with D-Frame nets. Other substrates, such as woody debris, will be sampled through hand picking. All organisms will be collected and identified in the laboratory, to the lowest taxonomic level possible. All samples will be preserved as vouchers. 

Abiotic characteristic evaluation will be modeled after Meador et al. (1993) and Barbour et al. (1999). The goals of this evaluation are to characterize reach geomorphology, in-stream habitat, and other abiotic characteristics that are known to influence aquatic community composition. Habitat will be evaluated at the time of biological sampling. 

Project Year 3: Refinement of Classification

The third year of the project will be primarily devoted to revising the preliminary classification to incorporate data collected during the second year of the project. The data collected during the second year of the project will be entered into the database, and combined with the existing data.  The entire dataset will then be reanalyzed, using the methods used previously on the pre-existing data. Communities will then be re-mapped, as described above.

A sub-set (approximately 10 %) of the communities that are identified as a result of these analyses will be verified in the field, and verified with available independent data, or data purposely left out of original analyses for this purpose.

The revised classification will be used as a tool to test the adequacy of an existing abiotic aquatic ecosystem classification model.  Spatial variation in community composition, and the actual and potential quality (reference conditions) of the communities will also be assessed. The methods and results of the classification will be communicated within Pennsylvania and nationwide.

Evaluation of an a posteriori Model of Aquatic Community Classification

The results of this classification study will be compared to the results of the Freshwater Initiative’s GIS-based nationwide aquatic classification model (Groves et al., 2000). This classification has been developed for most of Pennsylvania but has not been validated.  

The classification developed through this grant will be used to evaluate the effectiveness of the Freshwater Initiative model in predicting the geographic location and condition of community types. Pennsylvania is an ideal state to test the model because of the wide range exhibited in the variables that are used to develop the classes, and the potential to test the model’s accuracy under a variety of circumstances. A report summarizing the results of the comparison of this classification to the Freshwater Initiative’s surrogate classification will be developed.
Condition Analysis

The condition of individual communities that are defined will be evaluated, and compared to the optimal condition of the community, or the condition that the community would exist in if it were not subject to various impacts.  This analysis will be developed through examination of historical and current data. 

Certain sites may have multiple measures of biological data associated with them.  If such data are available, biological records will be grouped by decade of collection, and analyzed by decade group, using the multivariate methods described above.  Changes in community composition observed in the analyses will be examined qualitatively, to determine whether communities currently present have “degraded” based on known environmental impacts, or have possibly undergone natural succession. The effects of degradation will be associated with activities occurring on the landscape and environmental variables associated with the locality.

The results of the analyses to determine the importance of abiotic variables in predicting community composition will be evaluated in the context of the current condition of the landscape in Pennsylvania. The level of disturbance to natural processes that are found to be important in shaping biological communities will be analyzed qualitatively, as will the intensity and prevalence of that disturbance.  The prevalence and intensity of anthropogenic abiotic characteristics that are found to significantly impact aquatic communities will be evaluated. Through this analysis, we hope to get an idea of the actual and potential condition of individual community occurrences, and the significance of threats to those systems.

Geographic areas that encompass the ranges of variability in abiotic variables that are found to be important in shaping aquatic communities will be sought.  Ideally, the relatively undisturbed areas will comprise reference conditions for communities that are associated with these abiotic variables. Within the range of variability of the significant abiotic variables, the communities in the undisturbed areas will be compared to the communities in the more impacted areas, in the context of current and historical biological and abiological characteristics. The relatively undisturbed communities will be evaluated for their potential as reference conditions for the more disturbed communities. 

Evaluation of Need for Future Work

An evaluation of the need for additional modification of the classification will be undertaken at the end of the project period. At this time, the results of the work will be analyzed and discussed, and a set of recommendations for additional work will be developed.  After the completion of this project, project partners will continue work to improve the classification, increase usability of the classification, and provide education and training on the classification to interested parties within and outside the state.
Products

A number of products will be produced as a result of this study.  A centralized database for aquatic systems of Pennsylvania will be available as a result of this project.  Database information with a spatial component will be linked to a GIS to allow spatial data analysis.  An evaluation of the utility of various statistical techniques and types of data in aquatic community classification will be produced.  A project description, methodology summary, dichotomous key to the communities, descriptions of the communities, indicator species or conditions, and distribution maps will be published.  A summary of the variables that were found to be most important in shaping aquatic communities will be available, along with a summary of associations between abiotic variables and the various biological communities.  The potential for widescale use of predictive modeling in watershed assessment will be summarized. An analysis of the utility of various abiotic factors to predict community composition will be provided.  A report summarizing the results of the comparison of this classification to the Freshwater Initiative’s surrogate classification will be developed.  Finally, results of quality analyses will be available for each community occurrence.
Benefits of Study

Freshwater animals are the most threatened species on the planet (Master et al., 1998).  This situation is spurring efforts to protect and manage freshwater resources.  Targeting biological communities is a proactive approach to biodiversity conservation because it protects whole assemblages of species before any single species declines into imperilment.  

The development of models that can effectively predict stream type, and community composition will greatly increase the efficiency of our assessment programs, increase the effectiveness of our permitting systems, improve our ability to manage our aquatic resources, increase our ability to focus conservation efforts in areas in which they are most needed, and increase our efficiency overall in aquatic ecosystem management. The evaluation and validation of large scale predictive models created with spatial data will provide important information about the utility of those models.   

A nationwide community classification methodology would advance conservation efforts by facilitating identification of the abiotic variables and ecological processes that are necessary for the maintenance of aquatic communities. A nationwide classification system would allow for regional and national comparison of aquatic systems, and facilitate communication about them.  Our ability to classify, compare, and communicate information about aquatic ecosystems will determine our ability to protect them.

Benefits Incurred by the State of Pennsylvania through this Project

In addition to furthering aquatic classification efforts nationwide, a classification of communities in Pennsylvania will also greatly impact the state’s water management and conservation efforts. Specific programs such as the Western Pennsylvania Conservancy's Watershed Assistance Center will use the final classification system to guide the center's activities and base its watershed assessment work in the classification system.  Local groups working with the Watershed Assistance Center will also adopt the classification, and the Center will promote its use to other entities.

As discussed in this proposal, numerous data on various biological and physical parameters of aquatic systems exist for many Pennsylvania waters, but little has been done to collate and centralize these data. This project will provide a central database holding aquatic data for Pennsylvania. A centralized GIS will also be developed for the aquatic communities of Pennsylvania. The existence of this database and GIS will greatly increase knowledge about the aquatic systems that exist in Pennsylvania, facilitate research and simplify regulatory processes.

A statewide assessment of the community types that currently exist, the historical communities, the threats affecting the communities and the quality of the individual community occurrences will greatly aid efforts to determine the status of state waterbodies, and where areas of high impact from non-point source pollution are located.  In addition, aquatic community classification can greatly increase our predictive capabilities, based on both abiotic and biotic variables, thus decreasing the level of field sampling effort needed to assess and monitor waterbodies.  

The community condition evaluation component of this project will be very useful in aquatic restoration efforts. Optimal conditions and reference systems will be examined for each community type. These conditions can be used in goal setting for restoration efforts, and can be used as benchmarks in monitoring. The results of this analysis can also be used to prioritize restoration efforts for impaired stream segments. 

Without a classification scheme, it is difficult to define the types of communities that exist in the state, where these communities are located, which of these locations contain the best examples of each community type, or how management practices affect each community type. A useable and consistent classification system, along with data on rarity, quality and location, provides the conservation community and environmental reviewers with the tools they require to make well-informed planning, restoration and conservation decisions.

Communication about aquatic systems will be facilitated by the establishment of standardized methods and terminology, and by enhanced understanding of our aquatic resources, the state of those resources, and the reasons the resources exist in the forms that they do. 

In sum, use of the aquatic community classification will facilitate evaluation of threats to aquatic systems, improve predictive and research abilities regarding such systems, facilitate communication about the aquatic resources by providing a standard set of terms, maps and descriptions of various systems, and allow information to be effectively organized and integrated into an ecosystem management program.  

General Project Information

This proposal builds on a project initiating development of a classification of Pennsylvania’s aquatic communities that was recently initiated by the Pennsylvania Science of The Nature Conservancy. The principal investigators and advisory committee have worked together previously in a variety of capacities. All project participants are familiar with the problems, methods and techniques described in this paper. 

As the first iteration of this classification will be based on existing data, interaction with a number of institutions that hold aquatic data will be required. The majority of these institutions have been contacted, and are willing to assist with the project. Laboratory facilities are available at the Pennsylvania Science Office (provided by the PA Department of Conservation and Natural Resources) and at Pennsylvania State University. 
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Quality Assurance Statement

The Nature Conservancy has developed national standards for data collection, storage, and analysis (TNC, 1995). Standards have also been developed for: sample selection, collection, and analysis applicable to ecological assessments, data reduction and reporting, and assessing the representativeness and completeness of data. The quality system complies with the requirements of ANSI/ASQC E4, Specifications and Guidelines for Quality Systems for Environmental Data Collection and Environmental Technology Programs Information contained in the TNC national standards, and in our general standards, coupled with project – specific information contained in this proposal meet or exceed all EPA requirements for the quality of integrity of data processed in this project.

The activities to be performed in this project, the hypotheses that will be tested, the criteria for determining acceptable data quality, and techniques that will be used to determine how many samples are required are described in the proposal text. All macroinvertebrates will be taken in sampling. Voucher specimens of fishes will be collected for all species that are identified in the field, and unidentified specimans. Samples that are collected in the field will be placed in appropriate preservative in a labeled jar (inner and outer label). Samples will be transported in coolers to the laboratories. Samples will be identified in the laboratories using appropriate taxonomic keys, and consultation with taxonomic experts. 10% of  samples will be re-identified by another party to ensure organisms are being properly identified.  If it is found that over 10% of the organisms re-identified were improperly identified by the first investigator, the sample will be wholly re-identified.  Sample storage will be negotiated with a Pennsylvania museum.  Sample logs will be maintained. Any electronic equipment utilized in the study will be calibrated according to instructions provided by the manufacturer.  Statistical methods and software that will be used in the project are described in the Approach section of the proposal. The advisory committee was set up to evaluate all methods and analyses to be utilized in this study. Outside review of all preliminary and final products will be extensively solicited, through personal contacts, presentations at relevant meetings, and publication, both in peer reviewed journals and in reports with varying levels of technical detail. 
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