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Issue 
 Abundance or escapement of Pacific lamprey in 

the Willamette Basin has never been estimated…. 
until 2010 

Willamette Falls provides a opportunity for 
capturing and tagging lamprey at fish ladders and 
inspecting lamprey at fish ladders and through 
lamprey harvest 

 But the area also presents a challenge…large area, 
high volume of water, and uncertainties of lamprey 
behavior through the falls/ladders 



Willamette Falls 

Looking downstream 

Looking upstream 



Aerial view of 
Willamette Falls 

Complex system for 
lamprey to pass 
through 



Original Fish ladder completed Nov. 1904, new ladder 1971 

Oregon Historical Society, ca. 1913 



Lamprey 
Ramps 

Overhead view of 3 ramps on  
east side of horseshoe 



View of  
splashboard 
risers with  
lamprey ramp 



Close up  
of lamprey 
ramp 



Opportunity 
 BPA Accords funding through 2017 

 Capitalize on recent advances in understanding of 
Pacific lamprey use of Willamette Falls and 
passage through Sullivan hydropower plant 
 PGE funded work (U.S.G.S., Normandeau Associates ) 

 research  conducted by OSU Fisheries Dept., CRITFC, Cramer Fish 
Sciences, Confederated Tribes of Grand Ronde, Confederated Tribes 
of Siletz Indians of Oregon 

 Pacific lamprey research biologists with expertise 
quantifying fish through CR dams are willing to 
advise and contribute to the success of this effort 



Study Objectives 
 Estimate escapement of adult Pacific lamprey 

at Willamette Falls 
Developed method in 2010 
 Refining, improving method in 2011 (continue 

through 2017) 

Develop a protocol for long-term monitoring 
and index of abundance of adult Pacific 
lamprey at Willamette Falls (use after 2017) 
 Engage other lamprey researchers for feedback, 

study design improvement 
 



2010 
 Used Mark-Recapture Estimator (no electronic gear) 

 Creeled lamprey harvesters  

 Tested underwater video cameras, recording 
hardware, and computer viewing  

 Experimented with HDX PIT tag technology 

 Antennae in fish ladder 

 Antenna on lamprey ramp 

 PIT tags ~200 lamprey 



2011 
 Collected data for Mark-Recapture (using video, 

HDX tags and antennae) 

 Used different video recording hardware and 
reviewing software/computer than in 2010 

 HDX antennae in fish ladder worked well 

 HDX antennae on lamprey ramp worked better 
than 2010 but room for improvements 

 Sent tissue samples to CRITFC for SNP analysis 



Lamprey Collection 
 Lamprey trap 

 Dip net in ladders 





Marking (see following 4 pictures) 

 After morning collections, remove fish from trap 

 Transport from ladder to marking area 

 Anesthetize 

 Insert Floy dart tag (primary tag in 2010, secondary tag in 
2011) 

 Insert HDX tag (primary tag in 2011, record directly into P3) 

 Take tissue sample from dorsal fin and place on Whatman 
filter paper 

 Record length, weight (first 40 lamprey per week) 

 Place in aerated recovery tote 

 Transfer recovered fish to aerated transport tote 



Carson uses the lamprey trap as a net pen.  When he’s done netting he removes  
the lamprey and takes them to the marking station. 



It’s a long haul  
from the fish ladder 
to the marking 
station. 



Carson is tagging lamprey. 
Joel  is recording data. 



We’re using PGE’s 
aeration tanks (aka 
garbage cans) to let 
lamprey recover from 
anesthesia before 
releasing them. 



Release lamprey 
 Take to Sportcraft Marina if newly tagged (next slide) 

  Take to Tualatin Boat Launch if recapped tagged 
lamprey (upstream of Willamette Falls) 

 



Carson is  
releasing  
lamprey at 
Sportcraft 
Marina (about 
1 km downstream 
of Willamette 
Falls). 



Harvest 
 Typically 

occurs late 
June and 
July 

 Count 
lamprey or 
estimate 
weight of 
catch in 
burlap sack 
or volume of 
tote 



Creeling at Sportcraft Boat Launch 

Willard and Shayla 
are recording 
counts  or total  
weight of catch  
and checking for  
floy, dart, or  
PIT tags. 



 

Recaptured lamprey with a numbered Floy tag (pink) and dart tag (orange) 



Additional inspection for tags 
 PGE’s salvage operation in the old fishway (2011 only) 



Lamprey in 
crevasses of  
the old  
fish ladder 



We caught lamprey by hand, inspected for tags, weighed burlap sack of lamprey 
or guy holding dipnet with lamprey (minus human weight) and hauled them to 
release site. 



Establish PIT Interrogator Sites 



HDX Antenna 
(in fish ladder) 



Antenna on Lamprey Ramps 

PGE allowed  
us to install  
HDX PIT 
antennae  on 
the face of  
their ramps. 



Counting Lamprey  
Via Camera 
 2 cameras on 

upstream weir 
walls 

 2 external 
overhead 
lights 

 2 DVD 
recorders 

 video review 
system  

(Apple: Final 
Cut Studio X) 



camera 

marker tag 

Cameras are above orifices  
capturing movement  
through the weir wall. 
 
Marker tags send a PIT tag 
signal every hour to test that 
the PIT antenna is working. 
 
PIT tags are recorded by a  
multiplexer and downloaded 
weekly. 



DVR recorders and 
screens showing camera 
views are housed on the deck 
above the fish ladder. 
 
Hard drives in DVRs store 
video.  When the hard drive is 
nearly full (3 days), it is removed 
and replaced with a new empty 
hard drive. 
 
Video files on hard drives are 
currently being reviewed. This  
may take all winter. 



Lincoln-Petersen Estimator for closed 
populations (Chapman’s modification) 



Assumptions for closed population 
models 
The population is closed (geographically 

and demographically); 

Animals do not lose their marks during the 
experiment; 

No tag effects; 

 

 

UNCERTAINTY! 

VALIDATED BY DOUBLE TAGS 

In 2004, Dr. Mary Moser conducted a study to test effects 
of PIT tagging lamprey.  Held lamprey for several weeks  
to assess tag effects – no mortality. 
 



Data for M-R 
Estimate 

2011 

Preliminary  

Numbers !! 

2010 2011 

Marked 

Floy tag 1,897 188 

PIT tag 258 2,302 

Marked Total 2,156 2,490 

Inspected 

ladder 2,134 2,468 

creel 1,606 4,318 

salvage N/A 1,341 

video N/A not done 

Total Inspected 3,740 at least 8,127 

Recaptured 

ladder 73 76 

creel 16 33 

salvage N/A 8 

antennae N/A up to 996 

Total Recaptured 89 up to 1,113 

Note:  we can only use PIT tag detections 
if video from the same time period is  
reviewed.   This gives us the number of  
lamprey inspected for tags (counted via  
video with and without tags) and  
recaptured lamprey (PIT tag detections) 



Escapement Estimate 
 = Abundance Estimate – Harvest Estimate 

 Number of adult Pacific lamprey that ascend 
Willamette Falls 

 Either to over-winter 

 Or spawn 

 Does this represent the spawning population for the 
spring/summer when field work occurs?? 



2010 Escapement Estimate 

22,000 to 36,000  



2011 PIT Tag Detections – 
determine stray rate 
 Of the 2,302 PIT tagged lamprey released at 

Sportcraft 1,107 were detected in the fish ladder 

 Of those detections associated with an antenna 
(1,103), 95.2% went upstream through the weir wall 

 Out of 2,302 PIT tagged lamprey, 996 (of our PIT 
tags, 59 not ours) went through the weir wall 

 That is a passage rate of 43.3% 

 Alternatively, a “straying” rate of 56.7% 

 This will help reduce uncertainty in estimate!! 



Antennae 1 and 2 are on the upstream 
weir wall.  Antennae 3 and 4 are on the 
downstream weir wall.  All those PIT 
tags in which the last recorded detection  
was antenna 1 or 2 went upstream and  
out.  There are many detections per  
tag recorded, so order by date and time  
to find last detection. 



Improved Escapement Estimate 
using PIT tag detections 

PIT tag detections vs. number 
released with PIT tags will let us estimate  
annual “stray” rate (blue circle imposed on 
2010 estimate for example) and improve 
estimates.  Red circle was 2010 estimate  
based on PGE funded studies of passage  
rates using radio telemetry 2005-2009. 



More HDX antennae in 2012? 
 Add one to PGE’s improvements to old fishway? 

 In 2011, one antenna worked on lamprey ramps (out of 
2)…2012 antennae on all 3 ramps? 

Why? 

 Understand behavior (horseshoe vs. cul de sac) with 
respect to environmental variables (flow, water 
temperature) 

 Improve abundance estimates with more recaps 
(smaller confidence intervals) 
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