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10959 Tyler Road, Red Bluff, CA 96080, (530)5273304

Abstract- In late-November 2009, the U.S. Fish and Wild$rvice continued an ongoing
juvenile salmonid monitoring project on Battle Geg€alifornia, using rotary screw traps.

Battle Creek, a tributary of the Sacramento Riigemportant to the conservation and recovery
of federally listed anadromous salmonids in the&aento River watershed because of its
unique hydrology, geology, and habitat suitabildy several anadromous species. Information
about juvenile salmonid abundance and migratidBaitile Creek is necessary to guide efforts at
maintaining and eventually restoring populationghoéatened and endangered anadromous
salmonids. From November 24, 2009 through Jul\2080, spring and late-fall run Chinook
salmonOncorhynchusshawytscharainbow trout/steelheadncorhynchus mykisand 9 species
of non-salmonids were captured in the Upper B&tkek (UBC) rotary screw trap. During the
period January 11 through February 22, 2009, welwcted five valid mark-recapture trials at
the UBC trap to determine rotary screw-trap efficie Trap efficiencies using naturally
produced fall Chinook salmon varied from 4.2 to828.with a season average of 9.1%. Only
naturally produced Chinook salmon trap efficien@es used to estimate passage of Chinook
salmon and steelhead at the UBC trap. InitiallyinGok salmon run designations were made
using length-at-date criteria developed for ther&aento River; however, spring and fall
Chinook salmon catch data was combined prior toutaing spring Chinook salmon passage
estimates. In addition, several Chinook salmoasifeed as fall-run were reclassified as late-fall
run based on data collected during spawning suraegisadult passage data collected by
Coleman National Fish Hatchery. The brood yea®{ffing Chinook salmon passage estimate
at the UBC trap was 96,555, and the brood year Pigcfall Chinook salmon passage estimate
was 770. The passage estimates for age 1+ raitrbowisteelhead and brood year 2010 young-
of-the-year at the UBC trap were 1,760 and 3,3Speetively.
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Introduction

In recent decades, California has experiencedrdecin several of its wild salmon and
steelhead populations. These declines have baadlito a variety of factors, but the
development of federal, state, municipal, and peiveater projects is likely a primary
contributing factor (Jones and Stokes 2005). Bseadi the declines, two populations of
Chinook salmon@ncorhynchus tshawytschand one population of steelhe&l (mykisyin the
Sacramento River watershed were listed as thredinendangered under the Endangered
Species Act (ESA) or the California Endangered f&seAct (CESA).

Battle Creek, a tributary of the Sacramento Riiemportant to the conservation and
recovery of federally listed anadromous salmonidshe Sacramento River watershed because of
its unique hydrology, geology, and habitat suiipfbr several anadromous species and
historical land uses (Jones and Stokes 2005).oR&isiN actions and projects that are planned or
have begun in Battle Creek focus on providing falédr the endangered Sacramento River
winter Chinook salmon, the threatened Central Wadlering Chinook salmon, and the
threatened Central Valley steelhead. Currentlyggmgraphic range of the winter Chinook
salmon Evolutionary Significant Unit is small amehited to the mainstem of the Sacramento
River between Keswick Dam and the town of Red BIG#lifornia, where it may be susceptible
to catastrophic loss. Establishing a second ptipalan Battle Creek could reduce the
likelihood of extinction. Battle Creek also has tiotential to support significant, self-sustaining
populations of spring Chinook salmon and steelhead.

Since the early 1900's, a hydroelectric projechased of several dams, canals, and
powerhouses has operated in the Battle Creek viagigrsThe hydroelectric project, currently
owned by Pacific Gas and Electric Company (PG&B} had severe impacts upon anadromous
salmonids and their habitat (Ward and Kier 199®luding a reduction of instream flows,
barriers to migration, loss of habitat, flow rethtemperature impacts, etc.

In 1992, the Central Valley Project Improvement KEVPIA), federally legislated
efforts to double populations of Central Valley dreanous salmonids. The CVPIA
Anadromous Fisheries Restoration Program outliéidras to restore Battle Creek, which
included increasing flows past PG&E’s hydroelecpraaver diversions to provide adequate
holding, spawning, and rearing habitat for anadnasrgalmonids (USFWS 1997). Prior to
2001, PG&E was required under its Federal EnergyuR¢ory Commission (FERC) license to
provide minimum instream flows of 0.08%= (3 cfs) downstream of diversions on North Fork
Battle Creek and 0.14¥s (5 cfs) downstream of diversions on South Fork|Ba@reek.

However, from 1995 to 2001, the CVPIA Water Acqtinsi Program contracted with PG&E to
increase minimum stream flow in the lower reacHab® north and south forks of Battle Creek.
This initial flow augmentation provided flows betere0.71 and 0.99 s (25 and 35 cfs) below
Eagle Canyon Dam on the north fork and below CoteBi@ersion Dam on the south fork.

In 1999, PG&E, California Department of Fish anahé& (CDFG), U.S. Fish and
Wildlife Service (USFWS), U.S. Bureau of Reclamat{®ySBR), and National Marine Fisheries
Service (NMFS) signed a Memorandum of Understan(vt@U) to formalize the agreement
regarding the Battle Creek Salmon and SteelheatbRé¢i®n Project (Restoration Project). The
planning, designing, and permitting phases of test&ation Project have taken longer than
originally anticipated; therefore, funds for incged minimum flows in North and South Fork
Battle Creek from the CVPIA Water Acquisition Pragr ran out in 2001. However, the federal
and State of California interagency program knowth@ CALFED Bay-Delta Program
(CALFED) funded the Battle Creek Interim Flow Pijbeginning in 2001 and will continue to
until the Restoration Project begins. The intdrthe Interim Flow Project (IFP) is to provide
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immediate habitat improvement in the lower readfd3attle Creek to sustain current natural
populations while implementation of the more corpresive Restoration Project moves
forward. Under the IFP, PG&E maintains minimuntieam flows at 0.85 f¥s (30 cfs) by
reducing their hydroelectric power diversions fritay to October. In 2001, funding for the
IFP was provided for the north fork, but not thetkdfork. In 2002, some of the north fork IFP
flows were reallocated to the south fork under gre@ment which allows for changing flows on
either of the forks based on environmental conadd#if.e., water temperatures, numbers and
locations of live Chinook salmon and redds). Bagig in late 2002, the IFP began providing
the full minimum flow of 0.85 nis (30 cfs) on both forks. In 2001, increased #avere
provided only on the north fork in part based osarkations of higher Chinook salmon
spawning on the north fork than on the south fdRledd counts from 1995 to 1998 indicated that
46% of spawning occurred in the north fork versé®2n the south fork (Newton et al. 2008).

The U.S. Fish and Wildlife Services’ Red Bluff riand Wildlife Office (RBFWO)
began using rotary screw traps to monitor downstrpassage of juvenile salmonids on Battle
Creek, Shasta and Tehama Counties, Californiagjtegnber 1998 (Whitton et al. 2006).
During the current report period, the RBFWO onlgigied the Upper Battle Creek trap to
estimate downstream passage; however, the LowdeBaeek trap was used to capture fall
Chinook salmon for mark-recapture trials. The psggoof this report is to summarize rotary
screw trap data collected during the period Nover@de 2009 through July 16, 2010. This
ongoing monitoring project has three primary objes: (1) determine an annual juvenile
passage index (JPI) for Chinook salmon (salmon)ramibow trout/steelhead (trout), for inter-
year comparisons; (2) obtain juvenile salmonid tifgtory information including size, condition,
emergence, emigration timing, and potential faclionging survival at various life stages, and
(3) collect tissue samples for genetic analyses.

Study Area

Battle Creek and its tributaries drain the westalganic slopes of Mount Lassen in the
southern Cascade Range. The creek has two priniauyaries, North Fork Battle Creek, which
originates near Mt. Huckleberry and South Fork IBa@rreek, which originates in Battle Creek
Meadows south of the town of Mineral, Californidorth Fork Battle Creek is approximately
47.5 km (29.5 miles) long from the headwaters ®dbnfluence and has a natural barrier
waterfall located 21.7 km (rm 13.5) from the coeflige (Jones and Stokes 2004). South Fork
Battle Creek is approximately 45 km (28 miles) lamgl has a natural barrier waterfall (Angel
Falls) located 30.4 km (rm 18.9) from the confluefdones and Stokes 2004). The mainstem
portion of Battle Creek flows approximately 27.3 kb7 miles) west from the confluence of the
two forks to the Sacramento River east of Cottordy@alifornia. The entire watershed
encompasses an area of approximately 93,200 han(Bé¢€?; Jones and Stokes 2004). The
current 39 km (24.4 miles) of anadromous fisherBattle Creek encompasses that portion of
the creek from the Eagle Canyon Dam on North Fa@#l® Creek and Coleman Dam on South
Fork Battle Creek to its confluence with the Saaata River (Figure 1). Historically, the
anadromous fishery exceeded 85 km (53 miles).

Battle Creek has the highest base flows of arth®@Sacramento River tributaries
between Keswick Dam and the Feather River, andsflare influenced by both precipitation and
spring flow from basalt formations (Jones and S¢dk@05). The average flow in Battle Creek is
approximately 14.1 fits (500 cfs; Jones and Stokes 2004). South FatleB2reek is more
influenced by precipitation and likely experientégher peak flows, whereas North Fork Battle
Creek receives more of its water from snow melt ggmihg-fed tributaries. Maximum discharge
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usually occurs from November to April as a restih@avy precipitation. Average annual
precipitation in the watershed ranges from aboutr6425 inches) at the Coleman Powerhouse
to more than 127 cm (50 inches) at the headwatgtts most precipitation occurring between
November and April (Ward and Kier 1999). Ambiemttamperatures range from about 0°C
(32°F) in the winter to summer highs in excess6S8fCA(115°F).

Land ownership in the Battle Creek watershedadsrabination of state, federal, and
private including the CDFG, Bureau of Land Managen{BLM), and USFWS. Most of the
land within the restoration area is private andexbfor agriculture, including grazing.

Currently, much of the lower Battle Creek waterslsegndeveloped, with scattered private
residences, ranching enterprises, and local estitie

The RBFWO installed and operated two rotary sdraps on Battle Creek in 1998, the
first site was located 4.5 km (rm 2.8) upstrearthefconfluence with the Sacramento River, and
the second site was located 9.5 km (rm 5.9) upsti@fahe confluence (Figure 1). A third
rotary screw trap was operated during the 200066 Zample period, and was located 12.0 km
(rm 7.5) upstream of the confluence, and 2.5 kmX1®) upstream of the upper trap (Figure 1).
The lower trap site was designated Lower BattleeK{&BC), the upper trap site was designated
Upper Battle Creek (UBC), and the third site wasigieated Powerhouse Battle Creek (PHBC).
The UBC trap was the only trap operated continyodsting the current report period. The
stream substrate at these locations is primaritypmsed of gravel and cobble, and the riparian
zone vegetation is dominated by California sycaniBltantanus racemogaalder (Alnus spp.),
Valley oak Quercus lobatg Himalayan blackberryRubus discolor)California wild grape
(Vitis Californicg) and other native and non-native species.

Methods
Rotary Screw Trap Operation

In November 2009, the Red Bluff Fish and Wildlif&i€e continued the operation of
two rotary screw traps on Battle Creek. The rosamgw traps, manufactured by E.G.
Solutions® in Corvallis, Oregon, consist of a 1.5dimmeter cone covered with 3-mm diameter
perforated stainless steel screen. The cone, vautshas a sieve separating fish and debris from
the water flowing through the trap, rotates in agea-type action passing water, fish, and debris
to the rear of the trap and directly into an alwmmlive box. The live box retains fish and
debris, and passes water through screens locathd lack, sides, and bottom. The cone and
live box are supported between two pontoons. T/tn316-cm diameter trees on opposite
banks of the creek were used as anchor pointetursg each trap in the creek, and a system of
cables, ropes and pulleys was used to positiotraps in the thalweg. In prior years,
modifications were made to the traps to reducemieiempacts to captured fish and to improve
our efficiency. Modifications to traps includedtirasing the size of the live boxes and flotation
pontoons, and adding baffles to the live boxesweéir, in 2007 the baffles were removed from
the live box because of concerns they may increaséality during periods of high debris. The
debris appeared to build up behind the first sdtaffies, reducing the ability of fish to swim
towards the back of the trap box.

During the current report period, the Upper Bafiteek trap (UBC) was operated from
November 24, 2009 through July 16, 2010. The LdBadtle Creek trap (LBC), which was only
used to capture naturally produced fall Chinookngad for use in mark-recapture trials to
estimate trap efficiency at the Upper Battle Créedp (UBC), was operated for 1 or 2 d prior to
marking. The UBC trap installation date was deteea using water temperatures and spawning
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dates to estimate the time of emergence for sg@Zimgook salmon. Redd observations during
our snorkel surveys were used to estimate spawdates. We attempted to operate the UBC
trap 24 h per day; 7 d each week, but at times thogts limited our ability to operate the trap
continuously (Appendix 1). The trap was not opsgtatrhen stream flows exceeded certain
levels in order to prevent fish mortality, damageguipment, and to ensure crew safety. In
early July, the trap was fished 4 d/week becausdhegas limited to small numbers of rainbow
trout and non-salmonids. In contrast to recentgjghe trap was only checked once per day in
December through January, unless high flows wepee®d. Reduced staffing prevented us
from scheduling a regular night shift. When flosl®wed, the crews were able to access the
trap by wading from the stream bank; however, duhigh flows access to the trap required that
the crews use the cable and pulley system to Ipailtrap into shallow water. After or during
sampling and maintenance, the trap was repositiontt thalweg.

Similar to the 2008-2009 season, the trap wasariynoperated at full cone to improve
our passage estimate by increasing catch. Dumgddaf loads and low flows, the trap was
operated with the half-cone modification for a $hpmriod of time (November 23 to December
19, 2009). The half-cone modification allows raflthe fish and debris to be discharged from
the cone back into the creek, effectively redu@ngcatch of fish and debris by half (Whitton
2007c). The trap was operated at full-cone forrémeainder of the reporting period. The LBC
trap was always operated at full cone to ensurecgrit numbers of fall Chinook salmon were
available for mark-recapture trials.

Each time the UBC trap was sampled, crews wouldosafish present in the live box,
and remove debris from the cone and live box. myuthe primary daytime clearing, the crew
would also collect environmental and trap data, @mdplete any necessary trap repairs. Data
collected at the trap included dates and timesapf dperation, water depth at the trap site, cone
fishing depth, number of cone rotations duringsample period, cone rotation time, amount and
type of debris removed from the live box, basic theaconditions, water temperature, water
velocity entering the cone, and turbidity. Watepths were measured to the nearest 0.03 m (0.1
feet) using a graduated staff. The cone fishiqgtdeias measured with a gauge permanently
mounted to the trap frame in front of the conee Thmber of rotations of the RST cone was
measured with a mechanical stroke counter (Redatn@bunters, Inc., Windsor, CT) that was
mounted to the trap railing adjacent to the cofilee amount of debris in the live box was
measured volumetrically using a 44.0 liter (10-gaJIplastic tub. Water temperatures were
measured every 30 min with an instream HOBO® Prteniperature logger. Water velocity
was measured as the average velocity from a gmaipieausing an Oceanic® Model 2030
mechanical flowmeter (General Oceanics, Inc., Mjdftorida) The average velocity was
measured for a minimum of 5 min while the live bwas being cleared of debris. Water
turbidity was measured from a grab-sample with an&@&aModel 2100 turbidity meter (Hach
Company, Ames, lowa). In addition, daily streasctiarge data collected by the U.S.
Geological Survey at the Coleman Hatchery gaudiaton (BAT #11376550) was also used for
trap operations and to allow comparisons of disghand downstream migration patterns. The
gauge site is located below the Coleman Natiorsti Hatchery barrier weir and approximately
0.2 km downstream of the UBC trap (Figure 1). exivironmental and biological data were
entered into a Panasonic Toughbook® at the trap Jihe Toughbooks allowed field staff to
enter sample and catch data directly into our exjsatabase, which increased our efficiency by
reducing the time necessary for data entry andfipig.o



Biological Sampling

Juvenile sampling at the UBC trap was conductatjustandardized techniques that
were generally consistent with the CVPIA’s Comprediee Assessment and Monitoring
Program (CAMP) standard protocol (CVPIA 1997). Dgis were used to transfer fish and
debris from the live box to a sorting table for emaation. Each day the trap was sampled, all
fish were counted and then depending on the spestasr fork length (FL) or total length (TL)
was measured from a minimum number of each speblestalities were also counted and
measured. Live fish to be measured were placad3i8-L (1-gallon) plastic tub and
anesthetized with a tricaine methanesulfonate (K&-2Argent Chemical Laboratories, Inc.
Redmond, Washington) solution at a concentratiodOafo 80 mg/L. After being measured, fish
were placed in a 37.8-L (10-gallon) plastic tukefil with fresh water to allow for recovery
before being released back into the creek. Wattra tubs was replaced as necessary to
maintain adequate temperature and oxygen levdldivafish captured in the trap were
released downstream of the trap. When the trapctvasked more than once a day, fish were
only measured during the primary daytime samplegemtise only the number (all species) and
lifestage (salmonids) were recorded. Catch datalfdish taxa were typically summarized as
either weekly totals for salmonids or season tdtalsion-salmonids. Different criteria were
used to sample salmon, trout, and non-salmonidepec

Chinook salmor—When less than approximately 250 salmon were cagtun the trap,
all salmon were counted and FL was measured togheest 1 mm. When more than 250
juvenile salmon were captured, subsampling occuasedescribed in Whitton et al. (2007a). All
measured juvenile salmon were assigned a life-stiagsification of yolk-sac fry (C0), fry (C1),
parr (C2), silvery parr (C3), or smolt (C4), antlia designation of fall, spring, late-fall, or
winter. Life-stage classification was based onphotogical features and run designations were
based on a modification of the length-at-date datdeveloped by Greene (1992). To obtain
information on condition factor, Chinook salm®50 mm were weighed to the nearest 0.1 g.
Condition factor data will be summarized in a latgort. If the trap was checked multiple
times in addition to the primary daytime check,yomimbers and lifestage were recorded for
Chinook salmon.

The length-at-date criteria used to assign a rgigdation was developed for the
Sacramento River, and we have determined thahitatebe directly applied to juvenile Chinook
salmon captured in the UBC trap. Management ok gdissage allows for passage of spring
Chinook salmon, and unclipped late-fall Chinookrsah and steelhead above the hatchery’s
barrier weir, but excludes passage of fall Chinsalknon. Juvenile Chinook salmon assigned
either a spring or fall Chinook salmon run desigratvere considered to be spring Chinook
salmon at the UBC trap; therefore, data were coatbfor these two run designations prior to
analyses and summarization. During the currerdrtggeriod, the length-at-date criteria were
modified to assign a run designation to late-fddi@ok salmon. At the beginning of the late-
fall run outmigration, overlap with Chinook salmdiassified as fall-run occurs; however,
graphical display of fork length distributions indted a separation of the two groups. Redd data
from snorkel surveys, incubation timing, and la#-€hinook salmon passage data from
Coleman National Fish hatchery were used to detexwhether the length-at-date criteria
should be modified. Length data for all Chinookrgan runs were combined for graphical
purposes.

Genetic samples were collected from a select nuwib€&hinook salmon throughout the
sample period to use as an alternative methoddi@rahining run designation. A 2-mrtissue
sample removed from the upper or the lower lobthefcaudal fin was divided into three equal
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parts and placed in 2-ml triplicate vials contaghih5 ml of ethanol as a preservative. The
triplicate samples were collected for: 1) USFWSae, 2) CDFG archive, and 3) analysis by a
genetics laboratory.

Rainbow trout/steelhead-Due to the smaller numbers encountered, all rainbo
trout/steelhead captured in the trap during theioeysample were counted and FL measured to
the nearest 1 mm. If the trap was checked multipies in addition to the primary daytime
check, only numbers and life stage were recordedafobow trout/steelhead. Life stages of
juvenile trout were classified similarly as salmr{ae., yolk-sac fry (R1), fry (R2), parr (R3),
silvery parr (R4), and smolt (R5)} as requestedh®yinteragency Ecological Program (IEP)
Steelhead Project Work Team. All live rainbow tYsteelhead > 50 mm that were captured
during the daytime sample were weighed to the s¢éré g for CDFG’s Stream Evaluation
Program. During the current report period, apprately 50 rainbow trout/steelhead were
sacrificed for otolith microchemistry analysis,determine the maternal origin of trout captured
in the trap. Trout collected included individudiem one of three groups including, age 1+,
young-of-the-year < 50 mm and young-of-the-yea0 mm.

Non-salmonid taxa—All non-salmonid taxa that were captured weraidied and
counted, but we only measured approximately 20aantyl selected individuals of each taxa.
Total length was measured for lamptegmpetra spp.sculpinCottus spp.and western
mosquitofishGambusia affinisotherwise, FL was measured for all other non-saichtaxa. In
contrast to previous seasons, lamprey were recdrgdéite stage (ammocoetes, macropthalmia
or transformer, and adult). In addition, lampreynaocoetes were identified to genus using
pigment patterns in the caudal fin and caudal ragdescribed by Whitton et al. 2010. Non-
salmonids were not the focus of this monitoringeet therefore, only total catch by species is
provided in this report but length data is avaiator a subsample of those captured in the trap.

Trap Efficiency and Juvenile Salmonid Passage

One of the goals of our monitoring project wagstimate the number of juvenile
salmonids passing downstream in a given unit o¢ tinsually a week and brood year. We
defined this estimate as the juvenile passage (. Since each trap only captures fish from
a small portion of the stream cross section, wetnageefficiencies, which are determined using
mark-recapture methods, and the weekly catch tmatt weekly and annual JPI's. For days
when the trap was not fishing, daily catch waswested by averaging an equal number of days
before and after the days not fished. For exaniiplliee trap did not fish for 2 d, the daily catch
for those days was estimated by averaging catech &al before and 2 d after the period the trap
did not fish. However, if one of the days beforafier was also a missed day, it was usually not
used to estimate other missed days. For exanfiphe trap did not fish for 3 d, but one of the 3
d before was also a missed day, then catch fror2 thbefore and 3 d after the missed period
were used to estimate catch. If partial catch datsavailable for a missed sample day, the
information was only used when the daily catchneated using the methods described above
resulted in a smaller daily catch.

Mark-recapture trials—Mark-recapture trials were conducted to estimap &fficiency.
Ideally, separate mark-recapture trials shoulddrelacted for each species, run, and life-stage
to estimate species and age-specific trap efficgsncHowever, catch rates for steelhead, spring,
and late-fall Chinook salmon were too low to cortdieparate trials; therefore, all species and
life-stage passage estimates were calculated tainghinook salmon fry trap efficiencies.
Outmigration of anadromous salmonids at the UB@ tyaically begins in mid to late
November and continues through mid to late JunarkMecapture trials are usually conducted
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from early January through mid to late April wheffigient numbers of Chinook salmon are
available in the LBC trap. Although sufficient nbers of fish may be available in December, it
is possible that a higher proportion of threatesy@uhg Chinook salmon are present; therefore to
reduce any potential impacts we do not condudstatthis time. During the 2009-2010
season, we had intended to conduct a series didrgtand naturally produced trials with
multiple release groups to quantify the variabilitytrap efficiency under similar release
conditions; however, the number of planned trigds wcaled back due to reduced staffing and
the limited availability of naturally produced fislColeman National Fish Hatchery provided
hatchery fall Chinook salmon, and naturally produfal Chinook salmon were captured using
the LBC trap.

In preparation for marking, the LBC trap was sé&b 2 d prior to marking to ensure
sufficient numbers of naturally produced Chinookrsmn were available. Hatchery fish were
removed from the raceway on the day of markingwdf groups of fish were used for a trial,
two marks were applied to each group. The prinnaayk was either an upper or lower caudal
fin clip, and the secondary mark was Bismark browrhree groups of fish were used for a
trial, two marks were applied to two groups (uppelower caudal fin clip), but the third group
was only marked with Bismark brown. To apply thstfmark, juvenile salmon were
anesthetized with an MS-222 solution at a concgatraf 60 to 80 mg/L. Once anesthetized,
we used a scalpel to remove a small portion ofiffer or lower caudal fin. After the fin-
clipped salmon had recovered in fresh water, thesewlaced in a live-car and immersed in
Bismark brown-Y stain (J. T. Baker Chemical Compd®lyillipsburg, New Jersey) for 50 min at
a concentration of 8 g/380 L of water (211 mg/During the primary marking phase (fin-clips),
we measured approximately 50 fish to allow for langbmparisons between groups.

To determine any potential 24-hour mortality, markalmon were generally held in
live-cars in the trapbox overnight and releasedind day. Mortalities and injured fish were
removed and the remaining fish were counted argseld. All salmon marked for UBC trials
were released at the Coleman National Fish Hatthériake 3 located 1.6 km (1.0 mi)
upstream of the trap (Figure 1). During each,tgabups containing fish with multiple marks
were released as one group, which may have alteecidtent of the study. To allow for even
mixing with unmarked fish, the marked fish wereeesded in small groups from the river-right
bank. Marked fish were released at dusk or shaftBr dark to reduce the potential for
unnaturally high predation on salmon that may Ibepterarily disorientated during
transportation, and to simulate natural populat@ingutmigrating Chinook salmon which move
downstream primarily at night (Healey 1998; J. @rl&y, USFWS, RBFWO, unpublished data).
To explore the relationship of trap efficiency iolbgical and environmental variables we
collected the following information at the timerefease: flow at release, temperature at release,
turbidity at release, moon fraction, weather, cloader, etc. Marked Chinook salmon that were
recaptured in the trap were counted, measuredsapgbquently released downstream of the trap
to prevent them from being recaptured again.

Trap efficiency.—Frap efficiency was estimated using a stratifieddgés estimator,
which is a modification of the standard Lincoln-&tebn estimator (Bailey 1951; Steinhorst et al.
2004). The Bailey's estimator was used as it perfobetter with small sample sizes and is not
undefined when there are zero recaptures (Carlsaln ¥998; Steinhorst et al. 2004). In
addition, Steinhorst et al. (2004) found it to be teast biased of three estimators. Trap
efficiency was estimated by

éh — (rh +1)
(m,+
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wherem, is the number of marked fish released in wieekdr;, is the number of marked fish
recaptured in week. Although trap efficiency was calculated for mihrk-recapture trials, only
those naturally produced Chinook salmon trials witteast seven recaptures were used to
estimate passage as suggested by Steinhors(20@d.; Table 2). When multiple groups were
released at one time, the results were combinedtimate a weekly trap efficiency. Juvenile
Chinook salmon downstream passage at the UBC tagpnet estimated using trap efficiencies
for hatchery fish.

Juvenile passage index(JPI)Weekly JPI estimates for Chinook salmon and rainbow
trout/steelhead were calculated using weekly cttdis and either the weekly trap efficiency,
pooled trap efficiency, or average season tragieffcy. The result from our hatchery trial was
not used to estimate passage of Chinook saimdreaiBC trap. A juvenile Chinook salmon
JPI was calculated for brood year 2009 spring Gtlrealmon and brood year 2010 late-fall
Chinook salmon at UBC trap. All life stages ofl fahd spring Chinook salmon were combined.
A juvenile passage index was calculated for rainbrowt/steelhead and summarized as either
young-of-the-year (yoy) or age 1+, which includedividuals from all other age classes The
fork length distribution (fork length by date) @fimbow trout/steelhead captured in the trap was
used to determine weekly catch of young-of-the-yeat age 1+. With few exceptions,
graphical display of fork length distribution indied a distinct separation of the two groups. In
addition, age 1+ and young-of-the-year rainbowtisteelhead captured during the same week
could usually be distinguished by their life-statgssification.

The season was stratified by week because ath8tsiret al. (2004) found, combining
the data where there are likely changes in trapiefffcy throughout the season leads to biased
estimates. Using methods described by Carlsoh @i298) and Steinhorst et al. (2004), the
weekly JPI's were estimated by

: (2)

" el
N=> _N, ®3)

wherelL is the total number of weeks. Variance and thar8i®95% confidence intervals for
N, each week were determined by the percentile baptshethod with 1,000 iterations

(Efron and Tibshirani 1986; Buckland and Garthwa®81; Thedinga et al. 1994; Steinhorst
et al. 2004). Using simulated data with known namslof migrants, and trap efficiencies,
Steinhorst et al. (2004) determined the percehblgstrap method for developing
confidence intervals performed the best, as itthadest coverage of a 95% confidence
interval. Each bootstrap iteration involved fidsawing 1,000* ; (j=1, 2..., 1000; asterisk

indicates bootstrap simulated values) from the milabdistribution (r,, Eh)(CarIson et al.
1998) and then calculating l,O(lﬁD*hj using equations (1) and (2), replacmgvith r* ;.

The 1,000 bootstrap iterations of the total JIﬁI*() were calculated as
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As described by Steinhorst et al. (2004), the 9%%didence intervals for the weekly and
total JPI's were found by ordering the 1,0@0*,1j or N *, and locating the 5and 978

values. Similarly, the 90% confidence intervalstfee weekly and total JPI's were found by
locating the 50 and 956 values of the ordered iterations. Ordering waspeoformed until

after theN * ; were derived. The variances f&h and N were calculated as the standard

sample variances of the 1,0(I)AO*hj andN *,, respectively (Buckland and Garthwaite 1991).

Results
Rotary Screw Trap Operation

During the current report period, we attemptedgerate the UBC trap continuously
from November 24, 2009 to July 16, 2010, excepinduinigh flows and periods of reduced
sampling (Figure 2 and Appendix 1). Typically thep is not operated after June 30, but higher
than expected numbers of rainbow trout/steelhead tveing captured in the trap; therefore the
trap was operated until numbers had declined. tidpewas not operated after July 16 because
sampling from previous years has shown that lttleo salmonid outmigration occurs during
that time (Whitton et al. 2006, Whitton et al. 287 Of the 235 d available during the sample
period, the trap was operated approximately 204dfs and 13 partial days. In addition, there
were 18 d (432 hours) the trap was not operatedl,aif which 11 d were due to reduced
sampling when there were few or no fish and theareimg 7 d were due to high flows or
predicted storm events. The monthly sampling effaried from a low of about 13% in
November 2009 to a high of 100% in May and Jungu(fé 2).

The mean daily water temperatures at the UBC teayed from a low of 4.3°C (39.8°F)
on December 9, 2009 to a high of 20.4°C (68.9°RJuiy 16, 2010 (Figure 3). Mean daily water
temperatures increased to a peak of 20.9°C (69268Rfter the trap was no longer fishing.
Mean daily flow measured by the U.S. GeologicavByrat the Coleman Hatchery gauging
station (#11376550) varied from a low of 5.7/sn(201 cfs) in mid-December 2009 to a high of
50.4 ni/s (1,780 cfs) on January 19, 2010 (Figure 4). if@uthe period of trap operation, there
were 7 d when flows exceeded 42.4sr(1,500 cfs) with a peak flow of 116.£/s(4,110 cfs)
occurring on January 19, 2010 (Figure 4). Turlyiditthe UBC trap varied from a low of 1.0
NTU’s on November 30, 2009 and January 11, 20¥Himh of 35.4 NTU’s on December 22,
2009 (Figure 4). In general, turbidity increasdathwncreasing flows, but the increases in
turbidity relative to flow appeared to decreaserdivee. Turbidity was only measured when the
trap was operating; therefore, it is possible thdiidity may have been higher when the trap
was not fishing during high flow events.

Biological Sampling

Upper Battle Creek (UBC) salmonidsOf the 4,597 Chinook salmon measured at the
UBC trap, the length-at-date criteria indicated th&03 were fall-run, 3 were late fall-run, 290
were spring-run and 1 was a winter-run. Howelbased on adult management which does not
allow passage of adult fall Chinook salmon aboweGINFH barrier weir, juvenile fall-run were



considered to be spring Chinook salmon and comlfimeanalyses. In addition, redd data
collected during the snorkel surveys, incubatiamrig, and CNFH adult late-fall passage data
suggests that 65 of the Chinook salmon captureaity March to mid-April that were classified
as fall-run according to the length-at-date crétevere likely late-fall Chinook salmon and were
reclassified as such. Brood year 2009 (BY09) gp@hinook salmon were first captured at the
UBC trap the week of December 13, 2009 with a peadkly catch of 3,222 the week of
January 10, 2010 (Figure 5). The last BY09 sp@hgiook salmon was captured June 19, 2010.
The total catch of BYQ9 juvenile spring Chinookmsah at the UBC trap was 7,493. However,
after adjusting the total catch for days the tras wot operated, the adjusted total catch was
8,218 spring Chinook salmon. The total catch ofLBYate-fall Chinook salmon was 70, with a
peak catch of 30 the week of April 19, 2010 (Figb)ye Only two of the 70 late-fall Chinook
salmon were added as a result of adjusting fod#ys the trap was not operated. According to
the length-at-date criteria, one winter Chinookrsal was captured, but it was more likely a
spring-run as the length was only 2 mm larger @apring-run would be on that date.

Fork lengths of spring Chinook salmon sampled atUBC trap varied from 31 to 117
mm with a mean fork length of 42 mm and a mediaB6im (N=4,226; Figure 6 and 7). Fork
lengths of late-fall Chinook salmon varied fromt8142 mm with a mean and median fork
length of 37 mm (N=67). Length frequency datadibruns were combined. Approximately
87% of all Chinook salmon captured in the UBC tnapl fork lengths40 mm (Figure 7). The
life-stage composition of spring Chinook salmontoagd at the UBC trap was <0.1% yolk-sac
fry, 86.9% fry, 1.2% parr, 2.6% silvery parr, an@% smolt (Table 1 and Figure 8). The life-
stage composition of late-fall Chinook salmon wds®4 yolk-sac fry, 92.5% fry, and 3.0% parr.

During the current reporting period, 418 rainboawut/steelhead were captured in the
UBC trap, of which 394 were measured (107 age 287 young-of-the-year). Age 1+
rainbow trout/steelhead were first captured thekwsfddecember 13, 2009 with a peak weekly
capture of 30 occurring the week of January 2402@1gure 9). Young-of-the-year rainbow
trout/steelhead were first captured at the traparch 21, 2010 with a peak weekly capture of
68 the week of May 30, 2010. Although the actaailvow trout catch at the UBC trap was 418,
after adjusting the total catch for days the tras wot operated, the adjusted total catch was 460.
During the current reporting period, 50% of allhtzow trout/steelhead were captured after June
9, 2010.

Fork lengths for age 1+ rainbow trout/steelheadjeanfrom 86 to 350 mm with a mean
fork length of 176 mm and a median of 170 mm (NsIE@ure 10 and 11), and young-of-the-
year ranged from 24 to 105 mm with a mean and meafi®3 mm (N=287). Seventy three
percent of the rainbow trout/steelhead capturdtertrap were young-of-the-year. The life-stage
composition of all rainbow trout/steelhead was G8lkysac fry, 9.6% fry, 76.6% parr, 10.2%
silvery parr, and 3.6% smolt (Table 1 and Figurg 12

Upper Battle Creek (UBC) non salmonid$:rem November 23, 2009 through July 16,
2010, ten native non-salmonid species were captardee UBC trap, including California
roach,Hesperoleucus symmetric(l8=10), hardheadvlylopharodon conocephalsl=760),
Pacific lamprey macropthalmiaampetra tridentatgN=1,022), riffle sculpinCottus gulosus
(N=66), Sacramento suck&atostomus occidental{®=240), Sacramento pikeminnow,
Ptychocheilus grandi@N=84), tule perchHysterocarpus traskiN=11), threespine stickleback,
Gasterosteus aculeatsl=12), and adult Western brook lampregmpetra richardsonfN=>5)
(Appendix 2 and 3). No introduced species weréuwrad in the UBC trap during the 2009-2010
field season. Cottid, cyprinid, and centrarchid &ind lamprey ammocoetes that could not be
identified to species were also captured at the tia contrast to previous seasons, lamprey
ammocoetes were identified to genus, and we captlk®Entosphenuspp., 18_ampetraspp.,
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and 2 unidentified ammocoetes. Besides Chinook@al Pacific lamprey macropthalmia,
hardhead, and rainbow trout were the next mostddmirspecies captured in the UBC trap.

Trap Efficiency and Juvenile Salmonid Passage

Upper Battle Creek trap efficiency (UBC)During the current report period, six mark-
recapture trials, using naturally produced Chinsaknon, were conducted at the UBC trap from
January 11 to February 22, 2010 (Table 2). Osftkeérials, only five were used to estimate
passage as one trial was considered invalid bet¢hageap was not in the thalweg for a period
of time shortly after the fish were released. Wedlap efficiencies for the valid pooled and
unpooled trials varied from 4.1 to 13.8%, with as®n average trap efficiency of 9.1%. During
the report period, the season average trap eftigiestimated from all valid trials was used to
estimate passage for 27 weeks. During three ddithiials we used two or three different
marks to identify groups within a release (Table Bhe maximum differences in trap efficiency
between groups within a trial varied from 0.13 1693; however, as the fish were released
together, the groups may not have been independeiaiddition to the trials using naturally
produced Chinook salmon, one trial with three redegroups was conducted using hatchery
produced fall Chinook salmon from Coleman Natidfigh Hatchery. Trap efficiency for the
three groups varied from 4.8 to 5.4% with a maxindifference of 0.6%, but again the groups
may not have been independent

Upper Battle Creek juvenile salmonid passage (UBGlvenile passage indexes were
calculated for spring and late-fall Chinook salnamd rainbow trout/steelhead. No winter
Chinook salmon were captured in the UBC trap. diweual JPI for BY09 spring Chinook
salmon was 96,176, and the 90 and 95% confidenerssals were 87,733 to 105,748 and 86,669
to 108,586, respectively (Table 3). The weeklysJRir spring Chinook salmon increased
rapidly to a peak of 34,704 the week of January20Q0 and then in general decreased until late
March when passage began increasing to a secokap@830 the week of April 18, 2010.

The annual JPI for BY10 late-fall Chinook salmorsw&0, and the 90 and 95% confidence
intervals were 712 to 844 and 698 to 860, respelgtiid able 4). Late-fall Chinook salmon
passage peaked at 330 the week of March 21, Z0i6€.annual JPI for yoy rainbow
trout/steelhead passing the UBC trap between Noee@w, 2009 and July 16, 2010 was 3,352
whereas passage for age 1+ fish was 1,760 (Tabl&Hg 90 and 95% confidence intervals for
the yoy annual JPI estimate were 3,134 to 3,5923z20@P to 3,650, and the 90 and 95%
confidence intervals for the annual JPI for agdig¢hwere 1,654 to 1,899 and 1,627 to 1,942,
respectively. Most age 1+ fish migrated during &aber through mid-April, whereas yoy were
not captured in the trap until late March with alp&veekly passage of 747 the week of May 30,
2010.

Discussion
Trap Operation

During the 2009-2010 season, we operated the WBTC39% of the season, or 204 full
days (4,896 hours) and 13 partial days (136 hoursaddition, there were 18 d (432 hours) the
trap was not operated at all, of which 11 d were ureduced sampling when passage was
minimal and the remaining 7 d were due to high aw predicted storm events. Of the 31 d the
trap was not fishing or only fished a partial degtch was estimated for spring Chinook salmon
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passage on 15 d, late-fall Chinook salmon on 2drainbow trout/steelhead on 6 d. Partial
catch data was used on 4 d when the trap did revatp24 hours, because it was either more
than the estimated catch, or because the trap peaated most of the 24 hour sample period and
the time the trap was not operated occurred dutayght hours when catch is typically very
low. During the current season, the UBC trap watsished for 31 full or partial days, which

are more days than during the two previous seatomseveral of those days, occurred during
periods when there were few or no fish. In fad, &curred in July, which is after the trap is
typically pulled in most years.

The impact on the annual passage estimates afgpdase been minimal on most days;
however, the 5 d the trap did not operate in lar@idry may have impacted the spring Chinook
salmon estimate because in most years, peak passags in January. During the current
report period, the peak daily catch of spring Chiknealmon appears to have occurred on
January 13 (N=1,780); however, a secondary peakrat the week of January 17, but the trap
was not fishing for 3d during the week; therefarés possible that a higher peak may have
occurred while the trap was not fishing. The camelicatch for those 2 weeks was 57% of the
total annual catch of spring Chinook salmon. Irt,fZ6% of the estimated total annual catch of
spring Chinook salmon occurred between January3anuary 23, 2010. The trap was not
operated in mid-July through mid-November during turrent report period, but this likely had
little influence on Chinook salmon passage estiatenone were captured after June 19 and
previous sampling has shown that few salmon artuoegh during this period; however, because
of the delayed migration timing for rainbow trotéslihead, it is possible that we underestimated
the passage of this species, but as daily catclde@ming at the time trapping was
discontinued, it was likely only slightly underestited (Whitton et al. 2006; Whitton et al.
2007a; Whitton et al. 2007Db).

Biological Sampling

During the current report period, 50% of tleeiyg-of-the-year rainbow trout/steelheaere
captured in the UBC trap after June 9, 2010, wigdhter than in all other years the trap was
operated from January to July (Figure 13). A samdatch distribution was observed in 1999,
but in most years, 50% of the annual catch occuos f mid-May. In contrast, in 2000 50% of
all YOY trout were captured prior to March 22, 200Reasons for the differences in migration
timing are unknown, but flow may influence migratipatterns as fry typically concentrate in
shallow water along stream edges where velocitiesoaver, but move into faster water as they
grow (Moyle 2002). Very few fish <50 mm (13.9%)neeaptured in the UBC trap during the
2009-2010 season, and flows were higher than obedervthe two previous seasons. In
addition, there were three storm events betweenadg@ri9 and February 7, 2010 that produced
flows from 95.1 to 116.4 f¥sec (3,360 to 4,110 cfs), which may have scouedds produced
prior to or during those dates. In some years (@Wt were captured in the trap as early as late
February to early March, whereas only one was cag@thefore April 1 during the current
season.

Zimmerman and Reeves (1999) found that only a spaation of resident rainbow trout
spawning on the Deschutes River in Oregon occwiteeh steelhead spawned, and resident
trout typically spawned later. In fact, using d@toimicrochemistry and information collected
during spawning surveys, they were able to detegrthiat steelhead and resident trout are
reproductively isolated in the Deschutes Riverreffident rainbow trout spawn later in Battle
Creek, the capture distribution observed duringctimeent report period suggests there may be
more resident rainbow trout spawning in Battle Eréan steelhead, but this cannot be

12



confirmed. It is also possible that steelheadafg/choosing to spend time rearing in Battle
Creek before migrating downstream, which may expllae large numbers of YOY trout >50
mm observed in the trap in April and May. Otolitiicrochemistry is currently being used to
determine the maternal origins of trout capturethenUBC trap. This data would provide
information allowing us to determine the ratio e$ident to anadromo@. mykiscaptured in
the Upper Battle Creek rotary screw trap.

Trap Efficiency and Juvenile Salmonid Passage

Trap efficiency.-Buring the 2009-2010 season we had intended toumtradseries of
mark-recapture trials where three groups of fisthwifferent marks were released at the same
time to determine the natural variability in trdfi@ency under the same release conditions.
Staffing shortages and limited availability of naiily produced fish prevented us from
completing this study. Information on the varidiiln trap efficiencies is important for
determining whether trial results are reasonalld,ta determine what biological and
environmental variables influence trap efficien&ccasionally trap efficiency will appear to be
unusually low or high compared to trials conduateder similar conditions, with no obvious
reason. Understanding the normal range of varighill allow us to better evaluate our mark-
recapture data which directly influences the acoyid our passage estimates. During the
current season, we were able to conduct five el using naturally produced fish one of
which had three groups of uniquely marked fish &vwlof which had two groups of fish. The
maximum differences in trap efficiency betweendheups varied from 0.1 to 2.6%; however,
releasing all of the fish as if they were a singleup may have influenced the results. Rather
than testing for variability in trap efficiency, vemded up testing whether mark location or type
influenced trap efficiency. Roberts (1996) repdtigat group size influences animal behavior,
including a reduction in individual vigilance, whienay influence their capture probability. The
influence of group size should be considered duiutgre releases as well as release methods to
prevent one group from influencing the behaviootbfer groups. In addition to the three trials
using naturally produced fish, one trial was conddaising hatchery produced fish. The
maximum difference in trap efficiency between thiee groups was 0.6%. The results from our
multiple group releases, likely provide limitedandnation as too few trials were conducted to
determine if mark location influenced trap effiaign

During the period 1990 to 2007, the return of atalltChinook salmon to Battle Creek
has ranged from approximately 12,708 to 463,296 witmedian estimate of 80,351. The 2009
preliminary estimate of adult escapement into Battleek was about 8,268 (not including
jacks), of which 6,227 were taken into Coleman NBHuse as brood stock; therefore, the
number of fall Chinook salmon that spawned in Baftteek may have been <2,500. The low
number of adults spawning in lower Battle Creeklljkexplains the limited number of naturally
produced fish available for mark-recapture trials.

We only conducted six mark-recapture trials dutimgseason, one of which was
considered invalid because the trap was out ofttaleveg for approximately 45 minutes shortly
after release. Trap efficiencies for that triareveower than expected, and based on observations
made during the 2007-2008 season, fish releasktb&e 3 may arrive at the trap in less than 30
minutes. A season average trap efficiency of 9% used to estimate trap efficiency for most
of the season (27 weeks). Itis not possible tmkhow the use of the season average trap
efficiency influenced our annual passage estimatawse it depends on how different the season
average trap efficiency was from the actual trdigiehcy for each week. Trap efficiencies for
the trials conducted ranged from 4.1 to 12.5%.
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Recommendation: Continue the paired mark-recapture study usin¢chary and
naturally produced fish to explore relationshipstiseen trap efficiency and
biological and environmental variables and deterenithe natural range of
variation in trap efficiency for hatchery and naally produced fish. Modify
release methods to ensure that different groupsratependent.

Juvenile Salmonid PassageHae combined spring and fall Chinook salmon juieeni
passage index (JPI) for the current report pesdtie fifth highest since monitoring began in
1998; however, three of the brood years with highegenile passage (1998, 1999, and 2003)
were known to have had adult fall Chinook salmaraps above the barrier weir. The only
other year with a higher passage estimate was B&,20@ the passage estimate was based on a
partial year of sampling; therefore, the accuracihe estimate is unknown. The BY2009 spring
Chinook salmon passage estimate is based on sefadlon of data so the estimate is likely better;
however, since the season average trap efficiemsyused to estimate passage for 27 weeks,
there is still uncertainty associated with thisrgastimate.

Similar to the 2008-2009 season, the UBC trap apesated in the full-cone
configuration for most of the season; however sis@son average trap efficiency for the 2008-
2009 season was 6.0% , and was estimated using s@ekly trap efficiencies (11 trials). The
current season average trap efficiency is basdteoresults of five weekly trap efficiencies (5
trials) which varied from 4.1 to 12.5%. During bgtears, no trials were conducted in December
or early January, which are often periods of pesdspge for spring Chinook salmon. During the
current report period, the season average trapieifty was used to expand 54% of all spring
Chinook salmon caught in the trap. If trials cobi&e been conducted for the month of January,
then 74% of the catch would have been used to astipassage. Ideally, if we were able to
estimate trap efficiency and get good catch dat#® period mid-December through January,
the accuracy of our passage estimates would béynegroved as during the current year 88%
of all spring Chinook salmon were captured durimaf time.

Several factors may explain why this year’s passsgimate was one of the highest,
including high adult escapement, low adult mornyalkitr high survival to emergence. Adult
escapement in 2009 (n=194) was the fifth highestesi1995. In addition, adult mortality
appears to have been fairly low as 88 redds wesergbd, despite the limited number of surveys
conducted (n=2). The observed number of reddsonhs9 less than we would have predicted
(n=97) if there was a 1:1 sex ratio, 100% survigadpawning, and all females had spawned.
When compared to 2007 which had higher adult escape(n=291) but a similar adult survival
(91% of predicted redds), BY2009 appears to hadeahauch higher survival to emergence
because juvenile passage was higher although wexe44 fewer redds than in 2007. An
alternative explanation is that there were addtisadds that were not accounted for due to the
limited number of snorkel surveys (n=2) in 2009Wewer, the number of predicted redds in
2009 assuming 100% survival was still 35 fewer tthennumber observed in 2007.

During the egg incubation period, temperaturesygieally warmest from September 15
to October 31. High temperatures during this toae lead to reduced egg survival. On the
North Fork, mean daily temperatures during thisqaewere rated as good or excellent 70% of
the time at the most downstream location to 100%aglie Canyon Dam (Newton et al 2010).

On the South Fork (reach 3), mean daily temperatwere rated as good or excellent 70-74% of
the time. On the mainstem, mean daily temperatarBgach 4 were rated as good to excellent
70% of the time, and 17 of the 23 redds observeldemmainstem were in this reach. Only six
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redds were observed in reaches 5 and 6 where tatopes were rated as good to excellent only
22-30% of the time. The high juvenile passage feskat the UBC trap suggests that
suboptimal incubation temperatures during the spayvperiod had limited impact on survival

to emergence. Although unobserved redds may heswe present, survival to emergence still
appears to have been high.

During the BY2007 season, the UBC trap was opénaseng the half-cone configuration,
and twice during the season a mark-recaptureviiasl conducted with the trap in the full-cone
configuration. This testing was done during aqemhen trap efficiencies were fairly
consistent and flows were not changing. We hadpmeted results which suggested that catch
rates in the half-cone configuration may not be 5%atch rates in the full-cone configuration.
The trap efficiency for naturally produced fishe&bed on February 12, 2007 was 4.0%. When
the cone configuration was switched to full-coneFabruary 16, the trap efficiency increased to
16.5%. When the trial was completed, the coneigardtion was returned to half-cone on
February 20, and the trap efficiency returned @8%1. A similar increase was observed with
hatchery fish. The trap efficiency started at 2.8%reased to 9.0%, and returned to 1.3%.
During this time, flows at the time of release rathidrom 324 to 332 cfs. In April, a second test
was done with hatchery fish, and the trap efficieimcreased from 3.6% to 11.0%. Fish were
not available for a follow-up trial, but the resutif these tests suggest that testing trap effigien
at different cone configurations is necessary. ifiguthe current season (BY2009), the trap was
operated in the full-cone configuration, and whethe differences in juvenile passage observed
between 2007 and 2009 may be partly related teréifices in catch rates at different cone
configurations, is unknown. Testing needs to baeedas our ability to make valid comparisons
between years depends on the accuracy of our éemin addition, our ability to make
comparisons with other years when the trap wasabgeiin the full-cone configuration and
which had high juvenile passage is confounded thighknown presence of fall Chinook salmon
or as in 2006, where the juvenile passage estimasemade using partial catch data and trap
efficiency data for other years.

Recommendation: Use hatchery or naturally produced fish to detarencatch
rates (trap efficiency) when the rotary screw tigperated in the half-cone and
full-cone configurations.

Brood year 2010 (BY09) late-fall Chinook salmonguile passage at the UBC trap was
about half of the passage observed in 2009. Tbredse observed in juvenile passage is likely
the result of both reduced adult passage and sapaaused during high flow events. Adult
escapement in 2010 (n=27) was only slightly lowsantobserved in 2009 (n=32); and therefore,
cannot explain the almost 50% drop observed inrjilegassage. However, there were three
storm events between January 19 and February 0, 2@t produced flows of 95.1 to 116.4
m/sec (3,360 to 4,110 cfs), which may have scousdds produced prior to or during those
dates. Prior to 2001, CNFH did not pass late@alinook salmon upstream of the barrier weir;
therefore, only those that were able to jump the digring high flows or passed through the fish
ladder at the end of the immigration period (aftaerly March) escaped upstream of the barrier
weir. Coleman National Fish Hatchery began pasaipgrtion of the natural-origin (i.e.,
unclipped) adult late-fall Chinook salmon upstreainthe barrier weir in 2001. Some unmarked
late-fall are spawned each year. Despite thisgdampolicy, adult late-fall escapement
upstream of the barrier weir remains low.

In 2010, rainbow trout/steelhead juvenile passadleeaUBC trap was the second highest
since CNFH stopped passing hatchery-origin adeélsead upstream of the barrier weir in
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2005. Passage of age 1+ trout was lower in 2040 2009, but YOY passage (n=3,352) was
more than 50% higher (n=2,190). With the exceptibh999 and 2008, YOY trout migration
began later than all other years and continued tags all other years. In most years, fry <35
mm were not observed in the UBC trap after mid-Mayyever, in 2008 and 2009 fry <30 mm
were captured in the trap in early June in 2008thrmligh late June in 2009 indicating that there
might be a shift in emergence timing from the poesi years. A similar trend was observed in
2010, with a 24 mm trout fry captured on July QolEh microchemistry is being conducted on
previous steelhead/rainbow trout samples to detegitiie maternal origin of trout captured in
the UBC trap. Otolith samples were collected dyithre current season, and analysis may
confirm whether a shift to more resident rainbosutris occurring in Battle Creek. Coleman
National Fish Hatchery passed 265 steelhead tmowt o March 1, and an additional 160 trout
were passed through the barrier weir fish ladaeraftotal of 425, which is the second highest
since 2005. Itis also 74 more than were pass2008, which may account for the increased
passage of YOY trout at the UBC trap.
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Table 1. Life-stage summary of spring, late-faltlavinter Chinook salmon and rainbow trout/
steelhead measured at the Upper Battle Creek retaeyv trap from November 24, 2009
through July 16, 2010.

Late-Fall
Spring Chinook Chinook Winter Chinook Rainbow

Life Stage # % # % # % # %
Yolk Sac Fry 3 <1% 3 4.5 0 0 0 0.0
Fry 3672 86.9 62 92.5 0 0 38 9.6
Parr 49 1.2 2 3.0 0 0 302 76.6
Silvery Parr 110 2.6 0 0 0 0 40 10.2
Smolt 391 9.2 0 0 0 0 14 3.6
Totals 4225 100 67 100 0 0 394 100

Table 2. Summary of the mark-recapture trials cotetl at the Upper Battle Creek rotary screw
trap from November 24, 2009 through July 16, 20di@ginaturally produced fall Chinook
salmon. Shaded rows indicate trials where muligpteips were released and the results were
pooled to calculate a weekly trap efficiency. Tikighlighted withbold text were not used.

Time of Number Pooled Weekly Mean
Release Date Release Released Recaptures Efficiency’ Efficiency Flow, nt/s (cfs)
01/12/10 17:10 516 47 0.093 11.8 (417)
01/23/10 17:20 505 47 0.095 25.1 (885)
02/01/10 18:25 488 19 0.041 0.041 20.0 (706)
02/01/10 18:25 520 21 0.042 0.041 20.0 (706)
02/09/10° 18:45 422 10 0.026 0.032 16.9 (597)
02/09/10° 18:45 424 16 0.040 0.032 16.9 (597)
02/14/10 18:15 512 47 0.094 0.099 11.9 (421)
02/14/10 18:15 500 52 0.106 0.099 11.9 (421)
02/22/10 18:20 508 56 0.112 0.125 17.8 (629)
02/22/10 18:20 497 64 0.131 0.125 17.8 (629)
02/22/10 18:20 389 53 0.138 0.125 17.8 (629)

2 Bailey’s Efficiency was calculated by = ' *1 wherer= recaptures and m = number of markédréeased.
m+1
®Trap was out of position during the beginning aé thial; therefore the results were considerecliav
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Table 3. Weekly summary of brood year 2009 juxespring Chinook salmon passage estimates for pipeiBattle Creek rotary
screw trap, including week, Bailey’s efficiency (Eatch, estimated passage (N), standard error &8H)the 90 and 95% confidence
intervals (Cl). Shaded rows indicate adjacent wertkere the results of mark-recapture trials wexdean to calculate passage. Only

weeks in which spring Chinook salmon were captaredincluded.

Efficiency Estimated 90% Confidence Interval 95% Confidence Interval

Week (E) CatcH Passage (N) SE Lower ClI Upper ClI Lower ClI Upper ClI
12/13/09 0.046 327 7,187 1,128 5,584 9,367 5,377 9,679
12/20/09 0.09F 911 10,011 1,112 8,340 11,897 8,090 12,257
12/27/09 0.09F 86 945 102 796 1,123 771 1,175
01/03/10 0.09F 1,014 11,143 1,239 9,380 13,439 8,915 14,069
01/10/10 0.093 3,222 34,704 4,972 27,763 42,712 26,867 45,021
01/17/10 0.09F 1,459 16,033 1,667 13,638 19,053 13,220 19,932
01/24/10 0.095 269 2,836 410 2,269 3,582 2,195 13,78
01/31/10 0.040 260 6,399 1,006 5,045 8,198 4,770 8,745
02/07/10 0.091 57 626 70 522 744 506 767
02/14/10 0.099 37 375 37 320 446 307 463
02/21/10 0.125 11 88 6 78 99 77 101
02/28/10 0.091 3 33 3 28 39 27 41
03/07/10 0.091 15 165 17 139 196 136 202
03/14/10 0.091 18 198 21 168 239 161 246
03/21/10 0.091 11 121 12 102 144 100 148
03/28/10 0.091 19 209 20 176 248 172 260
04/04/10 0.09F 54 593 66 494 716 480 738
04/11/10 0.091 37 407 45 339 483 329 498
04/18/10 0.091 121 1,330 143 1,119 1,580 1,085 1,653
04/25/10 0.091 87 956 101 805 1,120 780 1,153
05/02/10 0.091 81 890 98 749 1,074 127 1,107
05/09/10 0.091 35 385 43 324 457 317 478
05/16/10 0.091 16 176 20 146 212 142 219
05/23/10 0.091 19 209 22 176 252 170 260
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Table 3. Continued.

Efficiency Estimated 90% Confidence Interval 95% Confidence Interval
Week (E) Catch? Passage (N) SE Lower ClI Upper ClI Lower ClI Upper CI
05/30/10 0.091 33 363 39 302 431 293 444
06/06/10 0.091 14 154 16 130 180 127 188
06/13/10 0.091 2 22 2 19 26 18 27
Totals --- 8,218 96,555 5,939 87,762 106,735 86,392 110,047
@ The season average trap efficiency (0.060) wakeabi weeks when mark-recapture trials were oodected.
® Daily catch was estimated for days the trap wadisiing.

“Confidence intervals were calculated using the gagiie bootstrap method and SE’s were calculata@tyusootstrapped values.

4 The season average trap efficiency was converstachtlf-cone efficiency for this week becausetthp was operating with the half-cone modification.
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Table 4.Weekly summary of late-fall Chinook salmon passagfenates for the Upper Battle Creek rotary scray, tincluding
week, Bailey’s efficiency (E), catch, estimatedgzage (N), standard error (SE), and the 90 and 38%tdence intervals (Cl). Only
weeks in which late-fall Chinook salmon were captuare included.

Efficiency Estimated 90% Confidence Interval 95% Confidence Interval

Week (E) Catctf Passage (N) SE Lower ClI Upper ClI Lower ClI Upper ClI
02/28/10 0.091 2 22 2 19 26 18 27
03/07/10 0.091 7 77 8 65 91 63 96
03/14/10 0.091 4 44 5 37 53 36 55
03/21/10 0.091 30 330 36 280 392 272 410
03/28/10 0.091 16 176 20 146 209 142 215
04/04/10 0.091 5 55 6 46 65 44 67
04/11/10 0.091 3 33 4 28 39 27 41
05/02/10 0.091 2 22 2 19 26 18 27
05/09/10 0.091 1 11 1 9 13 9 13

Totals --- 70 770 42 712 844 698 860

4 The season average trap efficiency (0.060) wabeapip weeks when mark-recapture trials were ooticted.
® Daily catch was estimated for days the trap wadisiing.
Confidence intervals were calculated using thegugile bootstrap method and SE’s were calculat@uyusootstrapped values.
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Table 5. Weekly summary of rainbow trout/steelhpasisage estimates for the Upper Battle Creekyretaiew trap, including week,
Bailey’s efficiency (E), catch, estimated passddj $tandard error (SE), and the 90 and 95% conde@ntervals (Cl). Weekly
estimates listed above the dotted line are fort tiraum previous brood years (age 1+). Weekly estés below the line are for brood
year 2010 trout captured during the reporting mkriShaded rows indicate adjacent weeks wheresthdts of mark-recapture trials
were pooled to calculate passage. Weeks with toh @ae not included.

Efficiency Estimated 90% Confidence Interval 95% Confidence Interval
Week (E) Catctf Passage (N) SE Lower ClI Upper ClI Lower ClI Upper ClI
Previous Brood Years (Age 1+)

12/13/09 0.04% 1 22 4 17 29 16 30
12/20/09 0.091 5 55 6 46 65 45 68
12/27/09 0.091 2 22 2 19 26 18 27
01/10/10 0.093 25 269 37 215 331 208 359
01/17/10 0.091 27 297 30 250 347 245 358
01/24/10 0.095 30 316 44 253 389 245 422
01/31/10 0.041 8 197 31 152 252 147 269
02/07/10 0.091 8 88 9 74 104 72 108
02/14/10 0.099 1 10 1 9 12 8 13
02/21/10 0.125 11 88 6 78 99 77 101
02/28/10 0.091 4 44 5 37 52 36 54
03/07/10 0.091 1 11 1 9 13 9 14
03/21/10 0.091 2 22 2 19 26 18 27
03/28/10 0.091 3 33 4 28 39 27 41
04/18/10 0.091 22 242 27 201 287 195 296
04/25/10 0.091 1 11 1 9 13 9 14
05/02/20 0.091 1 11 1 9 13 9 14
05/30/10 0.091 2 22 3 18 27 18 27
06/06/10 0.091 1 11 1 9 13 9 14

Totals 155 1,760 78 1,654 1,899 1,627 1,942
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Table 5 Continued.

03/21/10
04/04/10
04/11/10
04/18/10
04/25/10
05/02/10
05/09/10
05/16/10
05/23/10
05/30/10
06/06/10
06/13/10
06/20/10
06/27/10
07/04/10
07/11/10
Totals

0.091
0.091
0.091
0.091
0.091
0.091
0.091
0.091
0.091
0.091
0.091
0.091
0.091
0.091
0.091
0.091

©ONNPR NP

15
9
12
68
47
49
39
17
19
7
305

11
44
11
77
22
88
165
99
132
747
516
538
429
187
209
77
3,352

Brood Year 2009 (YOY)

136

9
37
9
65
18
74
137
83
111
629
444
453
357
157
176
65
3,134

13
52
13
91
26
106
196
119
157
875
614
640
509
222
252
91
3,592

9
36
9
63
18
72
133
82
108
610
426
440
346
152
167
63
3,099

14
55
13
96
27
109
208
123
161
929
642
669
525
232
264
94
3,650

@ The season average trap efficiency (0.091) wakeabi weeks when mark-recapture trials were oodected.
® Daily catch was estimated for days the trap wadisiing.

“Confidence intervals were calculated using the ggiie bootstrap method and SE’s were calculata@tyusootstrapped values.

4 The season average trap efficiency was converstachtlf-cone efficiency for this week becausetthp was operating with the half-cone modification.
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Table 6. Summary of spring and late-fall Chinoakr®n and rainbow trout/steelhead juvenile passagmates at the Upper Battle
Creek rotary screw trap including run designathmopod year, original CAMP estimate, current estar(@t), and the 90 and/or 95%
confidence intervals (Cl) for the current annuaineates. Shaded rows indicated estimates foruhect reporting period.

90% Confidence Interval 95% Confidence Interval

Run Brood Year Current Estimate Lower ClI Upper CI Lower ClI Upper CI
Spring 1998 1,199,077 809,007 1,814,925 758,222 602007
1999 245,388 179,535 345,756 168,932 373,311
2000-partié 48,553 N/A N/A N/A N/A
2001 21,786 14,205 32,474 13,479 37,183
2002 18,941 13,901 25,604 13,344 27,552
2003 152,657 115,865 202,950 110,663 218,387
2004 30,090 19,970 45,938 18,948 52,651
2008 N/A N/A N/A N/A N/A
2006 107,014 N/A N/A N/A N/A
2007 74,823 62,508 93,490 60,655 101,861
2008 15,591 12,217 20,101 11,757 21,225
2009 96,555 87,762 106,735 86,392 110,047
Late-Fall 1999 212 177 261 170 273
2000 50 36 70 35 78
2007 N/A N/A N/A N/A N/A
2002 7,628 5,950 9,969 5,753 10,604
2003 6,673 5,835 7,409 5,679 7,631
2004 1,145 809 1,732 768 1,968
2005 147 112 198 109 213
2006 N/A N/A N/A N/A N/A
2007 N/A N/A N/A N/A N/A
2008 39 N/A N/A N/A N/A
2009 1,562 1,372 1,775 1,352 1,816
2010 770 712 844 698 860
RBT/Steelhead 1999 (1%) 1,011 832 1,272 813 1,333
1999 (YOYY 9,379 8,001 11,139 7,870 11,747
2000 (1+) 2,780 2,268 3,569 2,213 3,723
2000 (YOYY 23,019 19,513 27,001 18,957 28,343
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200F N/A N/A N/A N/A N/A

2002 (1+) 1,348 1,201 1,607 1,170 1,666
2002 (YOY) 24,740 21,034 29,565 20,454 31,426
2003 (1+) 592 522 671 511 698
2003 (YOY) 7,087 6,441 7,769 6,349 7,978
2004 (1+) 826 753 903 741 917
2004 (YOY) 2,770 2,512 3,057 2,455 3,142
2005 (1+) 485 421 573 411 610
2005 (YOY) 5,490 4,355 7,074 4,231 7,431
2006 (14¢ N/A N/A N/A N/A N/A
2006 (YOYY N/A N/A N/A N/A N/A
2007 (1+9 N/A N/A N/A N/A N/A
2007(YOYY N/A N/A N/A N/A N/A
2008 (1+) 371 271 402 262 426
2008 (YOY) 1,150 1,040 1,284 1,018 1,311
2009 (1+) 2,215 1,701 2,914 1,633 3,123
2009 (YOY) 2,190 1,666 2,890 1,596 3,072
2010 (1+) 1,760 1,654 1,899 1,627 1,942
2010 (YOY) 3,352 3,134 3,592 3,099 3,650

#Methods used to calculate the BYQO spring Chirgmlknon passage estimate are describe in an ihtaemo as the trap was not fished past Februa2g@i.
No late-fall Chinook salmon and rainbow trout/stesld estimates were made as the trap did notdishgithe primary migration period.

P These estimates are not brood years, rather twodseare summarized: October 9, 1998 to Decemhbet @I and December 27, 1999 to February 9, 2001.
¢ This estimate likely includes fall Chinook salmasmseveral adult Fall Chinook salmon passed upstoéahe barrier weir in late-August.

YNo passage estimates were made for the period Ec19l2005 to September 30, 2006 because high Bewsrely limited our ability to operate the traps.
®Methods used to calculate the BY06 spring Chinadkien passage estimate are described in an intdenadlemo. The trap was only operated 4 d eaatkwe
and was not operated after February 15, 2007. aMdbow trout/steelhead passage estimates were made.
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Appendix 1. Summary of days the Upper Battle Creek rotaepstrap did not fish for
approximately 24 hours during the report period (Novergde 2009 to July 16, 2010),
including sample dates, hours fished, and reason for natdishi

Hours Fished

Sample Dates (approx) Reason
2009
November 26-28 0.0 Holiday-No Fish
December 5-6 0.0 Reduced Schedule-No Fish
December 22 17.4 Trap Sunk (2 hr)/Pulled Over to Clear
2010
January 19 9.75 High Flows
January 20-21 0.0 High Flows
January 22 21.0 High Flows
January 25 7.0 High Flows
January 26 0.0 High Flows
January 27 16.75 High Flows
February 5 12 .0 High Flows
February 7-8 0.0 High Flows/Trap Displaced
February 23 7.0 High Flows
February 27 0.0 High Flows
March 13 0.0 High Flows Predicted
April 3 7.0 High Flows Predicted
April 12 4.0 High Flows Predicted
April 21 5.3 High Flows
April 22 13.0 High Flows
April 28 7.0 High Flows
April 29 7.8 High Flows
July 3-5 0 Reduced Sampling
July 10-12 0 Reduced Sampling
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Appendix 2. Monthly catch of non-salmonid speciethe Upper Battle Creek rotary screw trap fronvélmber 24, 2009 through
July 16, 2010.

Month
Species Nov? Dec Jan Feb Mar Apr May Jun Jul Total
CAR 0 1 0 0 3 3 1 1 1 13
CENFRY 0 1 3 0 0 0 0 0 1 2
COTFRY 0 0 0 0 0 0 0 55 35 90
CYPFRY 0 119 128 13 2 7 17 40 27 353
EAMMO 0 16 18 14 4 29 16 21 1 119
HH 0 70 148 51 10 45 94 315 27 760
LAMMO 0 3 6 1 2 0 0 2 2 16
PLT 0 504 512 0 0 5 0 1 0 1022
RES 0 2 0 4 11 5 13 8 23 66
SASU 0 21 25 4 1 3 32 45 109 240
SPM 0 40 16 11 2 2 3 7 3 84
TP 0 1 2 0 0 0 1 1 6 11
TSS 0 7 0 2 0 0 1 1 1 12
UAMMO 0 1 0 1 0 0 0 0 0 2
WBL 0 0 0 0 0 1 1 3 0 5

*Trap was not operated the entire month (dates efatipn were November 24-30 and July 1-16, 2010).
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Appendix 3. Species key for non-salmonid fish taxa capturdeedJpper Battle Creek trap
from November 24, 2009 through July 16, 2010.

Abbreviation

Common Name

Scientific Name

CAR
CENFRY
COTFRY
CYPFRY
EAMMO
HH
LAMMO
PLT
RFS
SPM
SASU
TP

TSS
UAMMO
WBL

California roach
unknown centrarchidae
cottus fry

unknown cyprinidae
Entosphenudamprey fry
hardhead

Lampetra lamprey fry
Pacific lamprey, macropthalmia
riffle sculpin

Sacramento pikeminnow
Sacramento sucker

tule perch

threespine stickleback
unidentified lamprey fry
western brook lamprey

Hesperoleucus symmetricus

Centrarchidae spp.

Cottus spp.

Cyprinidae spp.

Entosphenus spp.

Mylopharodon conocephalus

Lampetra spp.

Lampetra tridentata

Cottus gulosus

Ptychocheilus grandis

Catostomus occidentalis

Hysterocarpus traski

Gasterosteus aculeatus
Unknown

Lampetra richardsoni
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