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Wednesday, December 10, 2014
2014 AFEP Introduction

ADULT SALMON and STEELHEAD STUDIES

Session Introduction

Conversion of radio-tagged adult Chinook salmon and steelhead
through the Federal Columbia River Power System (FCRPS), 2013-
2014

Evaluation of adult salmon and steelhead passage behavior and
success in relation to fishway modifications at Bonneville Dam.
Evaluation of adult salmon and steelhead passage behavior in
relation to fishway modifications at The Dalles and John Day dams,
2013-2014

Steelhead kelt passage distributions and FCRPS survival and return
rates for fish tagged above and at Lower Granite Dam. (Year 3)
Overwintering distribution and behavior of adult steelhead in the
FCRPS,2013-2014

McNary Dam Adult Steelhead Direct Survival Study

Break (15 minutes)

Adult Steelhead and Chinook salmon passage, survival, and
conversion through the lower Snake River. New adult PIT detection
efficiencies.

Passage and Survival of Adult Snake River Sockeye Salmon within
and Upstream from the Federal Columbia River Power System
Migration Timing and Survival of PIT-tagged Adult Salmonids from
the Columbia River Estuary to Bonneville Dam, 2014

BYPASS SYSTEM STUDIES

Session Introduction

Lower Granite Dam Juvenile Fish Collection Channel Prototype
Overflow Weir and Enlarged Orifice Biological Evaluation, 2014.

USACE

USACE

Matt Keefer
(un
Chris Caudill
(urn

Kinsey Frick
(NOAA)

Ryan Harnish
(PNNL)

Matt Keefer
(U
Joanne Phipps
(Norm. Assoc.)

Steve Anglea
(BioMark)

Lisa Crozier
(NWFSC)

Dick Ledgerwood
(NWFSC)

USACE

Rod O'Conner
(Blue Leaf Env.)
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Wednesday, December 10, 2014

Lower Granite Dam Juvenile Fish Collection Channel Prototype
Overflow Weir and Enlarged Orifice: An Evaluation of Fish Injury and
Subsequent Survival

Juvenile Bypass System Selectivity at FCRPS Dams
Lunch

AVIAN PREDATION STUDIES

Session Introduction

Status of Caspian tern breeding colonies at both managed and un-
managed sites in the Columbia Basin and at Corps-constructed
islands

Connectivity of managed and un-managed Caspian tern breeding
colonies as revealed by resightings of banded individuals

Caspian tern response to management at Goose Island, Potholes
Reservoir, as indicated using satellite telemetry

Caspian tern predation on juvenile salmonids in the Columbia River
Basin: a synopsis of PIT tag recovery methods, analyses, and results
from 2014

Break (10 minutes)

PASSAGE AND SURVIVAL STUDIES

Session Introduction

Methods and Overview for Compliance Study Assessment of
Juvenile Salmonids at McNary and John Day Dam’s, 2014

Results of 2014 Survival Compliance Studies at McNary and John
Day Dams

2013 Little Goose Summer Juvenile Salmon Dam Passage
Performance Standard Route Survival Diagnostics

JSATS Tag development for juvenile salmon, sturgeon, eel, and
lamprey

Allen Evans
(RTR)

Tiffani Marsh
(NWFSC)

USACE

Dan Roby
(OSV)

Yasuko Suzuki
(0SV)

Don Lyons
(0OSV)

Allen Evans
(RTR)

USACE

Mark Weiland
(PNNL)
John Skalski
(Uw)
Ryan Harnish
(PNNL)

Daniel Deng
(PNNL)
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Thursday, December 11, 2014

Session Introduction
Pit-Tag reach survival estimates, 2014

Growth of Smolts Between Lower Granite and Bonneville Dams

Detection of PIT-Tagged Juvenile Salmonids Using a Surface Pair-
Trawl in the Columbia River Estuary, 2014

TRANSPORTATION STUDIES

Session Introduction

Determine the Seasonal Effects of Transporting fish from the Snake
River to optimize a Transportation Strategy.

Fall Chinook Transportation Evaluation

Analysis of straying rates and behaviors of Snake and Columbia River
salmon and steelhead

Break (10 minutes)

TURBINE SURVIVAL STUDIES

Session Introduction

Depth Distribution of Migrating Yearling and Subyearling Chinook
Salmon and Juvenile Steelhead In the Snake River

Lunch (1 hour)

LAMPREY STUDIES

Session Introduction

The 2014 adult Pacific lamprey migration: HD-PIT and radiotelemetry
summaries

Using the Juvenile Salmon Acoustic Telemetry (JSATS) system to
evaluate adult Pacific lamprey movements and fate in Columbia River
reservoirs, 2011-2014.

Pacific Lamprey swimming behavior and performance in relation to
passage barrier velocity, distance and turbulence in an experimental
flume, 2014

Development and use of lamprey passage structures at the
Bonneville Dam Lamprey Flume System and John Day Dam North
Fishway Entrance, 2013-2014.

Steve Smith
(NWFSC)
Tiffany Marsh
(NWFSC)
Matthew Morris
(NWFSC)
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Steve Smith
(NWFSC)
Steve Smith
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Andy Dittman
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Chris Caudill
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Modification and evaluation of lamprey passage structures (LPSs) at
Bonneville Dam and the John Day south fishway collection trap, 2014.

Break (10 minutes)

If you build it they will come: an experimental vertical climbing wall

Use of Network Theory to Evaluate Fish Passage Behavior at
Bonneville Dam

Evaluation of Adult Lamprey Passage Behavior in Relation to
Prototype McNary Dam South Shore Entrance Structure and
Estimating Total Ladder Escapement Through McNary and Ice Harbor
Dams.

Evaluation of Adult Pacific Lamprey Migration Behavior and Passage
Success in Lower Snake River

Assessment of Fluctuating Reservoir Elevations Using Hydraulic
Models and Impacts on Larval Pacific Lamprey Rearing Habitat in the
Bonneville Pool

Evaluation of Larval Pacific Lamprey Rearing in Mainstem Areas of the
Columbia and Snake Rivers Impacted by Dams

Adjourn

Steve Corbett
(NWFSC)

Kinsey Frick
(NOAA)
Mark Kirk
(UD)

Frank Loge
(UCD)

Chris Peery
(USFWS)

Bob Mueller
(PNNL)

Tim Whitesel
(USFWS)
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e LFS Passage =29 (
passage in 2013

Perioo
Perioo

Period

Bonneville Dam PH2 LFS

1

2 Dewatered

3

LFS

23

6

) of Washington Shore

WA Shore Total

12477
7235
20373

| FS: Total
0.18%
N/A

0.03%






Broken support rods
. Large surface bolil developed at higher LFS velocities
2013 In-season dewater of LFS/LPS and ROV inspection
Fall 2013 Repairs including HD-PIT antennas
Entrained air in LFS water supply persists = “Bubble Curtain”






Ul Modifications to LPS 2013-2014

e Improved LPS
oumps and screens

e Improved access to
_PS terminus
(lowered platform)

e Additional minor
modifications






LPS Terminus Modifications

 High platform = poor
access

e Potential trade-off with
handling





Improved LPS Water Supply

Paired Pumps

Screened Pump On I-beam Trolley
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Period 1
(1 fps) 491

Period 2
(~1.0-3.0
fps) 35

Period 3
(1.25 fps) 19
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Bonneville Dam PH2 LFS

o LFS Passage =545 ( ) of Washington
Shore passage in 2014

_FS Settings LFS WA Shore Total  LFS:Total
Period 1 (1 fps) 491 45227 1.09%
Period 2 (~1.0- 3.0 fps) 35 9340 0.37%
Period 3 (1.25 fps) 19 6465 0.29%

» Treatment: HDHN=7 (6 days); HDLN=5 (5 Days); LDHN= 11
(5 days); LDLN=12 (7 days);

* low night = 1.42 lamps/day; high night = 1.64 lamps/day





Length (cm)

80 -
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40

True tailrace size distribution?

P,s <0.001

RT tagged HD tagged

LFS Lengths sampled 10 June — 8 August , 2014 ~

Period 1

LFS collected






10 Fish detected at Lower LFS HD
antennas (20-May installed)

1 collected at terminus

7 of 10 Detected before 15 June
% Detection by Antenna
1=70%: 2=90%;
3=70%; 4=30%
Detection times
Median= 0.17 h
Range=0.01- 1.32 h
Lower LFS passage time =
0.17 h (N=1)

RT Data ~ Low Collection Eff.
High Detect. Efficiency?
Low Passage Efficiency






AECOM 2012 Figure H-7, Tailwater 28’

countercurrent as tailrace
elevation declines
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_ ' AECOM 2012 Fig G-7; Tailrace 10’

AECOM CFD model
results
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« DIDSON observations of
“bubble curtain” to
determine best
acceptable operation
(Closed upper entrance
vs. both open;
acceptable flow rate,
etc.)






Operational Recommendations
LFS/LPS for 2015

Continue diagnosis of declining capture rates

Reduction of entrained air
— Reduction of bubble curtain
— Allow higher flow rates at entrance(s)
— Reduce potential for drop-out of LFS?

Flow setting experiment to optimize LFS flow rate

Continued monitoring of size structure entering
LFS





John Day North Fishway Entrance
Modifications 2011-2013






John Day North Fishway

Bollard Field
LPS Entrance
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Daytime count ~ 8,600 |

200 -

&

Tagged lamprey

100

Count at John Day
3

u_ ! _u

I I I I
30Apr 20May 9Jun 29Jun 19 Jul 8Aug 28Aug 17Sep 7 Oct
Date

e 100 HDX-PIT tagged
» Released to forebay
 Analyses on-going:
— High fallback rate (N=36 lamprey)
— High Deschutes River Entry (N=6; 37.5% of FBs)





John Day Release Site

2014
Release Site

£ 2014 Google

Imagery Date: 7/9/2013





Summary
* Bonneville Dam LFS/LPS collection efficiency
iImproved ~10X from 2013 (0.09%) to 2014
(0.89%).
« Continuing work on entrained air, diagnosis of
apparently low entry rate in mid- and late season

« John Day NFE LPS collection efficiency improved
~5x from 2013 (2.2%) to 2014 (12.9%)

« Apparent high fallback suggests need for new
release site, careful consideration of future LPS

exit site










Bonneville Dam PH2 LFS

o LFS Passage =545 ( ) of Washington
Shore passage in 2014

_FS Settings LFS WA Shore Total  LFS:Total
Period 1 (1 fps) 491 45227 1.09%
Period 2 (~1.0- 3.0 fps) 35 9340 0.37%
Period 3 (1.25 fps) 19 6465 0.29%
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MODIFICATION AND EVALUATION OF
LAMPREY PASSAGE STRUCTURES (LPS) AT
BONNEVILLE DAM AND THE JOHN DAY DAM
SOUTH FISHWAY COLLECTION TRAP

Steve Corbett NWFSC/Ocean Associates
Kinsey Frick, Mary Moser NWFSC/NOAA
Christopher Caudill, Matthew Keefer, University of Idaho
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Lamprey Passage Structure (LPS)

uJ v;felling Box

Rest Box 3

PIT 2 Rest Box 2

Rest Box 1
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- Methods
PIT tag, half-duplex (3 x 32 mm)

1199
Released downstream BON

N\

599 600
PIT tag only PIT tag
+

radio transmitter

Monitor passage using existing
HD-PIT detection array






Modifications at Bradford Island Fishway

==L

New Picketed Lead

<—Flow

4
LPS Entrance

Increased access to AWS Reduced access to area behind
channel via metal ramp count station crowder
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PIT Detections — Bradford Island LPS

LPS watered April 23-October 20

Detected at LPS (%) Passage Median time to | Passagetime

rel DS efficiency (%) pass (h) range (h)

2011 60/823 (7) 60/60 (100) 0.6 0.3-2.0
2012 45/976 (5) 44/45 (98) 0.6 0.4-6.0
2013 43/1073 (4) 42/43 (98) 0.7 0.3-1.9
2014 39/1199 (3) 39/39 (100) 0.7 0.4-1.5






Bonneville Dam
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Washington Shore LPS Exit

Electrical Impedance Coils
]

Sealed Limit
Switch

Improved _ ;‘
Paddle Door »

Perforated Plate






Washington Shore LPS Exit Electrical Impedance

Electrical Impedance \
Detection Coils \
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PIT Detections - Washington Shore LPS

LPS watered April 1-October 29

Released DS and
Detected at LPS

)

Passage
efficiency
(%)

2011 62/823 (8)
2012 62/976 (6)
T 227/1073 (21)
2014  197/1199 (16)

uJ v;felling Box

53/62 (85)
56/62 (90)
195/227 (86)
179/197 (91)

Rest Box 1

0.4
0.5
0.6
0.5

Rest Box 3

0.2-1.7

0.3-1.6
0.2-3.72
0.2-3.1

Rest Box 2





Bonneville Dam






Cascades Island LPS Extension

2009-2012 2013
A A
4 N/ \
Terminal Upwelling Box
Trap i
Removed Pipe
! r
— Exit to
1 Forebay

Upwelling Box

Tailrace
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PIT Detections - Cascades Island LPS

LPS watered May 14-October 30

P Passage time
Detected at LPS (%) Passage Median time to
rel DS efficiency (%) SER () range (h)
2013 3/1073 (0.3) 2/3 (66) 1.6 1.6-1.6
2014 7/1199 (1) 7/7 (100) 2.9 1.7-20.9

]

* BN

PIT 2 PIT 3
»
4 :
PIT 1 2011 485 Terminal trap
2012 2,472 Terminal trap
2013 155 Counted exiting

2014 2,832 Counted exiting
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Cascades Island Auxiliary Water Supply Channel

Flow
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Cascades Island AWS Trapping

Lamprey Captured and Released

2012 8/16-9/20 268
2013 7/9-10/23 625

2014 5/19-10/30 1,512

62 of 1199 (5.2%) PIT tagged released DS from BON detected
7-10% 2007-2013






Fate of PIT Tagged Lamprey Detected at Cascades Island AWS

62 of 1199 (5.2%) PIT tagged and Released

Downstream BON and Detected at Cl AWS
Recaptured at

Cl AWS Traps
|— (5%)
Exited WA sh
Fishway/LPS
No Subsequent 355
Detections |
(47%)
I
Detected at WA sh
but No Exit
| (3%)
LIJ\I esﬁtre[)aer;ef;lg;igtn Exited Other BON
P Fishway/LPS

(6%)

(3%)
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John Day Dam






FLOW ~-="1 John Day Dam
l o South Fishway
Lamprey Trap
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PIT Detections at John Day South Lamprey Trap

16 PIT-Only
5 PIT+Radio
11 tagged 2013 _

32 HD PIT-tagged

[~ lamprey detected
2013=39

6 PIT tagged lamprey
recaptured






Collection and Passage at John Day South Lamprey Trap
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Conclusions

* Problems exist with LPS passage
estimation despite modifications to
exit slides

« Improved access to Bradford Island
AWS LPS

* High use of WA shore LPS following operational change in 2013

« Trapping and recaptures at the Cl AWS indicate that lamprey continue
to access despite reduced picket spacing

» Passage estimation at John Day South trap in progress
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If you build it they will come:
An experimental vertical climbing wall for Pacific
lamprey

Kinsey Frick, Steve Corbett, Mike Hanks, Mary Moser
Northwest Fisheries Science Center, NOAA Fisheries, Seattle UniverSi

Christopher Caudill of ldaho

Department of Fish and Wildlife Sciences, University of Idaho,
Moscow

US Army Corps of Engineers






Taking advantage

of lamprey ~
climbing ability \ﬁ __

o 45 degree climb
maximizes climbing
speed
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Could we use vertical climbing ability at Bonneville?






Wetted Wall Climbing Structure

e Height: 5.4 feet

o Wall Width: 18 inches
« Pan length: 18 inches
o Exit Width: 4 inches






Experimental Design

—_— = Upwell Low

« 3 ways of supplying
water:
— Overflow
— Sidewell
— Upwell

o 3flow levels per type

Cascading volume (gpm)

Overflow Sidewell Upwell

Low 3.8 6.0 1.7
Medium  24.0 19.8 3.9
High 475 27.4 8.2






Experimental Design

= Upwell Low

Lamprey individually
marked 1; '\

2.5 hours per trial

Up to 8 individuals
simultaneously, until 10
total had interacted
with the wall

Response variables:
— First wall touch

— Time to crest

— Time out exit

— Number of attempts
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Results: Wall touch to Exit
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Time spent vertlcal VS. In the pan

N
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. Overflow Sidewell Upwell
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Conclusions

« Lamprey will climb a vertical wall |
at any of these flow levelsand | = =
successfully exit.

« Of the conditions we tested, a
sidewelling water supply of 6-
20gpm (low-medium) would be
recommended for field testing.

 Glven the success, this shows
great potential for field
applications.





Lessons Learned

« Lengthen the pan to improve ease of passage for
larger fish.





Lessons Learned
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» Lengthen the pan to impove eaof passage
for larger fish.





Lessons Learned

« Conduit attached on
upstream side of climbing
surface advantageous to
directing lamprey but
provide dead-end climbing
avenue.

4« Higher (dry) walls in the pan will
.. help prevent accidental exits.

* Removing perforated plate for
upwelling functionality will allow
attachment to exit point
(functionally extending the pan).
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Presentation objectives

 Introduce the 2014 lamprey run

o Migration summaries for the 2014 HD PIT-
tagged and radio-tagged samples
— Upstream escapement past dams
— Last detection distributions
— Bonneville & The Dalles passage problems

_—

— Qverwintering: 2013 flsh i






The 2014 lamprey migration

Daytime counts at Bonneville Dam
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2014: ~31,950 Day count

Total day count + night count + LPS ~ 120,000






Daily passage (%)

The 2014 lamprey migration

Daytime counts at Bonneville Dam
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2014 Tagging at Bonneville

Sample median: 8 July
1200 —
599 HD-PIT Run medlan.. 10 July - 60
900 - Daytime count ~ 31,950
Total count ~120,000
© 600 -
> 300 -
c
c
@) 0
f 1200 —
@© - uly
= a0 599 HD-PIT + Radio l All lamprey released | | 50
S | downstream from BON | L 4
@)
O 600 A - 30
. - 20
)0 -
g ) - 10
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OApr 20May 9Jun 29Jun 19Jul 8Aug 28Aug 17 Sep 7 Oct

Date

Tagged lamprey






2014 HD Tagging at John Day

e 100 lamprey collected at LPS in North fishway
e Released in the John Day forebay

(o))
o

Daytime count ~ 8,600 |

T
B
o

Tagged lamprey
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2014 HD PIT monitoring

® RID,RRD @

® HD PIT (U-NOAA-PUDs)
® HD-PIT (CWTSRO)

~ LGR \
’/LMN LGO

IHR

Half-Duplex PIT antennas
Ladder exits
Lamprey passage structures (LPS’s)
Additional fishway sites (BON, JDD, MCN, IHR, PRD, WAN, RID, RRD)

Tributaries: Hood River, Mill, Fifteenmile & Eightmile creeks,
Warm Springs River & Shitike creeks (CTWSRO)
Deschutes River mouth: first full year





Methods: 2014 Radio monitoring

® Antenna site(s) \  WAN

wrfv"\_.

LGR
LMN LGO

Tailraces, fishways, ladders at 9 dams
Lower Columbia reservoir sites

Most major tributaries
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Escapement past dams: Radios

From release past dams (n = 599)

2007
2008
2009
2010
—@— 2014

0.5%

— e

Ladder top — ladder top

ey

BO-TD TD-JD
2007 25% 43%
2008 40% 43%
2009 34% 32%
2010 95% 46%
2014 31% 55%






Final detections: Radios

356 radio-tagged fish did not pass Bonneville Lgﬁ [

34% (122) tailrace only or further downstream
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Final detections: Radios

356 radio-tagged fish did not pass Bonneville ( >
34% (122) tailrace only or further downstream ° :T[,I] g
10% (35) approached fishway E 0
10 PH1 — South E DeR
: 1| o
8 spillway — B-Branch S L\j :
Island

Y
B-branch Wt to scale
e
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PH2
e serpentine

Final detections: Radios "

356 radio-tagged fish that did not pass Bonneville

34% (1232) tailrace only or further downstream
10% (35) approached fishway
56% (199) entered fishway

I
]
[
l
[
0
[
]
. 0
62 PH2 serp weirs / AWS :‘w

48 PH1 serp weirs / AWS 3
29 WA-shore junction pool (_/_/— |

27 WA-shore ladder | Spillway Not to scale
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OO 00000 OCO0 0O

Serpentine welir video
and flume experiments:
Mark Kirk presentation
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Final detections above BON: radio

243 radio-tagged fish past Bonneville 7 GR
< j——r
PRD LMN  LGO
\ IHR
LWS Klickitat
B \
‘ TDA LS
\ ¢
BO @ 15 Mile @
Hood I John Day
Mill Cr
Deschutes

Tributaries: 10%






Final detections passed BON: radio

243 radio-tagged fish past Bonneville WAN GR
< i
PRD L LEE

\

IHR

‘ JDA \@
, MCN
Cete

BON

Main stem: 90% Reservoir story:
At dams / in tailraces: 40% Chris Noyes presentation

Ladder exits / reservoirs: 50%





Most upstream detections: radios

80 radio-tagged fish that did not pass The Dalles

C%ZQ 6% (5) tailrace only

53% (42) approached fishway

41% (33) entered fishway

/
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o= ]
\ OO0 O0000






Escapement past dams: HD PIT

From rEIGWmS (n = 599) \
I3 B0. 30 o) .
60 58.4% when
27 BON
50 1 recaptures
S censored
< 40 -
7]
©
o
2 30 -
()]
O
O]
O 20 |
10 -
0 . . .
BO D D MN H PR
Radios: 40.5%  12.7% 7.0% pam 1.3%  0.0%  0.5%






Last detections: Bonneville HD-PIT

Upper COL

RID ~9%

599 PIT-tagged fish released : AN ‘ GR
PRD LMN LGO

IHR Snake
on

Bonneville top

/ Klickitat .
JDA @ ]
TDA @ MCN

// i

John Da

Release Z \ The Dalles

At Bonneuvill John Day
Hood River Deschutes

15 Mile Creek






Size x Fate: Bonneville PIT

Upriver —

All Lamprey

Snake dams
UC dams
MCN all sites
JDD all sites
Deschutes R
TDD top
TDD fishway
15 Mile Cr
Hood R

BON top
BON fishway
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|

n =599 ° — — o

4 51 o ( — [ — o
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- 83 o
430 0 H [ o
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Last detections: John Day HD-PIT

Upper COL

100 PIT-tagged fish released @ 3> WAN LGR

24

Release @ “ S \ @

PRD mr Jiun  LGO

‘ Snake

JDA
TDA \ HIER
\
N \
Deschutes

John Day Dam

John Day River:
No HD monitoring






Size x Fate: John Day PIT

All Lamprey 4n =100 ° — °
Snake dams 4 10 d——:@
UCdams 4 31 ° | °
MCN all sites {1 4 — o
DD all sites | 17 @L —o
DeschutesR 4 6 N

TDD top -
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15 Mile Cr A
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2013 Overwintering: lower COL

Minimum n = 64 with notable movement
~7.5% of HD sample

Entered Deschutes River: 53% (34)
Entered Willamette River: 3% (2)

Upstream from 2013 final dam detection: 44% (28)
23 of 28 passed at least one additional dam

Many additional
unmonitored sites
where post-overwinter
fish may enter and spawn






Conclusions: BON Radios

» 2013 escapement at high end of range

— 41% passed Bonneville, but near-average
escapement past upstream dams

* Many entered BON fishways, failed to pass
— Serpentine weirs / Auxiliary water supply channel
— WA-shore junction area

 Many at The Dalles, did not pass

— East entrance area
— North collection channel / transition area





Conclusions: BON PITs

e Escapement past dams highest in time series
— Incremental improvement: 60% past BON
— 2% to Snake, 9% to upper Columbia
— Largest fish in sample entered Snake River

e ~8% of 2013 sample overwintered, moved
upstream in spring 2014
— Deschutes R. = Valhalla
— Willamette R. = confirmed

suspicion

Willamette Falls
Count window






Conclusions: JDD PITs

e 31% moved upstream to upper Columbia

e 10% entered Snake

— Repeated pattern provides additional evidence for
phenotypic / genetic structuring

e Some fish moved downstream to Deschutes
— John Day River unmonitored
— More detections expected
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Passing each dam (%)

Telemetry studies of Pacific lamprey passage
at Columbia River dams

80

(o)}
o

1N
o

N
o

BON

TDA

JDA MCN
Dam

IHR

PRD

e Coarse-scale
monitoring

— Low passage rates

of Pacific lamprey
* Finer-scale
monitoring

— RT studies have
helped us locate
fishway areas
associated with
poor passage

 Mechanisms of
poor passage?





Observational and experimental studies

Entrance =

-~

. Ladder

T Ladder '
imited |—7%
attraction and
potential rﬁlzf't“ﬂ ~ T - Count Window
predators L S —
,.
Fishway
Exit

Collection Channel Bonneville -

nﬂm . . -

“Velocity |~ -
barriers” o

+—

From: Moser et al. 2002





e Serpentine welirs
— High turnaround rates
— High failure rates
— Important because of proximity to exit

Count window Serpentine weirs

Count siglis - . ;
S [] _— ~,. | Fish ladder exit
-«+— Flow \\ ********* o e Al
ZZ i O 0 i a1
/

Auxiliary water channel  LPS entrances

What fishway features in this section may be
responsible for limited passage?





Potential variables affecting lamprey in this section
1. Turbulence (more work to endure turbulent conditions)
2. Slot lengths (0.3-1.2 m; longer barrier distances)
3. High velocities











Experimental design

o 3x3x2Split-split-plot design
— Interactions between 3 variables

Velocity Distance Turbulence

12m/s §¢ 0.33m ¢¢ Control — mm 18 treatment
[ ] . .

1.8 m/s 0.66 m Treatment combinations

2.4 m/s 1.00 m

N = 300 lamprey; 6 lamprey per trial

* Hypothesis: Number of fish passing the experiment would
be lower for...

e Higher velocities
« Higher turbulence
e Longer distance






Turbulence: Treatment

‘40\“ \
Turbulence
wall

<€ Vertical slot






Turbulence: Control

‘40\“ \
Turbulence
wall

<€ Vertical slot






Long distance (1.00 m)

‘40\“ \
Turbulence
wall

<€ Vertical slot






Medium distance (0.66 m)

‘40\“ \
Turbulence
wall

<€ Vertical slot






Short distance (0.33 m)

‘40\“ \
Turbulence
wall

<€ Vertical slot
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100

(0]
o
I

% Passing weirs
B
o

N
o
I

% Passing weirs each trial
(# fish passed/# fish approached)

mmmm Turbulence treatment

I

Turbulence control

Crisscross in turbulence

A

[o2]
o
I

|

|

/

groups
ANOVA Table

Source F P
Distance 0.10 0.908
Turbulence | 0.53 0.474
Velocity 1.31 0.284
D*T 4.35 0.021
D*V 1.08 0.384
™V 0.533 0.592
D*T*V 0.20 0.936

0.33m

0.66 m
Distance treatment

Im

Note: high passage
rates for lamprey





% of attachment events in each trial
(# of events with an attachment/total # events)

100 1 Hmmm Turbulence treatment
—— Turbulence control ANOVA Table
% 80 - l Source F P
> l Distance | 1.33 0.28
% 60 Turbulence 0.45 0.50
% Velocity 14.54 <0.001
% 40 - D*T 0.43 0.66
X D*V 1.71 0.17
207 T*V 0.76 0.47
0 | | D*T*V 1.61 0.19
1.2m/s 1.8 m/s 2.4 mls

Velocity treatment
\l Positive relationship
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Weir passage time (minutes)
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o

Welir passage times for individual fish
(l.e., attachment time)
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mmmm Turbulence treatment

| === Turbulence control

m[ iﬁ

/

/l 2.5x increase |

1.2 m/s 1.8 m/s

ANOVA Table
Source F P
Distance 0.24 0.80
Turbulence 0.13 0.74
Velocity | 23.11 <0.001
D*T 1.24 0.37
D*V 1.01 0.41
™=V 5.85 0.004
D*T*V 1.78 0.16

2.4 m/s

Velocity treatment
\l Positive relationship






Effects of Body Size

Keefer et al. 2009

0
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Probability of escapement
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T T T |
200 600 1000

0o
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Do larger lamprey have a higher probability of
passage under experimental conditions?





Multiple logistic regression

Factor

Weight

“Condition”

Dorsal distance
1m-0.66m
1m-0.33m

1.2 m/s—-2.4 m/s
1.8 m/s — 2.4 m/s
Treatment - Control
Late-Early run date
Mid-Early run date






Question: How does high experimental passage
translate into poor passage observed In fishway?

Complementary Field Study
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Behavioral comparisons

50

o 40
e
In contrast, g
85% of events| ¢ 30 -
occurred near o
>
the flume 2 20 1
floor o
Q.
=
© 10
-
No strong
demersal 0 | | |
orientation 5 Lower  Middle  Upper

Camera depth

* Fewer attachment events in field than experiments
(20% vs. 40%, respectively)





Movement rates at the weir

100 100
HEE Upstream movements I Upstream location
1 Downstream movements . 1 Downstream location
1% 80 - 8 80 -
c e
0 3 I -
(@) o
w 60 o 60
© I=
G_) —— - - - - - s . q) —
o) >
S 40 v 40
= | |
3 9
3
O 20 |_| H |_| S 20 -
1
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Lower Middle Upper Lower Middle Upper

Camera depth Camera depth
the slots easily

Take-home: Passage through individual weirs good





Alternative Hypotheses for Poor Passage

« Alternative Hypothesis #1: Endurance-based hypothesis
— Evaluate attrition from July camera deployments
— Predict event rates decline from downstream to upstream

Count window Serpentine weirs

Picket lead

|CKE Ea\\\‘- CrﬂWder / Cgunt Etati':"n C ﬁr. _‘l . ~

~ (1o T — —‘ Fish ladder exit

-+—Flow \\\A ,,,,,,,, = ... ( N — -

N0 0 M T &
v EEE——— ]
[ | | . . |
/ /

0 7.5 15 Meters
| |

| Auxiliary water channel  LPS entrances

From: Clabough et al. 2012

o Alternative Hypothesis #2: “Turning-radius” hypothesis
— 90° and 180° sharp turns = ~1900° in turns
— Difficulty in orientation for lamprey






Conclusions

 High passage rates (—80%)
— 80% passage per weir x 15 weirs = 96% attrition to exit
o Test “Endurance-based” hypothesis from video’s

 Minimal effects of velocity, distance, or turbulence
on passage rates at a single weir

— Turbulence affects behavior = attachment duration
E:.._ :I"‘r“'%"j“rﬂt*'«__d w: ”"H'WE i]f.ﬂ?'f - ﬂ_ N - > _ = i
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Spatial complexity of fish passage systems
at hydropower dams

e Linear passage structures
— Multiple entrances and exits

e Passage metrics such as
‘efficiency’ or ‘success’

— May not capture true
complexity of movements
that fish exhibit

E2 E3 E1l

E4
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Top Down view of Bonneville Dam
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Long-term radio-telemetry monitoring

e Chinook Salmon and Pacific Lamprey
o Telemetry data = —50,000 lines coded data

* Objective 1: Visualize patterns in the movements of Chinook
salmon and Pacific lamprey at Bonneuville.

— Descriptive in nature

——
——

PATABASE  PATA BASE Y

OF USEFUL  OF USELESS

INFORMATION  INFORMATION |
s 500,000,000 65






Applying network theory to telemetry data

Describes connectivity and ?
(D)

size of large, spatial ¢ .
systems :iﬂ
— Visualization 5 o
— Nodes and edges . ®

. 5 TR

Era of big data

Frequently applied for
social network analyses

Ecological applications
— River connectivity

Eros et al. (2011)





» Passage success = 50% for lamprey and 95% for Chinook
o Potentially large variability in passage differences

1. Motivation-related
» Philopatric versus non-philopatric

2. Performance-related
e Overcoming high velocity zones
« Structural impediments

* Novel opportunity to capture that variation





Constructing networks (Cytoscape v2.8.3)

A) Lamprey 39664

ff \
| PBO |
.x"»._ _.-/. -






Significant individual variability for lamprey

B) Lamprey 39689

Lamprey 39664 = 64 cm, June 8, 17 days
Lamprey 39689 = 69 cm, June 9, 17 days





 Number of edges: # of connections (e.g., movements)

Characterizing individual network structure

(5 connectivity metrics)
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Characterizing individual network structure
(5 connectivity metrics)

Network diameter: farthest distance between two nodes in the network (e.g.,
path length)
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Characterizing individual network structure
(5 connectivity metrics)

Average number neighbors: # of edges for each node divided by the total number
of nodes (e.g., movements between sites)

0.485 1.515
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;
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Characterizing individual network structure
(5 connectivity metrics)

Multi-edge nodes: # of node pairs sharing more than one edge (e.g., milling
behaviors between sites)
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Characterizing individual network structure
(5 connectivity metrics)

« Edge: diameter ratio: # edges in network divided by diameter (e.g., passage
routes of more milling and exploring)

2.00 4.92
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Objective 2: Test for differences in movement and behavior
both between and within Pacific lamprey and Chinook
salmon.

« Application of network
methods for movement  pjqd not pass
— Individual-level

— Population level inferences “

— Hypothesis testing

e Ql1: How do movement

patterns differ between Passed

lamprey and salmon? “
e Q2: How do movement

patterns differ between

fish that pass and those

that do not pass the
dam?
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Salmon and lamprey population differences

Mean multi-edge node pairs per network

14

I Lamprey pass
[ Lamprey DNP

| 1 salmon

I Lamprey pass
[ Lamprey DNP
1 Salmon
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— o

Edge: Diameter ratio
N
|

l/*

Salmon less
milling and
exploring
between sites






Mean diameter per network
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Lamprey population differences
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Conclusions about lamprey and salmon behavior

Salmon had less milling and TP v — —

MokFarmi@acl.com

consistent route structures

Individual variation in
network metrics of lamprey

« Variation unlikely attributed
entirely to Performance-related
failures

No relationships with

lamprey body size

Potential differences in some
“giving-up” threshold
between lamprey and salmon






Broader Passage
Implications

 New perspective for
visualizing movements
and passage history of
individual fish.

— Non-linear passage

* Provided novel metrics
for describing elements
of passage behavior

« Additional tool for
monitoring movements

— Wide application
potential
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B a.C kg I'O U n d Pacific Northwest

NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

» Rearing larval Pacific lamprey are strongly associated with stream and
river sediments.

» The timing, duration, and habitat use of the larval life stages are poorly
understood.

» Reservoir levels fluctuate through year and larval lamprey can become
exposed and potentially cause mortalities.

» Unknown whether larval lamprey vacate their burrows and move to
deeper water as the water level recedes.

» Potential harm to rearing lampreys may include desiccation, forced
movement to deeper water, and exposure to bird and fish predation.

» Previous surveys indicate that larval lamprey inhabit these regions.
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Objectives - Methods Pacific Northiiei

Proudly Operated by Battelle Since 1965

» PNNL's MASS2 2D numerical model to determine regions of
riverbed which will be exposed during MOP, MOP+1-ft,
MOP+2-ft and high pool at Bonneville Dam.

» Modeled (steady-state) exceedance flows (10, 50 and 90%)=
flow rates of 291, 135 and 97 kcfs from USGS gage
downstream of The Dalles Dam. 10 year period June-
November.

» Model unsteady water surface fluctuations to understand how
inundation may change on daily and hourly basis.
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Locations and size of regions within the .

NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

Bonneville pool

Tota v (o

Little White Salmon (Zone 1) 2,226
Wind (Zone 2) 10,879
White Salmon/Hood (Zone 3) 14,790

Klickitat (Zone 4) 5,546
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Data sources for hydraulic modeling Pacific Nofifie==

Proudly Operated by Battelle Since 1965

» Corps bathymetric survey data

B Covers main channel but little to no coverage in shallow areas (i.e
tributary river confluences).

B 1997 navigation channel survey — 500-ft transects across channel with
100-ft spacing in navigation channel.

» Navigation charts (NOAA)

B Out of date — In shallow areas, especially where sediment influx is
significant these old data are not very reliable.

» Prior lamprey sampling depth measurements (USFWS)

B Not an elevation, but estimate was made using 1D model (MASS1) water
surface elevation during survey period.





Model improvements for shallow non- R

NATIONAL LABORATORY

surveyed regions

» Measurements obtained from prior surveys converted to bottom elevations
and incorporated into the surface.

» Elevation contours added based on underwater features visible in aerial
photos. Features generally no deeper than 13-ft below the surface.

» Elevation contours added based on subjective interpretation of existing point-
survey data.

» All new data sets were interpolated to a 50 x 50-ft square grid to create
bathymetric surface for hydraulic model.
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Example bathymetric coverage - Wind River Pacific Northwest

NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965
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Inundation changes based on flow and MOP levels Pacific Northwest

NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

» Largest variation at White Salmon/Hood rivers followed by Wind, Klickitat
and the Little White Salmon.

97 kcfs at The Dalles

70

60
w
E
m
T 50
% W Little White Salmon
: -
w 40 = Wind
g m White Salmon/Hood
T 30 m Klickitat
o
T
= 20
a
a

10

0

MOP + 2 MOP + 1 MOP





Inundation changes based on flow and MOP levels

Dewatered Area in Hectares

135 kcfs at The Dalles

70 -
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50 -

40 -

30 -

20

10 -

MOP + 2 MOP +1 MoP

Change in inundation for a river flow of 135 kcfs
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Pacific Northwest
NATIONAL LABORATORY

Proudly Operated by Battelle Since 1965

M Little White Salmon
B Wind
» White Salmon/Hood

B Klickitat
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Inundation changes based on flow and MOP levels Pacific NoM

Proudly Operated by Battelle Since 1965

291 kcfs at The Dalles
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Unsteady model outputs PacificNoftH i =F

Proudly Operated by Battelle Since 1965

» 2-week period in February 2002 was selected due
wide range in forebay elevations.

» 2.5-ft variation in WSE occurred during this period in
2002 and a 3.7-ft change occurred in 2014.

» Duration of changes were variable and generally did
not stay constant for more than a 5-hr period.

» Outflow at The Dalles Dam is dynamic- can change
100 kcfs/hour period- directly impact WSE at BONN
forebay.

11
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Unsteady model outputs (2002) Paciic NoTL =i

Proudly Operated by Battelle Since 1965
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Date

Unsteady MASS2 boundary conditions for Bonneville Dam and
The Dalles hourly flow from February 1 to 15 in 2002.
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Unsteady model outputs (2014) Pacific Mot =N

Proudly Operated by Battelle Since 1965
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The Dalles Dam flows and Bonneville Dam forebay
WSE for February 1 to 15 in 2014.
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Conclusions Pacific Northwest

Proudly Operated by Battelle Since 1965

» MASS?2 indicated delta regions near the White Salmon and
Hood rivers is most susceptible to WSE changes.

» WSE can vary by 2.5 to 3.7-ft on weekly periods and 2.2-ft
on daily basis.

» The rates of changes were variable and generally did not
stay constant for more than a 5-hr period.

» Additional bathymetric data needed to improve the
representation of habitats in MASS2 and to better classify
substrate composition or LIDAR surveys done at regular
intervals.
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Example model run (Wind River) Pacific HofEias
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Adult lamprey reach escapement (HD-PIT)

39-59% of HD-PIT tagged
adults released below

Bonneville Dam did not

® 2005
pass (2005-2013) % : © 2008
Above Bonneville Dam,  § ™| o 2008
58% of adults did not pass £ * ° o 2011
The Dalles (2008 RT, year S = . o
with best telemetry 7 20
monitoring) S 10 ® -
Fate of unaccounted 01 8
lampreys?

Bonneville The Dalles John Day McNary





Adult lamprey reach escapement (HD-PIT)

Mortality?
Tallrace spawning?
Unmonitored tributaries?

Overwintering in
mainstem followed by
tributary entry in spring?
Monitor with JSATS
technology:

— suitable for deep water

— longer tag life

— no external antenna

% Past (from release)
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Objectives

 Monitor behavior and determine fate of adult
Pacific lamprey above Bonneville Dam

— Reservoir behavior
— Distribution and fate
— Tributary entry
e Monitor behavior and determine fate of adult
Pacific lamprey below Bonneville Dam
— Fate after release
— Downstream movements?

e Conduct multiyear analysis





Lamprey Tagging

e Lamprey captured
WA shore fish
ladder

* Weight, length, and
girth

e Surgically
implanted JSATS JSATS tag 23 x 8 x 4 mm

Tag life = 400 days @ 10 sec
tag and Ha|f 1.7 g Tag burden ~ 0.4%

Duplex (HDX) PIT






» Acoustic Recelver
(aka “Node”) and
hydrophone

e Acoustic Release

e ~ 35 day deployment : i
duration |





Relative Frequency (%)

Tagging Results

Length Distribution Weight Distribution
60 30
2011 2011
50 - 120121 o | 1 2012
2013 S 2013
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2013 mean weight =433 g 2013 mean length =64.8 cm
2012 mean weight =479 g 2012 mean length =67.0 cm

2011 mean weight =438 g 2011 mean length = 65.0 cm
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JSATS Monitoring - 2011
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JSATS Monitoring - 2012
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JSATS Monitoring - 2013
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Detection Efficiency (%)

Detection Efficiency
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JSATS Monitoring
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JSATS Monitoring
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JSATS Monitoring

White Salmon & o "q i—.' -

ToAall %ckgat ver = ¢
':3!‘ \wﬂ S 2B .}’J

Hood Rlver ¥

_ Steveﬁsgn :
BON tailrace =+ _ .
and forebay Cascade Locks

Rooster - \

Rock Dodson BonnevilleDam






Miller Island

Deschutes R.

Unive__rsityof ldaho





JSATS Monitoring

White Salmon 4

: \ i{éckga‘t Ifi'frer " -

_ Steveﬁsgn :
BON tailrace =+ _ .
and forebay Cascade Locks

Rooster - \

Rock Dodson BonnevilleDam

-I .:_.'- ﬁ‘:‘
. . ."f '\'ﬁ-—q__ u"'-;ri’ AIJ 5
- - “1

Hood Rlver ¥






I’J:ﬁ“"‘:.-. ’

5 ARG 5

-«John an)/ Dam

Universityofidaho





Estimated escapement (%)

Escapement Estimates
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Migration Rate (km/d)

Migration Rates

Tailrace Release

Summer Chinook
migration rates in
Bonneville
Reservoir
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% Detected

Final Fates — Reservoir Release

Fall detections only Fall + Spring detections
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Final Fates — Reservoir Release
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Final Fates — Reservoir Release
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Final Fates — Reservoir Release
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Final Fates — Reservoir Release
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Final Fates — Reservoir Release
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Reservoir Release Summary

Within-reservoir migration rates consistently
very high

Dam-to-dam escapement similar between
years

~80% of lamprey reach The Dalles Dam
tallrace each year

~30-50% have unknown final fate at end of fall

— 4-17% enter tributaries in following spring, most
after overwintering in dam tailraces





Pacific lamprey above Bonneville Dam
— Reservoir behavior

— Distribution and fate

— Tributary entry

 Monitor behavior and determine fate of adult
Pacific lamprey below Bonneville Dam
— Fate after release

— Downstream movements?
Unive_rsityof ldaho
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Estimated escapement (%)

Escapement Estimates
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Final Fates — Tallrace Release

Fall detections only Fall + Spring detections
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% Detected

Final Fates — Tallrace Release
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N 2011
12012
B 2013

Tailrace released
fish last detected in
each location

Tailrace released fish
that passed BON





Final Fates — Tallrace Release

Tailrace released
fish last detected in
each tributary

14
. 2011
1 2012

T = 2013

10 -
©
)
o 87
e
®
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Tallrace Summary

e Escapement similar to reservoir release fish,
especially above Bonneville Dam

* Fewer fish entering tributaries in Spring

(0-9%); no monitored tributaries in Bonneville
Tallrace

« Many fish overwinter in The Dalles and John
Day tailraces before entering downstream
tributaries





Missing Lamprey?

* Predation/spawning in The Dalles Dam
tallrace?

« Are missing lamprey spawning in Bonneville
Reservoir tributaries?

 Extrapolate and estimate entry into
unmonitored tributaries





Tributary Entry?

* 9 known or potential spawning tributaries to
Bonneville Reservolir

* How could this change our estimates of final
fate and distribution?





2011-2013
Tributary Average
Observed Rate

% Fifteenmile Cr. 2.9%
© Kilickitat R. 5.9%
£ HoodR 1.9%
= White Salmon R. 0.4%
Little White Salmon R. -
Wind R. -
Herman Cr. -
Rock Cr. -
Eagle Cr. -
Total 11.1%

Universityofldaho





2011-2013
Tributary Average
Observed Rate

% Fifteenmile Cr. 2.9 2.9
g Klickitat R. 5.9% 5.9%
£ HoodR 1.9% 1.9%
= White Salmon R. 0.4% 0.4%
' o Little White SalmonR. - 0.4%
§  WindR. . 0.4%
N HermanCr. == 0.4%
é Rock Cr. -~ 0.4%
§ Eagle Cr. -- 0.4%
* Total 11.1% 13.1%

l_Jnive_rsityof ldaho





2011-2013
Tributary Average Low Mid
Observed Rate

% Fifteenmile Cr. 2.9% 2.9 2.9
@ KlickitatR. 5.9% 5.9% 5.9%
£ HoodR. 1.9% 1.9% 1.9%
= White Salmon R. 0.4% 0.4% 0.4%
o Little White SalmonR. - 0.4% 2.9%
E Wind R. -- 0.4% 2.9%
N Herman Cr. == 0.4% 2.9%
é Rock Cr. -~ 0.4% 2.9%
§ Eagle Cr. -- 0.4% 2.9%
* Total 11.1% 13.1% 25.6%

l_Jnive_rsityof ldaho





2011-2013
Tributary Average Low
Observed Rate

% Fifteenmile Cr. 2.9% 2.9 2.9
@ KlickitatR. 5.9% 5.9% 5.9%
£ HoodR. 1.9% 1.9% 1.9%
= White Salmon R. 0.4% 0.4% 0.4%
' o Little White SalmonR. - 0.4% 5.9%
S WindR, —- 0.4% 5.9%
_qﬁ Herman Cr. -- 0.4% 5.9%
é Rock Cr. -- 0.4% 5.9%
S EagleCr - 0.4% 5.9%
*  Total 11.1% 13.1% 40.6%

Could account for an additional 2% to 12% of “missing”  Universityoridaho
lamprey in Bonneville Reservoir
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EVALUATION OF UPSTREAM MIGRATION AND DAM PASSAGE BY
ADULT PACIFIC LAMPREY IN THE LOWER SNAKE RIVER, 2014
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Goal
Evaluate adult lamprey behavior and fate within the reservoirs, passage success
through the adult fish ladders and conversion rates at the Lower Snake River

projects to determine potential passage problems and areas for future fishway
Improvements.

Objectives

1. Collectand radio-tag adult Pacific lamprey collected from lower river sources and
released at Snake River Dams.

2. Estimate adult lamprey upstream passage rates (entrance and fishway efficiency),
relative fishway route use, passage times, and fallback rates and identify areas of delay
at IHR, LMN, LGO, and LGR.

3. Determine conversion rates from one project to the next and initiate understanding the
fate of adults in the reservoirs and estimate adult entrance into important tributary
SICEY

4. Determine behavior and fates (spawning locations) of tagged adults that leave FCRPS
reservoirs and enter into tributaries. - Collaborative effort beyond ACOE requirements





Methods

Objective 1 — Collect and radio-tag adult Pacific lamprey collected from lower river
sources and released at Snake River Dames.

* Collect up to 500 lamprey from John Day Dam
o Qutfit with RT and HD PIT tags
» Release downstream and in the forebay of Ice Harbor Dam

PRD

% Ice Harbor Dam
John Day Dam

‘ , 3R MCN
BON TDA "






Methods 254 Lamprey tagged

—Ice Harbor ¢ Fish tagged






Methods 254 Lamprey tagged
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Methods
Objective 2 — Estimate adult lamprey passage metrics
Objective 3 — Determine inter-dam conversion rates

Objective 4 — Determine final fates

Ice Harbor Dam - 2014 Setup
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Snake River
Columbia River
Lower

Monumental ‘. Lower Granite

Damgy
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Lewiston

.\ Dworshak Dam
()

0
&
o Ice Harbor Dam
H Burbank

4 Nary Dam
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Flow

Hells Canyon ) {
Dam

¥ Oxbow Da
Brownlee Dam £

O Half Duplex PIT Site
(O Ul Radio Telemetry Sites

@ FWs Radio Telemetry Sites
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Results (preliminary)

Initial Year Questions

n Are release groups sufficiently homogeneous?

n Are there passage differences between release
groups?

n Are there passage differences between L. Snake
River Dams?

n How do L. Snake results compare to Columbia River
dams?

n What does system-wide passage look like?





Lamprey size by release group
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Tallrace Passage by Release Site

0.8
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Tallrace Passage by Fishway
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Results (preliminary)

40

W Not Pass
. H Pass

Frequency
10 20 30

Mean Length (cm)

IH LM GO GR

15

Available 197 101 29 10
Passed (n) 41 29 10 5

10

=
o
=
@
=
o
o

LL

5

Passed (cm) 64.5 65.7 67.0 67.2
Not Passed (cm)|{63.6 64.7 65.0 66.8

Freguency
0 2 4 6 8 100

Length






Results (preliminary)

Fall Back Rate
Metrics Ice Harbor L. Monumental L. Goose L. Granite
Fallback Rate 0.10 (4) 0.03 (1) 0.10 (1) 0

Passage Times - days

Time to: Ice Harbor L. Monumental L.Goose L. Granite
Approach (n) 0.14 (65) 0.86 (7) 0.11 (4) N/A
Enter (n) 0.10 (60) 0.04 (42) 0.01 (19) 0.002 (8)

Pass (n) 0.26 (39) 0.35(27) 0.38(10) 0.27 (5)






Results (preliminary)

Tallrace Passage Metrics

Metrics Ice Harbor L. Monumental McNary*
Released 194 60 276

Approached (n) 0.40 (78) 0.78 (47) 0.57 (158)
Entered (n) 0.29 (55) 0.63 (37) 0.46 (128)
Passed (n) 0.22 (41) 0.50 (29) 0.37 (102)

*Years: 2005 — 2010; Keefer et al. 2013





Results (preliminary)
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Passage Metrics

Metrics |H LM GO GR MN*
Approached 78 47 18 8 158
Entered (n) 0.71(55) 0.79 (37) 0.94 (17) 1.00 (8) 0.81 (128)
Passed (n) 0.53(41) 0.62 (29) 0.56 (10) 0.62 (5) 0.65 (102)

*Years: 2005 — 2010; Keefer et al. 2013






Results (preliminary)

conversion Rates
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L. Monumental Little Goose L. Granite

Dam

Conversion Rate = # passed current / (# passed previous — (# fallback + # tributaries))






Results (preliminary)

Final Distribution
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Summary

n Successful Initial year
n No significant biases due to release location

n Results comparable among lower Snake and
Columbia River Dams

n Open Questions

n Final fate fish remaining in the system?
nUnmonitored Tributary
n Reservoir mortality
n Tallrace Spawning
nL. Snake River drop-outs

n SPring movements
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Evaluation of Adult Fish Ladder
VIOtliTications to Improve Pacific Lamprey
Passageat McNary and Ice Harbor Dams
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Study Overview

oring of picketed leads at McNary and Ice
1" year)
nding of escapement

| 'ring of Lamprey Prototype Entrance Structure

/steelhead (optical video)
prey (DIDSON, optical video)





(100%)

- ideo

/ia satellite
ng CBVision

Lamprey escapement





Picket video

Night 698

Night 1,337

= 2,596 3243

- Escapement 5,839 lampreys

55.5% picket use





‘n;“t s: McNary south

ool 4,522 5,839

11

2013 2014

Year

O Day window

~ ENight window

M Picket video





_.Jm)u counts: McNary WA shore
- June 14 though Sept 15

Video at pickets

Night 17

Night 895

= 1,217 61

- Escapement 1,278 lampreys

4.8% picket use





s: McNary north

899 1,278
O Day window
= Night window
® Picket video
2012 2013 2014

Year





,_“m;'u;u counts: Ice Harbor south shore
~ June 12 though Sept 15

Video at pickets

Night 11

Night 877

1,104 16

Escapement 1,120 lampreys

1.4% picket use





Irends: Ice Harbor south

644 627 1,120

_stmie 0

0 Day window
= Night window
M Picket video

iiiq

|

2012 2013
Year

2014





--”"J‘dl ounts: Ice Harbor north shore
- June 14 - Sept 15

Video at pickets

Night 8

Night 169

639 37

Escapement 676 lampreys

5.4% picket use





'Harbor north shore

568 295 676

o

O Day window
@ Night window
® Picket video

2013 2014
Year

011 2012
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2011
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LPES Monitoring
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Lamprey observed = 85
Lamprey exiting = 62

LPES exit rate ———— 72.9%






upper ports
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7/28/2014

LPES Passage

3 4 5
Lamprey count

B LPES entering N= 18
H LPES exiting N= 62






onclusions

D LEAD MONITORING

3, variable picket passage across sites
ntrance differences

stent across years
jicket video used to estimate escapement

AMPREY PROTOTYPE E _E STRUCTURE
No evidence of salmon interactions

LPES used by lamprey to enter SFE2
@ Low “fall out” rate

Increased coverage of LPES ports needed
@ High exit rate = more enter in unmonitored area
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General Life History
——

Larvae/Ammocoete











Knowns

e Anecdotal observations
o Parasitizing migratory
fish
o At hydropower projects |

0 As prey of avian
predators

e Generally believed to be / |
0 migrating through as il \

macropthalmia (not @ \ |'| L f
rearing) or H l|1|'I|| I I. il
o lost to the population \ﬂ\ l“u | i

(not surviving) m||||||| |Uu1 Ml






Unknowns

e Active vs. passive downstream movement

e Extent (number & distribution) of mainstem habitat use
e Effects of hydrosystem operation

o Dewatering/stranding

0 Passage

O Rearing conditions

e Recruitment






Recent Information

e Lamprey collected in BON reservoir
e Higher detection rates in river mouth areas of BON

e Methods for quantitative sampling of patchy distribution
In large rivers






Evaluation of larval Pacific lamprey rearing
INn mainstem areas of the Columbia and

Snake rivers impacted by dams
(year 2 of proposed 4)

Objectives

e Evaluate whether mainstem pools are
occuplied by larval lamprey

e Evaluate strata-specific larval lamprey
occupancy of mainstem pools

e Evaluate the genera and size of larval
lamprey rearing in pools





Tools and techniques

From: Jolley et al. 2012 - Occupancy and Detection of Larval Pacific
Lampreys and Lampetra spp. in a Large River: the Lower Willamette
River

1) The How: Sampling — Deepwater electrofishing methodology

2) The Where: Random, spatially balanced site selection =
guantitative unbiased sample framework
 GRTS approach: generalized random tessellation stratified

3) The Effort: Reach specific detection probability — guidance for
sampling effort, given level of certainty
o 34 sample quads yields > 80% certainty when O detected





1. Tools and techniques (How)
Deepwater electrofisher methodology

» Boat-mounted bottom sampler (bell),
coupled to ABP-2 electrofisher & pump

e Deployed in depths up to 60’

e Larvae brought to surface, strained into
collection basket

Bergstedt and Genovese 1994





1. Tools and techniques (How)
At each sample site

» Voltage maintained @ 0.6 - 0.8
V/cm at substrate

e 1 min pulse w/concurrent suction,
e Additional 1 min suction w/no pulse
« Samples 0.61m? area per site

. : e ar— ) - - -
L _.‘_tf_ - - Y

" woega .
- ! i i “.1“'






1. Tools and techniques (How)

Captured larvae are
« Anesthetized
« Measured for TL

« |dentified to genus using
caudal pigmentation

Caudal fin clip
Released






2. Tools and techniques (Where)
Question — Do larval lamprey occupy XX area?

Define sample area
1. John Day Pool (a single strata)
2. McNary Pool (a single strata)

Walla Walla
Washington

‘o 'Ri\.'t‘l'

o>

John Day Dam





2. Tools and techniques (Where)
Question — Do larval lamprey occupy XX area?

3. Tributary mouths/deltas
(within the pools) ~

e John Day, Umatilla, Walla
Walla, Yakima Rivers

Washington





3. Tools and techniques (Effort)

GRTS Framework 3. GRTS script in Program R
1. 30x30 m quads — Numerically ordered
2. Center point coordinates-  — Random, spatially-balanced

225,998 total quads 4. N =85 quadrats






0 occupied

John Day Pool Results

225,998 total quads
N = 85 sampled

i John Day Reservoir

Ohregol n

McNary Da

Sampled Quadrats

# Larvae Detected

20
Kilometers






McNary Pool Results

165,215 tOtaI quads McNary Reservoir

N =43 of 85
sampled to date

1 occupied (3
larvae)

Sampled Quadrats

# Larvae Detected

Walla Walla






John Day River Mouth Results

500m reach —“
from confluence
61 total quads = N

N = 34 sampled
2 occupied

Sampled Quadrats

# Larvae Detected
e 0
@ 1

0 0.05 01

Kilometers





Umatilla River Mouth Results

500m radius
from confluence

442 total quads
N = 34 sampled
2 occupied

Umatilla River Mouth

Sampled Quadrats
# Larvae Detected
e 0
e |

0 0125 0.25

Kilometers






Areas of dewatering - Shallow strata (\WWhere)
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BON Shallow Water Strata

Sept 2006 - Sept 2013 Bonneville Forebay Pool Elevation (ft)

35%

30%

25%

20%

Frequency

15%

10%

0% .
72 73 74 75
Elevation (ft)

i _

77 78

Sept 2006 - Sept 2013 The Dalles Tailwater Discharge (cfs)

45%
40%
35%

>30%

$ 25%

q% 20%

(L 15%
10%
% l l B =
O% . . . . - - - - - |

50,000 100,000 150,000 200,000 250,000 300,000 350,000 400,000 450,000 500,000 550,000
Discharge (cfs)






BON Shallow Water Strata

2D Hydrodynamic Model
 BON forebay elevation and TDA tailwater
e Bounding conditions modeled





BON Shallow Water Strata

Shoreline Model
e Low and high water conditions
* Area between potentially dewatered





2. Tools and techniques (Where)
Question — Do larval lamprey occupy XX area?

4. Shallow water strata within BON pool

The Dalles Dam






BON Shallow Water Strata Results

e 6,172 total quads in shallow zone (~7% of pool)
« N=72sampled
e 2 o0ccupied

Bonneville Reservoir s
-Shallow Strata v

&= Bonmeyille Dam.
- o' A =
Sampled Quadrats
| # Larvae Detected
® 0
8 1
- Shallow Water Strata .‘b-

Kilometers






Preliminary Summary - Occupancy

Occupied:
1) John Day Pool (Umatilla and John Day mouths),
2) McNary Pool (50% complete),
3) Umatilla Mouth, John Day Mouth,
4) BON shallow

Detection (d) of larvae range was 0.00 — 0.06
Sampling in progress

Reach Total Visited Sampled Occupied P(d) PCL Lampetra Unid Total

JDA Pool 225,998 126 85 0 0.00 0
MCN Pool 165,215 55 0.02

JDA mouth 61 41 0.06

Uma mouth 442 39 0.06

Yak mouth 481 34 0.00

Bon shallow 6,172 0.03

WW mouth 654

JDA shallow 21,595

MCN shallow ongoing






Pacific lamprey e 9 larvae total
56% v
— 5 Pacific lamprey
— 1 Lampetra spp.

Lampe .
P — 3 unid. larvae

11%






Preliminary Summary - Size

e TL range 23 — 138 mm Pacific lamprey
49, 50, 86, 98, 138 mm TL

Lampetra spp.
107 mm TL

Unidentified
23,26, 54 mmTL






Pending work (funded)
e Complete MCN pool

e Complete YakimaR.
mouth

e Walla Walla R. mouth
e JDA shallow strata
e MCN shallow strata

Proposed work (unfunded)
e Lower Granite pool
e Little Goose pool
e Lower Monumental pool
e Ice Harbor pool






summary

BON, JDA, and MCN pools are occupied with larval
lamprey

Detection rates may have been higher proximate to
tributary inputs

Detection rates were lower relative to many areas in BON
Multiple species over wide size range were present

Larval lamprey may be widely distributed throughout the
Columbia River mainstem

It is possible that mainstem areas of large rivers are
Important rearing areas for larval lamprey and that larvae
may rear in these habitats for numerous years






Questions...






How much samplmg 1S 34 quadrats?

I'he Dalles Dam






The problem: detecting rare/patchily distributed

animals
Present Absent
Present Correct Non-sensical

Absent Correct





Porgbability of Detection - Reach

—e— Reach-specific d=0.07

0.5 1

0.6 -

0.7 1

0.8 -
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Posterior Pr of absence, given no detection

1-0 I 1 I I
0 10 20 30 40

Number of samples





		Slide Number 1

		Slide Number 2

		Slide Number 3

		Slide Number 4

		Slide Number 5

		Slide Number 6

		Slide Number 7

		Slide Number 8

		Slide Number 9

		Slide Number 10

		Slide Number 11

		Slide Number 12

		Slide Number 13

		Slide Number 14

		Slide Number 15

		Slide Number 16

		Slide Number 17

		Slide Number 18

		Slide Number 19

		BON Shallow Water Strata

		BON Shallow Water Strata

		BON Shallow Water Strata

		Slide Number 23

		BON Shallow Water Strata Results

		Preliminary Summary - Occupancy

		Preliminary Summary - Species

		Preliminary Summary - Size

		Pending work (funded)

		Slide Number 29

		Questions…

		How much sampling is 34 quadrats?

		Slide Number 32

		Probability of Detection - Reach



