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I. Introduction
During the 2012 Park-wide Inventory of Crustaceans & Bivalves and associated Crayfish Bioaccumulation Study for Lake Roosevelt National Recreation Area conducted by the National Park Service (NPS) and U.S. Fish and Wildlife Service (USFWS) a few questions arose about the crayfish living in the upper Columbia River region. Columbia High School located in Hunters, Washington helped the NPS and USFWS begin addressing these questions.  Columbia High School helped by answering the following questions:
1)  How do crayfish move throughout the season
2) What are the relative abundance and species at the given sites
3) How are crayfish effected by the drawdown
4) How easily can crayfish escape from the trap
5) Does a modification to the trap decrease the likely hood of an escape
6) Which type of bait is most preferred

Sampling and in class experiments were conducted between October 15, 2012 and February 28, 2013.  Lake Roosevelt National Recreation Area (LARO) Park Biologist April BeBault hadlead oversight on the project; Lauren Toth LARO Bio-Tech had secondary oversight.  Debra Berg, Columbia High School Science Teacher was the high school’s main point of contact and served as the Adult Leader.  The Adult Leader ensure that all procedures are followed correctly, and all equipment is accounted for and properly maintained, they are also responsible for safe keeping of collected data.   The Columbia High School AP Environmental Biology Class served as student leaders on this project and were responsible for collecting & analyzing data, ensuring complete accuracy of data and working with Adult Leader to schedule sampling days. 
At the end of the sampling season the Student Leaders relayed all data collected (datasheets) and all borrowed equipment to LARO.  Student Leaders are also expected to analyze the data collected and present findings to LARO staff at the Headquarters Office located in Coulee Dam, Washington. 
For the period of May 6, 2013 through October 31, 2013 additional schools will be added to this study and the study area expanded to the entire Columbia River Watershed. Each school must adhere to the procedures outlined in this sampling plan as well as follow all Washington State Fishing Regulations, or their own state’s fishing regulations.
II. Background information
North America has nearly 400 species of crayfish with most occurring in the eastern United States, but many species are in decline (Crandal and Buhay 2008). About 65 crayfish species within the United States are currently listed as endangered and nearly half are in need of protection. Crayfish in the eastern United States belong to the family Cambaridae while those inhabiting the western United States belong to the family Astacidae (Hobbs 1972). The west is relatively poor in diversity compared to the east, and the Pacific Northwest is inhabited by only five native species. Washington State has only one native crayfish, the signal crayfish (Pacifasticus leniusculus). However, the conservation status of the signal crayfish within the Pacific Northwest is largely unknown. Major reasons for crayfish decline include habitat loss, invasive crayfish that increase competition and spread disease, and degraded water quality (Larson and Olden 2011). 
Non-native crayfish have been increasingly invading water bodies within the Pacific Northwest. In California, the sooty crayfish (Pacifasticus nigrescens) was declared extinct, and the Shasta crayfish (Pacifasticus fortis) was listed as endangered, with both declines  due in part to invasive crayfish (Light et al. 1995). The virile (or northern) crayfish (Orconectes sanbornii) has invaded many water bodies within the Pacific Northwest and has recently been documented in the Upper Columbia River.  Signal crayfish populations, which inhabit the Upper Columbia River may be impacted by this invasive crayfish, just as other populations in the Pacific Northwest have declined or been displaced due to invasive species of the genus Orconectes (Bouchard and Sheldon 1989; Sheldon 1989). Invasive crayfish differ in their interactions within aquatic communities and their encroachment may also result in the decline of valuable fisheries and reduced ecosystem function (McCarthy et al. 2006). 
Degraded water quality as a result of elevated metals concentrations may also contribute to crayfish declines. Crayfish are gill-breathing benthic invertebrates and may feed on plant matter, animal matter, and detritus, thus increasing their exposure and subsequent susceptibility to metals. Crayfish have been shown to bioaccumulate metals associated with mining waste and these metals burdens may impact crayfish populations (Beser et al. 2006; Schmitt et al. 2006; Snyder 2010). For example, in-situ toxicity testing using caged crayfish showed survival was greatly reduced below mining sites compared to reference streams (Allert et al. 2009). Furthermore, decreased crayfish densities or complete absence have been documented in watersheds impacted by the Viburnum Trend mining district in southeast Missouri (Besser and Rabeni 1987; Brumbaugh et al. 2007; Allert et al. 2009). 
III. Sampling 
The purpose of this Sample and Analysis Plan is to outline methods used for conducting crayfish surveys. The River Mile Crayfish Surveys will follow the park’s previously established Sample and Analysis Plan and will occur from May 6, 2013 to October 31, 2013.  Each school will be responsible for a minimum of 1 sampling site within the Columbia River Watershed. Each site will be sampled as often as possible as groups are able.  The best is to conduct a 24 hour sample each site at least once a month using 3-5 traps and for as many months as possible. 

All groups will select their own sampling sites, taking into consideration distance from school, access to water, safety, and potential for crayfish.  Schools using non-NPS sampling sites must work with the land managing agency to determine areas of possible interest, if any. All sampling sites selected should provide a convenient location/s for student participation and some variability in habitat.

Some of the NPS sites were also used during the 2012 Park-wide Inventory of Crustaceans & Bivalves and associated Crayfish Bioaccumulation Study for Lake Roosevelt National Recreation Area conducted by LARO and USFWS.  They are also target areas of expected elevated metals concentrations and exposure; overlap with areas that have been previously evaluated for metals contamination in sediments and fish; represent all areas where fish and wildlife may consume crayfish; and represent all areas where recreational and subsistence fishers may harvest crayfish. Crayfish surveys will provide information on species composition within the watershed and provide a measure of relative abundance based on catch per unit effort (CPUE) for sites using the 24 hour baited traps, and give insight on movement of crayfish throughout the winter months and during the spring drawn down.   The CPUE will be based on crayfish/trap hour. 
Crayfish will be keyed to species in the field following several published keys describing both native and non-native crayfish inhabiting the Pacific Northwest (Larson and Olden 2011 and USGS 2011). Keys differentiate species based on distinguishing characteristics of the carapace, areola, and chelae. Carapace refers to the main body cavity, the areola is the space between the lateral plates of the carapace, and the chela refers to the pincers (USGS 2011).  Representative sample of live crayfish photographs will be taken and sent to LARO Park Biologist to confirm field species identification. 

IV. Sampling Protocol
Crayfish can be caught many ways: by hand, D-frame nets, short seine nets and traps.  No matter how you catch the crayfish it is important to collect and record the core parameter information for each site.   
Trap Setting
1. Ensure all equipment needed is loaded in vehicle being used
2. A minimum of two people (at least one Student Leader or Adult Leader) must be present during sampling
3. Be sure Adult Leaders are aware of where you are going and when you plan to return
4. Be sure to check weather and be dressed appropriately while out in the field
5. Navigate by vehicle and by foot to pre-determined survey sites 
6. Prior to setting the trap;
a. Determine location where trap will be set
b. Baited with canned cat food by punching several holes in the bottom of the can
c. Place punctured canned cat food into trap and lock door
d. Attached buoy/buoy line to trap
e. Record Names of Surveyors on The River Mile Crayfish Survey Data Sheet 
f. Record Date Set on The River Mile Crayfish Survey Data Sheet 
g. Record Site Name on The River Mile Crayfish Survey Data Sheet 
h. Record buoy number on The River Mile Crayfish Survey Data Sheet 
7. Setting Traps
a. Toss baited trap into water, BE SURE you have a hold of the end of the buoy line!
b. Secure buoy line to shore. Be sure this is far enough away from the water line to account for any fluctuation in lake level overnight.  This can fluctuate as much as 3-5 feet.  Remember the lake level falls in the spring and then begins rising from late spring to July 4th.  The lake level will drop some after this time and then come back up in October.
c. Record Time Set on The River Mile Crayfish Survey Data
d. Record GPS coordinates on The River Mile Crayfish Survey Data
e. Use NAD83 as your map datum
f. Take photographs of each trap site
8. 3-5 traps will be set within the sample location, depending on available habitat and distance from other sample sites.
9. Traps will be set both upstream and downstream of the sampling location at various depths and spaced at approximate equal distances (i.e., every 15-100 meters). 
10. Choose location centrally located in trap sets and record the following on The River Mile Water/Weather/Bank Data Sheet
a. Water Quality Parameters
b. Current Weather Conditions 
c. Lakeshore Bank Type 
11. Take photographs of sampling locations.  Make sure there are enough photos to adequately show the site and each trap location.
12. Traps will be fished overnight and collected within 24 hours of set
13. After all traps are set be sure collect all equipment not set and return to vehicle
Trap Pulling
1. Ensure all equipment needed is loaded in vehicle being used
2. A minimum of two people (at least one Student Leader) must present during sampling
3. Be sure Adult Leader is aware of where you are going and when you plan to return
4. Be sure to check weather and be dress appropriately while out in the field
5. Navigate by vehicle and by foot to pre-determined survey sites (See Directions on route to get to site)
6. At the same location as taken the day before record the following on The River Mile Water/Weather/Bank Data Sheet
a. Water Quality Parameters
b. Current Weather Conditions 
c. Lakeshore Bank Type 
7. Pulling a trap
a. Designate a recorder and measurer
b. Pull traps and record data one at a time in the order they were set
c. Record Date Pulled on The River Mile Crayfish Survey Data
d. Pull in trap slowly so ensure you don’t lose crayfish, the trap or cut the line by accident. 
e. Once trap is on shore record Time Pulled on The River Mile Crayfish Survey Data.
8. Unhook buoy line from trap and neatly wind back up and place into mesh bag 
NOTE:  A trap may get stuck; try your best to get it unstuck without getting into the water. If you are unsuccessful in bringing in the trap or if a trap is lost tell the Adult Leader who will contact the land managing agency contact or other oversight who will take care of it, and get a trap to replace the one stuck or missing.
9. Take Measurement using The River Mile Sample Data Sheet
a. One at a time pull crayfish from trap
b. Identify the Species using the key provided and record the species
c. Identify and Record Gender of Crayfish; Male (M), Female (F) 
d. Measure & Record Carapace Length in Millimeters (mm)
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e. Measure & Record Total Length in mm (ensure Uropods are together)
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f. Measure & Record Weight to the nearest gram (maybe easiest to slip crayfish on their backs to measure weight)
g. Record corresponding buoy number
10. Once all measurements are taken if the Crayfish is the native species (Signal) take a picture and immediately return it to the water.  If it is a non-native species place into bucket
11. Continue steps 11-12 until all Crayfish in trap are accounted for 
12. Record total number of crayfish from that trap on corresponding buoy number on The River Mile Crayfish Survey Data Sheet 
13. Repeat steps 6-14 until all traps are pulled in and all data is collected
14. Take a representative picture of the majority species collected.
15. If you are unsure of a species take several pictures of the species for Oversight ID
NOTE: The more pictures the better!  Take pictures of the traps, the crayfish in the trap, the site… take pictures of anything and everything!
16. All non-native crayfish now in the bucket will be placed into a plastic bag and set on ice and/or placed into a freezer to euthanize  
17. Once Crayfish have been euthanized it is the responsibility of the Adult Leader to properly dispose of the Crayfish. During fishing season you may keep any legal crayfish according to current state fishing regulations. As this is a study to determine the relative abundance of native and non-native crayfish we ask for all native crayfish to be returned.  For groups participating in the crayfish study year round, they must be identified in the park’s (or other agency) permit. For these groups operating outside of the legal fishing season all non-native crayfish must be disposed of (may not be eaten) and all native crayfish MUST be returned to the location where they were caught.
IMPORTANT: At NO time can any of the Crayfish collected be kept live as pets or classroom samples.  It is against the law to transport live Crayfish, and it would be a violation of our scientific collection permit to use these crayfish for anything other than what the permit states. If at any time these rules are broken the student/s involved will be immediately banded from the project.
Drawdown Sampling Protocol 
The effect on crayfish by the annual drawdown will be done by 3-6 beach walks prior to, during and when the lake has reached its slowest projected level.  
1. Ensure all equipment needed is loaded in vehicle being used
2. A minimum of two people (at least one Student Leader) must present during sampling
3. Be sure Adult Leader is aware of where you are going and when you plan to return
4. Be sure to check weather and be dress appropriately while out in the field
5. Navigate by vehicle and by foot to pre-determined survey sites (See Directions on route to get to site)
6. Starting and stopping points will be based on natural features (e.g. upstream and downstream extent of bay) of the shoreline and include a variety of habitat types. 
7. Prior to starting the survey, a waypoint will be marked on the GPS and recorded on the field form. 
8. The start time of the survey will be recorded on the field form.
9. Surveyors will begin at the starting point and space themselves 5-10 meters apart depending on substrate (cobble or gravel substrates will require shorter spacing).
10. One surveyor will be positioned at the waterline and the others will be positioned 5-10 meters up on the beach.
11. The surveyors will slowly walk parallel to the waterline scanning the area (including any visible areas underwater) for live, dead and parts of crayfish. 
12. When a live crayfish is found do your best to photograph and key to species, but it is not necessary to catch the crayfish.
13. If dead, or crayfish parts, are found collect them and place them in zip lock bag labeled with date and site name for later Identification.
14. As the surveyors progress along the shoreline they will note all of the substrates encountered and at the end of the survey record the percentage of substrates observed along the entire survey area.
15. At the end of the survey a waypoint will be marked on the GPS and recorded on the data form.
16. The stop time will be recorded on the data form.
17. All information on the data forms will be verified and the surveyors will proceed to the next sample site.

Non-Trap Collection Procedures
1. Ensure all equipment needed is loaded in vehicle being used
2. A minimum of two people (at least one Student Leader or Adult Leader) must be present during sampling
3. Be sure Adult Leaders are aware of where you are going and when you plan to return
4. Be sure to check weather and be dressed appropriately while out in the field
5. Navigate by vehicle and by foot to pre-determined survey sites 
6. Prior collecting;
a. Determine locations where you will catch crayfish
b. Record Names of Surveyors on The River Mile Crayfish Survey Data Sheet 
c. Record Date Set on The River Mile Crayfish Survey Data Sheet 
d. Record Site Name on The River Mile Crayfish Survey Data Sheet 
7. Record Time Set on The River Mile Crayfish Survey Data
a. Record GPS coordinates on The River Mile Crayfish Survey Data
b. Take photographs of each site
8. 3-5 collection sites within the sample location, depending on available habitat and distance from other sample sites.
9. Collect in areas both upstream and downstream of the sampling location at various depths and spaced at approximate equal distances (i.e., every 15-100 meters). 
10. Choose location centrally located and record the following on The River Mile Water/Weather/Bank Data Sheet
a. Water Quality Parameters
b. Current Weather Conditions 
c. Lakeshore Bank Type 
11. Take photographs of sampling locations.  Make sure there are enough photos to adequately show the site and each trap location.
12. At each collection area place crayfish into a bucket or dishpan with some lake/local water.
13. Take Measurements of each crayfish using The River Mile Crayfish Sample Data Sheet
a. One at a time pull crayfish from bucket or dishpan
b. Identify the Species using the key provided and record the species
c. Identify and Record Gender of Crayfish; Male (M), Female (F) 
d. Measure & Record Carapace Length in Millimeters (mm)
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f. Measure & Record Weight to the nearest gram (maybe easiest to slip crayfish on their backs to measure weight)
g. Record corresponding buoy number
14. Once all measurements are taken if the Crayfish is the native species (Signal) take a picture and immediately return it to the water.  If it is a non-native species place into bucket of ice.
15. Record total number of crayfish from that location on corresponding on The River Mile Crayfish Survey Data Sheet 
16. Repeat steps 6-15 until all locations at that site have been sampled and all data is collected and recorded
17. Take a representative picture of the majority species collected.
18. If you are unsure of a species take several pictures of the species for Oversight ID
NOTE: The more pictures the better!  Take pictures of the traps, the crayfish in the trap, the site… take pictures of anything and everything!
19. All non-native crayfish now in the bucket will be placed into a plastic bag and set on ice and/or placed into a freezer to euthanize. No live non-native crayfish may be removed from the area.
20. Once Crayfish have been euthanized it is the responsibility of the Adult Leader to properly dispose of the Crayfish. During fishing season you may keep any legal crayfish according to current state fishing regulations. As this is a study to determine the relative abundance of native and non-native crayfish we ask for all native crayfish to be returned.  For groups participating in the crayfish study year round, they must be identified in the park’s (or other agency) permit. For these groups operating outside of the legal fishing season all non-native crayfish must be disposed of (may not be eaten) and all native crayfish MUST be returned to the location where they were caught.
IMPORTANT: At NO time can any of the Crayfish collected be kept live as pets or classroom samples.  It is against the law to transport live Crayfish, and it would be a violation of our scientific collection permit to use these crayfish for anything other than what the permit states. If at any time these rules are broken the student/s involved will be immediately banded from the project.

V. Field Supplies and Equipment
	Source:
	NPS
	School

	Crayfish Traps
	X
	X

	Canned Cat Food
	
	X

	GPS
	X
	X

	Water Meter (Hanna, YSI 556 or other)
	X
	X

	Thermometer (air)
	
	X

	Field Maps
	
	X

	Field Data Collection Forms
	X
	

	Measuring Board
	
	X

	Digital Scale
	
	X

	Digital Camera
	
	X

	Plastic Bags
	
	X

	Waders
	
	X

	Cooler with Ice
	
	X

	Crayfish Identification Keys
	X
	

	Paper and pencil for labels
	
	X

	Clipboard
	
	

	Bucket
	
	X

	Sharpie for outside labels
	
	X

	Sampling permit
	X
	

	Fishing License
	
	X

	Optional: D-frame nets
	
	X

	Optional: seine nets
	
	X



VI. Data Submission, Analyses and Reporting
After data is collected from a site, groups will transfer data from field data sheets (core parameters, trap data and specimen data) to the provided MS Excel database file or NatureMapping and make electronic copies of the field data sheets (scanned). During first month of participation, or when new sites are added to the study, send photos of each site to the park contact.  
If using NatureMapping, have it generate an Excel file.  You can use NatureMapping IF you are only collecting species, number and location information. If you are collecting core parameters and site information it is important to put all that information into an Excel file as analysis will include looking at how the site conditions affect the presence or absence of species.  NatureMapping does not allow for this type of analysis at this time.  You can enter the species information into NatureMapping, obtain an Excel spreadsheet file from it, then revise that spreadsheet and add the rest of the information.  Or copy and paste to your existing site database.
When you have completed data entry and transfer send all electronic copies of field data sheets and the MS Excel files to the project coordinator (contact information provided below).  The field data sheets will be placed into The River Mile’s Crayfish Study Binder and the MS Excel files will be added to the master database. 
Analysis of data will be conducted by students and teachers monthly and then sent to the park’s coordinator.  Please use MS Excel to conduct statistical analysis, ArcGIS Online, a word processing written report, PowerPoint (or similar) and your river mile project webpage(s) to present your findings.  Include photos of each site.  Send the link to your project website and ArcGIS Online map to the project coordinator.
Twice per year (Nov 1 and April 30), representatives from each group will present the findings to National Park Service Staff at the Lake Roosevelt National Recreation Area, teachers and students participating in The River Mile’s Crayfish Study, various agency resource specialists and other interested community members. 
We would also like to encourage you to submit any data regarding samples of invasive species to the Washington Invasive Species Council’s website:  www.InvasiveSpecies.wa.gov

VII. Resources
NPS Lake Roosevelt National Recreation Area
Crayfish Study Webpages
www.nps.gov/laro/forteachers/laro-river-mile.htm

Washington Invasive Species Council
University of Washington
Box 355020
Seattle, WA 98195
www.InvasiveSpecies.wa.gov

Washington Department of Fish and Wildlife
[bookmark: _GoBack]Washington Fishing Regulations
http://wdfw.wa.gov/publications/01500/wdfw01500.pdf

Dave McBride, Toxicologist
Washington State Dept. of Health
Office of Environmental Health, Safety, and Toxicology
PO Box 47846
Olympia, WA  98504-7846
(360) 236-3176
dave.mcbride@doh.wa.gov

VIII. Contacts

	Contact
	Email
	Phone

	Janice Elvidge
Education Specialist
	Janice_Elvidge@nps.gov
	509-754-7848

	Ken Hyde
Resource Management Specialist
	Ken_Hyde@nps.gov
	509-754-7814
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