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I.  Background and Objectives

Issues Being Addressed and Rationale for Fish Community Monitoring

Once covering vast areas of the North American continent, native Great Plains grasslands (prairies) are rapidly disappearing.  During the last century, large portions of grassland landscapes were plowed for cropland or converted to livestock pasture; 29% of shortgrass, 41% of mixed-grass, and 99% of tallgrass prairie (Knopf and Samson 1997).  Accompanying this loss in native grasslands is a decline in the quantity and quality of stream habitat flowing through them.  Topeka shiner (Notropis topeka), a federally listed endangered species under the Endangered Species Act of 1973, inhabits these small, low order, prairie streams of high water quality.  This species as well as many other fish species have been impacted adversely throughout their ranges by a number of factors associated with the loss of prairie.  A comprehensive review of the literature indicates habitat loss through stream degradation, modification, tributary impoundment, stream channelization, in-stream gravel mining, siltation, and fragmentation as reason for decline of the Topeka shiner (U.S. Fish and Wildlife Service 2000).  Reduced water quality, changes in stream hydrology, de-watering of aquifers, and introduction of predaceous fish into waterways occupied by Topeka shiner have also influenced the decline of the species (U.S. Fish and Wildlife Service 2000) as well as others native species.  

Warranting monitoring is the integrity of remaining prairie stream ecosystems, defined by their ability to support and maintain a balanced, integrated and adaptive community of organisms having species compositions, diversities and functional organizations comparable to that of natural streams of the region (Karr and Dudley 1981).  One or more biotic components of a stream may serve to measure its ecological integrity.  In fact, trends in the composition and abundance of fish populations have been used to assess the biological integrity of streams (Barbour et al. 1999, Moulton et al. 2002).  However, variations in stream habitat complexity often determine biotic communities including fish found in an area (Lazorchak et al. 1998).  Therefore, monitoring trends in fish community composition and diversity along with the associated habitat serves as a more complete measure of the integrity of prairie streams.

Topeka shiner, a species of special interest to this study had a historic range believed to included low order streams in six mid-western states: Iowa, Kansas, Minnesota, Missouri, Nebraska, and South Dakota.  Currently, Topeka shiner inhabits less than 10% of it’s original range (Tabor 1998).  Most lands with waterways in which Topeka shiner exist are in private ownership (Tabor 1993).  Therefore, publicly owned lands within its range may offer protected refuges for the species.  Both, Tallgrass Prairie National Preserve, Kansas and Pipestone National Monument, Minnesota have known populations of Topeka shiner (Tabor, personal communication 2000: Kansas; Schmidt 1989, Tabor 1993: Minnesota).  Tallgrass Prairie National Preserve may provide particularly suitable habitat for the species because watersheds of several low order streams are entirely within the Preserve.

The predominant substrate type in streams occupied by Topeka shiner is one of clean gravel, cobble, and sand (Pflieger 1975).  However, Topeka shiners use streams with varying degrees of sedimentation (Blausey 2001, Kerns 1983a).  Topeka shiners do require spawning sites free of sedimentation.  Therefore, they often spawn with other fish that keep their spawning nest swept clean of silt, especially Green (Lepomis cyanellus) and Orange-spotted (L. humilis) sunfish (Pflieger 1997).  Food habits of Topeka shiner are such that high quality streams capable of producing good hatches of aquatic macroinvertebrates are needed (Kerns 1983b).

National Park Service lands provide some of the least impacted low order stream habitat remaining in the historic range of the Topeka shiner.  As such, waterways on some National Park Service lands (i.e. Pipestone National Monument and Tallgrass Prairie National Preserve) have been proposed as habitat critical to recovering the species (Federal Register 2002).  Even without the critical habitat designation, federal agencies such as the National Park Service are required to manage endangered species and their habitat to ensure species protection and persistence, Endangered Species Act 1973.  Monitoring the current status and future population trends is critical to the success of the National Park Service efforts toward preserving Topeka shiner populations and managing their habitats.

Historic Development of Fish Community Monitoring in Prairie Parks


Trends in the composition and abundance of fish populations have been used to assess the biological integrity of streams (Barbour et al. 1999, Moulton et al. 2002).  During 2001 - 2003, the Prairie Cluster Prototype Long-term Ecological Monitoring Program initiated fish sampling and protocol development at Pipestone National Monument and Tallgrass Prairie National Preserve to assess the integrity of prairie streams within their boundaries.  Also, a strong desire by the National Park Service to locate and monitor populations of Topeka shiner, a federally listed endangered species on their lands guided the development of this project.  Therefore, the goals of this initial work were 1) to identify streams with Topeka shiner population, 2) assess baseline fish communities and habitat status in streams across both parks and 3) refine fish sampling and habitat assessment techniques for low order prairie streams.  Before 2001, park records from sporadic and poorly documented fish sampling suggested that Topeka shiner populations existed within both parks (Schmidt 1989, Tabor 1993: Pipestone National Monument; Tabor, personal communication 2000: Tallgrass Prairie National Preserve).  Populations of Topeka shiner were confirmed in streams at Pipestone National Monument (Peitz 2001, 2003) and Tallgrass Prairie National Preserve (Peitz 2001, 2002, 2003) by Park Service personnel.   

Measurable Objectives


There are four primary objectives for the monitoring described in this protocol:

1. To monitor through time the status and trends in species richness and relative abundance of fish communities and improve our understanding of Topeka shiner – fish community relationships.

2. To monitor through time the status and trends in the relative abundance and distribution of Topeka shiner within NPS units in the species historic range.

3. To monitor annual reproductive success of Topeka shiner as evidenced by the capture and documentation of juveniles. 

4. To monitor annually the quality and quantity of Topeka shiner habitat and improve our understanding of Topeka shiner – in-stream habitat relationships.   

II. Sampling Design

Rationale for Selecting this Sampling Design over Others

Many techniques are available for sampling fish communities, including electro-fishing, kick-net, throw-net, D-net and bag-net seining with block-nets.  The intermittence of streams and resulting isolated pools in Park Service lands included in this study lend themselves particularly well to bag-net seining.  This type of fish sampling only requires seining with relatively light-weight equipment, a 1/8 in. mesh minnow seines, 1.8-m deep and of varying widths less than 15-m.  The small mesh size allowed for capture of large fish without sacrificing capture success of smaller ones.  Properly conducted, bag-net seining results in the near complete capture of all individuals in a pool, as prairie streams tend to be shallow and narrow.  Block-nets are set up to isolate interconnected pools to preclude fish from escaping capture.  Electro-fishing, while effective would require transporting by hand, heavy equipment to remote areas of the park, with distances between sample reaches often greater than 1 km.  Other seine methods such as kick-net, throw-net and D-net sampling generally fail to sample the whole pool or collect fish from all strata within a pool.

Stratifying stream sampling to include at least the upper, middle and lower reaches allows investigators the opportunity to sample the extent of a stream without imposing unreasonable workloads that complete steam surveys require.  An attempt should be made to sample fish from at least five pools in each reach.  However, preliminary monitoring suggest that not all stream reaches contain five pools to sample and many will not have enough water to allow sampling at all.  Therefore, one to five sampled pools will represent most stream reaches sampled.   

Fish are identified in the net, which remains in the water unless identification is difficult, photo vouchering is needed or morphometric measurements required (e.g. Topeka shiner).  In the conditions outlined, fish are place in an aerated bucket containing water from the sample site until identification is made, vouchering complete or measurements taken.  All fish are released as near to point of capture as possible.  Habitat data collection at each pool needs to include air and water temperatures; water clarity, dissolved oxygen content, conductivity and pH; substrate cover by types; presence and type of stream bank vegetation; stream bank erosion levels; substrate conditions; and pool dimensions to meet Topeka shiner Recovery Team objectives.  Within each stream reach, weather conditions, the presence of off channel pools and stream flow between pools also need to be recorded.  Most habitat data at the stream basin, segment and reach levels are collected in accordance with the National Water-Quality Assessment Program (Fitzpatrick et al. 1998).   

Fish surveys, when conducted in late summer – early fall allow observers to make inferences about juvenile recruitment.  Most prairie stream fish species have young that are of a size large enough to identify to species by this time yet small enough to distinguish from adults.  This is especially useful for those species whose adults lack breeding colors outside the breeding season.  Our experience has shown that Topeka shiner young are readily identifiable by late summer – early fall.  

Site Selection

Streams are stratified to include an upper, middle and lower reach, allowing investigators the opportunity to sample the extent of a stream without imposing unreasonable workloads.  Therefore, Pipestone Creek at Pipestone National Monument has three sample reaches located along its length below the fall.  Stream channalization within the monument above the falls has resulted in homogonous in-stream habitat considerably different from that found below the falls (Fig. 1).  Thus, one additional sample reach above the falls is included in our monitoring.   Initial sampling, between 2001 and 2003 has also demonstrated a suppressed fish community above the falls when compared to those below the falls (Peitz 2001, 2002, 2003).  Five pools in each of four stream reaches are to be sampled annually at Pipestone National Monument.
Tallgrass Prairie National Preserve has thirty-seven identified streams or waterways within its boundaries.  Initial sampling between 2001 and 2003 identified those suitable as potential monitoring sites (Fig. 2).  Twenty-three streams are either dry or have insufficient water to allow for fish sampling in years of normal rain fall.  Stream 35 (Fox Creek) has flow significant enough to prohibit sampling with our equipment during most years.  Therefore, fish communities in 13 streams will be monitored in most years.  However, drought conditions may preclude annual monitoring in all streams or stream reaches.  Twenty-two stream reaches within the 13 streams have been identified for fish community monitoring.
At Tallgrass Prairie National Preserve, fish communities will be sampled in five pools in each reach if possible.  However, preliminary monitoring suggest that not all stream reaches contain five pools to sample and many will not have enough water in years of below average rain fall to allow sampling in five pools.  Therefore, one to five sampled pools represent a stream reaches.  
A comprehensive search of all streams within Tallgrass Prairie National Preserve will be completed every fourth year in an attempt to identify additional monitoring reaches and to document the occurrences of Topeka shiner at previously un-monitored sites.  Re-visiting all potential sites in the preserve may also assist in the recovery of the Topeka shiner by identifying previously un-documented sites that are suited for Topeka shiner reintroduction.  The UTM coordinates of all stream reaches and the pools within each are taken at the time they are sampled.

Population Being Monitored


Sampling will include all fish species found to low order prairie streams within a parks boundary during the time a survey is being conducted (generally later summer – fall).  The presence of both adults and juveniles in fish populations of intermittent pools will be used to document breeding success in the park by those species.  Of particular interest are status and trends in populations of Topeka shiner. 

Sampling Frequency and Replication

Initial monitoring efforts (2001 – 2003) have identified four stream reaches in Pipestone Creek, Pipestone National Monument that will be monitored annually.  Five pools within each reach will be sampled, stream flow permitting.  Twenty-two stream reaches across 13 streams will be monitored annually at Tallgrass Prairie National Preserve.  Like Pipestone Creek, five pools within each reach will be sampled, water levels permitting.   In order to monitor the status of fish communities across the entire preserve a comprehensive search of all 37 streams should be made every four years to assess stream conditions.  Five pools (or less) in each stream reach identified in these comprehensive searches will be sample.  If a stream reach is identified in these comprehensive searches that looks promising as a monitoring site it will be added to our annual monitoring effort.  Likewise, if a site that is to be monitored annual ceases to have sufficient water conditions to allow monitoring its frequency of monitoring will be reduced from annual to every four years.  

For statistical purposes it is desirable to have replicated sampling sites where Topeka shiner are found and replicated sites of similar habitat characteristics where Topeka shiner are not found.  However, locating the number of sites required to accomplish paired site analysis is probably not feasible due to the constraints of park boundaries.  Therefore, all data collected needs to be made available to the U.S. Fish and Wildlife Service, state fisheries agencies, and Topeka Shiner Recovery Team annually.  These entities may be better able to pair our sites with similar ones monitored in the region, thus allowing for a more robust analysis of Topeka shiner data from that region.
Different characteristics of watersheds in which monitoring occur should be assessed at various frequencies during monitoring.  However, the collection of watershed basin, stream segment and most stream reach data is not detailed as part of this protocol.  Table 1 details the frequency various watershed characteristics should be collected and the source of this data.

Table 1.  Sampling strategy for habitat characteristics of prairie streams sampled for fish community composition and presence of Topeka shiner (Notropis topeka).  Bolded habitat characteristics are those whose collection is recommended by the National Water-quality Assessment Program (Fritzpatrick et al. 1998).  Italicized habitat characteristics are those collected under this protocol.

	Habitat characteristic


	Monitoring frequency


	Monitoring source



	Basin

	Drainage boundaries
	10+ year sequence
	In-house-GIS; topo map

	Drainage area
	10+ year sequence
	In-house-GIS; topo map

	Runoff
	10+ year sequence
	National / State eqautions

	Climate (precipitation, temperature, evaporation)
	10+ year sequence
	National Weather Service

	Basin length
	10+ year sequence
	In-house-GIS; topo map

	Basin relief
	10+ year sequence
	In-house-GIS; topo map

	Drainage shape
	10+ year sequence
	In-house-GIS; topo map

	Stream length
	10+ year sequence
	In-house-GIS; topo map

	Cumulative perennial stream length
	10+ year sequence
	In-house-GIS; topo map

	Drainage density
	10+ year sequence
	In-house-GIS; topo map

	Drainage texture
	10+ year sequence
	In-house-GIS; topo map

	Table 1.  Continued.
	
	

	Habitat characteristic
	Monitoring frequency
	Monitoring source

	Entire stream gradient
	10+ year sequence
	In-house-GIS; topo map

	Flow characteristics (floods, low-flow)
	Continues
	Gauging Station

	

	Segment (generally within park)

	Sinuosity
	10+ year sequence
	In-house-GIS; topo map

	Gradient
	10+ year sequence
	In-house-GIS; topo map

	Segment length
	10+ year sequence
	In-house-GIS; topo map

	Water-management features
	10+ year sequence
	Field sampling - stream

	Stream order
	10+ year sequence
	In-house-GIS; topo map

	Link
	10+ year sequence
	In-house-GIS; topo map

	Downstream link
	10+ year sequence
	In-house-GIS; topo map

	Sideslope gradient
	10+ year sequence
	In-house-GIS; topo map

	
	
	

	Reach

	Discharge
	10 year sequence / continues
	Field sampling-stream / Gauging station

	Channel modification
	10 year sequence
	Field sampling-stream

	Reach length
	10 year sequence
	Field sampling-stream

	Reach water-surface gradient
	10 year sequence
	Field sampling-stream

	Geomorphic channel units
	10 year sequence
	Field sampling-stream

	Wetted channel width
	10 year sequence
	Field sampling-stream

	Bankfull channel width
	10 year sequence
	Field sampling-stream

	Channel features
	10 year sequence
	Field sampling-stream

	Canopy angles
	10 year sequence
	Field sampling-stream

	Dominant riparian land use
	10 year sequence
	Field sampling-stream

	Riparian canopy closure (densiometer)
	10 year sequence
	Field sampling-stream

	Bank angle
	10 year sequence
	Field sampling-stream

	Bank height
	10 year sequence
	Field sampling-stream

	Bank vegetative cover
	10 year sequence
	Field sampling-stream

	Bank stability index
	10 year sequence
	Field sampling-stream

	Habitat cover
	10 year sequence
	Field sampling-stream

	Depth
	10 year sequence
	Field sampling-stream

	Velocity
	10 year sequence
	Field sampling-stream

	Dominant bed substrate
	10 year sequence
	Field sampling-stream

	Embeddedness
	10 year sequence
	Field sampling-stream

	Bank erosion
	10 year sequence
	Field sampling-stream

	Siltation
	10 year sequence
	Field sampling-stream

	Channel cross sections
	10 year sequence
	Field sampling-stream

	Pebble counts
	10 year sequence
	Field sampling-stream

	Sediment laboratory analyses
	10 year sequence
	Field sampling-stream

	Point-quarter vegetation
	10 year sequence
	Field sampling-stream

	Vegetation plots
	10 year sequence
	Field sampling-stream

	Spring present
	Annually
	Field sampling-fish

	Weather
	Annually
	Field sampling-fish

	Table 1.  Continued.
	
	

	Habitat characteristic
	Monitoring frequency
	Monitoring source

	Off-channel pools
	Annually
	Field sampling-fish

	In stream flow
	Annually
	Field sampling-fish

	

	Pool

	Geo-referenced
	Annually
	Field sampling-fish

	Photo-referenced
	Annually
	Field sampling-fish

	Air temperature (Co)
	Annually
	Field sampling-fish

	Water temperature (Co)
	Annually
	Field sampling-fish

	Secchi visibility (cm)
	Annually
	Field sampling-fish

	Dissolved oxygen (mg/l)
	Annually
	Field sampling-fish

	Conductivity (uS)
	Annually
	Field sampling-fish

	Relative conductivity (uS)
	Annually
	Field sampling-fish

	PH
	Annually
	Field sampling-fish

	Percent coverage of substrate type
	Annually
	Field sampling-fish

	Substrate stability
	Annually
	Field sampling-fish

	Streambank erosion level
	Annually
	Field sampling-fish

	Dominant riparian vegetation
	Annually
	Field sampling-fish

	Length, Width, Depth (m)
	Annually
	Field sampling-fish


III. Field Methods

Field Season Preparations, Field Schedule and Equipment Setup


Prior to the field season each year, usually beginning in May or June, the observer (s) should review this entire protocol including all SOP’s.  The observer (s) should pay special attention to task described in SOP #1 “Before the Field Season” and SOP #2 “Training Observers”.  Review of fish identification (see SOP #2) is particularly important each year as the misidentification of species is perhaps the most serious error one can make when sampling fish communities.  Species misidentification is a much more serious error than errors in counting individuals.  All equipment and supplies listed in SOP #1 should be organized and made ready for the field prior to the start of sampling.  Copies of the field data forms in Appendix A should be made on write-in-the-rain paper.  Specimen bottles and 80% ethyl alcohol need to be ordered in advance of the start of a field season.


Staff workloads and unpredictable weather necessitate maintaining some flexibility in scheduling the sequence and duration of sampling trips.  Sampling dates should at minimum approximate those of the previous years in order to maintain the seasonality of data collections.  Dates out-side the season of previous years sampling may be utilized to answer specific research questions (e.g. over winter survival, summer mortality).  Sampling dates should be scheduled and logistics organized prior to the start of each field season.  

Sampling Methods

Sampling locations with in identified streams are selected annual based on the extent of that years sampling (annual or comprehensive), recent rain events and amount of water in stream reaches.  Most streams included in this study are intermittent and dry by fall unless unusually wet summer conditions prevail.  Five pools within each stream reach if available are seined in their entirety during September-October.  Spring and summer sampling may also be conducted if a need exists (e.g. identify over winter survival or summer mortality) and time permits.  All stream reaches scheduled for sampling are located using GPS and walked in their entirety to locate sampling pools and assess the feasibility of sampling within the reach (SOP #6 “Establishing and Marking Sampling Sites”).  Researcher should arrive at a park the day prior to the start of sampling to familiarize themselves with the park and locate streams in which to start sampling.  UTM coordinates for all pools sampled are recorded at the upstream end of the pool at the time the pool is sampled (see SOP #3 “Using GPS” and SOP #6 “Establishing and Marking Sampling Sites”).  The extent of annually monitored stream reaches have been established and permanent UTM coordinates recorded for the upstream and downstream ends of each reach (SOP #6).  The extent and location of additional stream reaches identified during comprehensive monitoring will be recorded at the time they are sampled.  Photo documentation of each pool sampled with a digital camera should be done at the time its UTM coordinates are recorded. 

Prior to sampling the fish community, water clarity, dissolved oxygen, pH and conductivity of water within the pool to be sampled must be recorded.  Entry into the water to sample the fish community prior to taking these measure may negatively influence their out come.  Habitat measures such as dominate substrate; presence and type of stream bank vegetation; stream bank erosion levels and substrate condition can be recorded after seining has been completed.  Additional habitat data collected on each stream reach including weather conditions, presence of off channel pools and flow between pools are recorded after the last pool within the reach is sampled.  

Fish are sampled using bag seines 1.8-m deep and varying in width to span the cross-section of the pool being sampled (SOP #7 “Conducting the Fish Community Sampling”).  Fish are seined by extending the seine the full width of a pool, dragging the net across the bottom and trapping fish against a bank or shallow water area until the net can be raised to bring captured individuals to the top of the water.  All captured fish are identified to species, enumerated and released immediately or placed in aerated buckets, containing water taken from the pool until identification is complete.  Topeka shiner are measured, sexed and aged (adult or juvenile) also.  Habitat data recorded at each pool includes water and air temperatures; water clarity; dissolved oxygen, pH and conductivity of water; 

Before leaving the field each day, data sheets are checked for completeness and readability.  All information pertinent to the stream reaches and pools sampled that day is recorded to avoid repeating or skipping areas needing sampled.  The project manager is responsible for the safekeeping and organizing of data sheets and ensuring that data gets entered into the database.

Conducting the Fish Community Sampling

Details of how to conduct fish community monitoring and for filling out data sheets are given in SOP #7 “Conducting the Fish Community Sampling” and summarized here.  Fish are captured by extending a two man bag seine the full width of a pool, dragging the net across the bottom and trapping fish against a bank or shallow water area until the net can be raised, bring captured individuals to the top of the water.  All captured fish are identified to species, enumerated and released immediately or placed in aerated buckets, containing water taken from the pool.  Fish placed in buckets are identified and released as soon as possible.  Topeka shiner are measured, sexed and aged (adult or juvenile) also.  Pools with in a reach are sampled from the most downstream one first, than moving upstream in order to avoid fouling water in connected pools prior to sampling. 

Fish specimens are handled carefully to minimize sampling mortality.  Any specimens inadvertently killed during seining will be preserved as voucher specimens.  In consultation with the U.S. Fish and Wildlife Service, state fisheries agencies, and the Topeka Shiner Recovery Team, all Topeka shiner specimens lost to sampling mortality will be made available for research to meet Recovery Plan objectives (e.g. assessing genetic variability across its’ range, collecting voucher specimens for each locality).  Presently, Topeka shiner specimens are being reposited with the Kansas Museum of Natural History, University of Kansas, Lawrence.  All other fish specimens inadvertently killed during seining will be preserved as voucher specimens in 80% ethyl alcohol and stored at Prairie Cluster Prototype Long-term Ecological Monitoring Program facilities.  Photo vouchers of each fish species captured in a park are taken annually using 35 mm film.
Collecting Habitat Data


Details of how to collect habitat data and for filling out data sheets are given in SOP #8 “Documenting Habitat Variables” and summarized here.  Habitat data is collected on a variety of scales ranging from basin level to individual pools and frequencies.  Basin wide and stream segment data are collected from topographic and other regional sources every 10 years or when updated maps become available.  Most data on stream reach conditions is collected every ten years, with significant stream channel altering precipitation events dictating a shorter frequency at which these data need collected.  Weather conditions, presence of off channel pools and flow between pools is collected annually on stream reaches where pools are sampled.  Habitat data recorded annually at sampled pools includes water and air temperatures; water clarity; dissolved oxygen, pH and conductivity of water; dominate substrate; presence and type of stream bank vegetation; stream bank erosion levels and substrate condition.  Stream water conditions are measured prior to a pool being sampled for fish.  All other pool habitat data are collected by one or two individuals after seining is complete and while fish are being identified and enumerated by others.

IV. Data Management
Overview of Database Design 


Appendix A, “PHYSICAL HABITAT AND SPECIES COUNT DATA – FISH COMMUNITY MONITORING PROJECT” is the standard form that will be used to collect field data.  Appendix B is the screen layout for standard data entry into the ACCESStm database.  Microsoft Access 2002 is the primary software environment for managing fish and habitat data.  ESRI ArcInfo 8 serves as a tool for validation of spatial data residing in Access.  Data products will be posted at the NPS I&M website: http://science.nature.nps.gov/im/monitor/protocoldb.cfm.  Metadata for fish community monitoring data will be available at NPS I&M application server: http://science.nature.nps.gov/im/apps.htm. QA/QC guidelines in this document are based on recommendations of DeBacker et al. (2002) and S. Fancy at http://science.nature.nps.gov/im/monitor and citations therein.

The general data model for fish community monitoring consists of two sets of tables.  One set manages fish abundance data the other associated habitat data.  Abundance and habitat data are linked in time and space by way of standardized event and location tables.  For data management purposes, it is probably easier to manage fish and habitat data separately.  When the two are correctly linked, they can be integrated transparently for analysis.  
The primary table for storing fish abundance contains information about fish.  Supporting tables include water and climatic information, observers and habitat assessment information.  A locations table provides detailed location information associated with each sampling point.  A pool habitat table serves as the star table about which all other habitat information is linked.  Small look-up tables are linked to this table by way of multiple junction tables.  This facilitates many-to-many relationships in Microsoft Access.  Small attribute tables provide the values for pick-lists on data-entry forms, thereby reducing possible error during data entry (see Data Verification and Editing below).

Data Entry

A number of features have been designed into the database to minimize errors that occur when field data is transcribed to the database for storage and analysis.  Forms are used as portals for data entry into the database.  Standardized identifiers (e.g. sample event or pool) are selected from list of easily interpreted codes.  Species and habitat data is entered into fields linked to appropriate tables.  Look-up tables contain project specific data and prohibit entry of data into a field if a corresponding value is not included in the look-up table.  Consequently, only valid names or measures may be entered and spelling mistakes are eliminated.  Species or habitat measures are selected using a pick list or by typing the beginning of the name.  While typing, the form searches for a similar entry, typically locating the desired species after typing only a few characters.  

If a species name or habitat measure is not accepted during data entry, it may be the result of a name change or it may be a new species or habitat measure.  To check the current nomenclature for a data variable, a nomenclature update form is attached to the Access data file via a button.  If the species or habitat measure name has changed, the form will indicate the current accepted name.  If the species or habitat measure is new to the nomenclature update form, a form is provided to update the nomenclature table with the new attribute data. 
Data Verification and Editing

Data verification immediately follows data entry and involves checking the accuracy of computerized records against the original source, usually paper field records.  While the goal of data entry is to achieve 100% correct entries, this is rarely accomplished.  To minimize transcription errors, our policy is to verify 100% of records to their original source by staff familiar with project design and field implementation.  Further, 10% of records are reviewed a second time by the Project Manager and the results of that comparison reported with the data.  If errors are found in the Project Manager’s review, then the entire data set is verified again.  Once the computerized data are verified as accurately reflecting the original field data, the paper forms are archived and the electronic version is used for all subsequent data activities.

Although data may be correctly transcribed from the original field forms, they may not be accurate or logical.  For example, a canopy height of 1125 m instead of 11.25 m or a temperature of 95°C instead of 9.5°C is illogical and almost certainly incorrect, whether or not it was properly transcribed from field forms. The process of reviewing computerized data for range and logic errors is the validation stage.  Certain components of data validation are built into data entry forms (e.g. range limits).  Data validation can also be extended into the design and structure of the database. As much as possible, values for data-entry forms have been limited to valid entries stored in the look-up tables. 
Additional data validation can be accomplished during verification, if the operator is sufficiently knowledgeable about the data.  The Project Manager will validate the data after verification is complete.  Validation procedures seek to identify generic errors (e.g. missing, mismatched or duplicate records) as well as errors specific to particular projects.  For example, validation of fish data includes database query and comparison of data among years.  One query detects records with a location ID from a park and a period ID from a different park.   Another query counts the number of pools per reach (typically there are 5) to assure that all pools were entered and pools from other reaches were not included in that reaches data.  Finally, data are compared to previous years to identify gross differences.  For example, Catostomus commersoni or C. commersoni may be recorded this year, but Catostomus spp. the previous.  During the entry, verification and validation phases, the Project Manager is responsible for the data.  The Project Manager must assure consistency between field forms and the database by noting how and why any changes were made to the data on the original field forms.   In general, changes made to the field forms should not be made via erasure, but rather through marginal notes or attached explanations.  Once validation is complete, the data set is turned over to the Data Manager for archiving and storage.
Spatial validation of database sample coordinates can be accomplished using ArcGIS (ESRI, Inc.).  Because Shiner is maintained as an Access database, it can be imported directly into ArcCatalog (ArcGIS, ESRI, Inc.) as an OLE DB object.   Fields “StartUTMX” and “StartUTMY” of the locations table can then be used to validate the UTM coordinate values for reach or pool locations stored in Access against the original GPS coordinates. 

Metadata Procedures

Preliminary notes for metadata were developed using the Electronic Metadata Guide (developed by G. Lienkaemper, USGS FRESC, Corvallis, OR - see Appendix A of SOP # 7).  Metadata are then entered into the National Park Service Inventory and Monitoring Dataset Catalog (Ver. 2002.1).  Then an extended report from Dataset Catalog is generated. The Dataset Catalog report tool can be used to generate output in the text-based FGDC-compliant metadata format.  The output file should be validated and parsed into html format using the USGS metaparser command tool with the following syntax “mp –e efile –h hfile infile.” 
Data Archival Procedure

Data sets are rarely static.  They often change through additions, corrections, and improvements made following the archival of a data set.  There are three main caveats to this process:

· Only make changes that improve or update the data while maintaining data integrity.

· Once archived, document any changes made to the data set.

· Be prepared to recover from mistakes made during editing.
Any editing of archived data is accomplished jointly by the Project Manager and Data Manager.  Every change must be documented in the edit log and accompanied by an explanation that includes pre- and post-edit data descriptions.  The reader is referred to Tessler & Gregson (1997) for a complete description of prescribed data editing procedures and an example edit log. 

Prior to any major changes of a data set a copy is stored with the appropriate version number.  This allows for the tracking of changes over time.  With proper controls and communication, versioning ensures that only the most current version is used in any analysis.  Versioning of archived data sets is handled by adding a three digit number to the file name, with the first version being numbered 001.  Each additional version is assigned a sequentially higher number.  Frequent users of the data are notified of the updates, and provided with a copy of the most recent archived version.

Once the data are archived, any changes made to the data must be documented in an edit log.  At this point forward, original field forms are not altered.  Field forms can be reconciled to the database through the use of the edit log.  Secure data archiving is essential for protecting data files from corruption.  Once a data set has passed all QA/QC procedures specified in the protocol, a formal entry is made in the I&M Data Set Catalog.  Subsequently, an electronic version of the data set is maintained in a read-only format on the program server.  Backup copies of the data are maintained at the Wilson’s Creek visitor center, and an additional digital copy is forwarded to the NPS Inventory and Monitoring Program Archive.  Tape backups of the fish project databases are made daily.  Two backup copies are maintained at the PC-LTEM building and two additional copies at the Wilson’s Creek National Battlefield Visitor Center, Republic Missouri.  Once-a-month, one tape copy is placed into permanent archive. 
Currently, data are available for research and management applications on request, for database versions where all QA/QC has been completed and the data have been archived.  Data can also be transferred using e-mail (most Access files are smaller than 10 Mbytes or can be compressed into .zip files) or ftp where available.  Portions of the fish community monitoring data will be made available for download directly from the NPS I&M Monitoring webpage.  Information related to location and persistence of species determined to be threatened or endangered (e.g. Spotted sucker and Topeka shiner) will not be made available for download by the general public.  In addition, metadata will become available directly from the NPS I&M metadata server.  Data requests should be directed to:

Gareth Rowell, Data Manager 

Wilson's Creek National Battlefield

6424 W. Farm Road 182

Republic, MO  65738-9514

gareth_rowell@nps.gov

V.  Analysis and Reporting

A critical component of any long-term monitoring protocol is a consistent and systematic way of analyzing and reporting on information (data) collected.  That being said, it is also important that the data analysis and reporting requirements be flexible enough to accommodate new and varied analytical methods and reporting styles as they become available.  Data visualization, geostatistics and time-series analysis are but three analysis methods that may be employed with this protocol as the size and complexity of the database increases through time.  SOP #10 “Data Analysis” gives step-by-step details on how to: 1) determine species abundance, fish species richness, diversity and evenness, 2) calculate descriptive statistics for habitat variables and 3) examine the relationships between fish species abundance and habitat conditions by way of correlation analysis.  All calculations are made at the stream reach level so means and standard errors can be calculated by stream reach, across like stream reaches or average for park wide inferences.  These parameters should be analyzed each time a survey is completed.  Development of long-term trend analyses for both fish community and habitat parameters will take place once enough data has been collected for doing so, perhaps after 10 years of data collections. 
Fish Data Analysis

Species richness is defined as the total number of fish species observed within a stream reach.  Community diversity, calculated using the Shannon Diversity Index (Shannon 1949), measures the equitability of species across samples.  The disparity among species abundance is calculated using Pielou’s “J” (Pielou 1969).  Relative frequency of occurrence (number of pools a species occurred in / stream reach) of each fish species is compared between surveys each time a new one is conducted to determine changes in the status of a population.

Habitat Data Analysis

Summary reports on habitat attributes of permanent stream reach features are required from time to time.  Permanent features such as the location of a reach in a drainage basin, management unit or stream and the UTM coordinate values of each end of the reach are reported and assigned to a permanent locations table within the database only once.  Other stream reach features including the presence of off-channel pools and in-stream flow between pools are recorded each time a survey is conducted, with changes in them reported annually.

The bulk of habitat data is collected at the pool level.  Pool features reported on each time a survey is conducted include air temperature, water temperature, Secchi visibility, dissolved oxygen, conductivity, relative conductivity, pH, dominant pool substrate, substrate stability, severity of streambank erosion, dominant riparian corridor vegetation and pool dimensions.  Values reported for each pool in a reach are averaged to establish single values representing the reach, see SOP #10 “Data Analysis” for details.
Watershed Data Analysis

Characterization of watersheds and streams within each watershed should be assessed at various frequencies during fish community monitoring as outlined in Table 1.  Fritzpatrick et al. (1998) has detailed a comprehensive review on how watershed parameters are to be analyzed.  Individuals wishing to analyze watershed level data should refer to the fore mentioned article when doing so.

Reporting
In an effort to disseminate findings in a timely manner and meet state and federal permitting requirements, reports should be completed by December 31 of the year in which data collection occurrs.  More extensive summary reports should be completed every five to ten years depending on how fast habitat conditions are changing and how critical summary information is to setting management goals influencing fish populations within a park.  Summary reports may be used in place of annual reports for the year in which the last data is collected.  Refer to SOP # 11 “Reporting” for details on report structure and style.  Also see, “2003 Fish Community and Topeka Shiner Monitoring Report: Prairie Cluster Prototype Long-Term Ecological Monitoring Program, NPS” (Peitz 2003) for content included in a report and reporting style.  


Tables in a report should be placed within the text or immediately following the literature cited section (see Appendix B).  Tables should be numbered in sequence regardless of where they are located.  Table headers are placed at the top of a table.  Horizontal lines are used to separate the table heading from column headings, column headings from the table and to signify the end of the table.  Vertical lines should not appear on a table.


Figures (including pictures) should be placed within the text of a report or immediately following tables behind the literature cited sections (see Appendix C).  Figures should be numbered in sequence regardless of where they are located.  Figure captions are placed below the figure if it is included in the text or on a separate sheet of paper preceding the figure if included after the literature cited section.  Both tables and figures should contain information not presented in the body of the text.  Also, tables and figures should not duplicate information already presented in the body of the text.

Annual reports will be made available to the U.S. Fish and Wildlife Service, state fisheries agencies, the Topeka Shiner Recovery Team, the Inventory and Monitoring Program publication of the National Park Service and NPS units involved in the monitoring effort.  Additionally, a copy will be kept on file with the Prairie Cluster LTEM office of the National Park Service, Republic, Missouri and made available to all interested parties upon request.

VI. Personnel Requirements and Training

Roles and Responsibilities


The project manager is the lead ecologist for implementing this monitoring protocol, and is supervised by the Program Coordinator for the Prairie Cluster Prototype Long-term Monitoring Program.  Because of the need for a high level of training and consistency in implementing the protocol, the project manager will usually be the lead person conducting field surveys.  Thus, ultimately responsible for the quality and consistence of field collected data.  The data management aspect of the monitoring effort is the shared responsibility of the project manager and the data manager.  Typically, the project manager is responsible for data collection, data entry, data verification and validation, as well as data summary, analysis and reporting.  The data manager is responsible for data archiving, data security, dissemination and database design.  The data manager, in collaboration with the project manager, also develops data entry forms and other database features as part of quality assurance and automates report generation.  The data manager is ultimately responsible for building into the database management system adequate QA/QC procedures and assuring appropriate data handling procedures are followed.  The data manager in collaboration with the project manager and individuals skilled in GIS data analysis will collect all basin level and stream segment data.

Qualifications and Training

Probably the most essential component for the collection of credible, high-quality data on fish is a competent observer(s) on the crew.  This cannot be overemphasized.  The skill of the observer(s) will determine the quality of the data.  Time should be invested in training personnel to identify fish species and assess habitat characteristics.  This requires training, both in the office and in the field (see SOP #2, “Training Observers”) to become proficient with fish identifications and habitat assessments.  Assistants by state, federal or other fisheries experts during survey is always welcomed.

The aquatic ecologist/project manager is responsible for training the fish sampling crew in fish identifications and conducting habitat assessments.  Observers doing habitat work should familiarize themselves with the PC LTEM standard cover classes, SOP #8 “Documenting Habitat Variables”.  Prior to the field season, practice-estimating cover of different ground cover categories within practice plots of set sizes.  Proficiency with using GPS (SOP #3) and water-quality assessment equipment (SOP’s #4 and #5) must be established prior to the first day of field sampling. 

VII. Operational Requirements

Annual Workload and Field Schedule

Fish community surveys are generally conducted late summer – early fall, a period that allows observers to make inferences about juvenile recruitment.  Most prairie stream fish species have young that are of a size large enough to identify to species by this time yet small enough to distinguish from adults, especially species whose adults lack breeding colors outside the breeding season.  Topeka shiner young are readily identifiable to species by late summer – early fall.

Inclement weather and personnel workloads will preclude the scheduling of sampling events to specific annual dates.  Annual habitat monitoring at the stream reach and pool levels should be completed at the time fish surveys are conducted.  Monitoring efforts will require a four to five person crew to complete efficiently.  Approximately two field days are required to complete fish sampling at Pipestone National Monument and eight to ten days at Tallgrass Prairie National Preserve.  The number of stream reaches and pools sampled each day will vary do to varying logistics to sample sites.

Facility and Equipment Needs

The nature of fish survey work does not require special facilities beyond normal office space and equipment storage needs, with the exception of a flame proof storage cabinet for voucher specimens.  Table 1.01.1 (SOP #1 “Before the Field Season”) is a list of field equipment needs for one crew, if two or more crews work simultaneously than equipment requirements will increase accordingly.

Startup Cost and Budget Considerations

Personnel expenses for fieldwork are based on a crew of four to five; a professional aquatic ecologist or fisheries biologist to oversee the fieldwork, data collection and to coordinate surveys.  Three to four seasonal biological science technicians or others are required to assist in field data collection.  Assistance for both state, federal and park employees will help offset the total number of seasonal bio-technicians needed thus influence annual cost to complete fish community surveys.  Help from other agencies is always welcome as their expertise in fish community monitoring and species identification is invaluable.  One or two field days should be planned for Pipestone National Monument and approximately 10 days for Tallgrass Prairie National Preserve.  Field costs will vary somewhat from year to year depending on the skill level and size of crew.   Data management personnel expenses include staff time of biological science technicians, the aquatic ecologist and data manager.  Startup cost for equipment include the purchase of equipment and supplies listed in Table 1.01.1 (SOP #1 “Before the Field Season”), as well as maintenance and or replacement of equipment shared among multiple projects (e.g. GPS units, cameras). 

	Estimated Costs
	TAPR
	PIPE

	Field Work (Salary)
	$6000.00
	$3000.00

	Field Work (Travel)
	$4200.00
	$1700.00

	Data Management/Reporting (Salary)
	$5500.00
	$2200.00

	Startup Equipment Costs
	$600.00
	$600.00

	Annual equipment/supplies
	$200.00
	$200.00

	Total 
	$16,500.00
	$7700.00


Procedures for Making Changes to and Archiving Previous Versions of the Protocol


Over time, revisions to both the Protocol Narrative and to specific Standard Operating Procedures (SOPs) are to be expected.  Careful documentation of changes to the protocol, and a library of previous protocol versions are essential for maintaining consistency in the collection of data and for appropriate treatment of the data during data summary and analysis.  The MS Access database for each monitoring component contains a field that identifies which version of the protocol was being used when the data were collected.


The rationale for dividing a sampling protocol into a Protocol Narrative with supporting SOPs is based on the following:

· The Protocol Narrative is a general overview of the protocol that gives the history and justification for doing the work and an overview of the sampling methods, but that does not provide all of the methodological details. The Protocol Narrative will only be revised if major changes are made to the protocol.

· The SOPs, in contrast, are very specific step-by-step instructions for performing a given task.  They are expected to be revised more frequently than the protocol narrative. 

· When a SOP is revised, in most cases, it is not necessary to revise the Protocol Narrative to reflect the specific changes made to the SOP.

· All versions of the Protocol Narrative and SOPs will be archived in a Protocol Library.

The steps for changing the protocol (either the Protocol Narrative or the SOPs) are outlined in SOP #13 “Procedures for Revising the Protocol”.  Each SOP contains a Revision History Log that should be filled out each time a SOP is revised to explain why the change was made, and to assign a new Version Number to the revised SOP.  The new version of the SOP and/or Protocol Narrative should then be archived in the LTEM/Archive/ProjectDocuments/FishCommunities Directory under the appropriate folder.
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APPENDIX A – Field data forms for recording (a) habitat and species count data and (b) Topeka shiner morphometric characteristics.  These forms should be copied onto write-in-the-rain paper and taken into the field.  The database has data entry screens that mimic these forms.
(a)
PHYSICAL HABITAT AND SPECIES COUNT DATA – FISH COMMUNITY MONITORING PROJECT
(b)
SUPPLEMENTAL SPECIES INFORMATION DATA – FISH COMMUNITY MONITORING PROJECT  

PHYSICAL HABITAT AND SPECIES COUNT DATA – FISH COMMUNITY MONITORING PROJECT

                      _____________________________

Collector(s): _____________________________ (three letter initials)     Locality:  ________________________________________

Date: ___________    Time: ___________    Park: ____________       State: _________    County: ____________________

Drainage Basin: _____________________    Stream No.: ____    Stream Reach (circle):  Lower   Middle   _____Upper  

Pool: __  __  __  __  __    GPS (Yes / No):  Pool  1__  2__   3__  4__ 5__  stream reach only __ {Datum: NAD 1983 (conus), 14 N}

Spring present in stream reach (circle):  Yes    No

Pictures Taken? (circle):   Yes   No     Picture Number on Roll:  pool 1 ______  2______  3______  4______  5______ 

Measured parameters:

	
	Pool #

	
	1
	2
	3
	4
	5

	Air temperature (oC)
	
	
	
	
	

	Water temperature (oC)
	
	
	
	
	

	Secchi visibility (cm)
	
	
	
	
	

	Dissolved Oxygen (mg/l)
	
	
	
	
	

	Conductivity (uS)
	
	
	
	
	

	Relative Conductivity (uS)
	
	
	
	
	

	pH
	
	
	
	
	

	Sampling  effort (min.)
	
	
	
	
	


Sampling gear (if something other than 1/8 in. minnow seine):  _____________________________________________________

Weather (circle):    clear-sunny        partly cloudy        cloudy          raining        other:_________________

Off-channel pools for stream reach (circle):      present       absent       not applicable (Isolated pool / Spring)

In stream flow for stream reach (circle):      pools dry           isolated pools          trickle between pools

moderate flow between pools         high flow         flood flow

Pool Substrate (by cover class: 0 = none, 1 = trace, 2 = 1 – 5%, 3 = 5 – 25%, 4 = 25 – 50%, 5 = 50 – 75%, 6 = 75 – 95%, 7 = 95 – 100% coverage)

	Substrate Type
	Pool #
	Substrate

Type
	Pool #

	
	1
	2
	3
	4
	5
	
	1
	2
	3
	4
	5

	Muck
	
	
	
	
	
	Coarse-gravel
	
	
	
	
	

	Detritus
	
	
	
	
	
	Cobble
	
	
	
	
	

	Silt
	
	
	
	
	
	Boulder
	
	
	
	
	

	Sand
	
	
	
	
	
	Bedrock
	
	
	
	
	

	Pea-gravel
	
	
	
	
	
	Hardpan/shale
	
	
	
	
	

	
	
	
	
	
	
	Stable (S)

Unstable (U)
	
	
	
	
	


Streambank erosion level: Right bank        severe               moderate                slight                    none

                                                                __ __ __ __ __    __ __ __ __ __    __ __ __ __ __    __ __ __ __ __




  Left bank           severe               moderate               slight                     none

                                                                __ __ __ __ __    __ __ __ __ __    __ __ __ __ __    __ __ __ __ __

Riparian corridor (insert code for the dominant classification within each width category):

	
	0 – 25 m
	> 25 – 50 m
	> 50 – 75 m
	> 75 – 100 m
	> 100 m

	Pool #
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5
	1
	2
	3
	4
	5

	Right bank
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Left Bank
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Riparian classification codes

	Mature woodland = 1
	Row crops = 6

	Woody shrubs / saplings = 2
	Road / railroad = 7

	Wetland / native grasses & forbs (prairie) = 3
	Urban / industrial = 8

	Domestic grass pasture / hay field = 4
	Other (note in general comments) = 9

	Park / lawn = 5
	


Pool dimensions (several pools may occur within a stream reach):

	
	Length (m)
	Width (m)
	Depth (m)

	Pool 1
	
	
	

	Pool 2
	
	
	

	Pool 3
	
	
	

	Pool 4
	
	
	

	Pool 5
	
	
	

	Mean dimensions
	
	
	


Species list:    Topeka shiner (numbers) Pool 1      counted______      collected______      preserved______

         Topeka shiner (numbers) Pool 2      counted______      collected______      preserved______

         Topeka shiner (numbers) Pool 3      counted______      collected______      preserved______

         Topeka shiner (numbers) Pool 4      counted______      collected______      preserved______

         Topeka shiner (numbers) Pool 5      counted______      collected______      preserved______







Sum______
   Sum______
        Sum______

	Species
	Number

	
	Pool 1
	Pool 2
	Pool 3
	Pool 4
	Pool 5
	Sum

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


General Comments (aquatic vegetation, stream bed stability, sampling effectiveness, upstream land use, mortality, disease, etc.):______________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

SUPPLEMENTAL SPECIES INFORMATION DATA – FISH COMMUNITY MONITORING PROJECT
Date:  _____________     Page:  ____  of  ____

	Species
	Stream

#
	Stream Reach 
	Pool

#
	Length

(cm)
	Weight

(g)
	Sex-age

M/F/J/U

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	


APPENDIX B – ACCESStm database tables and linkages for storage and handling fish community monitoring data. 
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APPENDIX  C – List of fish species recorded during surveys at Pipestone National Monument, Minnesota and Tallgrass Prairie National Preserve, Kansas in 2001-2003.  Fish species are listed by park, family, Taxonomic Serial Number (TSN) and year. 

	
	
	Year

	Species
	TSN
	2001
	2002
	2003

	Pipestone National Monument

	Catostomidae
	
	
	
	

	White Sucker (Catostomus commersoni)
	163895
	65
	26
	132

	
	
	
	
	

	Cyprinidae
	
	
	
	

	Central Stoneroller (Campostoma anomalum)
	163508
	53
	57
	191

	Brassy Minnow (Hybognathus hankinsoni)
	163363
	2
	8
	--

	Common Shiner (Luxilus cornutus)
	163836
	40
	306
	426

	Bigmouth Shiner (Notropis dorsalis)
	163439
	349
	72
	--

	Sand Shiner (Notropis ludibundus)
	163419
	204
	--
	131

	Topeka Shiner (Notropis topeka)
	163471
	1
	--
	21

	Bluntnose Minnow (Pimephales notatus)
	163516
	23
	140
	16

	Fathead Minnow (Pimephales promelas)
	163517
	163
	102
	432

	Blacknose Dace (Rhinichthys atratulus)
	163382
	--
	8
	4

	Creek Chub (Semotilus atromaculatus)
	163376
	76
	10
	44

	
	
	
	
	

	Centrarchidae
	
	
	
	

	Green Sunfish (Lepomis cyanellus)
	168132
	--
	--
	4

	Orangespotted Sunfish (Lepomis humilis)
	168151
	17
	2
	2

	
	
	
	
	

	Esocidae
	
	
	
	

	Northern Pike (Esox lucius)
	162139
	1
	2
	--

	
	
	
	
	

	Ictaluridae
	
	
	
	

	Black Bullhead (Ameiurus melas)
	164039
	--
	--
	4

	
	
	
	
	

	Percidae
	
	
	
	

	Johnny Darter (Etheostoma nigrum)
	168369
	2
	1
	10

	

	Tallgrass Prairie National Preserve

	Catostomidae
	
	
	
	

	White Sucker (Catostomus commersoni)
	163895
	--
	5
	--

	Spotted Sucker (Minytrema melanops)
	163959
	1
	--
	16

	Golden Redhorse (Moxostoma erythrurum)
	163939
	--
	20
	13

	
	
	
	
	

	Cyprinidae
	
	
	
	

	Central Stoneroller (Campostoma anomalum)
	163508
	1533
	2981
	538

	Red Shiner (Cyprinella lutrensis)
	163792
	491
	110
	58

	Common Carp (Cyprinus carpio)
	163344
	1
	--
	--

	Cardinal Shiner (Luxilus cardinalis)
	163828
	657
	573
	496

	Redfin Shiner (Lythrurus umbratilis)
	163861
	297
	1109
	288

	Golden Shiner (Notemigonus crysoleucas)
	163368
	--
	18
	6

	Sand Shiner (Notropis ludibundus)
	163419
	105
	1
	--

	Rosyface Shiner (Notropis rubellus)
	163409
	1
	--
	--

	Topeka Shiner (Notropis topeka)
	163471
	9
	72
	15

	Mimic Shiner (Notropis volucellus)
	163421
	1
	--
	--

	Bluntnose Minnow (Pimephales notatus)
	163516
	199
	370
	191

	Fathead Minnow (Pimephales promelas)
	163517
	108
	11
	12

	Slim Minnow (Pimephales tenellus)
	163519
	23
	--
	--

	Creek Chub (Semotilus atromaculatus)
	163376
	198
	661
	270

	Appendix C.  continued.  
	
	
	
	

	
	
	Year

	Species
	TSN
	2001
	2002
	2003

	Ictaluridae
	
	
	
	

	Black Bullhead (Ameiurus melas)
	164039
	3
	10
	--

	Yellow Bullhead (Ameiurus natalis)
	164041
	6
	7
	--

	
	
	
	
	

	Fundulidae
	
	
	
	

	Blackstripe Topminnow (Fundulus notatus)
	165663
	49
	28
	21

	
	
	
	
	

	Poeciliidae
	
	
	
	

	Mosquitofish (Gambusia affinis)
	165878
	129
	515
	301

	
	
	
	
	

	Atherinidae
	
	
	
	

	Brook Silverside (Labidesthes sicculus)
	166016
	3
	27
	7

	
	
	
	
	

	Centrarchidae
	
	
	
	

	Green Sunfish (Lepomis cyanellus)
	168132
	358
	474
	164

	Orangespotted Sunfish (Lepomis humilis)
	168151
	13
	102
	145

	Bluegill (Lepomis macrochirus)
	168141
	5
	107
	104

	Longear Sunfish (Lepomis megalotis)
	168153
	8
	9
	40

	Spotted Bass (Micropterus punctulatus)
	168161
	--
	--
	1

	Largemouth Bass (Micropterus salmoides)
	168160
	3
	7
	7

	
	
	
	
	

	Percidae
	
	
	
	

	Orangethroat Darter (Etheostoma spectabile)
	168368
	370
	419
	179


APPENDIX  D - Primary (PRU’s) and Secondary (SRU’s) Recovery Units outlined in the Topeka Shiner Recovery Plan.  Also shown is the current range of Topeka shiner. 
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APPENDIX D – continued.  
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