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INTRODUCTION 


 


Monitoring data can provide the foundation for successful management programs if data are 


collected in a systematic, consistent, and comprehensive manner.  The monitoring of the 


abundance/production of juvenile salmonids on the lower American River is important because 


large sums of funding are spent restoring aquatic habitat in an effort to increase the number of 


juvenile Chinook salmon (Oncorhynchus tshawytscha) and steelhead (Oncorhynchus mykiss) in 


that watershed.  Rotary screw traps (RSTs) are one of the most important tools for monitoring 


juvenile salmonids.  When data acquired with these tools is collected in conjunction with other 


monitoring data, there is a substantially improved ability to track the status of those salmonids 


and assess their response to past management activities.  That data in turn can be used to 


adaptively manage future restoration projects so that they are more successful. 


 


The objective of this document is to ensure that RST data from the American River in 


California’s Central Valley is collected in a safe, systematic, consistent, and comprehensive 


manner.  To address this objective, this protocol provides detailed descriptions for operating and 


maintaining RSTs, collecting and processing fish, collecting environmental data, conducting trap 


efficiency tests, and entering data into a RST “platform” developed by the U.S. Fish and Wildlife 


Service’s Comprehensive Assessment and Monitoring Program (CAMP). 


 


The American River RSTs are located 0.25 miles downstream of the Watt Avenue Bridge in 


Sacramento County, California.  Between two and four RSTs will be operated each year, and 


those traps could consist of different combinations of 5 and 8 foot RSTs.  Under ideal conditions, 


it is expected that two traps will be operated in the South Channel of the American River, and 


two traps will be operated in the North Channel.  In descending order of abundance, the 


following salmonids could be captured in the American River RSTs:  fall-run Chinook salmon, 


steelhead/rainbow trout, spring-run Chinook salmon, winter-run Chinook salmon, and late-fall-


run Chinook salmon. 


 


The CAMP has developed a general protocol for conducting RST activities.  That document can 


be found at https://www.fws.gov/cno/fisheries/CAMP/Documents-


Reports/Documents/2008_draft_CAMP_Rotary_Screw_Trap_Protocol.pdf.  The general 


guidance in that document should serve as a companion to the more detailed guidance in this 


document. 


 


Employees who are engaged in servicing the RSTs on the American River are responsible for 


having a firm understanding of all the information covered within this protocol. 


 


SAFETY 


 


Safety should always be the field biologist’s primary concern.  Never perform a task if it cannot 


be performed safely.  A minimum of two crew members are required to service RSTs at any 


given time.  At least one biologist must have a working cell phone when in the field. 


RST activities occur in an environment where field biologists can be seriously injured by rotating 


mechanical parts, crushed between a boat and a trap, or drown if they do not wear personal 
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protective gear.  The American River is a large river in a major metropolitan area.  As such, RST 


operations have the potential to seriously injure members of the public who use the river for 


recreational purposes if those individuals become caught in the trap.  The proximity of the 


American River RST site to the city of Sacramento also creates the potential that field biologists 


servicing the traps could be exposed to discarded hypodermic needles or pathogens that may be 


present in the river.  These situations, in combination, therefore demand that field biologists 


servicing the American River RSTs pay attention to, and implement, measures that are designed 


to ensure their safety and the safety of the public.  Because there may be a considerable amount 


of interaction between the public and the RST field crew, crew members should display a high 


level of professionalism when they are in the field. 


 


Crew members are required to wear their personal flotation devices at all times when they are on 


a boat or a trap. 


 


Proper communication is essential when operating a motor vessel.  When piloting a boat, the 


boat captain should make sure their intentions are clear to boat passengers.  The captain should 


give clear warnings before they are about to engage or disengage the throttle, or make a turn.  


This will give boat passengers proper time to sit down and become stable.  The small boat used 


on this project is very unstable when standing or kneeling, and may be easy to fall off when an 


unexpected move is made. 


 


Great care should always be taken when working on a RST.  Be cautious to always keep hands, 


loose clothing, and other items away from the cone, shaft and other moving parts during trap 


operations.  Be cautious when moving around on a trap because numerous hazards exist, e.g., the 


winch, cleats, cables, frayed cable, etc.  Familiarize yourself with these hazards and use caution 


when moving about.  Never move across the number one crossbeam (in front of the trapping 


cone) when the trap is fishing.  If traps have been modified by installing catwalks in the front of 


the trap, biologists should use caution when they are on the catwalk and avoid the potential that 


they could intentionally or accidentally end up inside the trap cone. 


 


Always be aware of other crewmember locations and activities on the trap.  Keep alert for boat 


traffic and boat wakes, and during high flow conditions watch for large debris that may collide 


with the RST or boat. 


 


When pulling the boat up to a trap, all crew members should give this part of the operation their 


full attention.  Do not place any part of your body in between the boat and a trap during an 


approach or while moored to a trap; together, the boat and trap can crush and cause severe injury 


to your body.  If available, put the boat fenders over the side before pulling alongside a trap.  The 


boat operator should drive the boat slowly when approaching a trap.  The boat operator should 


carefully maneuver the boat alongside the trap pontoon so a crewmember can step, not jump, 


from the boat to the pontoon.  Once someone is safely on the trap and the boat has been secured 


to the trap, the boat operator can shut down the boat motor.  The crew should make sure that the 


fenders are adjusted properly to prevent the boat and trap from rubbing together and that the boat 


is securely tied to the trap.  The boat should not be operated directly in front of the trap; if the 


boat loses power, the current will push the boat into a trap cone and possibly damage and/or sink 
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the boat.  Assume the jet boat can lose the ability to propel itself when debris gets caught into the 


intake of the jet pump, and plan accordingly. 


Transferring gear or persons between the boat and trap should occur with the full knowledge of 


all crew members.  One person should be on the boat and another on the dock/trap and gear 


should be transferred from crew member to crew member.  Be very careful when stepping on or 


off the trap or walking on the trap.  The pontoons and live-box lid may be slippery any time they 


are wet or biologist’s boots/shoes are wet, but they can be especially slippery due to frost or ice 


in the winter or algal growth in the spring and summer. 


 


Check the winch cable and mooring cables for fraying.  Use caution when handling cables to 


avoid punctures to hands from frayed cable.  Check the following for damage:  carabineers, 


quick links, cleats, and eyes.  If damage is found, notify the entire field crew of the damage and 


take steps to promptly repair that damage.  When raising or lowering the trap cone or live-box 


door, all crew members should know each other’s whereabouts on or off the trap and everyone 


should be aware this procedure is taking place.  One person should observe the trap cone while 


another person is raising or lowering the cone.  Remember that it can be difficult to see the front 


of the cone when operating the winch.  Crew members should look to make sure trap 


components are functioning properly, there are no obstructions in the pulleys and the #2 beam, 


collars are secure, debris has not accumulated on the trap components, winch cables are not 


damaged, etc.  The person initiating a procedure should make it known by saying aloud that the 


trapping cone or live-box door is about to be moved, and all others should acknowledge they are 


aware of what is about to take place.  When the trapping cone is being lowered, keep toes clear 


of the cone to prevent them from being crushed between the #2 crossbeam and the pontoon.  


Always secure the live-box door if it is in an open position to preclude the potential of being hit 


by the live-box door. 


 


The crew should observe weather and river conditions prior to their day in the field.  Utilize the 


guidance plots on the Department of Water Resources CDEC website to see if a forecasted 


increase of river rise and flow may occur when out in the field.  On days when the river may rise, 


the crew must go to the field with waders and vest PFD’s.  Such days tend to coincide with 


heavier and larger debris that may get caught on the traps. 


 


COMPLETING DATA SHEETS 


 


Properly completing data sheets is critical to project success; this aspect applies to every data 


sheet used during the American River RST project.  Data sheets should be clear, legible, and 


contain all information needed to accurately interpret data at a later date, i.e., a data recorder 


should ask themselves if someone could accurately and completely infer what data were 


collected five years after the form was filled out.  If there is more than one data sheet for a 


particular site, make sure they are labeled appropriately (e.g., site name, page 1 of 2, etc.).  Make 


all information clear enough so someone not familiar with the field activities can interpret the 


data accurately (i.e., use standard abbreviations, no omitted data).  There should never be any 


empty spaces for relevant data on a data sheet.  If data are not taken, draw a line through the 


appropriate box and write a short explanation in the “Notes” section of the Trap Visit data sheet. 
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Additional comments regarding any variations in procedure, notable field conditions or other 


pertinent information should be recorded on the Trap Visit data sheet, e.g., any river conditions 


affecting trap operation or changes in a trap’s deployed position should be noted. 


 


Use the following conventions when filling out data sheets: 


 


1. A data sheet will be filled out every time a trap is set and every time a trap is checked.  If 


a site was sampled and no fish of any kind were caught, fill in all of the relevant fields on 


the data sheet with trap check and environmental data, and put a note on the data sheet 


explicitly stating no fish of any species were caught.  If no salmonids were caught, but 


other fish species were captured, that should be explicitly noted on the data sheet.  The 


occurrence of situations with no catch data is critical because it is used in the calculations 


of juvenile salmon production estimates. 


 


2. If there were logistical or operational conditions that occurred and resulted in an atypical 


sampling period, completely and clearly explain what the conditions were in the “Notes” 


section on the data sheet.  Keep explanations professional and organized for clarity. 


 


3. Use a pencil, and your best and clearest non-cursive handwriting. 


 


4. Organize the data sheet so data for the same fish species is recorded together.  Look at the 


catch before data is recorded and leave ample space to group data for each species.  Use 


additional sheets as necessary to assure clarity of information. 


 


5. Completely fill out each portion of a data sheet.  If a section of the data sheet is left 


blank, draw a line through it and explain why it wasn’t filled out in the “Notes” section of 


the data sheet. 


 


6. Corrections can be made in the field by erasing a mistake if the sheet is dry, or putting a 


line through the mistake and clearly writing correct information nearby. 


 


7. Never estimate data, i.e., record measured values only.  If a value cannot be measured, 


put a line in the box where that value would be recorded and provide an explanation in 


the “Notes” section of the data sheet. 


 


8. The lengths of dead fish should be recorded separately from live fish on the data sheet, 


regardless of whether the fish is a salmonid or not, and their mortality status must be 


noted. 


 


9. Each fish that is measured for fork length and weight should be tallied separately on the 


data sheet from other fish that were only enumerated. 


 


10. The presence and number of marked juvenile Chinook salmon that are recaptured should 


be recorded on the Trap Visit data sheet in the special section reserved for those fish.  If 


more than one kind of mark combination is observed in the recaptured fish on a given 


day, take care to segregate the “plus count” of the number of fish with each kind of mark. 
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11. Plus counted fish need to be clearly labeled as “Live unmeasured” or “Morts 


unmeasured.” Those numbers should then be totaled on the Trap Visit data sheet. 


 


 


TRAP STATUS, ENVIRONMENTAL DATA, AND FISH CATCH DATA COLLECTION 


 


The procedures described below are presented in the sequential order that would be implemented 


in the field.  This work flow has been designed to make field activities as simple, efficient, and 


complete as possible. 


 


When traps are deployed in a “cone-down” position and are actively fishing, they will be 


checked at least once every 24 hours, and more frequently on days when there are high river 


discharge levels, heavy debris loads, or the capture of thousands of salmon could adversely affect 


the health of fish sequestered in RST live-boxes.  On days when traps will not be checked within 


a 24-hour period, trap cones will be raised out of the water and placed in a “cone-up” position to 


preclude fish capture.  On days when only one trap check occurs, there will be an effort to arrive 


at the trap between 8 AM and 10 AM. 


 


Trap Status and Environmental Data 


 


When the field crew initially arrives at the trap, they should inspect the trap for any signs of 


trespass or damage before they exit the boat and step on the RST.  They should also examine the 


cone depth gage on the trap and record the cone depth on the Trap Visit data sheet.  If no signs of 


trespass or damage are found, the crew can board the trap and collect and record data on the Trap 


Visit data sheet that characterizes the operational status of the trap and environmental parameters 


at the time of the trap visit.  A separate data sheet should be prepared for each trap cone.  The 


following data should be recorded on each Trap Visit data sheet: 


• Trap visit date and time. 


• Subsite code. 


• Recorder/crew. 


• Weather (including air temperature). 


• Visit type ID. 


• Trap functioning ID. 


• Cone depth (needs to be documented before staff board the trap). 


• Total revolutions since last trap check. 


• Water temperature. 


• Water dissolved oxygen. 


• Water turbidity. 


• Water velocity. 


• Before cone cleaning revolutions (RPM). 


• After cone cleaning revolutions (RPM). 


• Dominant debris type and volume. 
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Refer to Appendix C for instructions on how to collect and record data pertaining to the trap 


status and environmental parameters. 


 


Water temperature data loggers manufactured by the Onset Computer Company will be 


positioned inside the RST live-boxes to monitor water temperatures on a continuous basis.  


Those data loggers should be downloaded and archived at weekly intervals, and the data from 


those loggers should be reviewed to detect the presence of water temperatures that may adversely 


affect salmonids. 


 


Cleaning the Trap 


 


Before all the fish have been removed from a RST during a day time check, the trap should be 


cleaned so it can operate as efficiently as possible.  In general, trap cones are not cleaned and the 


counter is not reset during evening checks. 
 


Never, under any circumstance, crawl or climb inside the RST cone while the trap is on the river. 


 


Never remove debris from a trap cone or shaft that is rotating, i.e., always lock the cone in a non-


rotating configuration before initiating the cleaning process.  Remove any large debris from the 


front of the trap, clean the rear live-box screen with a scrub brush and rinse the debris off as best 


as possible.  Under no circumstances should the live-box screen be removed unless sampling has 


been terminated.  If the live-box screen needs to be removed, all fish and debris should be 


removed first and a new time should be recorded for Visit Time2 field on the data sheet.  Sweep 


silt/debris out of the live-box, rinse debris off the trap deck, and check/clean pontoons for algae 


growth.  If a gas-powered trash pump is used to wash algae off  the trap cone, place it where it 


cannot come into contact with anything sensitive to heat; the exhaust and engine get very hot and 


can melt or burn things. 


 


If a trap cone needs to be raised or lowered for cleaning purposes (or if the trap needs to be 


moved on or off the river), always be cautious when using the winch crank.  When raising the 


cone, keep a hand on the winch crank handle and make sure the latch is caught in the gear 


securely.  Latches tend to wear and if not secure the winch handle may spin quickly and cause 


injury.  If the trapping cone needs to be lowered, one person will lower the trapping cone, while 


another guides the A frame.  Be sure both individuals are aware of the other person’s actions and 


coordinate their respective activities.  The person on the winch should announce that the trapping 


cone is coming down while the other person should watch for problems as the trapping cone 


lowers.  Once the trapping cone begins to spin, note what time the trap begins fishing and record 


the number of RPMs the trap makes in 60 seconds.  Do this three times and calculate an average 


RPM for the 3 recordings in the “Before Cleaning RPM” field on the Trap Visit data sheet.  The 


following days after the traps have been fishing in the water, will begin with cleaning the cones 


and taking 3 recordings of RPMs the trap makes in 60 seconds. 


 


After the trap has been cleaned and is rotating in the water, the rotation rate of the cone should be 


assessed again and the RPMs recorded in the, “After Cleaning RPM” field on the Trap Visit data 


sheet. 
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Fish Catch Data Collection 


 


Weather and river conditions will dictate the order of the trap cleaning and fish processing 


activities.  When the weather is cool and the potential that temperatures could be a stress factor 


for fish is minimal, trap maintenance activities should occur first, and then fish get processed.  


This approach maximizes the amount of sampling to the fullest extent possible.  If the weather is 


warm or fish could be adversely affected if they are held for a substantial period of time, the fish 


should be processed first, and then trap maintenance activities should occur.  The text below 


assumes that trap maintenance activities will occur first since weather and river conditions will 


most commonly be benign. 


 


If at all possible, the trap cone should not be raised before the fish are removed from trap’s live-


box.  Raising the trapping cone creates a gap through which fish can escape, so it is best to clear 


the live-box while the trap cone is fully submerged in the water. 


 


Setting Up and Maintaining Buckets, Insulated Coolers, and Live Carts 


 


Prepare to remove fish from the live-box by filling buckets with river water.  Live carts or 


insulated coolers will also be prepared for fish sequestration if more than 500 fish are observed 


in the live-boxes when they are first checked.  When fish are being held in buckets, place the 


buckets in the shade and place lids on top of the buckets when they are unattended. 


 


Use the dissolved oxygen (DO) meter to periodically check the water temperature and dissolved 


oxygen levels in the containers used to sequester fish.  Make sure the difference in water 


temperatures and dissolved oxygen levels between the buckets/coolers and river does not exceed 


a 2° Celsius or 7–10 milligrams/liter difference, respectively.  Add fresh river water to the 


buckets and coolers if they become too warm or experience depleted dissolved oxygen levels.  If 


necessary, use an aerator to help maintain DO levels that are equal to, or greater than, the river 


water.  Frozen water bottles may be added to containers used to hold fish on warmer days to help 


maintain cool water temperatures. 


 


Collecting Fish 


 


Begin the process of clearing the trap live-box by scooping larger debris out of the live-box with 


a pitchfork, making sure to search that debris for fish.  If fish are found with the large debris, 


remove those fish and place them in a container with fresh water.  As fish are collected, every 


fish is retained, regardless of whether it is dead or alive.  Using 5 gallon buckets, quantify and 


record the amount of debris in the Debris Volume field on the Trap Visit data sheet, then jettison 


that debris behind the trap.  Also note the type of debris caught and record under “Dominant 


Debris Type” on the Trap Visit datasheet.  Collect man-made trash and dispose of it properly. 


 


On the American River, it is common to have a large quantity of small debris.  This may 


coincide with the capture of a large number of fry-sized fish.  In these cases, it may be difficult 


to sort through the debris in an acceptable amount of time that will be safe for the fish.  In most 


instances, a large 18 gallon tote filled halfway with fresh water may be used to ensure fish are 


not kept out of water for an extended amount of time.  Grab about a quart of debris at a time and 
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place on a flat surface such as a large fish measuring board.  Debris and fish can then be spread 


out and sorted through in the process stated below. 


 


After a majority of debris has been removed from the live-box, use a large net to scoop smaller 


debris and fish out of the live-box.  Scoop no more than 1/2 a net of fish/debris at a time, and 


gently empty the nets and place the contents in an 18-gallon tub of water.  During sunny days the 


livebox deck can become quite hot; therefore, extra care should be taken to cool the deck with 


river water before emptying net contents onto the deck if such is necessary.  Placing debris and 


fish in an 18-gallon tub of water is the preferred, less stressful method of handling the fish.  


When removing fish from the live-box, be careful not to smash fish between the rim of the dip 


net and the wall of the live-box.  The live-box corners are typically where fish get killed.  If 


feasible, chase fish out of the live-box corners before attempting to scoop them with the net. 


 


Carefully sort through the debris using a stick, salad tongs, or other probe, DO NOT use your 


hands; hypodermic needles or other sharp objects could be present.  


 


It is important to sort the fish from debris as quickly as possible without overlooking any fish.  


Carefully find and remove all fish, remembering that some will be very small.  As fish are 


removed from the debris, sort them and place them in separate containers as follows: 


 


a) All steelhead, late-fall-, spring-, and winter-run Chinook salmon. 
 


b) Marked fall-run Chinook salmon. 
 


c) Unmarked fall-run Chinook salmon. 
 


d) Non-salmonid species, including larger piscivorous fish that could potentially feed on 


smaller fish as fish are held and processed. 


 


Field biologists who have received adequate training should be able to recognize juvenile 


steelhead based on morphological features; Appendix F provides reference material that can be 


used to disseminate between steelhead and Chinook salmon.  The presence of marked fall-run 


Chinook salmon can be assessed by looking for fish with a colored mark or Bismark brown 


dye; it is especially important to examine every salmon to see if they have these marks since 


their detection will drastically affect the ability to develop salmon production estimates.  
The presence of non-fall-run Chinook salmon can be ascertained by referring to the length-at-


date charts developed by Fisher and Greene, i.e., salmon that have a fork length that is outside 


the length range for a given sample day could therefore be spring-, winter-, or late-fall-run 


Chinook salmon. 


 


Make sure fish are not over-crowded (i.e., < 25 smolts or < 50 fry per bucket; 100-150 


individuals per standard-size cooler).  If fish exhibit strange behavior, transfer them to another 


bucket/cooler to replenish oxygen and gently lower water temperatures.  Fish that flare their gills 


or starting to gather along the surface of the water is a sign of reduced oxygen levels.  With a 


large quantity of fish in the bucket, this can happen very quickly, especially when the weather is 


warm. 
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At the moment the live-box is clear of fish and smaller debris, two measurements must be taken 


and recorded immediately on the Trap Visit data sheet:  (1) enter the time in the Visit Time 2 


field and (2) record the Total Revolutions Since Last Trap Check on the lever actuated 


mechanical counter.  These two values represent the end of the current sample and the start of the 


next sample.  If the trap is stopped by debris, record the Total Number of Revolutions on the 
counter and explain the circumstances in the “Notes” section of the Trap Visit data sheet. 
If the trap cannot immediately be returned to a mode where it can collect fish and instead needs 


to be taken out of service for some period of time for cleaning/repair, a time will be entered in 


the Visit Time2 field which reflects what time the trap was put back in service.  On most days 


when the trap essentially runs on a continuous basis, biologists will only be entering a time in the 


Visit Time2 field on the data sheet.  The Visit Time field should be filled out from the previous 


day’s Visit Time 2 field.  The Visit Time 2 field reflects the time that the trap was completely 


cleared of fish and debris for one day, and represents the start of the next sampling period that 


ends on the following day. 


 


Sub-Sampling Protocol 
 
The following subsampling procedure only pertains to the selection of Chinook salmon that are 


assessed for fork length, weights, and life stage. All other fish are referred to as “plus counts.” These 


procedures do not relate to the determination of how many salmon of any run were caught on a 


given day because the procedure for quantifying the number of salmon caught always involves 


the counting of each individual fish.  Subsampling may also randomly select the spring-, winter-, 


or late-fall Chinook salmon that are assessed for abundance, fork length, weight, and life stage; 


but these fish, when they are obviously present based on marked size differences, will be 


separated and measured as individual fish and data analysis procedures will not therefore need to 


expand their numbers to estimate the total number caught on a given day.  Because spring-, 


winter-, and late-fall-run LAD Chinook salmon are assessed further by genetic analysis, there is 


a chance that the run assignments of these fish may be changed.  It is therefore important to 


ensure that the subsampling has a true random sample to ensure no bias in the size and race 


distribution, and ensure that it is an accurate representation of what was captured as a whole.   


 


During peak emigration periods, the RSTs capture more Chinook salmon than can be measured 


and weighed.  On these occasions a sub-sampling protocol is used to randomly select 100 fish 


that are measured and weighed.  A random sample is statistically representative of the unsampled 


fish and the information gathered from the sampled fish (FL measurements, run designation, etc.) 


can be generalized or expanded to the unmeasured fish.  The protocol is as follows: 


 


1. All debris should be cleared out of live well as best as possible. 


 


2. Fill 18 gallon tub with water. 


 


3. Using the large dip net, gently net out random groups of fish from the live box and place 


them into the tub of water.  You should have roughly 1000 fry or 2-300 fingerlings set 


aside for subsampling. 


 


4. From the tub, take a small dip net and randomly collect and count out 100-150 Chinook 


salmon and place them in an aerated holding bucket.  Each net full should have about 10 







 


13 


fish per dip.  These fish will be saved to weigh and measure.  It’s better to have closer to 


150 fish than 100 fish in the final subsample. 


 


5. Fall-run Chinook salmon in excess of the final subsample that remained in the tub or trap 


live well are not measured and weighed, but each of these salmon must be checked for 


marks, enumerated, and released downstream of the traps. If the plus count capture 


included a spring-, winter-, or late-fall-run salmon, they must be counted separately and 


assessed for fork length, life stage, and color/fin clip mark status.  Since Central Valley 


spring- and winter-run Chinook salmon are federally listed as threatened or endangered 


taxa, the trapping activities must attempt to identify every spring- and winter-run LAD 


Chinook salmon that is captured so that data can be reported to NMFS. 


 


 


Processing Fish 


 


After the trap has been cleaned and resumes fishing, the collected fish should be processed in the 


following order:  (1) spring- and winter-run Chinook salmon, (2) all steelhead, (3) late-fall-run 


Chinook salmon, (4) marked fall-run Chinook salmon, (5) unmarked fall-run Chinook salmon, 


and (6) non-salmonid species. The table below identifies how each group of fish should be 


processed, and the data from those individuals should be recorded on their respective data sheets.  


Depending on the fish category, fish will be counted, evaluated for species, measured for fork 


length, measured for weight, evaluated for salmon run type, assessed for life stage, checked for 


mortality, and/or have a fin clip taken for salmon run assessment (spring- and winter-run 


Chinook salmon only). 
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Sampling Strategy For Different Fish Species  


That Are Collected During Rotary Screw Trap Operations On The American River 


Spring and 
Winter-run 
Chinook 
Salmon 


Steelhead 
Late-fall-run 


Chinook 
Salmon 


Marked Fall-run 
Chinook 
Salmon 


Unmarked Fall-
run Chinook 


Salmon 


Non-Salmonid 
Species 


Each Individual is: 
• Counted • Counted • Counted • Counted • Counted • Counted 


• Assessed for life 


stage 


• Assessed for life 


stage 


• Assessed for life 


stage 


• Assessed for life 


stage 


• Assessed for life 


stage 


• Assessed for life 


stage (adult/juvenile) 


• Measure up to 50 


for fork lengths 


• Measure up to 


100 randomly 


selected for fork 


lengths 


• Measure up to 50 


for fork length 


• Measure up 


to100 for fork 


lengths 


• Measure up 


to100 randomly 


selected for fork 


lengths 


• Measure up to 50 


of each species for 


fork length 


• The first 25 


individuals that are  


≥ 40 mm will be 


randomly selected 


for weights 


• The first 25 of 


individuals that are  


≥ 40 mm will be 


randomly selected 


for weights 


• The first 25 


individuals that are  


≥ 40 mm will be 


randomly selected 


for weights 


• No weight taken 


• The first 25 of 


individuals that are  


≥ 40 mm will be 


randomly selected 


for weights 


• No weight taken 


• If more than 50, 


“plus count”  


remainder 


• If more than 100, 


“plus count”  


remainder  


• If more than 50, 


“plus count”  


remainder 


• If more than 100, 


“plus count”  


remainder 


• If more than 100, 


“plus count”  


remainder  


• If more than 50 


of one species, 


“plus count” 


remainder 


• 1/4 fin clip taken 


from the upper 


lobe of the caudal 


fin           


 


Fish species identification can be accomplished using various keys that include fish found in the 


Central Valley; Appendix E provides a species list for the fish that are likely to be caught in the 


American River based on previous RST work, and the appendix identifies three references that 


can be used to identify fish species in California’s Central Valley.  If a fish is collected and 


biologists are not sure of the species identification of that individual, several close up pictures of 


that fish should be taken with a digital camera.  Biologists should then refer to the species list 


and references in Appendix E in an effort to determine the species ID.  If a fish cannot be 


identified to species, then the data sheet should reflect a more general taxonomic name for that 


individual.  This situation may be especially true for various groups that include lampreys, 


Cottids (sculpins), Centrarchids (bass and sunfish), Catastomids (suckers) and Cyprinids 


(minnows).  Individuals pertaining to these groups should receive special scrutiny in an effort to 


make taxonomic assignments as accurate as possible. 
 


ALWAYS check juvenile Chinook salmon for marks that could have been applied as part of the 


mark-recapture trap efficiency trials described below. 
 


The collection for data pertaining to salmon life stage, fish weight and fork length is relatively 


straightforward.  Salmon life stage will be assessed according to the morphological features 
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described and illustrated in Appendix B.  All fish length measurements for fish species with a 


forked tail will be measured for fork length to the nearest 1.0 millimeter.  For species without a 


forked tail (i.e., lamprey, sculpins, mosquitofish, threespine sticklebacks and some bullheads), 


total length will be measured laterally along the mid-line to the posterior edge of the tail.  The 


weights of fish will consist of measurements to the nearest 0.1 gram.  Measure and weigh one 


fish at a time.  Hands, dip nets, and measuring boards should always be wet before coming in 


contact with fish.  Weight measurements should be the final step in the sampling process to 


allow for expulsion of retained water.  If more than 100 fall-run Chinook salmon or more than 50 


individuals belonging to a non-salmon species are caught on a given day, then subsampling 


procedures should be used to acquire data from a subset of the day’s catch so there is not a need 


to devote several hours to data collection activities.  The process for conducting subsampling is 


described in the “Sub-sampling Protocol” section above.  For salmon that appear to be spring- or 


winter-run Chinook salmon based on the length-at-date criteria, the collection of biological 


samples from those fish may be necessary, and is described in the “Collection of Fin Clips and 


Whole Fish” section below. 


 


 Any fish present in the tub or trap live well in excess of the above indicated total listed for their 


species, that are not measured and weighed should be recorded on the appropriate data sheets as 


a “live plus count” or “mort plus count” for that species.  A “plus count” was defined as the total 


number of fish that were caught in a trap on a given day, and that were not measured, weighed, 


or assigned a life stage. However, plus counts are still checked for marks and enumerated. 


 


If river temperatures exceed 20°C, enumerate all listed species and release them.  Do not hold for 


fork lengths.  On a case by case basis, if temperatures are high and Chinook salmon and 


steelhead are not staying alive with frequent water changes, air bubblers and frozen water bottles 


just enumerate them and release.  If possible keep a maximum of 50 of each species for fork 


lengths, if and only if, holding 50 is manageable for the crew to keep alive.    


 


Salmon that are measured for fork length, weight and life stage should be anesthetized prior to 


measuring using the procedures described in the “Anesthetizing Salmon That Are Measured” 


section below.  If a fin clip is to be taken from a juvenile salmon, that fin clip should be collected 


after the salmon has been anesthetized, and fork length, weight, and life stage have been 


recorded. 


 


If a mark-recapture trap efficiency trial is scheduled to occur within the next 48 hours following 


initial capture, field biologists should consider whether captured salmon should be retained for use in 


an efficiency trial.  If they are not, those salmon can be released below the trap after they have been 


counted and measured.  All other fish species should be released below the RSTs after they have 


been processed. 


 


Anesthetizing Salmon That Are Measured 


 


Juvenile salmonids that are assessed for fork length, weight, and life stage should always be 


anesthetized prior to measuring.  To anesthetize fish, a solution with Alka-Seltzer is used.  In 


general, fish are immersed in a bath of Alka-Seltzer at a concentration of one tablet for each liter of 


water.  The action of the anesthesia is readily reversed when fish are transferred to fresh water. 
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The effectiveness and effect of premixed solutions is related to a variety of factors including 


concentration, fish size, water temperature, stock solution age, and exposure to sunlight.  
Overexposure (in time or concentration) to the Alka-Seltzer solution will lead to death of fish.  


Biologists should routinely observe the gill activity of fish immersed in an anesthesia solution; if fish 


are found to no longer possess, or have markedly reduced gill activity, they should immediately be 


transferred to fresh water so they can recover. 


 


 


As fish are measured and are exposed to the solution of Alka-Seltzer, fish should be processed in 


batches of ~25 individuals to avoid anesthetizing too many fish at one time.  Fish size and the crew 


member’s quickness in measuring fish are factors that should be considered when determining how 


many fish to anesthetize at once. 


 


After fish have been measured they should immediately be placed in a 5 gallon bucket of fresh 


water for recovery.  This bucket should contain 5 teaspoons of Poly Aqua to aid in recovery.  


Poly Aqua will aid in the regeneration of their slime coat that may have shed during capture and 


handling.  Once fish have fully recovered, release them back in the river. 


 


Collection of Fin Clips  


 


Fin clips will be collected from large juvenile salmon that key out to be spring- or winter-run 


Chinook salmon according to the length-at-date criteria.  Those samples will ultimately be used 


to assess the salmon run of the individuals the fin clips were taken from.  The fin clips should be 


collected by taking a small pair of surgical scissors and removing not more than ¼ of the upper 


lobe of the caudal fin.  The fin clip should then be placed in a vial with 200 proof ethanol, and 


placed in an envelope with the following information:  (1) Species; (2) pre-designated sample 


number from alcohol vial; (3) sampling location, i.e., Lower American River (LAR); (4) the 


putative salmon run designation based on length-at-date criteria; (5) name of the biologist 


collecting the fin clip; (6) fork length and weight; (7) mortality; (8) life stage; (9) date the sample 


was collected, and (10) gear (trap and subsite code fish was captured in). 


 


The vials containing fin clips should be stored in a manner that allows for successful retrieval. 


 


Field Quality Check 


 


The first step of data quality assurance/quality check (QA/QC) happens in the field.  After all the 


data have been collected during a sampling visit, each data sheet should be reviewed before the 


biologists leave the trap site to make sure all information is complete, and any missing values are 


collected.  Common errors include leaving blanks on the data sheet, illegible entries, clarity of 


plus counts, incorrect species or station codes, and unclear comments.  The field quality check 


should occur before leaving the site so additional data can be collected if necessary.  Do not 


leave data sheets in vehicles or in clipboards as they may get lost or damaged, and return the 


completed data sheets to the office the same day they are filled out. 


 


Trap Maintenance 
 


Before the field crew leaves the traps at the end of a sample period, they should inspect: 
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1. The live-box seal for any cracks and proper seating around the trap cone. 


 


2. The trap cone shaft and bushings for cracks and abnormal or excessive wear. 


 


3. The cone’s screen for any tears, separation from the cone frame, and the access doors for 


proper closure.  Rivets that attach the screen to the frame often need replacing throughout the 


season. 


 


4. The winch system, including the cable and pulley, for proper function. 


 


5. The counter system for proper function. 


 


6. The anchor points and cabling system for weaknesses/non-secure attachment. 
 


7. The collars are firmly attached and the collar bolt is tight.  The collar should not spin 


independently of the axle. 


 


MARK/RECAPTURE TRIALS 


 


RSTs only capture a small fraction of the total number of fish migrating past a trap.  To estimate 


the total number of fish produced by the American River, it is necessary to conduct 


mark/recapture trials that quantify the percentage of the total fish population sampled by the 


traps.  These trials should, under ideal circumstances, be conducted in a manner that reduces 


sampling bias, and are done whenever there are substantial environmental changes that could 


affect the efficiency of the traps, e.g., a marked increase in stream discharge.  The potential 


source of bias that could affect the accuracy of the trap efficiency tests are as follows: 


 


1. The behavior of the fish that are captured on a daily basis is different than fish used in 


trap efficiency trials. 


2. The trap efficiency test fish are not recognized as they are recaptured. 


3. The salmon released during trap efficiency tests do not mix with non-trap efficiency test 


fish when released. 


To conduct the trap efficiency trials fish are marked with a Bismark brown Y stain (BBY) and/or 


a colored elastomer dye.  It is therefore imperative that every fish that is captured each day be 


examined to determine if it has some mark which would indicate it was part of a trap efficiency 


test. 


 


Under ideal circumstances, wild salmon and not hatchery salmon should be used to conduct trap 


efficiency tests.  Wild salmon that are caught with the RSTs should therefore be used to conduct 


trap efficiency tests whenever possible.  Field staff should attempt to conduct trap efficiency 


tests on a schedule of once a week, or when scouring events or other events affecting trap 


efficiency occur.  With that sampling in mind, field staff should retain captured wild fish and 


sequester them in live carts that are held in the RST live-boxes until such time that a sufficient 


number of salmon have been collected to conduct a trap efficiency test.  Based on historical trap 


efficiency results, field staff should strive to release at least 1,000 fish during a given efficiency 
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test.  Releasing a smaller number of fish has historically resulted in too few recaptures to make 


the trap efficiency test worthwhile. 


 


To create the ability to discriminate between different groups of marked salmon that were 


marked as part of a trap efficiency test, it is critical that the marking patterns be applied in a 


manner and combination where biologists can successfully discriminate between different groups 


of marked fish.  For that reason, the same marking combination (e.g., applying a green mark to 


the upper caudal fin) should never be used within the same 30-day period when using the colored 


elastomer dye.  Combinations of marking patterns that could cause confusion in proper 


identification, e.g., applying a green mark to the upper caudal fin one week and then applying a 


blue mark to the upper caudal fin the following week should also be avoided.  It is also important 


to recognize that some biologists may be color blind, which would therefore compromise their 


ability to accurately identify the color of the marks applied to fish.  For that reason, each 


biologist should be checked before the start of a field season to determine if they are color blind.  


If they are, those individuals should not be assigned to processing fish, and they should instead 


serve in a data recorder capacity when they are in the field. 


 


Typically, fish < 50 mm must be dyed with the BBY whole body stain due to their size.  The 


elastomer dye will typically be difficult to apply to fry due to the translucence and delicate nature 


of their fins.  Apply a whole body stain to small salmon < 50 mm in fork length as described in 


APPENDIX F:  Process for Staining Chinook Salmon with Bismark Brown Dye. 


 


Apply a colored elastomer dye to larger salmon > 50 mm in fork length as described in 


APPENDIX G:  Process for Marking Chinook Salmon with Elastomer Dye. 


 


A few hours prior to the release of salmon used in a trap efficiency test, check each marked fish 


to determine mark retention and mortality.  On the Marked Chinook Salmon Data Sheet, quantify 


and record the number of salmon that were successfully dyed and stained, and quantify and 


record the number that were not successfully dyed and stained.  Take a random sample of 100 of 


the successfully dyed and stained salmon and measure and record their fork lengths on the 


Marked Chinook Salmon Data Sheet. 


 


Additional care must be taken when transporting fish from the hatchery to the release site.  The 


Nimbus Fish Hatchery (NFH) closes at 3:30 PM, so all of the marking work must be completed 


by that time.  Transportation of fish is done with the use of 3-5 coolers with aeration, with fish 


being divided evenly between the coolers so as to ensure that fish are not being overcrowded.  


The appropriate dosage of slime coat protectant should be added to each cooler to ensure fish 


health.  On warmer days, ice may need to be added to fish holding containers to keep the holding 


water from becoming too warm.  Ice can be provided by staff at the NFH if they are asked to do 


so.  The DO and water temperature in the transport containers should be noted before leaving the 


hatchery.  Keep in mind, travel time from the hatchery to the release site is typically 30 minutes, 


but may be up to 45 minutes to an hour if local traffic is congested.  Once at the release site, fish 


should be transferred from coolers to live carts and set into the river.  Again, appropriate amount 


of live carts must be used to prevent overcrowding.  Once in the live cart and placed in the river, 


fish are able to sit in the live carts safely for several hours. 
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On the day when marked salmon are to be released, they should be netted out of coolers and held 


in live carts full of river water.  Each live cart needs to be closely examined for dead, nearly 


dead, or weak swimming fish.  Such fish should be counted and removed from the live marked 


fish that are to be released.  Field staff should make sure they write the number of weak or dead 


fish in on the Mark and Release datasheet and that number is subtracted from the number of total 


fish marked to quantify the total number released.  Keep the weak and/or dead fish and do not 


release them in the river where they can be recaptured; they should instead be released 


downstream of the westernmost trap.  Also, record the time fish were released. 


 


One live cart of live, successfully marked salmon should be released on the north half of the 


river, and the other half released on the south half of the river.  Fish should not be “dumped” into 


the water, rather, they should be released in small net fulls (piecemeal) so that they don’t have an 


opportunity to “school” as they move downstream.  This helps to meet the assumption of random 


distribution with unmarked fish. 


 


Generally fish are released at the release site at twilight.  Therefore, field staff should plan 


accordingly to ensure they can conduct all the necessary activities to release fish by sunset. 


 


Avoid running the boat between the release site and the RSTs after the fish have been released. If 


a boat is used to release fish and must travel downstream after a release, remain at the release site 


for ~15 minutes, then float or row downstream.  When releases from Nimbus Dam are below 


2000 cfs, wading across the width of the river for the release is the preferred method for 


releasing marked salmon.  In this case, fish may be left in live carts as field staff wade across the 


entire width of the river and follow release protocol as stated earlier.  


 


At the time of release, make sure the following data are known and recorded on the Mark and 


Release datasheet:  (1) release date and time, (2) number of fish marked, (3) number of 


mortalities, (4) total number of fish released, and (5) mark type and color. 


 


On mornings following the release of marked salmon and during regular trap checks, the crew 


should carefully check EVERY fish for a mark.  If a mark is observed, that fish must be saved 


for processing.  Marked fish are recorded on data sheets labeled “Recaptured Chinook Salmon 


Data Form” separate from the “Unmarked Chinook Salmon Data Form.” In addition, each type 


of marking must be further separated by their marking type or color which signifies the particular 


fish being a part of a separate release group.  Fork length, life stage, race, and mortality for 


recaptured salmon are recorded on the “Recaptured Chinook Salmon Data Form” for the first 


100 random recaptured Chinook salmon; additional recaptured Chinook salmon will be 


enumerated and tallied under the “Live Unmeasured Plus Count” or “Morts Unmeasured Plus 


Count” section.  Marked Chinook salmon may be observed weeks later, so every fish must be 


carefully examined even if it’s been many days/weeks since the last marked trial was released. 


 


Make sure Sectthe Mark and Release datasheet is completely filled out when staining or 


releasing Chinook salmon.  That datasheet should be delivered to the data crew lead as soon as 


possible. 
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COMPUTER DATA ENTRY AND MANAGEMENT 


 


Data sheets need to be delivered to the data crew lead or placed in the “Completed Datasheets” 


paper tray before the end of each work day. 


 


Data Entry 


 


Data will be stored and analyzed in the Comprehensive Assessment and Monitoring Program’s 


rotary screw trap platform (Platform).  Data should be entered in the platform as soon as possible 


after collection, ideally on a daily basis.  Care should be taken to assure data are entered 


correctly. 


 


QA/QC Procedure 


 


Ensuring that field data is entered into the Platform so that they are complete and accurate is 


essential to data management.  The Platform and its associated QC/QC database has a number of 


tools that were developed to look for problems in the quality of the data and the data entry 


process.  Staff that enters data into the Platform should refer to, and become familiar with the 


user manuals that were prepared for the Platform and the QC/QC database; doing so will provide 


the ability to detect and then correct problems with the RST data. 


 


First, data sheets will be checked to make sure the data sheets have been completely filled out 


and there are no errors before data are entered into the CAMP platform.  Any corrections made 


during this process will be made in red ink or pencil. The datasheets are then initialed and dated 


to indicate they have been checked.  Then data will be entered into the CAMP platform by the 


data crew lead and then QA/QC’d by crew members to ensure that data has been entered 


correctly. 


 


The verification process will check for entry errors by comparing data sheets with queries that 


produce hard copy reports from the platform.  Corrections, if needed, will be filled out on the 


QA/QC Data Sheet by crew members and the data crew lead will correct entries in the CAMP 


Platform.  As data is checked, QA/QC data sheets will be signed with initials of the person(s) 


checking data and the date verified.   


 


Data entry error example:  in the course of reviewing the measurements of the randomly selected 


juvenile salmon that were measured on day X, a salmon is found that is outside the typical size 


range for a fall-run Chinook salmon on day X based on the length-at-date criteria, the record for 


that salmon needs to be changed to reflect the appropriate salmon run according to the length-at-


date criteria for the day that fish was captured.  The person who finds this error should report it 


on the QA/QC data sheet with their initials, and date verified.  Then return the QA/QC data sheet 


to the data crew lead so that the CAMP database can be updated accordingly. 


 


An effort should be made to verify data on a weekly basis.  The QA/QC routines in the platform 


should be executed and the reports associated with those QA/QC routines should be checked to 


look for missing data, out of sequence records, and biological attributes that are unusual or 


abnormal. 
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After the data has been verified by the crew, the data crew lead will use the QA/QC database 


provided by Connie Shannon to further check for any additional data entry errors that may have 


occurred during the data entry process. 
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APPENDIX A:  Field Data Sheets 


Trap Visit Data Sheet.  Used to record environmental data, trap data, and summarize catch 


totals. 
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Unmarked Chinook Salmon Data Sheet.  Used to record a random sample of 100 Chinook 


salmon.  
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Unmarked Steelhead Data Sheet.  Used to record a random sample of 100 steelhead. 
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Spring-run and Winter-run Chinook Salmon Fin Clip Data Sheet.  Used to record data on 


spring-run and winter-run Chinook salmon when fin clip samples are taken. 
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Photonically Marked Chinook Salmon Data Sheet.  Used to record data on hatchery Chinook 


salmon that have been marked with photonic fluorescent dye used for a trap efficiency trial. 
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Recaptured Chinook Salmon Data Sheet.  Used to record data on Chinook salmon after 


they’ve been recaptured from a trap efficiency trial. 
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Adipose Fin Clipped Salmonid Data Sheet.  Used to record data on ad-clipped (hatchery 


origin) Chinook salmon or steelhead. 


 


(Not Random) 
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Other Species Data Sheet.  Used to record data on bicatch (species of fish other than our target 


taxa). 
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APPENDIX B:  Chinook Salmon and Steelhead Life Stages 


Smolt 
Index 


Life Stage 
Criteria 


 


1 Yolk-sac Fry ∗ Newly emerged with visible yolk sac 


2 Fry 


∗ Recently emerged with yolk sac absorbed 
(button-up fry) 


∗ Seam along mid-ventral line visible 


∗ Pigmentation undeveloped 


3 Parr 


∗ Seam along mid-ventral line not visible 


∗ Scales firmly set 


∗ Darkly pigmented with distinct parr marks 


∗ No silvery coloration 


4 Silvery Parr 
∗ Parr marks visible but faded 


∗ Intermediate degree of silvering 


5 Smolt 


∗ Parr marks highly faded or absent 


∗ Bright silver or nearly white coloration 


∗ Scales easily shed (deciduous) 


∗ Black trailing edge on caudal fin 


∗ Body/head elongating 


6 Adult ∗ ≥ 300mm 


Figures Illustrating Different Chinook Salmon Life Stages  
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APPENDIX C:  Trap Visit Data Sheet Terminology 


 


This appendix defines how particular terms on the field data sheets are defined, and how they 


should be viewed as data are entered on the field data sheets. 


 


Before cleaning (RPM):  the number of revolutions the cone makes in one complete minute, as 


measured before the trap is cleaned.  Take three separate RPM readings and then calculate and 


record the average. The before revs do not need to be recorded if the trap is stopped on arrival. 


 


The determination of when a trap makes a complete revolution is made by observing a specific 


location on the trap, e.g., a colored dot or bolt present on the trap cone.  On most 8-foot RST trap 


cones, there is one weld line on the base of cone and 10 equally sized screen sections which 


makes it simple to reference a full rotation and 1/10 of a rotation.  A different, but similar, 


practice will be used for a 5-foot RST depending on how the weld lines and screen sections 


appear on that trap. 


 


After cleaning (RPM):  the number of revolutions the cone makes in one complete minute, as 


measured after the trap is cleaned.   Take three separate RPM readings and then calculate and 


record the average. 


 


Cone Depth (inches):  this parameter needs to be quantified before staff board the RST.  After 


personnel have boarded the trap, the cone depth may change as much as three inches.  It’s 


therefore crucial to take this reading before the boat is secured and personnel board the trap.  The 


cone depth gauge is located directly forward of the cone and mounted on the inside of the 


pontoon.  The cone depth gauge has one inch increments ranging from +4 inches to -4 inches.  


Your measurement will either be added to or subtracted from the standard cone depth of 48 


inches (the radius of an eight foot diameter cone).  For example, if the gauge reads minus two 


inches (-2), then you will record a value of 46 inches on the data sheet for “Cone depth (in)”.  


This parameter is measured at every trap checking/servicing and is never assumed to be the same 


as it was the day before.  The cone depth is used to calculate relative abundance or catch per unit 


volume (CPUV).  A one inch difference makes a change in the number of acre-feet sampled 


during a sample and, therefore, can have a large impact on CPUV. 


 


Debris Volume (gallons):  a description of the total amount of debris in the trap live-box.  The 


amount of debris should be measured using a 5-gallon bucket, and the debris volume on the Trap 


Visit data sheet should be recorded as the total number of gallons of debris present. 


 


Recorder/crew:  initials of the names of the personnel operating the trap.  The first set of initials 


is the data recorder during the trap visit.  The subsequent initials represent the individuals that 


were collecting biological or environmental data. 
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Sample Gear ID (feet):  reflects the cone diameter of a RST at a subsite. 


 


Sample Gear ID Description 


5 if the trap is a 5-foot diameter RST 


8 if the trap is a 8-foot diameter RST 


 


Subsite code:  a code describing the location of a position within the sampling area below the 


Watt Avenue Bridge.  The two river channels below the Watt Avenue bridge (a north channel 


and a south channel) and the potential for multiple subsite locations in each of those channels 


results in the existence of six subsites as they are defined in the table below. 


 


River 


channel 


CAMP 


Subsite 


code 


Trap Visit 


Data Sheet 


Subsite Code 


Notes 


North 


Channel 
NC1 8.1 


The more northerly of the two subsites in the 


north channel. 


North 


Channel 
NC2 8.2 


The more southerly of the two subsites in the 


north channel. 


South 


Channel 
SC1 SC5.1 


The more northerly of the two subsites in the 


south channel. 


South 


Channel 
SC2 SC5.2 


The more southerly of the two subsites in the 


south channel. 


South 


Channel 
SC3 Not used 


Subsite location previously used by CDFG 


between 1996 and 2008. 


South 


Channel 
SC4 Not used 


Subsite location previously used by CDFG 


between 1996 and 2008. 


 


 


Watt Avenue 


Bridge 


NC1 


NC2 


SC2 


SC1 


SC4 
SC3 


N 
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Total revolutions since last trap check:  a  lever actuated mechanical counter is mounted on each 


RST, and records the number of revolutions the trap has been made since the last time the 


counter was set to a value of 0.  The total revolutions since last trap check reflects the reading on 


the rotation counter at the end of the trap visit before it is reset for the next sampling period. The 


counter is set to 0 when the crew has determined the live well has been completely cleared of all 


fish and debris. 


 


Trap Functioning ID:  code for how well the trap was functioning when the visit to the trap 


began.  Answer the question, “Did the trap function correctly since the last visit to the trap?” 


 


Trap Functioning ID Description 


1 Trap functioning normally 


2 


Trap functioning, but not normally (trap has some debris or other 


impediment that may affect its ability to collect fish, or the trap is not 


rotating properly) 


3 
Trap stopped functioning (trap is packed with debris so it can not collect 


fish, or the trap is not rotating) 


4 Trap not in service 


 


Trap Visit Date: the date when the visit to a trap occurred.  E.g., if the field crew arrived at a trap 


on January 1, 2010 to service a trap, the Trap Visit Date would be 01/01/2010. 


 


Visit Time:  represents the start of a sample period.  The time entered on the data sheet reflects 


the moment a trap begins fishing. 


 


Visit Time2:  represents the time a trap is emptied and is put back in service after it has been 


cleared of fish.  The VisitTime2 field therefore represents the end of a sample period.  In most 


cases when a trap fishes without problems and there is no break in sampling, the VisitTime2 of 


one day is also the VisitTime for the next day. 


 


For example and when there is no break in sampling, if biologists clear the live box of fish at 


1:00 PM on Tuesday, that 1:00 PM Tuesday time is the VisitTime2 data entry for Tuesday’s 


catch, and it is also the time for the VisitTime of the Wednesday catch period. 


 


An example when there is discontinuous sampling is as follows.  If biologists clear a live box of 


fish at 1:00 PM on Tuesday, and then do not resume trapping until 5:00 PM on Tuesday, then the 


1:00 PM time on Tuesday is the VisitTime2 data entry representing the end of the sampling 


period on Tuesday, and the 5:00 PM time on Tuesday represents the VisitTime of the 


Wednesday catch period. 
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Visit Type ID:  code for the work that was done during a trap visit.  This field is used to help 


characterize when a trap is started, restarted in the same position and configuration after a 


malfunction, adjusted, and stopped.  Using this field, it is possible to reconstruct the operational 


history of the trapping at a subsite. 


 


Visit Type ID Description 


1 


Start trap and begin trapping.  Used when trap had not been operating, or when 


it is moved or reconfigured.  Defines the beginning of a sampling period.  Fish 


are never processed during this type of visit. 


2 


Continue trapping in same position and configuration without interruption.  


Used when there is no break in trap operations.  Defines the break between two 


sampling periods.  Fish are usually processed during this type of visit. 


3 


Unplanned restart of trap after malfunction (in same position and 


configuration).  Used when the trap had stopped operating.  Defines the break 


between two sampling periods.  Fish are usually processed during this type of 


visit. 


4 


End trapping in current position or configuration.  Used when trap is moved or 


stopped.  Defines the end of a sampling period.  Fish are usually processed 


during this type of visit. 


5 


"Drive by", i.e., trap is scanned to ensure it is functioning, but fish are not 


processed and trap is not adjusted.  Environmental measures may be taken.  If a 


"drive by" results in fish being sampled or trap being serviced, then use an 


alternative code as appropriate.  Does not define the beginning or end of a 


sampling period. 


6 


Service / adjust / clean trap.  Adjustment is made to trap during a sampling 


period, such as returning it to desired sampling position or removing debris.  


Does not define the beginning or end of a sampling period.  Fish are not 


processed during this type of visit. 


 


Water dissolved oxygen (milligrams per liter):  dissolved oxygen levels in the American River 


will be measured with a YSI® 55 Dissolved Oxygen Meter.  Measure the dissolved oxygen 


levels in each of the two stream channels, i.e., if two traps are operating in the north channel and 


two traps are operating in the south channel, there is only a need to measure the dissolved 


oxygen levels at one location in the north channel and one location in the south channel.  The 


location where dissolved oxygen is measured will be at a location where river water is moving 


past the side of the RST.  The measurement should be recorded in milligrams per liter.  Refer to 


dissolved oxygen meter manual for more information about the use, calibration and maintenance of 


the dissolved oxygen meter. 


 


Water temperature (Celsius):  water temperatures in the American River will be measured with a 


YSI® 55 Dissolved Oxygen Meter.  Measure the water temperatures in each of the two stream 
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channels, i.e., if two traps are operating in the north channel and two traps are operating in the 


south channel, there is only a need to measure the water temperature at one location in the north 


channel and one location in the south channel.  The location where water temperature is 


measured will be at a location where river water is moving past the side of the RST.  The 


measurement should be recorded in Celsius units, and be recorded to the nearest tenth of a 


degree. Water temperature should be consistently taken around the same time every day. 


 


Water turbidity (nephalometric turbidity units):  turbidity levels in the American River will be 


measured with an Oakton® T-100 Waterproof turbidity meter.  Collect a water sample for 


turbidity analysis from each of the two stream channels, i.e., if two traps are operating in the 


North Channel and two traps are operating in the south channel, there is only a need to collect 


one water sample in the North Channel and one sample in the south channel.  Water samples 


should be collected from the river water moving past the side of the RST.  When taking this 


sample, submerge the bottle entirely and allow it to fill completely (no air).  Place the appropriate 


pre-labeled top for the trap location on the bottle from where the sample was taken.  Place bottles 


into the cooler immediately and keep cool to preserve organics which may create added turbidity in 


sample.  Take the bottles back to the office and quantify and record the turbidity on the Daily 


Trap Visit data sheet to the nearest tenth of a nephalometric turbidity unit (NTU).  Refer to 


turbidity meter manual for more information about the use, calibration and maintenance of the 


turbidity meter. 
 


Water velocity (meters per second):  water velocities in the American River will be measured 


with a Hach FH950 portable velocity meter.  Measure the average water velocity in front of each 


screw trap, approximately halfway between the right pontoon and shaft and half the radius of the trap 


cone below the surface; record the value on the corresponding data sheet for that RST.  Make sure 


the flow meter is programmed to present values in meters per second, be sure to re-zero the meter to 


measure the average velocity before taking the next reading, and record the average water velocity to 


the nearest tenth of a meter per second.  Refer to water velocity meter for more information about 


the use, calibration and maintenance of the water velocity meter. 


 


Weather:  in two or three words, describe: 


 


1. The amount of cloud cover:  sunny, partly cloudy, cloudy, and 


2. If applicable, an indication of the amount of rain falling (drizzle, light rain, heavy rain). 
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APPENDIX D:  Equipment Lists 


 


Catch Visit Equipment List 


 


The equipment that field biologists should take to the American River trap site is as follows: 


 


Clipboard 


Weight scale      Trap Visit Data Sheets 


Knife        Alka-Seltzer Gold 


Surgical scissors    18-gallon tubs (2) 


Syringe      Pencils/Sharpies 


Envelopes      Fish ID book 


Stop watch (2)     Thermometer/dissolved oxygen meter 


First-aid kit      Tools, screw drivers and crescent wrenches 


Flashlights/headlamps    Nylon rope 


Rescue rope      Zip ties 


Pocketknife      Hub counter bolts/nuts 


WD-40      Datasheets 


Winch handle      Paddles 


Waders      Personal flotation devices 


Wading boots      Water velocity meter 


Ice chests     Digital camera 


Measuring board     1/2 bucket for anesthesia bath 


Scoop nets (2)     Scrub brushes (2) 


Dip net (1)      Pitch fork 


Car battery     Aerator 


Cell phone     5 gallon buckets (8) 


Salmon length-at-date chart   Vials for storing fish clips and whole fish 


200 proof ethanol    Vials for assessing water turbidity 


Poly Aqua stress coat 


 


Bismark Brown Equipment List 


 


Large tub     Marking Data Sheets 


Large ice chest     Bismarck Brown Y stain powder 


5-gallon buckets    Aerator 


Frozen water bottles     Live cart 


 


Anesthetizing Equipment List 


 


Water      Container for mixing 


Funnel      Latex gloves  


1 liter container    Alka-Seltzer Gold 
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Elastomer Dye Equipment List 


 


Clipboard     Alka-Seltzer Gold 


Syringe     Marking Data Sheets 


Pencils      Thermometer 


CO2 tank and regulator   Deionized Water 


3–5 Buckets     Latex gloves 


Aerator     Live carts 


Tie downs     Ice chests 


Card table     Dip net 


Chairs      Towels 


Net pen     Poly Aqua Stress coat 


Scoop net     Tool box 


Elastomer dye 


MadaJet toolbox with:  Extra seals, Marine grease, Alcohol, Toothbrush, Dye powder, 


Inoculators, Dye and syringe. 
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APPENDIX E:  Fish Species List for The American River 


 


Common Name Species Family 


Status in 


American 


River 


Native/Non-


native 


American Shad Alosa sapidissima Clupeidae Present  Non-native 


Black bullhead Ameiurus melas Ictaluridae Possibly present Non-native 


Black crappie Pomoxis nigromaculatus Centrarchidae Possibly present Non-native 


Bluegill Lepomis macrochirus Centrarchidae Present  Non-native 


Brown bullhead Ameiurus nebulosus Ictaluridae Possibly present Non-native 


Chinook salmon Oncorhynchus tshawytscha Salmonidae Present  Native 


Common carp Cyprinus carpio Cyprinidae Present  Non-native 


Golden shiner Notemigonus crysoleucas Cyprinidae Present  Non-native 


Goldfish Carassius auratus Cyprinidae Present  Non-native 


Green sunfish Lepomis cyanellus Centrarchidae Present  Non-native 


Hardhead Mylopharodon conocephalus Cyprinidae Present  Native 


Hitch Lavinia exilicauda Cyprinidae Present  Native 


Inland silverside  Menidia beryllina  Atherinopsidae  Present  Non-native 


Largemouth bass Micropterus salmoides Centrarchidae Present  Non-native 


Pacific lamprey Entosphenus tridentatus Petromyzontidae Present  Native 


Prickly sculpin Cottus asper Cottidae Possibly present Native 


Pumpkinseed Lepomis gibbosus Centrarchidae Present Non-native 


Redear sunfish Lepomis microlophus Centrarchidae Present  Non-native 


Riffle sculpin Cottus gulosus Cottidae Possibly present  Native 


River lamprey Lampetra ayresii Petromyzontidae Present Native 


Sacramento pikeminnow Ptychocheilus grandis Cyprinidae Present  Native 


Sacramento sucker Catostomus occidentalis Catostomidae Present  Native 


Smallmouth bass Micropterus dolomieu Centrarchidae Present  Non-native 


Splittail Pogonichthys macrolepidotus Cyprinidae Present  Native 


Steelhead Oncorhynchus mykiss Salmonidae Present  Native 


Striped bass Morone saxatilis Moronidae Present Non-native 


Threadfin shad Dorosoma petenense Clupeidae Present  Non-native 


Threespine stickleback Gasterosteus aculeatus Gasterosteidae Present Native 


Tule perch Hysterocarpus traskii Embiotocidae Present  Native 


Wakasagi (Japanese smelt) Hypomesus nipponensis Osmeridae Present  Non-native 


Warmouth Chaenobryttus gulosus Centrarchidae Present  Non-native 


Western mosquitofish Gambusia affinis  Poeciliidae Present  Non-native 


White catfish Ameiurus catus Ictaluridae Possibly present  Non-native 


White crappie Pomoxis annularis Centrarchidae Possibly present Non-native 


Note:  Other fish species may occur in the American River.  It should not be assumed the list 


above is a complete list. 
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The following references provide some of the information biologists can use to determine the 


species identification of unidentified fish in the Central Valley: 


 


1. Moyle, P.B. 2002. Inland Fishes of California. University of California Press, Berkeley and 


Los Angeles, California, USA. 


 


2. Wang, J.C.S.   2010.  Fishes of the Sacramento-San Joaquin River Delta and Adjacent 


Waters, California: A Guide to Early Life Histories.  Unpublished report prepared by the 


U.S. Department of the Interior, Bureau of Reclamation, Mid-Pacific Region and Denver 


Technical Service Center.  Volume 44 – Special Publication.  411 pp.  


http://www.usbr.gov/pmts/tech_services/tracy_research///tracyreports/TracyReportsVolume4


4r.pdf 


 


3. Reyes, R.C., B.W. Bird, and P.F. Raquel.  2007.  Guide to the Fishes of the Tracy Fish 


Collection Facility.  Unpublished report prepared by the U.S. Department of the Interior, 


Bureau of Reclamation, Mid-Pacific Region and Denver Technical Service Center.  Volume 


36.  38 pp.  


http://www.usbr.gov/pmts/tech_services/tracy_research///tracyreports/TracyReportsVolume3


6.pdf 


 


4. Http://www.usbr.gov/pmts/tech_services/tracy_research/photos/fish/ReyesFishGallery.html.  


This website provides good photographs of some of the fishes in the Central Valley. 
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APPENDIX F:  Key to Juvenile Chinook Salmon and Steelhead 


 


From: Pacific States Marine Fisheries Commission 


Smolt Monitoring Program 


Guide To Fish Handling, Identification, And Condition 


Revised April 2001 


 
 


  
 


 
--------------------------------------------------------------------------------------------------------------------- 
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APPENDIX G:  Process for Staining Chinook Salmon With Bismark Brown Dye 


 


Prepare Staining Solution at a Dosage of 1 packet of BBY (0.6 g) per ~20 gallons of water. 


a) Using a graduated cylinder, fill a large tub with 75 liters of water (approximately 20 


gallons). 


 


b) Using a balance, measure out 0.6 gram of Bismarck Brown Y stain powder (this step 


should be prepared ahead of time in the lab). 


 


c) Thoroughly mix the Bismarck Brown Y powder in a small bottle with screw tight lid and 


shake to ensure powder is thoroughly mixed, and then add to the tub of water with fish to 


be stained. 


 


d) Place aerator and thermometer in tub. 


 


e) Keep water well oxygenated; use ice to maintain water temperatures within 2 °C of river 


water. 


 


Immerse Salmon in the Stain Solution 


a) Count out fish to be stained with Bismarck Brown Y and place into dye solution. 


 


b) DO NOT anesthetize fish or add stress coat prior to immersion in dye solution. 


 


c) Record the number of fish placed in the stain solution. 


 


d) Set lid over tub to prevent fish from escaping and to protect fish from direct sunlight. 


 


e) Observe water temperature and fish activity regularly (every 5 to 10 minutes). 


 


f) Gently stir water while observing fish. 


 


Monitor the fish, aeration, and water temperature in the tub during the staining period to detect 


signs of stress and possible causes.  Fish will initially behave erratically; flare gills, and appear 


sluggish while in solution, this is normal.  However, immediately remove individual fish 


displaying prolonged abnormal behavior and place into well-aerated recovery water. 


 


Remove the Salmon From the Stain Solution 


a) Remove fish from the dye solution after two hours of immersion time in the solution and 


transfer them to a flow-through live cart to allow excess dye to drain out.  Immediately 


submerse the live cart with lid in fresh river water to recover and wash out excess dye. 


 


b) Record the end time when fish were removed from the stain solution. 


 


c) Hold the stained salmon overnight.  Prior to their release, remove and count all latent 


mortalities, and record the number of mortalities in the Mark and Release datasheet. 
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APPENDIX H:  Process for Marking Chinook Salmon With Elastomer Dye 


 


Fish can be marked with photonic dye using a needle-less photonic injector that places a small, 


semi-permanent colored elastomer dye mark between fin rays (Figure 1). Photonic dye marks are 


usually placed on the caudal fin for fry-size fish; however, the dorsal and anal fins can also be 


marked when fish are larger than 45 mm. Because photonic dye marks may last for several 


weeks (vs. the few days for fish stained with Bismark brown strain), and they provide the ability 


to provide unique batch marks that allow field staff to correlate the recapture of fish to a 


particular trap efficiency test (thereby drastically reducing the potential that that fish is assigned 


to the wrong trap efficiency release group), the juvenile salmon used that are marked for during 


trap efficiency test on the American River will use either Bismark brown staining and photonic 


dye marks.  This appendix describes the process for marking salmon with the photonic dye, and 


Appendix G provides the process for marking salmon with the Bismark brown strain.  In some 


instances, fish may first be marked with photonic dye, and then stained with Bismarck brown 


stain. 


 
Figure 1:  Anal fin marked with needle-less gun using photonic pink dye. 


 
 


A marking station is defined as the work space used by one biologist who is marking fish.  Under 


normal circumstances, two biologists will mark fish, and a third biologist will record data and/or 


provide support to the two biologists marking fish. 


 


Establish a work space 


 


a) Set up work station including table, chairs and canopy (if needed). 


 


b) Start a new Marking Data Sheet and record: Date, Project Location, Crew Member 


Names, Origin of Fish Stock (wild vs. hatchery), Release Code, Mark Applied, and 


record 100 fork lengths.  Include life stage, and mortality for all 100 fork lengths taken. 


 


c)  To prepare CO2 tank, tap the bottom of tank against the ground softly 5 times and release 


a little CO2 before attaching gun.  This will clear out dry powder in CO2 tanks which may 


damage the O-rings in marking gun.  Then connect the regulator and marking gun. 


 


d) Attach marking dye hose and start CO2 flow from the CO2 tank. 


 


e) Place cutting board with marking tile into a shallow pan of water.  Water level in pan 


should be about ¼ inch above the marking tile.  Water level may be adjusted depending 


on each person’s marking technique.  Typically if water is too low, marking dye will 
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splatter when applied.  If water is too high, marking may be inconsistent due to image 


refraction in the water. 


 


f) Fill a cooler 1/2 full with river or hatchery water, insert a working aerator in the tub, add 


Stress Coat to the cooler, then add up to 150 fish at a time to the cooler. 


 


g) Fill half a bucket with cool water and an appropriate dosage of Alka-Seltzer in the same 


way as stated earlier in this protocol. 


 


h) Fill recovery buckets about half full of river or hatchery water and add Stress Coat and 


place an aerator in the recovery bucket. 


 


i) Place about 10 to 20 fish per marking station in the Alka-Seltzer solution.  Remember to 


keep in mind that you want to put as many fish in the solution as you can handle while 


you’re marking fish.  So for example, if you’re a little bit slow going at marking at first 


you’ll only want to place about 5-8 fish in the solution until you become faster at 


marking.  The longer it takes you to mark a fish the longer the other fish sit in the 


anesthesia solution. 


 


Mark Fish 


 


a) Take a random sample of 100 of the fish to be marked and measure the fork length and 


assess the life stage of each of those fish.  Record those data on the backside of a Fish 


Marking Data Sheet. 


 


b) After all the fish have been measured and assessed, place fish on a plastic cutting board 


one at a time for marking after they’ve been anesthetized with the Alka-Seltzer solution. 


 


c) Photonic dye marks are usually placed on the caudal fin for fry-size fish; however, the dorsal 


and anal fins can also be marked when fish are larger than 45 millimeter in length. 
 


d) Apply the mark by starting with one pressure key turned out on the gun.  Lightly place 


the gun tip onto the appropriate fin and pull the trigger.  Be careful to not place the 


marking tip and mark too close to the body or fin margin as it can potentially injure fish. 


 


Turn out one key at a time to increase gun pressure; test before marking. 


 


If fin splits when marked, reduce the gun pressure or position. 


 


Agitate the dye solution every couple of minutes, the microscopic elastomer beads will 


settle in solution quickly.  If a marking becomes suddenly bolder, this is often times the 


solution.  Dense concentration of elastomer beads can also clog marking gun and makes 


the remaining solution nearly useless when a majority of the beads are removed from 


solution. 
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e) Count the marked fish, place them in recovery bucket, and record the “plus count” of 


marked fish on the data sheet. 


 


Always check to ensure fish are recovering normally and have visible marks. 


 


f) If the gun jams, remove fish from the anesthesia solution before trying to fix jam. Guns 


can usually be fixed by running clean water through them or reversing the tip. NEVER 


put river water in the guns, they will clog! If this does not solve the problem after a few 


attempts, try using a different tip. 


 


g) When approximately 75 marked fish have accumulated in recovery bucket, transfer those 


fish to a live cart in the field or holding raceway in the hatchery where they will be held 


overnight. 


 


h) After 150 fish have been marked, develop a new mixture of Alka-Seltzer solution in 1/2 


bucket to ensure that the solution maintains it potency, and continue to mark the fish until 


every individual has received a mark. 


 


i) After all fish have been marked, record the total number of fish marked on the datasheet.  


Mortalities should be recorded on datasheet and subtracted from total count. 


 


j) If fish are being held in river, carefully position live cart(s) in a secure location in river, 


secure the top and reinforce with a strap.   


 


Clean up 


 


a) Clean and load up all supplies. Marking guns should be cleaned thoroughly with 


deionized water and the cleaner solution provided to us by NewWest.  Store the gun so it 


can dry in a short period of time.  NEVER put a gun back into its case with dye in it. 


 


b) Field check data sheet(s) for completeness and accuracy. 


 


c) Make sure all the equipment is ready to be used again, and return all supplies to storage.  


Leave items out to dry thoroughly if they are still damp. 


 


d) Store the CO2 tank standing vertical. 
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APPENDIX I:  Operational Procedure for Night Operations 


Night time operations may be necessary in cases of increased river flow and/or major 


storm events where additional debris will likely be washed into the river and caught by the 


rotary screw traps.  This debris can potentially cause the cones and live wells to be clogged 


with riparian/woody debris which can hinder trap operations.  This debris can also lead to 


an increased mortality of salmonids being captured by the traps as they become trapped in 


the rotating cone instead of being directed to the live well.  The traps can become clogged 


or blocked extremely quickly during these events.  Because of this, a crew will go out 


during the evening and keep the traps clean and clear in order to reduce the potential for 


trap malfunction or fish mortality.   


Night time trap operations will be considered on a case by case basis due to the inherent 


risk of operating in darkness and inclement weather.  The decision will depend on the 


forecasted storm, amount of salmonids that may be passing the traps during this event and 


the potential hazards in regards to crew safety.  A risk based assessment of these factors 


will be discussed with the field biologist, crew, and supervisors.   Based on this discussion a 


determination will be made as to whether we believe a night time trap check is deemed 


warranted, unnecessary, or unsafe. The lead biologist will also determine the shift needed 


to perform the night time trap check depending on storm or forecasted river rise timing.   


Steps for the decision making process regarding crew safety: 


 


 


 


 


 


 


 


 


 


 


 


 


Identify Tasks 


Identify Hazards 


Assess Risk 


Identify Options 


Evaluate Risk vs. Gain 


Come to a Decision 


Monitor Situation 
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Hazards and risks that will be assessed: 


• Storm severity 


• Expected timing of storm 


• Predicted river flow increase (from CDEC) 


• Wind conditions 


• Trap proximity to trees 


• Amount of debris in river 


• Types of debris in river 


• Amount of fish expected to pass traps during event 


• Experience of crew working on the trap 


• Potential for injury 


• Potential for equipment damage 


• Likelihood of emergency crews reaching crew in case of emergency 
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Scheduling Night 


Operations  


Are we expecting an increased 


dam release or pulse flow? 
Are we expecting 


measurable precipitation? 


Yes Yes No No 


Is the precipitation 


forecasted to be more 


than 1.0 inch within 24 


hours? 


No Yes 


Is there a chance of a brief heavy 


downpour or thunderstorm?  


Rainfall rates .20”/hour or greater. 


Schedule day (6am-1pm) and 


night (6pm-1am) crew shifts 


for as long as the storm 


persists or river flows are 


increased.  


No Yes 


Have a stand-by crew ready to 


deploy in the case of a sudden rain 


event.  If a sudden downpour 


occurs, deploy at least a two man 


crew within two hours after the 


downpour occurs to clear traps and 


continually clear debris for a 


minimum of 4-6 hours.  The crew 


will constantly monitor the rate of 


debris, if the debris is flowing in 


the trap at a high rate; they will 


stay out a full 8 hours or more.  If 


rate of debris is still high after the 8 


hours, they will inform the 


morning crew to arrive for their 


shift an hour or two earlier. 


Continue daily operations as usual 


and constantly monitor weather 


conditions. Have the crew monitor 


weather conditions in their area and 


call in for collaboration and 


consensus if they are experiencing 


unpredicted rainfall. 


Schedule day (6am-1pm) and 


night (6pm-1am) crew shifts 


until the river stabilizes and the 


debris flow becomes 


manageable. 


Continue daily operations as usual 


and constantly monitor weather 


conditions. Have the crew monitor 


weather conditions in their area and 


call in for collaboration and 


consensus if they are experiencing 


heavy rainfall. 


Back-up Option:  In cases where crew may 


have been expended due to persistent 


heavy rain or river debris, traps may be 


taken off-line for a few hours or days in 


order to “recharge” or shuffle staffing. The 


traps will be brought back online as soon 


as a new crew is available. 


Back-up Option:  If downpour 


occurs late in the night and the 


potential exists that the debris may 


increase further after midnight, the 


crew will go out prior to this and fish 


out the live well and store all fish in 


live cars.  Then take the traps offline 


until the next morning when another 


crew will bring the traps online and 


continue to monitor the traps.  At this 


point, the crew can collect fish data 


from the prior night’s fish as they 


monitor the traps. 


If storm is deemed severe enough 


(high winds, persistent lightning, 


dangerous river conditions, etc.) 


or if it occur prior to or after the 


majority of the emigration has 


passed and fish counts are low, 


typically before February and 


after March, traps may be taken 


offline while crew is away, at 


night, or while the storm is at its 


strongest.  In these cases, risks 


may outweigh the rewards in 


data. 
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Example Scenarios: 


If storm precipitation is expected to increase river flow, but wind is expected to be less 


than 20mph, night operations will likely occur. 


If storm precipitation and wind is likely to be high, but fish counts from the previous 


days have been less than 100 fish, night and trap operations may be suspended during 


the storm. 


If storm is likely to have high winds (greater than 40mph), and traps are positioned 


underneath trees, safety of the crew may be compromised and trap operations may be 


suspended.  If traps are positioned well away from trees, night operations will likely 


occur. 


In instances where night operations will occur, a crew will go out to the traps in the 


evening and clear the live well and trap of debris.  Fish will either be left in the live well or 


set aside in an additional live cart for assessment during the next day time trap check, 


depending on the quantity of fish.  Fish assessment will be left for day time checks where 


there is enough natural light to accurately assess, measure, and weigh fish.    If fish count 


for the night time check appear to be more than roughly 2,000-5,000 fish in the live well, 


those fish will be placed in a separate large live cart.  A best judgment estimate will be used 


in these cases in order to prevent additional fish handling from counting individual fish.  


The ultimate goal of separating the fish is to prevent overcrowding inside the live well as 


more fish continue to be captured throughout the night.  It is thought that an influx of fish 


will be flushed down the system during increased flow events.  Additionally, most of the 


fish are captured late at night or in the early morning hours.   These factors should be 


considered when deciding whether or not to leave fish in live well or store in live cart until 


the next daytime check.   


During Nimbus dam “pulse flows” only events, night time operations are likely to be 


performed by the crew.  These are instances when dam operators will increase flows for a 


relatively short amount of time, typically less than a week, to help encourage the outward 


migration of salmonids from the Lower American River into the Sacramento River and 


delta.  Typically the Bureau of Reclamation will give advanced notice of timing, duration, 


and magnitude of the pulse flow.  Because of the importance of this data, special attention 


will be taken to ensure that the traps are operating during the entirety of the pulse flow.  


During these events, weather typically isn’t a factor.  
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Additional equipment for night operations: 


• Navigation lights for jet-boat including the red/green side lights and white 


all-around light 


• Deck lights for trap 


• Deep Cycle battery to power deck lights 


• Spot light 


• Wearable head lights 


• Flashlights 


• PFD’s with reflective tape and safety strobes 


• US Coast Guard approved locator kit with flares 


• Live carts for holding fish overnight 


 


 





		PSMFC 2016 citation p1.pdf

		PSMFC 2016 CAMP American River Rotary Screw Trap Protocol (June 2016).pdf






Enclosure C 
FWS-1 


Sturgeon Study Plan 
Submitted by the U. S. Fish and Wildlife Service 


September 7, 2016 
 
Introduction 
The Service is requesting that the Licensee perform a sturgeon study on the lower Bear River from 
the non-Project diversion dam to the confluence with the Feather River. 
 
Study Goals and Objectives 
The goals of this study plan are to: 1) document the occurrence, temporal and spatial distribution, 
and movement of green and white sturgeon in the lower Bear River; 2) identify changes in the 
availability of habitat for holding and spawning adult sturgeon under different flow conditions; and 
3) determine whether Project operations and maintenance activities adversely affect sturgeon in the 
lower Bear River. 
 
Resource Agency Management Goals 
The Service’s goals for the sturgeon study plan are to provide data to: 
 


• assist in the determination of which Habitat Suitability Curves (HSC) to utilize during data 
analysis; and 


• determine which minimum instream flows are appropriate for Project operations for 
sturgeon species in the lower Bear River. This information also will be useful for other 
native fish species that use the lower Bear River. 


 
Relevant Public Interest Considerations 
The Service is a resource agency. 
 
Existing Information and Need for Additional Information 
Although both green and white sturgeon have been documented in the lower Bear River, little is 
known regarding the distribution, spawning, and rearing activities of sturgeon in the river. This 
information is needed to determine whether Project operations and maintenance activities adversely 
affect sturgeon in the lower Bear River. 
 
Green sturgeon are listed as threatened under the ESA. Additionally, both green sturgeon and white 
sturgeon are California Species of Special Concern. It is also unclear to the Service which periods of 
green and white sturgeons’ life histories are spent in the lower Bear River. Project operations and 
maintenance may have an adverse effect on sturgeon, specifically, the amount and timing of flow 
released from Camp Far West Dam may influence the distribution of sturgeon and impact stream 
conditions (i.e., temperature, velocity, etc.) for sturgeon migration, holding, spawning, and rearing. 
Without current information regarding the presence, distribution, and behavior of sturgeon, the 
Service cannot determine how Project operations and maintenance activities may affect sturgeon in 
the lower Bear River. 
 
Project Nexus 







The primary Project facilities include the: (1) Camp Far West Dam and spillway; (2) Camp Far West 
Reservoir (impoundment); (3) 6.8 MW capacity Camp Far West powerhouse; and (4) powerhouse 
afterbay.   
 
The Project contributes to Direct, Indirect, and Cumulative effects on the lower Bear River. The 
Project directly impacts the community structure and habitat of the lower Bear River through 
operations and maintenance of the Project. 
 
Description of Study Methods and Analysis 
 
Study Area 
The study area includes the Bear River between water diversion pool/Project afterbay and the 
confluence with the Feather River. 
 
General Concepts 
The following general concepts apply to this study: 
 


• Personal safety is an important consideration of each fieldwork team. If Licensees determine 
the information cannot be collected in a safe manner, Licensees will notify FERC and 
USFWS as soon as possible via email to discuss alternative approaches to perform the study. 
 


• Licensee will need to obtain permits from appropriate federal and/or state agencies to 
capture and handle green and white sturgeon. 
 


• Licensee shall make a good faith effort to obtain permission to access private property where 
needed well in advance of performance of the study. If access is not granted or river access 
is not feasible or safe, Licensees will notify FERC and USFWS as soon as possible via email 
to determine if USFWS can assist in gaining access or to discuss alternative approaches to 
perform the study. 
 


• Field crews may make minor modifications to the study proposal in the field to 
accommodate actual field conditions and unforeseen problems. If modifications are made, 
Licensees will provide a detailed description of the conditions that led to the decision to 
modify the study to FERC and USFWS as soon as possible via email. 
 


• Licensees’ performance of the study does not presume Licensees are responsible in whole or 
in part for resource management measures that may arise from the study. 


  
• All special-status species observations will be submitted to the California Natural Diversity 


Database. 
 
Study Methods 
Methods necessary to complete this study involve data collection within the lower Bear River from 
the non-Project diversion dam to the Feather River. To increase the likelihood of detection of 
sturgeon during data collection, the study should be designed to occur within the known time 
periods of green and white sturgeon migration, spawning, holding, and rearing. Green sturgeon 
adults begin their upstream spawning migrations into freshwater during late February, spawn 







between March and July, with peak spawning believed to occur between April and June (Adams et 
al. 2002). White sturgeon spawn between mid-February to late May, with peak activity during March 
and April.  
 
The specific methods recommended by the Service for this study include: 
 


• Conducting deep water surveys to document the occurrence of sturgeon in the lower Bear 
River downstream of the non-Project Diversion Dam; 


• Collecting larval and juvenile sturgeon during early spring through summer utilizing rotary 
screw traps, artificial substrates, and larval nets deployed at multiple locations (Seesholtz 
2003); 


• Conducting snorkel surveys; 
• Conducting surveys to identify potential spawning habitat; and 
• Collecting and analyzing eDNA. 


 
The Service would like to work collaboratively with the Licensee and other Project relicensing 
participants to develop a study plan with the appropriate methodologies to ensure sufficient data is 
collected to inform the study goals. 
 
The Licensee will summarize and distribute results from this survey to the Service and other 
interested Project relicensing participants no later than 3 months from the end of the data collection. 
Licensee will discuss the results from the survey at a Relicensing Project meeting within one month 
of issuance of the study report. 
 
Consistency of Methodology with Generally Accepted Scientific Practices 
The methodologies recommended by the Service for this study are tailored to specifically evaluate 
the subject species of the study, green and white sturgeon, and the potential adverse effects on these 
species due to Project operations and maintenance activities. Study methodologies recommended by 
the Service in this study plan are consistent with methodologies in peer-reviewed literature. 
 
The methodologies recommended by the Service for this study have been implemented in other 
FERC Project relicensing studies (see Study 7.9 – Green Sturgeon Downstream of Englebright Dam 
for the relicensing of the Yuba River Development Project, FERC Project No. 2246). 
 
Considerations of Level of Effort 
The specific information obtained during this study will provide information to the Service, 
Licensee, and other Project relicensing participants needed to understand the distribution and life 
stages of green and white sturgeon in the lower Bear River. This information will assist the Service, 
Licensee, and other Project relicensing participants in determining how Project operations and 
maintenance activities affect sturgeon in the lower Bear River. The results of this study and other 
Project relicensing studies (specifically Study 3.3 – Instream Flow Study) will assist the Service, 
Licensee, and other Project relicensing participants in the collaborative development of Project 
Mitigation & Enhancements for green and white sturgeon for the new FERC license. 
 
References Cited  
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Enclosure D 
Study FWS-2  


Juvenile Chinook Salmon Survival Study 
Submitted by the U. S. Fish and Wildlife Service 


September 8, 2016 
 
 
Introduction 
 
The Applicant, South Sutter Water District (SSWD) operates the Camp Far West 
Hydroelectric Project on the Bear River (Project, FERC No. P-2297).  Project operations are 
such that juvenile salmonid rearing habitat may be compromised downstream of the Project 
due to:  (1) impacts to natural hydro-geomorphic processes that mobilize sediment, tumble 
(clean) spawning gravels, attract salmonid upstream migration, and provide downstream 
migration cues to steelhead trout (Oncorhynchus mykiss) and Chinook salmon  
(O. tshawytscha); (2) creation of warm water conditions that support predators that make it 
difficult for juvenile salmonids to safely migrate downstream; (3) limited floodplain rearing 
habitat caused by river channelization and regulated flows; (4) poor riparian conditions due 
to lack of floodplain connectivity, low input of marine derived nutrients (Zhang 2003) 
(Scheuerell et al 2005), and very low levels of littoral drift because woody material is held 
back by the Project and afterbay; (5) the narrow strip of existing riparian habitat that does 
not provide optimal juvenile rearing habitat or the wide, slow flow-conditions that would 
maximize retained woody debris in the floodplain.   
 
This is the first step in the FERC Traditional Licensing Process where it would be 
appropriate for the U. S. Fish and Wildlife Service (USFWS) to make a study request. 
 
Study Goals and Objectives 
 
The goal of this study is to gather essential and fundamental information on Project effects 
on the survival of juvenile Chinook salmon and other anadromous fishes in the Bear River.  
This study will obtain the necessary information needed to evaluate the Project effects on 
survival of outmigrating Chinook salmon, and it will also gather information on Central 
Valley steelhead trout and green sturgeon (Acipenser medirostris).  Resource agencies can 
use this information to develop license recommendations to conserve these species.  
 
The objectives of the study are: 
 


• to characterize the relative magnitude and timing of fry and juvenile salmonid 
outmigration in the lower Bear River and identify potential factors influencing 
outmigration; 


• to estimate survival rates and condition changes in the juvenile salmonids 
outmigrating from the Bear River; 


• to relate juvenile salmonid survival and movement behavior to habitat conditions;  
• to estimate timing and use of the lower Bear River by juvenile salmonids and 


sturgeon, including non-natal rearing in the lower Bear River; 
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• to characterize use of the lower Bear River by juvenile salmonids and sturgeon in the 
context of flow, particularly spill events and the cessation of spill events.  


 
Resource Agency Management Goals  
  
The USFWS goals for the Camp Far West Hydroelectric Project include, but are not limited 
to, the following: 
 


• Restoring disturbed or altered habitat for all life stages of native fish species, 
including fish spawning and fish passage habitat and including adult immigration and 
juvenile outmigration corridor habitat; 


• Protecting, conserving, enhancing, and recovering native anadromous fish and their 
habitats by providing access to suitable habitats and by restoring fully functioning 
habitat conditions; 


• Maintaining, enhancing and restoring all life stages of native aquatic species by 
ensuring connectivity within the Bear River and between the Bear River and Project-
affected stream reaches; 


• Maintaining, recovering and restoring streamflow regimes sufficient to sustain 
desired conditions of native riparian and aquatic habitats in Project-affected stream 
reaches; 


• Identifying and implementing measures to protect, mitigate or minimize direct, 
indirect and cumulative impacts to, and enhance native anadromous fish resources, 
including related spawning, rearing, and migration habitats and adjoining riparian 
habitats; 


• Maintaining, recovering, and restoring riparian resources, channel condition, 
connectivity, and aquatic habitat; 


• Maintaining, recovering, and restoring streamflow regime sufficient to sustain desired 
conditions of native riparian, aquatic, wetland, and meadow habitats; and 


• Protecting aquatic systems to which species are uniquely adapted. 
 
Existing Information and Need for Additional Information  
 
There is no information available on juvenile Chinook salmon outmigration on the Bear 
River; therefore, additional information is needed to better understand the Project effects on 
juvenile Chinook salmon survival and to determine the optimum flow timing and magnitude 
for outmigrating juvenile Chinook salmon and other anadromous fishes.  
 
Project Nexus  
 
The primary Project facilities include the: (1) Camp Far West Dam and spillway; (2) Camp 
Far West Reservoir (impoundment); (3) 6.8 MW capacity Camp Far West powerhouse; (4) 
powerhouse afterbay; and (5) recreational development.  Continued operation and 
maintenance of the Project contributes to direct, indirect, and cumulative effects on the 
quantity of water, flow, and timing in the lower Bear River.   
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The Project directly affects the amount of juvenile Chinook salmon floodplain rearing 
habitat by attenuating the frequency and timing of flows during the wet-season runoff period 
of the hydrograph.  Floodplain rearing and off-channel habitats are very important because 
they increase both the growth and survival of juvenile salmonids (e.g., Sommer et al. 2001; 
Jeffres 2006).  The current license’s Article 29 instream flow releases are not adequate to 
sustain activated floodplain habitat, which is essential for the survival of juvenile salmonids 
(FERC 1981).  The Article 29 instream flow releases are also not adequate to protect the 
designated beneficial uses of cold freshwater habitat and migration of aquatic organisms for 
the Bear River. 
 
The Project cumulatively impacts juvenile Chinook salmon floodplain rearing habitat and 
outmigration survival because the Project holds back water, and SSWD and Camp Far West 
Irrigation District divert water that would otherwise engage with the floodplain downstream 
of the Camp Far West Diversion Dam.   
 
The Bear River downstream of the Project currently is occupied by the anadromous Central 
Valley fall-run Chinook salmon, a subspecies with declining and unstable populations, the 
threatened Central Valley steelhead (Oncorhynchus mykiss) distinct population segment, and the 
threatened Central Valley spring-run Chinook salmon Evolutionarily Significant Unit.  
Critical habitat for steelhead within the Bear River extends from Camp Far West Dam to the 
mouth of the Feather River.  Spring-run Chinook salmon critical habitat is in the 
downstream reach between Dry Creek and the Feather River.  Any potential adverse impacts 
caused by the Project to Central Valley steelhead designated critical habitat or Central Valley 
spring-run Chinook salmon critical habitat need to be further evaluated.   
 
The Bear River downstream of the Project is occupied by sturgeon.  Little is known about 
their life-history uses of the River, but Project operations may lead to stranding.  This study 
will not address all of the effects of the Project on green sturgeon, but is expected to collect 
data on juvenile outmigration timing and occurrence in the lower Bear River. See Enclosure 
A, Sturgeon Study Plan for additional data collection for sturgeon. 
 
Scientific studies evaluating the relationship between flows and effects of Project operations 
on juvenile Chinook salmon and steelhead outmigration in the Bear River must be 
conducted to provide federal and state resource agencies necessary information to develop 
license conditions, protection, mitigation, and enhancement measures that will protect the 
anadromous fish resources of this watershed that are consistent with federal and state 
comprehensive plans for improving, developing, or conserving a waterway or waterways 
affected by a project (§10(a)(2) of the Federal Power Act, 16 U.S.C. section 803(a)(2)(A)).  
Information from this specific new study would inform all parties of the Project’s particular 
effects on juvenile survival of anadromous fish and whether the designated beneficial use of 
migration of aquatic organisms (MGR) is being protected (CVRWQCB 1998).  The study 
results will inform the development of license requirements such as water operation 
modifications to provide instream flow downstream of the SSWD Diversion Dam to 
support floodplain connectivity and protect the native anadromous fish resources in the 
Bear River. 
 
Description of Study Methods and Analysis 
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Study Area 
 
The study area includes the Bear River from the SSWD Diversion Dam at RM 16.9 to the 
confluence with the Feather River. 
 
General Concepts 
 
The following general concepts apply to this study: 
 


• Personal safety is an important consideration of each fieldwork team. If Licensees 
determine the information cannot be collected in a safe manner, Licensees will notify 
FERC and USFWS as soon as possible via email to discuss alternative approaches to 
perform the study. 
 


• Applicant will need to obtain permits from appropriate federal and/or state agencies 
to capture and handle salmon, steelhead, and sturgeon. 
 


• Licensee shall make a good faith effort to obtain permission to access private 
property where needed well in advance of performance of the study. If access is not 
granted or river access is not feasible or safe, Licensees will notify FERC and 
USFWS as soon as possible via email to determine if USFWS can assist in gaining 
access or to discuss alternative approaches to perform the study. 
 


• The schedule for each proposed study is reasonably flexible to accommodate 
unforeseen problems that may affect the schedule. If a schedule changes, Licensees 
will notify FERC and USFWS as soon as possible via email to discuss alternative 
approaches to perform the study. 
 


• Field crews may make minor modifications to the study proposal in the field to 
accommodate actual field conditions and unforeseen problems. If modifications are 
made, Licensees will provide a detailed description of the conditions that led to the 
decision to modify the study to FERC and USFWS as soon as possible via email. 
 


• Licensees’ performance of the study does not presume Licensees are responsible in 
whole or in part for resource management measures that may arise from that study. 
 


• The estimated level of effort and cost is not a firm commitment by Licensees to 
expend all the funds. If the study costs more, Licensees are committed to completing 
the study. If the study costs less, Licensees are not committed to expending the 
remaining funds on other Relicensing studies or resource management measures. 
 


• All special-status species observations will be submitted to the California Natural 
Diversity Database. 
 


Study Methods 
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Fish Trapping—SSWD shall deploy two rotary screw traps (RSTs) following the methodology 
described in the Comprehensive Assessment and Monitoring Program (CAMP) American 
River rotary screw trap protocol.(Enclosure G to letter). The USFWS is available to answer any 
questions that SSWD may have regarding details of the CAMP protocol.  
 
SSWD shall deploy one RST at or near Pleasant Grove Road at RM 6.7. Figure 3.2.1-8 in the 
PAD indicates that this location is near the most downstream extent of traditional riverine 
habitat.  The goal of placement at this site is to allow capture of fish at a downstream 
location of spawning areas while still having good operability.  The precise location should 
be selected in collaboration with fishery agencies, and may be adjusted for functionality.  
 
Downstream of Pleasant Grove Road, the lower Bear River channel appears to lose 
complexity and may lack sufficient velocity at low flow to allow effective RST operation. 
The section of the lower Bear River downstream of Pleasant Grove Road is likely of greatest 
interest during high flow events, during which time it may serve as effective floodplain 
rearing habitat for juvenile salmonids and possibly sturgeon.  The second RST should be 
deployed in this downstream section, with the goal of capturing juvenile fish that use the 
river at high flow.  It is possible that an RST in this section may trap fish effectively only on 
an episodic basis.  If that is the case, guide nets may be warranted.  Regardless of the 
potential variations in efficiency of this downstream trap, the value of the data collected 
warrants placing a trap in this area.  
 
For highest efficiency RSTs shall be placed :  (1) where a relatively high percentage of the 
total river discharge flows through the trap cone; (2) where they can operate effectively over 
the entire range of discharge conditions (including floods) that may exist during a sampling 
season; (3) directly downstream of a riffle, as opposed to the downstream end of a pool; and 
(4) in the thalweg of the river or stream channel, unless high discharge or flood conditions 
dictates the trap should be moved to a position with lower water velocities.  To the extent 
possible, SSWD should place the RSTs where water velocities at the trap site are at least 0.67 
meters/second (m/s) at the lowest discharge that will be sampled and the water velocities at 
a trap site are 1.5 m/s under optimal conditions (USFWS 2008).  
 
The SSWD shall install the RSTs with mechanical counters to record the number of 
revolutions the RSTs made between each servicing and calculate the revolutions per minute 
(RPM).  Following the CAMP protocol, RPMs should be between 0.9 and 1.5.  Fish refuge 
devices and debris separators should be provided in the live boxes to provide juvenile 
salmonids and sturgeon refuge from high water velocities and predation.  The fish refuge 
devices and debris separators should be continually monitored to assure they do not result in 
size-selective mortality of juvenile Chinook salmon.  
 
Fish Collection and Assessment of Trap Reliability—During each trap service, SSWD personnel 
should retrieve debris and fish inside the livebox using long-handled nets.  SSWD should 
place separated fish in buckets of fresh water for processing.  During fish processing, SSWD 
should anaesthetize fish using Tricaine-S (MS-222, TMS, tricaine methanesulfonate). After 
processing, SSWD should allow fish to recover in fresh water. SSWD personnel should 
count all captured fish, examine them for clips or marks, and classify them according to 
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species and development, or life stage, which for salmonids should distinguish them as 
follows:  
 


• Yolk-sac fry are newly-emerged fish with a visible yolk sac ("unzipped"). 
• Fry are recently-emerged fish whose yolk is absorbed ("zipped-up"), and whose 


pigmentation is largely undeveloped. 
• Parr are darkly pigmented fish with characteristic dark, oval-to-round shaped parr 


marks on their sides, no silvery coloration, and whose scales are firmly set. 
• Silvery parr have visible but faded parr marks and a sufficient accumulation of 


purines to produce an intermediate degree of silvering. 
• Smolts have highly faded parr marks or lack them altogether, a bright silver or nearly 


white coloration, a more slender body shape (i.e., lower condition), a black trailing 
edge on the caudal fin, and easily shed (deciduous) scales.  


 
SSWD should measure and record the length of fish to the nearest millimeter (mm) of at 
least 50 randomly selected Chinook salmon, trout, or sturgeon per trap each time the traps 
are serviced; if fewer than 50 fish are captured during one service, SSWD should measure 
and record lengths of all of them.  SSWD should measure and record the lengths of all 
captured sturgeon.  For non-salmonid and non-sturgeon species, SSWD should measure and 
record the lengths of a random subsample of up to 20 individuals per service day.  
 
In addition to collecting data from captured fish, SSWD should record each of the following 
variables during each servicing: (1) orientation of the trap to stream flow; (2) instantaneous 
rotation rate of the trap cone; (3) total number of rotations the trap cone makes each 12- or 
24-hour period; (4) velocity of water moving into the trap cone; and (5) amount of debris 
collected by the trap. SSWD should measure the instantaneous rotation rate of the trap cone 
each time it processes fish at the trap, both before and after cleaning the trap.  SSWD should 
also measure the instantaneous rotation rate of the trap cone as the average amount of time 
it takes the trap cone to make three revolutions.  SSWD should also quantify the total 
number of rotations the trap cone makes during a 12- or 24-hour period using a mechanical 
counter mounted on the RST and reset the counter each time SSWD processes fish. SSWD 
should measure the velocity of water moving into the trap cone using a mechanical meter, 
measuring that velocity in the center of the trap cone just below the water surface.  
 
Each day,SSWD should qualitatively and quantitatively document the amount of debris 
collected by the trap.  
 
SSWD shall use the standardized data sheets developed by USFWS to document trap 
reliability (Appendix D of USFWS 2008).  
 
Fish Marking for Survival Estimates—SSWD shall follow the fish marking and data collection 
protocol in the attached Pacific States Marine Fisheries Commission (PSMFC)(2016) 
including the fish marking. SSWD shall use the data sheets developed by the PSMFC 
(Appendix A of PSMFC 2016, attached), but change the river identification to the lower 
Bear River. 
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Data Collection—SSWD should collect environmental data at the trap sites including flow, 
water temperature, dissolved oxygen, and turbidity.  SSWD should collect river discharge 
data using the Bear River at Wheatland gauge (USGS 11424000). SSWD should take 
instantaneous water temperature measurements at the trap sites using a handheld 
thermometer at least once each day. Data from recording thermographs situated near the 
trap sites were also acquired to define temperatures on a continuous basis.  SSWD should 
measure turbidity and dissolved oxygen each time it processes a trap.  
 
Reporting—SSWD will prepare a report that includes the following sections:  (1) Study 
Goals and Objectives; (2) Methods; ( 3) Results; (4) Discussion; and (5) Description of 
Variances from the Study plan, if any, including consultation with resource agencies 
regarding variances. A number of report attachments will include, but not be limited to, 
additional data such as representative site photographs and entry logs with recorded screw 
trap data. 
 
Products 
 


• Data will be used to determine changes in juvenile fish condition as they migrate 
downriver, and may be used to determine the level of juvenile production necessary 
to sustain Chinook salmon and steelhead trout in the lower Bear River.   


• Calculations of salmonid survival rates, estimate travel times, and growth rates.  
• Inferences of fish condition, growth, and outmigration timing related to habitat 


conditions of flow and temperature. 
 
Consultation and Communication 
 
SSWD shall file with FERC and post on its Relicensing Website periodic reports (annual and 
semiannual reports) as required by the FERC in the Study Plan Determination.  The 
Licensees will collaborate with the USFWS on the following items: 
 


• Detailed study methods; 
• Site selection; 
• Obtaining proper scientific collecting permits from federal and state agencies; and 
• Data analysis methods. 


 
Schedule 
 
SSWD should plan and complete the study as follows:  
Planning and permitting...........................................................January 2017 – December 2017  
Collect Data ......................................................................................January 2018 – May 2018  
Study Report Preparation..............................................................June 2018 – November 2018  
 
If during January through May, 2018, there are not two consecutive weeks of flows in the 
lower Bear River with a magnitude greater than 500 cfs, SSWD will repeat data collection in 
January through May, 2019, and produce a report no later than November, 2019.  
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SSWD will include the study report in SSWD’s DLA and FLA. If SSWD completes the 
Study report before preparation of the DLA, SSWD will post the report on SSWD’s 
Relicensing Website and issue an e-mail to Relicensing Participants advising them that the 
report is available.  
 
Consistency of Methodology with Generally Accepted Scientific Practices 
 
The study methods discussed above are consistent with the established protocol for 
assessing juvenile survivorship in the major rivers of California’s Central Valley (USFWS 
2008, USFWS 2010, USFWS 2016). The methodology has been used in 16 major rivers in 
the Central Valley, with refined CAMP protocol being used on the Tuolumne, Stanislaus, 
Feather, American, and Sacramento rivers. 
 
Level of Effort  
 
As addressed above, existing information is not sufficient for developing protection, 
mitigation, and enhancement measures because the existing information does not specifically 
evaluate juvenile Chinook survival in the Bear River. SSWD should coordinate closely with 
California Department of Fish and Wildlife to ensure that no duplicative effort occurs on the 
Bear River and to potentially reduce costs. 
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Introduction 
The Service is requesting that the Licensee conduct a Large Woody Material (LWM) and Sediment 
Transport Study on the lower Bear River from Camp Far West Dam to the confluence with the 
Feather River as well as the Camp Far West Reservoir and Project area upstream of the reservoir. 
 
The purpose of this study is to evaluate the effects of the Camp Far West Project (Project) on fluvial 
processes of the Bear River, which includes the amount and size of coarse substrate material and 
LWM that can be utilized by anadromous fish during their freshwater life stages in the Bear River, 
both upstream of the Project reservoir and downstream from the diversion dam to the confluence 
with the Feather River. A river’s character and morphologic function are strongly influenced by the 
amount and timing of sediment and water provided to them, and any change to this continuum 
provokes a change in the river and the associated physical and biological processes it supports (Reid 
and Dunne 2003). Dams can affect channel morphology by trapping sediment, altering the 
frequency, timing and magnitude of peak flows, and by intercepting LWM (Grant et al. 2003). LWM 
plays an important role in streams by shaping channel morphology, storing sediment and organic 
matter, and providing nutrients and habitat for all life-stages of anadromous fish. 
 
Camp Far West Dam, Reservoir, and associated diversion dam interrupt the downstream continuum 
of sediment and LWM transport by trapping upstream inputs of sediment and LWM. Project 
operations alter the timing, magnitude, and duration of peak flows, which are the flows responsible 
for transporting sediment and LWM as well as shaping channel morphology. Operation and 
maintenance of the Project therefore has the potential to affect fluvial processes, channel form, and 
associated anadromous fish habitat. This study seeks to quantify the magnitude of the Project’s 
impacts on sediment and LWM supply and the resultant effects on anadromous salmonids. 
 
Study Goals and Objectives 
This study has two primary goals: (1) assess the potential geomorphic effect of reducing sediment 
and LWM supply to, and altering sediment transport capacity within, the lower Bear River, and (2) 
provide information required to assess potential anadromous fish habitat impacts of any changes to 
geomorphic processes in the lower Bear River resulting from Project facilities or operations. 
 
Study goals will be met by completing the following specific objectives: 


• Quantify miles of riparian habitat inundated by the Project reservoir 
• Quantify LWM frequency and volume trapped on an annual basis by the Project reservoir. 
• Quantify fine and course sediment volumes trapped on an annual basis by the Project 


reservoir. 
• Survey the volume of mobile, coarse sediment and fine sediment stored in the active channel 


of the Lower Bear River. 
• Survey the frequency and volume of LWM stored in the bankfull channel 


 







The information collected will help the Licensee, the Service, and other relicensing participants to 
identify and implement measures to protect, mitigate, and/or minimize direct, indirect, and 
cumulative impacts to anadromous fish; enhance native anadromous fish resources, including related 
rearing and feeding, migration, spawning, riparian and benthic macro invertebrate habitats; protect 
anadromous fish from adverse fish hatchery operations and predation, and ensure coordination 
within and outside of the Project to minimize risk to anadromous fishes. 
 
Resource Agency Management Goals 
The USFWS has an active interest in the Bear River because we have been planning and 
implementing restoration actions in Dry Creek under the CVPIA Anadromous Fish Restoration 
Program (AFRP). Dry Creek is tributary to the Bear River, downstream of the Project, and it flows 
through the Spenceville Wildlife area and Beale Air Force Base. To address the decline of Chinook 
salmon and steelhead trout populations in California, the CVPIA calls for doubling of Chinook 
salmon (Oncorhynchus tshawytscha) runs.  The studies and restoration actions that we are implementing 
are for both steelhead trout (O. mykiss) and Chinook salmon, and we are currently working on a 
habitat model for Dry Creek that will contribute to our understanding of the effect of the Project on 
salmonid restoration actions in Dry Creek. We are also funding a habitat analysis on Dry Creek and 
analyzing the restoration potential of enhanced fish passage on Dry Creek. These actions are 
consistent with the AFRP 2001 Final Restoration Plan for the Anadromous Fish Restoration Program, which 
is filed with the Commission.   
 
The Project and its associated structures currently block upstream migration of anadromous 
salmonids and can alter the timing, duration, magnitude, and water temperature of the lower Bear 
River where the anadromous species and critical habitat occur. Low flows and high temperatures 
may result in a physical and thermal barrier to Dry Creek, preventing salmonid migration to and 
from AFRP restoration actions on Dry Creek. 
 
The specific information obtained during this study will assist the Service, Licensee, and other 
Project relicensing participants in determining how Project operations and maintenance activities 
affect LWM and sediment in the lower Bear River. The results of this study and other Project 
relicensing studies will assist the Service, Licensee, and other Project relicensing participants in the 
collaborative development of Project Mitigation & Enhancement (PM&E) measures for LWM and 
sediment for the new FERC license. 
 
Relevant Public Interest Considerations 
The Service is a resource agency. 
 
Existing Information and Need for Additional Information 
Although the PAD indicated that SSWD completed habitat surveys, including identifying LWM, it 
does not include information on study methodology including information regarding selection of 
habitat sites and survey methodologies and how LWM was classified or surveyed. The Instream flow 
study proposed by South Sutter Water District (SSWD) contains a plan to collect LWM using similar 
guidelines. However, the instream flow study surveys two study sites.  This is an insufficient number 
to characterize the entire lower Bear River. The operation of the Project reservoir affects the entire 
Bear River, and has done so since its construction in 1925. A complete study of the lower Bear River 
is required to accurately quantify the Project’s past and current effect on sediment and LWM. 
 







The Service does not have adequate information without the proposed study to determine the 
current Project affects to LWM and sediment in the lower Bear River.   
 
Project Nexus 
The primary Project facilities include the: (1) Camp Far West Dam and spillway; (2) Camp Far West 
Reservoir (impoundment); (3) 6.8 MW capacity Camp Far West powerhouse; (4) powerhouse 
afterbay; and (5) recreational facilities.   
 
The Project contributes to Direct, Indirect, and Cumulative effects on the quantity of water in the 
lower Bear River and the amount of LWM and sediment that can pass through the Project dam. 
Operations and maintenance of the Project directly impacts the LWM and sediment in the lower 
Bear River. 
 
Scientific studies evaluating the relationship between flows and how Project operations affect LWM 
and sediment in the lower Bear River must be conducted to provide federal and state resource 
agencies necessary information to develop license conditions, protection, mitigation, and 
enhancement measures that will protect the resources of this watershed and that are consistent with 
federal and state comprehensive plans for improving, developing, or conserving a waterway or 
waterways affected by a project (§10(a)(2) of the Federal Power Act, 16 U.S.C. section 803(a)(2)(A)).  
Information from this specific new study would inform all parties of the Project’s particular effects 
on LWM and sediment transport and provide information to enable all parties to evaluate whether   
beneficial uses of the lower Bear River are being protected.   
 
Description of Study Methods and Analysis 
 
Study Area 
The study area includes the Bear River between water diversion pool/Project afterbay and the 
confluence with the Feather River as well as the Project reservoir and upstream to the Project 
boundary.  
 
General Concepts 
The following general concepts apply to this study: 
 


• Personal safety is an important consideration of each fieldwork team.  If Licensees 
determine the information cannot be collected in a safe manner, Licensees will notify FERC 
and the Service as soon as possible via email to discuss alternative approaches to perform 
the study. 
 


• Licensee shall make a good faith effort to obtain permission to access private property where 
needed well in advance of performance of the study. If access is not granted or river access 
is not feasible or safe, Licensees will notify FERC and the Service as soon as possible via 
email to determine if the Service can assist in gaining access or to discuss alternative 
approaches to perform the study. 
 


• Field crews may make minor modifications to the study proposal in the field to 
accommodate actual field conditions and unforeseen problems. If modifications are made, 







Licensees will provide a detailed description of the conditions that led to the decision to 
modify the study to FERC and the Service as soon as possible via email. 
 


• Licensees’ performance of the study does not presume Licensees are responsible in whole or 
in part for resource management measures that may arise from that study. 


 
Study Methods 
The Licensee will: 


• Quantify the amount of riparian habitat lost during construction of the original Camp Far 
West Dam and Diversion Dam. The Service recommends the Licensee utilize the methods 
described in the NMFS August 25, 2016 comment letter on the PAD. 


• Measure or estimate the LWM that enters Camp Far West Reservoir and is not transported 
downstream to the lower Bear River. Any LWM that is supplied from the upper watershed 
to Camp Far West Reservoir is likely lost to downstream reaches where fluvially transported 
LWM would typically deposit in the lower gradient, less confined reaches and provide key 
habitat for anadromous fish. Although the PAD mentions that little to no LWM is found in 
the reservoir, no quantitative analysis is presented. Therefore, the frequency and volume of 
LWM trapped in Camp Far West Reservoir should be quantified using any aerial 
photographs as well as annual surveys throughout the licensing period. The annual surveys 
throughout the licensing period should document the length and diameter of LWM trapped 
in the reservoir, as this information is not likely to be available through historical data. 
Potential impacts of other land use activities, such as timber harvest, salvage logging, and 
road construction and upstream Dam construction that can alter LWM supply should also 
be assessed. 


• Quantify fine and course sediment volumes trapped on an annual basis by the Camp Far 
West Reservoir. 


• Survey the volume of mobile, coarse sediment and fine sediment stored in the active channel 
of the Lower Bear River. 


• Conduct habitat mapping and characterization along the remaining length of the lower Bear 
River downstream of the Project Diversion Dam, starting with the reaches directly below the 
diversion dam downstream to the Pleasant Grove Rd. crossing and continuing as needed 
downstream. During the habitat surveys, qualitative information should be collected on 
sediment and LWM volume following the protocols included in the NMFS August 25, 2016 
comment letter on the PAD. 


• Quantify the frequency and volume of LWM stored in the lower Bear River and compare to 
available historical data to assess trends over time. The Service recommends using the 
parameters indicated in the NMFS August 25, 2016 comment letter on the PAD for 
inventorying LWM and identifying key pieces. 


 
The Licensee will summarize and distribute results from this study to the Service and other 
interested Project relicensing participants no later than 3 months from the end of the data collection. 
Licensee will discuss the results from the survey at a Relicensing Project meeting within one month 
of issuance of the study report. 
 
Consistency of Methodology with Generally Accepted Scientific Practices 
The methodologies presented by the NMFS in their PAD comment letter include in each element 
references to specific methodologies consistent with generally accepted practices in the relevant 







scientific community. This study is also consistent with the goals, objectives, and methods applied in 
recent FERC hydroelectric relicensing studies in California (e.g. McCloud-Pit Project FERC No. 
2106 and South Feather Power Project FERC No. 2088 [SFWPA 2007] where sediment budget 
frameworks were used to assess Project effects to geomorphic processes by analyzing the mass 
balance between sediment supply and transport), and uses well recognized scientific methodologies 
and protocols from the NMFS, the Service, and CDFW. 
 
Considerations of Level of Effort 
As addressed above, existing information is not sufficient for developing protection, mitigation, and 
enhancement measures because the existing information does not specifically evaluate LWM and 
sediment transport and how Project operations and maintenance may affect their transport to the 
lower Bear River. 
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Introduction 
The Service is requesting that the Licensee conduct a benthic macroinvertebrate (BMI) study on the 
lower Bear River from Camp Far West Dam to the confluence with the Feather River. 
 
Study Goals and Objectives 
The goals of this study plan are to: 1) assess the BMI community structure to evaluate overall stream 
health in the lower Bear River; and 2) determine whether Project operations and maintenance 
adversely affects BMI community structure in the lower Bear River. Resource agencies can use this 
information to develop license recommendations. The objective of the study is to identify existing 
BMI community structure and habitat in the lower Bear River. 
 
Resource Agency Management Goals 
BMI are indicators of water quality and overall stream health. BMI are an important part of 
freshwater food webs as they: increase the rate at which organic matter is decomposed; release 
nutrients into the stream while feeding, excreting, and burrowing into sediments; control the 
numbers, locations, and sizes of their prey (e.g., BMI and algae); and provide a food source for fish, 
turtles, birds, and other aquatic and terrestrial organisms (Covich, Palmer, and Crowl 1999). The 
purpose of this study is to characterize existing BMI assemblages (including community structure 
and habitat) within Project-affected reaches in the Bear River and to evaluate Project effects on BMI 
community composition and distribution of BMIs downstream of Camp Far West Dam on the 
lower Bear River. Using the SWAMP protocol, current conditions of stream health in the lower Bear 
River will be assessed and a baseline condition will be established which will serve as a tool for use 
in monitoring status and trends of BMIs over time. 
 
The specific information obtained during this study will provide information to the Service, 
Licensee, and other Project relicensing participants needed to understand the BMI community 
structure and overall stream health in the lower Bear River. This information will assist the Service, 
Licensee, and other Project relicensing participants in determining how Project operations and 
maintenance activities affect BMI in the lower Bear River. The results of this study and other Project 
relicensing studies will assist the Service, Licensee, and other Project relicensing participants in the 
collaborative development of Project Mitigation & Enhancement measures (PM&Es) for BMIs for 
the new FERC license. 
 
Among others, the Service's resource objectives as related to BMI communities for this Project are: 
 


1. Avoid and minimize existing and future Project impacts to fish and wildlife species and the 
habitats they depend on. 


2. Protect, strengthen, and rely more on natural processes for the production and sustainability 
of fish and wildlife species and the habitats they depend on. 


3. Implement adaptive management of resource actions so as to maximize benefits for fish and 
wildlife species. 


4. Improve conditions for fish, wildlife, and their habitats and improve habitat availability. 







5. Design and implement instream flow regimes below Project facilities that are sufficient to 
keep aquatic resources, including native fish, in good condition (see also Fish and Game 
Code §5937). 


6. Ensure fish and wildlife species fully utilize available habitat in a manner that benefits all life 
stages, thereby maximizing natural production and full use of the ecosystem's carrying 
capacity. 


 
Relevant Public Interest Considerations 
The Service is a resource agency. 
 
Existing Information and Need for Additional Information 
The PAD provides very limited information regarding the BMI community in the lower Bear River. 
The BMI study conducted in 2014 referenced in the PAD was not a complete study following 
standard State protocols and did not include an analysis of stream health utilizing BMI metrics. The 
2013 BMI sample was collected in the Bear River upstream of the Project. Thus, the Service does 
not have enough information from the 2014 BMI study and 2013 BMI sample to determine the 
current BMI community structure in the lower Bear River downstream of the Project and determine 
how Project operations and maintenance activities affect this BMI community.   
 
Project Nexus 
The primary Project facilities include the: (1) Camp Far West Dam and spillway; (2) Camp Far West 
Reservoir (impoundment); (3) 6.8 MW capacity Camp Far West powerhouse; and (4) powerhouse 
afterbay.   
 
The Project contributes to Direct, Indirect, and Cumulative effects on the quantity of water in the 
lower Bear River. The Project directly impacts the community structure and habitat of BMI 
assemblages through operations and maintenance of the Project. 
 
Scientific studies evaluating the relationship between flows and  Project operation effects to BMI 
community structure and habitat in the lower Bear River must be conducted to provide federal and 
state resource agencies necessary information to develop license conditions, protection, mitigation, 
and enhancement measures that will protect the BMI resources of this watershed and that are 
consistent with federal and state comprehensive plans for improving, developing, or conserving a 
waterway or waterways affected by a project (§10(a)(2) of the Federal Power Act, 16 U.S.C. section 
803(a)(2)(A)).  Information from this specific new study would inform all parties of the Project’s 
particular effects on BMI assemblages and if beneficial uses of the lower Bear River are being 
protected (CVRWQCB 1998).  The study results will inform the development of license 
requirements such as water operation modifications to provide instream flow downstream of Camp 
Far West Dam to support BMI resources in the lower Bear River. 
 
Description of Study Methods and Analysis 
 
Study Area 
The study area includes the Bear River between water diversion pool/Project afterbay and the 
confluence with the Feather River. Sample sites for this study should be collocated with sampling 
sites for Study 3.2 – Stream Fish Populations Study. Specifically, four total sample sites should be 
included in this study at Reach 1 (Camp Far West Dam downstream to the non-Project diversion 
dam, Reach 2 (within one mile downstream of the diversion dam), Reach 3 (within 0.5 miles of the 







Highway 65 Bridge), and Reach 4 (within 0.5-mile of the Highway 70 Bridge). The BMI study 
sampling site in Reach 1 should be located in the stream portion of the Bear River immediately 
downstream of Camp Far West Dam and not in the pool located directly upstream of the non-
Project diversion dam. 
 
General Concepts 
The following general concepts apply to this study: 
 


• Personal safety is an important consideration of each fieldwork team.  If Licensees 
determine the information cannot be collected in a safe manner, Licensees will notify FERC 
and USFWS as soon as possible via email to discuss alternative approaches to perform the 
study. 
 


• Licensee shall make a good faith effort to obtain permission to access private property where 
needed well in advance of performance of the study.  If access is not granted or river access 
is not feasible or safe, Licensees will notify FERC and USFWS as soon as possible via email 
to determine if USFWS can assist in gaining access or to discuss alternative approaches to 
perform the study. 


  
• Licensees’ performance of the study does not presume Licensees are responsible in whole or 


in part for resource management measures that may arise from that study. 
  


• All special-status species observations will be submitted to the California Natural Diversity 
Database. 


 
Study Methods 
BMI sampling for this study plan should be conducted using the reach-wide benthos (RWB) method 
for documenting and describing benthic macroinvertebrate assemblages and physical habitat 
described by the State Water Resources Control Board Surface Water Ambient Monitoring 
Program’s (SWAMP) Standard Operating Procedures for Collecting Benthic Macroinvertebrate 
Samples and Associated Physical and Chemical Data for Ambient Bioassessments in California (Ode 
2007). 
 
Physical habitat and water quality should be characterized at each BMI sampling site utilizing 
methods described by SWAMP (Ode 2007).  
 
The following list of quantitative measures of chemical and physical/habitat characteristics should 
be collected at each site: 


• Reach-Wide Parameters 
o GPS coordinates at each site 
o Water temperature, specific conductance, pH, and dissolved oxygen using approved 


standardized procedures and instruments. 
• Transect-Specific Parameters 


o Aquatic habitat characterization including average depth, wetted width, bankfull 
dimensions, percent slope, sinuosity, and average canopy cover. 







o A pebble count using the approach described by Wolman (1954) as adapted for use 
in the SWAMP protocol (Ode 2007). 


o Evaluation of embeddedness and course particulate organic matter evaluation. 
Estimates should be obtained while collecting BMI samples by noting whether 
substrate is loosely, moderately, or tightly cemented and whether substrate is lightly, 
moderately, or heavily surrounded by fine sediment. 


o If field or analytical methods deviate from SWAMP protocols, reasons for the 
deviation and alternate methods will be explained and documented. 


Data collected during the study should be scored utilizing the California Stream Condition Index 
(CSCI) to translate BMI metric data into a measure of overall stream health (see Rehn, Mazor, and 
Ode 2015).  
 
The Licensee will summarize and distribute results from this survey to the Service and other 
interested Project relicensing participants no later than 3 months from the end of the data collection. 
Licensee will discuss the results from the survey at a Relicensing Project meeting within one month 
of issuance of the study report. 
 
Consistency of Methodology with Generally Accepted Scientific Practices 
The methodology recommended by the Service for this study, Ode (2007), is the State standard 
protocol for conducting BMI assessments for California streams. This protocol has been utilized for 
other FERC Project relicensing studies (see Study 3.1 – Aquatic Macroinvertebrates Upstream of 
Englebright Reservoir and Study 3.2 – Aquatic Macroinvertebrates Downstream of Englebright 
Reservoir for the relicensing of the Yuba River Development Project (FERC No. 2246) and Study 
Description FA-S3 – Benthic Macroinvertebrate Study. 
 
Considerations of Level of Effort 
As addressed above, existing information is not sufficient for developing protection, mitigation, and 
enhancement measures because the existing information does not specifically evaluate BMI 
community structure, health, and how the Project may affect the BMI assemblages. 
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ABSTRACT 


 


The North American Bullfrog, Rana catesbeiana, is an invasive species in California. However, 
the effects of its presence on populations of native amphibians in the central Diablo Range 
(located east of San Jose, California) are not known. I collected data from 18 ponds in two 
protected areas in the Diablo Range to see how R. catesbeiana affected local amphibian 
populations over a one-year period. I identified and counted larvae in each pond, recorded pond 
area, depth, turbidity, and vegetation cover, and made subsequent observations for the rest of the 
year of the interactions between adults. I found that R. catesbeiana larvae are confined to 
perennial ponds and these ponds had fewer individuals of other species, but that not every 
perennial pond contained R. catesbeiana larvae. Pacific tree frog larval populations were 
negatively related to R. catesbeiana populations. All other larval species populations were either 
significantly related to other measured factors or not related to any measured factors. As adults, 
R. catesbeiana migrated between ponds and likely displaced native species to occupy the best 
territory surrounding the pond: the pond’s edge. Species such as the Pacific tree frog and 
California toad coexisted as adults. The California red-legged frog occupied the same area as an 
adult as R. catesbeiana, but the two species were not found in the same pond. As larvae, 
California toads were significantly affected by area and turbidity, California tiger salamanders 
were observed almost exclusively in ephemeral ponds, and California newts were not affected by 
any measured factors.  
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INTRODUCTION 


 


The recent human population explosion has been associated with nonnative species 


invasions throughout the world. Humans have been directly and indirectly responsible for 


introducing nonnative and invasive species to a wide variety of ecosystems. Invasive species can 


alter these ecosystems by destabilizing food webs, altering habitats, and changing the 


relationships between native species in an area. Invasive species are defined as nonnative 


organisms that survive, reproduce, and cause environmental or economic harm to an area 


(Boersma et al. 2006). These species compete with native species for food and territory and they 


reproduce to build self-sustaining populations. Additionally, invasive species alter ecosystems 


because the ecosystem does not have time to respond to their presence and integrate them into 


food webs (Sakai et al. 2001). A species that slowly integrates itself into a new ecosystem is not 


invasive, but a species that enters or is brought into an ecosystem and dominates territory and 


resources is certainly an invasive species. Examples include Centaurea solstitialis, commonly 


known as yellow star thistle, which has invaded many Western grasslands after being introduced 


at various times and locations over the past 175 years (Roché et al. 1997).   


Invasive amphibian species have been linked to native amphibian population declines 


(Kats and Ferrer 2003). In California, precipitous declines of native species have been observed 


at local sites (Diamond 1996) and throughout the state (Davidson et al. 2002). Invasive species 


have negatively affected amphibian populations through competition for food and territory, 


predation, and facilitating the spread of disease (Kats and Ferrer 2003). The North American 


Bullfrog, Rana catesbeiana, is one of California’s most prolific invaders, and it is a species that 


is well suited to outcompete local amphibian populations (Snow and Witmer 2010).  


 The spread of nonnative R. catesbeiana has occurred as some native California 


amphibians have experienced steep population declines during the time which R. catesbeiana has 


established large populations in many areas throughout the state. Under certain conditions, the 


presence of R. catesbeiana has been directly linked to declines in California red-legged frog 


populations (Kiesecker et al. 2001). The California red-legged frog, Rana draytonii, has 


experienced such a significant decline in its population that it is federally listed as a threatened 


species. The population declines are not limited to frogs: the California tiger salamander 


(Ambystoma californiense) has also experienced a sharp population decline due to many possible 
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factors and is also a federally-listed threatened species (Barry and Shaffer 1994). R. catesbeiana 


is very aggressive and is a voracious generalist predator, potentially impacting the populations of 


all animals living in its vicinity (Stebbins 2003, Wright and Wright 1995).  In addition to its 


predatory behavior, R. catesbeiana may also accelerate and increase the spread of disease to 


other amphibian populations. Due to its highly migratory behavior, R. catesbeiana is a known 


carrier of chytridiomycosis, which has devastated many California amphibian populations 


(Daszak et al. 2004). The invasive characteristics of R. catesbeiana coupled with the declines of 


California native amphibian populations highlight the importance of understanding the 


interactions between R. catesbeiana and California native amphibians.  


 This purpose of this observational study is to understand the interactions between R. 


catesbeiana and California native amphibian species that live in the Diablo Mountain Range of 


Northern California. The study sites are located in Joseph D. Grant County Park and Blue Oak 


Ranch Reserve, both of which are located in Santa Clara County in the Diablo Range. I 


hypothesize native amphibians that occupy the same ecological niche as R. catesbeiana will be 


negatively affected by its presence. Although all native species will compete with the bullfrogs 


for food and territory (and must avoid predation as well), species such as R. draytonii that 


occupy the same ecological niche as the bullfrog will be in direct competition with it and will 


probably be disproportionately affected. Similarly, I predict that species that have different 


behavior and lifestyle characteristics will not be as affected by R. catesbeiana. This will be 


apparent if there is no correlation between R. catesbeiana numbers and dissimilar species’ 


numbers in a pond, although it is essential to realize the presence and effects of other factors 


acting on these species counts.  


 


METHODS 


 


Study Species 


 


The North American bullfrog (Rana catesbeiana) is a highly adaptive amphibian that can 


live in a variety of different habitats. Its natural range covers much of eastern North America, 


from the eastern Great Plains to the Atlantic coastline, and into Canada and Mexico (Wright and 


Wright 1995). R. catesbeiana is a durable species, constrained mainly by the availability of 
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perennial freshwater ponds that are necessary for its survival during its multi-year larval stage 


(Gahl et al. 2009). Larvae are primarily herbivorous and insectivorous, while adults are almost 


completely carnivorous (Pryor 2003). Adults are excellent predators and can overtake ponds 


where they have no predators due to their high fecundity rates. Although R. catesbeiana larvae 


are confined to perennial ponds, adults can migrate between ponds (Gahl et al. 2009). The 


bullfrog can therefore severely threaten other species if its growth is left unchecked. Humans 


began importing bullfrogs to California in the late 1800s to satisfy the market for frog meat 


(Jennings and Hayes 1985), and encouraged their spread with the construction of perennial ponds 


for cattle grazing (Boone et al. 2008, Doubledee et al. 2003).  


Lifestyle characteristics of native amphibians may make certain species more susceptible 


to the negative effects of R. catesbeiana intrusion. The California tiger salamander (Ambystoma 


californiense) uses ponds to breed but is otherwise terrestrial.  It would interact with the bullfrog 


in the larval stage or during the time that it spends in its burrow, since bullfrogs can hibernate in 


the same burrows (Stebbins 2003). The California newt (Taricha torosa) is extremely poisonous 


as an adult and is only eaten by the common gartersnake (Thamnophis sirtalis). Its larvae mainly 


experience predation from introduced fishes (Stebbins 2003), but they could also be prey for 


bullfrogs in the late spring and early summer. The California red-legged frog has many similar 


physical characteristics to the North American bullfrog, and the two prefer similar breeding 


habitats (R. draytonii prefers to use stock ponds for breeding sites in some areas), which places 


the two species in direct competition with each other for much of their life cycle (Fellers and 


Kleeman 2007). Pseudacris regilla, the Pacific tree frog, is one of the most prolific amphibian 


species in California and is a very resilient species (Stebbins 2003). The California toad 


(Anaxyrus boreas halophilus/Bufo boreas halophilus) is known for its schools of tadpoles, which 


could be consumed by adult bullfrogs. It is largely terrestrial in its adult stage (Stebbins 2003). 


Although it shares habitat with the bullfrog for much of its life, adult California toads tend to 


stay farther from the water’s edge than bullfrogs, which could result in the bullfrogs being less of 


a threat to the toad’s survival. Taken together, the differences in lifestyle traits can result in 


different outcomes for native species living in the presence of R. catesbeiana.  
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Study Location 


 


I sampled from a total of 18 ponds in Joseph D. Grant County Park and Blue Oak Ranch 


Reserve. Eight of the ponds were perennial ponds that contained a sufficient amount of water to 


provide habitat for R. catesbeiana. Ten of the ponds were ephemeral (they dry out completely at 


some point during the year and therefore are not suitable habitat for R. catesbeiana larvae). All 


the ponds were located in an oak woodland ecosystem in the areas around and northeast of Hall’s 


Valley and Poverty Ridge, and all areas were on preserve property. The total distance between 


the most distant ponds was 10.4 miles. All larval samplings took place in early June 2011 before 


metamorphosing amphibians left the ponds (late June-early August). The ponds’ characteristics 


covered a range of surface areas and depths, although in general perennial ponds were larger than 


ephemeral ponds.  


 


Sampling Design 


 


For the first stage of my study, I sampled larval populations of amphibians in my study 


area. I also gathered the following data for each pond: location and area (using a GPS with 


accuracy to the nearest yard), maximum depth, maximum potential depth, turbidity, vegetation 


cover, and any other observations. To calculate the pond’s location and area, I walked around the 


perimeter of the pond with a GPS mapping device, staying as close as possible to its shore. The 


device calculated the pond area. I calculated the maximum depth by either dropping a marked 


measurement stick to the bottom of the pond at the assumed deepest point (usually near the dam 


of a manmade pond or near the center of a natural ephemeral pond), or dropping a rock with a 


string attached to the bottom and measuring the length of string that was submerged. Vegetation 


cover is the estimated percent coverage of the emergent vegetation within a pond, which I 


estimated by eye. I used a turbidometer to calculate each pond’s turbidity, measured in 


Nephelometric Turbidity Units (NTU).  


To sample each of the ponds, I used seine nets to count their larval populations. Each 


individual seine sample covered an area of 300 square feet: the seine net is 10 feet long and the 


people carrying the net through the water walk a distance of 30 feet in the pond. Samples were 


not uniform in volume due to the fact that I sampled at different depths in the ponds. Seining 
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techniques involved starting the seine in deeper areas of the pond and walking toward the shore 


to capture all amphibian larvae in the 300 square foot area. We dragged the seine nets along the 


pond bottom or as close to the bottom as possible to capture ground-dwelling amphibians. After 


each seine, all amphibians were identified to the species level, counted, and recorded.  


The second stage of the study focused on the adult stages of the amphibians’ lives. I 


visited the pond sites beginning in mid-July and continued through October (before the start of 


the rainy season) to see how the population makeup at the ponds changed throughout this time. I 


visited each pond multiple times during this period, and I recorded the following: changes in 


water level, vegetation cover, any noticeable changes in water quality, and the relative amounts 


of frogs or other species based on visual or auditory recognition. I then examined the areas away 


from the edge of the shoreline for other amphibian species that may be found farther from the 


immediate vicinity of the pond. It is important to note that this portion of the study was entirely 


qualitative, no quantities were recorded, only relative amounts of species.  


 


Data Analysis 


  


I used several data analysis and visualization techniques to determine if R. catesbeiana is 


responsible for population differences between ponds. I created box plots and XY comparison 


plots using R that show the spread of larval populations according to pond type, and native 


amphibian populations versus Rana catesbeiana populations, respectively. From my counts, I 


calculated species richness, species evenness, and species diversity for each pond. Finally, I used 


multivariate methods, including a generalized linear mixed model (glmm) for counts and a 


principal components analysis (PCA) to look for relationships between distinct community 


assemblages. For my qualitative data, I summarized my observations and I was able to 


understand how population structures of the ponds change as the amphibians matured throughout 


the season. I paid particular attention to bullfrog migrations to ponds, especially at the ponds 


where I did not encounter bullfrog larvae during my larval sampling. The analysis of the larval 


and adult stages of the amphibian life cycles showed the changing populations as the amphibians 


matured.  
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RESULTS 


Analysis of Larval Data 


 


I visited a total of 18 ponds located in Blue Oak Ranch Reserve and Joseph D. Grant 


County Park. Ten of the ponds from which I collected data were ephemeral ponds, and 8 of the 


ponds were perennial. In these ponds, I found members of every expected amphibian species: the 


California tiger salamander (Ambystoma californiense), California toad (Anaxyrus boreas), 


Pacific tree frog (Pseudacris regilla), North American bullfrog (Rana catesbeiana), California 


red-legged frog (Rana draytonii), and California newt (Taricha torosa).  


In general, ephemeral ponds were smaller, shallower, more turbid, and had a smaller 


vegetation cover (Table 1).  


 


 


Variable Ephemeral Perennial 


n 21 47 


Area (ft2) 4108.24 (±3000.57) 42646.87 (±36198.64) 


Depth (ft) 4.03 (±1.61) 5.15 (±0.36) 


Max. Potential Depth 4.94 (±2.45) 8.87 (±3.57) 


Turbidity (NTU) 115.88 (±249.59) 4.65 (±2.58) 


Vegetation Cover (%) 14.95 (±23.47) 15.61(±8.25) 


 


Certain species were more confined to ephemeral ponds (Figure 1), other species were confined 


to perennial ponds (Figure 4), and some species did not appear to be affected by the seasonality 


of the ponds (Figure 3). A. californiense is almost completely confined to ephemeral ponds 


(Figure 1). I plotted distributions of A. boreas in perennial and ephemeral ponds, and I found that 


A. boreas was more prevalent in perennial ponds than in ephemeral ponds (Figure 2).  I collected 


P. regilla in both perennial and ephemeral ponds, and I collected approximately even amounts of 


specimens (Figure 3). I only found R. catesbeiana in perennial ponds (Figure 4), but I did not 


find members of the species in all perennial ponds included in my study. I collected R. draytonii 


in only one of the ponds from which I sampled (Figure 5), and the pond was perennial. I did not 


collect any specimens of R. catesbeiana from the pond where I collected R. draytonii. I found T. 


Table 1: Average and Standard Deviation for Measured Variables. 
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torosa in both ephemeral and perennial ponds, although numbers of species appeared to fluctuate 


between the different pond types.  


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Fig. 1: A. californiense distribution. Fig. 2: A. boreas distribution. 


Fig. 3: P. regilla distribution. Fig. 4: R. catesbeiana Distribution. 


Fig. 5: R. draytonii Distribution. Fig. 6: T. torosa Distribution. 
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I found that certain native California amphibian species varied inversely with populations of 


Rana catesbeiana, while other species counts did not appear to have a relationship. Based on the 


data, populations of A. californiense have a negative relationship with populations of R. 


catesbeiana (Figure 7). In the case of A. boreas (Figure 8), there is a more positive relationship 


between species than the case of A. californiense. Differences for some species counts were 


significant between ephemeral and perennial ponds.  


 


 


 


 


 


 


 


 


 


  


 


 


 


Fig. 7: A. californiense vs. R. catesbeiana. Fig. 8: A. boreas vs. R. catesbeiana 


Fig. 9: P. regilla vs. R. catesbeiana. Fig. 10: R. draytonii vs. R. catesbeiana. 
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Pond Type 
A. 
californiense A. boreas P. regilla 


R. 
catesbeiana R. draytonii T. torosa 


Ephemeral 5.6 15.9 84.3 0 0 21.3 


Perennial 32 0.1 89.5 10.9 0.2 20.1 
 


 I fit a generalized linear mixed model to amphibian counts with random effects for each 


pond. Populations of A. boreas were significantly affected by pond surface area and turbidity, 


but not vegetation cover. A. boreas populations were not significantly related to R. 


catesbeiana presence. A. californiense populations were not significantly affected by R. 


catesbeiana presence, pond surface area, turbidity, or vegetation cover. Populations were nearly 


significantly related to the seasonality of the ponds, however the p-value was slightly greater 


than 0.05. P. regilla populations were significantly affected by R. catesbeiana presence, but they 


were not affected by the seasonality of the pond, the surface area of the pond, turbidity, or 


vegetation cover. I was not able to determine R. draytonii populations’ relatedness with my 


measured factors because the sample size was too small and restricted to only one pond. T. 


torosa populations were not significantly related to any of the measured variables: R. 


catesbeiana presence, pond area, seasonality of the pond, turbidity, or vegetation cover. Species 


richness was significantly related to pond area, but it was not significantly related to R. 


catesbeiana presence, turbidity, or vegetation cover. Neither species evenness nor species 


Fig. 11: T. torosa vs. R. catesbeiana. 


Table 2: Average Counts by Species. Total average counts of species from all ponds. 







Jacob A. Finkle Bullfrogs in the Diablo Range Spring 2012 


11 


diversity was significantly related to any of the measured factors, including R. 


catesbeiana presence. 


I used the results from the principal components analysis (Figure 12) to visualize the 


possible relationships between the species themselves as well as between species and the biotic 


and abiotic factors that I measured. The PCA plot of the ponds (shown by their number on the 


plot) places them according to how strongly they exhibited the included factors. Ponds 2 and 7, 


for example, had the highest counts of R. catesbeiana and also had large surface areas. Also, the 


“R..catesbeiana” arrow and “P..regilla” arrow point in different directions, which was confirmed 


by the fact that the two were related negatively (as the generalized linear mixed model showed).     


 


 
 


 


 


Fig. 12: PCA plot. The numbers, 1-18, in the plot correspond to each individual pond. The 
plot shows relationships between measured biotic and abiotic factors, and between species.  
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Adult Stage 


 


I visited each pond at least twice between July 15, 2011 and October 2, 2011. I heard R. 


catesbeiana calls and saw both juveniles and adults in every remaining pond by August 21, 


2011, except for two ponds. By August 21, 2011, the following ephemeral ponds did not contain 


any water: Pond #3, Pond #4, Pond #10, North Pond (#12), Windmill Pond (#13), Lower Turtle 


Pond (#15), and South Pond (#18). Barn Pond (#14) contained no more than four square feet of 


water, with a depth of 0.5 feet. I also witnessed adult A. boreas, P. regilla and R. catesbeiana 


around the edges of every pond (that had not desiccated after August 21, 2011) at each visit, 


aside from Barn Pond (no amphibians) and Cabin Pond (no P. regilla and no R. catesbeiana). P. 


regilla could generally be found within 20-30 feet of the pond’s edge, especially if there was 


thick, low vegetation. Juvenile A. boreas could generally be found 20-50 feet from the pond’s 


edge. Both R. catesbeiana and R. draytonii could either be found at the pond’s edge or sitting in 


the pond. Both species occupied a band around the pond that extended about 5-10 feet inland 


from the shore. In the ponds where R. catesbeiana was present, I did not see any other amphibian 


species within this 5-10 foot band, but I saw overlapping habitats of A. boreas and R. draytonii 


and A. boreas and P. regilla. I did not see any specimens of A. californiense or T. torosa during 


my visits to the ponds.  


 I witnessed more than 10 adult and juvenile R. draytonii at Cabin Pond on October 1, 


2011. 


 


DISCUSSION 


 


Although the results I obtained from my data did not allow me to make strong 


conclusions concerning the effects of R. catesbeiana on every individual native amphibian 


species, analysis of my data revealed that R. catesbeiana negatively influences populations of 


native amphibians. R. catesbeiana that lived in perennial ponds seemed to affect populations of 


native species negatively overall, according to my results. Different habitat preferences between 


some native species and R. catesbeiana rendered their relationships untestable, but it is possible 


that these species could not coexist with R. catesbeiana. If this is the case, R. catesbeiana is 
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capable of excluding native species of amphibians from their habitat when the two species 


occupy the same niche, which confirms its classification as an invasive species.  


Specifically, the adult frog species A. boreas and P. regilla were able survive and 


maintain sizable populations in the presence of R. catesbeiana, however it seemed that adult R. 


catesbeiana dominated their preferred habitat and did not live in the same zone with other 


species of frogs. Below I discuss the implications of my findings for each native amphibian 


species. 


 


Rana catesbeiana (North American Bullfrog)  


 


I only found R. catesbeiana larvae in perennial ponds, an observation that is consistent 


with past literature (Adams 2000). Since these ponds were usually deeper and covered a larger 


surface area, my tests showed that R. catesbeiana populations were positively related to pond 


surface area and depth. In the majority of cases where R. catesbeiana were present, there were 


few other species and low species abundances. Past literature suggests that invasive R. 


catesbeiana tends to exclude native species from its territory because of its physical and 


behavioral characteristics (Kupferberg 1997).  


As adults, R. catesbeiana remained at the pond’s edge while two other observed species, 


P. regilla and A. boreas, occupied a niche farther away from the shore of the pond. Adult R. 


catesbeiana are aggressive predators and can consume a variety of organisms, which may 


explain the R. catesbeiana-dominated area surrounding the pond’s edge; possibly R. catesbeiana 


consumed species that intruded into its habitat in and around the pond’s shore (Stebbins 2003, 


Wright and Wright 1995). R. catesbeiana also exhibited migratory behavior; I observed in more 


than 10 individuals in several ponds where it was formerly absent or in very small numbers 


during larval sampling (Stebbins 2003). The fact that R. catesbeiana migrates means that it is 


capable of disturbing native species-dominated ponds, and that eradication efforts could be 


hindered by returning bullfrogs each season. 


My calculations of species richness, species evenness, and species diversity revealed that 


species richness was directly related to pond area, a finding consistent with past literature as well 


as with my expectations (Werner et al. 2007). However, species diversity was not significantly 


related to any of the measured variables, even though the competitive and invasive behavior of 
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R. catesbeiana can decrease the populations of certain species in their habitat, as my data and 


past studies show (Doubledee et al. 2003).  


 


Pseudacris regilla (Pacific Treefrog) 


 


  The comparatively larger sample sizes of larval P. regilla throughout the study enabled 


me to draw stronger conclusions from my data. P. regilla was the most ubiquitous amphibian 


species, occurring in all but two ponds in my study. This echoes previous claims that the frogs 


are found in a variety of California’s aquatic ecosystems (Adams 2000). Fluctuations in numbers 


of P. regilla between ponds were related to the presence or absence of R. catesbeiana, showing 


that the two species are antagonistic towards each other in the larval stage. The glmm confirmed 


that there was a significant difference in P. regilla populations depending on the presence of R. 


catesbeiana. This was surprising since, aside from the fact that R. catesbeiana is known to be an 


aggressive competitor as a tadpole, I could not find any literature that shows that the two species 


have an especially antagonistic relationship, only that P. regilla is among the hardiest of 


California amphibians and can survive in a variety of habitats (Fisher and Shaffer 1996). 


Although P. regilla is negatively affected by R. catesbeiana, its resilience as a species may allow 


it to survive despite R. catesbeiana intrusion. Also, P. regilla’s lack of any preference for all 


other measured factors meant that, of the factors I measured, R. catesbeiana presence was the 


only significant variable in determining population sizes of P. regilla.  


My subsequent qualitative observations of the interactions between species as adults 


showed that the P. regilla was able to coexist with R. catesbeiana when each species occupied 


different habitat zones. In the same niche, R. catesbeiana likely displaced P. regilla from their 


habitat in this case. Although the frogs are capable of limited movement away from the pond for 


breeding purposes, they normally do not venture far from the pond (Schaub 1978). The fact that 


there were far more adult P. regilla outside of the band of habitat occupied by R. catesbeiana 


strengthens the case for R. catesbeiana exclusion or predation of P. regilla.  
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Ambystoma californiense (California Tiger Salamander) 


 


  I observed few interactions between A. californiense and R. catesbeiana because of A. 


californiense’s preference for ephemeral ponds and R. catesbeiana’s requirement for perennial 


ponds. This observation is supported by past literature documenting the species’ preferred 


habitats (Loredo and Van Vuren 1996, Jennings and Hayes 1986). Even in the one pond that 


contained both A. californiense and R. catesbeiana, the existence of A. californiense only in the 


shallow, more vegetated regions of this pond as opposed to R. catesbeiana’s habitat in the more 


open waters meant the two species probably did not interact very much. A. californiense is 


known to breed and develop in ephemeral ponds (Barry and Schaffer 1994), which also meant 


that they preferred more turbid, shallower, and smaller ponds, and they were not strongly 


correlated with any other measured variables, as the glmm showed. As a result, the seasonality, 


depth, size and turbidity of the pond appear to be more significant factors in determining A. 


californiense locations than the presence or absence of R. catesbeiana; A. californiense prefers 


ephemeral ponds.   


Additionally, because A. californiense leave the ponds after metamorphosis (Trenham et 


al. 2000), they have very little contact with adult R. catesbeiana; they emerge from burrows 


during R. catesbeiana’s dormant period during January or February to breed (Willis et al. 1956) 


and therefore probably do not come into contact with the adults. My data supported these claims; 


I did not see any adult California tiger salamanders while I carried out my study.  


 


Anaxyrus bufo boreas (California Toad) 


 


I expected that A. boreas’s preference for perennial ponds and therefore its probable 


interactions with R. catesbeiana caused its populations to be affected by R. catesbeiana, most 


likely negatively. However, the effects of R. catesbeiana on A. boreas were not significant 


despite the fact that the highest counts of A. boreas I obtained came from ponds with low or 


absent populations of R. catesbeiana. It is possible that A. boreas was more affected by surface 


area and turbidity than by R. catesbeiana presence, or that the sample size was simply not large 


enough to draw a definitive conclusion.  
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In the adult stage, I observed A. boreas individuals in a band outside of ponds inhabited 


by R. catesbeiana- all ponds at that time- and I hypothesized that, as in the case of P. regilla, R. 


catesbeiana could be excluding or consuming A. boreas juveniles. P. regilla and A. boreas 


frequently occupied the same niche, as evidenced by the fact that I frequently observed them 


overlapping in each others’ habitat. Nevertheless, it is not obvious whether these species would 


be present at the ponds’ edges if R. catesbeiana was not present, since A. boreas frequently 


venture relatively far away from their ponds (Tracy and Dole 1969).  


 


Rana draytonii (California Red-legged Frog) 


 


Although the samples of R. draytonii I obtained were too small to draw definitive 


conclusions through statistical tests based on my data, I compared the habitat of the population I 


observed to habitat described in the literature. The one pond in which I observed R. draytonii 


larvae was a deep, perennial pond with very low turbidity- habitat preferred by R. draytonii 


(Tatarian 2010). This pond should also be ideal habitat for R. catesbeiana (Adams 2010, 


Stebbins 2003), but the preserve in which the pond is located has prioritized the removal R. 


catesbeiana from its property. The similarities in terms of surface area, depth, turbidity, and 


vegetation cover between this pond and the R. catesbeiana-dominated ponds indicate that R. 


draytonii should be able to exist in those ponds. However, the two species’ are essentially unable 


to coexist in the same areas because of competition for territory and resources (Cook and 


Jennings 2007).  


Each time I returned to Cabin pond I never witnessed an intrusion of R. catesbeiana, I 


always only observed R. draytonii. This pond was therefore different from other ponds, which 


contained adult R. catesbeiana by late summer. In this case, R. draytonii occupied the same areas 


(the shoreline areas) of the pond as R. catesbeiana did in its invaded ponds, revealing the 


species’ inability to coexist in the same area (Kiesecker et al. 2001). 


 


Taricha torosa (California Newt) 


 


T. torosa’s populations were unaffected by any of the variables I measured due to the fact 


that they are not likely to associate with many of the species in the ponds; they are not specific in 
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terms of the ponds they use for breeding, and their larvae exit the ponds during the terrestrial 


stage of their lives (Stebbins 2003). Relationships between A. californiense and T. torosa, two 


species that were often found together in ponds, confirm past studies of their behavior as habitat 


generalists (Ryan 2005, and Ryan forthcoming). 


 


Limitations 


 


Because species diversity and species evenness depend on the numbers and diversity of 


species in each pond, the relatively small number of ponds that I sampled may account for the 


unexpected results I obtained.   


 The most important limitation to me in carrying out this study was my sample size. A 


larger sample size is necessary to more accurately observe interactions between native amphibian 


species (Padgett-Flohr and Hopkins II 2010), and I need to include more perennial ponds in my 


study. Also, it would be beneficial to include more ponds in which bullfrog eradication is taking 


place to compare their species compositions. A larger sample size would enable me to generate 


more reliable statistics from a larger and more accurate dataset. Additionally, other 


environmental variables can affect amphibian populations, and those I did not measure may have 


played an important role at my sites (Smith 1999). Finally, in designing my study, I need to 


adequately address the fact that ephemeral and perennial ponds cannot be compared in this 


region because R. catesbeiana presence only occurs in perennial ponds, therefore R. catesbeiana 


presence or absence is confounded with the seasonality of the pond.  


 


Future Directions 


  


To determine the possible effects of R. catesbeiana on native California amphibians, 


future studies should include more ponds for a larger sample size (especially more perennial 


ponds) and employ a variety of sampling techniques to ensure data is obtained from every niche 


of every pond. I also need to sample throughout the larval stage, since I collected during the end 


of the larval period (towards the time that larvae begin metamorphosing). New types of data to 


collect include pond temperature, soil type, and data on pond flora. Also, future studies should 
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collect other species in the pond including invertebrates since they may provide insight into the 


ecology of each pond.  


 


Conclusion 


 


 My observational study revealed that the presence of Rana catesbeiana does have some 


effect on the five native California amphibian species I encountered at my study site in terms of 


effects on individual species, but that I need to investigate further to understand the relationship 


between the native species and R. catesbeiana. It is possible that the implications of 


understanding the relationships between these species could shed light on many current 


phenomena in the area, including species declines, prevalence of the fungus Batrachochytrium 


dendrobatidis that is severely affecting amphibian species populations worldwide, and possible 


ways to improve the situation for native amphibians. This study can also improve our 


understanding of what species are most affected by R. catesbeiana, and how species that are not 


affected or not as affected are able to cope with exotic species intrusion. Finally, this study could 


be used to test the effectiveness of R. catesbeiana removal and the return of native species to 


perennial ponds, such as that which is occurring throughout Blue Oak Ranch Reserve.  
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APPENDIX A: SPECIES IDENTIFICATION 


 


Larval California tiger salamander (Ambystoma californiense) looks like a salamander 


with external gills attached behind its head. Larvae can be a variety of colors depending on the 


turbidity of the water, but they usually range from light grey to dark grey or dark green.  


Below is a picture of A. californiense larva (Figure 13). Note its gill structure, which looks like 


three protrusions originating at the base of its head.  


 


 


 


 


 


 


 


 


 


Larval California newt (Taricha torosa) is very small in its earliest larval stage and often appears 


colorless and transparent. More mature T. torosa larvae are dark brown in color and can be 


differentiated from A. californiense by the fact that they lack the external gill structure and their 


eyes do not sit on top of their head, but are instead placed at either side. Figure 14 shows a very 


young T. torosa larva, and Figure 15 left is a more mature specimen.  


 


 


 


 


 


 


 


 


 


 


Fig. 13: A. californiense larva. 


Fig. 14: Very young T. torosa. Fig. 15: More mature T. torosa larva. 
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California toad (Anaxyrus bufo boreas) tadpoles are small and black and they often can be found 


in large groups at the waters’ edge. Figure 16 below is an example of a school of A. boreas 


tadpoles:  


 


 


 


 


 


 


 


 


 


Pacific tree frog (Pseudacris regilla) tadpoles are identifiable by their small size, generally dark 


body color, and eyes placed at the side of their head (as opposed to placement on top of the 


head). North American bullfrog (Rana catesbeiana) tadpoles are very large, dark in color, and 


have a bulb-shaped body, to which a long tail attaches. Their eyes are placed at either side of 


their head, and they often have visible black spots covering their body (Figure 17).  


  


 


 


 


 


 


 


 


 


California red-legged frog (Rana draytonii) tadpoles are also very large and are similar in 


appearance to the bullfrog tadpoles. I distinguished R. draytonii tadpoles from R. catesbeiana 


tadpoles by a line of circular pores extending from the eye to the tail of R. draytonii tadpoles. 


Fig. 16: School of A. boreas larvae.  


Fig. 17: R. catesbeiana larva. 
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This line of pores can be observed in Figure 18; the line of white pores begins below the eye and 


extends almost to the end of the tail.  


 


 


 


 


 


 


 


 


 


The identification process needed to be completed quickly to prevent injury or death to larvae 


due to the lack of water during counting. To prevent harm to amphibians, I identified and 


counted larvae at the pond’s edge immediately after seining and I placed amphibians back in the 


pond as soon as I finished identifying and counting them. Oftentimes I would place individual 


specimens back in the pond after I counted them to allow the least exposure.  


 The second stage of the study focuses on the adult amphibian populations of the same 18 


ponds that were used in the first part of the study. It is a qualitative survey of the adult amphibian 


population. Beginning in late July 2011, I visited each of the pond sites and observed the 


populations of amphibians at each pond. I based my observations on the physical traits of the 


adult amphibians, although I also scanned the pond perimeter to see if any larvae were present. 


A. boreas is a medium-sized toad that has a 


combination of colors that give it an overall dark 


yellow to light brown appearance. It also has a very 


bumpy skin, and has a large poison gland behind 


each eye (Figure 19).  


 


 


 


 


Fig. 18: R. draytonii larva.  


Fig. 19: Adult A. boreas. 
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Pseudacris regilla remain small into adulthood; they generally do not exceed 5 cm snout to tail 


length (Stebbins 2003). They can be recognized by a dark band extending from their snout that 


runs across the eye and down to their underside (Figure 19). They can be green or brown and 


have a distinct “ribbit” call.  


 


 


 


 


 


 


 


 


Adult Rana catesbeiana are large, green frogs. They have large circular eardrums located behind 


their eyes, and have faint black stripes along their hind legs. Figure 21 shows a juvenile bullfrog.  


 


 


 


 


 


 


 


 


 


 


 


 


 


 


Fig. 20: Adult P. regilla.  


Fig. 21: Juvenile R. catesbeiana.  
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R. catesbeiana can be distinguished by the loud chirps it makes when jumping in the water in 


response to movement and by their very deep mating call. Rana draytonii is also a large frog and 


from afar can be confused with the bullfrog. However, R. draytonii has very obviously colored 


red to orange legs, and mature adults assume a reddish or orange tint over their entire body 


(Figure 22).   


I visited each pond several times between July and November 2011, and I also recorded 


observations of pond size, vegetation cover change, and any other phenomena that I observed. I 


visited the ponds at dusk or later in the evening because the frogs sit outside of the ponds and can 


easily be observed. This is in contrast to mid-day, where many frogs remain out of sight due to 


the heat, sunlight, and lack of insects or other organisms to eat. This is based on personal 


observation. All images are my own. 


 


 


 


 
 
 
 
 
 


 


  
Fig. 22: Adult R. draytonii.  
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APPENDIX B: POND NAMES AND LOCATIONS 


 


 
Pond Number Pond Name Location 


(Geographic 
Coordinates) 


1 No name 37°19’41.152”N 
121°40’55.691”W 


2 No name 37°19’12.798”N 
121°40’22.508”W 


3 No name 37°19’7.558”N 
121°40’14.932”W 


4 No name 37°19’3.449”N 
121°39’55.053”W 


5 No name 37°18’42.748”N 
121°39’26.93”W 


6 No name 37°18’22.279”N 
121°40’28.184”W 


7 No name 37°18’29.804”N 
121°40’41.231”W 


8 No name 37°20'48.078"N 
121°41'15.55"W  


9 Bass Lake 37°19'58.924"N 
121°42'5.776"W   


10 No name 37°19.54.41"N 
121°42'9.464"W   


11 West Pond 37°22'46.311"N 
121°44'48.065"W   


12 North Pond 37°23'15.229"N 
121°44'54.924"W  


13 Windmill 
Pond 


37°23'17.44"N 
121°44'49.492"W  


14 Barn Pond 37°23'0.188"N 
121°44'17.655"W  


15 Lower Turtle 
Pond 


37°23'20.141"N 
121°44'6.735"W  


 
Table 3: Pond names and locations.  
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Pond Number Pond Name Location 


(Geographic 
Coordinates) 


16 Upper Turtle 
Pond 


37°23'23.078"N 
121°43'58.303"W  


17 Cabin Pond 37°22'46.288"N 
121°43'54.548"W  


18 South Pond 37°22'7.499"N 
121°43'41.369"W  


 


 


 


 


 


 


 


 


 


Table 3: Pond names and locations.  





		METHODS






R E S E A R C H A R T I C L E


Linking the Distribution of an Invasive Amphibian
(Rana catesbeiana) to Habitat Conditions in
a Managed River System in Northern California
Terra E. Fuller,1,2,3 Karen L. Pope,1 Donald T. Ashton,1 and Hartwell H. Welsh Jr.1


Abstract


Extensive modifications of river systems have left flood-
plains some of the most endangered ecosystems in the
world and made restoration of these systems a prior-
ity. Modified river ecosystems frequently support invasive
species to the detriment of native species. Rana cates-
beiana (American bullfrog) is an invasive amphibian that
thrives in modified aquatic habitats. In 2004–2005 we
studied the distribution of bullfrogs along a 98-km reach
of the Trinity River below the Lewiston Dam to iden-
tify habitat characteristics associated with bullfrogs and
to recommend actions to reduce their prevalence in the
system. We also examined native amphibian distributions
relative to bullfrogs and disturbance regimes. We used
regression techniques to model the distribution of bullfrogs
in relation to environmental conditions. Models assessing
breeding habitat outperformed models assessing bullfrog


presence. Top-ranked predictor variables of bullfrog dis-
tribution included water depth, percent rooted floating
vegetation, and river km. Most breeding sites of bullfrogs
were relict mine tailing ponds or inactive side channels
created during restoration activities in the 1990s. Native
species were more common in the lower reach where habi-
tats were less modified, in contrast to the distribution of
bullfrogs that dominated the upper, more modified reach.
To control bullfrogs along a managed river, we suggest
reducing the suitability of breeding sites by decreasing
depth or reducing hydroperiod and increasing connection
with the active river channel. Current management goals
of restoring salmonid habitat and returning the river to a
more natural hydrologic condition should aid in control of
bullfrogs and improve conditions for native amphibians.


Key words: American bullfrog, bullfrog breeding habi-
tat, dam effects, habitat models, lotic herpetofauna, Trinity
River.


Introduction


Humans have extensively altered river systems worldwide
through impoundments and diversions for water, energy, trans-
portation, and flood control (Nilsson et al. 2005). Control of
river systems has left floodplains among the most endangered
ecosystems in the world and put them high on the conserva-
tion and restoration agendas of governments and organizations
such as the International Union of the Conservation of Nature
(Poff et al. 1997; Tockner et al. 2008). Natural floodplains are
dynamic and diverse environments with high species diversity
(Ward et al. 1999). Amphibians are thought of as indicators
of stable floodplain habitat conditions (Joly & Morand 1994),
yet are able to exploit the entire hydrodynamic gradient of
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natural floodplains and reach high diversity and density in
these dynamic systems (e.g. Tockner et al. 2006).


In the western USA, river systems have undergone sig-
nificant physical and biological changes, mostly due to flow
manipulations for flood control and water exports (Dynesius
& Nilsson 1994; Erskine et al. 1999). In addition to changes
in flow regimes, hydraulic mining and channelization from
urban or agricultural developments have resulted in greatly
reduced riparian and in-stream habitat quantity and com-
plexity, which eliminate important environmental attributes
for biodiversity (Stromberg 2001). Human-modified aquatic
ecosystems such as reservoirs often favor invasive species
over native species (Rahel 2002; Johnson et al. 2008). Exotic
species and degraded aquatic habitats can work synergistically
to contribute to the decline of native species (D’Amore et al.
2010). Understanding how altered habitats aid in the persis-
tence and spread of an invasive species can provide insight
into how to focus restoration efforts to reduce survivability of
the invader while improving conditions for native species.


Rana catesbeiana (American bullfrog) is an example of
an invasive species that thrives in modified aquatic habi-
tats of the western USA (Moyle 1973; Hammerson 1982;
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Hayes & Jennings 1986; Lind et al. 1996), where it often
displaces native aquatic species due to competition and preda-
tion (Kiesecker & Blaustein 1997; Kupferberg 1997; Kiesecker
& Blaustein 1998; Adams 2000; Pearl et al. 2004). A native
to eastern North America, R. catesbeiana (hereafter, bullfrog),
now ranges worldwide as a result of repeated introductions
and invasions (Mahon & Aiken 1977; Stumpel 1992; Steb-
bins 2003). The worldwide expansion and negative effects
of bullfrogs on native species have resulted in its inclusion
in the list of the 100 worst invasive species (Lowe et al.
2001). Bullfrogs readily adapt to anthropogenic habitat modifi-
cations and are opportunistic feeders (Batista 2002; Carpenter
et al. 2002; Cross & Gerstenberger 2002; King et al. 2002)
that will prey upon threatened species including R. dray-
tonii (California red-legged frog; Moyle 1973; D’Amore et al.
2010) and Oncorhynchus kisutch (coho salmon; Garwood
et al. 2010).


Currently, many aquatic restoration projects are being
designed to recover physical and biological processes that
had been impacted by anthropogenic activities, often with a
focus on recovering native species. To be successful, aquatic
restoration projects where bullfrogs have invaded need to
minimize or reduce habitat conditions which favor bullfrog
persistence or eliminate bullfrogs (Adams & Pearl 2007). For
example, D’Amore et al. (2009, 2010) successfully eradicated
bullfrogs from ponds by hand removing, gigging (stabbing
with a multi-pronged spear), and seining, to enhance site
suitability for R. draytonii. In more complex systems such
as river floodplains, system-specific habitat requirements of
bullfrogs need to be determined in order to develop options
to control or reduce the habitat attributes contributing to their
persistence and expansion. Without this awareness, restoration
activities have the potential to increase suitable habitats for
bullfrogs, resulting in potential harm to native species.


The Trinity River in northern California has been exten-
sively altered by human activity (Trush et al. 2000). The
river basin was heavily mined beginning in the gold rush
era of the mid-1800s with placer and sluice mining, followed
by hydraulic mining. In the early- to mid-1900s, large-scale
dredge mining devastated the river valley. The resulting tail-
ing piles and ponds are still readily visible along the river
channel and floodplain. The Lewiston Dam was built in 1963
to provide water for the Central Valley Project to irrigate farm-
land and for residential use in central and southern California.
Damming of the Trinity River has reduced the duration and
magnitude of flow, and has converted this once open, alluvial
river to a channelized river, encroached by vegetation and iso-
lated from its floodplain (Trush et al. 2000). Up to 90% of
the water from the river was diverted to the Central Valley
for several decades. These flow modifications resulted in sig-
nificant losses in anadromous fish habitat leading to species
declines and a Record of Decision (ROD) by the U.S. gov-
ernment for a Trinity River Mainstem Fishery Restoration
Program (United States Department of Interior 2000). Based
on the ROD, 48% of the water must remain in the Trinity
River, and managed flows should better mimic the natural
hydrograph. Unpublished historical accounts provide evidence


that bullfrogs occurred along the river as early as the 1920s;
however, the first documentation was not until 1990 (Wilson
et al. 1991). The river below the dam still supports native
fish such as coho salmon and amphibians such as the foothill
yellow-legged frog (R. boylii ), but at low densities (Lind et al.
1996; United States Department of Interior 2000).


The objectives of our study were to identify habitat features
that allow for the persistence and spread of bullfrogs along a
managed river system and to examine native amphibian and
reptile distributions relative to habitat disturbance and bullfrog
distributions. We assessed habitat conditions along a 98-km
reach of the Trinity River below the Lewiston Dam where
mandated restoration efforts are going on to improve condi-
tions for anadromous fishes. Our goals are to inform restoration
managers of specific habitat conditions to modify in order to
reduce the distribution and numbers of bullfrogs along the
river floodplain. We anticipate that our findings will also help
refine the management strategy to improve conditions for other
native species.


Methods


Study Area


We surveyed the mainstem of the Trinity River from just
below the dam at river km 180 downstream to river km
82 (Fig. 1). Flows in this section of the river ranged from
62 m3/second in the spring to 13 m3/second in the late
summer. We divided the study area into two reaches. The
upstream reach (180–120 km) from the dam down to the
North Fork was mined heavily from the gold rush era through
the 1950s. Evidence of placer and sluice mining, hydraulic
mining, and dredge mining are still common features in the
upstream reach. The extensive mining tailings from dredge
mining are of particular relevance to this study due to the
persistent tailing ponds. The downstream reach from the North
Fork down to Cedar Flat (120–82 km) is more confined with
steeper banks and historically had smaller-scale placer mining
on the gravel bars with some recreational suction-dredge
mining continuing to present. The downstream reach retains
much of its natural topography due to the bedrock geology and
more natural hydrology due to cumulative tributary accretion,
primarily downstream of Junction City (Fig. 1).


Data Collection


We conducted surveys from early summer through fall
(June–September) of 2004 and 2005. In 2004, we conducted
two surveys of the entire 98 km reach to map the distribu-
tion of bullfrogs and native herpetofauna and to record habitat
conditions. In 2005, we focused on identifying and character-
izing bullfrog breeding sites by conducting three surveys of all
potential or known breeding sites found during the 2004 sur-
veys and at 47 randomly selected and presumed non-breeding
sites in the upper 60 km. We focused on this upper reach
because it was the only stretch where bullfrogs were found
during the 2004 surveys (see Results).
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Figure 1. The location of the study area in Trinity County, California. The study was conducted on the mainstem Trinity River from Lewiston Dam
(river km 180) downstream (west) to Cedar Flat (river km 82). The study area was divided into two sections, from the dam to the confluence with the
North Fork Trinity River at Helena (river km 120), and from the North Fork down to Cedar Flat.


2004 Surveys. We conducted one round of survey during the
high-flow period (06 June–08 July) and a second round during
the low-flow period (03 August–23 September) to compare
habitat changes between flows and to document seasonal
changes in species distributions. High-flow surveys were
conducted when flows were between 52.9 and 62.2 m3/second,
and low-flow surveys were conducted when flows were
between 13.4 and 13.6 m3/second. Prior to field surveys,
we assessed high-resolution ortho-rectified color aerial photos
with a vegetation map overlay to identify additional aquatic
habitats adjacent to the river to visit on the survey. We
surveyed all water bodies connected to the river or within its


historic floodplain that had at least 5% lentic habitat, an area
greater than 4 m2, and a depth greater than 0.2 m. Sites were
accessed by foot or using an inflatable kayak.


All habitats were surveyed between the hours of 10:00
and 19:00 using binocular and visual encounter surveys
(Heyer et al. 1994). Binocular surveys involved scanning the
surface of the water and counting the number of bullfrogs
observed by life stage (adult, juvenile, larvae, egg mass).
Visual encounter surveys were accomplished by walking or
floating the shoreline and counting the number of species and
individuals observed by life stage. Frogs were estimated as
adults or juveniles based on body size. We counted all species
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by life stage; however, only presence/not-detected data were
used for analyses.


We acquired site coordinates with a Garmin handheld GPS
and then mapped them on vegetation maps with ArcGIS-
derived river kilometers. Sites were spatially edited to deter-
mine accurate site locations in ArcGIS 9.1 using ortho-rectified
color aerial photos and 1:24,000 digital raster graphics (DRG).
Water bodies were considered independent from the river if
there was a separation of at least 1 m of dry land at the time
of the survey.


2005 Breeding Surveys. Due to the limited number of visits
in 2004, poor water clarity, and difficulty with visual encounter
surveys in heavily vegetated habitats, detecting larvae was
challenging and we were not able to confirm breeding status
at some sites. These were categorized as “unknown” breeding
sites in the 2004 surveys. The primary objective for the 2005
surveys was to confirm breeding status at these sites and other
potential breeding sites. We surveyed 19 “unknown” breeding
sites identified during the 2004 surveys and 47 additional
randomly selected sites. Each site was surveyed three times in
2005 to capture early, mid, and late summer activity with the
anticipation of detecting first- or second-year bullfrog larvae.
To aid in detection of aquatic larvae, we set four minnow traps
overnight in the littoral zone of each potential breeding site.
We used 40 × 22 cm collapsible, rectangular-framed, nylon
mesh funnel traps as recommended by Adams et al. (1997).
Three of the four traps at each site had a 28 cm2 opening and
the fourth had a 7 cm2 opening.


Habitat Sampling. After each site was surveyed for animals,
18 habitat variables were measured or estimated (Table 1). In
2005, we additionally sampled water clarity, dissolved oxygen,
and canopy cover. Due to the complexity of habitats and
the inability to physically complete transects at all sites, we
occularly estimated some site-specific habitat variables, such
as the percent coverage of each vegetation type (Table 1).
The same surveyor (T.F.) conducted all vegetation estimates.
Maximum depth was measured to the nearest centimeter with
a stadia rod. Water temperature was measured approximately
50 cm from the shore with a digital thermometer. We measured
water clarity to the nearest centimeter using a transparency
tube and secchi disc. Dissolved oxygen content was measured
in parts per million with a Smart dissolved oxygen meter (res.
± 1.5% full scale, Milwaukee). If a site was deep enough, we
measured dissolved oxygen at three depths: 6 cm, 1/2 depth,
and 1/4 depth from bottom. Canopy cover was measured with
a clinometer in four cardinal directions to get the angle to
the horizon or angle of vegetation (Pearl et al. 2005). Four
landscape-scale variables were collected: distance of site from
main channel, distance of site to nearest bullfrog-occupied
site, distance of site to nearest breeding site, and distance of
site to nearest lentic site (Table 1). If feasible, we measured
these variables in the field; if not (e.g. long distances between
sites), we estimated distances from GIS coverages. All sites
were descriptively categorized as either main channel, active
side channel (watercourse with both inlet and outlet connected


Table 1. Codes and descriptions of environmental variables used for
building the habitat models for American bullfrogs.


Code Variable Description


Local scale
TEMP Water temperature (◦C) measured in littoral


zone
DEPTH Maximum water depth measured to 0.1 m


with stadia rod
AREA Site area (m2) estimated by pace counts or


visual estimates
LENTIC Percentage lentic water
LOTIC Percentage lotic water
O WATER Percentage open water
O PERIM Percentage open perimeter
G VEG Percentage ground vegetation
S VEG percentage shrub vegetation
T VEG Percentage tree vegetation
G BAR Percentage gravel bar
RF VEG Percentage rooted floating vegetation
FF VEG Percentage free floating vegetation
E VEG Percentage emergent vegetation
HERB E Percentage herbaceous emergent vegetation
WOODY E Percentage woody emergent vegetation
OCCUPIED T1 SITE previously occupied by a bullfrog


during high-flow survey (factor variable)
RIVER KM River kilometer (km)
∗DO Dissolved oxygen measure using a SMART


dissolved oxygen meter (res. ± 1.5% full
scale)


∗C COVER Canopy cover, measured with a clinometer
∗W CLARITY Water clarity (cm) measured with a


transparency tube


Landscape scale
CHAN DIST Distance to channel (m) estimated in the field


or using ArcGIS
OCCUPIED DIST Distance to a bullfrog-occupied site (m)


estimated in the field or using ArcGIS
BREED DIST Distance to a bullfrog breeding site (m)


estimated in the field or using ArcGIS
LENTIC DIST Distance to a lentic site (m) estimated in the


field or using ArcGIS


∗ Variables used in bullfrog breeding models only (2005).


the main channel), inactive side channel (watercourse lacking
either inlet or outlet from the main channel), backwater
(inactive water body with neither inlet or outlet connected
to the main channel), marsh (mostly still water containing
aquatic vegetation such as cattails [Typhia sp.]), puddle (lentic
depression less than 7 m2), pond (lentic depression greater than
7 m2), or tailing pond (dredge mining pond).


Data Analysis


Flow Models. To model the distribution of bullfrogs of any
life stage with environmental variables, we used generalized
additive models with logit-link functions (Guisan et al. 2002).
Generalized additive models relax the distributional assump-
tions about the dependent variable (e.g. linear, quadratic, logis-
tic) and also the relationship between the dependent and the
predictor variables (Guisan et al. 2002). We conducted this
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modeling exercise separately for the high-flow and low-flow
surveys due to the extreme seasonal changes we found in habi-
tat characteristics and the possibility that bullfrogs associate
with different habitats under the different conditions. Because
of the potential for autocorrelation between the high-flow and
low-flow surveys (i.e. if a bullfrog was present at a site during
the high-flow survey, it might be more likely to be also present
during the low-flow survey), we created a binomial variable
“found at time one” (T1) used only in the late summer low-
flow modeling. The binary response variable in all models was
whether at least one bullfrog was detected at a site. River km
was included as a variable in all models to account for spa-
tial autocorrelation. Because no bullfrogs were detected below
river km 120, we removed the lower 38-km stretch of the
surveyed reach from the models. To prevent multicollinearity,
which may confound the independent effect of predictor vari-
ables, we first ran a Spearman-rank correlation matrix for all
pairwise combinations of variables. If the correlation coeffi-
cient (r) exceeded 0.70 for any pair, then only the variable
with the highest correlation with bullfrog presence was used
in that particular model (Berry & Felman 1985).


We developed primary models using variables collected at
two spatial scales. The landscape model was developed from
10 a priori multivariate models using landscape-scale variables
(Table 1). The local model was developed from 43 a priori
multivariate models using environmental variables collected
at the site (Table 1). For both high- and low-flow conditions,
variables from the top-ranked landscape and local models
(ranked using AICc; Akaike 1973; Burnham & Anderson
2000) were combined to form a multi-scale composite model.
We determined the relative significance of the variables from
each of the top-ranked models by examining adjusted deviance
(D2) and p-values when an individual variable was removed
from the model. All modelings were conducted using S-Plus
(2001).


Cross-validation. The high- and low-flow composite models
were evaluated using a 10-fold cross-validation procedure.
We randomly used 90% of the data set (training data) and
estimated the model’s parameters, then classified the remaining
10% (test data). We repeated this procedure 10 times (Fielding
& Bell 1997). We then evaluated the distribution of predicted
probabilities and classification rates (alpha = 0.05) for the
original data (full data set model) and the test data set,
to evaluate model stability (Manel et al. 2001). We further
examined the stability of the original model using Cohen’s
kappa for chance-corrected classification rates, which provides
a simple and effective statistic for evaluating or comparing
models (Manel et al. 2001). We considered values of 0.1–0.4
to indicate unstable model performance, values of 0.4–0.6
to indicate moderate model performance, 0.6–0.8 to indicate
stable model performance and 0.8–1.0 to indicate almost
perfect model performance (after Manel et al. 2001).


Bullfrog Breeding Models. Using the 2005 breeding survey
data, we developed 21 a priori multivariate models to predict
breeding sites. A site was considered a breeding site if


egg masses or ≥2 larvae were observed. Variables were
selected based on the information published on bullfrog
breeding habitat (Adams 2000; Stebbins 2003) and from the
physical properties of the Trinity River that we deemed may
influence breeding locations. We assessed the same suite of
local environmental variables used in the flow models with
the addition of three water quality variables (Table 1). We
analyzed the breeding models using the same methods and
criteria used for the flow models. In addition, we tested
whether or not human-modified sites were used for breeding
proportionately more than less-modified sites using a Yates
Chi-square test. Finally, we used nonmetric multidimensional
scaling (NMS) with a Sorenson distance measure to analyze
the inter-relatedness of site types and habitat variables by
ordinating sites in environmental space and overlaying the
ordination with whether a site supported breeding or not.
Ordination was conducted in PCOrd (McCune & Mefford
1999). On 50 runs, Monte Carlo test results showed three
dimensions in the final solution and a low probability that a
similar final stress in the NMS model could have been obtained
by chance (p = 0.02). We used the analysis of similarities test
(ANOSIM) to determine whether or not there were significant
differences among habitat types supporting or not supporting
breeding (Clarke & Warwick 1994).


Herpetofaunal Species Distribution. We combined high-
and low-flow survey data for the 98-km study reach to compare
native herpetofauna distribution with bullfrog distribution.
We included Bufo boreas (western toad), Pseudacris regilla
(Pacific treefrog), Rana boylii (foothill yellow-legged frog),
Thamnophis atratus (aquatic garter snake), and Actinemys
marmorata (western pond turtle) in this analysis. We first
divided the river into 6 approximately equal 16-km increments
and then calculated the mean number of native species per
site surveyed within each increment. We also calculated the
proportion of sites within each increment where bullfrogs were
recorded. We used linear regression to assess the relationship
between river km increments and bullfrog and native species
distributions. In addition, we compared the distribution of the
three native amphibians with the top-ranked environmental
variables from the bullfrog models, river km, and bullfrog
distribution using a generalized linear model.


Results


Bullfrog presence was recorded along the study reach from
Lewiston Dam (river km 120) downstream to river km 60.
Bullfrogs were recorded at 49 of 131 sites during the high-flow
surveys and 44 of 145 sites during the low-flow surveys. Sites
identified as occupied were consistently located adjacent to or
within the floodplain of the channel; bullfrogs were only found
in the main channel incidentally. Occupied sites tended to have
still, deep water habitats with rooted floating vegetation and
open shoreline vegetation (Table 2). Heavily modified sites
such as tailing ponds were more likely characterized by these
habitat features than less-modified sites (Fig. 2). Nine of the


208 Restoration Ecology MARCH 2011







Bullfrog Distribution in a Managed River


depth
lentic


canopy
rt.ft.vg


Axis 1


A
xi


s 
2


Tailing pond
Inactive side channel
Pond
Marsh
Backwater
Active side channel
Puddle


Figure 2. NMS ordination of sites surveyed during the 2005 breeding
surveys. Sites are categorized by type and ordinated in environmental
space using the top-ranked variables from the breeding GAM. The
location of the cross symbols for the environmental variables shows their
direction of influence on axes 1 and 2. Closed symbols represent sites
where breeding was found. The variable rt.fl.vg represents rooted
floating vegetation.


12 tailing ponds surveyed supported breeding, a much higher
proportion than supported by the other more natural site types
(X2 = 8.27, p = 0.004, Fig. 2).


Flow Models


For both high- and low-flow conditions, the multi-scale model
best predicted sites where bullfrogs were found (Table 2).
Important variables in both models included percent rooted
floating vegetation, maximum depth, river km, distance to an
occupied site, and distance from channel (Table 2). Variables
important in the low-flow but not high-flow model included
water temperature, occupied at T1, and wetted surface area
(Table 2).


The low-flow model explained a higher percent of the
model deviance than the high-flow model (Table 2) with most
of the improvements due to the inclusion of the temporal
variable occupied at T1. This variable indicated the presence
of a bullfrog at a site in the prior survey and accounted for
10% of the decrease in deviance, making it the third most
significant variable. While both models correctly classified
bullfrog presence with approximately 75% accuracy, the low-
flow cross-validation model proved unstable compared to
the full model (Table 3). Based on Cohen’s kappa, model
performance for correctly predicting bullfrog presence was low
for the low-flow model and moderate for the high-flow model
(Table 3).


Bullfrog Breeding


The top-ranked breeding model received strong support
(AICw = 0.9) and explained 85% of the overall variation in
the breeding site data. Variables in the top-ranked model in the


order of importance included: Percent rooted floating vegeta-
tion, maximum water depth, percent lentic habitat, river km,
canopy cover, and water clarity (Table 4). Maximum water
depth was highly significant (p < 0.01) in the breeding model,
accounting for 23% of the total deviance explained by the
model (Table 4).


The top-ranked breeding model correctly classified bullfrog
breeding sites with over 90% accuracy and the cross-validation
test indicated substantial model stability (Table 3). Of the 66
sites surveyed in 2005, the full breeding model misclassified
only two at the 0.5 cutoff, while the cross-validated results
misclassified eight sites.


Results of the NMS grouped sites supporting breeding with
specific habitat characteristics (Fig. 2). The ANOSIM test of
similarity, however, did not strongly differentiate habitat types
that supported breeding from those that did not (R = 0.08,
p = 0.07). Tailing ponds and inactive side channels were the
most common site types with features that supported breeding.
Breeding was confirmed at 17 sites, just over half (52%) of
which were perennial tailing ponds.


Herpetofaunal Species Distributions


The combined distribution of the native herpetofaunal species
had a strong linear relationship with river km, and thus
was inversely related to the distribution of bullfrogs (Fig. 3).
Native species were more commonly found in the downstream
reach (below river km 130), whereas bullfrogs were more
common in the upstream reach closer to the dam. In the
GLM assessing the distribution of native amphibians, river
km was the only significant predictor of sites with native
amphibians (z = 4.277, p < 0.0001). Presence of bullfrogs
did not significantly predict sites with native species (z =
−0.218, p = 0.83) and neither did maximum depth (z =
−1.83, p = 0.07), percent lentic habitat (z = 0.02, p = 0.98),
rooted floating vegetation (z = 0.19, p = 0.85), or shoreline
canopy cover (z = 0.005, p = 0.99).


Discussion


The results of this study highlight the importance of consid-
ering the life history requirements of a target invasive species
in light of the available physical habitat conditions and the
distribution of native species when planning a below-dam
restoration effort. Our research suggests that future manage-
ment and control of bullfrogs along a managed river should
focus on removing appropriate site conditions for breeding.
Similar to many ranid frogs, bullfrogs appear to have more
specific requirements for breeding compared to other life his-
tory functions. A common trait among many invasive species,
including the bullfrog, is that they are generalists and con-
sequently, may not show strong selection for specific habitat
characteristics (Marvier et al. 2004; Evangelista et al. 2008).
Postmetamorphic bullfrogs can adapt to a wide range of envi-
ronmental conditions (Adams & Pearl 2007), which makes
stable habitat associations challenging to identify and eradica-
tion of these life stages infeasible. On the other hand, breeding
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Table 2. Top-ranked multi-scale generalized additive models for the high- and low-flow regimes for the 2004 surveys.


Model Variablea Null Deviance Residual Deviance k n Adjusted D2 b


Multi-scale high-flow +LENTIC DIST*, +RF VEG*,
+DEPTH*, +RIVER KM*,
+CHAN DIST*, OCCUPIED DIST,


173.2 93.5 8 131 0.4


Multi-scale low-flow +DEPTH*, TEMP*, +AREA*
OCCUPIED T1*, −OCCUPIED
DIST*, +RF VEG*, +CHANNEL
DIST*, RIVER KM


177.9 64.6 10 145 0.6


Table includes the number of variables in the model (k), sample size (n) and the adjusted percent deviance explained (D2).
a Direction of significant variables (+ = positive relationship; − = negative relationship).
b Adjusted D2 = 1 − (((n − 1)/(n − k)) ∗ (1 − (null deviance − residual deviance)/null deviance)).
∗ p < 0.05.


Table 3. Classification and Cohen’s kappa results for full and cross-validation high- and low-flow models and bullfrog breeding model.


% Classification at 0.5 Cutoff Kappaa


Top-ranked Models
Predicted


Classification
Full


Model
Cross-Validation


Model
Full


Model
Cross-Validation


Result


Multi-scale high-flowb Present 75.5 64.0
Absent 89.0 90.0 0.65 0.56
Total 84.0 80.0


Multi-scale low-flowc Present 77.3 56.1
Absent 95.0 80.8 0.75 0.37
Total 89.7 71.0


Breeding Modeld Present 94.0 83.3
Absent 98.0 90.4 0.92 0.71
Total 97.0 88.6


a Kappa proportion of specific agreement (following Manel et al. 2001).
b June–July 2004.
c August–September 2004.
d June–September 2005.


Table 4. Variable significance and change in deviance for the top-ranked
bullfrog breeding generalized additive model.


Predictive
Variables


Resulting
Deviancea


Change in
Devianceb


% Increase
in Deviancec Directiond


LENTIC 23.41 12.42 19 +
RF VEG 33.80 22.80 35 +
W CLARITY 11.46 0.46 1 na
C COVER 12.91 1.91 3 −
DEPTH 25.86 14.87 23 +
RIVER KM 19.17 8.18 13 +
Percent increase in deviance shows the relative deviance explained by that variable.
a Resulting Deviance: residual deviance left in the full model after dropping that
variable.
b Change in Deviance: resulting deviance − full model deviance.
c % Increase in Deviance: deviance increase/(null deviance − model deviance) * 100.
d Direction of Significant Variables (+ = positive relationship; − = negative rela-
tionship).


sites were highly predictable and were characterized by still,
deep water with rooted floating vegetation and open riparian
canopies. Permanent water is essential for bullfrog reproduc-
tion in this region because tadpoles must often overwinter
before reaching metamorphosis. Cook and Jennings (2007)
also found deep water to be an important habitat condition
for oviposition sites. Presence of rooted floating vegetation
is likely an indicator of permanent water and an important
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Figure 3. The relationship of amphibian distributions for each 16 km
increment of the Trinity River study reach for the high-flow survey with
the mean number of native species per site on the primary Y -axis and
the proportion of bullfrog-occupied sites on the secondary Y -axis. Lines
represent least-square regression lines where R2 = 0.93 for native
amphibians and R2 = 0.93 for the proportion of bullfrogs.


component of breeding sites because it provides protection for
bullfrog eggs, larvae, and metamorphic stages, which are the
most vulnerable life stages to predators. Open canopy sites
are likely favored because they receive more sunlight which
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increases water temperatures. Sun and warmth speed egg and
larvae developmental rates (Skelly et al. 2002) and optimize
thermoregulation. Green algae grow better under open canopy
conditions and are a primary food source for many anuran
larvae (Kupferberg 1997). Because bullfrogs breed in partic-
ular habitat conditions along the Trinity River, they can be
controlled by site-specific restoration efforts.


Most of the bullfrog breeding sites on the Trinity River
are the result of active and passive human modifications,
a condition that links this bullfrog invasion to many other
non-native species invasions (Marvier et al. 2004; Johnson
et al. 2008; Vidra & Shear 2008; D’Amore et al. 2009, 2010).
Most of the deep, lentic sites were remnant tailing ponds or
inactive side channels with more permanent hydroperiods than
active side channel sites. Tailing ponds also often had an open
canopy structure due to the infertile tailing piles along the
shoreline. Tailing ponds comprised over half of the breeding
sites we found. These habitats were almost exclusively in
the upper watershed where the river valley is wider than the
gorge-like lower section and more conducive to the formation
of side channels and the digging of dredge tailing ponds.
The managed flows out of the Lewiston Dam have allowed
for the hydrologic persistence of these features. Many of
the inactive side channels were created during the 1990s’
restoration attempt to mimic the historic side channel network.
Under restricted flow releases, these sites remain isolated
from the channel and allow the continued colonization by
bullfrogs. Only one breeding site, at the Rush Creek Delta,
was perennially connected to the river. A portion of this site
has transitioned into a lentic marsh system due to the inability
of the post-dam mainstem Trinity River to transport bedload
from Rush Creek (McBain & Trush 2000). Without altering
flows, habitat modification efforts to improve conditions for
native species have had indirect negative impacts on many of
these species by improving conditions for bullfrogs.


The current proposed and ongoing restoration efforts along
the Trinity River combine returning the river to a more natu-
ral hydrologic condition with habitat modifications to benefit
native species (United States Department of Interior 2000).
Most projects have been specifically designed to improve
conditions for native salmonids but will likely have the sec-
ondary benefits of reducing habitats suitable to bullfrogs and
improving conditions for native amphibians. For example,
bank-feathering projects designed to improve conditions for
spawning salmonids also improve habitats for foothill yellow-
legged frogs by removing established vegetated berms and
creating meandering gravel bars that are also favored by
foothill yellow-legged frogs for breeding (Lind et al. 1996).
A study of a natural river system in Central Europe found
a positive relationship between fish density and amphibian
diversity which they attributed to the complex habitat struc-
tures found in natural systems such as vegetated islands and
large woody debris dams (Tockner et al. 2006). These features
provide protection to both fish and amphibians and facilitate
the coexistence of these otherwise mutually exclusive groups
(Gurnell et al. 2005).


Manipulating flows to produce active side channels, with
shallow depths, gravel substrate, and a fast water component,
would likely decrease bullfrog colonization while increasing
habitat appropriate for native riverine species. Native amphib-
ians, especially the lotic specialists such as the foothill yellow-
legged frog, evolved with natural flow characteristics such as
spring peak flows, which inform them of appropriate times to
breed (e.g. Lind et al. 1996). Prior to incorporation of high
spring water releases from Lewiston Dam that began in 2006,
these conditions were only found in the lower reach where
accretion from free-flowing tributaries created more natural-
like flow conditions. The new spring peak releases will provide
more natural cues to native species and will maintain open
gravel bars, prevent rejoined side channels from becoming
inactive and will prevent the accumulation of rooted floating
vegetation favored by bullfrogs.


Unfortunately, ongoing restoration activities put a low
priority on modifying remnant tailing ponds because these
sites are isolated from the main channel and, therefore, have
little association with salmonids, which are the key focus of
the Trinity River Restoration Program. Given that 52% of the
bullfrog breeding sites are old dredge tailing ponds that are
isolated from the river channel, removing or restructuring these
manmade habitat features to reduce depth and hydroperiod
could help control bullfrog populations. According to our
data, this would likely be most successful in a 20-km reach
centered on Junction City where the majority of the tailing
ponds support breeding habitat for bullfrogs.


Hopefully, with consideration of native herpetofauna in
management decisions and reduction of bullfrog breeding
habitats, the upper Trinity River may experience a rebound
of native species diversity and abundance as recommended in
the ROD (United States Department of Interior 2000). The
overall goal should be to recreate dynamic habitat conditions
more similar to a natural river system so that the stable lentic
habitats favored by bullfrogs are reduced. Active floodplains
support a high diversity of habitats allowing for colonization
of a high diversity of species including native amphibians
(Tockner et al. 2006).


Implications for Practice


• Anthropogenic modifications to riverine systems nega-
tively affect native species and often create habitat con-
ditions suitable to invasive species such as bullfrogs.


• To control bullfrogs on the Trinity River, efforts should
focus on removing stable, deep, lentic habitats used for
breeding.


• Without also altering flows to create a more hydrody-
namic floodplain, habitat modification efforts to improve
conditions for native species can have indirect negative
impacts to native species by improving conditions for
bullfrogs.


• Returning the river to a more natural hydrologic condi-
tion combined with linking inactive side channels to the
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river and modifying tailing ponds to reduce depth and
hydroperiod could simultaneously eliminate conditions
that favor invasive species and create habitats favorable
to native species.
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Enclosure I 
Study FWS-5  


California Red-Legged Frog Study 
Submitted by the U. S. Fish and Wildlife Service 


September 8, 2016 
 
 
Introduction 
 
The Applicant, South Sutter Water District (SSWD) operates the Camp Far West 
Hydroelectric Project on the Bear River (P-2297).  The setting is a reservoir in oak-woodland 
savanna rangeland with localized and dispersed recreation.  Although livestock grazing is not 
a part of the Federal Energy Regulatory Commission (FERC) license, it is generally 
compatible with California red-legged frog (Rana draytonii) conservation.  The California red-
legged frog is listed as threatened (61 FR 25813; May 23, 1996) under the Endangered 
Species Act (ESA) of 1973, as amended (16 U.S.C. § 1531, et seq.). 
 
Reservoirs can have adverse effects on California red-legged frogs, because:  (1) they are 
typically populated with bullfrogs (Rana [=Lithobates] catesbeiana) and warm water fishes that 
feed on California red-legged frogs (Kiesecker and Blaustein 1998); (2) bullfrogs tend to 
disperse out of reservoir habitat into stream and pond habitat occupied by California red-
legged frogs; (3) California red-legged frogs move up and down drainages and seek out water 
bodies with permanent water (USFWS 2002), which is likely to bring them into predator-
infested water.   
 
Hydroelectric project dams, impoundments, afterbays, and changing of aquatic conditions 
are key factors in the establishment of bullfrogs and suppression of California red-legged 
frogs (USFWS 2002).  Hydroelectric projects enhance habitat conditions for the bullfrog at 
the expense of native amphibians.  Diversion dams also create warm water conditions that 
allow for establishment of bullfrog populations in areas where they would not exist, or 
would be in very low numbers, under natural flow conditions (Fuller et al. 2010).  The 
USFWS is concerned that the Project provides conditions that favor bullfrog establishment, 
either extirpating local California red-legged frog populations or putting constant pressure 
on California red-legged frog populations and keeping their numbers low.   
 
California red-legged frogs are easily extirpated by bullfrogs, which are known to predate 
upon them, out-compete them at the larval stage, and reduce California red-legged frogs 
reproductive success by inducing cross-species amplexus.  However, California red-legged 
frogs are able to persist in marginal habitats that have seasonal water (USFWS 2002) and in 
small stock ponds and other range improvements (USFWS 1996).  The sewage treatment 
ponds and stock ponds associated with the project are typical examples of marginal habitat 
that could support California red-legged frogs. 
 
This proposed study is intended to gather essential and fundamental information on the 
occurrence of California red-legged frogs within the FERC Boundary and in areas within 
one mile of the Project that could be affected by bullfrog dispersal into occupied California 
red-legged frog habitat. 
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This is the first step in the FERC Traditional Licensing Process where it would be 
appropriate for the U. S. Fish and Wildlife Service (USFWS) to make a study request. 
 
Study Goals and Objectives 
 
The study is intended to identify and quantify the location of any California red-legged frogs 
within the FERC Project Boundary and any accessible lands that would be affected by 
bullfrog dispersal from the Project.  The study will provide data to estimate: 
 


• the abundance of California red-legged frogs at the Project’s two sewage treatment 
ponds within the FERC Boundary;  


• the abundance of California red-legged frogs at any stock ponds on South Sutter 
Water District Lands within the vicinity of the Project; 


• the abundance of California red-legged frogs at any stock ponds within one mile of 
the Project, where landowner permission can be obtained; and 


• the abundance and location of breeding bullfrogs within the Project boundary. 
 
This study will obtain the necessary information needed to evaluate the Project effects on 
the persistence of California red-legged frogs so the USFWS can design adequate protection 
measures for the species and to ensure compliance with the ESA.   
 
USFWS Management Goal 
  
The USFWS goals for the Project include, but are not limited to, the following: 
 


• Conservation of California red-legged frogs, consistent with ESA sections 2, 4, and 
7; 


• Protecting, conserving, enhancing and recovering California red-legged frogs and 
their habitat by providing access to suitable habitats and by restoring fully 
functioning habitat conditions; 


• Providing California red-legged frogs refuge from predators; 
• Maintaining habitat conditions that support all life stages of the species; 
• Identifying and implementing measures to protect, mitigate or minimize direct, 


indirect and cumulative impacts to, and enhance native frog habitats, including 
related spawning, rearing, and migration habitats and adjoining riparian habitats; 


• Maintaining, recovering, and restoring riparian resources and aquatic habitat; 
• Maintaining, recovering, and restoring streamflow regime sufficient to sustain desired 


conditions of native riparian, aquatic, wetland, and meadow habitats; and 
• Protecting aquatic systems to which species are uniquely adapted. 


 
Existing Information and Need for Additional Information  
 
No surveys have been conducted for the California red-legged frog within the FERC 
Boundary.  Although marginal conditions exist in within the FERC Boundary, high-quality 
potential habitat is in the Project vicinity.  Because Project recreation in the Camp Far West 
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Reservoir is predominantly for warm water fishes, California red-legged frogs in the area are 
likely to be susceptible to predation; however, the stock ponds and sewage treatment ponds 
within the FERC Boundary and Project vicinity may provide habitat for the species.  
 
Project Nexus  
 
The primary Project facilities include the: (1) Camp Far West Dam and spillway; (2) Camp 
Far West Reservoir (impoundment); (3) 6.8 MW capacity Camp Far West powerhouse; (4) 
powerhouse afterbay; and (5) recreational development.   
 
The Project contributes to direct, indirect, and cumulative effects on native frogs within the 
FERC Boundary, because warm water fishes are well-established in Camp Far West 
Reservoir.  The sewage treatment pond, which may allow for some level of refugia for 
California red-legged frogs, is a part of the recreational development for the Project. 
 
Description of Study Methods and Analysis 
 
Study Area 
 
The study area includes all impounded water and riparian areas within the FERC Boundary 
of the Project, and all accessible impounded water in the vicinity of the Project where SSWD 
is an owner or has permitted access. 
 
General Concepts 
 
The following general concepts apply to this study: 
 


• Personal safety is an important consideration of each fieldwork team. If the 
Applicant determines the information cannot be collected in a safe manner, the 
Applicant will notify FERC and USFWS as soon as possible via email to discuss 
alternative approaches to perform the study. 
 


• Surveyors shall not touch the water or any organisms observed in the sewage 
treatment ponds, and surveyors shall not walk through the creek or seepage 
downstream of the sewage treatment ponds. 
 


• The Applicant may be required to obtain permits from the appropriate federal 
and/or state agencies to survey for California red-legged frogs. 
 


• The Applicant shall make a good faith effort to obtain permission to access private 
property where needed well in advance of performance of the study. If access is not 
granted or river access is not feasible or safe, the Applicant will notify FERC and 
USFWS as soon as possible via email to determine if USFWS can assist in gaining 
access or to discuss alternative approaches to perform the study. 
 


• The schedule for each proposed study is reasonably flexible to accommodate 
unforeseen problems that may affect the schedule. If a schedule changes, the 
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Applicant will notify FERC and USFWS as soon as possible via email to discuss 
alternative approaches to perform the study. 
 


• Field crews may make minor modifications to the study proposal in the field to 
accommodate actual field conditions and unforeseen problems. If modifications are 
made, the Applicant will provide a detailed description of the conditions that led to 
the decision to modify the study to FERC and USFWS as soon as possible via email. 
 


• The USFWS shall have permission to attend the surveys or to conduct the surveys 
independently if they request to do so. 
 


• The Applicant’s performance of the study does not presume the Applicant is 
responsible in whole or in part for resource management measures that may arise 
from that study. 
 


• The estimated level of effort and cost is not a firm commitment by the Applicant to 
expend all the funds. If the study costs more, the Applicant is committed to 
completing the study. If the study costs less, the Applicant is not committed to 
expending the remaining funds on other Relicensing studies or resource management 
measures. 
 


• All special-status species observations will be submitted to the California Natural 
Diversity Database. 
 


Study Methods 
 
Timing – The Applicant shall conduct 6 night surveys for California red-legged frogs, at 
monthly intervals from February through July.  The Applicant shall conduct 3 daytime 
breeding surveys for bullfrogs in the months of May, June, and July.  No surveys shall be 
closer together than 3 weeks. 
 
Methods for night surveys- The surveyor shall approach each pond and stop within a distance of 
30 meters.  Using a 40 to 100 lumen flashlight the surveyor shall slowly illuminate the 
perimeter of the pond (light sweep), looking for eye shine.  The surveyor shall count eye-
shine and report both the number and variations in the color of eye shine.  After a count of 
eye shines has been made, the surveyor shall follow the same light-sweep path while 
observing the pond edge using a pair of binoculars.  Frogs with a noticeable lip mark, dorsal-
lateral fold, or small tympanum should be recorded as California red-legged frogs.  
Confirmation of identification can be made by performing a second light-sweep of the pond 
using a 140 to 200 lumen flashlight.  If the number of detections diminishes with the 
brighter light source, discontinue the light-sweep immediately. 
 
This methodology shall be repeated in 6 locations at the Camp Far West Reservoir margin. 
 
Methods for daytime surveys – Starting in the mid-morning, the surveyor listen for and record 
any adult male bullfrog calls at designated survey locations.  The surveyor shall sit quietly for 
15 minutes at 6 locations around the margin of Camp Far West Reservoir, 2 locations at the 
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after-bay/diversion pool, the 2 sewage treatment ponds, and any accessible stock ponds. 
After the audio survey, the surveyor shall walk around each sewage treatment pond and 
stock pond at a distance of 2 meters from the edge.  Any frogs that chirp when they jump 
into the water shall be recorded as bullfrogs.  The number of frogs that hop without chirping 
and the number that hop without vocalizing shall be recorded. 
 
Products 
 


• Data will be used to determine areas that have California red-legged frogs or areas 
that are occupied by bullfrogs. 


• Products:  Eye-shine report and documentation of Ranid frog occurrences, separated 
out by species with notes regarding size/life-stage of any observed frogs.  


 
Consultation and Communication 
 
The Applicant will file with FERC and post on its Relicensing Website periodic reports 
(annual and semiannual reports) as required by the FERC in the Study Plan Determination.  
The Applicant will collaborate with the USFWS on the following items: 
 


• Staffing of surveyors; 
• Site selection; and 
• Data analysis methods. 


 
Schedule 
 
First Year Study 
Planning and Receiver Site Selection…………...…………October 2016– December 2016 
Night Surveys……………………………………………………February 2017 – July 2017 
Field Data Collection……….…………………………................ February 2017 – July 2017 
Data Analysis………………………………………………..August 2017 – October 2017 
 
Consistency of Methodology with Generally Accepted Scientific Practices 
 
The study methods discussed above are consistent with the generally accepted scientific 
practices and do not require an ESA section 10(a)(1)(A) permit from the USFWS. 
 
Considerations of Level of Effort  
 
As addressed above, existing information is not sufficient for developing protection, 
mitigation, and enhancement measures, because no California red-legged frog surveys have 
been conducted within the FERC Boundary or Project vicinity. The USFWS has developed 
this protocol to provide the maximum amount of information with the least amount of 
effort. 
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Application of Environmental DNA for Inventory and 
Monitoring of Aquatic Species


This fact sheet was created to help biologists and resource managers 
understand emerging methods for detecting environmental DNA and 
their potential application for inventorying and monitoring aquatic 
species. It is a synthesis of published information.


What is Environmental DNA?
DNA, short for deoxyribonucleic acid, is the hereditary 


material in organisms that contains the biological instructions for 
building and maintaining them. The chemical structure of DNA 
is the same for all organisms, but differences exist in the order of 
the DNA building blocks, known as base pairs. Unique sequences 
of base pairs, particularly repeating patterns, provide a means to 
identify species, populations, and even individuals.


Environmental DNA (eDNA) is nuclear or mitochondrial 
DNA that is released from an organism into the environment. 
Sources of eDNA include secreted feces, mucous, and gametes; 
shed skin and hair; and carcasses. eDNA can be detected in cellular 
or extracellular (dissolved DNA) form. 


In aquatic environments, eDNA is diluted and distributed by 
currents and other hydrological processes (fig. 1), but it only lasts 
about 7–21 days, depending on environmental conditions (Dejean 
and others, 2011). Exposure to UVB radiation, acidity, heat, and 
endo- and exonucleases can degrade eDNA.


Use of eDNA for Inventory and Monitoring


Improved Detection of Native Species
Protocols using eDNA may allow for rapid, cost-effective, 


and standardized collection of data about species distribution and 
relative abundance. For small, rare, secretive, and other species that 
are difficult to detect, eDNA provides an attractive alternative for 
aquatic inventory and monitoring programs. Increasing evidence 
demonstrates improved species detection and catch-per-unit effort 
compared with electrofishing, snorkeling, and other current field 
methods. Thus, detection of species using eDNA may improve 
biodiversity assessments and provide information about status, 
distribution, and habitat requirements for lesser-known species.


Early Detection of Invasive Species 
eDNA may also be an effective tool for early detection of 


aquatic invasive species. Recent studies have focused on Asian 
carp (Jerde and others, 2011) and American bullfrogs (Dejean and 
others, 2012), but protocols are being developed for New Zealand 
mudsnails, zebra mussels, quagga mussels, and others. Application 
of eDNA methods for invasive species monitoring may include 


Figure 1. This tadpole of the Rocky Mountain tailed frog secretes enough 
DNA into the surrounding water that it can be detected in a water sample 
collected downstream (see Goldberg and others, 2011). Photograph taken 
by Jason Jones, Nevada Department  of Wildlife. 


periodically collecting water samples and screening them for several 
invasive species at once. Boat-ballast water, a source of introduction 
for many invasive species including mollusks, also could be sampled. 
Some intensive eradication programs for invasive species fail when a 
few surviving individuals recolonize the ecosystem. eDNA methods 
may provide a means of confirming eradication of all invaders.


Developing eDNA Protocols for Species Monitoring


Primer and Probe Design 
Conventional Polymerase Chain Reaction (PCR) methods 


can be used for analyzing eDNA, but they may cross-amplify and 
provide false-positive results. Quantitative PCR (qPCR) methods 
are preferable to conventional PCR because they are likely more 
sensitive. In qPCR, primers are used to amplify a region of DNA 
that is specific to a target organism, and a probe is used to provide 
additional specificity and quantitative information. Several eDNA 
primer and probe sequences for individual species have been 
published. Other primer/probe sets must be designed for new 
species or specific needs.



abartoo

New Stamp







Figure 2. A water sample can be collected easily in the field 
in a sterile bottle and, if needed, stored temporarily in a cooler 
or refrigerator before eDNA is concentrated through filtration 
or centrifugation. Photograph taken by Matthew Laramie, U.S. 
Geological Survey.


Laboratory Optimization 
The primer and probe design must be tested to ensure that the 


qPCR reaction always results in a positive detection in the presence 
of target-organism DNA and that amplification of non-target DNA 
does not occur. DNA from the target species should be screened 
prior to analyzing environmental samples to ensure test sensitivity. 
Preferably, this will involve 10 or more samples collected across 
the range of the species where the test will be applied. Closely 
related, co-occurring species also should be screened to ensure 
specificity prior to analyzing environmental samples, preferably 
involving five or more samples of each. 


DNA can be extracted from preserved tissue samples using 
readily available kits. It is critical that no cross contamination 
occurs between species during the tissue-storage or  
extraction processes. 


How to Design Species-Specific Primers and 
Probe for qPCR
1. Create an inclusive consensus sequence that incor-


porates all within-species variability for a species 
in a well-known region of DNA. Mitochondrial 
DNA is preferred because it is more abundant 
than nuclear DNA, and more sequence data are 
available. Use sequences published in GenBank 
(National Center for Biotechnology Information, 
2012), or sequence tissue samples of target species. 
It is important that the data incorporated include 
adequate sampling in the geographic area where the 
test will be applied.


2. For the selected probe chemistry, set appropri-
ate qPCR primer software to design short, unique 
sequences for use as forward- and reverse-primers 
and probe. Optimal probe length will differ by 
chemistry. These primers and probe will allow for 
amplification and detection of the target sequence 
(90–120 base-pair length is recommended).


3. Compare the resulting design to sequences in 
GenBank to determine if the sequences are likely to 
cross-amplify with other species. Try to incorporate 
as many differences as possible (at least 2 on each 
primer and 2 on the probe, including 1 toward the 
3’ end) between the primer/probe design for your 
target species and any other species in the database.


water filtered (volumes of 1–10 L are common). Filter methods 
also require either freezing of the filter paper (Jerde and others, 
2011; Takahara and others, 2012) or dehydration of the filter paper 
in vials with molecular-grade ethanol (Goldberg and others, 2011). 
Although all these methods have been successful, ongoing testing, 
standardization, and optimization of field and laboratory protocols 
will continue to improve applications for inventory and monitoring 
programs.


DNA Extraction and Amplification
DNA extracted from the preserved samples is stable once 


it has been purified and preserved, and only a portion is used in 
each PCR reaction. This preserved DNA can be later tested for 
additional species if desired. 


Following DNA extraction, qPCR analysis provides detection 
information about the target species’ DNA. Although the amount of 
target DNA present in field samples may be quantified (Thomsen 
and others, 2012; Takahara and others, 2012), this fact sheet is 
limited to presence/absence information.


Sources of Error
Identifying sources of error or uncertainty is a critical process 


in any study, especially for monitoring programs where results 
could influence future management decisions. Darling and Mahon 
(2011) provide an excellent overview of potential sources of 
uncertainty associated with DNA-based methods for monitoring 
aquatic species. The following points are important when using 
eDNA methods.


Design of Molecular Assay  
Assay design must account for the variation within a species 


and the variation among species. Failure to incorporate the full range 
of genetic variation of a target species can lead to false negatives, 
whereas failure to incorporate the full range of genetic variation 
in closely related, co-occurring species can lead to false positives. 
Therefore, it is important to select a genetic region that maximizes 
the amount of genetic information available for target and related 
non-target species. For some species, this may require sequencing 
additional samples to ensure the assay is both sensitive and specific.


Field Sampling
Four methods for field sampling have been developed to 


date: (1) collect 15 mL of water, preserve using ethanol and 
sodium acetate, and freeze immediately (Ficetola and others, 2008; 
Thomsen and others, 2012), (2) filter water through a cellulose 
nitrate filter (Goldberg and others, 2011), (3) filter water through 
a glass fiber filter (Jerde and others, 2011), and (4) filter water 
through carbonate filter (Takahara and others, 2012) (table 1; 
figs. 2–4). The latter three methods require pumps (either in-line, 
such as a peristaltic pump, or vacuum-line) and measurement of 







Figure 3. An example of streamside water filtration using a peristaltic pump 
and sterile filter funnel. Photograph taken by Matthew Laramie,  
U.S. Geological Survey.


Figure 4. Filtration allows a specified quantity of water to be 
“tested” for eDNA. During filtration, DNA in the water is trapped on 
the filter paper, which is frozen or dehydrated. Photograph taken by 
Matthew Laramie, U.S. Geological Survey.


Table 1. Methods used to detect eDNA from aquatic organisms in freshwater environments.


[Abbreviations: L, liter; ha, hectare; mL, milliliter; M, Molar; °C, degrees Celsius; µm, micrometer; cm, centimeter; m3, cubic meter; km3, cubic kilometer]


Source Environment Species Volume 
sampled Filter type Preservation 


method


Ficetola and others 
(2008)


Aquariums (3-L) 
Ponds (0.1–1 ha 


surface area)


American bullfrog (Lithobates 
catesbeianus)


15 mL No filter used—entire sample 
centrifuged


Samples combined with 1.5 mL 
sodium acetate (3 M) and  
33 mL absolute ethanol, then 
stored at -20°C


Jerde and others 
(2011)


Large river/canal 
complex


Big headed carp (Hypophthichthys 
nobilis) 


Silver carp (H. molitrix)


2 L 1.5-µm pore size glass fiber 
filters


-20°C


Goldberg and others 
(2011)


Streams (1–2nd  
order)


Idaho giant salamander 
(Dicamptodon aterrimus) 


Rocky Mountain tailed frog 
(Ascaphus montanus)


5 L and 
10 L


0.45-μm pore size cellulose 
nitrate filter


95 percent ethanol


Thomsen and others 
(2012)


Ponds
Lakes
Streams


Common spadefoot (Pelobates 
fuscus)


Great crested newt (Triturus 
cristatus)


European weather loach (Misgurnus 
fossilis)


Eurasian otter (Lutra lutra)
White-faced darter (Leucorrhinia 


pectoralis) 
Tadpole shrimp (Lepidurus apus)


15 mL No filter used—entire sample 
centrifuged


Samples combined with 1.5 mL 
sodium acetate (3 M) and  
33 mL absolute ethanol, then 
stored at -20°C


Dejean and others 
(2011); 


Dejean and others 
(2012)


Glass beakers  
(900-mL)


Ponds


American bullfrog (Lithobates 
catesbeianus) 


Sturgeon (Acipenser baerii)


15 mL No filter used—entire sample 
centrifuged


Samples combined with 1.5 mL 
sodium acetate (3 M) and  
33 mL absolute ethanol, then 
stored at -20°C


Takahara and others 
(2012)


Aquariums 
(30 × 45 × 25 cm)


Ponds (41.1–54.5 m3 
volume)


Freshwater lagoon  
(0.49 km3 volume)


Common carp  
(Cyprinus carpio)


20 mL 
and 
2 L


3.0-μm pore size polycarbonate 
filter/12-μm pore size 
polycarbonate pre-filter 
with 0.8-μm pore size 
polycarbonate filter/3.0-μm 
pore size cellulose acetate 
filter


-18°C and -25°C







Front page banner photograph: Environmental DNA holds promise for tracking 
non-native species like this brook trout in the Boise River, Idaho. Photograph 
taken by Jason Jones, Nevada Department of Wildlife.


Front page bullfrog photograph: Environmental DNA has been used to detect 
non-native species, like this American bullfrog, in lakes and ponds in Europe 
(Dejean and others, 2012). Photograph taken by John Cossel, Department of 
Biology, Northwest Nazarene University.
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Quality Control 
Positive and negative controls are necessary to ensure 


quality and reliability of results at each stage of the study. All 
DNA extractions should include a negative control, so that cross 
contamination between extracts can be detected. Each well of the 
PCR plate should include an internal positive control to ensure 
that the reaction is not inhibited. All eDNA extractions and qPCR 
setups should be conducted in a PCR-free laboratory space where 
concentrated (such as from tissue) DNA samples have not been 
handled. Thermocyclers and real-time PCR machines should be 
located outside of this space.


Detection Probability 
Like other field-based sampling, results of eDNA detection 


may have some inaccuracy, and replicate samples are required 
to estimate occupancy while accounting for uncertainty. In other 
words, not detecting DNA of a species does not mean it is absent. 
The lower limits of detection for species are currently unknown and 
likely vary depending on the species and its density, size, behavior, 
and habitat.


Field Negative Controls
Two types of negative controls are often employed in the 


field to increase accuracy. First, samples from a few sites outside 
the range of a target species are used to confirm non-detection 
in locations where the species is not present. Second, samples 
are collected from distilled water using the field protocol at each 
site to ensure that cross contamination is not occurring between 
replicate samples within a site and between sites. Sterile gloves, 
filters, water collection bottles, and sample containers reduce risk 
of contamination. High-quality sample tubes placed individually 
inside plastic, sealable bags can reduce cross-contamination should 
leakage occur when samples are stored or shipped to laboratories. 


Timing of Sampling
The timing of sampling may need to coincide with the 


life history or behavior of a target species. For example, during 
reproduction when young-of-year are present, eDNA may be 
abundant. The arrival of migratory species can be detected 
assuming no other life stages of the species remain in the system. 


PCR Replication
Degraded, low-quantity DNA samples are often analyzed 


in triplicate to ensure detection of DNA (Waits and Paetkau, 
2005) and to assess potential false-positives. Using this approach, 
additional analysis is required if results are not uniform. Standard 
curves should be developed based on DNA obtained from tissue 
samples of target species and span the range of sample results.


Future Directions
Although eDNA methods show great potential for inventory 


and monitoring aquatic species, there are still details to resolve. 
Thomsen and others (2012) point out that it is necessary to gain a 
better understanding of how field methods, laboratory protocols, 
and environmental conditions influence the detection of eDNA. 
Further, there is little information about factors that influence lower 
limits of detection, production of DNA, and persistence of DNA 
in different types of aquatic systems. These factors will likely 
vary among species and life stages. Before adoption of standard 
procedures for eDNA sampling and analysis, further development 
and comparative testing of protocols are necessary.
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