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In 1999, the PIT Tag Steering Committee (PTSC) published the Marking Procedures Manual which provided “…protocols and
standards on the PIT tag marking station, fish handling techniques, anesthesia, tag injection, and information on data
collection, verification, and transfer to PTAGIS.” While much of the 1999 manual is still applicable to current PIT‐tagging
operations, the manual had become dated due to changes in available equipment ‐ both electronic and tagging, tagging
software, and the application of PIT tags within the Columbia River Basin. To address these changes, and to provide guidance
for the application of new PIT tag technologies, the PTSC published an updated version of the manual in March 2014. During
this presentation, we will discuss the changes between the 1999 and 2014 versions of the manual, review the major points to
follow during tagging operations, and discuss the “Special Notices” section of the manual.
Recent PTAGIS accomplishments and future direction
John Tenney
john@psmfc.org
PSMFC
205 SE Spokane St Suite 100
Portland, OR 97202

Craig White and Nicole Tancreto
PSMFC
205 SE Spokane St Suite 100
Portland, OR 97202

PTAGIS has implemented significant technology changes since the last PIT Tag Workshop, including a database server
upgrade, new data validation and loading processes, new website, new reporting software, new field interrogation software,
new transceivers and newly designed adult ladder antennas. PTAGIS is currently working on the next generation tagging
software and working with the PTSC to evolve the MRR data model. Future plans include working with other regional
databases to increase opportunities for linking, improving spatial data capabilities and reporting, and adding website and
reporting features and functionality.
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Research and Monitoring Applications

Utilizing PIT tags to assess spatial and temporal distribution of spawning adult summer steelhead in Asotin Creek, Washington
Ethan Crawford
ethan.crawford@dfw.wa.gov
Michael Herr
Washington Department of Fish & Wildlife
Washington Department of Fish & Wildlife
1049 Port Way, Clarkston, WA 99403
1049
Port Way, Clarkston, WA 99403
(509)751‐0823
Historically, documenting spawn timing and the spatial/temporal distribution of spawning summer steelhead has been
accomplished by conducting spawning ground surveys. In many watersheds occupied by Snake River summer steelhead,
performing consistent spawning ground surveys has been problematic; most often due to the environmental conditions
encountered during the spawning period. However, the spatial and temporal distribution of spawners is considered a critical
Viable Salmonid Population (VSP) metric and has significant importance relative to directing and implementing habitat
improvements.
To analyze the distribution of spawners above the weir site in Asotin Creek, Washington, we have used a novel approach to
sorting PIT tag interrogation data from PIT arrays at three upstream tributaries using logic sequences within an MS Access
database. From those queries individual fish are assigned to one of three tributaries in which they presumably spawned. The
use of PIT tags also affords us the ability to assign individual fish observed or PIT tagged at the weir to spawning tributary
and, allows us to describe the demographic attributes (spawn timing, total age, length at age, sex ratios, etc.) of all the adult
steelhead spawning in each tributary.
To date we have analyzed five years of interrogation and tagging data. Proportional use of the mainstem Asotin Creek and its
tributaries by spawning adult steelhead has been fairly consistent across those years and matches the overall trend data
collected by both historic and contemporary spawning ground surveys. The distribution of spawners also relates closely to
the overall drainage area of each tributary. The analysis suggests that using PIT tag observations in tributaries can produce
spawning estimates similar to those collected through traditional spawning ground surveys. We feel that in some systems PIT
tag observations may be a suitable surrogate to assess tributary spawning trends where spawning ground surveys are limited
by staffing or environmental conditions. Perhaps more importantly, the use of PIT tags allows researchers to document the
demographic attributes of the spawners in each tributary or reach.
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Research and Monitoring Applications

Seasonal usage of off‐channel habitats in the Entiat River by juvenile Chinook salmon
Nicholas Albrecht
nicholas.c.albrecht@gmail.com
Tom Desgroseillier
US Fish and Wildlife Service
US Fish and Wildlife Service
6939 Fish Hatchery Dr.
6939
Fish Hatchery Dr.
Entiat, WA 98822
Entiat, WA 98822

Flood‐plain connectivity and off‐channel habitat availability has been greatly reduced over the last century as a result of
anthropogenic activities such as stream channelization. This reduction in hydrological connectivity has altered the flow of
nutrients between terrestrial and aquatic ecosystems, reduced habitat complexity, and decreased the amount of rearing
habitat for juvenile fish. Habitat restoration efforts in the Upper Columbia River have sought to improve and increase the
amount of juvenile salmonid rearing habitat in off‐channel habitats. To assess how these habitat improvements impact
juvenile salmonids, the Integrated Status and Effectiveness Monitoring Program (ISEMP) has been actively monitoring off‐
channel habitats within the Entiat River since 2011. The objectives of this study were to examine the abundance, physical
condition, and residence time of juvenile Chinook salmon in five off‐channel habitats utilizing Passive Integrated Transponder
(PIT) tag technology and mark‐recapture methods. Preliminary results indicate abundance and residence time vary by site,
season, and hydrological connectivity of the off‐channel habitats with the main stem river. In general, abundance of juvenile
Chinook salmon in off‐channel habitats was inversely related with seasonal hydrological connectivity of the off‐channels
habitats with the main stem with the greatest densities occurring in the summer when the off‐channel habitats were fully
connected with the main stem. Despite abundances of juvenile Chinook salmon decreasing in the off‐channel habitats from
summer to winter, densities in off‐channel habitats remained higher than main stem locations during all sampling periods.
These findings serve to support the need for increasing hydrological connectivity with the floodplain and the creation of new
off‐channel habitats to help meet recovery objectives.
Use of a passive interrogation array to evaluate entrainment of endangered fish in an irrigation canal
David W. Speas
dspeas@usbr.gov
P.D. Mackinnon, Department of Watershed Sciences, 5210 Old
U.S. Bureau of Reclamation
Main
Hill, Logan, Utah, 84321
Upper Colorado Regional Office
K.
Mcabee,
Upper Colorado River Endangered Fish Recovery
125 S. State St. Room 8100
Program, 44 Union Blvd, Suite 120 Lakewood, Colorado 80228
Salt Lake City, UT 84138

K.R. Bestgen, C.W. Walford, Larval Fish Laboratory, Colorado State
University, Fort Collins, CO 80523
J. Stahli, Flathead Consulting, Denver, CO

We investigated entrainment of endangered and non‐listed native fish in the Green River Canal (Green River, UT) using
passive integrated transponder technology during the 2013 and 2014 irrigation seasons. The Green River Canal is a 1.8
m^3/s gravity‐fed irrigation canal which operates annually during the months of April through November. Working with
canal company officials, we constructed a solar‐powered passive interrogation array (PIAs) about 150 m below the canal
intake gates in 2013 and a second system about 400 m below the gates in 2014. In 2013, 81% of all fish detected in the canal
were Razorback Sucker, Xyrauchen texanus (499 individuals). Colorado pikeminnow, Ptychocheilus lucius and Flannelmouth
Sucker, Catostomus latipinnis comprised 13% (77 individuals) and 5% (33 individuals) of all entrained fish, respectively. Three
Bonytail, Gila elegans and a single Humpback Chub, Gila cypha were also entrained. Peak rates of entrainment (up to 270
fish in a single day) were observed immediately following cessation of spring peak flows in July, at which point the canal
diverted about half of the Green River discharge at times. Results from the 2014 irrigation season are forthcoming and will
be presented. Entrainment rates of endangered fish in the Green River canal are significant and efforts are underway to
reduce or eliminate entrainment most likely through exclusion structures. We will continue to monitor entrainment rates
using PIAs following construction of the exclusion structures.
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Research and Monitoring Applications (cont)

Summer movements of juvenile salmonids in the upper Chehalis River
John Winkowski
john.winkowski@dfw.wa.gov
Mara Zimmerman, Washington Department of Fish and Wildlife,
Washington Department of Fish and Wildlife
2108 Grand Boulevard, Vancouver, WA 98661
600 Capitol Way N
Olympia, WA 98501
Movements of juvenile salmonids during summer rearing stages is poorly understood but may be important to their
persistence in watersheds where temperatures are near the upper limit of species thermal tolerances. This study was
conducted in the upper Chehalis River sub‐basin which is one of multiple sub‐basins comprising the Chehalis River watershed
in western Washington. The rain‐dominant hydrology of this watershed results in an extended period of low flow and warm
stream temperatures during the summer months. During the summer low flow period, maximum daily stream temperatures
in the upper Chehalis River sub‐basin regularly exceed 20°C. A series of PIT antennae arrays were used to investigate
movements of juvenile coho and steelhead between the months of June and September. Paired antennae were operated at a
main stem river and three tributary locations and were used to determine the time fish were present at each location and
their direction of travel. Juvenile coho and steelhead were PIT tagged and released over 14 km of the main stem river. Fish
movement was frequently observed throughout the study period with some fish travelling up to 7 km between release and
detection locations. Movement through the main stem and between the main stem and tributaries followed a diel cycle
which we hypothesize may result from a trade‐off between food availability and behavioral thermoregulation. We use
information‐theory model selection to determine whether detections at the main stem array location were best explained by
release location (up or downstream), distance travelled, species, or fish size. Our results demonstrate that juvenile salmonid
movements among neighboring habitat units may be appreciable during the summer low flow period. In addition to local
habitat characteristics, connectivity among adjacent habitat units is likely to be an important feature of juvenile salmonid
summer rearing in the upper Chehalis River.
Population and individual‐level metrics for over‐wintering juvenile Coho in three adjacent tributaries in the lower Columbia
River
Trevor Johnson
trevor.johnson@dfw.wa.gov
Mara Zimmerman, Washington Department of Fish and Wildlife,
Washington Department of Fish and Wildlife
2108 Grand Blvd. Vancouver WA 98661
804 Allen St. Suite 3
Patrick Hanratty Washington Department of Fish and Wildlife, 600
Kelso WA 98645

Capitol Way North Olympia WA 98501
Matthew sturza, Washington Department of Fish and Wildlife, 804
Allen St. Suite 3 Kelso WA 98645

Baseline monitoring prior to restoration actions is needed to identify limiting life stages in freshwater. A life cycle monitoring
study of coho salmon in Mill, Abernathy, and Germany creeks was initiated in 2005. These three adjacent tributaries enter
the Columbia River near Cathlamet, Washington. Monitoring for coho parr occurs at the end of their summer rearing period
and monitoring for coho smolts occurs during the spring outmigration. Apparent overwinter survival has ranged 13‐fold
between 1.9% and 24.8%. Apparent overwinter growth has ranged 3‐fold, with spring smolts that are 21.9% to 63.6% longer
than parr in August and September. We identified both density dependent and density independent metrics that contribute
to survival and growth. Coho parr are PIT tagged during August and September. Individual growth and movement
information obtained from PIT tag detections and recoveries is used to interpret population‐level patterns in overwinter
survival and growth. In these three tributaries, our results suggest that the overwinter rearing stage may limit coho
freshwater productivity. In order to improve freshwater survival and growth, restoration activities should focus on this
limiting life stage.
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Research and Monitoring Applications (cont)

New approaches afforded by PIT tag technology have yielded important answers about fish behavior and habitat needs
Patrick J. Connolly
pconnolly@usgs.gov
Ian G. Jezorek (USGS‐CRRL)
US Geological Survey
Kyle D. Martens (USGS‐CRRL)
Columbia River Research Laboratory
M. Brady Allen (USGS‐CRRL)
5501‐a Cook‐Underwood Road
Cook, WA 98605
NOTE: All have same address as Presenter

The availability of PIT tag technology has spurred much innovative research on fish movements and life history in the
Columbia River Basin and beyond. We present a compendium of case histories about our use of PIT tag technology
throughout the western USA. These studies have provided data to address questions about fish behavior, habitat use,
habitat connectivity, life history diversity, and survival. Since our first install in August 2001 in Rattlesnake Creek, we have
used PIT tag technology to: 1) Estimate summer steelhead run size in Washington’s Trout Creek of the Wind River watershed,
following the loss of a trapping facility where all adult fish were once counted at the now removed Hemlock Dam, 2) Assess
movement and diversity of life‐histories of parr steelhead in the Wind River watershed, 3) Assess effectiveness of small dam
removals in northcentral Washington’s Methow watershed’s Beaver Creek to allow juvenile salmonids to access upstream
rearing habitat, 4) Assess survival of juvenile anadromous salmonids using side channels in the Methow River, 5) Assess
movement of mountain whitefish in the Methow River, combined with otolith microchemistry, to understand the importance
of stream connectivity to their life history needs, 6) Assess adult steelhead use of southcentral Washington’s Rock Creek to
understand stream improvement needs, 7) Assess bull trout movement in northern Nevada’s Jarbidge River , combined with
genetic analysis, to understand connectivity of seemingly disjunct populations, and 8) movement of Big Spring spinedace in
southeastern Nevada’s Condor Canyon to assess habitat use and extent of distribution. While PIT tag technology has
afforded us the ability to address many new and important questions, we see room for growth. We will offer a perspective
of what more is needed to gain information breakthroughs.
Use of passive integrated transponder technology to improve hatchery mitigation in the Columbia River Basin
Josh Murauskas
jmurauskas@anchorqea.com
Joe Miller
ANCHOR QEA, LLC
ANCHOR
QEA, LLC
23 S. Wenatchee Avenue, Suite 220
23 S. Wenatchee Avenue, Suite 220
Wenatchee, Washington 98801
Wenatchee, Washington 98801

Artificial production of salmon and steelhead is critical to fisheries management in the Columbia River Basin, yet many
programs are based on tradition and historical agreements. We provide real examples of how data derived from PIT tagging
efforts have been applied to optimize hatchery programs. Two important results include (1) reducing phenotypic disparities
between hatchery‐ and wild‐origin adults, and (2) minimizing the footprint of hatchery operations in terms of reduced
capacity and water requirements, phosphorous discharge, and number of smolts required to meet mitigation goals. We use
these examples to advocate an incentive‐based approach to hatchery mitigation that is informed by an expansive network of
PIT release and recapture sites in the Basin.
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Research and Monitoring Applications (cont)

Understanding O. mykiss life history diversity using a combination of PIT tags and genetic parentage assignments
Gabriel M. Temple
gabriel.temple@dfw.wa.gov
Zachary J. Mays,
Washington Department of Fish and Wildlife,
Washington Department of Fish and Wildlife, 600 Capitol Way
600 Capitol Way North, Olympia, WA 98501
North, Olympia, WA

Christopher Frederiksen,
Yakama Nation Fisheries, P.O. Box 151, Toppenish, WA 98948
Todd. R. Seamons,
Washington Deparment of Fish and Wildlife, 600 Capitol Way
North, Olympia, WA 98501

The expression of anadromy versus residency for Oncorhynchus mykiss in sympatric populations is a complex phenomenon
thought to be governed by a combination of genetic and environmental factors. Adding to the complexity of this species is
the ability of one life history form to give rise to the other, which not only complicates our understanding of biologic
interactions, but the management of the species as well. Populations of the anadromous form, steelhead trout, have
declined substantially over most of the species range, resulting in a threatened listing status under the Endangered Species
Act for the middle Columbia River DPS, which includes the Yakima River. In the upper Yakima River population, numbers of
adult steelhead have remained below recovery targets since being listed in 1999, although the basin continues to support a
robust rainbow trout population. Juvenile anadromous and resident life history forms are impossible to distinguish in the
field prior to the smolt stage which creates difficulties in monitoring one form independent of the other. We began using a
combination of PIT tagging and genetic stock identification methods to gain an understanding of the breeding interactions
between life history forms at the population scale in the upper Yakima basin. We have been tagging substantial numbers of
juvenile O. mykiss in tributary and main stem river reaches. Migrant (anadromous) juveniles are identified when they are
detected at downstream PIT tag arrays in the Yakima and Columbia Rivers. All adult steelhead are also genetically sampled
and PIT tagged during their spawning migration. We use genetic techniques to match steelhead parents to juvenile
migrants. Juvenile migrants that do not assign to at least one steelhead parent will be assumed to have originated from
resident by resident matings. We strategically installed a PIT tag interrogation network in the Upper Yakima Basin to gain
information on the anadromous spawner distribution, migration timing, spawning tributary fidelity, and reach specific
migration survivals, among other things. This will help us identify the relative production from the various breeding crosses
and perhaps, improve our understanding of the factors governing the production of each life history type in the Yakima Basin.
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Data Modeling and Analysis

Estimates of salmon and steelhead harvest rates in lower Columbia River fisheries based on the recovery of passive
integrated transponder (PIT) tags
Thomas Buehrens
Thomas.Buehrens@dfw.wa.gov
Dan Rawding
Washington Deprtment of Fish and Wildlife
Washington
Deprtment of Fish and Wildlife
600 Capitol Way N.
600
Capitol
Way
N.
Olympia, WA 98501‐1091
Olympia, WA 98501‐1091

Since the 1990’s, the incorporation of Passive Integrated Transponder (PIT) tag technology into salmon and steelhead
monitoring and infrastructure improvements has led to the widespread use of PIT tags in the Columbia River system.
Although most PIT tags are used to estimate travel time, survival, and abundance, they have other application for fisheries
management. Since millions of juvenile salmon and steelhead are tagged for other purposes, we believed there was an
opportunity to estimate harvest rates of PIT tag groups by adding PIT scanning of adult salmon and steelhead caught in
fisheries to the existing fishery sampling protocols (e.g. coded‐wire‐tag and biological sampling). The Washington
Department of Fish and Wildlife (WDFW) and the Pacific States Marine Fisheries Commission (PSMFC), with funding from the
Bonneville Power Administration (BPA), implemented PIT tag sampling starting in the fall of 2010. In this presentation we will
discuss the methods and challenges of using PIT tags to estimate harvest rates in mainstem sport, commercial, and Treaty
Columbia River fisheries for Chinook, coho, and sockeye salmon along with steelhead.
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Data Modeling and Analysis

Multi‐state model of Entiat River spring Chinook to estimate seasonal survival and outmigration rate
Michael B. Ward
wardski@wildblue.net
Shubha Pandit, Terraqua Inc., P.O. Box 85, Wauconda, WA 98859
Terraqua Inc.
Keith van den Broek, Terraqua Inc., P.O.Box 85, Wauconda, WA
P.O. Box 85, Wauconda,WA 98859

98859
Tom Desgroseillier, U.S. Fish and Wildlife Service Mid‐Columbia
Fisheries Resource Office, 12790 Fish Hatchery Road, Leavenworth,
WA 08826
Chris E. Jordan, NOAA‐Fisheries Northwest Fisheries Science
Center, 2725 Montlake Boulevard East, Seattle, WA 98112

Exploratory data analyses of instream PIT‐tag array detections and screw trap recaptures of Entiat River, WA, spring Chinook
parr PIT‐tagged in late summer (2011‐2013, data collected under Bonneville Power Administration Project 2003‐017
Integrated Status and Effectiveness Monitoring Program by U.S. Fish and Wildlife Service,Terraqua Inc.,and Yakama Nation
personnel) revealed steady outmigration from late summer through the following spring with outmigration patterns varying
by tagging location. Differences in outmigration patterns coupled with differences in habitat along the stream length indicate
the potential for differential survival by tagging location. A modest downstream movement to lower river reaches before
outmigration means the effect of habitat quality on spring Chinook parr in the Entiat is a function of habitat quality at the
location of summer tagging. Overwinter survival estimates for fish remaining in the Entiat (late summer to late winter) are
noticeably higher for upriver and versus lower river locations. Survival estimates from summer tagging to MCNary Dam
(MCN) the following spring also differ by tagging location. As spring Chinook outmigrating as subyearlings overwinter in the
mainstem Columbia, different survival rates may occur between fish overwintering in the Columbia versus fish overwintering
in the Entiat. We used a multi‐state mark‐recapture‐resight model to estimate seasonal outmigration probabilities and
survival within the Entiat and to MCN (an arbitrary but reasonable metric that allows comparison of survivals for fish
outmigrating at different times). The objectives are to estimate i) seasonal (fall, winter, spring) outmigration probabilities for
spring Chinook tagged over summer at different locations along the river, ii) seasonal survival probabilities for fish remaining
in the Entiat, and iii) survival probabilities to MCN for each seasonal outmigration. Successful estimation of the outmigration
and survival probabilities in (i), (ii), and (iii) will provide a comprehensive understanding, given the available data, of
movement and survival dynamics. Few studies exist examining the multi‐layered movement and survival dynamics occurring
within a single river. By fully utilizing available PIT tag data for the Entiat River this analysis provides an innovative addition to
understanding spatial variation in population dynamics within a single river and offers a framework for other locations where
similar data are available.
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Columbia River steelhead life cycle modeling based on PIT tags
Dan Rawding
rawdidr@dfw.wa.gov
Thomas Bueherns, and Charlie Cochran
Washington Department of Fish and Wildlife
Washington Department of Fish and Wildlife
600 Capitol Way N.
600 Capitol Way
Olympia, WA 98501‐1091
Olympia, WA 98501

Empirical life stage and reach scale steelhead survival estimates are currently lacking but are needed for Columbia River
recovery and adaptive management plans. We developed a Bayesian Cormack‐Jolly‐Seber life cycle model to estimate stage‐
specific survival for nine different life stages by spatial reach combinations. The model started at the parr stage and
measured survival up to the second spawning run of adult steelhead over 9 out migrant years from 2003‐2011 for an ESA
listed population of summer steelhead. The model was parameterized with Passive Integrated Transponder (PIT) tagging,
recapture and detection data from the Wind and Columbia rivers. Using model selection criteria, the best model was a
hierarchical model of both survival and detection probabilities across cohorts. Since our reaches coincided with life stages,
we provided preliminary estimates for the mean survival for 1) tributary spring parr to smolts in the Wind River (10%), 2)
smolts migrating in the Columbia River to the estuary (78%), 3) smolt to adult returns from the estuary & ocean to Bonneville
Dam (BON) (6%), 4) adult pre‐spawners in the BON pool (63%), 4) adult entry into the Wind River to kelts in the estuary
(59%), and 5) kelts from the estuary to first time repeat spawners to BON (17%). Kelt to adult return survival estimates after
second spawning were imprecise due to low tagging and recovery rates. The survival from smolt to adult return explained
most of the annual variation in survival for the life stages we modeled. Iteroparity resulted in increased life history diversity
and population resilience for this population. Our estimates rates of iteroparity were more than double previous published
rates of Columbia River summer steelhead above BON.
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Data Modeling and Analysis

TribPit: estimating salmonid cohort survival during juvenile outmigration
Rebecca Buchanan
rabuchan@uw.edu
John Skalski
Columbia Basin Research
School of Aquatic and Fishery Sciences
School of Aquatic and Fishery Sciences
University of Washington
University of Washington
1325
Fourth Ave, Suite 1515
1325 Fourth Ave, Suite 1515
Seattle, WA 98101‐2509
Seattle, WA 98101‐2509
Greg Mackey
Public Utility District No. 1 of Douglas County
1151 Valley Mall Parkway
East Wenatchee, WA 98802
Charles Snow
Washington Department of Fish and Wildlife
600 Capitol Way North
Olympia, WA 98501

The outmigration survival of cohorts (i.e., brood years) of a salmonid population is an important monitoring metric used in
assessing recovery actions such as habitat restoration. The development of instream PIT‐tag detection arrays and the
proliferation of PIT‐tag releases in tributaries provide new information on survival of cohorts before they enter the
hydrosystem. New data require new analysis methods, however, and the estimation of cohort survival is complicated by
variable age at outmigration for populations of steelhead and Chinook salmon. The standard CJS model is inappropriate for
populations that exhibit migratory delay once some individuals have initiated migration, and its restriction to a single release
group fails to efficiently use all data from multiple release groups of the same cohort. More flexible analysis methods have
been developed to account for these problems but are challenging to implement. Program TribPit, new software from the
University of Washington (http://www.cbr.washington.edu/analysis), implements a multistate mark‐recapture model to
estimate juvenile cohort survival for populations that migrate at different ages. The necessary PIT‐tag data can be
downloaded from the PTAGIS database and formatted directly using a specially designed query on the DART website
(http://www.cbr.washington.edu/dart/query/pit_basin_branching). Independent age data are used to identify cohorts. The
software will be introduced and an example presented estimating survival of the 2010 cohort of steelhead from the Twisp
River. Subyearling, yearling, and 2‐year old steelhead were captured, PIT‐tagged, and released in the Twisp River in 2010,
2011, and 2012, respectively, and monitored as they migrated past instream PIT‐tag arrays in the Twisp and Methow rivers
and dams in the Columbia River. Overall 2010 cohort survival estimates were 0.05 (SE=0.03) to Rocky Reach Dam and 0.03
(SE=0.01) to McNary Dam, and included outmigration in 2011 and 2012. No subyearlings were detected out of the Twisp
River within 2010. The age composition at Rocky Reach from the 2010 cohort was 100% 2‐year olds at both Rocky Reach and
McNary dams. The problem of small sample size will be addressed.
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Estimating Chinook escapement in the John Day River basin using a mark‐recapture approach
Chris Bare
christopher.m.bare@state.or.us
Ian Tattam and Jim Latshaw
Oregon Dept. of Fish and Wildlife
Oregon Dept. of Fish and Wildlife
305 N Canyon Blvd.
305 N Canyon Blvd.
Canyon City, OR 97820
Canyon City, OR 97820

The John Day River basin supports three wild populations of spring Chinook salmon that remain depressed relative to historic
levels; escapement estimates from 2000 to 2013 have ranged from 1,817 to 7,808 spawners. As efforts are made to protect
and rehabilitate habitat, our monitoring efforts provide much needed information to evaluate project‐specific effectiveness
as well as meet the data needs as index stocks. Beginning in 2009, mark‐recapture analysis using Passive Integrated
Transponder (PIT) tagged fish has provided an independent alternative to estimating spawner abundance as the product of
redd count and an out‐of‐basin fish per redd estimate. Several thousand Chinook smolts are intra‐peritoneally PIT tagged
each year when emigrating from the John Day River basin, providing a number of returning adults that are “marked” at
Bonneville Dam via passive detection of the PIT tags they carry. During spawning ground surveys, a portion of the population
is recovered as carcasses and examined for marks. The percentage of recaptured fish has ranged from 1.1 to 2.3 and
standard deviation of the PIT tag based abundance estimate has ranged from 647 to 1,801. Although results from our 2011
and 2012 data suggest that this approach is feasible, the 2013 mark‐recovery escapement estimate demonstrates that a
minimum number of returning marked fish is necessary to generate an estimate with acceptable confidence. The
concordance of escapement estimates generated by these discrete methodologies increases our confidence in the suitability
of both methods for estimating John Day spring Chinook salmon escapement.

Page 11

Wednesday, January 28, 2015
8:00 am ‐ 10:00 am

Data Modeling and Analysis

Examining the effects of juvenile migration timing, hydropower‐system passage type, and environmental factors on adult
age‐at‐return of PIT‐tagged Snake River spring/summer Chinook salmon
Benjamin Sandford
ben.sandford@noaa.gov
Eric Buhle
Fish Ecology Division
Jennifer Gosselin
Northwest Fisheries Science Center
Mark Scheuerell
National Marine Fisheries Service
NOAA
Fish Ecology Division
3305 E. Commerce St., Pasco, WA
Northwest Fisheries Science Center
USA
National Marine Fisheries Service
NOAA
2725 Montlake Blvd. East, Seattle, WA 98112‐2097
USA

Both intra‐ and inter‐annual differences in water flow, temperature, and availability of food resources can create large
differences in growth of salmon within and among year classes. In particular, differences in growth lead to different
maturation rates and subsequent age structure, which can be important because of their potential effects on catch rates and
fecundity of spawners. We examined the relationship between adult age‐at‐return and juvenile migration experiences by
taking advantage of a large data set of yearling Chinook salmon from the Snake River basin, tagged with PIT tags prior to
arriving to the Pacific Ocean. We considered all juvenile spring/summer Chinook salmon tagged at or above Lower Granite
Dam from 1998 through 2011 (corresponding to adult return years 1999–2014). More specifically, we used information from
these tagged fish to estimate how adult age‐at‐return varied as a function of year, juvenile migration timing within a year,
juvenile fish length, ocean indicators (e.g., PDO, upwelling), rearing type (i.e., hatchery vs. wild), and hydropower‐system
passage type (i.e., run‐of‐river vs. transported fish). We modeled the observed adult age of tagged fish using a hierarchical
Bayesian framework, which incorporates these covariate effects while also accommodating stochastic inter‐annual variation
(i.e., across outmigration years), serial autocorrelation, and cross‐correlation in the age‐at‐return probabilities. We found
clear patterns in ocean‐age proportions versus time of arrival below Bonneville Dam, which indicated that juvenile fish
migrating later in the season returned as older adults. However, there was definite inter‐annual variation. These analyses
highlight how intra‐ and inter‐annual changes in the freshwater, estuarine and near‐shore marine environments experienced
by juvenile salmon can translate into important differences in their maturation rates as measured by adult age‐at‐return.
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Tagging size restrictions: evidence for effect on survival of fish less than 60 mm and effect on survival estimates
Michael B. Ward
wardski@wildblue.net
Shubha Pandit, Terraqua Inc., P.O. Box 85, Wauconda, WA 98859
Terraqua Inc., P.O. Box 85, Wauconda, WA 98859
Keith van den Broek,Terraqua Inc., P.O. Box 85, Wauconda, WA
98859
Tom Desgroseillier, U.S. Fish and Wildlife Service Mid‐Columbia
Fisheries Resource Office, 7501 Icicle Road, Leavenworth, WA
98826
Chris E. Jordan, NOAA‐Fisheries Northwest Fisheries Science
Center, 2725 Montlake Boulevard East, Seattle, WA 98112
Kevin See, Quantitative Consultants Inc., 419 S 13th Street, Boise
ID 83702
Carl Saunders, Utah State University, Logan, UT 84322‐5210

Passive Integrated Transponder (PIT) tagging is a powerful research and management tool and is widely used by the
Colombia River Basin’s fisheries agencies and researchers to mark and track the movement of anadromous fish (Chinook and
steelhead) of different life stages over time and space. The Integrated Status and Effectiveness Monitoring Program
(Bonneville Power Administration Project 2003‐017; ISEMP) is engaged in Research Monitoring and Evaluation projects that
include PIT‐tagging of ESA‐listed spring Chinook and steelhead in the Upper Columbia, John Day and Salmon River basins
nearly year‐round at smolt traps and seasonally through remote mark‐recapture efforts across the subbasins. Current
protocols utilized since 2011 specify tagging of parr 50‐60mm Fork Length (FL) using 9mm PIT tags, and >60mm FL using
12mm PIT tags. Suggested ESA Section 7 sampling guidelines instituted in 2014 limit the taggable size of parr to >60mm FL,
with 12 mm PIT tags allowed in fish >70 mm FL due to concerns of elevated rates of direct mortality due to PIT tagging
smaller fish. The provisional tagging guidelines raise two concerns; what is the evidence for survival rates being measurably
lower for PIT tagged fish <60mm FL, and does the proposed change in tagging protocol impact survival estimates (stage
specific, or freshwater productivity) generated by ongoing Columbia River basin projects. Based on ISEMP tagging data from
the past 4 years, we show that size, in particular parr <60mm FL, is not the major predictor of survival rate. In addition, at
certain times of the year, the suggested operating provisions could lead to a significant decrease in the number of sampled
fish that can be PIT tagged, potentially creating a bias in juvenile survival estimates and other population metrics. Here we
derive seasonal survival estimates through emigration for juvenile spring Chinook and steelhead, with comparative estimates
for all juveniles >50mm FL, and with only juveniles >60mm FL, to determine what level of bias could be introduced to active
monitoring programs through the application the new permit provisions.
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Experiments in double tagging (coded wire tag plus PIT tag) juvenile Hanford Reach fall Chinook salmon
Jeffrey K. Fryer
fryj@critfc.org
Columbia River Inter‐Tribal Fish Commission
700 NE Multnomah Street, Suite 1200
Since 1987, Pacific Northwest fisheries agencies have cooperated annually on a Pacific Salmon Commission‐funded program
to coded wire tag (CWT) 200,000 wild Columbia River fall Chinook pre‐smolts. This data is used to monitor exploitation rates
and distribution in fisheries ranging from California to Alaska. Fish coded wire tagged range from 48 to 80 mm fork length,
with the large majority less than 60 mm fork length. The project has struggled to meet its 200,000 goal only succeeding in 14
out of 28 years. In most years, the problem has been an inability to capture sufficient fish.
In most years since 199 there has also been a concurrent (and often unfunded) effort to PIT tag 3000 to 20000 fall Chinook.
However, PIT tagging requires the larger fish and decreases coded wire tag output which further reduces already insufficient
coded wire tag recoveries. A solution has been to double tag (CWT+PIT) juvenile fall Chinook which we have done for most
fish tagged since 2008. In 2008, 2009, and 2014 we PIT‐only tagged one group of Chinook to compare with double tagged
(CWT+PIT) Chinook. In all three years, when controlling for any differences in length, there has been no significant difference
in survival or migration time from release to McNary Dam. The smolt to adult (SAR) return rates to Bonneville Dam has also
been similar. For 2008 PIT tagged juvenile, CWT+PIT tagged Chinook had a SAR of 0.79% compared to 0.69% for PIT tagged‐
only fish. In 2009, CWT+PIT tagged Chinook had a SAR of 0.29% compared to 0.30% for PIT‐only tagged fish.
The results suggest that adding a coded wire tag to a PIT‐tagged juvenile Hanford reach fall Chinook has little, if any, impact
on its survival. There are too few PIT tags deployed to determine if adding a PIT tag to a coded‐wire‐tagged juvenile fall
Chinook impacts survival.
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Survival, growth, and tag retention in age‐0 Chinook salmon implanted with 8.0 mm, 9.0 mm, and 12.0 mm PIT tags
Craig Rabe, Kenneth F. Tiffan
craigr@nezperce.org, ktiffan@usgs.gov
Doug Nelson
Nez Perce Tribe Department of Fisheries Resources
Nez Perce Tribe Department of Fisheries Resources Management
Management
PO
Box 365 Lapwai, ID 83540, USA
PO Box 365 Lapwai, ID 83540, USA
U.S. Geological Survey, Western Fisheries Research Center,
5501A Cook‐Underwood Rd., Cook, Washington 98605, USA

Russell W. Perry
U.S. Geological Survey, Western Fisheries Research Center, 5501A
Cook‐Underwood Rd., Cook, Washington 98605, USA
William P. Connor and Frank L. Mullins
U.S. Fish and Wildlife Service, Idaho Fishery Resource Office, 276
Dworshak Complex Drive, Orofino, Idaho 83544, USA

The effects of PIT tagging on survival, growth, and tag retention are three primary considerations during field studies
especially when fish are small relative to tag size. The primary size of tags used in field studies since the late 1980s has been
≈12 mm, and the ability to represent an aggregate of rearing juveniles with those tags becomes difficult when the minimum
tagging size is larger than the average size at which juveniles make initial downstream movements. Two smaller sizes of PIT
tags known as 8.0‐mm and 9.0‐mm tag types are presently available for field application, but effects on small fish have not
been tested in the lab. We conducted two complimentary lab studies on the effect of PIT tagging preselected size groups
(Study I, 46–50 mm, 51–55 mm, and 56–60 mm; Study II, 40–49 mm, 50–59 mm, and 60–69 mm) of Age‐0 Chinook Salmon
with the 8.0‐mm and 9.0‐mm tag types. We added additional tests with the 12.0‐mm tag type in the 50–59‐mm and 60–69‐
mm size groups. Survival 28–30 d after tagging ranged from 99.4% to 100% across all tests providing no strong evidence for a
size‐related tagging effect or a tag‐size effect. We did not observe any strong effects of tagging on growth in FL (mm/d) or
WT (g/d). Tag retention across all tests ranged from 93% to 100%. Tag loss was associated with insertion point, fish
processing rate, duration of the tagging event, and fish size. We acknowledge that actual implantation of the 8.0‐mm or 9.0‐
mm tag types in small fish in the field will pose additional challenges and outcomes than were observed in our labs, but
conclude that experimental use of the smaller tags in the field is supported by our findings.
Comparing detectability of 9 and 12mm PIT tags in the Middle Fork John Day River
Keith B. DeHart
keith.b.dehart@state.or.us
Oregon Department of Fish & Wildlife, P.O. Box 9, John Day, Kirk Handley
1 Oregon Department of Fish & Wildlife, P.O. Box 9, John Day, OR
OR 97845
97845

Ian Tattam
Jim Ruzycki
Oregon Department of Fish & Wildlife, 203 Badgley Hall, EOU, La
Grande, OR 97850

The Oregon Department of Fish and Wildlife uses Passive Integrated Transponder (PIT) tags to monitor migration and
survival of summer steelhead (Oncorhynchus mykiss) in the John Day Basin. The importance of modeling the survival of early
life stages must be balanced with the continuing need to reduce tagging effects on ESA listed species. Hence, we recognize
the need to use smaller tag technologies as they become available. To compare detection efficiency between 12 mm and 9
mm tags we performed 21 paired releases of 694 summer steelhead above a Passive In‐Stream Array (PIA) in the Middle Fork
John Day River. Releases were distributed across a three month period during the 2014 spring runoff. Individuals tagged with
12 mm tags were four times more likely to be detected at the Middle Fork PIA then individuals with 9 mm tags. These data
suggest that precision around estimates of population metrics such as apparent survival may be reduced by transition from
12 to 9 mm tags.
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Effects of PIT tagging upstream migrating adult Columbia Basin sockeye salmon
Jeffrey K. Fryer
fryj@critfc.org
Skyeler Folks, Richard Bussanich, and Howie Wright, Okanangan
Columbia River Inter‐Tribal Fish Commission
Nation Alliance, #101, 3535 Old Okanagan Hwy
700 NE Multnomah Street, Suite 1200
Westbank, BC V4T 3L7,

Jennifer Miller
Confederated Colville Tribes, 25B Mission Road,
Omak, WA, 98841

PIT tagging adult salmonids can provide important information on stock composition, migratory characteristics, and survival.
However, the impact of tagging adults is of importance both to interpret study results as well as to regulatory agencies. One
method with assessing impacts of adult tagging is to compare survival and passage times of those fish being tagged with fish
tagged previously as juveniles. However, previously tagged fish are often predominantly hatchery origin and from specific
areas (e.g. Snake Basin) and are rarely representative of the run at large.
Since 2010 we have conducted sockeye PIT tagging studies at Bonneville and Wells dams which allow comparisons of survival
to our OKC PIT tag observation site on the Okanagan River downstream of the spawning grounds. These comparisons
suggest a decreased survival at Wells Dam for PIT tagged fish ranging from 0% to 6.8%. Concurrent temperature and acoustic
tagging programs showed greater adverse impacts on survival, although sample sizes were small. Tagging did not appear to
have a significant impact on migration rates and timing. Other factors may affect results, such as differential mortality in the
upstream fisheries as well as factors specific to Wells Dam sampling operations.
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Development and testing of a floating PIT tag antenna detection system
Mark C. McKinstry
mmckinstry@usbr.gov
Peter Mackinnon
U.S. Bureau of Reclamation
Fish Ecology Lab
Office of Adaptive Management
Department of Watershed Sciences
125 South State Street
Utah
State University
Salt Lake City, UT 84138
Logan, Utah

Detection systems for PIT‐tagged fish (Passive Integrated Transponder) in the Pacific Northwest are well established and
work effectively with anadromous species, providing information on fish passage rates, movement patterns, survival, and
return rates. In the Colorado River Basin most species do not have predictable movement patterns and must be detected by
electrofishing, netting, or physical handling of fish captured in passage facilities. Some notable exceptions include stationary
passive detection systems at the Price‐Stubb fish passage facility on the Colorado River in Colorado, the San Rafael and White
rivers, and the Stirrup Wetland in Utah. In the San Juan River (SJR) up to 12 electrofishing passes are made each year for
nonnative fish removal; PIT‐tagged Colorado pikeminnow (Ptychocheilus lucius) and razorback sucker (Xyrauchen texanus),
both endangered species, are also captured during these trips to provide information on movements, growth, survival and
population size. Nonnative removal provides the best and largest amount of information on the status of the two
endangered fish in the SJR, but is expensive, time consuming, and has an uncertain future. To begin investigating alternative
strategies for detecting these fish we developed a mobile floating PIT tag detection system that detects PIT tags as it floats
over them. The system consists of three 10‐foot antennas connected to a multiplexer, integrated GPS, and data logger. As
the antennas float over a tag the system records date, time, location, and unique PIT tag number. During two days of testing
on the San Juan River in October 2009 we detected 75 tags in 21 miles of river, including almost 25 tags in ~ 500m of Chaco
Wash. A concurrent electrofishing trip sampling the same stretch of river captured about the same number of fish/boat.
During June of 2014 we refined the electronics of the system to increase read range and conducted a 5‐day test on 85 miles
of the San Juan River. This test detected over 550 tags, and also helped to identify a Colorado pikeminnow spawning area.
The system is limited to detection distances that are less than three feet, but the system could be useful in shallow streams,
weirs, or in broad shallow areas of larger rivers, such as the lower San Juan River. Another application would be to use the
system in a stationary configuration that allows the antennas to fluctuate with water levels and debris (e.g., logs). Some
important drawbacks of this system are that it detects tags and not fish, and biological information such as length, weight,
and health are not measurable. Future work includes developing methods to incorporate detections into mark‐recapture
models to improve population estimates of these fish.
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A 2.4‐ by 6.1‐m flexible antenna for detecting full‐duplex passive integrated transponder tagged fish
Matthew S. Morris
matthew.morris@noaa.gov
Ocean Associates, Inc. Under contract to Northwest Fisheries Robert J. Magie (Ocean Associates, Inc. Under contract to
Northwest Fisheries Science Center. National Marine Fisheries
Science Center. National Marine Fisheries Service. NOAA.
Service.
NOAA. 520 Heceta Place, Hammond, Oregon 97121*)
520 Heceta Place, Hammond, Oregon 97121.
Jeremy P. Bender (Pacific States Marine Fisheries Commission.
Under contract to Northwest Fisheries Science Center. National
Marine Fisheries Service. NOAA. 520 Heceta Place, Hammond,
Oregon 97121*)
Richard D. Ledgerwood and Bruce F. Jonasson (Fish Ecology
Division. Northwest Fisheries Science Center. National Marine
Fisheries Service. NOAA. 2725 Montlake Boulevard East, Seattle,
Washington, 98112‐2097).
*Address not current, but correspondence will be forwarded.

We developed a 2.4‐ by 6.1‐m flexible antenna capable of detecting 12‐mm full‐duplex PIT‐tags. The flexible design was
developed to support ongoing studies in the Columbia River estuary that rely on detections of migrating adult and juvenile
salmonids. The antenna wires were housed in a 1.9‐cm‐diameter water suction hose and the reader was housed in a water‐
tight PVC capsule. When deployed, the rectangular shape of the antenna was maintained by light‐weight rope frames, PVC
spreader bars, and strategically placed weights. These antennas were used in both a stationary setting, where they were
mounted to a pile dike, and in a mobile setting, where they were towed behind two vessels. Mobile deployment utilized
multiple antennas assembled in a horizontal matrix to maximize the detection area. Typical read‐range of the flexible
antennas from the center plane was 0.75 m in a pass‐through orientation and 0.5 m in a pass‐by orientation. These antennas
were versatile in application given their large size and ease of handling and had relatively low construction costs compared to
traditional PVC antennas.
Use of submersible PIT antennas to augment endangered fish active‐capture surveys
David W. Speas
dspeas@usbr.gov
U.S. Bureau of Reclamation, Upper Colorado Regional Office Peter MacKinnon, Department of Watershed Utah State
University. 5210 Old Main Hill, Logan, Utah, 84321
125 S. State St. Room 8100
Salt Lake City, UT 84138

Julie Howard, Utah Division of Wildlife Resources, 1165 S. Hwy 191
– Suite 4, Moab, UT 84532

Katherine Creighton, Utah Division of Wildlife Resources, 1165 S.
Hwy 191 – Suite 4, Moab, UT 84532

Precision of mark/recapture surveys of endangered fish populations in the Upper Colorado River Basin is often hindered by
lack of recapture observations, often making it difficult to discern trends in fish abundance over time. We investigated
whether this situation could be remedied by obtaining auxiliary recapture data from submersible PIT antennas for inclusion in
development of population estimates. During a mark/recapture survey for endangered Humpback Chub, Gila cypha in the
Desolation/Gray canyons area of the Green River (Utah) in September 2014, we deployed submersible PIT antennas in
association with conventional fish sampling gear (trammel nets, baited hoop nets) in each sampled river reach (i.e., usually
large eddy complexes ca. 1 river kilometer in length). A total of 30 antenna deployments were conducted during six, 15‐h
overnight sampling events. Of the 30 deployments, at least one PIT‐tagged fish was detected on 26 of them. The majority of
these fish were not captured in conventional sampling gear, and antennas sometimes detected fish in very close proximity
(ca. 1‐2 m) to the gear without actually being captured in it. More detailed results are forthcoming and will be presented at
this meeting.

Page 18

Wednesday, January 28, 2015
1:00 pm ‐ 3:00 pm

Detection Methods

Evaluation of a prototype spillway transceiver
Gordon Axel
Gordon.Axel@noaa.gov
NOAA Fisheries
Northwest Fisheries Science Center, Pasco Field Station
3305 E. Commerce St.
Pasco, WA 99301

Dr. Sandy Downing
Northwest Fisheries Science Center
2725 Montlake Blvd. East
Seattle, WA 98112‐2097
Bruce Jonasson
Northwest Fisheries Science Center
2725 Montlake Blvd. East
Seattle, WA 98112‐2097
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Northwest Fisheries Science Center, Pasco Field Station
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In 2006, BPA contracted Digital Angel (aka Destron Fearing) and PSMFC to install a PIT‐tag system that Digital Angel designed
into the corner collector. The corner‐collector PIT‐tag system is unique in many ways: 1) it has the largest antenna, 2) it has
only one antenna instead of multiple antennas, and 3) it has a specialized BCC transceiver designed specifically for this
application. NOAA Fisheries has utilized this system to conduct fish tests in 2007, 2009, and 2011 to evaluate new PIT tag
models and other changes to the site. During the 2011 tag evaluation, we also evaluated a prototype ogee transceiver that
could detect standard ISO FDX‐B tags that are detected in 31 msec as well as faster non‐ISO tags that are detected in 16
msec. During this initial evaluation, the prototype ogee transceiver provided roughly a 2% gain over the regular SST‐1 tags
compared to the BCC transceiver. More interestingly, the 16 msec tags yielded a 9% gain, which would be significant. The
faster 16‐msec tags were developed to help with detection of PIT tags transiting spillways where water velocities range from
60‐75 fps.
A similar fish test was conducted in April 2014 after additional modifications were made to the ogee or FS3001 transceiver
being developed by Biomark, NOAA Fisheries, and PSMFC. We tagged 4,000 juvenile spring Chinook salmon from Spring
Creek National Fish Hatchery with 32‐msec SST‐1 12‐mm tags, 32‐msec PT300 9‐mm tags, and 16‐msec versions of both. The
fish were released individually in front of the entrance to the corner collector through a 4” hose. This same apparatus was
used in the previous evaluations of the corner‐collector detection system. By releasing PIT‐tagged fish within the capture
velocity area in front of the entrance, we know precisely how many tagged fish have passed through the corner‐collector
system during the testing.
Over the years, the original BCC transceiver consistently yielded detection rates in the 75‐80% range for 32‐msec SST‐1 12‐
mm tags. It detected 54% of the 32‐msec PT300 9‐mm tags in 2011. When the improved ogee transceiver was evaluated in
2014, the detection rates increased. Detection of the 32‐msec SST‐1 12‐mm tags improved to 85.1% and 68.8% for the 32‐
msec PT300 9‐mm tags. The 16msec tags yielded even higher detection rates. The 16‐msec SST‐1 tags were detected at a
93.3% rate and the 16‐msec PT300 tags increased to 76.0%
The 2014 fish test results were very encouraging as has been the consistent performance so far of the FS3001 transceiver
installed at BCC. The high detection of the 16‐msec PIT tags could translate into the fisheries community achieving more data
from the fish that are tagged or might even mean the number of fish tagged could be reduced. The 16‐msec tags definitely
outperform the 31‐msec tags in locations where electromagnetic noise levels reduce tag detections and we also assume in
any spillway installation with high water velocities.
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Vertical antenna arrays: A prototype system for full water column detection
N. Phil Peterson
phil@westforkenv.com
Kyle B. Meier
West Fork Environmental
West Fork Environmental
2350 Mottman Rd SW
2350 Mottman Rd SW
PO Box 4455
PO
Box 4455
Tumwater, WA 98501
Tumwater, WA 98501

Detection of PIT tagged out‐migrating juvenile salmonids in large natural rivers is problematic because the antenna systems
currently available are typically incapable of interrogating the upper portions of the water column where fish may travel. Low
juvenile detection rates hamper studies of many kinds including those designed to understand population‐level effects of
flow management and habitat restoration. An antenna system that could detect fish through the full water column would be
invaluable in addressing the ever more sophisticated questions posed by researchers employing RFID technology. We have
developed an antenna system dubbed the FIN (Fish Interrogation Nodes) capable of detecting fish through the whole water
column at variable river flows and stages. These arrays are composed of individual vertical antenna housings anchored to
either the channel bed or an above‐water support system through an articulated shackle that allows for deflection and
passage of debris and ice. We power one to many FIN antenna coils through individual transceivers and can link up to 6 FIN
antennas together with a novel cabling approach and alternation of coil winding direction for each adjacent FIN. This system
produces detection fields that are strongly coupled between individual FINs that then function as a single antenna for
purposes of multiplexing and synchronization. A partial array was recently installed on the Yakima River in the vicinity of
Selah and is currently undergoing mechanical and electrical testing. Results to date indicate good debris shedding capability
and tolerance for high flows. Noise issues initially encountered appear solvable with minor alterations to the anchoring and
cabling approaches used in the prototype.
Expanding from creeks to hydroelectric diversion facilities – construction and in situ evaluation of large half‐duplex PIT tag
antennas to evaluate fish entrainment at high velocity water diversions
Gabriel Kopp
gabekopp@fishbio.com
Matt Peterson, Dana Lee, Doug Demko
FISHBIO
180 E. Fourth Street, Suite 160
FISHBIO
Chico, CA 95928
180 E. Fourth Street, Suite 160
Chico, CA 95928

The implementation of Passive Integrated Transponder (PIT) technology for monitoring fish has historically required small
detection areas in either creeks or constricted openings. Advancements in PIT technology have evolved to allow for much
broader applications and larger monitoring areas. Custom fabricated large‐scale PIT tag readers were used to estimate
entrainment in two diversion tunnels (up to 3.8 m x 4.4 m) that experienced discharge as high as 31.1 cubic meters per
second and operated in water depths of up to 6.4 m. The PIT arrays, consisting of three separate antennas stacked one on
top of the other, were hand‐molded from fiberglass into a hydrodynamic ‘wing’ shape. This design enabled the antennas to
withstand high flows, while simultaneously detecting fish over the entire monitoring area of the diversion tunnels. This also
allowed for the diversions to operate at full capacity and not be constrained to a modified smaller detection area. The
antenna arrays and tag detection systems achieved optimal performance throughout the duration of the study. The antennas
operated continuously for over a year, and monitored upwards of 99.0 percent of all diverted flows through the tunnels due
to minimal required maintenance. A total of 220 unique detection events representing 58 fish were observed at the two
diversion tunnels and equated to performance efficiency greater than 90 percent. The continuous operation and high
detection efficiency achieved by the relatively large‐scale PIT arrays confirms the success of this innovative deployment of PIT
tag technology that was previously limited to small creeks and monitoring areas.
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PIT tag reader synchronization, multiplexing and data logging innovations
Robert Stewart
rstewart@allflexusa.com
Steve Anglea, Dean Park
Biomark Inc.
Biomark Inc.
705 S. 8th St.
705 S. 8th St.
Boise, ID 83702
Boise, ID 83702

Several new PIT Tag Reader accessory products recently introduced by Biomark provide opportunities for new and innovative
reader configurations in animal research.
•A synchroniza on and mul plexing device coordinates the opera on of up to 12 readers so that mul ple reader/antennas
can construct a single reading zone, or so that multiple reader/antennas comprising individual reading zones can operate
sequentially.
•An antenna mul plexer device connects up to 12 antennas to a single reader to create an economical solu on for small
antenna systems within close proximity.
•A compact data‐logger device captures PIT tag numbers and appends record numbers and me/date stamps on a
removable media micro‐SD card.
These multiplexer devices work to conserve power in battery operated installations and permit data collection on a single
channel data logger. The data logger provides a compact and low‐power solution especially advantageous in remote
unattended installations. Examples of how these new devices have been effectively deployed in animal research will be
presented.
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Biomark's IS1001‐MTS reader platform ‐ into the river
Steve Anglea
steve.anglea@biomark.com
Biomark, Inc.
705 S. 8th St.
Boise, ID 83702

Alex Artyukhov
Biomark, Inc.
705 S. 8th St.
Boise, ID 83702
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Biomark, Inc.
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Boise, ID 83702

Since the introduction of PIT‐tag technology into the Columbia River Basin in the mid‐1980s, the demand for detection of PIT‐
tags beyond adult fish ladders and juvenile fish bypasses has increased dramatically. The Destron Fearing FS1001M
multiplexing transceiver was released around 2007 and enabled researchers to begin monitoring small streams and rivers.
The FS1001M controlled up to six antennas, but was limited to antenna cable lengths of approximately 180 ft, before
degradation in performance was unacceptable. Biomark completed the IS1001‐MTS (MTS) platform in 2013 as a
replacement for the FS1001M. The MTS consists of an IS1001‐Master Controller (MC) and IS1001 readers. The MC provides
communication and power for up to twelve IS1001 readers. The big shift in paradigm, between the FS1001M and the MTS, is
that the decoding of the tag telegram was decentralized; occurs at the antenna level within the IS1001. This 1:1 approach,
allows for increased performance with respect to detection range, antenna size, auto‐tuning, and general ease of operation.
Decoding of ISO compliant HDX tags and Biomark Half‐Telegram tags has been incorporated into the reader platform as well.
Another advantage of the MTS platform is its scalability. Large systems, like the Deschutes River (DRM) array, required the
use of a MC, twelve IS1001s, and approximately 1,000 ft of cable. However, the IS1001 is a fully functional reader on its own
and can be synchronized with another IS1001 to provide a cost effective means for monitoring small stream habitat without
the need for a MC. The standard IS1001 operates on 24V DC input power, but can be configured for 12V DC input power for
use with batteries and small scale solar power systems; where the power budget is a concern. Since the introduction of the
MTS platform, Biomark has constructed antennas ranging in size from a small 5 in. puck antenna used to detect tags on the
Columbia River estuary bird colonies, rectangular frame saltwater antennas, 50 ft cord antennas, and our standard 20x4 ft in‐
river antenna. NOAA Fisheries‐Hammond used the IS1001 to successfully construct and deploy antennas as large as 10x20 ft
as part of their pile dyke monitoring effort. Biomark is currently investigating the use of a “star topology” for connecting the
IS1001s to the MC. In the star topology, an individual cable connects each IS1001 to a common hub and then to the MC, as
opposed to connecting the IS1001s in a serial or network arrangement that is currently used. The Biomark IS1001‐MTS
platform has proven to be an effective tool for detecting PIT‐tagged fish in a variety of habitats using a wide variety of
antenna configurations, providing fisheries researchers and fisheries managers with key data to make management decisions.
4:00 pm ‐ 5:00 pm

Open Forum on Tributary Detection Infrastructure

Longterm planning for design, implementation and maintenance of instream detection systems across the Columbia Basin
Chris Jordan
chris.jordan@noaa.gov
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Use of PIT tag antennas to test a weir designed to reduce entrainment of endangered fish in canals
Mark McKinstry
mmckinstry@usbr.gov
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The diversion of river water for irrigation or power‐generating purposes is well known to have deleterious effects on fish
populations and includes entrainment into canals or impingement on intake screens. Both Colorado pikeminnow
(Ptychocheilus lucius) and razorback sucker (Xyrauchen texanus) are known to undertake extended spawning migrations,
increasing their risk of becoming entrained in irrigation canals, such the one at the Hogback Diversion Canal on the San Juan
River near Shiprock, NM. The Hogback Diversion Canal diverts approximately 250 cfs from May through October; this
diversion can take > 50% of the river’s flow. The In 2007 a Value Engineering (VE) team was commissioned to develop and
evaluate various proposals to modify Hogback Diversion Canal to continue to deliver water, yet eliminate or reduce the
entrainment of fish in the canal. Members of the VE Team included fish biologists, construction engineers, cost engineers,
design engineers, and irrigation specialists. The team finally concluded that the most cost effective and efficient means of
reducing fish entrainment in the canal was to construct a 550 foot weir, approximately 8 feet tall, in the canal at an oblique
angle, with the goal of passing a few inches of water over the top of the weir that would be diverted into the canal, and
maintaining a flow in the canal along the upstream side of the weir that would eventually transport fish and debris along the
upstream side of the weir into a return channel back to the San Juan River. The biologists that served on the VE team
believed that the fish in the San Juan River would most likely stay near the bottom as they were entrained in any canal and,
as they moved downstream in the Hogback Canal, they would encounter the weir wall and move downstream with the flow
until they finally exited the canal into a return channel back to the river. The decision was made to construct a weir wall, with
the required facilities and water‐regulation devices, for approximately $3.5 million in 2013. No fish‐exclusion device of this
type has ever been constructed or tested that we are aware of, but if it is effective it could be a useful design at many other
locations. In March of 2014 five PIT tag antennas were installed in the facility to determine the effectiveness of the weir wall.
The locations of the antennas were selected to give information on movements of fish through the facility and the fates of
those fish (i.e., entrainment or safe passage). An immediate, but unexpected, finding of this study was the movement of fish
upstream into the facility before it was operational. In November 2014 a test will be conducted of the effectiveness of the
weir using stocked PIT‐tagged fish. We will report on the results of that test and discuss uses of the data in other studies (M‐
R models, movement studies, and survival analyses).
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The use of PIT tags in small streams and non‐migratory fish
Dalton Hance
dhance@anchorqea.com
ANCHOR QEA, LLC
23 S. Wenatchee Ave
Suite 220
Wenatchee, WA 98801

Josh Murauskas
ANCHOR QEA, LLC
23 S. Wenatchee Ave
Suite 220
Wenatchee, WA 98801

The wide adoption of passive integrated transponder (PIT) tags in the Columbia River Basin has greatly improved our
understanding of fish movements and population demographics. However, PIT tags are less commonly used in smaller
streams and in non‐migratory populations. The use of PIT tags in capture‐recapture studies offers a promising means to
answer questions about population dynamics and habitat conditions in these smaller systems, and the advantages of low
cost, reliability, and manageable application make them a viable option for this research. We offer two examples of our work
in applying PIT tag technology in relatively small river systems to 1) assess seasonal movement patterns in stream‐rearing
Coho salmon, and 2) in analyzing culvert passage. Estimating detection efficiencies when fish are not migrating presents a
challenge and we provide recommendations for study designs from that address this challenge and effectively assess
movement and population dynamics.
Monitoring fluvial bull trout migration and movements in the Lemhi River Subbasin, Idaho: integrating PIT tag technology
with radio telemetry
Kevin Poole
kevin.poole@idfg.idaho.gov
Jeff DiLuccia
Idaho Department of Fish and Game
Idaho Department of Fish and Game
Pacific States Marine Fisheries Commission
Salmon
Region
Salmon Region
99
Hwy.
93 N
99 Hwy. 93 N
Salmon, ID 83467
Salmon, ID 83467
Bull trout (Salvelinus confluentus) populations within the Lemhi River subbasin, Idaho display distinct resident and fluvial life
history strategies. However, the distribution and abundance of the migratory form is not well understood. In 2006, the Idaho
Fish and Game implemented a study to further document use of Lemhi River tributaries by the fluvial form. This was
completed in part to establish baseline information to determine bull trout response to ongoing habitat restoration actions in
tributaries. The study determined that of the 32 bull trout implanted with radio transmitters in the main‐stem Lemhi River, all
fish migrated exclusively into Hayden Creek, the largest functionally connected tributary in the Lemhi River subbasin.
Beginning in 2007, a rigorous study was implemented using Passive Integrated Transponder (PIT) arrays to monitor the
effectiveness of ongoing habitat restorative actions throughout the Lemhi basin. We utilized this infrastructure to expand on
the existing knowledge of fluvial bull trout migration strategies. PIT tagging of juvenile and adult bull trout was increased
substantially to increase immigration and emigration detection rates in tributaries. Initially, our focus was to PIT tag juvenile
(<300mm) bull trout, but because of low annual detection rates, we began tagging larger adult bull trout (>300mm) that
would likely exhibit the fluvial life history. Detection rates of adults have increased and the results indicate these fish exhibit
similar fluvial migration patterns into Hayden Creek that were found during the radio telemetry study. Furthermore, there
have been detections of bull trout migrating into newly re‐connected tributaries, indicating fish pioneering and straying into
habitat that was previously disconnected. With the implementation of PIT tag technology within the Lemhi River subbasin,
our knowledge collected on bull trout has increased significantly.
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Sturgeon site fidelity near a pile dike in the Columbia River Estuary
Richard D. Ledgerwood
dick.ledgerwood@noaa.gov
Robert J. Magie, and Matthew S. Morris.
Fish Ecology Division. Northwest Fisheries Science Center.
National Marine Fisheries Service. NOAA. 2725 Montlake
Ocean Associates, Inc. Under contract to Northwest Fisheries
Boulevard East, Seattle, Washington, 98112‐2097

Science Center. National Marine Fisheries Service. NOAA. 520
Heceta Place, Hammond, Oregon 97121

We installed an autonomous PIT‐tag detection system along a pile dike in the tidal freshwater reach of the Columbia River
estuary (PTAGIS site code PD7). Between fall 2011 and fall 2014, the system has detected a total of 71 white sturgeon
Acipenser transmontanus. Of the 1,617 total fish detected at PD7, only 1% had a period of more than 1 day between first
and last detection, and most of these had periods less than 30 d. While the majority of sturgeon had short durations of
residency at the pile dike site, five individuals were detected over multiple years and two appeared to reside at the site
through late October, when the site was shut down for the winter. Most sturgeon were first detected in May‐July (PD7
activated each March), and transient individuals were generally detected for only a few minutes. However, two sturgeon
appeared in May‐July and persisted, nearly daily, on multiple PD7 antennas across multiple years. We will present
information on site fidelity and behavior shown by sturgeon and other species at the pile dike detection site.
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Evaluation of prototype fish passage structures in the Lower Granite Dam juvenile fish bypass system – juvenile Pacific
lamprey results 2013‐2014
Rolland R. O'Connor
roconnor@blueleafenviro.com
Scott McCutcheon
Blue Leaf Environmental
Biomark
2301 W Dolarway Rd STE 3
705 South 8th St
Ellensburg, WA 98926
Boise, ID 83702‐7112

Ryan Richmond
Biomark, Boise, ID
Frank Loge
Department of Civil and Environmental Engineering, UC Davis
One Shields Ave
Davis, CA 95616‐5270

During spring of 2013 and 2014, studies were conducted to evaluate travel time of PIT tagged fishes, including juvenile Pacific
lamprey, through the juvenile fish bypass system at Lower Granite Dam on the Snake River. Lampreys were released into
gatewells to evaluate egress through experimental structures or released directly into the bypass collection channel (2013
n=1,213 and 2014 n=753). Study objectives addressed in this abstract are 1) Determine how prototype passage structures
affect orifice passage efficiency and travel time for juvenile lampreys, 2) evaluate PIT tag retention of two tags (8.5 and 9
mm) using two different tagging techniques: surgical methods described by Mesa et al. (2011) and injecting PIT tags with a 16‐
gauge needle, and 3) Evaluate behavior within the Lower Granite Dam juvenile fish collection channel and bypass system
based on PIT‐tag detection.
In 2013 travel time was measured from release to first detection at the separator at the juvenile fish facility. In 2014 two
temporary PIT detection antennas were installed in the bypass collection channel immediately upstream and downstream of
the test gatewell providing additional detection points between release and the separator. In 2013 median travel times of PIT
tagged juvenile lampreys was approximately 0.25 h (±0.1 h) for all release locations. In 2014, the median travel time to the
separator was more variable, ranging from 0.3 h for lampreys released directly into the bypass channel to 1.5 h for lampreys
released into the gatewell during operation of the sharp‐crested overflow weir (preliminary data). Only 12% of PIT tagged
lampreys were detected on the temporary PIT detection antennas in the bypass channel while 92% were detected at the
separator. Travel time and detection efficiency of PIT tagged lampreys will be compared to PIT tagged juvenile salmonids
during the same study periods.
Small scale (n=200) tag retention experiments comparing two tagging methods were conducted both years. The methods
compared were 1) Mesa et al. (2011) using a scalpel to create a small incision and then manually inserting 9 mm L × 2.1 mm
Dia tags and 2) injecting 8.5 mm L x 1.4 mm Dia tags using a 16‐gauge hypodermic needle. All fish were held for 96 h then
examined for tag sheds. In 2013 two fish tagged with the scalpel shed tags. In 2014, one fish tagged by injection shed a tag.
Technical details of the installation of temporary PIT antennas will be presented along with discussion of challenges of the
detection environment and suggestions for improvements in future studies.
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From needles to numbers: electronic data collection and data exchange of steelhead smolt counts, biological data, and
passive integrated transponder tag codes
Benjamin Warren
Benjamin.Warren@dfw.wa.gov
Danny Warren
Washington Dept. of Fish and Wildlife
Washington Dept. of Fish and Wildlife
2108 Grand Blvd.
2108
Grand Blvd.
Vancouver, WA 98661
Vancouver, WA 98661

Charlie Cochran
Washington Dept. of Fish and Wildlife
2108 Grand Blvd.
Vancouver, WA 98661
Thomas Buehrens
Washington Dept. of Fish and Wildlife
2108 Grand Blvd.
Vancouver, WA 98661

To better monitor wild salmonid populations biologists have increased Passive Integrated Transponder (PIT) tagging and
interrogation of wild juvenile salmonids in Columbia River tributaries during the last decade. Often, this PIT tag information
and the accompanying biological/geospatial data is recorded on paper datasheets – a process that is time consuming and can
be prone to human transcription error. In the last few years, the emergence of mobile computing devices, especially tablet
computers, have presented a unique opportunity; to develop and revolutionize digital data collection in the field so that PIT
tag data and the accompanying biological and geospatial data can be simultaneously collected. To evaluate electronic data
collection, a custom Graphical User Interface (GUI) application was developed for use on the Panasonic FZ‐G1 Tablet
computer. Through this GUI, discrete data points representing PIT tagged salmonids along with biological data can be
collected directly into Washington Department of Fish and Wildlife’s (WDFW) regional juvenile outmigrant (R5JMX) database
and exchange. Our study for combining PIT tag interrogation and electronic data collection had four objectives : 1) to
determine if digital data capture could be a viable alternative to historical pen‐and‐paper methods of data collection in terms
of efficiency and accuracy, 2) to create a tool for PIT tag interrogations that allows simultaneous collection of biological and
PIT data into a digital relational database, 3) to significantly streamline the data upload process from R5JMX to PTAGIS 4) to
provide real time estimates of trap efficiency and smolt abundance to determine if adjustments in the trap location are
needed during the season, and 5) to produce important tools and datasets that could be made available to managers,
researchers and the many constituents that share the fisheries resources of the Columbia River Basin. In this presentation
we will share the results of our pilot electronic data capture study for the 2014 steelhead smolt outmigration at two lower
Columbia River tributaries.
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A model for improved data access through an integrated data management system
Samuel Haffey
shaffey@anchorqea.com
Dalton Hance, Anchor QEA LLC, 23 S. Wenatchee Ave, Suite 120,
Anchor QEA LLC
Wenatchee WA 98801
123 Tice Blvd.
Suite 205
Josh Murauskas, Anchor QEA LLC, 23 S. Wenatchee Ave, Suite 120,
Woodcliff Lake, NJ 07677
Wenatchee WA 98801

Mark Meyers, Anchor QEA LLC, 123 Tice Blvd., Suite 205, Woodcliff
Lake, NJ 07677

Anadromous fish passage performance analysis in the Columbia River Basin typically involves data from multiple sources,
creating a cumbersome task for analysts. Data sets may include PIT Tag release and recapture records, water quality,
climatology, hydroelectric plant operations, and near‐field hydraulics. Information from other sources may include important
covariates to post‐release performance as well, such as number and size at release, brood origin, and rearing densities in
hatchery‐reared salmonids and sturgeon. We demonstrate how a multi‐disciplinary approach to data management
combining expertise in fisheries and data engineering can be used to integrate multiple data sets with the PIT Tag
Information System (PTAGIS). This method of managing multiple data sets in a single system enhances quality control and
improves efficiency of fish performance analyses.
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The PIT Tag Forecaster; a new database system to aid investigators and managers
Al Giorgi
al.giorgi@bioanalysts.net
Jim Geiselman
BioAnalysts, Inc.
jrgeiselman@bpa.gov
16541 Redmond Way, PMB #339
Bonneville Power Administration
Redmond,WA 98052
P.O. Box 3621
Portland, OR 97208‐3621

Both the 2008 FCRPS BiOp and the 2013 NPCC Tagging Forum noted the need to improve coordination and efficiency among
PIT tag users in the Columbia Basin. The NPCC called for the establishment of an annual coordination forum to review short‐
term and long‐term study plans that rely on PIT tags. The intent is to 1) evaluate opportunities to improve the efficiency of
tag use to minimize cost and contain the numbers of fish being handled and tagged, and 2) provide input to forecasting the
tag purchases basin‐wide.
The PIT Tag Forecaster (PTF) database system was developed to support PIT tag coordination efforts. The tool will allow
managers and investigators the ability to accomplish multiple objectives toward ensuring the efficient use of PIT‐tagged
anadromous fish throughout the Columbia Basin:
•Provide a platform for various investigators and managers to view the collective planned tagging activities throughout the
system in an effort to assess opportunities for sharing of tagged fish, and assist with coordinating tag use within and across
watersheds.
•Maintain adequate stock coverage to satisfy specific monitoring needs (BiOp & FWP) into the future.
•Minimize over‐tagging sensitive ESA‐listed populations, and inform NOAA take‐permits.
The initial database system was constructed in 2009 and resided at UW Columbia Basin Research. The new 2014 interactive,
web‐based version of the PTF was designed and developed by PSMFC and has been integrated with PTAGIS. PIT tag users
populate the database in three‐year time steps, yielding a 3‐yr forecast. Key input parameters are geographic release
location, numbers of tagged fish, life stage, and species/ESU/population information. The system is now functional and ready
for broad use.
Managers and investigators have access to the query and reporting features associated with the database. The system has
two query modes; 1) a generic query mode using a common set of filtering parameters and produces fixed graphic output,
and 2) a more detailed mode that can accommodate other more specific and complex queries. The PTF includes an online
tutorial to guide users through the data entry process. This presentation highlights some of the input and output features of
the database.
11:00 am ‐ 12:00 pm

P4 Preview and Feedback

Next generation tagging software and data model preview
John Tenney
john@psmfc.org
Pacific States Marine Fisheries Commission
205 SE Spokane St Suite 100
Portland, OR 97202
P4 is the new tagging software under development by PTAGIS. It is the final component of a multi‐year upgrade of the
PTAGIS infrastructure and will provide a much needed replacement for the popular but aging P3 tagging software. P4 is vital
to the evolution of the MRR (Mark, Recapture, and Recovery) data model that has been relatively static during the 26 year
history of the program.
This presentation will highlight the requested changes to the MRR data model under consideration by the PIT Tag Steering
Committee and will walkthrough fundamental features of the new software. This is an excellent opportunity to preview what
is coming in the next year and provide valuable feedback to ensure the new system is aligned with the needs of the
community.
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PTAGIS Reporting Training
Nicole Tancreto & Craig White
ntancreto@psmfc.org & cwhite@psmfc.org
Pacific States Marine Fisheries Commission
205 SE Spokane St Suite 100
Portland, OR 97202
The first hour will be a detailed walkthrough of the PTAGIS reporting system covering the querying, manipulating, saving,
and exporting of PIT tag data. Next we will cover advanced tips and tricks including metrics and using saved reports as
filters. The final half-hour will be an open session where participants with laptops will be able to connect to a local copy of
the reporting system. This will be an ideal time to try some of the reporting features that were demonstrated and/or ask
questions about specific queries or saved reports.
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Assessing spatial and temporal distribution of spawning adult summer steelhead using PIT interrogation data
Michael Herr
michael.herr@dfw.wa.gov
Washington Department of Fish & Wildlife
1049 Port Way, Clarkston, WA 99403

Ethan Crawford
Washington Department of Fish & Wildlife
1049 Port Way, Clarkston, WA 99403

Throughout the Snake River basin, spatial and temporal distribution of spawning summer steelhead has historically been
observed by conducting spawning ground surveys. However, this can be problematic due to environmental conditions
encountered throughout the spawning season. Beginning in 2010, all natural origin adult summer steelhead captured at the
Asotin Creek weir have been sampled and passed upstream with a PIT tag, either new or previously existing. PIT arrays are
located above and below the weir, as well as at the mouths of all the tributaries, essentially creating a closed system. Due to
the complex nature of the interrogation histories, analysis of the temporal and spatial distribution of spawning adults in
Asotin Creek was performed using a MS Access database to compare unique PIT Tags from the weir with interrogation data
from the arrays throughout the basin. Each individual PIT tag is assigned to a tributary with MS Access queries that utilize
conditional statements to validate a series of assumptions relating to distribution upstream of the weir. Fish detected at
multiple tributary arrays are also compared using detection timing and residence times. By defining conditional arguments
that are tributary specific, fish which meet these requirements are assigned as escaped (presumed spawners) to that
tributary. Analysis of the PIT tag interrogation data from 2010 through the present has shown a relationship with both the
historical trend data and recent spawning ground survey data. There is also a relationship between the overall area of the
tributary to the distribution of spawning fish. This suggests that in some systems, or in systems which are affected by
environmental conditions, PIT tag interrogation data could be used to supplement or replace spawning ground survey data.
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Cascades Island Lamprey Passage Structure: evaluating passage and migration following structure modifications
Siena Lopez‐Johnston
slopezjo@gmail.com
Portland State University ‐ ESM Department
P.O. Box 751
Portland, OR 97207
Pacific lamprey (Entosphenus tridentatus), an endemic species to the Columbia River Basin, U.S.A, has experienced staggering
decreases in returns to spawning territories in recent decades. As lamprey are threatened severely by a lack of passage at
mainstem dams, lamprey specific passage structures have been designed and constructed to address the problem. The
Cascades Island Lamprey Passage Structure (LPS) at Bonneville Dam is the longest and steepest structure of its type. The
addition of an exit pipe which allows lampreys to travel from the tailrace of the dam to the forebay further elongated the
structure and possessed a design which has not been used for other structures of this type.
The intent of this study was to assess lamprey use of the structure and whether the structure hinders lamprey migration to
subsequent dams. The study was carried out during the 2013 migration season. The study used three different treatment
groups of lampreys released on five dates spanning the migration season (n=75 lamprey). Two of these groups (n=50), with
different tagging methods, one group PIT and radio tagged, the other PIT tagged only, were released directly into the LPS to
assess passage success, travel time, and tagging effect. The third group, PIT and radio tagged, (n=25) was released into the
forebay to test whether the structure impedes migration upstream. Fish were monitored via receiver arrays on the LPS and
at dams on the river system.
Overall passage efficiency was 74% (37 of 50 used the CI LPS successfully). Mean travel time to navigate the structure was 12
h. Fish size had no significant effect on travel time in the LPS. Water temperature had a significant effect on travel time in
the LPS. There was no statistically significant effect of tagging on passage efficiency or travel time. The groups that used the
LPS performed slightly better migrating upstream to the next dam than the group that bypassed the structure, but the
difference was not significant. The groups that used the LPS traveled to more subsequent dams upstream than did the group
that bypassed the LPS. The double tagged group performed better in the LPS and through the Bonneville reservoir, but the
PIT tagged only performed better upstream from The Dalles Dam and in the upper Columbia River.
It can be concluded that lamprey passed the structure successfully. Temperature (proxy for seasonality) had an effect on
travel time in the LPS; however fish size and tagging had no effect. The LPS does not affect the ability of migrating lampreys
to continue migration to subsequent dams. Tagging may have an effect on the ability of fish to travel further distances but
further research assessing different tagging methods is needed. Such findings have important implications for management
of lamprey in the region.

Evaluating adult bull trout passage at Clear Creek Dam, Yakima County, WA
Patrick A. Monk & Jeff Thomas
patrick_monk@fws.gov & jeff_thomas@fws.gov
US Fish and Wildlife Service
Mid‐Columbia River Fishery Resource Office
1917 Marsh Road
Yakima, WA 98901
Clear Creek Dam was built by the Bureau of Reclamation in the early part of the 20th Century in Yakima County, WA. The
dam has a unique spillway channel that acts as a partial, but not complete, barrier to adult bull trout (Salvelinus confluentus)
passage, depending upon hydrologic conditions. We are using half‐duplex PIT tags and a number of PIT tag antenna arrays to
achieve the three primary objectives of the study: 1) to determine when North Fork Tieton River bull trout attempt to
migrate upstream past Clear Creek Dam; 2) to assess their success at doing so under various hydrologic conditions; and 3)
determining post‐spawn migration timing and the extent to which the population uses Clear Lake. Adult bull trout were
trapped, tagged, and released from a weir on the North Fork Tieton River from 2012‐2014. Antenna arrays were constructed
at key locations in the watershed to track fish movements throughout the study period, which will last through 2016.
Ancillary project objectives include determining spawning frequency, collecting genetic samples, and estimating the effective
population size.
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Experiments in the use of video to monitor outmigrating Columbia River juvenile salmonids at Bonneville and
McNary Dams
Jeffrey K. Fryer
fryj@critfc.org
Columbia River Inter‐Tribal Fish Commission
700 NE Multnomah Street, Suite 1200
In 2011, video was recorded of fish passing a viewing window at the Bonneville Dam juvenile bypass and subsequently
reviewed. We estimated that only 8.6% of the smolts could be identified by species due to high turbidity, algae growth, the
rapid speed of the fish, and the width of the area being monitored.

We also used video and PIT tag technology at the McNary Dam juvenile bypass to capture PIT tag code‐imprinted video
images of selected juvenile fall Chinook tagged upstream as they passed through a clear 10 cm diameter pipe. We detected
81 of the 86 PIT tagged fish which passed. Of the detected fish that could be positively identified, for 61.5% the
presence/absence of an adipose fin could be determined and 47.8% were oriented parallel to the flow. Fish traveled through
our system at up to 4.5 m/s resulting in only one or two images per fish being captured. The majority of the fish observed
(56.4%) appeared to be making contact with the inside of the pipe as they passed.

Performance of Biomark's IS1001 transceiver by antenna wire type and tag duplex type
Kurt Steinke
kurt_steinke@fws.gov
Quantitative Ecology and Technology Program
Abernathy Fish Technology Center
1440 Abernathy Creek Road
Longview, WA 98632

Benjamin Kennedy, William Simpson, Douglas Peterson
Quantitative Ecology and Technology Program
Abernathy Fish Technology Center
1440 Abernathy Creek Road
Longview, WA 98632

Biomark’s new IS1001 multiplexing PIT tag transceiver system offers a number of potential advantages over earlier‐
generation systems. They can read both half‐duplex (HDX) and full‐duplex (HDX) PIT tags and potentially support the
deployment of larger flexible antennas with smaller air gaps. However, the IS1001 has not yet been widely deployed so
practical information about optimal antenna design and performance is scarce. To reduce the amount of trial‐and‐error
testing by field biologists and provide some practical rules of thumb for antenna design, we conducted a series of test to
examine the performance of the IS1001 antenna control node (ACN) based on variation in wire type, tag type, and tag size.
First we investigated how to properly tune an antenna by generating a series of resonance curves for small (6 in x 6 in)
antenna. Next, we used a large (8 ft x 10 ft) three‐turn standardized antenna to determine the pass‐over and pass‐through
tag detection distances for antennas constructed of five different types of wire. We tested a range of PIT tag sizes (9‐23 mm)
for both FDX and HDX tag systems. Initial resonance testing with the small antenna indicated that the larger the antenna’s
inductance, the less variation in the series antenna capacitance the system can tolerate. Our testing was not exhaustive, but
for the types of wires investigated the “best” wire depended on whether the IS1001‐ACN was reading FDX or HDX tags. In
this trial 8‐gauge THHN wire outperformed all other types of wire tested for FDX tags. Remarkably, this wire read 9mm FDX
tags to the center of the 8 ft x 10 ft test antenna in pass‐through mode, whereas all the other wire types had “holes” (areas
of non‐detection) ranging from 26‐64. For HDX tags, 10 gauge Litz wire outperformed all other types of wire tested. For
example, it read a 12 mm HDX tag at 13 inches in pass‐through mode, whereas the other wire types had holes ranging from
17‐52 in. Theoretically, there should be a single optimal wire type for both systems based on their operating frequency; we
hope to identify this wire through additional testing.
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Steelhead (Oncorhynchus mykiss) use of the Toppenish National Wildlife Refuge Wetland Complex, 2013‐2014
Rob Randall
robert_randall@fws.gov
US Fish and Wildlife Service
1917 Marsh Road
Yakima, WA 98901

RD Nelle

Toppenish National Wildlife Refuge (TNWR) is a large wetland complex located on Toppenish Creek in Yakima County, WA
that is primarily managed for migratory birds. Juvenile steelhead (Oncorhynchus mykiss) inhabit Toppenish Creek and can
enter into the refuge wetlands through a series of canals or through flood events. To provide the TNWR with information to
manage juvenile steelhead on the refuge, the Mid‐Columbia River Fishery Resource Office is tracking juvenile steelhead that
were PIT tagged and released upstream of the refuge by the Yakama Nation Fisheries. A series of fixed Allflex PIT tag
antennas were placed in key locations throughout the refuge to monitor steelhead movement in the wetlands. Other arrays
located on Toppenish Creek as well as in the Yakima and Columbia River hydrosystems provide additional individual fish
detections. The objectives of this study are to determine the use of juvenile steelhead within the refuge wetland complex,
evaluate the percent smolt survival within the wetland complex, and to document the use of TNWR wetlands by adult
steelhead. During the spring of 2014, we detected 22 PIT tagged juvenile steelhead at refuge arrays. Three of these PIT
tagged steelhead were later detected at downstream hydrosystem arrays along the Yakima River. The fate of the remaining
19 juvenile steelhead is unknown. No adult steelhead were detected on refuge arrays. Understanding the movement and fate
of steelhead through the TNWR will improve future management decisions on the TNWR and assist in the recovery of
steelhead in Toppenish Creek.

Telemetry applications in the Okanagan, British Columbia, Canada
Skyeler Folks
sfolks@syilx.org
Okanagan Nation Alliance 101‐3535 Old Okanagan Hwy,
Westbank BC V4T 3L7

Ryan Benson 1, Richard Bussanich 1, Amanda Stevens 1, Howie
Wright 1, Kim Hyatt 2, Jeff Fryer 3, Jennifer Miller 4
1 Okanagan Nation Alliance 101‐3535 Old Okanagan Hwy,
Westbank BC V4T 3L7
2 Department of Fisheries and Oceans Canada, Pacific Biological
Station Nanaimo BC V9R 6N7
3 Columbia River Inter‐Tribal Fish Commission, 700 NE Multnomah
St Portland, OR 97232
4 Colville Confederated Tribes, 25B Mission Road, Omak WA 98841

The Okanagan Nation Alliance (ONA) in collaboration with the Canadian Department of Fisheries and Oceans (DFO),the
Columbia River Inter‐Tribal Fish Commission (CRITFC), and the Colville Confederated Tribes (CCT) over the past 5 years have
been studying limiting factors affecting the abundance of Okanagan River sockeye. To date we have utilized a combination of
hydroacoustics, PIT tags and various acoustic tag technologies to track adult sockeye migrating from Wells dam to holding
areas and to the spawning grounds. We have also used this information to inform harvest in‐season management to estimate
total abundance and exploitation. Other projects include; juvenile PIT tagging to determine travel and survival studies for
Okanagan Sockeye smolts with results to date from 2013 and 2014. Additionally we are planning to duplicate tag (PIT &
acoustic) adult sockeye for tracking and out planting into Okanagan Lake to determine spawning and rearing habitat
suitability and selection. The potential for telemetry applications within the Okanagan Basin are numerous. Presented here
are but a few examples of the multi‐agency, trans‐boundary collaborative efforts currently taking place within the
Okanagan/Okanogan basin.
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