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Abstract- In late November 2007, the U.S. Fish and Wildi§ervice continued an ongoing
juvenile salmonid monitoring project on Battle Gee&alifornia, using rotary screw traps;
however, only one trap was operated to estimatsag@sduring the current report period. Battle
Creek, a tributary of the Sacramento River, is irtgd to the conservation and recovery of
federally listed anadromous salmonids in the SaerdamRiver watershed because of its unique
hydrology, geology, and habitat suitability for eesd anadromous species. Information about
juvenile salmonid abundance and migration in Ba@leek is necessary to guide efforts at
maintaining and eventually restoring populationstlufeatened and endangered anadromous
salmonids. From late-November 2007 through Jun@32@hree runs of Chinook salmon
Oncorhynchugshawytscharainbow trout/steelhea@ncorhynchus mykiseind eight species of
non-salmonids were captured in the Upper BattleekC(&JBC) rotary screw trap. To determine
rotary screw-trap efficiency, we conducted 19 vatdrk-recapture trials at UBC trap during the
period January 8 through March 25, 2008. Weeldp #fficiencies using naturally produced fall
Chinook salmon varied from 1.8 to 5.5% with a seaseerage of 3.8%. In conjunction with our
regular mark-recapture trials, we began a pairedkmerapture study at the UBC trap to
determine whether hatchery produced Chinook saloooid be used as surrogates for naturally
produced salmon. Trap efficiencies during the Horea trials were higher for naturally
produced fish than for hatchery fist={2.25; P=0.030). Only naturally produced Chinook
salmon trap efficiencies were used to estimate gggsf Chinook salmon and steelhead.
Initially, Chinook salmon run designations were mading length-at-date criteria developed for
the Sacramento River; however, spring and fall Gbknsalmon catch data was combined prior
to calculating spring Chinook salmon passage estsnaThe brood year 2007 spring Chinook
salmon passage estimate at the UBC trap was 74888, three late-fall Chinook salmon were
captured at the trap so a passage estimate waslcatated. The passage estimate for age 1+
rainbow trout/steelhead at the UBC trap was 371 B1&80 for brood year 2008 young-of-the-
year.
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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 threditnendangered 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 Chinook Salmon and Béael Restoration Project (Restoration
Project). The planning, designing, and permitphgses of the Restoration Project have taken
longer than originally anticipated; therefore, farfdr increased minimum flows in North and
South Fork Battle Creek from the CVPIA Water Acafias Program ran out in 2001. However,
the federal and State of California interagencygpam known as the CALFED Bay-Delta
Program (CALFED) funded the Battle Creek InterimIProject beginning in 2001 and will
continue to until the Restoration Project begimbe intent of the Interim Flow Project (IFP) is
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to provide immediate habitat improvement in thedoweaches of Battle Creek to sustain current
natural populations while implementation of the moomprehensive Restoration Project moves
forward. Under the IFP, PG&E would maintain miniminstream flows at 0.85 s (30 cfs)
by reducing their hydroelectric power diversioranirMay 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 conaddif.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
39% of spawning occurred in the north fork vers8%2n the south fork (J. M. Newton,
USFWS, RBFWO, unpublished data).

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, Californiagjme®nber 1998 (Whitton et al. 2006).
During the current report period, the RBFWO onlgigied the Upper Battle Creek trap to
estimate downstream passage; however, the LowdeEaeek trap was used to capture fall
Chinook salmon for mark-recapture trials. In cowjiion with our standard mark-recapture
trials, we conducted a paired mark-recapture stigityg hatchery-produced fall Chinook salmon
to determine whether they could be used as suesdat the naturally produced Chinook
salmon used in our regular trials. The purposthisfreport is to summarize rotary screw trap
data collected during the period November 28, 2003ugh June 30, 2008. This ongoing
monitoring project has three primary objectiveg:détermine an annual juvenile passage index
(JPI) for Chinook salmon (salmon) and rainbow tfsteelhead (trout), for inter-year
comparisons; (2) obtain juvenile salmonid life argtinformation 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) l@amgl 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 F@a#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
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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
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 excess6S8CA(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 watersisegindeveloped, 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 primaritypased 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 2007, 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 pointeéursg 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 boxesweir, during the current report period, the
baffles were removed from the live box becauseooterns they may increase mortality during
periods of high debris. The debris appeared tlwhys behind the first set of baffles, reducing
the ability of fish to swim towards the back of tingp box.



During the current report period, the Upper Bafiteek trap (UBC) was operated from
November 28, 2007 through June 30, 2008. The L@a#te Creek trap (LBC), which was
only used to capture naturally produced fall Chinealmon 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 deteed using water temperatures and spawning
dates to estimate the time of emergence. Reddadisgms during our snorkel surveys were
used to determine spawning dates. We attemptepexate the UBC trap 24 h per day; 7 d each
week, but at times high flows and trap repair lediour ability to operate the trap continuously
(Appendix 1). The trap was not operated when strié@ws exceeded certain levels in order to
prevent fish mortality, damage to equipment, anertsure crew safety. For the periods
November 27 to December 15, 2007 and Februaryddne 30, 2008 the trap was checked once
per day unless high flows, heavy debris loads,gi fish densities required multiple trap checks
to avoid mortality of captured fish or damage taipment. From December 16, 2007 to
February 3, 2008, the trap was checked at leasetaday to reduce the potential for mortality
of threatened spring Chinook salmon. High flonehris loads, and fish densities are possible
during this time. When flows allowed, the crewsevable to access the trap by wading from the
stream bank; however, during high flows acceshkedrap required that the crews use the cable
and pulley system to pull the trap into shallowevatAfter or during sampling and maintenance,
the trap was repositioned in the thalweg.

To reduce the potential mortality of fish captunedhe trap, the UBC trap was operated
with the half-cone modification from November 2807 through February 16, 2008 and
February 21 to April 8, 2008. The half-cone matiifion allows half of the fish and debris to be
discharged from the cone back into the creek, #¥ely reducing our catch of fish and debris by
half (Whitton 2007c). The trap was operated dtdahe for the remainder of the reporting
period. The LBC trap was always operated at fotiecto ensure sufficient numbers of fall
Chinook salmon were available for mark-recaptugdsr

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 timegsapfoperation, 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 fishiqglderas 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
volumetrically measured using a 44.0 liter (10-giIplastic tub. Water temperatures were
measured every 30 min with an instream Onset Ciibwr Away® temperature data logger.
Water velocity was measured as the average velfyoity a grab-sample using an Oceanic®
Model 2030 flowmeter (General Oceanics, Inc., Migihorida) 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 ean@&aModel 2100 turbidity meter (Hach
Company, Ames, lowa). In addition, daily streasctiarge data collected by the U.S.
Geological Survey at the Coleman Hatchery gaudiation (#11376550) was also used for trap
operations and to allow comparisons of dischargedmwvnstream migration patterns. The
gauge site is located below the Coleman Fish Haydberrier weir and approximately 0.2 km
downstream of the UBC trap (Figure 1).



Biological Sampling

Juvenile sampling at the UBC trap was conductétustandardized 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 ewaation. 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. Wattrd tubs was replaced as necessary to
maintain adequate temperature and oxygen levdldivaAfish captured in the trap were
released downstream of the trap. When the trapchvasked 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 toghaeest 1 mm. When more than 250
juvenile salmon are captured, subsampling occudessribed in Whitton et al. (2007a);
however, during the current reporting period nossuipling occurred because the total catch for
any daytime trap check did not exceed 250 fisH.nfdasured juvenile salmon were assigned a
life-stage classification of yolk-sac fry (C0), ft€1), parr (C2), silvery parr (C3), or smolt (C4),
and a run designation of fall, spring, late-fallonter. Life-stage classification was based on
morphological features and run designations wesedban length-at-date criteria developed by
Greene (1992). To obtain information on conditiactor, Chinook salmon >50 mm were
weighed to the nearest 0.1 g. Condition factoadall be summarized in a later report. If the
trap was checked multiple times in addition tophienary daytime check, only numbers 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 okt gdssage 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. All other Chinook salmuns were individually summarized by
brood year if sufficient numbers were capturedndth data for all Chinook salmon 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@rohining run designation. A 2-nrtissue
sample removed from the upper or the lower lobiefcaudal fin was divided into three equal
parts and placed in 2-ml triplicate vials contaghih5 ml of ethanol as a preservative. The
triplicate samples were collected for: 1) USFWSare, 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 were countdd=h. measured to the nearest 1 mm. Life
stages of juvenile trout were classified similaty/salmon {i.e., yolk-sac fry (R1), fry (R2), parr
(R3), silvery parr (R4), and smolt (R5)} as regeesby the Interagency Ecological Program
(IEP) Steelhead Project Work Team. All live raimbwout/steelhead > 50 mm were weighed to
the nearest 0.1 g for CDFG’s Stream Evaluation Rog If the trap was checked multiple times
in addition to the primary daytime check, only nwargand lifestage were recorded for rainbow
trout/steelhead.

Non-salmonid taxa—All non-salmonid taxa that were captured werented, but we
only measured approximately 20 randomly selectdibitduals of each taxa. Total length was
measured for lamprdyampetra spp.sculpinCottus spp.and western mosquitofiskeémbusia
affinis); otherwise, FL was measured for all other nomasalid taxa. Non-salmonids were not
the focus of this monitoring project; thereforelyatotal catch by species is provided in this
report but length data is available for the measstdsample 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 é&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 estimated wusingHinook salmon fry trap efficiencies.
Outmigration at the UBC trap typically begins indnio late November and continues through
mid to late June. Mark-recapture trials are uguadhducted from early January through mid to
late April when sufficient numbers of Chinook salmare available in the LBC trap. Although
sufficient numbers of fish may be available in Daber, it is possible that a higher proportion
of spring Chinook salmon are present; thereforednice any potential impacts we do not
conduct trials at this time.

Paired mark-recapture study-During the 2007-2008 season, we conducted a paired
mark-recapture study to determine whether hatcperguced fall Chinook salmon could be
used as surrogates for estimating trap efficieriayaturally produced Chinook salmon.
Coleman National Fish Hatchery provided hatchellydhinook salmon, and naturally produced
fall Chinook salmon were captured using the LB@.trdo reduce the potential for size related
differences in trap efficiency, we selected hatgtiesh that were of similar size to our naturally
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produced Chinook salmon. We conducted two triatheveek during the period December 30,
2007 through April 7, 2008; however, during a feaeks high flow events or fish availability
limited us to one trial. During this period, sewerpaired hatchery trials were conducted when
insufficient numbers of naturally produced fish ev@wvailable for marking.

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 marking.o Tmarks were used for most trials;
however, during one trial naturally produced fisttydhad one mark applied to allow for visual
differentiation of hatchery and naturally produdisth underwater. To apply the first mark,
juvenile salmon were anesthetized with an MS-22@tem at a concentration of 60 to 80 mg/L.
Once anesthetized, a small portion of the caudakfis removed with a scalpel. With the
exception of one trial, an upper caudal fin-clipsvegoplied to naturally produced Chinook
salmon and a lower caudal fin-clip was appliedatchery fish. During one trial, the clip
location was reversed to determine whether cliptioa affected trap efficiency. The switch
was made during a period of stable flows. Afterfin-clipped salmon had recovered in fresh
water, they were placed in a live-car and immersegismark brown-Y stain (J. T. Baker
Chemical Company, Phillipsburg, New Jersey) fon&A at a concentration of 8 g/380 L of
water (211 mg/L). During the primary marking phé&se-clips), we measured approximately 30
to 70 fish to allow for length comparisons betwéatchery and naturally produced fish. To
determine any potential 24-hour mortality, markabir®n were generally held overnight and
released the next day. Hatchery and naturallyywred fish were held in separate live-cars in the
trapbox to allow for ease in counting, but were ediyprior to release. Mortalities and injured
fish were removed and the remaining fish were cediaind released. All salmon marked for
UBC trials were released at the Coleman Nationsth Hatchery’s Intake 3 located 1.6 km (1.0
mi) upstream of the trap (Figure 1). To allow é@en mixing with unmarked fish, the marked
fish were released in small groups from the rivghtrbank. With the exception on one trial,
marked fish were released at dusk or after darkdace the potential for unnaturally high
predation on salmon that may be temporarily disdaied during transportation, and to simulate
natural populations of outmigrating Chinook salmdrich move downstream primarily at night
(Healey 1998; J. T. Earley, USFWS, RBFWO, unpuleiistata). Marked Chinook salmon that
were recaptured in the trap were counted, measanedsubsequently released downstream of
the trap to prevent them from being recapturedragai

During one trial, we conducted an underwater olzteynm experiment to determine
whether hatchery and naturally produced Chinootsalexhibited observable differences in
behavior upon release. Released fish were contpoiseree groups: hatchery, naturally
produced, and a mixed group. The individual groupse dual marked as described above;
however, naturally produced fish in the mixed grewgye only marked with a fin-clip to allow
for differentiation from hatchery fish underwatérhree observers dressed in dry suits, masks,
and snorkels were located across the channel wHdarth individual released approximately
one third of each group upstream of each obse®@éservers were not told which of the
individual groups was being released to reducepatgntial influence on observations. The
three observers watched their group of fish as Empgossible. Flow conditions were variable at
the three release sites.

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 peréobetter with small sample sizes and is not
undefined when there are zero recaptures (Carlksaln ¥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

E = (r, +2)

(m, +

: (1)

=

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 mikhrk-recapture trials, only
those naturally produced Chinook salmon trials aitteast seven recaptures were used to
estimate passage as suggested by Steinhors(20@d.; Table 2). If two mark-recapture trials
were conducted during the same week, the resuhs egmbined to calculate the average
weekly trap efficiency. Juvenile Chinook salmomdstream passage at the UBC trap was not
estimated using trap efficiencies for hatchery.fish

The goal of our paired mark-recapture study watetermine whether hatchery fish
could be used as surrogates for naturally prodéisedtherefore, we included the results from
all valid trials in our statistical comparison, wiher or not there were seven recaptures. Trap
efficiencies for hatchery and naturally producesth fivere compared using a two-sample t-test.
The influence of fork length and flow on trap eifiscy was briefly explored.

Juvenile passage index(JP1)Weekly JPI estimates for Chinook salmon and rainbow
trout/steelhead were calculated using weekly ctattails and either the weekly trap efficiency,
pooled trap efficiency, or average season tragieficy. The average season trap efficiency for
all half-cone trials was doubled to estimate passhging weeks when the trap was operated at
full cone (April 9 to June 30, 2008). The res@iltsn our hatchery trials were not used to
estimate passage of Chinook salmon at the UBC thajoivenile Chinook salmon JPI was only
calculated for brood year 2007 spring Chinook salmbUBC trap because there were
insufficient numbers of late-fall Chinook salmorptiared in the trap. All life stages of fall and
spring Chinook salmon were combined. A juvenilega@e index was calculated for rainbow
trout/ steelhead and summarized as either yourtbesfrear (yoy) or age 1+, which included
individuals from all other age classes The forigd distribution (fork length by date) of
rainbow trout/steelhead captured in the trap wasl ts determine weekly catch of young-of-the-
year and age 1+. With few exceptions, graphicgldy of fork length distribution indicated a
distinct separation of the two groups. In additiage 1+ and young-of-the-year rainbow
trout/steelhead captured during the same week amuldlly be distinguished by their life-stage
classification.

The season was stratified by week because ash8tsiret 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

C
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1
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wherelL is the total number of weeks. Variance and thar8®95% confidence intervals for
N, each week were determined by the percentile baptstethod 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 percehblastrap 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 (n,, Eh)(CarIson et al.
1998) and then calculating 1,0([)21)*,”. using equations (1) and (2), replacmgvith r*p;.

The 1,000 bootstrap iterations of the total Jlﬁl*() were calculated as

. Lo
N*p=2 o N*y (4)

As described by Steinhorst et al. (2004), the 95¥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, the UBC trap wpsrated continuously from
November 28, 2007 to June 30, 2008, except duiigiy flows and periods of trap repair
(Appendix 1). The trap was not operated from duly November 27, 2007 because sampling
from previous years has shown that little or nongadid outmigration occurs during that time
(Whitton et al. 2006, Whitton et al. 2007a). Irddbn, analyses of temperature data and spring
Chinook salmon spawning dates predicted that ju@emergence would begin in early
December. Of the 366 d available, the trap wasatpeé approximately 208 d. The period of
little or no salmonid catch, July 1 to November 2007 accounted for 150 of 158 missed
sample days (95%) and high flows and trap repaicsunted for the remaining 8 d (5%). The
monthly sampling effort varied from a low of abd¥6 in November 2007 to a high of 100% for
several months (Figure 2, Appendix 1).

Mean daily water temperatures at the UBC trap darnem a low of 5.0°C (41.0°F) on
January 21, 2008 to a high of 24.0°C (75.1°F) dyn 92008 (Figure 3). Mean daily flow
measured by the U.S. Geological Survey at the Caelfatchery gauging station (#11376550)
varied from a low of 6.8 fifs (241 cfs) in early to late November 2007 toghtof 42.9 n¥/s
(1,514 cfs) on January 4, 2008 (Figure 4). Duthgperiod of trap operation, there were only 3
d when flows exceeded 42.5/ (1,500 cfs) with a peak flow of 50.2%1(3,190 cfs) occurring
on January 4, 2008 (Figure 5). Turbidity at theGJBap varied from a low of 1.04 NTU’s on
December 14, 2007 to a high of 9.6 NTU’s on Fely@a&, 2008 (Figure 5). In general,
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turbidity increased with increasing flows, but ieases in turbidity did not always accompany
similar increases in flow. However, turbidity wasly measured when the trap was operating;
therefore, it is likely that turbidity was higheurihg high flow events.

Biological Sampling

Upper Battle Creek (UBC) salmonidsAccording to the length-at-date criteria, 56
spring and 2,910 fall Chinook salmon were captumetie UBC trap; however, based on adult
management at the barrier weirs, fall-run were whamed to be spring Chinook salmon;
therefore, they were combined for analyses. Braad 2007 (BYQ7) spring Chinook salmon
were first captured at the UBC trap the week ofddelger 2, 2007 with a peak weekly catch of
1,123 the week of January 6, 2008 (Figure 6). [@BeBYO07 spring Chinook salmon was
captured June 22, 2008. The total catch of BY®@nue spring Chinook salmon at the UBC
trap was 2,966. However, after adjusting the toadth for days the trap was not operated, the
adjusted total catch was 2,446. Only three brazat 008 (BY08) late-fall Chinook salmon
were captured in the UBC trap, and according tdeghgth-at-date criteria, no winter Chinook
salmon were captured; therefore, no additionalrmédion will be provided for these runs.

Fork lengths of spring Chinook salmon sampled etUBC trap varied from 31 to 128
mm with a mean fork length of 40 mm (N=1,768; Fegiirand 8). Length frequency data for all
runs were combined because fall and spring-run aieeady combined, and only three late-fall
were captured in the trap. Approximately 90% ofCdinook salmon captured in the UBC trap
had fork lengths40 mm (Figure 8). The life-stage composition afrgp Chinook salmon
captured at the UBC trap was 0.1% yolk-sac fry, 96%00.7% parr, 2.5% silvery parr, and
6.7% smolt (Table 1 and Figure 9).

During the reporting period, 19-age 1+ and 83 yeofithe-year (yoy) rainbow
trout/steelhead were captured in the UBC trap.yMere first captured the week of December
7, 2007 with a peak weekly capture of 27 occurtimgweek of May 18, 2008 (Figure 10). The
actual rainbow trout catch at the UBC trap was IRyever, after adjusting the total catch for
days the trap was not operated, the adjusteddatelh was 96. No young-of-the-year were
captured at the trap until March 25, 2008, with timsng captured after April 29 (Figure 10).
Fork lengths of rainbow trout/steelhead rangedo2Z370 mm with a median fork length of
65mm (N=96; Figure 11 and 12). Young-of-the-yeanlbow trout/steelhead were 87.5% of all
trout captured at the trap and had fork lengthsO<hgh (Figure 12). The life-stage composition
of all rainbow trout/steelhead was 8.4% fry, 75.8&8r, 12.6% silvery parr, and 3.2% smolt
(Table 1 and Figure 13).

Upper Battle Creek (UBC) non salmonid$:rem November 28, 2007 through June 30,
2008, eight native non-salmonid species were cagtur the UBC trap, including California
Roach, Hesperoleucus symmetricus (N=5), hardhdghpharodon conocephalysl=334),
Pacific lamprey, Lampetra tridentata (N=69), riffleulpin,Cottus gulosugN=119), Sacramento
pikeminnow,Ptychocheilus grandifN=30), Sacramento sucké&atostomus occidentalis
(N=805), tule perchiysterocarpus traskiN=3), threespine sticklebackasterosteus aculeatus
(N=3), and Western Brook lamprdyampetra richardsoniN=3) (Appendix 2 and 3). No
introduced species were captured in the UBC t@gttid, cyprinid, centrarchid, and lamprey fry
that could not be identified to species were algutured at the trap. Besides Chinook salmon,
Sacramento suckers and hardhead were the nexiamastiant species captured in the UBC
trap.
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Trap Efficiency and Juvenile Salmonid Passage

Upper Battle Creek trap efficiency (UBC)During the current report period, twenty-two
mark-recapture trials, using naturally producedn@bk salmon, were conducted at the UBC trap
from January 8 to March 25, 2008 (Table 2). Trsaits of three trials were not used to estimate
passage. One trial was incomplete because thevaapulled early during a storm event, during
the second trial fish were released during daylighirs; therefore, the trial can not be directly
compared to other trials, and finally the thirékrvas conducted at full-cone and the results
were again not directly comparable to other trigld.the 19 trials used to estimate passage, 14
had at least seven recaptures as recommendedibi@st et al. (2004; Table 2). The five trials
with less than seven recaptures were pooled eithierother trials conducted during the same
week or with trials conducted during an adjacenekv@arch 25, 2008). During nine of the
twelve weeks that trials were conducted, two separerk-recapture trials were conducted each
week, the results of which were pooled prior taakdting a weekly trap efficiency or passage.
Weekly trap efficiencies for the valid pooled anmgpaoled trials varied from 0.018 to 0.056,
with a season average trap efficiency of 0.038riiguhe report period, the season average trap
efficiency for all half-cone trials was used toiestte passage for 5 weeks when the trap was
operating with the half cone modification (Decemg2007 to January 5, 2008). The half-cone
season average was doubled and used to estimatgpdsr 13 weeks when the trap was
operated at full-cone (April 6 to June 30, 2008).

Paired mark-recapture study.Fwenty-two paired mark-recapture trials were conedc
at the UBC trap, and of those, 19 were includeithénanalyses (Table 3). We also conducted
seven additional unpaired hatchery trials, two bfol occurred prior to any paired trials and the
remaining five occurred at or near the end of theys(Table 3 and Figure 14). Trap
efficiencies for hatchery fish varied from 0.013%070 with a median of 0.025 for paired trials
and 0.028 for all trials. Naturally produced Choksalmon trap efficiencies varied from 0.013
to 0.069 with a median trap efficiency of 0.040ad efficiencies of naturally produced Chinook
salmon were significantly higher than trap effiges of hatchery fishi£-2.25;P=0.030). Of
the 19 paired trials included in the analyses, éffipiency for naturally produced fish was
higher in 14 trials (Table 3 and Figure 14).

Flow is often correlated with trap efficiency; howvee, during our study, there did not
appear to be any relationship between flow atithe bf release and naturally produced Chinook
salmon trap efficiencies (Figure 14). In contréstp efficiencies for hatchery fish closely
tracked flow at the time of release until Februgyr008, but a similar relationship was not
apparent in later trials.

Median fork length for hatchery produced Chinookrgan during paired trials varied
from 36 to 47 mm with a median fork length of 39mMedian fork length for naturally
produced Chinook salmon varied from 35 to 38mm &ithedian fork length of 37mm. During
15 of the 19 paired trials, the median fork lengflhatchery fish was higher than the median
fork length of naturally produced fish, but thefeience between the two groups wasmm for
10 trials (Figure 15). However, during the lagethpaired trials the difference in median fork
length increased, with there being a differencéimm during the last paired trial. During two
of these trials, trap efficiencies for hatcherynfigere higher than for naturally produced fish.
When these three trials were removed from the aealythe differences in trap efficiencies
between hatchery and naturally produced Chinoak@alincreased (t=-3.29: P=0.0025).

Our underwater observation experiment suggeststiahery and naturally produced
fish may exhibit different behavior at the timerefease. When the separate groups of hatchery
and naturally produced fish were released, alktleservers saw similar behavior. Hatchery
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fish quickly dropped to the bottom of the waterwwoh where they stayed close to the substrate
and were oriented headfirst into the current. dntrast, naturally produced fish quickly moved
headfirst downstream just below the water surfadehavior within the mixed group was more
difficult to characterize. In the high velocityear, no separation of the two groups was observed
before the group either swam or was swept downsti®athe current. However, one observer
was able to detect naturally produced fish sepagdtom the hatchery fish and subsequently
moving downstream.

Upper Battle Creek juvenile salmonid passage (UB®@gnssage estimates for spring and
fall Chinook salmon were combined because of trexlap in fork length. Juvenile passage
indexes were not calculated for late fall and wir@inook salmon because only three late-fall
and no winter Chinook salmon were captured in the.t Passage estimates were also calculated
for rainbow trout/steelhead.

The annual JPI for BYO7 spring Chinook salmon wé&8Z3, and the 90 and 95%
confidence intervals were 62,508 to 93,490 and9®t6 101,861, respectively (Table 4). The
weekly JPI's for spring Chinook salmon increasequidiy to a peak of 36,086 the week of
January 6, 2008, and then decreased until lateiMahen passage began increasing slowly to a
second peak of 613 the week of April 20, 2008. yQintee late fall Chinook salmon were
captured in the UBC trap; therefore a JPI was almidated. The annual JPI for yoy rainbow
trout/steelhead passing the UBC trap between Noee®, 2007 and June 30, 2008 was 1,150
whereas passage for agel+ fish was 371 (Tabl&hg.90 and 95% confidence intervals for the
yoy annual JPI estimate were 1,040 to 1,284 antBli® 1,311, and the 90 and 95% confidence
intervals for the annual JPI for age 1+ fish weré ® 402 and 262 to 426, respectively. Most
age 1+ fish migrated during December through midsMehereas yoy were not captured in the
trap until late March with a peak weekly passag8s#f the week of May 18, 2008.

Discussion
Trap Operation

During the current report period, we were ableperate the trap 96% (208 d) of the
season (216 d). With the exception of the 200452@port period, the UBC trap was operated
fewer days during the juvenile Chinook salmon aidbow trout/steelhead migration period
(November through June) in all other years. Betwdevember 28, 2007 to June 30, 2008 there
were about 8 d (185 hours) when the trap was netabd@d due to high flows and trap repair;
however, the 8 d the trap did not fish includes(22D hours) when the trap did not operate at all
and 6 d £65 hours) when the trap only fished for part obg.dIn other words, there were 11 d
where passage estimates were calculated usingtingaéed catch or partial catch depending on
which was larger. During the 2004-2005 seasonUBE trap was also not operated for about 8
d, which includes 6 d the trap did not operatdlatrald 5 d (49.5 hours) when the trap was only
operated for part of a day. Similar to the currepiort period, there were 11 d where passage
estimates were calculated using an estimated datetever, passage estimates may have been
more accurate during the 2004-2005 season beciaesef the days the trap was not operated at
all or was operated for a partial day were in Malgich is after the peak outmigration period;
therefore the affect of estimating daily catch Ijkiead less impact on the overall annual passage
estimate.

Our ability to operate the trap during most of pleak outmigration period likely led to
improved passage estimates for Chinook salmonantdaw trout/steelhead relative to previous
years. However, estimating catch on days thewgpnot operated may have affected our
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weekly and annual JPI's, but the magnitude of tfectlikely varied with the time of the year,
catch, and number of consecutive days estimatec high flow events occurred in early and
late January, which is during the period of peatogration for fall and spring Chinook salmon
fry; therefore, we may have underestimated catemguhese periods because fry often disperse
downstream during or following high flow events @tey 1991). Although the storm event on
January 4, 2008 only lasted about one day, thevtespdamaged which resulted in a loss of three
additional days while the trap was repaired. Dedich had begun to increase prior to the storm
event, and was even higher after the trap wasnehaherefore, it is possible that we
underestimated daily catch. Although the trap matsoperated in July through late November
during the current report period, this likely hadited impact on Chinook salmon and rainbow
trout/steelhead passage estimates because preaoysing has shown that few or no salmonids
are captured during this period (Whitton et al. 0¥hitton et al. 2007a; Whitton et al. 2007b).

It likely reduced the accuracy of our annual cadtthls for non-salmonids, but they are not the
focus of this monitoring project.

Determining whether there are better methods fiomesing catch for days the trap is not
operational may improve the accuracy of our passagmates. Currently, average catch for an
equal number of days before and after a periodisged sampling is used to estimate catch
when the trap is not operated. The accuracy efrttéthod as well as others such as catch per
unit volume (CPUV) or effort (CPUE) should be tekte determine whether there is a particular
method that is more accurate at estimating catcinglhigh-flow periods and other days the trap
is not operated. The CPUE methodology has beahinsefew other rotary screw trap studies
to estimate passage during periods when traps netreperated (Griffith et al. 2001 and
Volkhardt et al. 2005), but comparisons with ottmeathods did not occur.

Recommendation: Investigate the use of CPUV, CPUE, or other mashto
estimate catch for days the trap is not operated.

Biological Sampling

To effectively estimate passage and describeitiiedical characteristics of all runs of
Chinook salmon on Battle Creek, the sampling metheekd at the traps must be tested to ensure
their applicability and accuracy. In previous yedength-at-date criteria for determining run
designation (Greenel992) have been used on Batkk@o differentiate runs of juvenile
Chinook salmon captured in the traps. Howevesdlwiteria were developed for the mainstem
Sacramento River, and we have determined thatareegot accurate for tributary runs of
Chinook salmon. Considering the overlap betweas,rgenetic sampling is likely the most
accurate method for assigning a run designatiooweyer, it is expensive and will likely only
be done on a portion of the total catch, which tregjuires the results to be extrapolated to the
total catch. In addition, current genetic techesjéor run identification of Central Valley
Chinook may need to be verified or refined for aggilon specifically to Battle Creek
populations.

Recommendation: Develop or utilize methods such as genetics &iemnining
the run designation of Chinook salmon capturechenWBC trap.
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Trap Efficiency and Juvenile Salmonid Passage

Trap efficiency.-Buring the current report period we began a pamadk-recapture
study to determine whether hatchery produced faih@k salmon could be used as surrogates
for naturally produced fall Chinook to conduct magicapture trials at the UBC trap. There are
insufficient numbers of fish captured in the UB&ptito conduct trials; therefore, we use fall
Chinook salmon captured in the LBC trap to estinui@tp efficiency. However, there are two
periods during the migration period when we tygicdb not conduct mark-recapture trials.
First, we do not conduct trials in late Novembeotlgh December to reduce any potential
impacts on threatened spring Chinook salmon. teaNvember through December the
potential for capturing spring Chinook salmon ie ttBC trap is higher than after early January;
therefore we made the decision not to conduct mesr&pture trials until after January 1. We
also do not conduct trials in May and June becassen water and air temperatures increase the
potential for mortality of marked fish. If hatclydish could be used as surrogates during these
two periods, we would not need to use the seaserage trap efficiency and the accuracy of our
passage estimates could increase. December isffhg period of peak outmigration for fry
and May is a period of peak out migration for pailiery parr, and smolt; therefore, accurate
passage estimates during these periods are importan

In order to use hatchery fish as surrogates wadddtermine whether trap efficiencies
for hatchery fish were similar to naturally prodddall Chinook salmon. The results of our
paired mark-recapture study suggest we may nobleet@ use hatchery fish as surrogates for
naturally produced Chinook salmon. Trap efficiesodf hatchery fish were lower in 74% of our
19 valid trials. In addition, hatchery fish werat mvailable until December 28, which was only
10 d earlier than naturally produced fish. Althbulge first group of hatchery fish was released
into the raceway December 17, 2007, they were uftitently “buttoned-up” to mark on
December 20. Water temperatures play an importdain the rate of development; therefore,
with warmer water temperatures hatchery fish magJualable earlier in other years.

The differences observed between hatchery andatigtproduced trap efficiencies are
likely explained by a variety of biological and @mnmental variables. Our study indicated that
the variables influencing trap efficiency may b#edent for the two groups. Early in the study
trap efficiencies of hatchery fish were highly eated with flow at the time of release;
however, this relationship was not maintained thhmut the study (Figure 14). Flows at time of
release did not appear to be correlated to nayypatiduced Chinook salmon trap efficiencies at
any time during the study; however, the range lefase flows (8.4 to 20.6 s {298 t0727 cfs})
over which the study was conducted was limiteddsy flow conditions in the drainage. Of the
19 valid paired trials, 11 were conducted at flest4d.3 ni/s (400 cfs), and only three trials were
conducted at flows >14.2%s (500 cfs). Itis possible that trap efficierscfer naturally
produced fish would show a correlation with floweowa wider range. Increasing fork length
may have also influenced trap efficiencies of hatgtiish; however, there were only a few trials
where hatchery fish were >2mm larger than natugabduced fish. During these trials trap
efficiencies were higher than the average tragiefiicy for hatchery fish.

The hatchery environment may also influence tréipiehcies because velocities in the
raceways are much lower than those experiencedglatr mark-recapture trials. The results of
our underwater observation experiment appear tpatithis idea. Hatchery fish quickly
dropped into the substrate following release, wisiejgests they may have been seeking cover.
If hatchery fish are attempting to avoid high vdies, it is possible that they migrate towards
areas of lower velocity such as stream edges asttbam substrate. Both of these locations
would make them less likely to be captured in ttany screw trap, which is positioned in the
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thalweg of the creek. Another alternative is thaihg raised in a hatchery environment
influences migratory behavior. Hatchery fish may all migrate downstream immediately
following release. Fork length may also influemekease behavior, because larger fish would
likely be able to handle higher velocities than Bendish. Determining what variables influence
trap efficiency of naturally produced fish may allas to develop a statistical relationship to
estimate daily trap efficiencies.

Recommendation: Continue the paired mark-recapture study to emplo
relationships between trap efficiency and biologemad environmental variables,
qguantify differences in trap efficiency related differences in fork length, and
verify the results from the current report period.

Juvenile salmonid passageDuring the current report period, catch data feirgpand
fall Chinook salmon were combined to estimate pgs$ecause the length-at-date criteria used
to assign run designations is not accurate in 8&iteek. Stream temperatures play a critical
role in emergence timing; therefore, variationtiream temperatures between years will
influence fry emergence timing. According to teadth-at-date criteria there were only 56
juvenile spring Chinook salmon captured in the UBp during the current report period,
whereas there were 2,910 fall Chinook salmon. mutihe adult Chinook salmon monitoring
season at the hatchery’s barrier weir, flows wetatively low leading to very accurate counts of
adult passage into the upper watershed. The caulpassage estimate for the trap and video
periods was 291 potential adult spring Chinook salnmowever, an unusually large pulse of
fish (N=16) passed the video monitoring site ory 1@ 2007 during an unusual summer storm
event. These fish may have been early returnith@fanook salmon, but it is unlikely that these
16 adult Chinook salmon which account for 5.5%hef &dult passage can explain the fact that
98% of the juveniles captured at the UBC were assica fall Chinook salmon run designation.
The length-at-date criteria were based on Sacranfiner emergence timing, which will likely
differ if water temperatures in the Sacramento Rare warmer than temperatures in Battle
Creek.

The combined spring and fall Chinook salmon juvepihssage estimate for the current
report period is higher than the combined sprindjfatl passage estimates for BY01, BY02, and
BYO04, but lower than combined passage estimateBY®8, BY99, and BY03 (Table 6). Adult
escapement in 2007 was the highest (n=291) sincétonimg began at the hatchery’s barrier
weir; however, juvenile passage was lower thanmiesein 1998, 1999, and 2003. Several
factors may explain why juvenile passage did ntecethe high adult escapement, including
inaccurate juvenile passage estimates, adult nitgrtahderestimated adult passage in previous
years, and low survival to emergence. Peak juggraksage at the UBC trap typically occurs in
late December to early January. During the cumgmort period, the UBC trap was not operated
for 4 d in early January because of high flows tnag damage; therefore, it is possible that
weekly passage estimates made during that timerestiteated the actual passage. A second
storm occurred in late-January, and although it maeghe period of peak passage, there were
still large numbers of juvenile Chinook salmon lgegaptured in the trap.

Adult mortality or reduced fertility prior to spawy may have made a minor
contribution to the lower juvenile passage estimateserved at the UBC Trap. One hundred
thirty two redds were observed during snorkel sysyghich is 13 less than we would predicted
if there was a 1:1 sex ratio, 100% survival to spiag, and all females spawned. In contrast, in
2002 there were 222 adult Chinook salmon passetteaps of the barrier weir; however, only
78 redds were observed during snorkel surveysreTdygpears to have been high adult mortality
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in 2002, which may explain the low juvenile passalgserved at the UBC trap. Furthermore,
over all years, the number of redds per adult fenf@suming a 1:1 sex ratio) is strongly
correlated with increased flow and decreased wataeperature during the summer months
(Newton et al. 2008). Increased flow increasesatiea of holding habitat, reduces stressfully
high water temperatures, and likely improves predgitter) avoidance behavior for adult
Chinook salmon. In 2007, mean monthly flows fraime through September were lower than
in 1998, 1999, and 2003 possibly explaining whyepile production was lower in 2007 than
these other three years.

The higher juvenile passage estimates in 1998,,18892003 may also be the result of
both unobserved and observed passage of adutialbok salmon. In 1998 and 1999, high
flows likely allowed fall Chinook salmon to jump evthe barrier weir because only 178 and 73
adults spring Chinook salmon were passed througlbainrier weir trap, respectively (Figure
16). July and August flows in these two years wheehighest observed since monitoring
began; therefore, it is likely that fall Chinookrean jumped the weir unobserved (Figure 16).
In 2003, 221 adult Chinook salmon were passed tirdlie barrier weir trap; however, 48%
(n=106) passed after August 1, 2003. Brown andbAl$2007) concluded that these fish were
likely fall Chinook. Because these fish arriveddugust, they were not exposed to the high
water temperatures that earlier spring Chinook salexperience, and likely had higher survival
to spawning (Figure 17). A similar pulse (18.9%48) was observed in 2002. These late
pulses of fish led to the barrier weir trap anddirdbeing closed August 1 in years after 2003.

Survival to emergence is another factor that mayrdmute to lower juvenile passage
estimates. Water temperature$3.3°C (56 °F) are considered optimal for Chinsalknon egg
incubation (Ward and Kier 1999; Figure 17). Tenapare analyses conducted by Newton et al.
(2008) indicated that during the incubation petioel average percent of days where
temperatures were classified as excellerit3.3 °© C) was 99.4% for all redds. The analyses
used a best-case scenario which assumes that trimubagan the day prior to the snorkel
survey in which the redd was first observed. Rieddbation temperatures during the current
report period do not appear to have been highertdraperatures observed in 2004 to 2006,
with the exception of a few brief periods in latet@ber and November; however, temperatures
were within the range considered optimal for indidra In 2004 to 2006, the average percent of
days during which temperatures were classifiedkaslkent for all redds was ranged from 95.7
to 99.6% (Alston et al. 2007; Newton et al. 200Mawton et al. 2007b). High flow events that
cause scour can also contribute to reduced suriovainergence; however during the current
report period there were only 3 d when flows exeget?.5 r¥s (1,500 cfs) and the peak flow
was 50.1 m¥s (3,190cfs). These flows are unlikely to catigaiicant scour of substrate that
would lead to reduced survival to emergence.

Late-fall Chinook salmon juvenile passage at tB&£Urap continued to decline.
According to the length-at-date criteria, only #ntate-fall Chinook salmon were captured at the
UBC trap during the current report period. Prm2001, CNFH did not pass late-fall Chinook
salmon upstream of the barrier weir; thereforey dinbse that were able to jump the weir during
high flows or passed through the fish ladder ateti of the immigration period (after early
March) escaped upstream of the UBC trap. Thidylikesulted in the low juvenile production
estimates in 1999 and 2000. The CNFH began passitugal-origin (i.e., unclipped) adult late-
fall Chinook salmon upstream of the barrier wei2001. In 2002, late-fall Chinook salmon
juvenile passage was the highest on record, canespg to the highest adult escapement
estimate (n=249). However, since 2002, both askdapement and juvenile passage have
steadily declined. From October 2007 through Faty@008, the hatchery only passed 19 adult
late-fall Chinook salmon above the barrier weiren@tic samples collected from adult Chinook
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salmon passed at the barrier weir trap in 2008 havé&een analyzed; therefore, it is possible
some additional late-fall Chinook salmon were pdsgestream after March 1, 2008. Typically,
juvenile late-fall Chinook salmon begin to showinpghe UBC in late March to early April, but
that did not occur during the current report peridavo late-fall fry were captured in the trap in
late-May.

In 2008, rainbow trout/steelhead juvenile passageeaUBC trap was lower than all
previous years when passage estimates were malle @a Only three rainbow trout/steelhead
fry were captured in the UBC trap in March. Prafhiary adult data indicates that passage in fall
2007 through July 2008 was the second lowest, winiai explain the decline observed in
juvenile passage (J. Newton, USFWS, personal conuation). Rainbow trout/ steelhead fry
typically begin to show up in the UBC trap in |&ebruary through March. In most years, fry
<35 mm were not observed in the UBC trap after Malx, however, in 2008, fry <30 mm were
captured in the trap in June. Whether this in@sat shift in emergence timing is unknown at
this time. Rainbow trout/steelhead fry were obsdrn the LBC trap in March, which is similar
to previous years. High flow events during theuivation period were limited; therefore it is
unlikely that scouring of redds occurred.

Acknowledgements

We would like to thank the Red Bluff Fish and Wild|Office staff who worked on this
project: Tara Anderson, Tim Blubaugh, RJ Bottarayid Colby, Jacob Cunha, Jim Earley,
Jessica Fischer, Sarah Giovannetti, Jacie KnigittjdDLaPlante, Hayley Potter, Laurie Stafford,
and Andy Trent. We thank the Coleman National Hsltchery staff, especially Scott
Hamelberg and Mike Keeler, for accommodating oogpam at the Coleman National Fish
Hatchery, and Kurt Brown for coordinating the sétat of hatchery fish for our paired mark-
recapture study. The CALFED Ecosystem Restord®iagram provided California Department
of Water Resources funding for this project fromgarisition 50, under grant number PO685505,
which was administered by the California Departnadritish and Game and GCAP Services,
Costa Mesa, California (Sacramento Office).

References

Alston, N. O., J. M. Newton, and M. R. Brown. 200Monitoring adult Chinook salmon,
rainbow trout, and steelhead in Battle Creek, ©alifs, from November 2003 through
November 2004. USFWS Report. U.S. Fish and Wédiervice, Red Bluff Fish and
Wildlife Office, Red Bluff, California.

Bailey, N. T. J. 1951. On estimating the sizenobile populations from capture-recapture data.
Biometrika 38:293-306.

Brown, M. R., and N. O. Alston. 2007. Monitoriadult Chinook salmon, rainbow trout, and
steelhead in Battle Creek, California, from Novem2@02 through November 2003.
USFWS Report. U.S. Fish and Wildlife Service, B&aff Fish and Wildlife Office, Red
Bluff, California.

Buckland, S. T., and P. H. Garwaite. Quantifyimggision of mark-recapture estimates using
the bootstrap and related methods. Biometric28%:268.

19



CVPIA (Central Valley Project Improvement Act). 49 CVPIA comprehensive assessment
and monitoring program: standard protocol for rptsgrew trapping. Central Valley
Fish and Wildlife Restoration Program Office, Saceato, CA.

Carlson, S. R., L. G. Coggins Jr., and C. O. Swanti998. A simple stratified design for mark-
recapture estimation of salmon smolt abundanceaska Fishery Research Bulletin
5(2):88-102.

Efron, B., and R. Tibshirani. 1986. Bootstrap moels for standard errors, confidence intervals,
and other measures of statistical accuracy. StafiScience 1:54-77.

Greene, S. 1992. Estimated winter-run Chinook ealsalvage at the state water project and
Central Valley Project delta pumping facilities.eMorandum dated 8 May 1992, from
Sheila Greene, State of California Department ofaVResources to Randall Brown,
California Department of Water Resources. 3 pps a5 pp. tables.

Griffith, J., R. Roger, and J. Drotts. 2001. 2@dlaguamish River smolt trapping project.
Stillaguamish Tribe of Indians, Arlington, WA.

Healey, M. C. 1991. Life history of Chinook saimoPages 311 - 398 C. Groot and L.
Margolis, editors. Pacific salmon life histori&BC Press, University of British
Columbia, Vancouver, B.C, Canada.

Jones & Stokes. 2004. Battle Creek Salmon andigi@e Restoration Project action specific
implementation plan. Draft. April. (J&S 03-03%acramento, CA.

Newton, J. M., N. O. Alston, and M. R. Brown. 2@0™Monitoring adult Chinook salmon,
rainbow trout, and steelhead in Battle Creek, Galifa, from November 2004 through
November 2005. USFWS Report. U.S. Fish and Wéddbiervice, Red Bluff Fish and
Wildlife Office, Red Bluff, California.

Newton, J. M., N. O. Alston, and M. R. Brown. 2007”Monitoring adult Chinook salmon,
rainbow trout, and steelhead in Battle Creek, ©alifa, from March 2006 through
November 2006. USFWS Report. U.S. Fish and Wé@dbervice, Red Bluff Fish and
Wildlife Office, Red Bluff, California.

Newton, J. M., L. A. Stafford, and M. R. Brown. 38 Monitoring adult Chinook salmon,
rainbow trout, and steelhead in Battle Creek, Galifa, from March through November
2007. USFWS Report. U.S. Fish and Wildlife SeeyRRed Bluff Fish and Wildlife
Office, Red Bluff, California.

Newton, J. M., L. A. Stafford, and M. R. Brown.n (progress). Monitoring adult Chinook
salmon, rainbow trout, and steelhead in Battle KGr€alifornia, from March through
November 2007. USFWS Report. U.S. Fish and Wa@dbervice, Red Bluff Fish and
Wildlife Office, Red Bluff, California.

20



Steinhorst, K., Y. Wu, B. Dennis, and P. Kline.020 Confidence intervals for fish
outmigration estimates using stratified trap e#fi@y methods. Journal of Agricultural,
Biological, and Environmental Statistics 9: 284-299

Thedinga, J. F., M. L. Murphy, S. W. Johnson, JLbtenz, and K V. Koski. 1994.
Determination of salmonid smolt yield with rotargrew traps in the Situk River, Alaska,
to predict effects of glacial flooding. North Anean Journal of Fisheries Management
14:837-851.

USFWS (U.S. Fish and Wildlife Service). 1997. Red Draft Restoration Plan for the
Anadromous Fish and Restoration Program. A pland@ase natural production of
anadromous fish in the Central Valley of Califotrifaepared for the U.S. Fish and
Wildlife Service under the direction of the Anadraus Fish and Restoration Program
Core Group. May 30, 1997.

USFWS (U.S. Fish and Wildlife Service). 2001. IBgical assessment of artificial propagation
at Coleman National Fish Hatchery and Livingstoon8tNational Fish Hatchery:
program description and incidental take of Chineaknon and steelhead trout. Red
Bluff, CA.

USFWS (U.S. Fish and Wildlife Service) and USBRSBureau of Reclamation). 2002.
Comprehensive Assessment and Monitoring ProgranME)Annual Report 2000.
Prepared by CH2M HILL, Sacramento, California.

Volkhardt, P.T., L. Fleischer, T. Miller, and S.Hemning. 2005. 2004 juvenile salmonid
production evaluation report: Green River, WenatdReser, and Cedar Creek.
Washington Department of Fish and Wildlife —Fisbdgtam FPA05-13.

Ward, M. B., and W. M. Kier. 1999. Battle Creeltrson and steelhead restoration plan.
Report by Kier Associates to Battle Creek Workingp.

Whitton, K. S., J. M. Newton, D. J. Colby, and M.Btown. 2006. Juvenile salmonid
monitoring in Battle Creek, California, from Septasn 1998 to February 2001. USFWS
Data Summary Report. U.S. Fish and Wildlife SexyRRed Bluff Fish and Wildlife
Office, Red Bluff, CA.

Whitton, K. S., J. M. Newton, and M. R. Brown. Z@0 Juvenile salmonid monitoring in Battle
Creek, California, from July 2001 through Septen@?2. USFWS Report. U.S. Fish
and Wildlife Service, Red Bluff Fish and Wildlifeffize, Red Bluff, CA.

Whitton, K. S., J. M. Newton, and M. R. Brown. Z@0 Juvenile salmonid monitoring in Battle
Creek, California, from October 2002 through Seften2003. USFWS Report. U.S.
Fish and Wildlife Service, Red Bluff Fish and Wifdl Office, Red Bluff, CA.

Whitton, K. S., J. M. Newton, and M. R. Brown. Z@0 Juvenile salmonid monitoring in Battle

Creek, California, from October 2003 through Seften2004. USFWS Report. U.S.
Fish and Wildlife Service, Red Bluff Fish and Wifdl Office, Red Bluff, CA.

21



Whitton, K. S., J. M. Newton, and M. R. Brown. Z@0 Juvenile salmonid monitoring in Battle
Creek, California, from October 2004 through Seften2005. USFWS Report. U.S.
Fish and Wildlife Service, Red Bluff Fish and Wifdl Office, Red Bluff, CA.

22



Tables

23



Table 1. Life-stage summary of fall, late-fallyi;gg and winter Chinook salmon and rainbow
trout/ steelhead captured at the Upper Battle Creteky screw trap from November 28,
2007 through June 30, 2008.

Late-Fall
Spring Chinook Chinook Winter Chinook Rainbow
Life Stage # % # % # % # %
Yolk Sac Fry 2 0.1 2 66.7 0 0 0 0
Fry 1,570 90.0 1 33.3 0 0 8 8.4
Parr 13 0.7 0 0 0 0 72 75.8
Silvery Parr 44 2.5 0 0 0 0 12 12.6
Smolt 116 6.7 0 0 0 0 3 3.2
Totals 1,745 100 3 100 0 0 95 100
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Table 2. Summary of the mark-recapture trials cotetl at the Upper Battle Creek (UBC)
rotary screw trap from November 28, 2007 througheJs80, 2008. Shaded rows indicate
weeks where mark-recapture data were pooled toledécthe weekly trap efficiency.
Trials highlighted withbold text were not used. All valid mark-recapture trialgeve
conducted while the trap was operated with the-tatie modification.

Time of Number Pooled /Season Weekly Mean
Release Date Release Released Recaptures Efficiency® Avg. Efficiency Flow, nt/s (cfs)
01/09/08 02:05 481 14 0.031 13.6 (482)
01/12/08 19:37 303 12 0.043 0.054 9.3 (328)
01/15/08 20:19 305 20 0.069 0.054 9.3 (328)
01/19/08 20:36 335 19 0.060 0.055 16.0 (564)
01/23/08 19:15 286 14 0.052 0.055 16.0 (564)
01/27/08° 21:30 266 2 16.6 (585)
01/29/08 19:40 303 16 0.056 16.6 (585)
02/03/08° 8:40 308 4 11.2 (395)
02/05/08 20:30 303 9 0.033 11.2 (395)
02/09/08 19:35 299 9 0.033 0.035 9.3 (327)
02/12/08 19:36 302 11 0.040 0.035 9.3 (327)
02/16/08° 19:00 302 49 0.165 11.4 (404)
02/20/08 19:00 296 11 0.040 0.038 11.4 (404)
02/22/08 19:00 301 11 0.040 0.038 11.4 (404)
02/26/08 18:50 296 12 0.044 14.2 (503)
03/01/08 19:12 309 14 0.048 0.045 10.8 (382)
03/04/08 19:35 70 2 0.042 0.045 10.8 (382)
03/08/08 19:02 306 6 0.023 0.018 11.1 (391)
03/11/08 20:30 299 4 0.017 0.018 11.1 (391)
03/15/08 19:55 304 3 0.013 0.028 11.4 (401)
03/18/08 18:45 523 20 0.040 0.028 11.4 (401)
03/25/08 20:30 148 3 0.027 0.028 10.7 (378)

r+1 , Where r = recaptures and m = number of markddréeased.
m+1

® This trial was not used because there was sigmifimortality prior to release and the trap wasepiuhe day after
marked fish were released.

° This trial was not used because marked fish walemsed during the daylight.

9 This trial was not used because the trap was teariposwitched to full-cone.

& Bailey’s Efficiency was calculated by =
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Table 3. Comparison of naturally produced andhetcfall Chinook salmon mark-recapture trials aoetdd at the Upper Battle
Creek rotary screw trap in 2008. Shading indicatieish group had the highest trap efficiency durngjngle trial, and bold text
indicates paired trials that were not used in tia\eses.

Release Date Naturally Produced Hatchery
Marked Recaptured Trap Efficiency Marked Recagtur Trap Efficiency
12/29/07 249 6 0.028
_____ OL/01/08 T T 2%4 A .........002
01/09/08 481 14 0.031 503 19 0.040
01/12/08 303 12 0.043 291 9 0.034
01/15/08 305 20 0.069 301 5 0.020
01/19/08 335 19 0.060 304 5 0.020
01/23/08 286 14 0.052 299 9 0.033
01/27/08° 266 2 182 2 ---
01/29/08 303 16 0.056 299 20 0.070
02/03/08° 308 4 0.016 308 4 0.016
02/05/08 303 9 0.033 301 7 0.027
02/09/08 299 9 0.033 302 5 0.020
02/12/08 302 11 0.040 305 6 0.023
02/16/08° 302 49 0.165 300 26 0.090
02/20/08 296 11 0.040 301 3 0.013
02/22/08 301 11 0.040 306 4 0.016
02/26/08 296 12 0.044 307 3 0.013
03/01/08 309 14 0.048 309 6 0.023
03/04/08 70 2 0.042 303 5 0.020
03/08/08 306 6 0.023 302 8 0.030
03/11/08 299 4 0.017 309 3 0.013
03/15/08 304 3 0.013 303 14 0.049
03/18/08 523 20 0.040 562 19 0.036
03/22/08 306 9 0.033
______ 03/25/08 148 3 0027 304 14 [ 0049

03/29/08 302 10 0.036
04/01/08 300 10 0.037
04/05/08 307 10 0.036
04/08/08" 309 33 0.110

@ Naturally produced Chinook salmon were not avégél@uring this trial.

® The results of this trial were not used becausérdp was pulled early due to high flows.

° The results of this trial were not used becauseeasfish were released during daylight hours.

9 The results of this trial were not used becausdrtip was at full-cone and the results are nettliy comparable to trials conducted at half-cone.
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Table 4. Weekly summary of brood year 2007 juvespring Chinook salmon passage estimates for pipeiBattle Creek rotary
screw trap, including week, efficiency (E), catebtimated passage (N), standard error (SE), an@ltlaed 95% confidence
intervals (Cl). Shaded rows indicate adjacent werhkere the results of mark-recapture trials wexdean to calculate passage.
Only weeks in which spring Chinook salmon were oegd are included.

Efficiency Estimated 90% Confidence Interval 95% Confidence Interval

Week (B) Catcl? Passage (N) SE° Lower Cl Upper ClI Lower Cl Upper ClI
12/02/07 0.038 12 313 71 221 442 214 473
12/09/07 0.038 12 313 72 221 442 214 473
12/16/07 0.038 82 2,138 495 1,509 3,018 1,490 3,233
12/23/07 0.038 91 2,373 571 1,674 3,588 1,570 3,864
12/30/07 0.038 431 11,239 2,580 7,930 15,861 7,675 16,994
01/06/08 0.031 1,123 36,086 9,574 24,604 54,129 5343, 60,413
01/13/08 0.054 584 10,777 1,955 8,271 14,226 7,903 15,463
01/20/08 0.054 197 3,604 627 2,785 4,713 2,664 6,10
01/27/08 0.055 209 3,737 933 2,647 5,295 2,444 46,35
02/03/08 0.032 25 760 275 475 1,267 447 1,520
02/10/08 0.034 6 172 41 125 258 117 278
02/17/08 0.038 20 520 111 386 748 362 797
02/24/08 0.043 6 137 42 94 223 85 255
03/02/08 0.044 2 45 11 32 63 29 69
03/09/08 0.018 3 165 55 107 260 101 303
03/16/08 0.027 8 289 60 217 411 205 434
03/23/08 0.027 3 108 22 81 146 77 163
03/30/08 0.038 6 156 35 114 221 107 237
04/06/08 0.07% 16 209 33 167 268 158 285
04/13/08 0.07% 22 287 47 229 368 221 392
04/20/08 0.07% 47 613 101 480 811 463 837
04/27/08 0.07% 21 274 42 219 351 207 374
05/04/08 0.07% 17 222 34 173 284 168 303
05/11/08 0.07% 13 169 25 135 217 130 224
05/18/08 0.07% 7 91 14 72 117 70 125
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Table 4. (Continued)

Efficiency Estimated 90% Confidence Interval 95% Confidence Interval
Week (E) Catctf Passage (N) SE Lower ClI Upper ClI Lower ClI Upper ClI
06/01/08 0.077 1 13 2 10 17 10 17
06/22/08 0.077 1 13 2 10 17 10 17
Totals - 2,965 74,823 9,993 62,508 93,490 60,655 101,861

Half-cone season average efficiency was calculasaty all valid un-pooled and pooled trials cortédclanuary 8 to March 25, 2008. The half-consmea
average was applied during weeks when no mark-teafrials were conducted, and the trap was ojpgrat half-cone.

® Daily catch was estimated for days the trap wadisioing.

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

4 Full-cone season average trap efficiency was catiedby doubling the half-cone season average. The fule@eason average was applied during weeks
when no mark-recapture trials were conducted, badrap was operating at full-cone.
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Table 5. Weekly summary of rainbow trout/steelhpasisage estimates for the Upper Battle Creekyretaiew trap, including week,
efficiency (E), catch, estimated passage (N), stehdrror (SE), and the 90 and 95% confidencevate(Cl). Weekly estimates
listed above the dotted line are for trout fromvimas brood years (age 1+). Weekly estimates b#h@wine are for brood year
2008 trout captured during the reporting periotiaded rows indicate adjacent weeks where the sesuthark-recapture trials
were pooled to calculate passage. Weeks with toh @aie not included.

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

12/02/07 0.038 1 26 6 19 37 18 39
01/06/08 0.032 1 32 8 22 48 20 54
01/13/08 0.054 1 18 3 14 24 13 26
01/27/08 0.055 9 161 39 109 228 105 249
02/17/08 0.038 1 26 5 19 35 18 37
02/24/08 0.043 1 69 7 15 33 14 37
04/13/08 0.076 1 13 2 10 17 10 18
05/11/08 0.076 2 26 4 20 33 20 36

Totals --- 17 371 74 271 402 262 426

Brood Year 2008 (YOY)

03/23/08 0.027 3 108 22 79 146 75 154
04/27/08 0.076 1 13 2 10 17 10 18
05/04/08 0.076 4 52 8 41 69 39 74
05/11/08 0.076 8 104 16 82 134 79 138
05/18/08 0.076 27 352 52 281 452 271 481
05/25/08 0.076 22 287 45 225 368 217 392
06/01/08 0.076 9 117 18 92 146 89 155
06/08/08 0.076 5 65 10 51 81 49 89
06/22/08 0.076 2 26 4 20 33 20 36
06/29/08 0.076 2 26 4 21 33 20 35

Totals --- 83 1,150 181 1,040 1,284 1,018 1,311

Half-cone season average efficiency (0.038) wisitzted using all valid un-pooled and pooled griebnducted January 8 to March 25, 2008. Thectutle

season average (0.076) was calculated by doultilabdlf-cone average since only one invalid futhedrial was conducted with naturally produced fisining
the season. A full or half-cone season averageawpled during weeks when no mark-recapture triedse conducted.
® 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.
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Table 6. Summary of fall, late-fall, and springi@ok salmon and rainbow trout/steelhead juvengsspge estimates at the Upper
Battle Creek rotary screw trap including run deatgm, brood year, original CAMP estimate, currestimate (N), and the 90
and/or 95% confidence intervals for the currentuahestimates. Shaded rows indicated estimateakdorurrent reporting

period.
Original CAMP 90% Confidence Interval 95% Confidence Interval
Run Brood Year Estimaté Current Estimate Lower CI Upper CI Lower CI Upper CI
Spring 1998 4,589 4,791 3,949 6,204
1999 10,061 6,233 5,225 7,678
2000
2001 482 389 615 377 644
2002 926 810 1,070 798 1,102
2003 11,264 9,251 14,026 8,973 14,709
2004 3,253 2,803 3,835 2,748 3,996
2005 N/A N/A N/A N/A N/A
2006 N/A N/A N/A N/A
2007 74,823 62,508 93,490 60,655 101,861
Fall 1998 1,466,274 1,193,916 996,588 1,546,430
1999 211,662 239,152 202,274 291,194
2000-partidl 43,850 37,476 54,567
2001 20,920 18,642 24,337 18,195 25,143
2002 17,754 15,883 19,731 15,648 20,244
2003 141,393 128,557 155,900 127,193 160,251
2004 26,763 22,614 32,162 22,131 33,695
2005 - N/A N/A N/A N/A N/A
2006 N/A N/A N/A N/A N/A
2007 N/A N/A N/A N/A N/A
Late-Fall 1999 212 177 261 170 273
2000 50 36 70 35 78
2001 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
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2008 - N/A N/A N/A N/A N/A
Table 6 (Cont.)

2007 N/A N/A N/A N/A N/A
2008 N/A N/A N/A N/A N/A
RBT/Steelhead 1999 (1%) 1,011 832 1,272 813 1,333
1999 (YOY} 9,379 8,001 11,139 7,870 11,747
2000 (1+ 2,780 2,268 3,569 2,213 3,723
2000 (YOY} 23,019 19,513 27,001 18,957 28,343
2007 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 (YOY] N/A N/A N/A N/A N/A
2007 (1+ 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

®This passage estimate is not a complete broodagetie trap was not fished past February 9, 2001.

P These estimates are not brood years, rather twodseare summarized: October 9, 1998 to Decembet @I and December 27, 1999 to February 9, 2001.
“The original CAMP estimates cover the period Janaahrough December 31; therefore, they may ndtide the entire brood year, and late-fall estimate
may include fish from two brood years.

9 No estimate was made during 2001 because thevasmot operated during the primary migration peridll age 1+ fish were included in the 2000 estien
®Passage estimates for age 1+ fish are not forutient brood year, but rather a mixture of previgear-classes captured during the reporting period

"No passage estimates were made for the period Erctol2005 to September 30, 2006 because high Bewsrely limited our ability to operate the traps.
9No passage estimates were made in 2007 becausagheas only operated 4 d each week and was eoatgul after February 15, 2007.

"Chinook salmon assigned a fall or spring run dextign were considered to be spring Chinook; theeefioe combined catch data was used to estimategspr
Chinook salmon passage.

'Fall Chinook salmon in most years are likely spiing Chinook salmon assigned a fall-run designadiceording to the length-at-date criteria.
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Figure 1. Map of Battle Creek depictihg tocation of USFWS’ rotary screw traps and othmgortant features.

33




1.0

B uUBC

0.8

0.6

Sample Effort

0.2

0.0
‘October Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep

2007 2008

Figure 2. Sampling effort summarized as the priopoirange: 0 to 1) of days fished each montihatUpper Battle Creek rotary
screw trap (UBC) from October 1, 2007 to Septen3er2008. Dates of trap operation were NovembeR@87 through June 30,

2008.

34



73 | Period of Trap Operation :
! i {22
69 | | i
20
66 - . !
= 62 | 5 ; 17
© | | @
=i : : =
5 2% 5 i 15 €
o) . . 3]
£ | : :
= | | 12
51 ! ;
! ; 1{ 10
47 E E
44 : 17
40 - L 5
1-Oct  31-Oct 30-Nov 30-Dec 29-Jan 28-Feb 29-Mar 28-Apr 28M27-Jun 27-Jul 26-Aug 25-Sep

Date

Figure 3. Mean daily water temperatures (°C angetfthe Upper Battle Creek rotary screw trap f@atober 1, 2007 through
September 30, 2008.
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Figure 4. Mean daily flows (¥s and cfs) collected by the U.S. Geological Sumethe Coleman Hatchery gauging station (BAT
#11376550) from October 1, 2007 through SeptemBeP@08. The gauge site is located below the CateNational Fish Hatchery
barrier weir and approximately 0.2 km downstrearthefUpper Battle Creek rotary screw trap
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Figure 5. Turbidity (NTU) measured at the UppettBaCreek rotary screw trap during trap operafidavember 28, 2007 to June
30, 2008).
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Figure 6. Daily catch of spring Chinook salmontoagd at the Upper Battle Creek rotary screw trapfNovember 28, 2007
through June 30, 2008. Daily catch totals maydrtia if the trap was not operated on all daya ofeek.
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Figure 7. Fork length (mm) distribution by datelann for Chinook salmon captured at the Upperl&&teek rotary screw trap
from November 28, 2007 to June 30, 2008. Splimeesurepresent the maximum fork lengths expecteddoh run by date, based
on criteria developed by the California DepartmaiitVater Resources (Greene 1992). Trap not opkedter June 30, 2008.
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Figure 8. Length frequency (%) for all runs of @itk salmon measured at the Upper Battle Creekyretaew trap (UBC) during
November 28, 2007 through June 30, 2008. Forkiteaxjs labels indicate the upper limit of a 5-mendth range.
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Figure 9. Life stage distribution for all runs@inook salmon measured at the Upper Battle Cretky screw trap during
November 28, 2007 through June 30, 2008.
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Figure 10. Daily catch of young-of-the-year (YOaf)d age 1+ (Agel+) rainbow trout/steelhead captatdide Upper Battle Creek
rotary screw trap from November 28, 2007 througheJ80, 2008. Daily catch totals may be partiéthéf trap was not operated on all
days of a week.
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Figure 11. Fork length (mm) distribution by dabe &ge 1+ and young-of-the-year rainbow trout/stesdl measured at the Upper
Battle Creek rotary screw trap during November2ZZ®)7 through June 30, 2008. Age 1+ fish may irelndividuals from more
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Figure 12. Fork length frequency (%) for rainbeaut/steelhead sampled at the Upper Battle Crekyrgcrew trap during
November 28, 2007 through June 30, 2008. Forkiteags labels indicate the upper limit of a 5-mendth range.
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Figure 13. Rainbow trout/steelhead life-stageritiistion at the Upper Battle Creek rotary screvp tlairing November 28, 2007
through June 30, 2008.

45



25.0 : : 0.08
---@---Flow at Release
I —e— Hatchery 1 0.07
20.0 | E . —aA— Natural i
i i 1 0.06
~ 5 5 1005 4
9 150 f ! : 2
2 H @
% ! o
m;E’ B ::' ,.\: B 004 E
= A [P
e} a | <3
LL | N ) | —
10005 : {003 +
: A:
i ! 1 0.02
50 | | |
i | | 1 0.01
0.0 ‘ :‘ 0.00
28-Dec 7-Jan 14-Jan 22-Jan 4-Feb 12-Feb 22-Feb 29-Feb 8tMddar 22-Mar 28-Mar 8-Apr

Date

Figure 14. Trap efficiency and flow at the timerelease for mark-recapture trials conducted athyger Battle Creek rotary screw
trap using hatchery and naturally produced falln@bk salmon, 2008. The dotted lines encompagmakd trials.
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Figure 15. Median fork length of hatchery and ralty produced Chinook salmon used for mark-reaagptuals conducted at the
Upper Battle Creek rotary screw trap, 2008..
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Figure 16. Mean daily flows (s and cfs) recorded at the U. S. Geological Sugayging station (BAT-#11376550) located below
the Coleman National Fish Hatchery barrier weilows are for the period January 1 to December Bih®years, 1998 to 2003 and

2007.
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Figure 17. Mean daily water temperatures durirg3jpring Chinook salmon incubation period for tharg 2002 and 2004 through
2007. Temperature data for 2002 through 2006 wetaded to allow for comparisons with 2007. Mekmily stream temperatures
were calculated from temperature data collectetheyCDEC gauge at the Wildcat Road Bridge for tha&ry 2002 and 2004 through
2007. The temperature range for optimum Chinottkea embryo survival is included.
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Appendix 1. Summary of days the Upper Battle Cregéry screw trap did not fish during the

report period (November 28, 2007 to June 30, 2068 ding sample dates, hours fished,
and reason for not fishing.

Hours Fished

Sample Dates (approx) Reason
2008

January 4 19 High Flows-Trap Sank
January 5-7 0 Trap Repair
January 26 10 High Flows
January 27 0 High Flows
January 28 11.3 High Flows
January 31 10 (?) Trap not rotating at am check
February 23 11.5 High Flows
February 24 17.5 High Flows
February 25 0 High Flows

& Actual fishing time is unknown, but likely 10 hsurThe trap was checked at about 7:00 pm and Hieceap was

stuck on river right, we assume it did not fiskeathis time. The number of cone rotations appeassipport this
assumption.
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Appendix 2. Summary of non-salmonid species captby the Upper Battle Creek rotary screw trap fidorember 28, 2007
through June 30, 2008.

Month
Species Nov Dec Jan Feb Mar Apr May Jun Total
CAR 0 0 3 0 0 2 0 0 5
CENFRY 0 0 0 0 0 0 0 1 1
COTFRY 0 1 0 0 0 0 4 27 32
CYPFRY 0 6 9 1 0 2 22 120 160
HH 0 59 49 22 4 20 166 2 322
LFRY 0 2 6 1 2 18 22 5 56
PL 0 18 7 11 0 9 18 6 69
RFS 0 2 2 3 32 25 30 25 119
SPM 0 15 6 4 0 3 2 0 30
SASU 0 14 7 4 0 1 51 728 805
TP 1 1 0 0 0 0 0 1 3
TSS 0 0 1 0 0 1 1 0 3
WBL 0 0 0 0 0 1 0 2 3
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Appendix 3. Species key for non-salmonid fish teaptured at the Upper Battle Creek trap
from November 28, 2007 through June 30, 2008.

Abbreviation

Common Name

Scientific Name

CAR
CENFRY
COTFRY
CYPFRY

HH
LFRY
PL
RFS
SPM
SASU
TP
TSS
WBL

California roach
unknown centrarchidae
cottus fry
unknown cyprinidae
hardhead
unknown lampetra
Pacific lamprey
riffle sculpin
Sacramento pikeminnow
Sacramento sucker
tule perch
threespine stickleback
western brook lamprey

Hesperoleucus symmetricus

Centrarchidae spp.
Cottus spp.
Cyprinidae spp.

Mylopharodon conocephalus

Lampetra spp.
Lampetra tridentata
Cottus gulosus
Ptychocheilus grandis

Catostomus occidentalis

Hysterocarpus traski
Gasterosteus aculeatus
Lampetra richardsoni
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