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EXECUTIVE SUMMARY

Bonytail (Gila elegans) is federally listed as endangered and considered
functionally extirpated from its historical rangad its presence in the Colorado
River Basin now relies entirely on stocking progsanhake Havasu, Arizona,
California, and Nevada, is one of the few releasations for hatchery fish and
sites where stocked individuals are occasionalpgurad. Information regarding
the basic ecology of this species is limited ta fiiatd observations and a small
number of telemetry projects in the basin. Theltes a lack of knowledge
regarding how to better inform managers of the-st®tking fate and habitat use
of hatchery-reared bonytail.

We completed the second and third iterations dcustic telemetry study, and a
first iteration of remote passive integrated tramgjer (PI1T) scanning within Lake
Havasu, this year. Bonytail were surgically impéghwith acoustic tags and
released near Blankenship Bend on two occasiors.tdgged bonytail were
released in October 2013 and twelve were releas@gbiil 2014. A directional
hydrophone and receiver were used to actively tsagity fish, and multiple
submersible ultrasonic receivers (SURSs) were plécexighout the study area
for passive tracking. Fish were tracked intengivet 4 weeks and then
periodically for the following 60 days in the autarstudy and intensively for 6
weeks during the spring study. Additionally, frdenuary to February 2014,
remote PIT scanners were deployed to monitor Pgjged bonytail released in
Blankenship Bend. In February 2014, Marsh & Asatad, LLC, participated in
the week-long multi-agency Native Fish Netting “Rdup” at Lake Havasu.
During this event, fish sampling was conducted pneidately through trammel
netting efforts.

During the autumn telemetry study, three bonyta&tewdetermined dead within
13 weeks post-release, contact was lost with sitystish, and one tag was still
active by the end of the study (N = 10). Studk fisleased into the main channel
in autumn 2013 were the only fish to disperse d@Blankenship Bend, as fish
released into the backwater remained in the vicwiitBlankenship Bend
throughout the study. Autumn 2013 main channelasgd fish were contacted
farther up- and downstream (difference in meanamg downstream dispersal of
4.6 kilometers [km] from the release site) thankvaater released fish. Autumn
2013 passive contacts between sunset and sunng@ised 57% of total passive
contacts.

During the spring telemetry study, only one fishswdgtermined dead, contact
was lost with six study fish, and five fish wer#l stctive 6 weeks post-stocking
(N = 12). Backwater released fish from spring 26fént 64 percent (%) of days
tracked in Blankenship Bend compared to main chamheased fish spending
only 40% of days tracked in Blankenship Bend. Totember of days tracked
was adjusted for each fish depending on study seast time of determined
mortality. Spring 2014 main channel released \ighe also contacted farther
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upstream (difference in mean upstream dispersal/okm from the release site)
but less downstream (difference in mean downstrdigpersal of 3.0 km) than
backwater released fish. During the spring 20lehtetry tracking, passive
contacts between sunset and sunrise comprised 8#Stabpassive contacts.

Out of a total of 22 telemetry tagged bonytail thee year, twelve were
permanently lost to the study within the first Selke after release. The majority
of these fish (67%) were last located within thedgtarea and were not contacted
by SURs specifically placed in locations to defestt leaving the study area.

Loss of contact with these tags may have beenatentoval from the system
(for example, by an avian predator), tag failurea oesult of our inability to

detect a signal even though the tag was preserfuactoning properly.

Over the course of PIT scanning, 124 unique bohytaie contacted, 10 of
which were released in October 2013. Most contaatsirred during the week of
release and within 2 km of the release locatioterafhich contacts steeply
declined. Besides release location, 11 PIT-tadpgenytail were contacted in
Trampas Cove, and one was contacted in Clear Besymnmel netting efforts in
February 2014 during the multi-agency Native Figitiig “Roundup” captured
eight bonytail, one of which was inside the digestract of a largemouth bass.
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INTRODUCTION

Lake Havasu, a main stem lower Colorado River xeserextends approximately
132 kilometers (km) along the Arizona-Californiadairizona-Nevada borders
(Figure 1). This portion of the river is desigrthtes Reach 3 of the Lower
Colorado River Multi-Species Conservation Progra@R MSCP) and provides
water to the Metropolitan Water District of Southéalifornia and the Central
Arizona Project (CAP) through the Colorado Rivemuaduct and the CAP Canal,
respectively. The reservoir portion of this reagtends from Parker Dam
upstream to Lake Havasu City, approximately 45rrkire, and upstream of this
point, the river portion extends another 87 km tigto Topock Gorge to Davis
Dam.

Introductions of non-native fish species to suppecteational angling have
drastically altered the native fish community withine reservoir (Moffett 1942;
Dill 1944; Minckley 1979; Minckley and Deacon 19%Mueller and Marsh
2002). Physical modifications that promote agtiod and urbanization
throughout the Southwest have also exacerbated tiesges (Reisner 1986;
Mueller and Marsh 2002). Bonytd(bila elegans) and razorback sucker
(Xyrauchen texanus) are two fish species endemic to the region andrédigle
listed as endangered (U.S. Fish and Wildlife SerfiecSFWS] 1980, 1991).
Additionally, bonytail is considered functionallxtepated from its historical
range (Marsh 2004), and its persistence in ther@dtRiver Basin now relies
entirely on stocking (Bureau of Reclamation [Red#ion] 2004; Minckley and
Thorson 2007).

Since 1981 when augmentation began, approxima@ysP2 bonytail have
been stocked into Lake Havasu, of which 305 haea bbecaptured during
routine monitoring (C. Pacey 2014). Capture evargsan indirect result of the
Lake Havasu Fishery Improvement Project (FIP), Whi@s initiated in 1993 in
part to help re-establish bonytail and razorbadksupopulations within the
reservoir (Doelker 1994). The stocking goal of0BD, bonytail greater than 250
millimeters (mm) total length (TL) established byPFwvas achieved in 2003
(Minckley and Thorson 2007). Since 2006 and ferrnkxt 42 years, the LCR
MSCP will stock 4,000 bonytail per year greatemtB80 mm TL into Reach 3
(Reclamation 2004). To date, the program has stbelpproximately 37,600
bonytail in the reservoir, of which approximately,400 were passive integrated
transponder (PIT) tagged prior to release.

Bonytail monitoring in the reservoir is accompliditarough combined efforts of
the USFWS, U.S. Geological Survey (USGS), BureaRaxflamation, Bureau of
Land Management (BLM), California Department of tifie, Arizona Game and
Fish Department (AZGFD) and public volunteers. v@ys are performed in
February and involve trammel netting between tHEVBilliams River National
Wildlife Refuge (Bill Williams River NWR) and MoaliRegional Park near
Needles, California, and extensive boat electrdshgdetween Needles and
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Laughlin, Nevada. Out of the 305 bonytail encotededuring monitoring, 80
were PIT tagged upon release (unpublished datapalydhree of these were
recaptured more than a year after stocking, suggestat stocking in the reach
has failed to establish a persistent population.

Previous telemetry studies in the Lower ColoradeeRBasin have involved
examining habitat use of bonytail. A telemetrydston Lake Mohave tracked
bonytail into deeper portions of the lake during ttay and shallower shoreline
habitat at night (Marsh and Mueller 1999). A sepastudy at Cibola High
Levee Pond documented bonytail use of riprap simereluring daylight and
movement into open waters at night (Mueller e28D3; Marsh et al. 2013a). In
a study completed on Lake Havasu, bonytail weréamb@d along shorelines or in
coves, suggesting near-shore habitat use (Min@0&g). More recently, Karam
et al. (2012) conducted four telemetry studies withe Bill Williams River

NWR, concluding that (1) PIT-tagged bonytail cobk&lreliably contacted by
remote PIT scanners up to 3 months post-stockidg2ywater clarity, stocking
site, and time of year may influence bonytail pststeking mortality and
dispersal. It has been concluded from multiplelisithat predation by birds and
non-native fishes are likely causes for mortalityative fish within the lower
Colorado River (Doelker 1994; Mueller 2003; Schga¢al. 2008; Karam and
Marsh 2010; Schooley 2010).

We are in the process of implementing a multi-yeaearch project on

Lake Havasu in which we will continue to documed post-stocking
distribution, habitat use, and mortality of bontdtor all of our investigations,
inferences regarding post-stocking habitat uséased on where study fish are
contacted over time. No analysis was conductedtabe availability of habitat
in the release area and so individual or third ohdditat selection is not implied
or investigatedsensu Martin et al. 2009). The goal of this researctois
document post-stocking distribution and survival gnide future stocking
endeavors in the reservoir. A list of objectivespecified in the Statement of
Work for the current study period is provided below

Primary Objectives

1. Continue investigations across multiple releasssnd variable habitat
conditions within Reach 3.

2. Up to three release sites may be chosen: oneseeti® must be near the
Bill Williams River NWR, and other proposed sité®ald be upstream of
Lake Havasu. Releases and subsequent monitoring lsewaccomplished
simultaneously or successively.

3. Each release site requires a minimum of 1 monthafitoring.

4. Identifying specific habitat types used or prefdrby this species within
each release site.
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5. Short-term survival estimates (minimum of 1 — 3 theh for bonytail at
each release site.

6. Monitor movements and/or movement patterns of idldial bonytail
within Reach 3.

7. Summarize all annual bonytail contact/collectiotadar Reach 3 that was

collected by this project in addition to other Fed@nd non-Federal
entities.

Secondary Objectives

1. Participation in at least one annual, week-longltiragency, survey event
held in February and November each year.

2. Compare or assess environmental conditions at g@ites that may
influence survival (i.e., turbidity and vegetation)
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METHODS

Passive and active remote sensing technologiesapgileed to each of our study
sites to meet primary objectives 1 and 2. Passawepling was achieved using an
array of submersible ultrasonic receivers (SURS)RIT scanning units, while
active sampling was conducted by boat using a titrgsl or towable
omnidirectional hydrophone. During the autumn spdng studies, acoustic tags
were surgically implanted into 10 and 12 bonytaspectively. Intensive active
sampling began immediately following spring anduaut releases. Remote PIT
scanning systems were deployed in winter. Collaibeely, these data will be
used to evaluate bonytail post-stocking movemaeatijtat preference, and
differential survival among the stocking locatiar seasons (primary objectives
3,4,5, and 6).

Study Area

Lake Havasu (see Figure 1) is impounded by Parlen,vhich was completed
by Reclamation in 1938. The dam creates a 7.9 xubic meter storage
capacity reservoir and generates hydroelectric péovehe Metropolitan Water
District of Southern California and for utilities Arizona, California, and
Nevada. The Bill Williams River NWR occupies tleutheast terminus of

Lake Havasu (Figure 2). The Lake Havasu Basinnglst¢o the northern reach
of Windsor Basin at the Colorado River inflow neéake Havasu City. Upstream
of Windsor Basin, the Colorado River forms a brdidaannel for approximately
10 km, much of which is within the boundaries okedHavasu National Wildlife
Refuge (Lake Havasu NWR) and filled with an exteesietwork of backwaters
that continue through Topock Gorge. Between Togeckge and Davis Dam,
the Colorado River is sinuous and channelized,ifigwthrough urban areas and
farmlands surrounding Laughlin, Nevada, Mohave &gland Needles,
California (Figure 3).

Telemetry studies were conducted near Blankensarmin autumn 2013 and
spring 2014 in an attempt to compare seasonallubtya(Figure 4). The termini
of the study area were determined by the most mgh-dawnstream SURs, from
the sand dunes and the USGS gaging station toedRstlk and the basin.
Blankenship Bend is composed of an upper and Itweed and was bound by
SURs deployed at the refuge’s no boater zone aadiReCove (Figure 5). A
previous telemetry study was completed in the Biilliams River NWR in

spring 2013. At the conclusion of 2015, both th@Renship Bend and Bill
Williams River NWR study areas will have been sadpduring both spring and
autumn seasons. The separate study areas weendoagpresent different
habitats within Lake Havasu, focusing on its lakd &ver portions. Further, two
separate release sites were chosen within each astad. Bonytail were released
in both backwater and main channel areas to reptré#éerent mesohabitats.
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Figure 5.—Map of Blankenship Bend, Colorado River, Arizona and California, with place names mentioned in text.
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Bonytail Surgeries

Prior to the stocking of bonytail within Lake Hauvasen (mean TL=305.9 mm,
range= 285 — 325 mm) and twelve (mean TL=346.4 nange= 268 — 486 mm)
study fish were implanted in autumn 2013 and sp2ity, respectively with PT-
4 acoustic transmitters (Sonotronics, Inc.). Tagee activated with an external
magnet and tested for functionality using a diael hydrophone (DH-4;
Sonotronics, Inc.) and receiver (USR-08; SonotrgHiec.) prior to implantation.
Fish were identified by the unique tag number asigoy Sonotronics, Inc. A
shaded area near the Windsor Beach State Parkeroptwas utilized as the
surgery station. Two aerated “recovery” tanks wiled with a 50:50 mixture of
lake and hatchery water and placed on the trangpattlocated near the surgical
station. Dissolved oxygen (milligrams per literdf]) and water temperature
(degrees Celsiu§¢]) were monitored with a hand-held Hannah Instmihe
9829 multi-parameter water quality probe.

Surgeries generally followed the outline describgdarsh (1997) and

Karam et al. (2008). Fish were placed into a smtutontaining tricaine
methanesulphonate (MS-222; 125 mg/L) until equillittr was lost. Anesthesia
progress was determined by cessation of all finrandcular movements and
weak operculation. Once the desired depth of has&t was reached, the fish
was removed from the container, measured (TL; seandlimeter [mm]),
weighed (nearest gram [g]), and scanned for a 118fétz (kHz) PIT tag (Table
1Table 2). The fish was then placed on its dorsuencradle specifically made
for surgeries with a wet towel wrapped around @dyp Once in place, a turkey
baster was used to continually pump MS-222 soluti@b mg/L) into its mouth
and gills. A short (< 2 centimeter [cm]) incisiaias made slightly anterior and
dorsal to the left pelvic fin where a sanitized @t tag was then inserted

into the abdominal cavity. The incision was sudungth three knots using

CP Medical 4/0 Polypro blue monofilament and a NR&4tting needle.
Betadine was then swabbed over the incision gite tlae antibiotic Baytril was
injected using a 10 milligram per kilogram dosag® ithe dorsal-lateral
musculature to prevent infection (Martinsen anddberg 1995). The fish was
then placed into a freshwater recovery tank ansetyjovatched to ensure
complete recovery.

Telemetry

Prior to stocking of bonytail, SURs were deployeditferent locations
throughout the study area. Sites were selectedgare detection of movement
up- or downstream and to determine if fish enteneelxited major backwaters.
All SURs deployed throughout the study area wetiached to a camouflage rope
and connected to a 6-meter (m) piece of galvarcabde that was connected to
secure on-shore habitat (e.g., a tree root). a@b&aovas used in order to avoid
rope abrasion caused by waves and rocks withitaktee Weights were tied near
each SUR and to a central location on the ropes placement of weights
ensured that each unit was completely submergddnatitte water column. Each

10



Distribution and Post-Stocking Survival of Bonytalil
in Lake Havasu — 2014 Annual Report

SUR had a battery life expectancy of 8 months,rainal detection radius of 200
m, and was programmed to scan continuously. SU#e positioned throughout
the study area targeting passageways of fish movenfaditionally, SURs were
placed within backwaters to obtain data on fiskeeng and exiting these
locations. There was no set distance between 8tiidbns, and deployment
relied heavily on availability of secure on-shosebhat. SURs were downloaded
routinely or as needed throughout both studies,canfidence values, as defined
by the number of detections within a timed windeweye calculated using
Sonotronics SURsoft Stand Alone Data ProcessingeCsnftware. Only records
from SURs with a confidence of 5 were includednalgsis. Data were imported
into a Microsoft Access® database used for manafgghgcontact histories and
SUR locations.

Active tracking was conducted with a directionalgd#l DH-4, Sonotronics, Inc.)
or omnidirectional towable (Model TH-2, Sonotronitsc.) hydrophone and
receiver. The receiver was manually set to spetafy frequencies corresponding
to each tagged fish. Active tracking initially laegat each release site but later
varied depending on recorded fish movement. IbaHytail were not contacted
by active tracking, SURs were downloaded and tha akeviewed for the missing
fish. Active tracking locations were moved basadlee most recent encounter or
most recent SUR record for each fish. If fish dowbt be located, active tracking
resumed at the location of the most recent encourtatinuing along a grid
system of 1 km spaced waypoints mimicked from meviacoustic telemetry
studies (Mueller et al. 2000; Karam et al. 2008Jhen the towable hydrophone
was used, boat speed was maintained at about J&khour or less to reduce
noise interference from the engine and to allowdinace to scan for multiple
frequencies. Once a fish was detected using thialie hydrophone, the
directional hydrophone was used to triangulatéoitation. Mesohabitat
measurements, including turbidity (nephelometribitlity units [NTUs]), secchi
depth (m), surface water temperature (°C), andrdépj, were taken at each
point of active tracking triangulation. If indiwidl bonytail displayed continued
inhabitance within the same site on a repeated lgasing the study, additional
fine-scale habitat variables were measured anddedpincluding substrate size
and type, shoreline type, vegetation, and topografime first date of three
consecutive active tracking events that a fish feaad at the same location was
determined as its time of death. The time of #s tecorded active or passive
(SUR) contact with a fish whose signal was perm#pnéwst during the 45 days
was determined as the time the fish was lost ttiney.

Patterns of dispersal and displacement were ass&ssadividual fish using
Esri® ArcMAP™ Version 10.1. Farthest up- and downstream disperas
calculated by measuring the river distance betviieemelease site and farthest
up- or downstream point of contact by active orspasefforts. Results were
within 200 m based on the SUR nominal detectiofusadTotal straight line
displacement was assessed in ArcGIS by creatints fiettween tracking events
for each fish. The total distance of these paths @alculated to provide
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minimum (straight line) total distance displacetihs®en contacts for each fish
and does not account for river sinuosity. Inhalwéin Blankenship Bend was
represented by the percentage of days trackedsimtéa over the total number of
days tracked per fish.

Autumn 2013

During autumn 2013, 12 SURs were initially placesbtighout Lake Havasu, and
3 SURs were added a few weeks post-stocking (Figuré&URs were deployed
from October 22, 2013 to January 19, 2014. StigtywWwere propagated and
reared at the USFWS Dexter National Fish Hatcheoy(Southwest Native
Aquatic Resources & Recovery Center [SNARRC], Dextew Mexico) and
released into Blankenship Bend on October 22, 2@kustic transmitters had a
standard battery life of three months. Fish wetevaly tracked by boat each day
for the first 4 weeks and once a month within thiéofving 60 days of the autumn
2013 study. Sampling schedules remained flexiblembat weather
unpredictability and to adapt to behavioral obseove of tracked fish. The
majority of sampling was conducted during dayligbtrrs, with one period of
night tracking occurring biweekly in the autumn 3Gtudy.

Spring 2014

Twenty five SURs were deployed in spring 2014, cosipg 21 permanent sites
and 4 temporary sites (Figure 7). SURs were degpldsom April 8, 2014 to May
21, 2014. Due to an unavailability of hatchery ytail, spring 2014 study fish
were captured from Cibola High Levee Pond and batd release on April 7,
2014. To combat signal detection issues in theptexnand highly vegetated
backwater systems, acoustic transmitters used pveggamed with increased
power, which decreased nominal battery life to apjpnately 45 days. Fish were
therefore actively tracked by boat each day foregke during the spring 2014
study. Sampling schedules remained flexible tolwamveather unpredictability
and to adapt to behavioral observations of tradisbd Most tracking in the
spring 2014 study occurred between sunset andssuduie to the expectation that
bonytail are more active in the evening hours (Maatsal. 2013a).

12



Table 1.—Data collected from 10 bonytail surgically implanted with telemetry tags on October 22, 2013, Lake Havasu, Arizona
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and California. “Determined dead” is the first date of contact with a sedentary tag, BW is the backwater near Blankenship
Bend, and MC is the Colorado River main channel at Blankenship Bend (Figure 4). All fish were released at approximately
14:00 on October 22, 2013.

TL Weight
Tag ID (mm) (9) PIT tag No. Release location Easting | Northing Determined dead
3 315 215 003BABAGE2 BW 736517 | 3831393
4 287 240 003BA6D23D BW 736517 | 3831393 11/17/2013
5 285 188 003BA6D365 MC 735515 | 3831321
7 306 188 003BA93A5A MC 735515 | 3831321 12/18/2013
257 315 210 003BAGAGAA BW 736517 | 3831393 11/17/2013
258 293 211 003BA6D269 BW 736517 | 3831393
259 325 218 003BA6D278 BW 736517 | 3831393
260 311 198 003BA6D3EA MC 735515 | 3831321
261 312 202 003BA6D397 MC 735515 | 3831321
262 310 187 003BA6GAT717 MC 735515 | 3797837
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Table 2.—Data collected from 12 bonytail surgically implanted with telemetry tags on April 8, 2014, Lake Havasu, Arizona and
California. “Determined dead” is the date of first contact with a sedentary tag, BW is the backwater near Blankenship Bend, and
MC the Colorado River main channel at Blankenship Bend (Figure 4). All fish were released at approximately 14:24 on April 8,

2014.
TL Weight
Tag ID (mm) (9) PIT tag No. Release location Easting Northing Determined dead
122 355 302 000BODASDE MC 735760 3831317
123 362 358 000BODAS8C3 MC 735760 3831317 5/4/2014
124 357 346 1C2D6D1785 MC 735760 3831317
125 360 363 1C2D6D1707 MC 735760 3831317
126 337 256 1C2D6D0A0OD MC 735760 3831317
127 268 132 36F2B26D84 MC 735760 3831317
137 310 210 1C2D6CO07A1 BW 736589 3831463
138 376 351 1C2D6BF6D8 BW 736589 3831463
139 340 260 1C2D6B892F BW 736589 3831463
140 304 180 1C2D6C3CBB BW 736589 3831463
141 302 196 1C2D6C38F0 BW 736589 3831463
142 486 915 1C2D6BF6DA BW 736589 3831463
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Figure 6.—Locations of submersible ultrasonic recei vers deployed on October 21,
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temporary); Lake Havasu, Arizona and California.
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Remote PIT Scanning

Remote PIT scanning systems, developed in-houskaish & Associates, LLC
(M&A), were deployed throughout the Lake Havasugtarea following the
release of stocked bonytail. Two models of PIThseas were utilized: shore
based and submersible. The shore-based unitsKegner et al. 2010) were
comprised of an antenna and scanner housed inxa®73m polyvinyl chloride
(PVC) frame connected by 45.7 m of cable to a watef box that protects the
logger and battery (55 ampere-hours [amp-hr]) aad secured to shore. The
battery provided power to the scanner to run comwtiisly for 72 hours,
eliminating the need for manually removing and givag the batteries. Each
submersible unit was made of a 0.8 x 0.8 m or AZB3xm PVC frame antenna
attached to a scanner, logger, and a 10.4 amptierpaontained in watertight
PVC and acrylonitrile butadiene styrene (ABS) pipiThe unit was completely
submerged and tied to a secure object to preveneément while in use.
Scanning was continuous up to 60 hours per deploynecanning and recorded
data were downloaded, entered, and imported itdARA online remote
sensing databashkt{p://www.nativefishlab.net/?page_id = 4728 the conclusion
of the trip.

Remote PIT scanners were placed at selected lasatwoughout the
Blankenship Bend area multiple times during theiawt 2013 telemetry study
(Figure 8). Two PIT scanners were placed withoselproximity to one another
in different orientations to compare effectivengssontacting PIT-tagged
bonytail. One antenna was deployed horizontally &ll sides contacting the
substrate (bottom flat), while the other was oeentertically with only the
bottom edge contacting the substrate (bottom lohgkations for PIT scanners
were in backwaters surrounding Blankenship Bendather sites bonytail were
suspected to occupy. Deployments were generadly steore in water less than
about 3 m deep.

Bonytail harvested in December 2014 from the USFA®BIi Hanyo Native Fish
Rearing Facility (Achii Hanyo), Parker, Arizona aneld at Lake Mead Fish
Hatchery, Boulder City, Nevada were released inemBenship Bend on January
14, 2014. From January 13 to February 28, 201#imsusible and shore-based
units were tethered to the shoreline and deploydReiach 3. Units were
deployed within backwaters and in the main chaoh#ie river at up to 297
different sites within nine different locationsginding Blankenship Bend, Castle
Rock, Clear Bay, Golden Shores, Pulpit, RearingeCdwpock Marina Boat
Launch, Trampas Cove, and Two Lobe Cove (Figurel#pth among sites
ranged from 0.3 — 9.6 m. During four isolated skngpevents, beginning the
week of stocking and continuing every other wee&rdbr 7 weeks, remote PIT
scanners were deployed for up to five consecutays.d PIT scanners were
moved to different sites each day if they did remtord contacts. Because the area
is a popular recreation site, deployments weredichio locations where PIT
scanners were inconspicuous and water depth wagiaigeto avoid collisions
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with boats. Unlike autumn PIT scanning in whichrsters were deployed in
pairs to compare orientation effectiveness, wiRtd@r scanning was designed to
track post-stocking dispersal and survival; theeefieployment locations were
given priority by habitat type, targeting shalloveas within backwaters, eddies
within the main channel, and areas with extensoxeec

2014 Lake Havasu Native Fish Netting “Roundup”

From February 10 — 12, 2014, M&A participated ie thulti-agency Native Fish
Netting “Roundup” on Lake Havasu. Eleven fixeddtess, including
Blankenship Bend and south of Blankenship BendaiBay and north of Clear
Bay, Mohave Rock, Park Moabi, Picture Rock, PulRgaring Cove, Trampas
Cove, and Two Lobe Cove were sampled using trametsl Forty-eight
trammel nets (45.7 x 1.8 m, 3.8-cm stretch mesty-8m bar outer wall) were
deployed in overnight sets along the shore of Lld&keasu. Nets were set in the
late afternoon, checked and retrieved the followimgning, and then re-deployed
in a new location later that afternoon for thoe@secutive nights. All fish were
removed and processed daily, and if a native speereimerated, measured for
TL (mm), weighed (g), sexed, scanned for a wiré3#-kHz PIT tag, and tagged
if none was present.
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Figure 8.—Locations of remote passive integrated tr ~ ansponder scanning antennas
deployed either vertically (blue) or horizontally ( red) during the October 2013 —
January 2014 telemetry study, Lake Havasu, Arizona  and California.
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RESULTS

Autumn 2013 Telemetry

Ten fish were released near Blankenship Bend imnani2013 and over the
course of the study, 98,873 contacts were recdoglexttive and passive tracking.
Of those contacts, 100 were recorded by activ&imgcand 98,773 (99.9%) were
recorded by passive tracking (Figure 10). Passiveacts between sunset and
sunrise comprised 57% of total passive contactsbadkytail were located during
the first week post-stocking; however, contactsvpeek declined following the
first week (Figure 11). Study fish were trackeddamean of 28.4 days (range 0 —
86 days) (Table 3). Mean number of contacts #rviias 10 (range 1 — 20,
median 9.5) active contacts and 9,877 (range Q1720 median 3,449) passive
contacts.

Post-Stocking Mortality and Transmitter Recovery

The majority of actively tracked bonytail withinglstudy area were contacted on
a weekly basis (Figure 12), and only one fish tina$ actively tracked (fish 262)
had more than a 1-week gap between contacts. Howlegses to the study were
high. Five of 10 fish (50%) were lost to the stdgver contacted again, two
backwater released fish and three main channelgetefish), and two others
were confirmed mortalities (tags 4 [backwater regehbfish] and 257 [main
channel released fish], recovered by SCUBA) withimonth post-release. Of the
five fish lost to the study, fish 260 was last @mtéd upstream of the sand dunes
near Topock Gorge, and fish 261 was last contaaitélie Castle Rock backwater
entrance (Attachment 1). Both of these locatiaoessées that are near the termini
of the study area’s up- and downstream boundanéstherefore, may indicate
that the study fish swam out of the study deteateath. Both of these lost fish
were contacted within several 24-hour periodsadtlence at all SURs between
Blankenship Bend and the most up- or downstream §at® of the last recorded
contact; therefore, it is unlikely that these fisturned to the study area
undetected. The remaining three lost study figt @@, 5, and 259) were last
contacted in Blankenship Bend. Of the three bahgtaively tracked after the
first month, fish 7 perished (a determined moryativt recovered by SCUBA) by
week 9, fish 258 was lost to the study by weekah@, fish 262 was actively
tracked into the final week (week 13).

Movement Patterns and Inhabitance

Mean dispersal from release sites along the chahakteg (i.e., accounting for
river sinuosity), was 2.0 km upstream (range 03-k81) and 1.3 km downstream
(0 = 5.0 km) (Table 3). Fish released in the nthiannel dispersed farther up-
and downstream than fish released in the backw&emmed mean up- and
downstream dispersal was 5.6 km for main chantehsed fish and 1.1 km

21



Distribution and Post-Stocking Survival of Bonytalil
in Lake Havasu — 2014 Annual Report

for backwater released fish. Mean total minimutra{ght line) displacement

was 9.0 km (range 0 — 20 km; 13.4 and 4.7 km fanrohannel and

backwater released fish, respectively) with a naigplacement of 0.50 kilometer
per day (km/day) (range 0 — 2.6 km/day; 0.8 anckt&lay for main channel and
backwater released fish, respectively). Bonytgased within backwater habitat
continued to be contacted exclusively within thesaof their release, never
leaving Blankenship Bend (Figure 13). Of the bailykleased in the main
channel, the farthest upstream site of contactreemrded passively by an SUR
upstream of the sand dunes and at the downstreays lofithe no wake zone of
Topock Gorge (Figure 14, see Figure 4). The mosindtream site of contact
was also recorded passively by an SUR at the nmararece to the Castle Rock
backwater. Fish 260, 261, and 262 from the maamnhkl release group displayed
the greatest total minimum (straight line) displaeat.

Habitat Assessment

Mean secchi depth was 1.30 m (range 0.50 — 2.25urfgce water temperature
was 15.7°C (range 9.00 — 19.0°C), and depth wakr.frange 0.30 — 5.85 m)
across all points of active triangulation. Activacking contacts occurring in
riverine mesohabitats accounted for 51%, contackackwater mesohabitats
accounted for 44%, and contacts located in thgperal channels accounted for
5% of active contacts.

Remote PIT Scanners

During the October 2013 study, remote PIT scandepsoyed in Blankenship
Bend scanned for a total of 1,072.25 hours andacted six unique bonytail. PIT
scanners were placed in sets of two with diffeceigntations (see Figure 8). PIT
scanners that were deployed horizontally with idiés contacting the substrate
resulted in six bonytail contacts, more than thasented vertically with the
bottom edge contacting the substrate (two contacts)
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Figure 11.—Total number of 10 acoustic-tagged bonyt  ail potentially available for
contact (light gray box) and those actually contact ed (dark gray box) each week

during the October 2013 — January 2014 telemetry study, Lake Havasu, Arizona  and
California.



Table 3.—Dispersal and displacement data collected for acoustic-tagged bonytail in October 2013 — January 2014, Lake Havasu, Arizona and
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California
Dispersal
(km) Displacement Displacement per day

Tag Release site Upstream Downstream (km) Days at large (km/day)
3 Backwater 0.3 0.4 2.2 9 0.24
4 Backwater 1.6 0.4 6.1 20 0.31
5 Main channel 0.0 0.1 0 0 0.00
7 Main channel 2.7 0.7 20 57 0.35
257 Backwater 0.9 0.6 4 18 0.22
258 Backwater 0.0 0.4 9 58 0.16
259 Backwater 0.0 0.5 2 9 0.22
260 Main channel 8.3 0.1 16 22 0.73
261 Main channel 31 5.0 13 5 2.60
262 Main channel 3.2 5.0 18 86 0.21
Average all fish 2.0 1.3 9.0 28.4 0.50

Averages by release site

Main channel 3.4 2.2 134 34.0 0.8
Backwater 0.6 0.5 4.7 22.8 0.2
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Figure 12.—Weekly contacts (X) and non-contacts (gr  ay boxes) for all 10 fish during the
October 2013 — January 2014 bonytail telemetry stud y, Lake Havasu, Arizona and California.
(* Denotes a mortality.)
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Winter 2014 PIT Scanning

Remote PIT scanners deployed in Reach 3 scannedtébal of 7,085.1 hours,
contacting 321 unique fish, of which 124 were baiyfl94 were razorback, and
three were unknown (no record of release or captu®é the 124 unique bonytail
contacted over the course of the study, 10 fishidesh released on October 22,
2013, and 114 fish were released on January 1, 2012 Blankenship Bend
(Figure 15). Most contacts (89%) occurred withwekeks of the second stocking
from January 13 — 17, 2014 (Figure 16). Elevertaxis were recorded at
Trampas Cove (across three isolated sampling weakd)one contact was in
Clear Bay. All other contacts (193) were withiraBkenship Bend. An
additional 26 bonytail were contacted during thelgtperiod through other

LCR MSCP Reach 3 study efforts: 23 released froamB¢nship Bend in January
2014 and three in October 2013. Although scanwers deployed
disproportionately across habitat types, catchupéreffort (CPUE) for bonytail
was highest among submersible 0.8 x 0.8 m PIT sraroriented horizontally
compared to 0.7 x 1.3 m PIT scanners orientedozditi Contact per unit time
scanned was highest at a PIT scanner deploymentpffollowed by
deployments at depths between 1.2 and 1.8 m.

2014 Lake Havasu Native Fish Netting “Roundup”

Efforts during the 2014 Lake Havasu Native FishtiNgt‘Roundup” resulted in
638fishes being captured, representing 11 non-natideh&o native species
(bonytail and razorback sucker). Eight bonytaifteveaptured, one of which was
deceased. Five of the captured bonytail had beleased in October 2013 and
three had been released in January 2014. Onedlongs captured in Trampas
Cove, one in Blankenship Bend, and six were cagturer near Clear Bay.
During the week of the “Roundup,” a total of fourlytail were contacted, all of
which were recorded by PIT scanners deployed sanatiusly to a net set in
Trampas Cove. Despite PIT scanners set in conpumatith trammel nets in
Clear Bay, bonytail were only contacted by nethe ®ne bonytail mortality was
found inside the throat of a netted largemouth &85 mm TL; Figure 17).
Mean TL of captured bonytail was 303 mm (range 2922 mm), and mean
weight was 207.8 g (range 136 — 305 g). Additina@lectrofishing was
conducted as part of supplemental efforts on Jgiar2014, resulting in one
captured bonytail, also released into Blankenstapddin 2012 from Achii
Hanyo.
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Figure 15.—Contacts of bonytail released January 14 , 2014 (yellow), and
October 22, 2013 (blue), at remote passive integrat  ed transponder scanning
locations from January — February 2014, Lake Havasu , Arizona and California.
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Figure 16.—Contacts of bonytail released January 14 , 2014 (blue), and October 22,
2013 (red), over time by remote PIT scanning from J anuary — February 2014, Lake
Havasu, Arizona and California.
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Figure 17.—Photos captured largemouth bass that hav e consumed bonytail,

Lake Havasu, Arizona and California:

1. Bonytail can be seen in mouth of a largemouth ba  ss captured by trammel net by
Reclamation in November 2013. 2. Bonytail from 1.  was removed from largemouth
bass and can be seen partially digested with a smal | largemouth bass in its mouth.
3. Close up of the throat of a largemouth bass capt  ured by trammel net during the
February “Roundup” in Clear Bay on February 12, 201 4, with the tail of a bonytail
visible toward the bottom of the throat. 4. Uniden tified prey in throat of largemouth
bass.

(Photo credit: Julia Mueller and Rick Wydoski)
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Spring 2014 Telemetry

Twelve bonytail were released near Blankenship Berspring 2014, and over
the course of the study, 52,909 contacts were decbiby active and passive
tracking. Of those contacts, 123 were recordeddbye tracking, and 52,786
(99.8%) of all contacts, were recorded by passaeking (Figure 18). Passive
contacts between sunset and sunrise comprised 8#Stabpassive contacts.
Stationary SURs contacted tagged bonytail at Z0laleployment sites. There
were no records from one stationary SUR locatetbipock Gorge just upstream
of the no wake zone buoys. The SUR site at the Wil sign inside the Castle
Rock backwater did not have an SUR from April 28142, to May 4, 2014.
Several SURs were buried due to shifting sedimanpért of the study period,
which may have compromised their detection radkish were contacted at two
sites with temporary SURs. Two SURs were notee&td (one SUR was
apparently stolen from the main channel near thta,dend one SUR’s line was
cut in Topock Gorge near the Pulpit Rock backwatdgrance). Eleven records
from an SUR upstream of Trampas Cove recorded liégr6, 2014 were
excluded from analyses due to improper time formgdtt

Study fish were tracked for a mean of 23.6 daysgee3 — 42 days) (Tabib.
Mean total active contacts per fish was 10 (range€28, median 9), and mean
total passive contacts per fish was 4,399 (ran@e-242,435, median 2,828).
Contacts greatly decreased from the first to seeogek and increased into the
fourth week before gradually declining for the rémdgr of the study (Figure 19).
All tagged fish were contacted in the first weekla# study post-release, but the
number of tagged fish contacts declined in theofwihg weeks (Figure 20). Six
tagged fish were contacted within the first montkhe study but were then lost.
Three tagged fish were tracked initially, followlegla period of non-detection by
either active or passive efforts, and then conthatgin prior to the end of the
study. Two fish (fish 125 and 140) were trackedrgwveek of the study, and one
tagged fish (fish 123) was determined a mortalagddl on a sedentary tag (see
Table 2).

Post-Stocking Mortality and Transmitter Recovery

During the final week of the study (week six), fifigh (42%) were active (Figure
21). This included one fish from the main chametdase and four fish from the
backwater release group. Mean TL at release afeimaining active study fish
(373 mm) was greater than those that were losetarohined a mortality (327
mm). Contact was lost with three fish (two maimawchel released fish and one
backwater released fish) within the first week, #mée additional fish (two main
channel released fish and one backwater releasi@dwiere lost in the middle of
the study between weeks three and five. Of thedest study fish, two (fish 126
and 127) were last contacted by the most upstrddf & the sand dunes and
were determined to have moved out of the studyhréattachment 2). Five out
of five study fish contacted at the upstream SUf gathe sand dunes were
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contacted within several days prior by two SURsveen Blankenship Bend and
the sand dunes. Therefore, it is unlikely that fizh returned into the study reach
undetected. The remaining four study fish (fisR,1224, 137, and 141) were last
contacted near Blankenship Bend between the SURReaps of Rearing Cove
and the sandbar island in the bend. Each of tlee tish (fish 138, 139, and 142)
that were not contacted for a period of at leageeak later re-emerged within the
same area. Only one (fish 142) of these threewest out of contact for a period
longer than a week. There was one determined htgrfesh 123, at the
beginning of week five at 28 days post-release.

Movement Patterns and Inhabitance

Mean dispersal from release sites along the chahakleg was 3.8 km upstream
(range 0 — 13 km) and 6.1 km downstream (rangd D km) (Table 4). Fish
released in the main channel dispersed fartheragrmgatand less downstream than
fish released in the backwater. Summed mean updawnstream dispersal was
11.2 km for main channel released fish and 8.5 &mbackwater released fish.
Mean total minimum (straight line) displacement \B&skm (range 2 — 65 km,;
34.8 and 37.3 km for main channel and backwateassd fish, respectively)
with a mean displacemeat 2.0 km/day (range 0.5 — 4.7 km/day; 2.0 and 2.1
km/day for main channel and backwater released fespectively). The farthest
upstream site of contact was recorded passiveBnb§UR upstream of Topock
Gorge by the USGS gauging station. The most doeaust site of contact was
recorded actively within the basin at the southeagtof the Castle Rock
backwater. Fish 123 and 125 from the main charelease group displayed the
greatest total minimum (straight line) displacement

Individual main channel released fish were conth&ether upstream than
individual backwater released fish, while contaeith backwater released fish
had more consistency in distance and time of ug-dawnstream dispersal,
exhibiting less variability in distance, farthendwstream displacement, and early
dispersal in the study time frame (Figure 22). tBy end of the first week and the
beginning of the second, five out of six fish (tagnbers 137, 138, 139, 141, and
142) released in the backwater dispersed at lgpasbrimately 9 km downstream
(Figure 23), ranging between the SUR placed dowastrfrom Rearing Cove
(fish 141) to downstream from the Mile 17 buoysli{fil37). All five fish

reversed course and dispersed upstream within .1 Eiay 137 dispersed
upstream before contact was lost. Fish 142 dispgeisnear Rearing Cove where
contact was lost until the end of the study atslame location. Two fish (fish 138
and 139) returned to Blankenship Bend where they wentacted for the
remainder of the tracking period along with fislDl#hich never left

Blankenship Bend. The dispersal pattern for fedbased in the main channel
(Figure 24) was less consistent. All six fish éiged upstream at different times
during the study. Five of the six fish were tratkes far upstream as the SUR at
the sand dunes where contact was lost with thréleese five (fish 125, 126, and
127), before which fish 125 was tracked upstreath¢édcSUR at the USGS
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gauging station. Four of the six main channelasdel fish also dispersed
downstream, ranging from the SUR deployed upstre@Rearing Cove to the
northeast shore of the basin, though there wassereed consistency in time or
distance traveled.

Study fish were consistently contacted in Blankgn&end at a greater rate than
other portions of the study area each week (Figbje Mean percentage of days
tagged fish were tracked in Blankenship Bend ouotz days tracked was 52.2%
(range 14.3 — 100%). Study fish released in tlokwater spent more tracked
days on average (64.4%) in Blankenship Bend thaaydish released in the main
channel (40.1%). Two tagged fish were never caathoutside of Blankenship
Bend. Of the 10 tagged fish that left, 20% nee¢unned. Often, study fish went
through short periods of non-detection before remgng at the same SUR. Fish
140 most consistently displayed patterns of noegtetn and re-emergence.

Habitat Assessment

Mean turbidity was 1.65 NTU (range 0.53 — 4.63 N;T&lyface water
temperature was 17.3°C (range 12.0 — 22.8 °C)depth was 3.42 m (range 0.52
—10.6 m) across all points of active triangulatigkctive tracking contacts
occurring in backwater mesohabitats accounted2d3% of all active contacts,
and contacts in the main channel or riverine mesitdita accounted for 57.4%.
Contacts made by active tracking located mid-chbaceunted for 41.5% of all
active contacts while triangulations located atritaer’'s periphery accounted for
58.5%.

Microhabitats were measured at five locations ¢ ftagged fish that
continuously inhabited the same site on a repdadss during the study (Table 5,
Figure 26). Fish with tag number 140 was contatiéck in the third cove of
Blankenship Bend backwater where current was miltarbidity was 1.03 and
1.10 NTU, surface water temperature was 25.2 artl €5 and depth was 1.00
and 2.30 m at times of successive contacts. Fadmtdt within this cove was
recorded as having a silt substrate with littlersalged cover (vegetation or large
debris). Shoreline vegetation was predominatelsulsb (genusscirpus) with a
small amount of common reeBhfragmites australis) near the finger of the cove.

Fish 125 was consistently tracked in a glide ofrtteen channel in Blankenship
Bend near an area of sandy substrate. Cliffs veetlee south, while an adjacent
sandbar was lined with bulrush near-shore and commeedand cattail (genus
Typha) further up the shoreface. The shoreline alowgrdeft was bulrush and
salt cedar (genuBamarix) with a large amount of submerged woody debris.
Current was perceptible and turbidity was 0.93 N3uface water temperature
was 21.2 °C, and depth was 1.80 m.

Fish 138 was consistently tracked upstream of taak&nship Bend California
backwater in a run of the main channel at a dep&h&®d m, surface water
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temperature of 21.6 °C, and turbidity of 1.29 NTOurrent was present and
substrate was fine sand with no submerged covkifs @ere located along river
left, and bulrush was along river right near a &eand

In addition to fish 138, fish 139 was also trackedtream of the Blankenship
Bend California backwater in a run of the main afewith perceptible current
over an area of fine sand. Cliffs were towardmriedt, and river right was lined
with bulrush near a sandbar. Turbidity was 1.29JN3urface water temperature
was 21.6 °C, and depth was 5.60 m.
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Figure 18.—Active (red) and passive (green) telemet  ry contacts and bonytail
release sites (blue) during the April — May 2014 te  lemetry study, Lake Havasu,
Arizona and California.
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Figure 19.—Total active and passive acoustic bonyta il tracking contacts per week
during the April — May 2014 telemetry study, Lake H  avasu, Arizona and California.
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Figure 20.—Total number of 12 acoustic-tagged bonyt  ail potentially available for
contact (light gray box) and those actually contact ed (dark gray box) each week
during the April — May 2014 telemetry study, Lake H  avasu, Arizona and California.
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Figure 21.—Weekly contacts (X) and non-contacts (gr  ay boxes) for all 12 study
bonytail during the April — May 2014 telemetry stud vy, Lake Havasu, Arizona and

California.

(* Denotes a mortality.)
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Figure 22.—Farthest distance dispersed up- and down  stream from main channel
(blue) and backwater (green) released bonytail duri  ng the April — May 2014
telemetry study, Lake Havasu, Arizona and Californi  a.
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Table 4.—Dispersal and displacement data collected for acoustic-tagged bonytail in April — May 2014, Lake Havasu, Arizona and California

42

Dispersal
(km) Displacement Displacement per day
Tag Release site Upstream Downstream (km) Days at large (km/day)
122 Main channel 0.7 0.0 2 4 0.5
123 Main channel 6.4 10.7 65 28 23
124 Main channel 6.4 4.3 31 20 1.6
125 Main channel 13.4 3.1 49 37 13
126 Main channel 6.4 8.3 48 27 18
127 Main channel 6.4 1.2 14 3 4.7
137 Backwater 13 10.0 34 3.8
138 Backwater 13 10.0 65 37 18
139 Backwater 17 9.5 42 35 12
140 Backwater 0.0 2.0 30 42 0.7
141 Backwater 1.3 5.1 20 5 4.0
142 Backwater 0.2 8.9 33 38 0.9
Average all fish 3.8 6.1 36.1 23.8 2.0
Averages by release site
Main channel 6.6 4.6 34.8 19.8 2.0
Backwater 0.9 7.6 37.3 27.7 21
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Figure 23.—Up- and downstream displacement represen  ted by distance north and south in meters displayed as Universal Transverse
Mercator northing over time of six individual back water released bonytail during the April — May 2014 telemetry study, Lake Havasu,
Arizona and California.
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Contact Density by Zone Over Time

Lake Havsu Bonytail Telemetry Spring 2014
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Figure 25.—Contact density of tracked bonytail over time during the April — May 2014
telemetry study, Lake Havasu, Arizona and Californi  a.

Lowest densities are yellow, intermediate densities are orange, and highest densities are red;
numerals are actual number of contacts.
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Table 5.—Microhabitat measurements from active tracking in April — May 2014 of tagged bonytail displaying continued inhabitance, Lake Havasu,
Arizona and California

BW is the backwater near Blankenship Bend and MC is the Colorado River main channel at Blankenship Bend.

Fish Depth Turbidity Submerged
tag Location Mesohabitat | (m) | SWT* (NTU) | Topography | Shoreline Shoreline vegetation Substrate cover
140 |Blankenship BW 1.00 | 25.2 1.03 Pool Vegetation |Predominately Scirpus, Silt Little
Bend backwater small amount of
Cove 3 Phragmites near finger
140 |Blankenship BW 230 | 251 1.10 Pool Vegetation |Predominately Scirpus, Silt Little
Bend backwater small amount of
Cove 3 Phragmites near finger
138, | Blankenship MC 5.60 21.6 1.29 Run Vegetation | Cliffs toward river left, Fine sand None
139 |Bend upstream Scirpus along river right
of the California near sandbar
backwater
125 |Blankenship MC 1.80 | 21.2 0.93 Glide Vegetation | Cliffs to south, sandbar Sand Little

Bend east of
island

with Scirpus along
shore, and Phragmites
behind Scirpus and
small amount of Typha;
river left was Scirpus
and salt cedar with a lot
of woody debris

L SWT = surface water temperature.
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Figure 26.—Photos of microhabitat locations, Lake H  avasu, Arizona and California: 1. Location of conti nued inhabitance of fish 140 in
Blankenship Bend Backwater. 2. Location of continu ed inhabitance of fish 125 in the main channel of B lankenship Bend outside of

Blankenship Bend Backwater. 3. Location of continu ed inhabitance of fish 138 and 139 upstream of the  Blankenship Bend California
backwater.
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DISCUSSION

Only six (27%) of 22 bonytail implanted with teletnetags were actively tracked
into the final week of tracking. Four study fiskely swam out of the detection
area as evidenced by their contact by SURs atttitly sirea’s termini, but eight
fish were lost to the study near or within Blankg@psBend with no indication of
dispersal beyond the immediate stocking site. kisktmay be a consequence of
the densely vegetated and complex habitat; howegaipment and techniques
ultimately proved effective in re-establishing axttwith six temporarily lost

fish. Considering this success in re-establiskimgtact with four of six fish in
less than 2 weeks and given the broad spatial ageesf SURs and the extensive
and intensive active tracking, it is less likelgttimost of these eight permanently
lost fish were “missed.” Spontaneous acoustic &lgre is another possibility,
but in our experience this is rare. It is possthbg these fish were removed from
the water by a predator or scavenger, and thusairigrof tagged bonytail during
this study may have been as high as 55%.

Avian predation of stocked fish can decimate stdakénbow trout

(Oncor hynchus mykiss, Modde et al. 1996) and wild populations of cui-ui
(Chasmistes cujus, Scoppettone et al. 2014). Blankenship Bendwidisin the
boundary of Lake Havasu NWR where piscivorous bsutsh as American white
pelican Pelecanus erythrorhynchos), double-crested cormorarRHal acrocorax
auritus), and ospreyRandion haliaetus) are abundant. Any bonytail consumed
by avian predators would be lost to acoustic teteyrsgudies unless the tag was
shed over water, as was the case during telemeeting 8ill Williams River NWR
in spring 2013, where an acoustic tag was recovatracknown roosting site of
double-crested cormorant (Mueller et al. 2014)T $danning at this location also
resulted in 11 contacted PIT tags, and similar sicenimplemented on a known
seabird breeding site has successfully estimatieth gwvedation of juvenile
salmonids (Frechette et al. 2012). PIT scannirayknroosting sites at Pulpit
Rock has resulted in contacts with expelled razkBdT tags (R. Wydoski
2014). PIT scanning beneath double-crested comhooasting sites may
therefore provide contacts with PIT tags shed fommsumed bonytail and should
be incorporated into future studies.

Bonytail consumed by piscivorous fish may also ltaswa loss of contact with
study fish if tags were evacuated under heavy cobarect observation of a
bonytail in the digestive tract of a largemouthsb@dicropterus salmoides) (see
Figure 17) illustrates the threat piscivorous fispese to bonytail survival. Data
from the February “Roundup” suggest relatively higimbers of largemouth bass
(CPUE = 1.2) in Blankenship Bend. In addition, gameoustic-tagged fish in the
spring telemetry study dispersed multiple kilomgierseveral days after previous
periods of relatively little movement. For examm@éer remaining within
relatively close proximity to Blankenship Bend thgh the first week of tracking
and part of the second, fish 123 traveled a re&di7 &m in 3 days, a movement
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rate not exhibited by other study fish. A highatierof movement is consistent
with that of striped bas#Morone saxatilis;, Ng et al. 2007; Wilkerson and Fisher
1997), a large pelagic piscivore that is commobake Havasu. Recent data
suggest that striped bass can take up to 20 dasatuate a consumed tag
(Friedl et al. 2013), which makes mortality estiesadnd habitat preference
assessments from a 60-day study suspect, congjdetag may be tracked for up
to a third of the study period before it is evaedaduring which time it is
unknown if it was representative of the behavioa donytail or predator. If a
tagged bonytail is consumed toward the end of tingysit may never be
determined a mortality or casualty of predatiorelemetry tags with a
dissolvable “trigger” to detect consumption by agator are currently being
tested (Hydroacoustic Technology, Inc. 2014) anddprovide an important tool
to further examine the impact of piscivory on bailyt

Despite the losses, new and corroborating dataostigtocking behavior of
bonytail were collected. Eighty-four percent osgi@e contacts during spring
2014 occurred between sunset and sunrise. Tradeitagsupport that bonytail
are most active at night (Marsh and Mueller 1998y9 et al. 2013a)
presumably to feed (Marsh et al. 2013b). Marsil.g013a) observed bonytalil
establishing fidelity toward selective territoryrohg the day while emerging into
an isolated backwater at night. Bonytail may behsimilarly at Blankenship
Bend in the spring as observed through the laadetéction during the day and
re-emergence of study fish in the same areas ht.nkjsh 140 displayed this
described pattern most obviously and consisteAtta¢chment 2). Study fish
from the autumn 2013 telemetry did not exhibit theends as strongly. The
backwater released fish tended to move out of conémge in the late evenings
and re-emerge at the same SUR in the early morniigs unclear if shorter
periods of non-detection followed by a re-emergeatdbe same SUR occurring
during the evening hours represent fish that sirsplgm out of detection range
or fish that had moved into some type of heavy co¥dthough fish were
intensely tracked in both studies, some of thenditie was focused on finding
bonytail for which contact was lost. Future stsdll focus on contacted fish
within the study area and rely on SURs to disckenfate of lost fish. Non-
detection periods in the evenings exhibited by 2013 study fish may
represent an increase in activity away from thekbater containing the SUR.
Adapting tracking efforts to focus more intensivelyidentifying sites of
disappearance and re-emergence may provide clysferred habitat cover.

Autumn study fish dispersed half as far upstreathare-fifth as far downstream
compared to spring study fish. The difference inayelated to season, as mean
surface water temperatures were higher in spring b@nytail begin spawning in
late spring (Wagner 1955; Minckley 1973). HoweVish origin may have also
played a role. Study fish from the autumn 2018ptwere transported directly
from the hatchery, whereas spring 2014 study fisheveaptured from Cibola
High Levee Pond and held at the hatchery for 13 ghaipr to surgeries and
release. The difference in rearing facility (h&ichversus a “natural” pond),

50



Distribution and Post-Stocking Survival of Bonytalil
in Lake Havasu — 2014 Annual Report

method of capture prior to transport (hatcheryemibn versus trammel netting),
and transport time likely resulted in differing &s of stress in study fish and may
account for the difference in post-stocking behayiortz 2009).

Both seasons of telemetry had a slightly highecg@age of active contacts in
riverine mesohabitats compared to backwater me#aitsb6 — 57% riverine

and 43— 44% backwater). This result was similax bmnytail study in Green
River, Utah where main channel contacts made up 9% of 174 contacts) of
the total contacts (Chart 1990). The difference ménor and also may represent
methodological bias due to difficulty tracking iaraplex backwaters where
signals could be deflected or attenuated by obsbng; including debris and
aguatic vegetation.

Backwater released acoustic-tagged fish displayee monsistency in behavior
to each other than study fish released in the mla@mnel. These fish appeared
more likely to remain in Blankenship Bend and éskwaters. Furthermore,
backwater released study fish in spring were mégedy than those released in
autumn to travel downstream and then return tovgeidkenship Bend (five out
of six study fish). Patterns in dispersal wereatmerved by acoustic-tagged fish
released in the main channel, although in bothissudhese fish travelled farther
distances both up- and downstream than backwdearsed fish. It is unclear
why fish released in the backwaters were moreylikeremain within the
Blankenship Bend boundaries that include both batéxs and the main channel.

All four identified microhabitat locations that veecontinuously inhabited by
acoustic- tagged bonytail in spring 2014 were ledah Blankenship Bend near
the release sites. One fish was continuously &é@ak the third cove of
Blankenship Bend backwater while the other thresssbccupied by four
different fish, were in the main channel within Blankenship Bend area.
Substrate of the backwater site was silt, whileep#ites were either fine sand or
sand. All sites were less than 6 m in depth araddse proximity to sandbars, or
shallow sandy areas. In Lake Mohave, Wagner (1858)found bonytail over
clean, sandy bottoms in eddying currents, whichades with PIT scanning data
in which contacts with bonytail were greatest gitde between 1.2 and 1.8 m.
Surface water temperatures of the main channel wiéee within less than 1
degree of each other and several degrees cooletitbdackwater site. All sites
had little to no submerged vegetation. Bulrush wlaserved at all sites but does
occur in high densities universally throughout shedy area; therefore, it cannot
be determined if it is preferred vegetation.

Only one study fish was actively tracked throughtetautumn 2013 telemetry
study, providing only one microhabitat data sangpler to the winter 2014 PIT
scanner study. PIT scanner deployment locatiome Wherefore based on the few
locations recorded during the telemetry study aedrded captures from netting
activities. Regardless, the deployment locatioaseveonsistent with observed
habitat preference during the subsequent spring &flémetry. PIT scanner
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arrays contacted multiple bonytail in Trampas Cdweng three isolated
sampling trips, suggesting some preference toaie#. Both PIT scanning and
trammel netting identified bonytail in Trampas Carel Clear Bay, though
contacts were inconsistent as to which method mfpdiag may be more
effective. These sites will be targeted in futefierts.

PIT scanning during autumn 2013 was conductedtabksh antenna orientation
guidelines. Due to limited bonytail contacts, #ffect of orientation on contact
rate could not be determined. However, 0.8 x 0Blimscanner deployments
oriented horizontally had greater contact ratesaofytail than 0.7 x 1.3 m PIT
scanners orientated vertically during winter 2ahéugh scanners were not set
equally across habitat types. These PIT scantsydad greater contacts at
depths between 1.2 and 1.8 m. Marsh and Muel839q]Lin Lake Mohave,
Arizona and Nevada and Chart (1990) in the GreerriRUtah also reported
bonytail to be commonly found in shallow watersgl¢han 3 m), although Karam
et al. (2013) in Lake Havasu, Arizona and Califaroontacted bonytail at mean
depths of 5 -8 m.

We continue to assess the question of whetherdhclptures by traditional
sampling methods was due to behavior or methododbbias. During the
February “Roundup”, captures of bonytail (CPUE ¥)@vere low compared to
netting efforts of non-native predators such agaedunfishl{epomis
microlophus) (CPUE = 1.7) and largemouth bass (CPUE = 1.2)sistent with
results of the fate of acoustic and PIT-tagged bmhyBased on overall few
contacts and captures across several approacieanltkely that methodological
bias is the key culprit. Additional efforts shdude applied to the gorge where
six of the total 22 study fish were passively cotgd.

Fewer acoustic-tagged fish were used in this stiidy earlier ones so tracking
effort could be more concentrated and intensivewever, losses during
telemetry appear to not be due to too many fighaitk but to high mortality.
During previous telemetry studies in 2010 (KararaleR011, Karam et al. 2012),
study fish were stocked with mean TL of at lea€h #n, and more than 80% of
study fish were active after 1-month post-releasapgared to less than 50% in
the current study when mean TL of fish at stockirag less than 350 mm. While
this was not the case in autumn, spring releasely $ish still active by the end
of the study had a greater mean TL than thoseolodétermined a mortality.
Tagging additional bonytail (20 — 30 fish) at glar size (greater than 400 mm
TL) would increase the number of available fistassess post-stocking habitat
preferences beyond 1-month post-release and maly resncreased PIT
scanning contacts rates and increased precisipaspfstocking survival
estimates. Despite the limitations of monitorimggi@ment, combined sampling
methods strengthen conclusions.
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RECOMMENDATIONS

The following recommendations are suggested toangsurvival of bonytail
stocked into Lake Havasu:

1. Continue to PIT tag a proportion of bonytail stotketo Lake Havasu
2. Increase the size of study fish if possible
3. Experimentally study the role of turbidity on boaytsurvival

4. Continue yearly net monitoring of bonytail and eatch to the general
public

5. Use remote PIT scanning in conjunction with sme#lls acoustic
telemetry to better evaluate and understand bdrhdaitat use

6. Study the use by bonytail of backwater habitats Béankenship Bend,
specifically Trampas Cove and Clear Bay

7. Investigate the role of aviary predation on borl\garvival

8. Implement the use of predation detection tags duetemetry
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ATTACHMENT 1

Individual Fish Narratives for October 2013 — January 2014
Bonytail Telemetry






The following provides a detailed narrative of pskicking tracking efforts for
all telemetered fish during the October 2013 — aan@014 bonytail study.

FIsH 3

Fish 3 (total length [TL] = 315 millimeters [mm] @mass [M] = 215 grams [g])
was released into the Blankenship Bend backwat&atober 22, 2013. The fish
remained in the backwater continuously until conte&s lost into the second
week of tracking. Active tracking from the 22n@#h confirmed the fish’s
location in the backwater. On the evening of tBed} 23rd, and 24th, fish 3
moved out of submersible ultrasonic receiver (Sd&gction range and re-
emerged in the same area several hours laterfiSfhexhibited similar behavior
on the evening of the 25th, except the fish renthmé of contact until the
morning of the 26th. The same pattern occurraderevening of the 26th, 27th,
and 28th, though the fish moved out of detectioa later hour on the 28th. On
the 29th, fish 3 moved out of detection range edhrly afternoon but was
contacted actively that evening in the third coeéobe re-emerging at the same
SUR the early morning of the 30th. Fish 3 movetafuletection range of the
SUR in the Blankenship Bend backwater in the aftemof the 30th and was last
contacted actively in the late morning of the 3festr the entrance to the
backwater in vegetation.

FISH 4

Fish 4 (TL = 287 mm and M = 240 g) was released ihé Blankenship Bend
backwater on October 22, 2013, and never left tha tor the duration of
tracking. Active tracking triangulated the fishtive third cove of the backwater
after release (see figure 4). The SUR deploydbarbackwater then tracked the
fish for the remainder of the 22nd and throughZBed. The fish moved out of
detection range in the evening of the 23rd for mpldthours before re-emerging
at the same SUR. Similar behavior occurred oretleming of the 24th, 25th,
26th, 27th, 28th, and 29th. Active tracking comfd the fish’s location in the
first cove. The pattern of behavior deviated a3bth when fish 4 moved out of
contact range for most of the daylight hours amghthgain in the late evening
through the morning of the 31st, both times re-gmerat the same SUR. Fish 4
again moved out of detection range through mogtetiaylight hours on the 1st
of November until re-emerging in the evening atsame SUR, though it was
actively tracked near the entrance to the backwateegetation. Similar
behavior occurred on the 2nd, 3rd, 4th, and thevbiten the fish again moved out
of detection range through most of the daylightredaut was actively tracked
during the day on the 2nd and 4th outside of tlekater entrance and on the
3rd back in vegetation in the first cove. Wheih #smoved out of detection
range in the morning of the 6th, it did not re-eggenear that SUR. Active
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tracking that afternoon and the following afterndound the fish near vegetation
in the main channel on river left upstream of taekwater entrance. Shortly
later in the afternoon of the 7th, the fish wasspasdy tracked by the SUR just
upstream of the backwater release site where shedimained through the
evening of the 10th, being occasionally activeicked outside of the backwater
on river left just downstream from Mohave Rock. tike tracking continued

to triangulate the fish at this location, and itsveletermined deceased on
November 11, 2013.

FISH5

Fish 5 (TL = 285 mm and M = 188 g) was releasea ihé main channel of
Blankenship Bend on October 22, 2013, and immédglidisappeared from
detection. The fish was only tracked once activwelghe afternoon after release
near the release site moving upstream.

FISH 7

Fish 7 (TL = 306 mm and M = 188 g) was releasea ihé main channel of
Blankenship Bend on October 22, 2013. The fish evdyg actively tracked from
the time of release until the 17th of November. t@:n22nd of October, the fish
was actively tracked near the release site. Imtbming of the 31st, the fish was
upstream of the sand bar island of Blankenship Bezaat the north bank. The
fish was next tracked upstream of this locatiorsttgam of the upper bend of
Blankenship Bend in the evening of the 3rd of Nokiem In the morning of the
4th, the fish was further upstream on river righanvegetation and in the
afternoon of the 6th, fish 7 was slightly furthgstream, tucked back in
vegetation but moved out toward mid-channel an leter. Next, fish 7 moved
upstream of Mohave Rock where it was contacted mdgnan river right in the
late afternoon of the 9th. The fish was in the sdmcation according to active
efforts on the 10th and 11th but did move sligkliyvnstream on the 12th, 13th,
and 15th. The fish was still actively trackedhe same area on the 17th but
appeared to be swimming. The fish was not condeatin until the morning of
the 27th by passive efforts near Mohave Rock, atet hear the entrance to
Blankenship Bend backwater, and then at the lowadof Blankenship Bend.
In the afternoon of the 27th, fish 7 was back wgastr near Mohave Rock but
again swam downstream past the backwater entrartbe tower bend where it
remained into the early morning of the 28th. Tish moved in and out of
detection range at times but continuously re-enteegehe same SUR through
the 28th, 29th, and 30th. In the evening of thiéa 3sh 7 quickly entered and
exited Blankenship Bend backwater before returtinipe lower bend of
Blankenship Bend. The fish did the same in themmgy of the 1st of December
but then remained at the lower bend through thed2mbvember — 16th of
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January and was actively triangulated during time thear vegetation on river
right. The fish was determined a mortality begnnihe 18th of December,
though this may be a conservative estimate.

FISH 257

Fish 257 (TL = 315 mm and M = 210) was releasea Biankenship Bend
backwater on October 22, 2013, and was activelypasgively tracked in the first
cove of Blankenship Bend backwater in the afternach evening of the 22nd
and morning of the 23rd. The fish remained infitet cove of the backwater
through the 27th but did move out of detection eaagd then re-emerge at the
same SUR in the late evening and early morning aggtit except for the last.
Active tracking on the 23rd placed the fish nearagimites. On the 25th and
26th, the fish was tracked outside of the backwaérance. Fish 257 was not
tracked on the 28th but on the 27th, 29th, 30tH, 3st, it was actively
triangulated at the same location outside of trekWwater near submerged
vegetation. On the 6th and 7th of November, thle Was triangulated in the main
channel on river left approximately 25 meters frBlankenship Bend backwater
entrance. The fish was determined deceased ditlihef November after
continuously being actively triangulated downstrdaom the backwater entrance
in the described general area.

FIsH 258

Fish 258 (TL = 293 mm and M = 211) was releaseal Biankenship Bend
backwater on October 22, 2013, where it remainesutfh the duration of the
study. Passive tracking from the 22nd to the Blisted the fish in the first cove
of Blankenship Bend backwater. Active trackingidgrthis time complemented
passive data, except for on the 29th when manitmitgtriangulated fish 258 in
the third cove of the backwater. Fish 258 had rdamg of detection range for
multiple hours in the evening of the"2dut re-emerged in the morning of the
25th at the same SUR and did the same on the eyehthe 25th, 26th, 27th, and
28th. Fish 258 went out of contact range eartiantprevious days on the 29th, in
the early afternoon. At this time, active tracklogated the fish in the third cove
of Blankenship Bend backwater. The fish re-emetgezfly at the SUR in the
first cove in the early morning of the 30th, movstk out of contact range, and
then re-emerged again in the first cove wherentaieed through the afternoon
and evening before returning to its normal behawdmappearing from detection
in the evening and re-emerging in the morning ef3fist. That evening when the
fish moved out of contact range, it did not emarggl days later in the early
morning of the 12th of November near a SUR plaodti¢ third cove of the
backwater but quickly returned to the first covéolbe moving out of detection
range. The fish was next contacted in the eveoirige 13th again in the first
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cove where it appeared to remain until the 30thudin moving out of detection
range more frequently, typically during daylightin®. In the morning of the
30th, the fish moved out of the backwater to beacted by the SUR deployed
near the backwater entrance. The fish was conisiygassively tracked here
through the evening of the 3rd of December whdm 288 moved in range of the
SUR in the first cove for a brief amount of timddye returning to the SUR
outside of the entrance. Again, the fish was cwausly tracked here through the
evening of the 5th when it briefly visited the ficove before moving out of
detection range and re-emerging outside of thevaiek in the early morning of
the 6th. In the evening of the 6th and morninghef7th, the fish moved back and
forth between the SURs in the first cove and oetsidthe backwater. The same
behavior occurred in the evening of the 7th aftecimof the daylight hours were
spent outside of the backwater. The same pattmured on the 8th before the
fish moved out of contact. Fish 258 was not cdethagain until the 18th and
19th of December by active efforts in the secondceanf Blankenship Bend
backwater, its last contact.

FIsH 259

Fish 259 (TL = 325 mm and M = 218 g) was releasénl Blankenship Bend
backwater on October 22, 2013, and never appearedve through the duration
of the study according to passive and active tragkiThe fish moved out of
detection range for multiple hours in the evenifthe 22nd, 23rd, 24th, 25th,
26th, 27th, 28th, 29th, 30th, and a couple of hautke early evening of the 22nd
and morning of the 27th, each time re-emerginfp@tstme location. Fish 259
was last contacted by passive efforts in the egeafrihe 31st in the first cove of
Blankenship Bend backwater.

FisH 260

Fish 260 (TL = 311 mm and M = 198 g) was releaséal the main channel of
Blankenship Bend on October 22, 2013, and then ideely moved upstream.
Active tracking on the 22nd triangulated the figanthe release site and
observed it swimming upstream. On the 23rd, th& @UMohave Rock
contacted the fish, and active tracking locatedigtenear Mohave Rock river
right near phragmites. On the 24th, active traghirangulated the fish
approximately 150 meters upstream of Mohave Roek oattails. Fish 260
was contacted sporadically, usually for severarbiauthe evenings and early
mornings, by the SUR at Mohave Rock on the 23rdth.2 Active tracking from
the 25th of October to the 11th of November corgdhto locate fish 260 close to
Mohave Rock on river left near a backwater entraride detection occurred on
the 28th of October or the 30th of October to ttledd November. From the 9th
to the 11th, the fish returned to its pattern ofving into detection range of the
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SUR at Mohave Rock for short periods of time inldte evenings and early
mornings. In the late evening of the 11th, the’§dehavior changed when it
was contacted by the SUR downstream from Trampas @od upstream of
Mohave Rock, but in the early morning of thé"1the fish returned downstream
from Mohave Rock according to passive efforts. tlwening, the fish returned
upstream, passed the SUR downstream from Trampas, Passed the SUR at
the big rock upstream of Trampas Cove, and arrivdde SUR downstream from
the sand dunes. By the morning of the 13th, fiéh rhoved farther upstream of
the sand dunes to the SUR at the downstream bddlge ao wake zone of
Topock Gorge. This was the last site of contacfifi 160.

FISH 261

Fish 261 (TL = 312 mm and M = 202 g) was releaséal the main channel of
Blankenship Bend on October 22, 2013, and aftergoactively tracked near the
release site that afternoon, it was observed mawosream. The SUR at
Mohave Rock tracked the fish moving upstream inntleenings of the 24th and
25th. Active tracking in the evening of the 25tlangulated the fish
approximately 150 meters upstream of Mohave Roakehannel as the fish
moved into range of the SUR upstream of Mohave Rockdownstream from
Trampas Cove. Here, the fish remained througl2@tle, though it moved out of
detection range and re-emerged at the same lodatibe early morning and
through most of the daylight hours, although actreeking during the day did
triangulate the fish in the late morning hidingsiomerged vegetation river left
approximately 100 meters upstream of Mohave Rd&kthe early morning of
the 27th, the fish had traveled downstream alWhg to the lower bend of
Blankenship Bend as described by SUR data. Thectstinued to travel
downstream that morning past the SUR upstream afilRRgCove to the SUR
deployed near the main entrance of the Castle Rackwater. The morning of
the 27th, outside of the Castle Rock backwater, thvasast contact with fish 261.

FISH 262

Fish 262 (TL = 310 mm and M = 187 g) was releaséal the main channel of
Blankenship Bend on October 22, 2013, and quialdyeled upstream as
confirmed by active tracking. In the morning oét?3rd, the fish was first
contacted by the SUR at Mohave Rock and then bt upstream of Mohave
Rock and downstream from Trampas Cove. It movexhthout of contact
through most of the later morning and daylight Isonirthe 24th but was
contacted actively in the afternoon approximatél@ ineters upstream of
Mohave Rock on river left near a patch of cattaAdter re-emerging in the
evening of the 24th at the SUR downstream from PpasrCove, fish 262 again
went through a short period of non-detection ingagdy morning of the 25th and
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again through most of the daylight hours of then25Active tracking that
evening, as well as on the 27th, placed the fishivan right farther upstream but
still downstream from Trampas Cove. The SUR doweash from Trampas Cove
continued to track the fish through the eveninghef25th and morning of the
26th before it underwent non-detection through nebsihe daylight hours of the
26th and re-emerged very briefly in the eveninlyistihe same location. Fish
262 re-emerged again mid-morning of the 27th veisfly before moving out of
detection range and re-emerging that evening iea8UR downstream from
Trampas Cove. The fish was still at this SUR mkry early morning of the
28th but was not contacted again until the 4th o¥é&mber by active efforts
downstream from Mohave Rock on river right in vedien. Next, fish 262 was
tracked passively in the evening of the 11th bgudtneam at the same SUR
upstream of Mohave Rock and downstream from TrarQma®. No contacts
were recorded again until the evening of the 6tb@fember, still at the same
SUR where it remained for a short period of tifkésh 262 emerged next
downstream at the SUR deployed near the no boater lzy Mohave Rock in the
early morning of the 7th but quickly moved backtie SUR between Mohave
Rock and Trampas Cove. No contacts were recotdeddh most of the daylight
hours of the 7th, but the fish did re-emerge thanheng at the same location. The
next contact was in the evening of the 23rd astrae location. Later that
evening, the fish moved back downstream to the &tURe no boater zone near
Mohave Rock. In the evening of the 19th, the figs contacted farther
downstream below Blankenship Bend at the SUR ugstref Rearing Cove. On
the 2nd of January, the fish was recorded by thR &tthe Castle Rock main
entrance. The fish was not contacted again urilldth at the same SUR near
Castle Rock, where it appears to have remainedgihrthe 16th, though it went
through a period of non-detection and re-emergentiee evening of the 14th
and morning of the 15th. The last contact of #62 was on the 16th at the
Castle Rock entrance.
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ATTACHMENT 2

Individual Fish Narratives for April — May 2014 Bonytall
Telemetry






The following provides a detailed narrative of pskicking tracking efforts for
all telemetered fish during the April — May 2014lytail study.

FiIsH 122

Fish 122 (total length [TL] = 355 millimeters [mrahd mass [M] = 302 grams
[g]) was released into the main channel of BlankgnBend on April 8, 2014,
where it was contacted consistently into the latneng by the submersible
ultrasonic receiver (SUR) outside of Blankenshim@backwater east of the
sandbar island, except for several hours in thiy eaening, in which it moved
out of detection range and re-emerged at the sasie J\ctive triangulation
placed the fish near the cliff just upstream ofrislease site that evening. It was
not contacted on the 9th; however, active trackiiigocate the fish in the early
morning of the 10th upstream of Blankenship Bentkiaater in a pocket of
bulrush on river left. Fish 122 was also actiieacked in the early morning of
the 11th in the main channel just south of the bandgland in Blankenship Bend
after which it moved within range of the SUR ouésaf Blankenship Bend
backwater across from the sandbar island wheesaimed through most of the
morning. It was not contacted again until theyeaxlening of the 11th by active
tracking just upstream of the Blankenship Bend beat&r entrance in an eddy
near submerged woody debris and again later tleatiey in the main channel
between the sandbar island and the backwater estrdaring which time it was
also in range of the SUR near the backwater endraast of the sandbar island,
and remained so consistently until the morninghefi2th. Fish 122 then moved
into the first cove of Blankenship Bend backwaterd short amount of time
before returning to the SUR at the entrance td#dekwater. Contact was lost
through much of the day until the late afternoomhef 12thwhen the fish re-
emerged at the same location. The last contdtdlofi22 was on the 12th by the
SUR just upstream of the Blankenship Bend backwatagance.

FisH 123

Fish 123 (TL = 362 mm and M = 358 g) was releaséal the main channel of
Blankenship Bend on April 8, 2014, and was acyiwgntacted that evening in
bulrush near the release location and on the Sthdiownstream from the release
location on river left at the downstream bend ari&enship Bend. Through the
first week and the beginning of the second, fisB étnained in the lower portion
of Blankenship Bend down to Rearing Cove. FishE2Bained in range of a
SUR at the lower bend of Blankenship Bend in the early morning of the 10th
for approximately an hour before moving out of @mtange through most of the
day and re-emerging in the evening of the 10thesame location where it
resided for over an hour. The fish was not coethon the 11th but was recorded
by SUR in the very early morning of the 12th in Blankenship Bend California
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backwater where it remained consistently throughniorning, except for several
hours of the early morning, during which time sappeared from detection and
re-emerged at the same location. The fish wasawotrded through the rest of the
12th but did re-emerge again at the same locatidhng early morning of the 13th
and remained in the area for a couple hours. MadAamg, the fish moved back
near the SUR at the lower bend of Blankenship Bentlpf detection through
the day, and by the evening of the 13th, fish E2@rned to the Blankenship
Bend California backwater for a brief amount oféimThrough most of the early
morning of the 14th, except for a few hours, fi&3 Wvas within detection range
of the SUR placed upstream of Rearing Cove. Lthggrmorning, fish 123 was
contacted by the SUR in the lower bend of BlankgnBend where it remained
for a couple of hours before moving out of contacige for much of the daylight
hours. Late in the evening of the 14th, the fiald returned to the SUR placed
upstream of Rearing Cove, and in the early morpirthe 15th, the fish was
actively tracked just south of Blankenship Bendimneddy near bulrush. Fish
123 was passively tracked back in the lower berBlarfikenship Bend through
the late morning of the 15th, and disappeared th#ikearly morning of the 16th
at the Blankenship Bend California backwater butkjy returned to the lower
bend of Blankenship Bend. That morning, the fisived out of range for a
couple hours, re-emerging at the same SUR befoxengnout of detection range
for most of the daylight hours. Fish 123 spentlétte evening of the 17th and the
early morning of the 18th in the Blankenship BeralifGrnia backwater before
moving upstream past the giant reAdufdo donax) in Blankenship Bend to the
downstream no boater zone entrance, through thgeefrea, and up to the SUR
between Mohave Rock and Trampas Cove. Fish 128inexth consistently at the
SUR from the morning throughout most of the daylutnéntered Trampas Cove
in the evening of the 18th. The fish disappeanedugh the late night of the 18th
and throughout the 19th until the early eveninghef19th when it re-emerged in
Trampas Cove for a couple hours. Fish 123 thearégdeviate from its
previously observed behavior as it traveled a 73Jistance in 3 days. This fish
moved upstream to the sand dunes very early oRGtiebefore moving out of
range throughout most of the 20th and re-emerditigeasand dunes late on the
evening of the 20th. Early on the 21st, fish 128dn swimming downstream
past the SUR between Mohave Rock and Trampas Gul/éheough the refuge.
Later in the morning, it swam past the SUR plagestneam of Rearing Cove and
then the SUR placed downstream from Rearing Coverded up back upstream
at the lower bend of Blankenship Bend by latehimnorning. In the early
morning of the 22nd, the fish was at the Mile 19ys1 The most downstream
recorded site of all tagged fish was located betvibe delta and basin on the
morning of the 23rddy active tracking, but the fish had returned witrange of
the Mile 17 buoys SUR by the evening of the 238@ginning on the 25th, fish
123 was continuously actively tracked in the same@ gust downstream from the
main Castle Rock entrance on river right whereaswetermined a mortality.
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FiIsH 124

Fish 124 (TL = 357 mm and M = 346 g) was releaséal the main channel of
Blankenship Bend on April 8, 2014. Active trackimgpped fish 124 near the
release site early in the morning of the 9th andrdsiream from the Blankenship
Bend California backwater in the evening of the Jilne SUR at the lower bend
of Blankenship Bend also contacted fish 124 inatea for a couple of hours that
evening. In the early morning of the 10th, thé fsoved near the entrance to the
Blankenship Bend backwater, being contacted betweeSUR outside of the
entrance across from the sandbar island and bSUtin the first cove of the
backwater until mid-morning, though there was acas®n the fish disappeared
and re-emerged in the area. The fish also movedfaletection range through
most of the daylight hours of the 10th and agaiemerged that evening at the
same location near the SUR placed in the first @i\®ankenship Bend
backwater. Fish 124 did swim upstream later thahig past the no boater zone
and the SUR between Trampas Cove and Mohave RdgigtAock. It swam to
the SUR at the big rock upstream of Trampas Couhégarly morning of the
11th. Later in the morning of the 11th, fish 12deed at the sand dunes, but
contact was lost until the evening of the 14th wtrenfish was tracked by the
SUR between Trampas Cove and Mohave Rock wheeenidined until the early
morning of the 15th. Mid-morning of the 15th, fi$B4 was contacted passively
in the refuge. It then moved out of contact ratigeugh most of the daylight
hours and re-emerged in the refuge where it wakedaactively and passively in
the evening of the 15th and remained through thenimg of the 16th. The fish
moved further upstream that morning to the SUR betwlrampas Cove and
Mohave Rock but remained out of contact from themmg of the 16th to the
evening of the 22nd, though re-emerging at the sae as previously recorded.
Fish 124 remained at this location throughout trenang of the 22nd and early
morning of the 23rd, disappearing during the dathef23rd, and re-emerging in
the evening of the 23rd still at the SUR betweesmpas Cove and Mohave
Rock. SURs did not contact fish 124 on the 24tB5ih; however, active
tracking did find the fish on the 24th in the evenat the entrance of Trampas
Cove near a large patch of bulrush where it wasmily disturbed by the
tracking boat but was inevitably followed upstreniicture Rock. When fish
124 returned downstream, it still remained in raofyhe SUR between Trampas
Cove and Mohave Rock in the evening of the 26thearty morning of the 27th.
The fish then traveled downstream to the no baaire entrance later in the
morning of the 27th and then to the SURs up- amindtream from Rearing
Cove in the evening of the 27th and early mornihthe 28th but arrived back
upstream at the lower bend of Blankenship Bend Iatehe morning of the 28th.
By the evening of the 28th, the fish moved back nlésvthe SUR downstream
from Rearing Cove where it remained for severalrfitnefore moving up to the
SUR upstream of Rearing Cove. Fish 124 was |lagiacted in the late evening
of the 28th upstream of Rearing Cove.
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FisH 125

Fish 125 (TL = 360 mm and M = 363 g) was releaséal the main channel of
Blankenship Bend on April 8, 2014, and was actitedgked approximately

200 meters downstream from the release site oavibeing of the 8th and was
passively tracked at the lower bend in Blanken&tapd for approximately an
hour in the evening of the 9th. Fish 125 was tinecked by active efforts
downstream from Blankenship Bend, near the SUReatawer bend, followed

by passive efforts at the SUR upstream of ReariogeGvhere it consistently
remained through the night of the 9th and intortteening of the 10thwith the
exception of a couple hours in the very early magrof the 10th, though it re-
emerged at the same SUR. Active tracking that mgralso identified the tag in
this area near pampas grass. After no contactaghrmost of the daylight hours,
in the evening of the 10th, the fish briefly retedrupstream to the lower bend of
Blankenship Bend and was also contacted activellyariower bend of
Blankenship Bend. Early in the morning of the 11igh 125 was within range of
the SUR in the refuge for several hours before mpupstream past Mohave
Rock and Trampas Cove and into Trampas Cove whezegined through the
morning, except for several hours, though the fssemerged near the same SUR.
The fish disappeared again in the late morningd thndilate afternoon, still re-
emerging in Trampas Cove. In the very late eveniripe 11th, fish 125 was
recorded at the sand dunes where it remainedhetedry early morning of the
12th. Not until the 19th was fish 125 contactethatSUR at the USGS gage
station. The next tracking event occurred by Shighe early morning of the 21st
back at the sand dunes. Later that morning, #feviias contacted at the SUR
between Trampas Cove and Mohave Rock, the enttartbe no boater zone, and
within the refuge. Fish 125 was not contacted fthen21st to the 26th. In the
late evening of the 26through the morning of the 27th, it was passivedgked

at the finger of the third cove of Blankenship Bdxatkwater and briefly in the
first cove. The SUR at the downstream entrand¢bdamo boater zone recorded
fish 125 in the evening of the 27th. From the 28tApril through the 3rd of

May, only activetracking could account for fish 125. In the earlgrning of the
29th, fish 125 was triangulated twice in bulrusst jupstream of the sand bar
island in Blankenship Bend. On the evening ofzhd, fish 125 was in the main
channel upstream of the backwater entrance edise &fand bar island, and on the
3rd, it was across from the sandbar island. Laethe 3rd, SUR data indicate
that the fish returned to the no boater zone feeis# hours but eventually came
back downstream to be contacted actively in thaiegeof the 4th in

Blankenship Bend near the sandbar island. SURsl&gest that the fish was
near the entrance to the backwater shortly afisttitne and then traveled into the
first cove of Blankenship Bend backwater wher@mained into the late evening.
Further active tracking complements these dangulating the fish near the
backwater entrance just downstream from the buaythe mid-morning of the
5th, the fish had exited the backwater and wakéby the SUR across from the
sandbar island near the backwater entrance. Foodmately 5 hours in the
morning, and during most of the daylight hourdh fl25 was out of contact range
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but did re-emerge at the same SUR. By the everfitige 6th and early morning
of the 7th, fish 125 was recorded by the SUR neanb boater zone entrance,
disappeared through most of the 7th, and re-emeagtiet same SUR in the
evening of the 8th. The fish went out of contactge until the evening of the
9th, still re-emerging at the same SUR. Simildrésor occurred the following 2
days, when fish 125 disappeared late in the evenfitige 9th and 10th and
reappeared in the evenings of the 10th and 11ttivé\tracking confirmed the
fish’s location upstream of Blankenship Bend in ¢vening of the 10th. Fish
125 was not contacted at all on the 12th but diemerge on the 13th in the
evening briefly before entering Blankenship BendKveater and was contacted
by the SUR in the first cove of the backwater, thethe finger in the third cove,
and back to the first cove. Active tracking alsartgulated fish 125 in the first
cove near the second cove moving toward the exiteobackwater. Early on the
14th, fish 125 was contacted again at the entreotiee no boater zone,
disappearing during much of the day and re-emernginige same area that
evening, and then moving upstream near the SURdsetWwrampas Cove and
Mohave Rock. Fish 125 traveled further upstreamméosand dunes in the
morning of the 15th, disappearing for a few hourd emerging in the same area,
as well as throughout most of the day. Fish 125 hast contacted on the 15th by
the SUR stationed at the sand dunes.

FIsSH 126

Fish 126 (TL = 337 mm and M = 256 g) was releassul the main channel of
Blankenship Bend on April 8, 2014, and was firghaty tracked in the evening
of the 11th near the release site and then pagsnaeked by the SUR at the
lower bend of Blankenship Bend. Shortly later #nagning, fish 126 swam
downstream past the SURs placed up- and downsfreamRearing Cove,
returning to the upstream SUR in the early mormhthe 12th and then back up
to the lower bend of Blankenship Bend. Later i morning of the 12th, the fish
moved through the first cove of Blankenship Bendkiaater to the third cove
and back to the first cove where it consistenthpaied into the evening before
being actively triangulated near the cliffs soutlhe sandbar island in
Blankenship Bend. Fish 126 arrived in the Blankgm&end California
backwater in the early morning of the 13th, movatiai contact range for a
couple hours in the morning, through most of thgidat hours of the 13th, and
for a couple of hours in the early morning of tlhlbut re-emerged each time
still in the Blankenship Bend California backwatémater in the morning of the
14th, fish 126 was passively tracked briefly atlthveer bend of Blankenship
Bend, moved out of detection range for most ofd&agdight hours, and then
returned to the Blankenship Bend California baclkew#tat evening. Late in the
evening of the 14th and early morning of the 188t 126 briefly moved within
range of the SUR upstream of Rearing Cove. Tlhesfigam upstream to the
lower bend of Blankenship Bend mid-morning of tB¢hlwhere it was very
briefly recorded by SUR. By the evening of thehl ish 126 had moved
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downstream past the upstream and downstream SUR&Kearing Cove to the
SUR upstream of the Mile 17 buoys where it remaihedugh the evening,
during which time it was actively triangulated néa lower Castle Rock
backwater entrance. In the morning of the 16#h fi26 returned upstream past
both SURs near Rearing Cove, moved out of congaxge during the daylight
hours, and swam into the Blankenship Bend Calitoha@ckwater by the evening.
Beginning in the morning of the 17th for a shortoamt of time, fish 126 was
contacted back and forth between the SUR at thertwend of Blankenship Bend
and in the California backwater and was next cdathm the morning of the
18th, again at the lower bend. Fish 126 was @oki&d again until the 21st, first
by SURs near the entrance to the no boater zonadhd refuge area that
morning, and then at the finger of the third co¥8lankenship Bend backwater
that evening. The fish was out of any contact eamgp more days before being
passively tracked through the morning of the 24tbkbat the entrance to the no
boater zone, occasionally being recorded by the BliRe refuge area, during
which time it received no contact for several hdausre-emerged back in the
same area. Fish 126 then disappeared throughahtbst 24th, though it again
re-emerged in the same area near the no boateirztime evening of the 26th.
Shortly afterward, the fish moved down into Blan&feip Bend, contacted by the
SUR across from the sandbar island near the baekwatrance for a very brief
amount of time. Fish 126 was next contacted aettieance of the no boater zone
with brief contacts by the SUR in the refuge in évening of the 26th, during
which time it moved out of contact for a couplehoiurs but re-emerged in the
same area. The fish was not tracked again forrakgtays but did re-emerge for
a brief period in the same area at the entrant®etoo boater zone on the 29th.
In the morning of the 30th, fish 126 was in thetfitove of Blankenship Bend
backwater, moved out of SUR range through muchefiay, and then back into
range that evening, still in the first cove befoereling near the SUR across
from the sandbar island in Blankenship Bend. Let¢he evening of the 1st of
May, the fish had returned back upstream to thbaater entrance, into the
refuge, and then upstream to the SUR between Ta@pae and Mohave Rock.
Fish 126 was not contacted again until the eveafrige 5th at the sand dunes,
the last record of contact.

FISH 127

Fish 127 (TL = 268 mm and M = 132 g) was releaséal the main channel of
Blankenship Bend on April 8, 2014, and was actitedgked that evening near
the release site in slower moving water west ofstiiedbar island. Through the
late evening, the SUR at the lower bend of BlankgnBend recorded fish 127
where it remained through most of the 9th. Veryyean the 9th, fish 127 was
again actively tracked, this time in a large eddginthe SUR at the lower bend of
Blankenship Bend on river right. For several hdatsr into the morning, the fish
had moved out of contact range of the SUR but@idmerge in the same area.
After being consistently passively contacted thifooguch of the 9th at the lower
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bend, in the evening of the 9th, fish 127 swam th®Blankenship Bend
California backwater where it remained for a cougflbours. The next contact
was not until the morning of the 10th by activeckiag just downstream from the
release site. In the evening of the 10th, the $laRed at the giant reed in
Blankenship Bend briefly recorded the tag, shatter which the SUR at the
entrance to the no boater zone upstream of Blahike®Bend recorded the fish
for several hours, with occasional contacts iniderefuge. Later that evening,
the fish moved back downstream to near the giad e Blankenship Bend and
was actively triangulated just upstream of Blankgn&end’s lower bend on
river left. Early on the 11th, fish 127 had movetk upstream to the no boater
entrance and then to the SUR between Trampas Quvk®lahave Rock. The
fish continued to swim upstream, being contactethBySUR at the big rock
upstream of Trampas Cove and then at the sand dUinesafternoon of the 11th
at the sand dunes was the last contact with figh 12

FisH 137

Fish 137 (TL = 310 mm and M = 210 g) was releassul the backwater of
Blankenship Bend on April 8, 2014, where it remdif@ most of its contacts for
the first few days of the study. Through the 8tie, fish sporadically traveled
around the backwater, being recorded initiallyne afternoon by the SUR in the
third cove of Blankenship Bend backwater beforajgigaring from detection for
several hours and re-emerging in the third coverevliecontinued to be contacted
by SURs at the south end of the third cove anterfinger. Next, it was
recorded by the SUR in the first cove. Active kiag during this time
triangulated the fish approximately 15 meters fitauirush in the main channel
before it returned to the third cove, with occasiaontacts in the finger, as
recorded by passive equipment. Beginning in theedaening of the 8th and then
early morning of the 9th, fish 137 moved from thistfcove of the backwater to
outside of the backwater near the entrance, wievas recorded by the SUR east
of the sandbar island, and briefly moved back amthfoetween the two SURS in
the morning and evening of the 9th. That mornaagive tracking recorded the
fish in this area on the edge of bulrush and tliahmg, the fish was actively
tracked near the entrance to the backwater in slulr®imilar behavior was
recorded beginning on the morning of the 10th adigh continued to move back
and forth between the SURs in the first cove ohR&nship Bend backwater and
outside of the backwater entrance east of the sanslland. The fish was
suspected to be in the same location as the preday based on active tracking.
The fish did move out of contact range from the Saait of the sandbar island
through the daylight hours of the 10th and emetbatlevening at the first cove
of the backwater. Fish 137 disappeared for a fewrdthat evening, this time re-
emerging at the same SUR in the first cove. Adiigeking placed it near the
entrance to the backwater moving into bulrush qigsit was re-emerging in range
of the SUR. In the early morning of the 11th, tise had moved into the third
cove of the backwater where its location was cargil by active tracking. It was
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soon contacted by the SUR in the finger for a spertod and then returned in
range of the SUR at the south end of the third cdager that morning, the fish
moved into the first cove before again traveling @SUR detection range for
approximately 12 hours and before being contactede evening briefly by the
SUR outside of the backwater entrance east oféhdlr island, back in the first
cove, and then in the third cove. Again, actiaeking confirmed fish 137’s
location in the third cove that evening. The fistveled back out of the
backwater later in the evening as it was contaicieke first cove and outside of
the entrance by SUR. The fish was not contacteddrnate evening of the 11th,
only briefly passively at the finger in the morniafithe 12th, and not at all on the
13th but was recorded again at the finger of tivel tove of Blankenship Bend
backwater early in the morning of the 14th. Ithdogor then changed as it
traveled out through the first cove, past the batkwentrance, to the no boater
zone entrance, and then back downstream to thegthe giant reed in
Blankenship Bend. In the evening of the 14th file continued to travel
downstream past the up- and downstream SURs ofrigg@ove and then back
up to the lower bend of Blankenship Bend by themmay of the 15th. Fish 137
was not recorded during the daylight hours of thih but was contacted in the
evening of the 15th at the Castle Rock backwatstrapm entrance and then at
the SUR upstream of the Mile 17 buoys. In the nmgyiof the 16th, the fish was
contacted further downstream at the SUR downstfeam the Mile 17 buoys in
the main channel. Later that morning, the fish etbmear the Mile 17 sign in the
Castle Rock backwater. The fish then moved otith@fCastle Rock backwater,
being recorded at the Castle Rock backwater mdnamce that evening after
being out of SUR detection range throughout moshefaylight hours. Fish
137 swam upstream the morning of the 17th, passtfie downstream from
Rearing Cove to the SUR upstream of Rearing Cow®jmg out of detection
range through the daylight hours and re-emergirigeasame SUR in the evening.
The last record of fish 137 occurred at the SURrepsm of Rearing Cove on the
evening of the 17th.

FisH 138

Fish 138 (TL = 376 mm and M = 351 g) was releas#ulthe backwater of
Blankenship Bend on April 8, 2014. It was subsedyeontacted by the SUR in
the third cove and the SUR in the finger of thedluove of Blankenship Bend
backwater in the afternoon. That evening, the SUtRe first cove of the
backwater recorded the fish, followed by the SURIole of the backwater
entrance east of the sandbar island, but the fisindve back past the first and
third cove to the finger. Active tracking that eugy triangulated the fish near the
release site. The fish was still near the fingehe third cove in the early
morning of the 9th, though it was out of SUR detettange through most of the
early morning before re-emerging at the same SURwaas briefly contacted by
the SUR of the third cove. The fish was out oftachrange through most of the
daylight hours but re-emerged at the same SURetlating. Contacts that
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evening were similar to the previous night, shgtbetween the third cove and
finger before moving out and shifting between tingt tove and outside of the
backwater entrance. Fish 138 eventually settletherSUR outside of the
backwater entrance through most of the late evesibearly morning of the
10th. Fish 138 then passed the first cove and shetmeen the finger and the
third cove. The fish was tracked actively at theance to the back bay. Later in
the morning, the fish exited the third cove andmvmack and forth between the
first cove and out near the SUR east of the sandlzard outside of the
backwater. For the remainder of the morning avéted within range of the third
cove and finger before disappearing by the lateningr In the afternoon, the
fish re-emerged near the same location near tigeffiwhere it remained, also
within detection radius of the SUR of the third epfor less than an hour. The
fish was not tracked for the rest of the afternbahagain re-emerged in the
evening at the same location where it remaine@ver an hour, again with
contacts in the third cove. No tracking data efasthe 11th, but the fish was
passively tracked near the no boater zone in thaieg of the 12th before
returning downstream past the SUR east of the sanslland, into the first cove
of Blankenship Bend backwater, and into the thodecand near the finger of the
backwater for a brief period early in the mornirighe 13th. Fish 138 then swam
back out past the first cove to outside of the baatkr to the SUR east of the
sandbar island before disappearing from detechioyugh most of the daylight
hours and re-emerging at the same SUR in the egefihe fish quickly traveled
to the SUR at the Blankenship Bend California baatiewin the evening of the
13th. Interestingly, fish 138 was not contactadulyh almost all of the morning
of the 14th but did re-emerge still at the Blankep®8end California backwater
SUR in the late morning, again moving out of cohtaage through the rest of
the afternoon and re-emerging at the same SUReiedhy evening. Later that
evening, the fish swam downstream past the SURanghdownstream from
Rearing Cove as well as the SUR upstream of the Milbuoys. The fish
remained near the SUR downstream from the Mileudyb into the early
morning of the 15th and then returned upstrearheéddwer bend of Blankenship
Bend but then back down to the Mile 17 sign in@aestle Rock backwater still
before sunrise. On the evening of the 15th, tHedimerged at the SUR upstream
of the Mile 17 buoys where it remained into the niiog of the 16th, though it
disappeared and re-emerged at the same SUR faakbweers that morning.

Late that evening, the fish traveled upstream fpessSUR downstream from
Rearing Cove to the SUR upstream of the backwdimsh 138 was next
passively tracked in Blankenship Bend near thetgeed and actively tracked
north of the small sandbar before traveling toltiveer bend of Blankenship Bend
before late morning. The fish was not trackedladwing the third week of the
study. On the 2nd of May, fish 138 was only tratketively in the late evening
upstream of the Blankenship Bend California backwantrance but then tracked
passively in the evening of the 3rd in the Califarbackwater. Again, the fish
was out of any detection until the 6th, re-emergitigjin the California

backwater that afternoon for a short amount of tir@& the 7th, the fish was only
tracked actively in vegetation around a sandy atgside of the Blankenship
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Bend California backwater in the late evening drehtagain at the same location
in the early morning on the 8th. In the eveninghef 8th, fish 138 moved back
into the Blankenship Bend California backwater.e Tish was not tracked on the
9th but was on the 10th in the morning passivelhatSUR upstream of Rearing
Cove. The fish was not tracked again until themmay of the 15th only by active
efforts in an eddy just downstream from the lowend of Blankenship Bend.
Fish 138 was last contacted at this location oriL&th.

FISH 139

Fish 139 (TL = 340 mm and M = 260 g) was releassulthe backwater of
Blankenship Bend on April 8, 2014, where it wastaoted by the SUR in the
third cove and the finger of the backwater throttghafternoon. It was
predominately contacted by the SUR at the fingehé&mid-evening, returned
back in range of the SUR in the third cove, and thentured into the first cove
by late evening. The fish was also actively traclteat evening in the backwater
10 meters from the edge of cattails. By the eaudyning of the 9th, the fish
moved from the first cove back into the third cov¢o the finger, and then out
back out through the third cove to the first cotater in the morning, the fish
was contacted back and forth between the first emveoutside of the backwater
to be contacted by the SUR east of the sandbadis|&or a couple of hours in
the morning, fish 139 moved out of detection rabgere-emerged near the same
SUR east of the sandbar island in Blankenship Bk fish disappeared again
through much of the daylight hours and re-emergdtie early evening of the
9th, also outside of the backwater entrance easto$andbar island. Through
the evening, the fish exhibited similar behaviacayeling back and forth in and
out of the backwater. Fish 139 disappeared inrtbming of the 10th for several
hours and re-emerged again in the same area ree8tJR east of the sandbar.
The fish was not contacted for the remainder ofddne but did re-emerge in the
first cove of the backwater in the morning of tighlbefore swimming into the
third cove and near the finger and then back awatigh the first cove to east of
the sandbar island. Again, the fish was out oéclein range during the day but
did re-emerge in the evening of the 11th at thees8R east of the sandbar
island. Active tracking that evening triangulatkd fish first north of a brush
patch at the corner of the sandbar island and pledwurs later south of the
sandbar island. In the late evening of the 11sh, 39 disappeared but re-
emerged a couple hours later at the same SUR eth& sandbar island in the
early morning of the 12th before moving into thstficove. Passive tracking
suggests that the fish then swam downstream tmwer bend of Blankenship
Bend where it remained through the early mornilmgthe evening of the 12th,
the fish swam downstream and was recorded by SigRand downstream from
Rearing Cove, the SUR at the main upstream entrianite Castle Rock
backwater, and to the SUR at the Mile 17 sign en@astle Rock backwater. By
the early morning of the 13th, fish 139 was recdrdethe SUR upstream of the
Mile 17 buoys in the main channel. It then brigfyurned to the lower bend of
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Blankenship Bend before traveling back down toGlastle Rock backwater
upstream entrance and then back up to the SUR di®ans from Rearing Cove
where it moved out of range for most of the morrefpre re-emerging at the
same SUR in the late afternoon of the 13th. Byawg fish 139 traveled further
upstream past the SUR upstream of Rearing Coveetbrst cove of Blankenship
Bend backwater, outside of the backwater entraasedd the sandbar island, and
back into the first cove by the morning of the 14ithe fish was actively
triangulated in bulrush with submerged woody debogh of the upper bend.
Later in the morning, the fish was passively trackethe finger of the backwater,
after which it swam through the third cove into finst cove, where it was briefly
recorded by the SUR outside of the entrance eakeafandbar island. For 5
hours the fish was not contacted in the late mgrrfior 1 hour in the afternoon, a
couple hours in the late afternoon, and 1 hounéndarly evening but re-emerged
each time at the same SUR in the first cove obtiekwater on the 14th. Later,
fish 139 moved into range of the SUR at the fire®t then back through the first
cove to move upstream to the entrance to the nebpane where it was
occasionally contacted by the SUR in the refugkee fish remained at the no
boater zone entrance into the morning of the 1&#ter in the morning, passive
tracking recorded the fish in the Blankenship B@&adifornia backwater where it
disappeared for most of the day and re-emergedbtiat evening at the same
location. Fish 139 was next contacted in the nmyf the 16th at the lower
bend of Blankenship Bend where it remained for@pt®hours. There were no
contacts on the 17th, but the fish was tracketiéenetvening of the 18th in the
Blankenship Bend California backwater. Again, eahivas lost with fish 139

for the remainder of the evening and did not resgmeintil several hours later in
the morning of the 19th at the same SUR in the Ig&daship Bend California
backwater. The fish later swam downstream todket bend of Blankenship
Bend. Fish 139 was not contacted again until emieg of the 21st at the giant
reed in Blankenship Bend. Again, the fish movetiaficontact range. Active
efforts triangulated the fish in the morning of @&th in a cattail pocket upstream
of the entrance to the Blankenship Bend Califob@ekwater. The last passive
contact was not until the 3rd of May inside of Biankenship Bend California
backwater. Active tracking in the evening of tihlof May triangulated the fish
twice upstream of the Blankenship Bend Califorraakwater entrance in a cattail
pocket. In the early morning of the 13th, the fighs actively tracked on river

left at the lower bend of Blankenship Bend. Thaswhe last contact of fish 139.
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FisH 140

Fish 140 (TL = 304 mm and M = 180 g) was releastal the backwater of
Blankenship Bend on April 8, 2014. The fish reneaim the third cove of
Blankenship Bend backwater for much of the duratibthe study beginning on
the afternoon of the 8th as confirmed by pass&eking. The fish was out of
detection range for several hours in the late aften of the 8th but re-emerged at
the same SUR in the third cove before moving iheofirst cove and then out of
the backwater to be recorded by the SUR east adahdbar island. Active
tracking during this time triangulated the fish ngwee cliff south of the sandbar
island. Fish 140 then moved in and out of the et&r, being recorded by the
SUR east of the sandbar island and the SUR inittecbve but remained in the
first cove through the morning of the 9th. Latettmorning, the fish briefly
swam back into the third cove where it was pasgiaal actively tracked west of
the release site near bulrush before revisitingiteecove and then moving out of
contact through much of the day until the evenihthe 9th when it was
passively tracked by SURs in the third cove anddirof Blankenship Bend
backwater. Active efforts that evening also tratkee fish near the finger. In the
morning of the 10th, the fish remained near th&kater finger, and active
tracking placed the fish in the back bay of thekiaater. During the later
morning and much of the day, the fish again disapgzkand re-emerged at the
same SUR in the third cove that evening. Fishré#@ained predominately near
the SUR in the third cove, with occasional contégtshe SUR at the finger
through the evening and into the morning of thén1JActive tracking continued
to find the fish in the third cove during this tiraed recorded the fish more south
in the morning of the 11th. Later that morning flsh visited the first cove
before moving out of contact for much of the d&yithe evening of the 11th,

fish 140 was back in the third cove and near thgef of Blankenship Bend
backwater. The fish was triangulated again inthiivel cove in a similar area,
causing suspicion of a potential mortality. Howewata from active efforts
triangulated the fish near the mouth of the fingeid passive tracking recorded
the fish more consistently at the SUR in the finpeough the remainder of the
evening of the 11th. It may be possible that 1i4b swam into the finger at this
time. The fish remained at this location througlcimof the morning of the 12th,
receiving consistent contacts at the SUR at thgefimnd occasional contacts by
the SUR in the third cove. Again, the fish disagmee during the day and re-
emerged at the same SUR in the third cove in egesfithe 12th. Most passive
tracking data indicated that the fish was closeh&SUR at the finger through
the evening, and active tracking again placedigtteih the third cove. Similar
behavior occurred on the 13th, as the fish remaiméioe third cove and near the
finger through the morning, was briefly contacteggvely in the first cove,
disappeared through the day, and emerged in tiiedbve in the evening. Fish
140 did move out of detection range for a couplaafrs in the evening of the
13th, as well as several hours in the late eveantinto the morning of the 14th,
re-emerging both times at the same SUR in the finfthe backwater. Later in
the morning, the fish visited the first cove, disagring through the day, and re-
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emerged in the early evening at the same SUR beftuening to the finger of the
backwater later in the evening. Active trackingiagconfirmed the location of
the fish in the third cove where it was stationiaty the morning of the 15th. On
the 15th, fish 140 exhibited similar behavior te firevious day, moving to the
first cove, disappearing through the day, re-enmgyrgit the same SUR in the first
cove in the evening, and returning to the fingEne 16th displayed the same
pattern, as did the 17th, with the exception offte® that while the fish did
disappear and re-emerge around the same timel, siodnear the finger and not in
the first cove, though it did visit the first colage in the evening of the 17th. The
fish mimicked its behavior from the 17th on theH, 8emaining stationary at the
finger through the morning, disappearing duringdbg, re-emerging in the
evening at the same SUR, and visiting the firsedater in the evening. The
19th is significant because fish 140 deviated frenbehavior pattern exhibited
through the first and much of the second week as# contacted in the
Blankenship Bend California backwater that mornthgugh it still disappeared
and re-emerged in the evening at the same SUR fiSfhenoved to the lower
bend of the Blankenship Bend in the morning of28&huntil the early afternoon
before returning to the Blankenship Bend Califotvégkwater that evening. In
the morning of the 21st, the fish was again at Béaship Bend’s lower bend and
then it's California backwater that evening. Affehours of non-detection, fish
140 re-emerged at the same SUR in the Blankensdm Balifornia backwater
in the morning of the 22nd. In the evening of #2&d, the fish returned to the
first cove of Blankenship Bend backwater and thenfinger where it was
passively tracked into the morning of the 23rd befooving out of detection
range through the remainder of the morning and mioi$te day only to re-
emerge at the same SUR in the finger that evepisgas was observed the
following day of the 24th. After spending the mioignof the 25th near the finger
and moving out of detection range, fish 140 emergdle first cove in the
evening of the 25th, instead of at the same looatlwough it quickly returned to
the finger. The fish displayed behavior similathe 23rd and 24th everyday on
the 26th of April through the 104f May. For over an hour in the early morning
of the 10th, fish 140 was not contacted but didmeerge at the same SUR at the
finger. During this time, active tracking triangted the fish in the evenings and
early mornings throughout the third cove, often mgwaround. Behavior finally
deviated the evening of the 10th when the fish swamthe first cove. Here, it
disappeared for several hours into the early mgroirthe 11th and a couple of
hours shortly later in the morning, re-emergingpath cases at the same SUR in
the first cove. As consistent with its activitishif 140 disappeared from the first
cove through most of the day of the 11th and wasotacted at all on the 12th.
However, the fish re-emerged back at the fingeaflyrin the evening of the 13th
before traveling to the first cove. In the evenaighe 13th, active tracking
followed the fish as it moved toward the first coueter, the fish was
triangulated in the second cove of Blankenship Baftér which it was recorded
passively at the finger. It quickly returned te first cove where it remained into
the morning of the 14th, again being actively tgalated in the morning of the
15th in the second cove. The SUR in the first aeeerded the fish through the
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evening of the 15th, while active tracking recordaelfish to be near the entrance
of the backwater, moving toward the main chanmah@lhe cliffs. Shortly after,
fish 140 was recorded by the SUR outside of th&water east of the sandbar
island. The fish was not contacted through moshefmorning of the 16th but

did re-emerge at the same location east of thebsarimefore moving back into

the backwater to the first cove. Fish 140 wascootacted on the 17th or 18th,
and only once passively very late on the 19th,istthe first cove. Through the
early morning of the 20th, fish 140 remained infir& cove. The 20th of May
was the last contact for fish 140 in Blankenshimd@backwater.

FISH 141

Fish 141 (TL = 302 mm and M = 196 g) was releas#ulthe backwater of
Blankenship Bend on April 8, 2014, did not trael from Blankenship Bend,
and was quickly lost. The fish remained in thedltove of the backwater,
receiving occasional contacts at the finger, uhellate evening of the 8th,
although it did move out of detection range foresal’hours but re-emerged at
the same SUR. The fish was recorded activelyaenstttond cove near a line of
cattail before returning back to the third cove aedr the finger where it
remained into the morning of the 9th. Later in th@rning of the 9th, fish 141
again swam into the first cove and out of the batkwwhere it was contacted by
the SUR outside of the entrance to Blankenship Be#twater east of the
sandbar island. After no contacts during the tlag/ fish swam back through the
first cove to return to the third cove and nearfthger in the evening of the 9th.
Later in the evening, the fish revisited the foste to swim out within range of
the SUR east of the sandbar island and continugdvel back and forth between
the two SURs through the morning of the 10th. fi$lewas out of contact range
for over an hour during this morning but re-emdrgethe same SUR before
moving back out of contact range through most efday. In the evening of the
10th, fish 141 began between the SURs in thedoge of Blankenship Bend
backwater and outside of the backwater east oddhebar island. It later
traveled downstream to the California backwatels im@efly contacted by the
SUR at the giant reed, and then traveled to thelddyend of Blankenship Bend
by the early morning of the 11th. The fish was @iudetection range through part
of the day but re-emerged at the same SUR at therlbend of Blankenship
Bend on the afternoon of the 11th. Active trackatgp recorded the fish in the
lower bend in the evening, but fish 141 later ne¢adrto Blankenship Bend
backwater through the first cove to the third camd near the finger according to
passive data. Later in the evening, the fish redgshe first cove and exited the
backwater to be recorded by the SUR east of thébsansland. Active tracking
at this time triangulated the fish near the enteamitthe backwater at the buoy.
The fish was not recorded through the late eveafrige 11th and early morning
of the 12th but re-emerged at the same SUR anddisappeared again through
most of the day, still re-emerging in the evenihtha same SUR east of the
sandbar island before returning back into the Gicste. Active tracking
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triangulated the fish in the main channel eashefdandbar during the time the
SUR in the first cove was contacting the fish.tha evening of the 12th, fish 141
moved upstream, past the SUR east of the sandaad jsand within range of the
no boater zone entrance; however, the fish quickiyrned downstream to near
the Blankenship Bend backwater entrance as it watacted by the SUR east of
the sandbar island and the SUR in the first cdaehe early morning of the 13th,
the fish traveled further downstream to the SURsamgl downstream from
Rearing Cove. The last contact with fish 141 vedsrlin the morning of the 13th
at the lower bend of Blankenship Bend by the SUR.

FISH 142

Fish 142 (TL =486 mm and M = 915 g) was releas#ulthe backwater of
Blankenship Bend on April 8, 2014. The fish renedin the third cove of the
backwater through the afternoon and evening o8thend morning of the 9th as
confirmed by SURs in the third cove and fingerte backwater and active
tracking. The fish moved out of detection rangedigh most of the day of the
9th but re-emerged in the evening at the sameitochy the SUR in the finger.
Later in the evening of the 9th, the fish travdleeugh the first cove to very
briefly be contacted by the SUR placed outsidédnefidackwater entrance east of
the sandbar island. Active tracking at this timangulated the fish
approximately 100 meters downstream from the batkwentrance near the cliffs
and later in the center of the first cove. Byldite evening, the fish swam back
into the third cove, occasionally contacted by$tR in the finger. In the very
early morning of the 10th, the fish took a simath through the first cove to
outside of the entrance of the backwater, remaimrigis area through much of
the morning. The location of fish 142 was confidhwesually during active
tracking upstream of Blankenship Bend backwaten@tbe sandbar island that
morning. Fish 142 then moved to the SUR in th& fiove and further to the
SUR in the third cove and then the finger beforgrise. Again, the fish
disappeared through the day but re-emerged inviixeireg of the 10th and then
traveled to the first cove, briefly being contacbydthe SUR outside of the
backwater east of the sandbar. Active trackingnéofish 142 at the south end of
the first cove in bulrush. Very late in the evenof the 10th and into the
morning of the 11th, the fish moved from the SURha third cove to the SUR in
the finger, while active tracking identified thetito be at the south end of the
third cove. As expected, contact was lost thraihghday, but the fish re-emerged
in the evening at the same SUR at the finger obtekwater. Later in the
evening, right before the fish was contacted infifs¢ cove, active tracking
triangulated the fish as swimming from the thirdedoward the first where it
remained for a short amount of time before retugriack to the third cove where
it moved back and forth between the two SURs incthee and finger through the
evening. By the morning of the 12th, fish 142 agasited the first cove for a
few hours and then swam through the third covetiorn closer to the finger.
Contact was lost through the remainder of the aRthcompletely on the 13th
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before re-emerging still at the finger in the ewgnof the 14th. Consistently, the
fish entered the first cove and exited the backw@at®&e recorded by the SUR
east of the sandbar island. Active tracking plabedfish south of the large
sandbar island where it had previously been obderigially. By the morning of
the 15th, the SUR in the first cove briefly recatdie fish, while active tracking
triangulated the fish in an eddy in Blankenship @anthe edge of bulrush,
swimming downstream. Atypical of behavior thus fegh 142 did travel
downstream in the morning of the 15th past the StjirRsand downstream from
Rearing Cove to the main upstream entrance to #sti€€Rock backwater, before
returning upstream to the lower bend of Blanken&gpd and then moving out

of SUR detection range. In the afternoon of thin 1fish 142 was passively
tracked near the main entrance of the Castle Rackviater where it disappeared
for a large portion of the day but re-emerged atshme SUR in the later evening.
Briefly, in the morning of the 17tind 18th, passive tracking recorded the fish at
the SUR upstream of the Mile 17 buoys. In the engenf the 18th, for a short
amount of time, the fish was near the SUR in thstl€a&ock backwater. Fish
142 returned upstream early in the morning of @i 1o the SUR downstream
from Rearing Cove. Fish 142 was not tracked agatit the 16th of May, re-
emerging at the same location. This SUR downstfieam Rearing Cove on the
16th of May was the last contact for fish 142.
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