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2014 WILLAMETTE FISHERIES SCIENCE REVIEW 
AGENDA 


 


 


Wednesday - February 5, 2014 / Day 2 
 


Time Presentation Title Presenter 
 


9:00 
 


Session Introduction: Invited Talks & McKenzie Sub Basin David Griffith, 
CENWP 


 


9:10 
Swift Reservoir Floating Surface Collector – Engineering, Design, 
Construction and Operation 


Frank Shrier, 
PacifiCorp 


 


9:35 Portland General Electric: Pelton Round Butte Hydroelectric Project 
Selective Water Withdrawal 


 


Jim Bartlett, PGE 
 


10:00 Estimates of Direct Effects of Downstream Passage Through the 
Migrant Bypass Pipe at Green Peter Dam 


Steve Adams, 
Normandeau 


10:25 Break 
 


10:40 An evaluation of fish behavior upstream of the Temperature Control 
Tower at Cougar Dam using acoustic cameras 


 


Noah Adams, USGS 
 


11:05 Pedigree findings on the reintroduction of Spring Chinook salmon 
above Cougar Dam: inference from juveniles and adult returns 


 


Nick Sard, OSU 
 


11:30 
 


Session Introduction: Middle Fork Willamette River 
Sean Askelson, 
CENWP 


 


11:30 
Exploring Potential Solutions to Improve Water Temperatures in the 
Middle Fork Willamette River, Oregon 


Norman Buccola, 
USGS 


11:55 Lunch 
 


12:55 
 


The Fall Creek Drawdown: Monitoring Results from Year Three Greg Taylor, 
CENWP 


 
 


13:20 


 
Estimate of Direct Effects of Downstream Passage through the Fish 
Horns at Fall Creek Dam 


Paul Heisey, 
Normandeau; 
Todd Pierce, 
CENWP 


 


13:45 In-reservoir summer conditions at Fall Creek after extended 
drawdowns: preliminary data 


Christina Murphy, 
OSU 


14:10 Break 
 


14:25 


 


Suspended Sediment Loads, Bedload, and Dissolved Oxygen during the 
Fall Creek Lake Drawdown, November 2012 - February 2013 


 
Liam Schenk, USGS 


 


14:50 Effects of the Fall Creek reservoir drawdowns on downstream off- 
channel habitats 


 


Brian Bangs, ODFW 


 
15:15 


 
Pacific Lamprey Translocation Above Fall Creek Dam 


Lindsay Belonga, 
Grande Ronde 
Tribe 


 


15:40 
Movements, habitat use, and survival of captive-reared bull trout after 
release in the Middle Fork Willamette River drainage 


Nik Zymonas, 
ODFW 












U.S. Department of the Interior 
U.S. Geological Survey 


Photo: Sp Herbert-Dove (lanetoday.com) 


 


 







U.S. Department of the Interior 
U.S. Geological Survey 


Multiple outlets: 
• Spillway 
• Power penstocks 
• Regulating outlets 


Changed Dam Operations to Modify 
Downstream Water Temperature 


Temperature affects fish 
habitat and the timing of 
migration, spawning, egg 
incubation & emergence, etc. 


Warm or cool 
temperatures 
accessed with 
different 
outlets 


photo from U.S. Army Corps of Engineers 
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Middle Fork 
Willamette  
§ 3 dams 
§ Hills Creek 
§ Lookout Point 
§ Dexter 


http://www.nwd-wc.usace.army.mil/nwp/teacup/willamette/ 


Big Cliff 
Detroit 



http://www.nwd-wc.usace.army.mil/nwp/teacup/willamette/





MF River 


HCL 


Middle Fork 
Willamette 


Composite Model 


LOP-DEX 







Water Quality Model: CE-QUAL-W2 
• Corps of Engineers model 
• Lakes, reservoirs, rivers, estuaries 
• 2-D:  longitudinal, vertical 
• Dynamic 
• Flow, temperature, water quality 


DO phytoplankton zooplankton 
ammonia phosphorus dissolved OM 
nitrate detritus sediment OM 
alkalinity pH suspended sediment 
TDS chloride 







Tributary 
Inflows 


(Q, T) 
Outflow 


(Q) 


Meteorology 
(air T, dew point T, solar 
radiation, precipitation, 


wind speed and direction, 
cloud cover) 


Lake Bathymetry 


CE-QUAL-W2 inputs 
 







Middle Fork 
Willamette  
§ 3 dams 
§ Hills Creek 
§ Lookout Point 
§ Dexter 


http://www.nwd-wc.usace.army.mil/nwp/teacup/willamette/ 


Big Cliff 
Detroit 



http://www.nwd-wc.usace.army.mil/nwp/teacup/willamette/





HCL Inflow, Outflow, Lake Level 







Middle Fork 
Willamette  
§ 3 dams 
§ Hills Creek 
§ Lookout Point 
§ Dexter 


http://www.nwd-wc.usace.army.mil/nwp/teacup/willamette/ 


Big Cliff 
Detroit 



http://www.nwd-wc.usace.army.mil/nwp/teacup/willamette/





LOP Inflow, Outflow, Lake Level 







Middle Fork 
Willamette  
§ 3 dams 
§ Hills Creek 
§ Lookout Point 
§ Dexter 


http://www.nwd-wc.usace.army.mil/nwp/teacup/willamette/ 


Big Cliff 
Detroit 



http://www.nwd-wc.usace.army.mil/nwp/teacup/willamette/

http://www.nwd-wc.usace.army.mil/nwp/teacup/willamette/

http://www.nwd-wc.usace.army.mil/nwp/teacup/willamette/





Hills Creek – 2 outlets available 


http://www.nwd-wc.usace.army.mil/report/willamette.htm 


2 Outlets 


Power: 1388.8 ft 


2 Outlets 
available 


RO: 1415 ft 



http://www.nwd-wc.usace.army.mil/report/willamette.htm





Lookout Point – 3 outlets available 


http://www.nwd-wc.usace.army.mil/report/willamette.htm 


3 Outlets 
available 


Spillway:  887.5ft 
Power: 780 ft RO: 731.3 ft 



http://www.nwd-wc.usace.army.mil/report/willamette.htm





Dexter – 2 outlets available 


http://www.nwd-wc.usace.army.mil/report/willamette.htm 


Spillway: 660 ft Power: 643 ft 



http://www.nwd-wc.usace.army.mil/report/willamette.htm

http://www.nwd-wc.usace.army.mil/report/willamette.htm

http://www.nwd-wc.usace.army.mil/report/willamette.htm





HCL – base (40% minimum power production) 







LOP-DEX – base_LopSpillOnly (no RO blending) 







LOP-DEX – base (40% minimum power production) 







HCL – noppmin (no minimum power production) 







LOP-DEX – noppmin (no minimum power production) 







HCL – hclFloat (floating outlet at HCL) 







LOP-DEX – hclFloat (floating outlet at HCL) 







LOP-DEX – lopFloat (floating outlet at LOP) 







LOP-DEX – hclFloat_lopFloat (floating outlet at HCL & LOP) 







Animation 







Scenario Comparison 


Scenario 


Average max difference from 
“noBlend” downstream of DEX (°C) 


Average 
estimated 


emergence 
date* August October 


noBlend - - 29-Nov 
base_lopSpillOnly +2 -2 6-Dec 
base +2 -3 7-Dec 
noppmin +4 -4.5 16-Dec 
lopFloat +5 -4 17-Dec 
hclFloat +5 -4 20-Dec 
hclFloat_lopFloat +5 -4 22-Dec 


*The day after Sep 20 in which the accumulated degree-days = 1750 °F-days 







Summary  
§ Current temperature blending at LOP 


(summer spillway use) delays estimated 
emergence date by about 7 days 
§ Temperature blending limited by power 


demand and outlet location  
§ Simulated floating outlets allow spill of warm 


water in summer to preserve cool water for 
the autumn 
§  Hypothetical floating outlet at LOP or HCL 


achieves similar result 
 







Thanks to cooperators/collaborators 
 


USACE Portland District:  
Kathryn Tackley 


Dan Turner 
 


 USGS Oregon Water Science Center:  
Adam Stonewall 
Stewart Rounds  


 
Norman Buccola  


503-251-3245 
 nbuccola@usgs.gov 


 
 
 


 



mailto:nbuccola@usgs.gov



		Exploring Potential Solutions to Improve Water Temperatures in the Middle Fork Willamette River, Oregon�

		Changed Dam Operations to Modify�Downstream Water Temperature

		Slide Number 3

		Middle Fork Willamette

		Middle Fork Willamette Composite Model

		Water Quality Model: CE-QUAL-W2

		CE-QUAL-W2 inputs�

		Middle Fork Willamette

		HCL Inflow, Outflow, Lake Level

		Middle Fork Willamette

		LOP Inflow, Outflow, Lake Level

		Middle Fork Willamette

		Hills Creek – 2 outlets available

		Lookout Point – 3 outlets available

		Dexter – 2 outlets available

		HCL – base (40% minimum power production)

		LOP-DEX – base_LopSpillOnly (no RO blending)

		LOP-DEX – base (40% minimum power production)

		Slide Number 19

		Slide Number 20

		Slide Number 21

		Slide Number 22

		Slide Number 23

		Slide Number 24

		Animation

		Slide Number 26

		Summary	

		Slide Number 28






US Army Corps of Engineers 
BUILDING STRONG® 


The Fall Creek Drawdown: 
Monitoring Results From Year Three 


Greg Taylor, Nathaniel Erickson, Doug 
Garletts, Chad Helms, and Todd Pierce 


 


U.S. Army Corps of Engineers 


Portland District 


Willamette Valley Project 
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Dam 
•  Completed in 1966 
•  5,100 ft. long 
•  180 ft. high 
 


Reservoir  
 
•  6.8 miles 
•  Min. Conservation Pool (728’): Dec – Jan 
•  Refill:  Feb - mid May 
•  Drawdown: Sep – Nov 
•Water released from horns, Ro 
•Fish passage through horns poor 
 
 
 
 
 
 


Fall Creek Dam 
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Fall Creek Drawdown Biological Objectives 


§ Increased fish passage efficiency 
 


§ Increased fish passage survival 
 


§ Reduced predation and competition for rearing juvenile 
Chinook salmon 
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Reservoir Annual Low 1974- 2013 
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BUILDING STRONG® 


   


 
 


§ Radio tagging study (Nesbitt 2013) 
§ Hatchery fish as surrogates 
§ Residence times and forebay movements 
§ Passage behavior and survival 
§ Data collected last year helped refine operation 
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Reservoir Elevation 2011- 14 
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Adaptive Management 
Timing, Flows, etc 
 
 
 







2011 


2012 


2013 
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Migration vs Reservoir Elevation 


Migration 
Year 


Reservoir 
Elevation 


(feet) 
Fish Passage (%) 


2011 830-790 1 


2011 789-728 13.7 


2011 <728 85.2 


2012 830-790 0 


2012 789-728 68.2 


2012 <728 31.8 


2013 830-790 1.8 


2013 789-728 61.1 


2013 <728 37.0 
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Chinook Length Distribution 2006-13 
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Screw Trap Efficiency Tests 
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Year N Low  High 


2006-07 193 8,042 24,125 


2007-08 166 6,917 20,750 


2008-09 138 5,750 17,250 


2009-10 159 6,625 19,875 


2010-11 270 11,250 33,750 


2011-12 398 9,707 28,429 


2012-13 277 2,216 3,011 


2013-14 440 12,222 13,750 


Chinook Population Estimates 


Eric Billman 
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PIT Tagging 
Willamette Falls 


Detections 


§ 2011 
► 6/ 311 (1.9%) 
Med travel time- 7 days 


§ 2012 
► 1/ 201 (0.5%) 
Med travel time- 17 days 


§ 2013 
► 15/ 224 (6.7%) 
Med travel time- 6 days 







Screw Trap Species Composition 
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Summary 


Increased fish passage efficiency 


       Increased fish passage survival 


       Reduced predation and competition for juvenile Chinook salmon  


       Large quantity of sediment released downstream during drawdown  


       from elevation 690’ – 680’                                                      





		Slide Number 1

		Fall Creek Dam

		Fall Creek Drawdown Biological Objectives
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		Slide Number 10

		Mean Fork Length Sep.- Jan.

		Screw Trap Efficiency Tests

		Chinook Population Estimates

		PIT Tagging

		Screw Trap Species Composition
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Estimate of Direct Effects of Downstream 
Passage Through the Fish Horns at Fall Creek 


Dam 
Normandeau - Paul Heisey, Joanne Phipps, Steven Adams 


U.S.  Army Corps of Engineers - Todd Pierce 


U.S. Army Corps of Engineers 
Portland District 
Willamette Valley Project 







 


Introduction and Background 
• Fish Horns installed 1965 to pass emigrating juvenile 


salmonids 
• Earlier studies (Smith and Korn 1970) indicated high 


mortality, high injury rate, and low collection efficiency 
• Fish collecting evaluator was removed, but flow through the 


fish horns continued to supply attraction water for the adult 
fish collection facility 


• Because upgrades and modifications are planned for the 
adult facility, the Corp needed to determine present 
entrainment rate through the fish horns, and condition of 
entrained fish 


• These findings to be used to determine if fish horns need to 
be screened 







 


Objectives 


• Determine sampling 
efficiency and integrity of 
fish horns by directly 
introducing fish into upper 
horns 







Objectives 


ó Provide entrainment rate estimates through the 
fish horns of PIT- tagged hatchery juvenile 
salmon released at the head of the reservoir, 
and also wild fish naturally produced above the 
dam 







Methods 


• Original fish collector/evaluator 
had been removed 







Methods 
 


• New collector/evaluator 
installed 







 


Methods 


• Hatchery juvenile Chinook salmon (mean length 
72 mm) released into 


1. upper set of three fish horns 
2. along upstream edges of dewatering 


screens 
3. into fish collection/evaluator bin 


 







 


Methods 
• Following passage through the fish horns, each 


fish was classified as alive, dead, or not 
recaptured 


• Recapture rates = number of alive and dead fish 
physically retrieved from fish collector bin 
compared to total number of fish released 


• Recapture rate was used to assign a sampling 
efficiency of the fish collector for fish that enter 
the fish horns 







 


Methods  


Hatchery Fish: 
 
 
 
 
 
 Wild Fish: 
 


 


Entrainment Rate (E) =    
PIT-tagged Fish Recaptured passing the fish horns/Sampling Efficiency (F) 


PIT-tagged Fish passing the dam via the fish horns and RO (T) 


Wild Fish Recaptured passing the fish horns/Sampling Efficiency (F) 


Wild Fish passing the dam via the fish horns and RO (T) 
Entrainment Rate (E) =    


•  Fish Horn entrainment rate 







 


Test Conditions 


• Sampling efficiencies determined 22-24 May 
• Discharge through the upper set of fish horns 


was 213 cfs 
• Reservoir elevation 885 ft (near full pond) 
• Water temperature ranged from 54-55°F 







BON 


Sample Size 


Small Horn 150 
Medium Horn 150 
Large Horn 150 
Controls 


Dewatering screen 175 
Collector bin 26 


Release Location                 No. Released 







Results 
Fish Horn Collector/Evaluator Bin 


• 26 fish placed into collector bin (24 hr 
period) to assess hydraulic conditions 
within the bin 


• 25 fish survived and not injured 
• One fish died, trapped in a gap at 


baffle in bin; gap was closed and 
harmful conditions eliminated 







Overall Sampling efficiency: 91.1% 
48 hr Survival: 89.3% 


Fish Horn Results 


Sampling Efficiencies 
91.3%   90.0%   92.7% 
 
 


48 hr Survival 
96.4%   81.5%   89.9% 







w 
 


Injuries Fish Horn 


•  46.7% were injured 
•  Dominant injury was hemorrhaged eyes (39.2%) 
•  Other injuries included bruising at or near the 
 head (11.4%) and operculum damage (8.3%) 
•  Observed injuries were nearly equally divided 
 between major (23.8%) and minor (22.9%)  







w 
 


Dewatering Screen Releases 


• 175 fish released 
• 87.5% recaptured 
• All fish survived 48 hr post      


passage 
• None injured 
 







w 
 


Dewatering Screen Gaps 


• Gaps along edges of screens primary reason decreased recapture 
rate 


• Missing and deteriorated rubber gaskets   







w 
 


End of Dewatering Screens 
• Not a primary injury source 







 


Part 2: 
PIT-tagged hatchery and wild fish entrainment 
through fish horns and captured in evaluator 


 
 


U.S. Army Corps of Engineers 
Portland District 
Willamette Valley Project 
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Part 2: Operations 


Fish Horns (Upper/Middle) 
§ March 19th – October 15th  


► 211 days 


 
Fish Horn Trap (Evaluator) 
§ May 21st – October 15th  


► 148 days (70.1%) 
• Missed 63 days (spring) 


800’ 


765’ 


720’- did not use 
680’ 


Max. cons. pool 830’ 
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Part 2: Species Composition 


Non-native 
§ Largemouth bass (n = 110) 
§ Black crappie (n = 1) 
§ Bluegill (n = 508) 
§ Bullhead (n =162) 
 
Native 
§ Western brook lamprey (n = 31) 
§ Largescale sucker (n = 2) 
§ Rainbow trout (n = 37) 
§ Speckled dace (n = 6) 
§ Sculpin (n = 1) 
§ Spring Chinook salmon  


► Wild (n = 162) Hatchery (n = 9) 
► Unknown (n = 2) Surrogate (n = 1) 
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Part 2: Chinook Catch 


Wild (n = 162) 
§ Peaked in June?  


► or May or before? 
 


Hatchery (n = 9/ 3,992) 0.2%  
§ Peaked in July 


► Released May 29th 


 


Surrogate (n = 1/ 800) 0.1%  
§ September 


► Released May 29th 


 
Unknown origin (n = 2) 







Part 2: Horn Usage 


Wild Chinook  


§ Upper tier- 2.6 fish/ day 
§ Upper/ Middle- 0.2 fish/ day 
§ Middle- 0.2 fish/ day 


 


Hatchery Chinook 
§ Upper tier- 0.1 fish/ day 
§ Upper/ Middle- 0.1 fish/ day  
§ Middle- 0.01 fish/ day 


 


Surrogate 
§ Middle only- 0.01 fish/ day 







Part 2: Migration Timing 


Spring  
§ May- June (83%) 
§ Max. Con. Pool (830’) 
§ Upper Tier 
Fall 
§ Late Sep./ Oct. 
§ Middle tier  
§ Prior to drawdown 
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Wild Chinook  
► May: 103 – 135 mm 
► Sep./ Oct.: 189 – 222 mm 


 
Growth Rates 
 Hatchery (Recap’s) 


► Jun. - 0.6 mm/ day 
► Jul. - 0.7- 0.9 mm/ day 
► Oct. - 0.7 mm/ day 


 
 Surrogate (Recap) 


► Sep. - 0.7 mm/ day 
• 94 mm on May 17th 


• 194 mm on Sep. 30th 


Part 2: Chinook Growth 







Part 2: Chinook Injuries 


§ Nearly all had injuries 
► 98.9% (172/174) 


 


§ Upper/ Middle Horns 
► Inflicted similar injuries 
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Part 2: Chinook Mortality 


Wild   
§ Initial 


► 56.8%  (92/162) 
§ 48 hours 


► 88.9% (144/162) 
 


Hatchery Chinook 
§ Initial/ 48 hours 


► 88.9% (8/9) 
 


Surrogate 
§ Initial 


► 100% (1/1) 
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Part 2: Fish Horn Entrainment Rates 


§ Entrainment rate of the fish horns was adjusted by the number of 
PIT tagged and wild fish that passed when Fall Creek Reservoir was 
drained (Sep. 24th – Dec. 8th) via the RO’s 


§ A screw trap sampled downstream of the RO discharge; collection 
efficiency of introduced hatchery (test) fish into RO’s was 3.67% 


§ Entrainment rate was also adjusted by capture rate in the evaluator 
of fish that entered the fish horns, which was 91.1% 


§ Fish horn entrainment rate for hatchery PIT tagged fish  
► 0.74% (95% Cl = 0.29-1.2%) 


§ Entrainment rate for hatchery PIT tagged surrogate fish 
► 0.37% (95% Cl = 0-1.1%) 


§ Entrainment rate for wild fish 
► 1.76% (95% Cl = 1.51-2.01%) 


 







BUILDING STRONG® 


Part 2: Entrainment Rate Continued 


§ Highest entrainment rate of hatchery fish occurred in July at 
0.49% (95% Cl = 0.12- 0.86%) 
 


§ Most wild fish were entrained in June at a rate of 1.14%  
 (95% Cl = 0.92- 1.36%) 


 
§ Wild Chinook entrainment rates do not include potential 


entrainment from March 19th through May 21st which may be 
higher 
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Part 2: Summary/Conclusions 


§ Collection efficiency of the fish horns indicated it was 
ineffective in capturing juvenile Chinook salmon migrants  


§ There were very high injury and mortality rates sustained 
during passage 
► smaller Chinook exhibited less injury 


§ Majority of Chinook (86.8%) were entrained into the upper 
tier fish horns 


§ Present study results were similar to earlier (1966-69) 
extensive evaluations by Smith and Korn 


§ Chinook rearing in reservoir exhibited excellent growth 
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EXTENDED DRAWDOWNS 


 
Christina A. Murphy, Sherri Johnson, Ivan Arismendi 


 
Oregon State University 


Department of Fisheries and Wildlife 
Christina.Murphy@oregonstate.edu 


 







How do extended drawdowns change  
in-reservoir conditions? 
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Project Goals 
Identify and evaluate potential changes pre- and 
post-drawdown: 


 
• In-Reservoir Conditions 
üNutrients 
üPlankton communities 
 


• Food webs 
üFeeding relationships 







Methods 
• Full-pool collections 


Spring/Summer/Fall 
 In-reservoir water chemistry 
 Profiles (T°, conductivity, pH, Chl α) 
 Phytoplankton (composites) 
 Zooplankton (point and tow) 
 Invertebrates (kick-net) 
 Fish fin clips 
 Temperature and light loggers 


• Drawdown collections 
Winter 


 Outflow water chemistry 


mblaquaculture.com 







Sampling design 
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Outline 


In-reservoir conditions   
• How is Fall Creek unique? 
 


Drivers of observed differences 
 


Significance     







How well do  the reservoirs support fish after drawdown? 


cloudking.com 







In-reservoir conditions 
 


• Temperature 
 
• Available nutrients 


 
• Dissolved oxygen 


 
• Light 


 
• Chlorophyll 
 
• Zooplankton 







Water Temperature Profiles 


Blue River 
Fall Creek 
Hills Creek 


7°C = 45°F   20°C = 68°F 


Temperature °C 


June 


23°C = 73°F 


August 
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Available Nutrients  
• Nitrogen and Phosphorus are critical for primary 


production in reservoirs and may also influence the 
‘balance of power’ in phytoplankton communities 
 
 
 
 


• Water quality (oxygen, toxins, etc.) 
• Phytoplankton à Zooplankton à Fish 


Anabaena 







Available Nutrients 
• Total Dissolved Phosphorus (ug/L) by depth  
 August 


 
 
 
 
 
 


Depth (m) Blue River Fall Creek Hills Creek 
0.5 8 15 8 
4 6 13 9 
8 7 12 9 
12 5 10 22 
35 10 24 38 


bottom 13 21 42 







Orthophosphate 
• PO4 (ug/L) by depth  
 August 


 
 
 
 
 
 


Depth (m) Blue River Fall Creek Hills Creek 
0.5 0 1 3 
4 0 1 2 
8 0 0 2 
12 0 0 9 
35 7 12 28 


bottom 7 12 30 







Available Nutrients 
• Total Dissolved Nitrogen (ug/L) by depth  
 August 


 
 
 
 
 
 


Depth (m) Blue River Fall Creek Hills Creek 
0.5 50 50 30 
4 40 50 50 
8 50 50 40 
12 40 40 40 
35 70 100 60 


bottom 90 40 100 







Nitrate 
• NO3 (ug/L) by depth  
 August 


 
 
 
 
 
 


Depth (m) Blue River Fall Creek Hills Creek 
0.5 0 0 0 
4 1 0 0 
8 1 0 0 


12 0 0 0 
35 48 68 21 


bottom 50 9 56 







Nutrients in Fall Creek 
 


• Oligotrophic (low productivity) levels 
 


• Very little nitrate and orthophosphate available 







Dissolved Oxygen 


June 
August June 


DO (mg/L) 
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Blue River 
Fall Creek 
Hills Creek 







Historic Data  


Fall Creek – August Dissolved Oxygen Records 


Year Min DO (mg/L) Max DO (mg/L) 
1966 5.6 8.6 
1967 4.4 8.8 
1968 6 7 
1984 6.8 9.3 
1990 6.7 9.7 


2013 4.3 10.2 







Historic Data  


Hills Creek – August Dissolved Oxygen Records 


Year Min DO (mg/L) Max DO (mg/L) 
1971 7.4 9.1 
1972 8.3 10.3 
1975 7.6 9.8 


2013 7.2 10.4 







Dissolved oxygen 
• None of our study reservoirs are hypoxic 


 
• The dissolved oxygen profile in Fall Creek shows greater 


evidence of respiration … 







Light (visibility) 
• Light 


Li
gh


t E
xt


in
ct


io
n 


C
oe


ffi
ci


en
t 


      Blue River     Fall Creek       Hills Creek 


August 







Light transmission 
• Light penetration is lower in Fall Creek 


• Reduced visibility 


sciencedaily.com 







Chlorophyll a 
ecy.wa.gov 


Blue River 
Fall Creek 
Hills Creek 


June August 


Chl a (RFU) 
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Chlorophyll a 
• Chl a levels in all of our study reservoirs were very low 







Zooplankton 
 


bcnn4youth.com 







Zooplankton 
• Average zooplankton densities in August (individuals/m3) 


Fall Creek Hills Creek 
Calanoid Copepod 370 42 
Cyclopoid Copepod 33 35 
Nauplii 2100 686 
Cladocera 170 30 
Leptodora 1 0 
Rotifera 329 353 







Zooplankton 


Images from ag.auburn.edu, en.wikipedia.org, studydroid.com 







Cladocerans 


Fall Creek 
Hills Creek 


Density in August Van Dorn samples 







Zooplankton 
Fall Creek has higher zooplankton densities than Hills 
Creek 


 
This includes higher densities in groups which we would 
expect to be especially important in juvenile diets 


 
 


These densities, along with turbidity or other particulates, 
could explain the patterns we see with light and oxygen 







Take home messages 
Nutrients are low in all reservoirs 
Fall Creek has a different dissolved oxygen profile 


• Higher respiration  
Fall Creek has lower visibility 


• ‘Foggy’ 
Fall Creek has greater densities of large-bodied 
zooplankton than Hills Creek, but lower densities 
than Blue River 


• Including Daphnia 
 
 


 







Next steps… 
• Are fish diets or productivity driving these densities? 
 Isotopes 


 
• Are these trends consistent over time? 
 Drought, winter freezing, ??? 


 
 


• Are these differences driven by drawdown levels? 
 Lookout Point 


 







Questions? 







Extended Drawdowns 


             December 2012 
 
Extended drawdown, Fall Creek Reservoir           Conservation pool, Hills Creek Reservoir 







Extended Drawdowns 
 


             December 2013 
 


Extended drawdown, Fall Creek Reservoir  







Blue River Fall Creek Hills Creek 
Calanoid Copepod 321 370 42 
Cyclopoid Copepod 105 33 35 
Nauplii 1547 2100 686 
Cladocera 175 170 30 
Leptodora 0 1 0 
Rotifera 451 329 353 
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U.S. Department of the Interior 
U.S. Geological Survey 


 
Suspended Sediment Loads, Bedload, and 
Dissolved Oxygen during the Fall Creek Lake 
Drawdown, November 2012-February 2013 
 


Liam Schenk (lschenk@usgs.gov)  
Heather Bragg (hmbragg@usgs.gov) 







Project Objectives 
§ Monitor Continuous Turbidity, 


Dissolved Oxygen 
§ Collect SSC and Bedload 


Samples 
§ Compute continuous SSC 


and SSL using turbidity and 
streamflow as surrogates 
§ Sediment Budget 







Approach 
§ Continuous turbidity and discrete Suspended 


Sediment Concentration (SSC) at six sites 
§ Analite 395 turbidity probes – McVann- SDI-12 
§ Hydrolab SC turbidity sensors on DS 4a and 5x 
§ EWI sampling protocols for SSC 


§ Bedload sampling at site below Fall Creek 
Dam 
§ US BL-84 sampler 


§ Continuous dissolved oxygen at Jasper and 
Fall Creek Outflow US BL-84 


US D-74 







Project Area 







Turbidity as an SSC surrogate 


§ Turbidity: expression of optical properties of 
liquid that causes light to be scattered and 
absorbed rather than transmitted 
§ Caused by: 
§ Suspended and dissolved matter 
§ Clay, silt, plankton, organic dyes 


§ Not a direct measure of particle concentration 
§ Commonly used surrogate for SSC 
§ Locally derived regressions 
§ Estimate nearly continuous concentrations and loads of 


suspended sediment 


 







Regression Model Development Methods 
§ Turbidity/streamflow as explanatory variables 
§ Log-transformation vs non-transformed 


models  
§ Probability plot correlation coefficient (PPCC) 
§ Duan BCF used for transformed data 


§ SLR vs MLR 
§ Multi-collinearity  


 
 


After Rasmussen and others, 2009 







Project Area 







Regression Model Results – Unregulated Sites 


Log(SSC) = 1.17log(turbidity)-0.0841 
Primary Model, 11/7/12 – 3/7/13 


MSPE: +27.18%/-21.37% 


Fall Creek Inflow Winberry Creek 


SSC = 1.105(Turbidity) + 2.607 
Primary Model, 11/7/12 – 3/7/13 


MSPE: +/- 5.13% 







Project Area 







Fall Creek Outflow 


• Model 1: SSC = 4.91 + 0.764(turbidity)-0.003(streamflow) 
• n=5 
• MSPE: +/- 5.42% 


• Model 2: log(SSC)= -1.07 +0.966log(turbidity)+0.612log(streamflow) 
• N=10 
• MSPE: +28.7%/-22.0%  
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Fall Creek Outflow 







Project Area 







Project Area 







Regression Model Results - Jasper 


Log(SSC) = 0.723log(turbidity)+0.601 
Primary Model, 10/26/12 to 12/18/12 
MSPE: +67.36%/-40.25% 


Log(SSC) = 2.51log(streamflow)-8.05 
Secondary Model, 12/18/12 to 02/22/13 
MSPE: +64.96%/-39.38% 







Suspended Sediment Loads 
Fall Creek Outflow 


§ Pre-drawdown: 4,300 tons (34 days) 
§ Drawdown: 51,600 tons (6 days) 
§ Post-drawdown: 4,030 tons (53 days) 







Suspended Sediment Loads 
Middle Fork Willamette at Jasper 


§ Pre-drawdown: +22,800 tons (34 days) 
§ Drawdown: -27,700 tons (6 days) 
§ Post-drawdown: +10,680 tons (66 days) 
 







Bedload Sampling – Fall Creek Outflow 







Bedload Sampling – Fall Creek Outflow 


§ Samples Collected during 6-day drawdown 
§ Total Mass dried sediment, grain size, loss on 


ignition 
§ Avg. Instantaneous bedload = 104 tons/day 
§ ~ 11% of total instantaneous sediment load (SSL + 


bedload) 
§ Samples dominated by medium to fine sands 
§ Gravel comprised an average 2.3% of total sample 


§ Avg 24% organic matter (LOI) 
 


 







Dissolved Oxygen Fall Creek outflow 







Summary 
§ 2012 Drawdown: Net transport of 50,400 tons 


of sediment from Fall Creek Lake 
§ Bedload samples accounted for Avg 11% of 


instantaneous sediment load 
§ Dissolved Oxygen monitoring below Fall 


Creek Dam showed initial decrease 
concurrent with sediment release 
§ ~17,000 tons sediment stored in the reaches 


of Fall Creek and Middle Fork Willamette 
§ 72 day project period 







Questions 
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Brian Bangs, Paul Scheerer, and Shaun Clements 
Native Fish Investigations Project 


Oregon Department of Fish and Wildlife 


Effects of the Fall Creek reservoir drawdowns 
on downstream off-channel habitats 







Fall Creek Drawdown Study 


• ACOE experimenting with reservoir 
drawdown (run of river operation) 


• Facilitate downstream movement of 
juvenile salmonids 
• Economical alternative 


• Huge sediment load enters river 
downstream as new channel carved into 
reservoir bed  







Fall Creek Drawdown Study 


• Concerns about effects of Fall Creek Drawdown 
on off-channel habitats and fish communities 







Fall Creek Drawdown Study 


• Monitor changes related to Fall Creek 
Reservoir drawdown 
• Habitat, fish assemblage 


• Selected 4 sites to study with Floodplain Study 
methods 







1) Monitor water levels 
• Install piezometers (water level monitors) 


2) Monitor temperatures  
• Install temperature monitors (surface, substrate) 


3) Determine the relationships between water 
levels and habitat availability (pond volume)   


• Map bathymetry  


4) Identify the points of hydrologic connection 
• Survey points of connection 
 
 


Approach 







5) Determine changes in substrate 
• Remap bathymetry 


6) Describe Fish Assemblages 
• Describe composition of fish assemblages (species 


diversity and abundance), natives vs. non-natives 


Approach 







Goal 


Determine the effect of drawdowns on: 
• Bathymetry (sedimentation), 
• Habitat characteristics, 
• Temperature regimes, 
• Timing, frequency, duration, magnitude of 


connection, and 
• Fish assemblage structure in off-channel 


habitats in Fall Creek, below the reservoir 











Water depth data 


• Horizontal lines 
– Site water depth when connected to Fall Creek 
– Green: 2012 bathymetric map 
– Red: 2013 bathymetric map 


 
 







Water depth data 







Water depth data 


Fill at mouth 0.62 and 
0.9, respectively 
 
Both locations are long 
oxbow channels with 
little flow from 
upstream 







Water depth data 


Fill at mouth was 
negligible (~0.05 m) 
 
Both locations are 
secondary channels, 
experience more flow 
through site 







Bathymetry Mapping 







Bathymetry mapping 







Bathymetry mapping 







Remapping 


2012 2013 







All bathymetry maps 


2012 2013 


2012 2013 


2012 2013 


2012 2013 







Habitat at average summer depth 
Area (m2) Volume (m3) 


Location 2012 2013 2012 2013 
Baumann Slough 2,960 390 1,472 124 
Simpson Slough 63 151 4 13 
Brewer Slough 484 67 169 11 
Fall Cr. Conf. Slough  1,093 963 135 248 


Combined: 
• 66% reduction in wetted area 


• Range: 89% decline to 140% increase 
• 78% reduction in water volume 


• Range: 94% decline to 225% increase 







Habitat at average summer depth 
Area (m2) Volume (m3) 


Location 2012 2013 2012 2013 
Baumann Slough 2,960 390 1,472 124 
Simpson Slough 63 151 4 13 
Brewer Slough 484 67 169 11 
Fall Cr. Conf. Slough  1,093 963 135 248 


Sedimentation tied to site characteristics, not 
distance from the dam 







Habitat at average summer depth 
Area (m2) Volume (m3) 


Location 2012 2013 2012 2013 
Baumann Slough 2,960 390 1,472 124 
Simpson Slough 63 151 4 13 
Brewer Slough 484 67 169 11 
Fall Cr. Conf. Slough  1,093 963 135 248 


Simpson Slough: 
• Increase in wetted area and 


water volume 







Habitat at average summer depth 
Area (m2) Volume (m3) 


Location 2012 2013 2012 2013 
Baumann Slough 2,960 390 1,472 124 
Simpson Slough 63 151 4 13 
Brewer Slough 484 67 169 11 
Fall Cr. Conf. Slough  1,093 963 135 248 


Combined: 
• 66% reduction in wetted area 
• 78% reduction in water volume 


Sedimentation 


Scour 


Increase in wetted area and volume 
Scour mid-site greater than sedimentation volume near mouth 







Habitat at average summer depth 
Area (m2) Volume (m3) 


Location 2012 2013 2012 2013 
Baumann Slough 2,960 390 1,472 124 
Simpson Slough 63 151 4 13 
Brewer Slough 484 67 169 11 
Fall Cr. Conf. Slough  1,093 963 135 248 


Fall Creek Confluence Slough: 
• Slight decline in wetted area, but 


increase in water volume 







Habitat at average summer depth 
Area (m2) Volume (m3) 


Location 2012 2013 2012 2013 
Baumann Slough 2,960 390 1,472 124 
Simpson Slough 63 151 4 13 
Brewer Slough 484 67 169 11 
Fall Cr. Conf. Slough  1,093 963 135 248 


Combined: 
• 66% reduction in wetted area 
• 78% reduction in water volume 


Scour 


Sedimentation 


Decrease in wetted area, but increase in volume 
Scour upstream, some sedimentation throughout 







Depth frequency analysis 
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• Show the differences between 2012 and 2013 
bathymetry at each location 







Depth frequency analysis 


• Red highlighted areas are wetted during the summer 
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So how much siltation occurred? 
• 2,630 m3 silt 


accumulated 
• 210 dump truck loads 







So how much siltation occurred? 
• 2,630 m3 silt 


accumulated 


Cover a football field 20 inches deep 







Baumann slough 7/19/2012: 152 cfs 







Baumann slough 4/2/2013: 68 cfs 







Fish results 
Year 


Oregon 
chub 


Redside 
shiner 


Speckled 
dace 


Sculpin 
Spp. 


Northern 
pikeminnow 


Largescale 
sucker 


Sand 
roller 


Rainbow 
trout 


Brown 
bullhead Bluegill Total 


2012 7 47 554 35 6 4 4 1 6 1 665 
2013 2 7 57 22 2 22 1 15 3 11 142 


• 10 species encountered; Oregon chub 
observed at each location 


• 2013: nearly 80% reduction from 2012 
abundance 


• So, is low summer water volume limiting 
abundance, or was there direct mortality 
during the 2012 drawdown? 


• Bioassay completed during 2013 drawdown 







Bioassay – a.k.a “chubbing on ice!” 
 


• 2 live wells at each location – 
•  20 redside shiners and 10 speckled dace per live well 


• 4 Fall Creek locations, plus a control site nearby in Middle Fork 
• Checked 2 days into the drawdown, and at 10 days 


2013 drawdown 







2013 drawdown 







2013 drawdown 







Bioassay results 


• Limited mortality 
– All fish were alive, except at Fall Creek Confluence 


Slough (lowest downstream location) 


• Gill damage 
– 2 days after drawdown – secondary lamella 


showed slight clubbing, minor signs of abrasion 
– 10 days after drawdown – secondary lamella 


showed increased signs of abrasion, clubbing 
– No gill damage seen at control site 







Conclusions  
• Concerns: 


– Sedimentation has severely reduced the off-
channel habitat downstream of Fall Creek 
Reservoir 


– Current managed maximum flows may not have 
energy required to move fine sediment from 
floodplain sites. 
 







Conclusions  
 


• Recommendations: 
– Seek alternate management 


• Completing the drawdown during low flow periods 
• Draw down the reservoir, but not to run of the river 


– Okay for Fall Creek, would significantly impact 
habitats in other subbasins 







Future studies 


• Continue to monitor changes in bathymetry at 
Fall Creek locations 
– Determine long term effect on fish assemblage 
– Determine best flow regime for managing this 


system 


• Repeat bioassay in lab 
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              Biologist   
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Medicinal 
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Confederated Tribes  
of Grand Ronde  


ûHistoric 
• Willamette Basin 


 
 







Confederated Tribes  
of Grand Ronde  


ûCurrent 
• Decades of decline 
• Difficult to provide 
• Harvest locations 
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To better understand the decline, Grand Ronde has 


taken an active role in Pacific lamprey research 







Confederated Tribes  
of Grand Ronde  


ûMigration behavior study 
 
• 2008 - 2012 


 
• Radio-telemetry  


 
• Willamette Falls  


 
• Bernert Landing   







Confederated Tribes  
of Grand Ronde  


Fixed telemetry receiver site  
 
CTGR managed 11 sites 
 
Transitioned to manage 22 sites  







Confederated Tribes  
of Grand Ronde  


Location of 22 fixed telemetry 
receiver sites 
 
Mainstem and tributaries 







Confederated Tribes  
of Grand Ronde  


ûData 
 


• Relative use patterns of spawning tributaries 
 
• Migratory and tributary selection behaviors were 


variable 
 
• What environmental factors drive selection  
 
• Explore adult reintroduction  
ñ Determine if juvenile pheromones influence adult tributary selection  







Confederated Tribes  
of Grand Ronde  


û Translocation Pilot Study 
 
• Reintroduce adult lamprey to historic spawning habitat 
 
• Pacific lamprey 
ñ Ascend high gradients 
ñ Observed in high gradient tributaries, successfully locating suitable spawning 


habitats 
 


• Fall Creek 
ñ Telemetry data detected adults entering Coast Fork, similarly high in system 
ñ Streams known to sustain lamprey spawning have common habitat attributes 


observed above dam  
 







Confederated Tribes  
of Grand Ronde  


û Fall Creek 
 


• Adult passage naturally occurs in Middle Fork 
ñ Aerial tracking detected adults close to both Fall Creek & Dexter Dams 


(Clemens et al. 2012) 


ñ Ammocoetes present in Middle Fork below Fall Creek  


 


• Reservoir drains to run of the river 
ñ Juvenile out-migration is feasible  


 
 







Confederated Tribes  
of Grand Ronde  


û Fall Creek 
 


• Proximity to Middle Fork  
ñ No known lamprey passage issues 


 


• LPS could be feasible at potentially low cost 
ñ Lamprey ramp 


ñ Truck and haul   
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Confederated Tribes  
of Grand Ronde  


û Translocation Project 
 


• Capture adults from Willamette Falls 
 


• Transport to Fall Creek via truck  
 


• Release  
ñ Successful Pacific lamprey reproduction above dam  
ñ Determine if juvenile pheromone presence will cause adults to approach 


and attempt passage of dam  







Confederated Tribes  
of Grand Ronde  


Accessing Falls to  
collect adult lamprey 
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Accessing Falls to  
collect adult lamprey 
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Capturing lamprey from 
Willamette Falls 
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Live well transport  
from Falls to truck  
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Insulated tote with 
agitator  
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Adult Pacific lamprey - 
first arrival to Fall 
Creek 
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Fall Creek initial drop 
site 







Confederated Tribes  
of Grand Ronde  







Confederated Tribes  
of Grand Ronde  







Confederated Tribes  
of Grand Ronde  


Fall Creek second 
drop site 
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Fall Creek second 
drop site 
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Fall Creek second 
drop site 
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Pacific lamprey 
release 
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Pacific lamprey 
release 
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of Grand Ronde  


û Total 240 adults translocated 
 


• Five separate trips 
 
• August – September  


 
• None marked, tagged,  
 or sampled  


 
 


 







Confederated Tribes  
of Grand Ronde  


û Pre-transport  
• Brook known to exist both above/below  
• Pacific likely to exist below /not above 
• Pacific ammocoete surveys above/below 


 
û Post-transport 


• Brook ammocoetes present above dam 
• Pacific ammocoete surveys 
ñ Above dam – still have opportunity to document  
ñ Below dam – document presence at lower flows   


 
 







Confederated Tribes  
of Grand Ronde  


û 2014 plan to transport 240 
• Utilize radio-telemetry  
ñ Implant 40 adults 
ñ Establish fixed telemetry receiver sites 
ñ Compliment with mobile tracking  
ñ Pre-spawning mortality/areas of use  


• Collect genetics 
• Conduct spawning surveys  
 


û Full study 
• One life cycle – 7 years   
• Continue translocating each year   


 







Confederated Tribes  
of Grand Ronde  


û Fall Creek as case study 
 
• Ideal study area 
ñ High quality, historic spawning habitat  
ñ Draw-down for juvenile outmigration 
ñ Likely adults already utilize area below dam  


 
• Passage potentially low-cost 
ñ Minimal modifications  
ñ Truck and haul 


 
• Use applications elsewhere 
ñ Other dams  
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Post-Release Survival, Movements, and 
Habitat Use of Captive-Reared Bull Trout  


in the Upper Middle Fork Willamette 
 
 
 


 
 
 
 
 
 
 


Nik Zymonas, Michael Hogansen, Michael Scheu, and Vince Tranquilli 
ODFW – Corvallis Research Lab 







Reintroduction to the M Fk Willamette  
 


                                                                   1990s: “Probably extinct” 
           1997-2013: Transferred juveniles 


 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 


Transferred Fry à Spawning Adults 
 


1997–2005: Directly transferred 10,408 fry  
 
 
 
 
 
 
 
 
 
  
 


Swift Cr: 2,773 fry à No Spawning Detected 
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Captive Rearing Program 
Circumvent predation, minimize effect on donor pop.  
• Fry à Leaburg Hatchery (Feb-May) 
• Release Aug – Nov (age-0) or Apr (age-1) 
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Growth at Leaburg 


6 September 2012
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Growth at Leaburg 


  


Fork Length (mm)
9 April 2012


Fork Length (mm)


100 150 200 250 300


Fr
eq


ue
nc


y


0


10


20


30


40


Apr 12 
208 mm 







Telemetry Study Objectives 


• Survival  
– Mortality sources 


• Habitat use  
– Reach (tribs, main, rsvr., dam) 
– Meso (habitat type, cover) 
 


 


à Effectiveness of this 
      reintroduction approach 
 







Tagging Methods 
• Lotek NTC-6-1 (nano tag, 9x22 mm, 2.8 g)  


–Lifespan: 357-d calc., 286-d warranty (10-s burst)  
• Antibiotics, PIT, VIE 
• 2-wk recovery period 
 


           Group A           Group B 
N   29   10 
FL (mm)   272 (253 – 293)  326 (278 – 378) 
Released          17-Jun   1-Aug to 22-Oct 
 







Field Methods 
• Weekly point locations 


– Alive? 
– Physical habitat 


• Fixed radio stations  
 


• PIT tag interrogation 
• Screw trap (Sep-Oct) 
• Snorkeling 
 


 







Release Locations – 17 Jun 2013 







Week 2 Locations – 24 Jun 2013 







Week 8 Locations – 5 Aug 2013 







Week 12 Locations – 2 Sep 2013 







Week 16 Locations – 1 Oct 2013 







Week 21 Locations – 4 Nov 2013 







Week 25 Locations – 2 Dec 2013 







Week 28 Locations – 23 Dec 2013 







Week 33 Locations – 27 Jan 2014 







Survival and Mortality 
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Group B - Locations – 27 Jan 2014 







Survival to February 2014 


Group A Group B 
Mean FL (mm) 272 326 
Release Dates 17-Jun 1-Aug to 22-Oct 
Released 29 10 
Alive 9 5 
% Survival 31% 50% 
- in Main stem 6 3 
- in Swift 3 2 
Mortalities 20 5 
- in Swift 14 2 
- in Main stem 6 3 
  (in Reservoir) (1) 0 







Habitat & Behavior 







Habitat & Behavior 







Habitat & Behavior 







Habitat & Behavior 
• Weekly point locations 
 


 







Habitat & Behavior 







Habitat & Behavior 







Habitat & Behavior 







Habitat & Behavior 







Habitat & Behavior 







Habitat & Behavior 







Mortality 







Mortality 







Mortality 
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Summary 


• Survival: 
– 31% through Jan 2014 (7 mos.) 
– Mortality rate relatively constant 
– Mortality sources = otter/mink/raccoon, osprey, others? 


• Habitat use:  
– Reach = mainly Swift Cr., upper main stem 
– Meso = high variability among individuals 


 


à Effectiveness of reintroduction approach 
 - High mortality à need to release high #s 
 - Fitness of captive-reared fish… 







Conceptual Dynamics of Captive-Rearing 
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Conceptual Dynamics of Captive-Rearing 
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Captive Rearing? 







Conceptual Dynamics of Captive-Rearing 
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Conceptual Dynamics of Captive-Rearing 


Time 


Individual size 


# of fish 


Stable Natural Population 
Si


ze
 /


 A
bu


nd
an


ce
 


Early juvenile Adult 


Deficiencies 
Inherent fitness (selection) 
Behavior (hatchery) 
Novel release environment 







Conceptual Dynamics of Captive-Rearing 
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Conceptual Dynamics of Captive-Rearing 
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Limitations 


 
• One-year duration 
• Representative study group? 


– Non-radio tagged fish (tag effect) 
– Earlier releases of age-0 fish 
– Natural production 
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