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Abstract-The purpose of our monitoring project was to pdeviisheries information for
the adaptive management of anadromous salmonraésn projects in Battle Creek including
the Interim Flow Project and the Battle Creek Salrand Steelhead Restoration Project. Our
adult salmonid monitoring investigations includ&jl §almonid escapement estimates at the
Coleman National Fish Hatchery (CNFH) barrier wisih ladder and (2) stream surveys
documenting salmonid spawning distributions upstre&the barrier weir. Monitoring
activities occurred from March through November&00

In 2008, we estimated five clipped and 105 unclip@hinook salmo®ncorhynchus
tshawytschapassed through the Coleman National Fish Hatdbanyer weir (rm 5.8) to the
middle portion of Battle Creek, from March 1 to Aisj 1. This passage number was lower than
the previous two years and lower than the averagegge from 2001-2007. We used the
unclipped passage total to estimate the “maximutargial spring Chinook” escapement. It is
likely that a proportion of this maximum estimaterey actually winter, fall, and late-fall
Chinook due to overlap in migration periods. Rpefic Chinook salmon population estimates
presented in previous annual reports were basgrrtnon genetic analyses, which classified
proportions of a sample group as winter, sprinll, éa late-fall run. At the time of writing this
report, genetic analysis had not yet been perforn@&dFH personnel released an additional 19
unclipped Chinook above the barrier weir prior peoing the barrier weir fish ladder on March
1. While these 19 Chinook could have been fromdrtize four runs, they were most likely
late-fall Chinook. Based on stream survey redcht® (40 total redds), we estimate a spawning
population of 80 spring Chinook.

We estimated that one clipped and 120 unclippedboav trout passed upstream of the
barrier weir fish ladder between March 1 and Audys2008. CNFH released an additional 159
unclipped rainbow trout above the barrier weir ptaoMarch 1.

Unlike previous years, we used an instream videnitoring setup to count upstream
migrating salmonids after our trapping season end&d moved to this style of video
monitoring due the CNFH Barrier Weir ImprovementjBct. The barrier weir was undergoing
construction at the time of monitoring and we weanable to use our typical method.

Overall, water temperatures in 2008 were adedoatgpring Chinook to successfully
produce juveniles, but at a reduced number dugtotemperatures during the spring Chinook
holding period. During the holding period, 72%noéan daily water temperatures were
categorized as fair or poor in the most utilizetthng pool, which likely led to some reduced
fertility and adult mortality. During the egg irzation period, mean daily water temperatures at
redds were categorized as excellent for 88.8 t8%&@f the days, suggesting there was little or
no temperature-related egg mortality.
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Introduction

Battle Creek is important to the conservation awbyery of federally listed anadromous
salmonids in the Central Valley of California. Reation actions and projects, planned or
underway in Battle Creek, focus on providing halfiba three federally listed species in the
Central Valley Evolutionary Significant Unit (ESUjie endangered winter Chinook salmon
Oncorhynchus tshawytschthreatened spring Chinook salmon (Chinook), &neatened
steelheadDncorhynchus mykissCurrently, the geographic range of the wintem@bk ESU is
limited to a small area in the mainstem of the &aento River between Keswick Dam and Red
Bluff, California, where it may be susceptible etastrophic loss (Figure 1). Establishing a
second population in Battle Creek could reduceptissibility of extinction. Battle Creek also
has the potential to support significant, self-aumshg populations of spring Chinook and
steelhead, which is crucial to their recovery.

Since the early 1900's, a hydroelectric power geimgy system of dams, canals, and
powerhouses, now owned by Pacific Gas and EleCoimpany (PG&E), has operated in the
Battle Creek watershed in Shasta and Tehama Cseu#ifornia. The hydropower system has
had severe impacts upon anadromous salmonids amdébitat (Ward and Kier 1999). In
1992, the Central Valley Project Improvement AcVRTA) federally legislated efforts to double
populations of Central Valley anadromous salmonitise CVPIA Anadromous Fisheries
Restoration Program outlined several actions nacgss restore Battle Creek, including the
following: “to increase flows past PG&E’s hydropawkversions in two phases; to provide
adequate holding, spawning, and rearing habitaafi@dromous salmonids (USFWS 2001a).”

The Ecological Restoration Program (ERP) of theefabland State of California
interagency program known as CALFED, PG&E, and otieatributors funded the Battle Creek
Salmon and Steelhead Restoration Project (RestarBtioject). The Restoration Project will
provide large increases in minimum instream flow8attle Creek, remove five dams, and
construct fish ladders and fish screens at thrieeratams. Planning, designing, and permitting
of the Restoration Project have taken longer thannally anticipated.

PG&E is required under its current Federal Energgiatory Commission (FERC)
license to provide minimum instream flows of 3 aut@et per second (cfs) downstream of
diversions on the North Fork Battle Creek (Nortmkf@nd 5 cfs downstream of diversions on
the South Fork Battle Creek (South Fork). Begignm1995, the CVPIA Water Acquisition
Program (1995 to 2000) and ERP (2001 to presentyacted with PG&E to increase minimum
instream flows in the lower Reaches of the NortrkFemd South Fork. In general, flows are
increased to 30 cfs +/- 5 cfs below Eagle Canyom Da the North Fork and below Coleman
Diversion Dam on the South Fork. Increased floveseanot provided on the South Fork in 2001
and most of 2002, due in part to lack of fundssdgbon an agreement in 2003, flows can be
redistributed between the forks to improve overafiditions for salmonids, based on water
temperatures and the distribution of live ChinooHl sedds.

The ERP funded Interim Flow Project will continugtiithe Restoration Project
construction begins (currently scheduled for eapging 2010). The intent of the Interim Flow
Project is to provide immediate habitat improvemarihe lower Reaches of Battle Creek to
sustain current natural salmonid populations winiplementation of the more comprehensive
Restoration Project moves forward.

The goal of our monitoring project is to providgheries information for the adaptive
management of anadromous salmonid restorationtitteBareek including the Interim Flow



Project and the Restoration Project when it conméis® The Red Bluff Fish and Wildlife
Office (RBFWO) carried out the current investigagan 2008, under a 3-year grant from ERP.
This grant was designed to support most of the taong needs of the Restoration Project’s
Adaptive Management Plan (Terraqua Inc. 2004). r@amitoring investigations included (1)
salmonid escapement estimates at the Coleman Ma&h Hatchery (CNFH) barrier weir fish
ladder, (2) stream surveys documenting salmonid/sipey distributions upstream of the barrier
weir, and (3) juvenile salmonid production estinsafeot included in this report). Tables
summarizing data from previous years are includetiis report (Tables 1-6).

Study Area

Battle Creek is located in southern Shasta andaortTehama counties, California, and
is fed by the volcanic slopes of Lassen Peak irstuthern Cascade Range and numerous
springs (Figure 1)Battle Creek eventually enters the Sacramento Rixezr mile (rm) 272)
east of the town of Cottonwood, California. Baffleeek is comprised of the North Fork
(approx. 29.5 miles in length from head watersawoflcience), the South Fork (approx. 28 miles
in length from headwaters to confluence), the mamBattle Creek (16.6 miles from the
confluence of the north and south forks to the &aento River), and many tributarieBattle
Creek has been identified as having high potefdrdisheries restoration because of its
relatively high and consistent flow of cold watétr has the highest base flow (dry-season flow)
of any tributary to the Sacramento River betweenRbather River and Keswick Dam (Ward
and Kier 1999). Our study areas were at the CN&iHdr weir on the mainstem Battle Creek
(rm 5.8), the North Fork below Eagle Canyon Dar3 g&iles in length), the South Fork below
Coleman Diversion Dam (2.5 miles in length), anel tieinstem Battle Creek above rm 5.8
(10.8 miles in length)(Figure 2). Eagle Canyon Damd Coleman Diversion Dam are
considered the upstream limits of anadromous satihdistribution during the study because
fish ladders on the dams are closed.

Methods

We used the CNFH barrier weir fish trap and videonts along with stream surveys to
monitor adult salmonids in Battle Creek betweendiaand November. Chinook salmon and
steelhead returning to Battle Creek were classdiedither unclipped (adipose fin present) or
clipped (adipose fin absent). We considered gipeld Chinook and rainbow trout to be
hatchery-origin and unclipped Chinook to be eith&tural-origin or hatchery-origin (not all
hatchery Chinook are clipped). We consideredmatlipped rainbow trout to be natural-origin
as CNFH has clipped 100% of their steelhead praolusince 1998. It is likely that unclipped
Chinook returning to Battle Creek during our moriitg period are mostly spring Chinook.
However, it is possible that some unclipped Chinaiklate-fall, winter, or fall run due to
overlapping periods of migration. Therefore, wes#not to classify all unclipped Chinook as
spring run. We use the term “rainbow trout” toereto allOncorhynchus mykisgcluding
anadromous steelhead, because of the difficuttieiéffierentiating the anadromous and resident
forms in the field.



Coleman National Fish Hatchery Barrier Weir

Operation of the CNFH barrier weir (the barrier iydlocked upstream passage of fish
through the fish ladder from August 1, 2007 to Mat¢ 2008. During this period, fish were
periodically directed into holding ponds at CNFHjexe fall and late-fall Chinook and rainbow
trout were used in propagation programs. Upstreassage at the Battle Creek barrier weir was
allowed from March 1 through August 1, 2008 by apgrihe fish ladder. We initially
monitored upstream fish passage from March 1 thrdAggust 1 by using a live trap and later
switched to underwater videography.

In 2008, the CNFH was in the second year of thesttaation on the Barrier Weir
Improvement Project (BWIP). In 2007, our operasiovere not modified. Whereas, in 2008,
adjustments were made in order to avoid interfexamith the construction project. Our methods
were the same for weir trapping but not for thesgignonitoring.

Trapping—A false bottom fish trap, located at the upstresn of the fish ladder, was
used to capture Chinook, rainbow trout, and otloertarget species as they migrated upstream.
The trap operated approximately 8-h a day, 7-d ekwd& o decrease potential passage delays for
Chinook, we implemented two time shifts based @h miovement patterns observed in previous
years: 0930-1730 (PST) from March 1 to mid-Apritl@#30-1230 (PDT) from mid-April until
May 16, when video monitoring began. During houhen the trap was not operated, fish were
allowed to enter the trap, but the exit remainedetl blocking upstream passage. Prior to
operation each morning, the trap was cleaned, weatinditions were noted, and water
temperatures were documented. Every 2 h, watgrdeature was recorded. When water
temperature exceeded 60°F, we stopped trappirtgdoday to minimize the stress caused by
handling fish at high temperatures. Trapping veasiinated for the season and videography
began when water temperatures exceeded 60°F fajaaity of the daily trap operation period.

During operation, the trap was checked every 3@ riVe identified non-target fish
species, counted, and released native fish ups@eamon-native fish downstream. We netted
salmonids from the trap and immediately transfethesn to a holding trough, where we
collected biological data. Water temperature mliblding trough was maintained within 2°F of
Battle Creek water temperatures.

Salmonids were measured (fork length) to the ne@rB<m, identified as male or
female when possible, and examined for scars aaddidamage. Salmonids were also
examined for the presence of a mark such as aosalin clip, Floy tag, or Visible Implant
Elastomer (VIE) tag. A tissue sample was takemfumclipped Chinook and rainbow trout for
genetic analysis. All clipped Chinook were sacsetl and coded-wire tags (CWTSs) extracted
and decoded to determine run designation, hatafessigin, and age. Since only a fraction of
the clipped rainbow trout are tagged with a CWEyttvere first scanned using a V-detector or a
handheld wand detector (Northwest Marine Technglo@lipped trout with a CWT were
sacrificed for tag recovery. Clipped trout with@u€EWT were transported live to a CNFH
raceway. The CNFH has a program where they retiondVIE tag and release steelhead kelts
into lower Battle Creek. If reconditioned keltsre&eaptured in the trap, they were released
downstream.

Video counts—Due to construction of the at the CNFH barriernweideo monitoring
could not take place at the typical location. Ryesly we installed an underwater camera at the
weir trap. Instead, we installed a temporary weiguide fish through an 8-foot-wide center



opening and used overhead and underwater camemnasnitor fish passage. The temporary
weir was installed approximately 50 yards upstredthe CNFH barrier weir.

California Fish and Game assisted us in the sdtap/@leo monitoring system. The
same style of video weir is used for fall Chinoo&nitoring on lower Battle, Cottonwood, and
Cow Creeks (Killam 2006, Killam 2007, and Killam@B). The weir directed fish to pass
through a viewing area. In the viewing area, wstahed two 4 ft by 10 ft white high-density
polyethylene (HDPE) sheets to create a platforrtherstreambed, to increase visibility of
passing fish. This platform also had a fish-meagudevice on it, so the video readers could
determine if the fish that passed were greater Higaimches. One wing of the weir was an
Alaska-style picket weir. The other wing was comsted with panels created out of4
horizontal steel pipe (Killam 2006, Killam 2007 ,daKillam 2008).

A black and white camera, used for fish detecti@s wuspended above the viewing area
(Killam 2006, Killam 2007, and Killam 2008). Thimmera’s viewing extent covered
downstream of the platform, the entire platform apdtream of the platform. Three underwater
wide-angle color cameras were setup on the whiteinig platform. One was on the river left
side at the downstream edge of the platform, ameths across on the river right downstream
edge of the platform, and the last one was platekd middle of the board above the measuring
device facing river right. These three camerasewesed for species identification. All four
cameras where then fed into a four-channel DVR €&tigzuits type QS-29), which merged the
four images onto on monitor (Killam 2008). We usecte field DVRs and switched them out
on a 7-d rotation. The video record from the fiBdRs was then played through our Honeywell
Fusion DVR (Newton et al. 2007) for storage andwng. A lighting system allowed for 24-h
monitoring.

Recording of fish passage began on May 16 androgedito August 1. On June 20, a
thunderstorm caused a seven minute power outagkgatehing struck our overhead camera,
resulting in the discontinued use of it. We contiduecording with the three underwater
cameras, until June 24. At this point we installednterim overhead camera that was not ideal
for night recording. On July 3, we received arstatled the replacement camera. The 8-d
period prior to the installation of the replacemeainera had night video that was very difficult
to view.

Digital video footage was later viewed in fast-fangt mode until a fish was observed,
then reviewed at slow playback speed or "freezmdfanode to assist in species identification
and mark detection. The certainty of the obseovatvas rated as good, fair, or poor. A good
rating signified complete confidence in determingpgcies and the presence or absence of an
adipose fin; fair suggested confidence in detenngjrsipecies and the presence or absence of an
adipose fin but additional review was needed; ayat guggested uncertainty in determining
species and the presence or absence of an adipose f

Picture quality was also rated as good, fair,amrp Good signified a clear picture; fair
indicated that objects were discernable but exdvéeww was needed; and poor indicated that
some objects were indistinguishable. Passage stmsated for periods of poor picture quality
based on passage rates during adjacent periodedfand fair picture quality.

Five-second clips of all Chinook and rainbow trpassing the barrier weir were
recorded onto a DVD, which was reviewed by moreseigmced personnel to confirm species
identification and the presence or absence of goad fin. The total number of clipped and
unclipped Chinook and rainbow trout observed wasnded. If the adipose fin was
unidentifiable, then Chinook and rainbow trout welassified as unknown clip status.



Additionally, the hours of possible fish passage @ hours of video-recorded fish passage
were logged.

For quality assurance (QA) purposes, every thigdafasideo monitoring was viewed a
second time by a separate staff member. Annuat eates were calculated for primary viewers
and QA viewers as the percent of salmonids not.s¥ém used the combined observations from
both groups to derive the estimated total numbeabthonids seen. QA measures were used to
identify training needs and give a general indaratmount of negative bias in our passage
estimates during the video monitoring period. @atons from the QA process were included
in official counts for those days but error ratesxrg@vnot used as correction factors for non-QA
days.

Passage estimatior-We estimated the number of clipped and unclippkishébk and
rainbow trout passing through the barrier weir festider. For each week of trapping, total
passage of clipped and unclipped salmonids wanatsd by apportioning unknown clip status
Chinook or rainbow trout counts (e.g., fish thatidentally escaped the trap prior to being
examined for an adipose fin) according to the propo of clipped and unclipped fish captured
during the same week. For each week of video raong, total passage was estimated by
apportioning any unknown clip status fish and tegpanding observed counts according to the
amount of time passage was allowed, but not redodde to poor video quality or equipment
malfunction. Total passage was calculated by sungmieekly passage estimates at the barrier
weir as well as the number of clipped and unclipétook and rainbow trout released into
upper Battle Creek by CNFH prior to March 1. Tlyeaions used for estimating passage
during barrier weir trapping were

n u
P, = —>xunk  +Uu,
iz Gty

and

P.= G xunk

where R, = passage estimate for unclipped Chinook or raintsout during barrier weir fish trap
operation; R = passage estimate for clipped Chinook or raintyowt during barrier weir fish

trap operationg; = actual number of clipped Chinook or rainbow capd at the barrier weir
during week (not passed upstream));= actual number of unclipped Chinook or rainbosautr
observed passing the barrier weir during weeldunk = actual number of unknown clip status
Chinook or rainbow trout observed passing the baweir during week The equations used
for estimating passage during barrier weir videorntmg were
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where R, = passage estimate for unclipped Chinook or raintsout during barrier weir video
monitoring; R = passage estimate for clipped Chinook or rainbowt during barrier weir
video monitoringg; = actual number of clipped Chinook or rainbow trobiserved passing the
barrier weir during week u; = actual number of unclipped Chinook or rainbosutrobserved
passing the barrier weir during weiekink = actual number of unknown clip status Chinook or
rainbow trout observed passing the barrier weimduweeki; T, = number of hours of
unrestricted fish passage at the barrier weir duweeki; andV; = number of hours of actual
good and fair video recorded fish passage at théebaveir during week.

Migration timing—Migration timing past the barrier weir was detamsd using fish trap
and video counting data. The number of clippedwamdipped Chinook and rainbow trout
passing the barrier weir was summed weekly andgulotPeak as well as onset and termination
of migration were noted.

Size, sex, and age compositieitWe recorded fork length and sex of Chinook and
rainbow trout captured in the barrier weir fishptend from Chinook carcasses retrieved during
stream surveys. Length-frequency distributionsenveloped and male to female sex ratios
were calculated. The age of returning Chinook determined for coded-wire tagged fish and
length-at-age plots were developed.

Stream Surveys

The annual spring-Chinook snorkel surveys weredudee to occur in June, and then
twice a month from September to November. The @nnpurpose of these surveys was to
collect data on the spatial and temporal distrdnubf live spring Chinook and spawning habitat.
The 18.6-mile survey was divided into six Reachestneam of the barrier weir (Table 7; Figure
2) and usually required 4 d to complete, dependmgersonnel availability and flow conditions.
Surveys were scheduled on consecutive weekdayarbagiat the uppermost reaches and
working downstream.

While moving downstream with the current, threerkelers counted Chinook, carcasses,
and redds. Generally, snorkelers were adjacesdith other in a line perpendicular to the flow.
When entering large plunge pools where Chinooka:bel concealed below bubble curtains, one
snorkeler would portage around and enter at thétpddo count Chinook, while the other two
snorkelers would enter at the head of the poolutindhe bubble curtain. When groups of
Chinook were encountered, snorkelers would confér @ach other to make sure salmon were
not missed or double counted.

When survey personnel encountered carcasseswthdyg collect tissue for genetic
analyses, scales for age determination, and rdgolaogical information such as fork length,
sex, egg retention, and presence or absence gfanthan adipose fin. Heads were collected
from all adipose-fin clipped carcasses and froncasses where the presence of a fin clip could
not be determined due to decomposition or lackajraplete carcass. Coded-wire tags were
later extracted from heads in the laboratory.

Stream flow, water turbidity, and water temperaiar all influence the effectiveness of
snorkel surveys (Thurow 1994). We collected datghese three parameters for each snorkel
survey. Stream flow was measured at three gawggaigpns operated by California Department
of Water Resources (DWR) or the US Geological SufsSGS). The gauging stations on the
North Fork (BNF), South Fork (BAS), and mainstenitBaCreek (BAT) were at Wildcat Road
Bridge (rm 0.9), Manton Road Bridge (rm 1.7), adRE (rm 5.8), respectively. Turbidity



samples were taken at the beginning and end ofreach and analyzed the same day using a
Model 2100 Hach Turbidimeter. An average turbidi&ue was calculated for each survey day.
For surveys when only one turbidity sample wasnakee used that value. Water temperatures
were measured at the beginning and end of each testg a hand held submersible
thermometer.

Holding location—We located holding areas of Chinook through snmskeveys. The
date and number of Chinook observed per reach rgemeded and exact coordinates of these
locations were documented using a hand held Glbsitioning System (GPS) receiver
(Garmin Etrex or Trimble GeoXH). We used thernritecia presented by Ward and Kier
(1999) to evaluate the suitability of water temperas in Battle Creek for adult spring Chinook
holding from June 1 through September 30. We &b®ard and Kier’s four categories as
good, fair, poor, and very poor. Continuous wétenperature data was collected at three
locations on the South Fork (Reach 3), four location the North Fork (Reaches 1 and 2), and
five locations on the mainstem (Reaches 4-6). Teratpre data was obtained from Onset
HOBO Water Pro V2 temperature loggers installed and maintained ByYRBFWO and from
two DWR gauging stations located at the Manton R@adige on the South Fork and the
Wildcat Road Bridge on the North Fork. Evaluatiagperatures at these sites provided a range
of conditions Chinook may have been exposed to windsing in Battle Creek.

Spawning location and timing-We located Chinook spawning areas and estimatesl ti
of spawning. The number of redds per reach anddkeeach redd was first observed were
recorded. Coordinates of redds were documented) asGPS receiver. All redds were aged
and marked in the field with flagging and givenmaquie identification number in order to
differentiate between old and new redds. Reddcategories were 1) clearly visible and clean;
2) older with flattened tailspill, fine sedimentpit, or algae growth; 3) old and hard to discern;
and 4) redd no longer visible. Based on redd agdghe number of redds, we attempted to
determine the beginning, peak, and end of Chinpakvaing.

We used thermal criteria modified from Ward aném{i1999) to evaluate the suitability
of water temperatures in Battle Creek for springn@Gbk egg incubation. We added an
additional category of 56 to Ward and Kier’s four-category system for waénperatures
(Table 8). This additional category was added bseather Central Valley streams haveF56
as a temperature target for Chinook egg incubgbtFS 2002, USFWS 2001a). We labeled
the five categories as excellent, good, fair, paad very poor.

We evaluated the potential effect of water temjpeaon egg survival at each individual
Chinook redd by estimating the number of days e¢lggswere exposed to each temperature
category. Mean daily temperatures (MDTSs) at redations were estimated by plotting daily
temperature monitoring data (X-axis = river mileaXis = MDT) and using the equation of a
straight line connecting two adjacent monitoringsio interpolate MDT for a redd at a given
river mile. Estimated days of exposure to eaclpegature category was based on the criteria
where 1,850 Daily Temperature Units (DTU = MPT32f) were required for egg incubation to
time of emergence. The 1,850 DTU requirement thiwithe reported range for juvenile
Chinook (Heming 1982, Murray and McPhail 1988) ara$ estimated specifically for Battle
Creek based on rotary screw trap catch data aeadnstsurvey data (Earley and Brown 2004).
The best-case scenario was calculated based ali @oastruction date of the day preceding the
survey when the redd was first observed. The weasé scenario was calculated based on a
redd construction date of the day following theceding survey because water temperatures are
generally warmer earlier in the spawning season.



We measured spring Chinook redd dimensions, depthigr velocities, and dominant
substrate size. Redd dimensions included maxinamgth and maximum width. Redd area was
calculated using the formula for an ellipse (area =% width %2 length). Depth
measurements were maximum depth (redd pit), minirdapth (redd tailspill), and pre-redd
depth (measured immediately upstream of the reltdan column velocity was measured at the
same location as the pre-redd depth. We collegttxtity measurements with a General
Oceanics model 2030 mechanical flow meter. Dontisahstrate size was classified using
methods described by USFWS (2005).

Tissue Collection for Genetic Analyses

Tissue samples were collected from unclipped Chiroaptured at the fish trap and from
carcasses collected during stream surveys. Weaiet scissors or a hole punch to obtain four
small pieces of fin tissue. Three pieces wereestan small vials containing ethanol and one
was dried and stored in a scale envelope (notatetiefrom weir trap samples). Samples were
archived at the RBFWO. At the time this report waiten, genetic results were not available.
Future genetic analyses will classify individualtfias spring, winter, fall, or late-fall Chinook.

Age Structure

We determined the age of returning spring Chinopkdading scales collected from
carcasses recovered upstream of the CNFH barrier Beales were removed from the left side
of the fish and from the second or third row abtheelateral line in the region bisected by a line
drawn between the back of the dorsal fin and tbetfof the anal fin. We dried the scales for
about 24 h and stored in scale envelopes. Scaesprepared for reading by rehydrating and
cleaning them in soapy water. Scales were mouwstelptured side up between two glass
microscope slides held together with tape. A niiche reader was used to count the number of
annuli. The age was determined to be the numbanmidli plus one (Borgerson 1998). Two
readers independently aged each scale. If resalts different, the scale was read a third time
cooperatively by the same two readers. If an ages¢ was not reached, that scale was not
included in our data set. Scale readers weregdlairsing fall and late-fall Chinook of known
age from CNFH.

Spring Chinook Population Trend Analysis

Passage of adult spring Chinook into upper Battke& has been monitored for 14
consecutive years (1995-2008). We used simpladiregression to determine the population
trend for this period. Year was treated as thepetdent (predictor) variable and the annual
total number of unclipped Chinook (a.k.a., maximpmtential spring run) was treated as the
dependent (response) variable. The slope of tiression line can be taken as a measure of
trend.

Results

Coleman National Fish Hatchery Barrier Weir

Trapping—A total of 203 Chinook were captured in the barvieir trap between March
1 and May 16, 2008. Of these, 175 were clipped2ghdere unclipped (Table 9). We retrieved
coded-wire tags (CWT) from 162 clipped Chinook cagdl in the trap. Out of the 162 tags
recovered, 161 fish were late-fall Chinook from GiN&nd one was a spring Chinook from



Feather River Hatchery (Appendix Al). The sprirfgr©ok was captured in the trap on May 5,
and was a 4-year-old fish.

A total of 154 rainbow trout were captured in ttegrker weir trap and 98 unclipped trout
and three unknown clip status fish were releasatre@m (escapement). Of the 154 that were
captured, 47 were clipped, 104 were unclipped,tarek were unknown clip status (Table 10).
There were six unclipped rainbow trout mortalitées one clipped rainbow trout mortality.
Other species captured in the trap and passeceapsincluded 6,389 Sacramento sucker
(Catostomus occidenta)isb5 Sacramento pikeminnowtfchocheilus grandisgnd 120
hardheadNlylopharodon conocephalus).

We documented two rainbow trout that passed atiwvbarrier weir fell back
downstream of the weir, and were recaptured irirdge  One fish was initially passed upstream
during the CNFH rainbow trout propagation progragfobe March 1 and the second fish was
passed during our trapping operations after March 1

Video counts—A total of 82 Chinook were observed passing thioting video
monitoring weir between May 16 and August 1, 20@8.these, 55 were unclipped, 4 were
clipped, and 23 were of unknown clip status (T&)leExtrapolation for poor picture quality or
video equipment malfunction resulted in a passagenate of 77 unclipped and 5 clipped
Chinook. We observed no Chinook passing abovéahnger weir for a 21-day period starting
on July 11 until the closing of the weir on AugagfTable 9, Figure 8). Similar periods of no
fish passage from mid-July through early Augustuoe in 2000-2006 (Brown and Newton
2002; Brown et al. 2005; Brown and Alston 2007;tétset al. 2007; Newton et al. 2007,
Newton et al. 2008).

We observed a total 20 rainbow trout passing thnabg barrier weir fish ladder during
the video monitoring period. Of these, 16 werelipped, 1 was clipped, and 3 were of
unknown clip status (Table 10). Extrapolationgoor viewing quality or equipment
malfunction resulted in a passage estimate of t8pped and 1 clipped rainbow trout. Other
species observed passing upstream; included 1 &3218ento suckers, 226 Sacramento
pikeminnow, 161 hardhead, 10 Pacific lampregngpetra tridentate)s> smallmouth bass, and
229 unknown species.

The DVR successfully recorded 99% of the moniperiod. The 1% of the
monitoring period was lost due to a power outagee cause for the power outage was a
thunderstorm, which shorted one of our video casjerad the DVR stopped recording.

During the actual time that video was recorded, @%e footage was recorded with a good or
fair picture quality. The remaining 1% of poor ftyefootage was due to high turbidity related
to snowmelt.

Typically, every third day of video monitoring waslected to be viewed a second time
by a separate staff member for quality assuranég fQrposes. In 2008, we did QA on one
third of the days but the order was less systenadiaigcto initial budget constraint early in the
reviewing process. QA checks showed that the geeearor rates (i.e., percent not seen) for
primary and QA viewers were 7.9% for Chinook, 20.f@¥rainbow trout, and 9.3% for
Chinook and rainbow trout combined.

Video data showed that unclipped Chinook prefecerthin times of day to migrate past
the CNFH barrier wei¢ 2= 59.95, P<0.001). The pattern of diel passagmtjirseen in 2008
(Figure 4) was similar to ten years of aggregatsd tfom 1998-2007 (Figure 5). Passage
frequency increased after 2200, peaked around gtiirand continued through the morning.
Passage returned to low levels in the morning &8@0. In 2008, 81% of passage occurred



during 33% (8 h) of the day (2200-0600). Chinoakgage frequency began increasing after
dark when water temperatures began to fall. Passaguency returned to base levels about two
hours after sunrise while temperatures were stthair lowest levels of the day.

Video data showed that rainbow trout also prefecextiin times of day to migrate past
the CNFH barrier weir. The pattern of diel passagéng seen in 2008 (Figure 6) was not
similar to ten years of aggregated data from 199873 Figure 7). Typically, passage frequency
increased after sunrise, peaked in the afterno®@0L600), and returned to a low level by dark.
In 2008, 70% of passage occurred during 33% (8 theoday (2200-0600).

Passage estimatior— Passage estimates for unclipped salmonids gheehthan actual
numbers observed due to estimates made for pesfquisor video quality. We estimated that 5
clipped and 105 unclipped Chinook passed througlb#rrier weir fish ladder into upper Battle
Creek between March 1 and August 1, 2008 (TableCFH personnel released an additional
19 unclipped Chinook above the barrier weir praoopening the barrier weir fish ladder on
March 1 (Table 1). These 19 Chinook were divefteth lower Battle Creek into the hatchery
as part of the late-fall Chinook propagation prograSince CNFH personnel attempt to mark
100% of their late-fall production with an adipdge<lip and CWT, these 19 Chinook were
considered natural-origin and were released inttd3@&reek upstream of the barrier weir to
spawn naturally.

We estimated that 1 clipped and 120 unclippedo@introut passed upstream of the
barrier weir fish ladder between March 1 and Augys2008 (Table 2 and 10). CNFH released
an additional 159 unclipped rainbow trout aboveltheier weir prior to March 1 (Table 1).
These rainbow trout were taken into the hatchenyaasof the steelhead propagation program,
but were not used as brood stock.

Migration timing— The migration of unclipped Chinook past the &mweir began
March 2 and peaked the week of May 11 (Table ufei@). The middle 50% (including
unknown clip-status fish) of the run passed betwdayg 15 and May 28. The last Chinook to
migrate before the weir closure on August 1 passeduly 10.

The temporal distribution of clipped Chinook ohszt at the barrier weir is different
from that of unclipped Chinook. Observations gbpeéd Chinook began March 1, peaked
during the first 3 weeks of trap operation and ithed steadily through June (Figure 8). We
observed the last clipped Chinook on June 24.

Rainbow trout migrating past the barrier weir exteith a similar migration pattern to
previous years. In previous years, we observeaehzolal pattern, with low passage in April
and May. In 2008, we witnessed low passage duhiegnonth of May, but the secondary peak
was lower than the previous years. The lower sgagnpeak was during the video monitoring
period and could be attributed to the difficultyamicurately identifying trout (Figure 9).

Size, sex, and age compositienChinook captured in the barrier weir trap hadeam
fork length of 76.6 cm and ranged in length fron04® 100.0 cm (n =203). The length-
frequency distribution was continuous and was axiprately normal with a mode at about 76-
80 cm (Figure 10). Rainbow trout captured in theiler weir trap had a mean fork length of
46.3 cm and ranged from 30.0 to 70.0 cm (n = 19He length-frequency distribution for
rainbow trout was continuous and was approximatetynal with a mode at about 46 to 50 cm
(Figure 11).

The ratio of male to female clipped Chinook capdurethe barrier weir was 1:1.25
(n=175). The sex ratio for unclipped Chinook was not detaedidue to the difficulty in
determining the sex of spring Chinook before thgespance of secondary sex characteristics.
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For clipped rainbow trout the sex ratio was 1:h453) and for unclipped rainbow trout it was
1:2.2 (n=103).

We used tagging records to determine the age of cooed-wire tagged Chinook
captured in the barrier weir trafthe ages of tagged Chinook included, 3-year-olds 185), 4-
year-olds (n = 6), and a 6-year-old (n=1). Theaswverlap in fork length for Chinook ages
three and four (Figure 12, Table Al). Age wasdeiermined for unclipped Chinook.

Stream Surveys

Our snorkel surveys were conducted June-Novenm®ar.June survey was a Chinook
distribution survey and was completed from Junddife 20, 2008. There was no July survey
due to warm water temperatures. We restartedrarksl surveys on August 25 and continued
through November 14. We conducted surveys oncerdimexcept for October, when two
surveys were completed. For surveys conducteceatkes 1-6, observations of live adult
Chinook peaked at 18 in October (Tables 11 and k2addition, we observed 40 redds above
the barrier weir, of which two were observed in t8emer and 38 in October. We observed
eight carcasses above the barrier weir from Augublovember.

Conditions for snorkel surveys were good. The agercreek flows on the north fork
(Reach 1-2) during surveys was 41 cfs (Figuresnthl®). On the south fork (Reach 3) the
average flow was 36 cfs (Figures 14 and 17). Btréaws were always <85 cfs on Reaches 4-
6a (Figure 15). Temperatures ranged from 49° ¢6.6@verage turbidity was 2.1 NTU with a
range of 0.8 to 4.3 NTU. The presence or absehar adipose fin usually could not be
determined for Chinook seen during our surveys.

Holding location—Barrier weir counts and snorkel survey observatiohlive Chinook
and redds indicated that most spring Chinook heBdttle Creek for 3 to 5 months (between
early May and late September) prior to spawningyfé 8, Table 11). Surveys indicated that
most Chinook spawned in late September to mid @ctfbable 11).

Using the Ward and Kier (1999) thermal criterialiolding (Table 8), we evaluated
MDTs for the holding period at three locations ba South Fork, four locations on the North
Fork and five locations on the mainstem (Table I3 the South Fork, the percentage of MDTs
categorized as good ranged from 50.0% at the wgwatraost site to 29.5% at the downstream-
most site. On the North Fork, the percentage ofislDategorized as good ranged from 100% at
the upstream-most site to 26.2% at the downstreast-gite. On the mainstem, the percentage
of MDTs categorized as good ranged from 27.0 %he@upstream-most site to 9.8% at the
downstream-most site.

We identified one large holding pool where Chin@oknmonly congregated during the
summer. This pool is informally named B. Pool, abbcated on the mainstem. Estimated
MDTs at B. Pool (Reach 4) were categorized as\id|d®7.0% good and 69.7% fair and 3.2%
poor.

The upstream-most observation of a Chinook orNtbieh Fork was a live fish observed
on June 16 at rm 4.25. This is below a potent&liral barrier identified as “nearly impassable
by all fish at all flows (TRPA 1998, barrier NF5)14Figure 2). The upstream-most observation
of a live Chinook on the South Fork was immediatejow Coleman Diversion Dam, which
blocks fish passage.

Spawning location and timing- We observed 11 redds in the North Fork, 10 in the
South Fork, and 19 in the mainstem (Tables 5 and thiboth the forks and mainstem Battle
Creek, Chinook began spawning sometime between giltyjuand September 16. Chinook
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likely finished spawning by the middle of Octob&chuse we observed no new redds on our
final survey, the week of November 10 (Table 1@n the North Fork, an open fish ladder
allowed Chinook to pass above Wildcat Dam (rm 2&@) potentially continue up as far as
Eagle Canyon Dam (rm 5.25). Similar to 2006 andi7Z2@e observed redds above Wildcat Dam
on the North Fork (Reach 1). We observed fourseéddReach 1 and the upstream-most redd
was located at approximately rm 3.6. The upstreaost redd on the South Fork was located at
about rm 2.2, downstream of Coleman Diversion Dam.

We estimated MDT at each Chinook redd during tigeiacubation period. In the best-
case scenario, the incubation period averaged appately 105 days, based on a 1,850 DTU
requirement. During the incubation period, therage percentage of days that redds were
exposed to each temperature category were 96.3etlenxtc 2.4% good, 1.1% fair, and 0.2%
poor and no days at very poor (Table 14, Table A3)e worst-case scenario had more days in
the good, fair, poor, and very poor categorieshaiterage exposure being 88.8% excellent,
5.6% good, 4.2% fair, and 1.2% poor, and 0.2% pexyr. When looking at both the best-case
and worst-case scenarios, temperature exposuresweese in reaches that had redds observed
during the two September surveys. Reach 5 (mamstead a minimum of 93.7% of days
classified as excellent in the best-case scenadd’8.4% in the worst-case scenario.

In addition to estimating water temperatures aheadd, we also evaluated spawning
temperatures at our fixed sites. We used spaweritgyia modified from Ward and Kier (1999)
for the dates of September 15 through October 3282 On the North Fork, the percentage of
MDTs categorized as good or excellent was 100%eaRtupstream-most sites and above 80.0%
at the downstream sites (Table 15). On the Sootk, Fhe percentage categorized as good or
excellent was above 84.0% at all three sites (Tab)e On the mainstem, the percentage
categorized as good or excellent ranged from 8&a0#te upstream-most site to 55.0% at the
downstream-most site (rm 5.9).

Measurements were taken on 29 spring Chinook r@icaisde A2). Redd area ranged
from 10.5 to 280.7 square feefffivith an average of 85.1°ft Redd depths (pre-construction)
ranged from 0.75 to 1.92 ft with an average of Xt28Vater velocities ranged from 0.20 to 3.57
ft/s with an average of 1.67 ft/s. Redds that vieenét in 2007 had the same average water
velocity. All measurements of redd area, depth, \mater velocity were within the ranges
reported for stream type (spring run) Chinook (ldgdl991). Redd substrate particles had a
median size range of 1-3 in, a minimum of 1 in, amdaximum range of 3-5 in.

Of the nine Chinook carcasses observed during gsyeeght were recovered and
spawning status was determined for one. The ommasswas an unspawned female, which was
actually collected in May on our video weir. Wennat frequently determine the spawning
status due to the advanced state of decay or casaeing partially eaten by scavengers.

Tissue Collection for Genetic Analyses

We collected 33 Chinook salmon genetic samplegf2be samples being from the
Barrier Weir trap and the remaining eight samptemfsnorkel surveys. The samples are
currently stored at the RBFWO facility. Once atcact is initiated, the samples will be
analyzed and results will be presented at that.tikve also collected 109 rainbow trout samples,
with 104 collected during the trapping season.
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Age Structure

Estimated age was obtained from scale samplesctadiédrom adult Chinook carcasses
recovered on snorkel surveys. There were six Saatgles collected in 2008, of which all were
readable. We classified the ages as the follows0gb were 3-year-olds, and 50% were 4-year-
olds.

Spring Chinook Population Trend Analysis

We used simple linear regression to measure thegs@hinook population trend from
1995 to 2008.The slope of the regression line was 9.32 indiggdtiat, on average, the
population increased by about 9 Chinook per yemufE 13). The 95% confidence interval for
the slope estimate was -0.79 to 19.42. There wha significant difference (P=0.067) between
in the population trend and zero. There was sontepce that two of the standard assumptions
for simple linear regression were not met; thatydaion estimates were (1) independent and (2)
had constant variance. Data diagnostics gave safieation that population estimates were
autocorrelated (i.e., 2-year-lag negative autotatios) and had increasing variance over time

Discussion

Chinook Salmon Population and Passage Estimates

We estimated that five clipped and 105 unclipp&th@ok passed the CNFH barrier weir
between March 1 and August 1, 2008. This numbreariclipped Chinook was less than half the
escapement of the two previous years and lessthieasverage escapement for the previous 13
years (average = 136). It is important to noté ghaajority of these fish would be returning as
3-year-olds from 2005 (Fisher 1994). The low esoagnt in 2008 may have been a result of the
low escapement of the 2005 parent generation (@)= Also, in the winter of 2005-2006, the
CNFH used an unscreened intake for their waterlgppgake 2) due to emergency operational
changes to the PG&E hydroelectric system. This haaxe caused fish to be entrained into the
intake and never successfully migrate out of Baitleek. This reduction in out-migrating
juvenile Chinook may have caused lower than averaigens for 2008.

We generally use the unclipped passage totatim&e the “maximum potential spring
Chinook” escapement. Based on run timing (Vogel lstarine 1991) and genetic results from
previous years, the majority of these unclippedi@bk are likely spring run with a minority
possibly being winter, fall, or late-fall Chinookielto overlap in migration periods. Run-
specific Chinook salmon population estimates pregkeim previous annual reports were based,
in part, on Genetic Stock Identification analydéso(vn and Newton 2002, Brown et al. 2005,
Brown and Alston 2007). Genetic results were nailable in time for this report. We will
make run-specific escapement estimates when gemsstitts become available.

The five clipped Chinook that passed during videmitoring were likely late returning
CNFH late-fall Chinook but may have also been gp@hinook from Feather River Hatchery or
Butte Creek (natural-origin fish, McReynolds et2007). In previous years, we have captured
clipped CNFH late-fall Chinook as late as June ®4 the four known clipped Chinook in 2008,
all passed prior to July 1.

The total escapement estimate for rainbow trowt vaver in 2008 than escapement
estimates from 2001 through 2004 (Table 1). Thizelase was largely due to the continuation
of clipped rainbow trout not being released indpper watershed. Regarding escapement
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estimates for unclipped rainbow trout only, 200&wshghtly below the average for the period
2001-2008.

With the trap installed in March, there is alwélys possibility for storms and associated
high flow events. In flow events higher than 2,@) we cannot safely check the trap;
therefore, we have to temporarily shut down ouraji@n. Adult salmonids can swim over the
weir at higher flows, circumventing the fish laddéris suggests that escapement is
underestimated in years with higher flows. Insgrof 2008, there were no high flow events;
therefore, there was no time when we closed the t&nce, the trap was not closed our passage
estimate should be highly accurate.

In 2008, we continued investigating diel passapey of salmonids through the barrier
weir fish ladder during the trap operation peri@imilar to previous years, we observed a
majority of clipped Chinook passing early in thasean in the afternoon, with the exception of
fish caught in the first trap check of the day.eT@hinook captured in the first trap check may
have resulted from fish congregating in the traflevbwas not being operated. Unclipped
Chinook primarily passed a few hours after sunaser in the trap operation period. Operating
the trap at an earlier time of day from late Afitlough early May resulted in a reduced
potential for delaying fish passage, lower watergeratures during trapping, less stress on
trapped fish, and a longer trapping season.

Video monitoring data showed that unclipped Chinpreferred to migrate past the
CNFH barrier weir at night and early morning whestev temperatures were falling (but not at
their lowest levels). The 8 h period with the mpassage was 2200-0600 PDT. In 2008, 1400-
2100, appeared to be the unfavourable time forrigiration. The first day of video passage
was not evaluated in the above analysis due toréipedoor being closed over night and fish
holding until we opened the door at the start afvadeo monitoring. The first several days of
video monitoring had higher flows and turbidity doesnowmelt in the upper watershed, which
may have triggered fish movement. Prior to thewichonitoring period, we operated a fish trap
for 8 h/d and prevented passage the rest of the daglipped Chinook generally start migrating
past the weir around middle or late April. Shitiour hours of trap operation to 0430-1230 after
April 21 included the hours of peak passage fotipped Chinook (0400-0800) and minimized
the delay for those attempting to pass during greod 0000-0400.

Video monitoring from May through July showedntaow trout preferred to migrate
during evening hours. The 8 h period with the npastsage was the same for Chinook, 2200-
0600 PDT. This differed from previous years whent passed mainly during daylight hours.
One reason for this difference may have been fifieldty in identifying trout at our new
temporary video station. For example, trout mayehaeen misidentified as other species more
frequently during daylight than at night, but tlesincertain.

Trout passing during the video monitoring period lgkely resident trout as opposed to
the anadromous form, the threatened steelhead t@ertral Valley steelhead are considered
winter steelhead that mature in the ocean and sghontly after river entry (McEwan 2001,
Moyle 2002). Typically, steelhead spawning ocdussn December through April with peaks
from January through March. From March 1 througil®21, we operated the trap during the
hours 1030-1830 PDT, which encompasses the peakgasours for rainbow trout in the
summer. We are uncertain if passage patternsiiolbow trout in the summer are similar to
steelhead patterns in the spring. If they arelammur hours of trap operation during this period
minimized any delay for steelhead passage.
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Different Video monitoring system

The video monitoring setup was completely difféfeom the typical procedure. Our
typical setup involves a small corridor for fishswim passed an underwater camera. The
viewing area is small and usually all fish are obed unless it is turbid or if there was a power
outage. This year involved a larger viewing ated tas not necessarily covered by all the
underwater cameras. Also, the overhead cameraatinlyed for the viewer to see the top of the
fish. Therefore, this presented us with a few peeked challenges. Although there were three
underwater cameras, we experienced a harder tiemgifiging rainbow trout. Identifying the
clip status on salmonids was also more difficudirtiother years. Lastly, the viewing area was
larger, which made viewing more difficult when tivater was turbid.

In 2008, we observed 20 rainbow trout during ddeg monitoring. From 2001-2007
we averaged approximately 60 rainbow trout pasdurghg video monitoring. We count fish
that are greater than 12 in. in length. It is pmeghat fish greater than 12 in. but smaller than
15 in. migrated through the viewing area were olein the overhead camera, but not in the
underwater cameras. These rainbow trout may heee mistakenly identified as another
species or marked as an unknown species. We btsv@d more rainbow trout at night,
whereas in previous years we observed a majoritiglofduring the day. This year's setup may
have been better for observing fish during the engedue to less ambient light. There is no
cover to prevent daylight in the viewing area, whncay have made it more difficult to identify
the species of fish. When a viewing area has argavweduces the sun’s glare on the water
surface and from shining in the water, creatinghtrspots where it is difficult to discern what
passes through. As a result of these factors2@d8 rainbow trout escapement estimate may be
biased low.

This low bias in salmonid escapement estimatdsnsonstrated by our error rate
calculations. Every season we calculate an eater(r.e., percent of salmonids not observed) for
our video monitoring based on our QA/QC readinigs2006, our error rates were 2.8% for
Chinook and 9.6% for rainbow trout, with a combirsatimonid error rate of 5.8%. In 2007, our
error rates for Chinook, rainbow trout and combisatinonids were 3.9%, 13.6%, and 8.5%,
respectively. This year our error rates in alethcategories were higher then the previous two
years. The error rates were 7.9% for Chinook, Z0i@ rainbow trout and 9.3% for combined
salmonids. The reason for the increased erromvagelikely due to the increased difficulty of
reviewing video footage from our temporary videstsyn. In addition to the challenges listed
above, viewers had to watch four video images gamebusly on a single computer monitor. In
contrast, our typical video system required theving of only one image and fish were confined
to a much smaller passage area.

This year we observed more unknown clip status @k than previous years. We
counted 23 unknown clip status Chinook. Again,\igeo setup may have been the reason for
this. The underwater cameras were low in the waridrit was difficult to view the area of the
adipose fin. Another reason may have been thedsipait the Chinook passed. Fish that
quickly moved through may have been easily idesdifis a Chinook, but it was too hard to
determine the clip status. Typically, we obsemmzainknown clip status Chinook, except in
2001, we observed two and in 2007 we observed Apportioning a large number of unknown
clip status Chinook to the categories of clippedmelipped may have led to slight inaccuracies
in our escapement estimates. However, the 2a@Bafclipped to unclipped Chinook was
within the range observed from 2001 through 2007.
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Overall, one of the greatest challenges with #gtaswas turbidity. The period of time
that we observed 82% of our unknown clip statusy@bk was during the highest flows of the
monitoring period. Higher flows usually mean high&bidity, creating a non-ideal viewing
environment. In normal years, we guided fish tigltoa small opening that would allow them to
be close to the camera, which helped in identificadf fish in turbid conditions.  Although,
this year we had underwater cameras, the fish aich@cessarily need to swim past them. Itis
likely that, during the high flow events, the fislvam over the underwater cameras and we only
observed these fish from the overhead camera.

Evaluation and Adaptive Management of Battle Cigtekam Flow

Increase North Fork flows to test barrier hypotlsest A potential low-flow barrier
(Figures 2 and 3B) at rm 3.04 on the North Forka@kel) was identified in 2001 and 2002 as
potentially impassible to Chinook at about 30 ttig, current interim flow level (Brown and
Newton 2002; Brown et al. 2005). This raised con@es to whether it would be impassable at
the future Restoration Project flow level of 35 fifsm May through November (NMFS et al.
1999). Since 2001, there has been four years (2003, 2004, and 2008) in which redds have
been observed above this potential barrier. II'V2@@ hypothesized that the number of fish
influenced the spatial distribution of redds. Y&2a003, 2006 and 2007 were unique because the
total number of redds over all reaches was hidin the other years (Table 5), possibly causing
fish to spawn farther upstream (Newton et al. 2008)is did not appear to be the case in 2008,
since we observed only 40 redds and had a maxinuiempal population of 105 fish.

In the 2006 report (Newton et al. 2007), we hypetked that fish were only able to pass
the potential low-flow barriein 2003 and 2006 because of relatively high spiimgs in those
years. However, in 2007 (Newton et al.2008) noted thawfion 2007 were low similar to 2001
and 2002, yet Chinook passed above this locatitmwever, 2007 flows were higher in April,
when early upstream migration may have occurrdus &vidence suggested that the cascade at
rm 3.04 is not a complete barrier to all springr@uak at low flows near 30 cfs but it may limit
fish passage, as evidenced by the low percentagpestfeam redds (4%) in conjunction with a
record high population estimate in 2007. In 2088 again appeared to be the case. From
March 1-August 1, average flows on the North Fosten51.9 cfs in 2007 and 48.0 cfs in 2008.
Unlike 2007, April flows in 2008 were relativelyig but there was an eight-day increase in flow
during May (Figures 14 and 16). This flow increats® coincided with fish passage at the
CNFH barrier weir and it is possible that the fisbved through the system rather quickly. As
the population increases better information wiltdome available as to whether this cascade is
impeding passage.

In a survey of fish barriers in Battle Creek, Thanka Payne and Associates (TRPA)
identified a nearly impassable barrier on the Né&hk at rm 5.06. TRPA (1998) suggested this
barrier may be passable to rainbow trout and sgZinigook in good condition at flows >88 cfs.
Also in the Final Restoration Plan for the Anadramé&ish Restoration Program (USFWS
2001), actions identified to increase natural pobidun of anadromous fish in Battle Creek
included improving fish passage at this naturatibear As in previous years, we did not observe
live Chinook or redds above this barrier in 200&erefore, we continue to believe this barrier
may block salmonid passage at moderate and lowsflow

The effect of Interim Flows on South Fork Battle€k— In 2001 and most of 2002,
interim flows of 30 cfs were not provided in theuBoFork which resulted in higher water
temperatures during the spring Chinook holding @audly spawning periods. Coincidentally, in
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2001 and 2002, an above average proportion of ©kiheld and spawned in the South Fork
(Tables 4 and 5). Since most spring Chinook reaisr8-year-olds and some as 4-year-olds
(Fisher 1994), most of the progeny from these tearglasses would be expected to have
returned in 2004 and 2005. In 2007, escapemamdipped Chinook (March 1-August 1) was
3.2 times greater than 2004 and 3.2 times grelager 2005 (Table 3). In 2008, the escapement
of unclipped Chinook was 1.2 times greater tham2QM times greater than 2005. This
increase in escapement in 2007 and 2008 may bedditial result of providing interim flows of
30 cfs in both the North Fork and South Fork.

Holding and spawning water temperaturesVater temperature data has been collected
since 1998 near a large spring-Chinook holding poathe mainstem (rm 16.0). MDT at rm
16.0 for the period June 1-August 17, the hotiest bf the year, was an average of 0.1 °F
warmer than the average of 1998-2005. Due to weaer and air temperatures, we did not
conduct a July snorkel survey. Holding temperattioe the period June 1-September 30 were
categorized as “poor” and “fair” for more than 6@¥the time in the lower sections of the forks
and in the mainstem (Table 13). Poor water tentpegs could lead to no successful spawning
and fair water temperatures may lead to some nitgrtgaid infertility. Reach 5 and 6 were the
two sections that had the most days in the “poatégory. There were fish observed in this
section of the creek, but typically, the majorifytlee fish were observed holding above this
section. The downstream portions of the forks i@dhore than two days in the “poor”
category. Exposure to unsuitably high water teiaoees by adult Chinook prior to spawning
likely led to some reduction in reproductive susce$he reduction in reproductive success may
have been minimal because (1) the duration of axed® “poor” temperatures may have been
short because spring Chinook could have migratstregm past these areas and (2) the negative
impact of exposure to “fair’ temperatures may baltm

Our temperature analysis of each individual redticated that Chinook egg incubation
temperatures under our worst-case-scenario weeg@dted as “excellent” for 88.8% of the
days, on average. The range of “excellent” daysidividual redds ranged from 99.0% to
73.4%. The data indicates that incubating eggemaipced minimal adverse effects from water
temperatures. Even though water temperatures higher than other years, the spawners
possibly waited until water temperatures were blathefore spawning or selected more
upstream locations where there were cooler watepéeatures. We only observed two early
redds, and the rest were observed at the in Oc{@lable 11 and Appendix A2).

In the past eight years of stream surveys, Chimedt density (redds/mile) was highest
in Reach 2 (lower North Fork) with the exceptior2601 and 2008 (Table 6). In 2008, less than
20% of the redds were observed in Reach 2 (43%eofedds were in Reach 4). Since 2002 the
percent of redds in Reach 2 ranged from 25.6% 14%1 In 2001 the percent of redds in Reach
2 was 21.9% and in 2008 it was 17.5%. We analfloedand temperature data from 2001-2008
and found no correlation between the number ofseddReach 2 and water flows and
temperature. At this time, it remains unclear wig &mount of redds in Reach 2 were lower in
2008 compared to previous years.

Spring Chinook Population Trend Analysis

Linear regression techniques indicated that theuladion of spring Chinook in Battle
Creek increased by about nine fish per year, oregee from 1995 to 2008. This suggests that
environmental conditions in Battle Creek have ba@table to maintain and lead to a modest
increase in the population. Interim flows, provddsy PG&E, CVPIA, and CALFED since
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1995, have likely been a primary contributing fac¢tothis increase.
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TABLE 1-Multi-year summary of the number of adutd-fall Chinook and steelhead trout released eastrof Coleman National
Fish Hatchery (CNFH) barrier weir during the CNFkbddstock collection and spawning program (R. Nu#, Fish and Wildlife,
unpublished data). Late-fall Chinook are genenadlgsed from late December through February aethsted from October through
February.

Late-fall ChinooK Steelhead
Year Clipped Unclipped Clipped Unclipped

19941995 0 0 0

19951996 0 0 276°

19961997 0 0 295"

19971998 0 0 418°

19981999 0 0 1163

19992000 0 0 1416°

20002001 0 98 1352 131
20012002 0 216 1428 410
20022003 0 57 769 416
20032004 0 40 314 179
20042005 0 23 0 270
20052006 0 50 0 249
20062007 0 72 0 132
20072008 0 19 0 159

2 All juvenile late-fall Chinook produced at ColembiffH were adipose-fin clipped beginning in 1992.

® All juvenile steelhead produced at Coleman NFHenaatipose-fin clipped beginning in 1998, therefdi#ferentiation between natural and hatchery adult
based on mark status was not entirely possiblé thet2001-2002 return year.

¢ Revised number based on corrections provided ByuR.
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TABLE 2-Multi-year summary of estimated escapemeriattle Creek of clipped and unclipped Chinookr&a and rainbow
trout/steelhead passing upstream through the Colé&ational Fish Hatchery (CNFH) barrier weir figtutler between March and
August.

Ladder Open Chinook Rainbow trout /steelhead
vear (m/dd) Clipped Unclipped Clipped Unclipped
1995 3/30-6/30 74 66 34 127°
1996 3/26-7/01 151 35 i 40°
1997 3/05-7/01 130 107 0 49°
1998 3/04-7/01 40 178 % 51°
1999 3/09-7/01 3 73 % 100°
2000 3/07-9/01 7 78 18 86°
2001 3/03-8/31 5 111 30 94
2002 3/01-8/30 0 222 14 183
2003 3/03-8/29 13 221 3 118
2004 3/02-8/01 2 90 15 125
2005 3/01-8/01 0 73 0 74
2006 3/01-8/01 0 221 1 189
2007 3/01-8/01 5 291 3 216
2008 3/01-8/01 5 105 1 120

A comprehensive marking program for juvenile steathproduced at Coleman NFH began in 1998, therefiifferentiation between natural and hatchery
adults based on mark status was not entirely plesgittil the 2001-2002 return year.
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TABLE 3-Multi-year summary of total estimated eseayent in Battle Creek of all four runs of Chinoalnson and rainbow
trout/steelhead passing upstream of Coleman Natiosla Hatchery (CNFH) barrier weir. Total estimétescapement includes
Chinook salmon and steelhead passed during the GMédtistock collection and spawning program poktarch and fish passed
through the barrier weir fish ladder between Mata@nd August 31 (period of ladder operation wastshn some years).
Maximum potential spring Chinook includes all upped salmon passed during the ladder operationgheEstimated spring
Chinook escapement is a reduced estimate baseopontianing some Chinook to the winter, fall, aateHall runs.

Spring

Year Winter Chinook Chinook Fall Chinook Late-fall Chinook Rainbow trout / steelhead
Maximum  Estimate Clipped Unclipped

1995 66 162°

1996 35 317

1997 107 344

1998 178 469

1999 73 1263

2000 78 1520

2001 O+ 111 100 9to 14 98 to 102 1382 225
2002 3 222 144 42 249 1442 593
2003 0 221 100 130 61 772 534
2004 0 90 70 20 42 329 304
2005 0 73 67 6 23 0 344
2006 1 221 154 66 50 1 438
2007 291 N/AP 3 346
2008 105 N/AP 1 279

Clip status was not used to differentiate hatchang natural-origin adult steelhead until 2001 bseaColeman National Fish Hatchery did not begirking
all of their production until brood year 1998.

Genetic samples have not been analyzed to detethertetal estimate of Late-fall Chinook
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TABLE 4-Multi-year summary of total live Chinook)observed in August and their
distribution among the North Fork, South Fork, amainstem Battle Creek. Observations were
made during August snorkel surveys.

Year n= North Fork South Fork Mainstem
1995 15 27% 0% 73%
1996 10 40% 0% 60%
1997 4 50% 0% 50%
1998 16 19% 50% 31%
1999 - - - -
2000 - - - -
2001 27 0% 63 % 37 %
2002 88 0% 58 % 42 %
2003 94 7% 33 % 60 %
2004 26 0% 8 % 92 %
2005 6 33% 33% 33%
2006 143 14% 20% 66%
2007 33 9% 49% 42%
2008 8 37.5% 25% 37.5%
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TABLE 5-Multi-year summary of total Chinook reddy) ©bserved between August and
Novembe? and their distribution among the North Fork, Sotik, and mainstem Battle Creek.
Observations were made during spring Chinook sheikeeys.

Year n= North Fork South Fork Mainstem
1995° 13 46% 54% 0%
1996° 21 52% 0% 48%
1997 66 53% 15% 32%
1998 247 33% 34% 33%
1999¢ - - - -
2000 - - - -
2001 32 34% 38% 28%
2002 78 35% 21% 45%
2003 176 45% 15% 40%
2004 34 73% 9% 18%
2005 47 51% 13% 36%
2006 122 61% 19% 20%
2007 132 59% 16% 25%
2008 40 27.5% 25% 47.5%

@ Some redds were observed prior to August in 19996, 1997, and 2003 and are not included in #iiket
®|n 1995, surveys were not conducted after thewask of September.

In 1996, surveys were not conducted in Reaches Aftigust.

41n 1999, only one survey was conducted in Reatk@in September.
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TABLE 6-Multi-year summary of Chinook redd dengjtgdds/mile) in Battle Creek snorkel survey reaches

North Fork South Fork Mainstem
Year (Reaches 1-2) (Reach 3) (Reaches 4-6) Reachl1l Reach?2 Reach3 Reach4 Reach5 Reach6

1995° - - - - - - - - -

1996 2 0 1 0 4 0 2 0 1
1997 7 4 2 5 8 4 4 1 1
1998 15 33 8 12 19 33 13 4 6
1999° - - - - - - - - -
2000° - - - - - - - - -
2001 2 5 1 1 3 5 1 1 1
2002 5 6 3 3 8 6 4 4 2
2003 15 10 7 5 26 10 12 3 5
2004 5 1 1 0 10 1 2 0 0
2005 5 2 2 0 10 2 3 2 <1
2006 14 9 2 7 22 9 6 <1 <1
2007 15 8 3 2 29 8 7 2 0
2008 2 4 2 1 3 4 4 <1 <1

@ Survey frequency was inadequate to obtain a totaht of redds.
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TABLE 7-Reach numbers and locations with associated miles (rm) for Battle Creek

stream surveys.

Reach Upstream Downstream
length ="~ """ ST TTTTTTTTTo T T
Reach (miles) Location rm Location rm
1 (North Fork) 2.75 Eagle Canyon Dam 5.25 Wildeam 2.50
2 (North Fork) 2.50  Wildcat Dam 2.50 Confluené¢darks 0.00
3 (South Fork) 2.54  Coleman Diversion 2.54  Confluence of forks 0.00
Dam
4 3.82  Confluence of forks 16.61 Mt. Valley Ranch 12.79
5 3.47 Mt Valley Ranch 12.79 Ranch road 9.32
6 3.49 Ranch road 9.32 Barrier weir 5.83

TABLE 8-Temperature criteria used to evaluate thability of Battle Creek water

temperatures for Spring Chinook. Criteria are rfiedifrom Ward and Kier (1999).

Mean Daily Water

Life Stage TemperatureR) Response Suitability Category
Adult Holding  60.8 Optimum Good
>60.8 to 66.2 Some Mortality and Infertility Fair
>66.2 No Successful Spawning Poor
_________________ 80 tetal  VeyPoor
Egg 56 Optimum Excellent
Incubation
>56 to 58 <8% Mortality Good
>58 to 60 15 to 25% Mortality Fair
>60to 62 50 to 80% Mortality Poor
>62 100% Mortality Very Poor
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TABLE 9-Chinook salmonvideo-recorded passing the Coleman National Fiatclery barrier weir and associated passage
estimated for 2008. Passage estimates includeastl passage during hours not video recorded.

Week Monitoring Hours of Hours of Actual Actual Actual Pa_ssage. Pa_ssage.
taped number number number estimate:  estimate:
Dates number method passage passage clipped unclipped unknown clipped unclipped
March 1 1 Trap 23 0 0 0 0
March 2-8 2 Trap 40 1 0 0 1
March 9-15 3 Trap 71 4 0 0 4
March 16-22 4 Trap 19 1 0 0 1
March 23-29 5 Trap 11 0 0 0 0
March 30-April 5 6 Trap 6 4 0 0 4
April 6-12 7 Trap 3 2 0 0 2
April 13-19 8 Trap 1 1 0 0 1
April 20-26 9 Trap 0 0 0 0 0
April 27-May 3 10 Trap 0 5 0 0 5
May 4-10 11 Trap 1 3 0 0 3
May 11-15 12 Trap 0 7 0 0 7
May 16-17 12 Video 40.7 40.1 1 18 10 15 27.9
May 18-24 13 Video 168.0 167.3 1 13 9 1.7 215
May 25-31 14 Video 168.0 168.0 0 6 0.0 6.0
June 1-7 15 Video 168.0 168.0 0 6 1 0.0 7.0
June 8-14 16 Video 168.0 168.0 0 2 1 0.0 3.0
June 15-21 17 Video 168.0 167.9 1 1 0 1.0 1.0
June 22-28 18 Video 168.0 167.9 1 6 1 11 6.9
June 29-July 5 19 Video 168.0 168.0 0 2 1 0.0 3.0
July 6-12 20 Video 168.0 168.0 0 1 0 0.0 1.0
July 13-19 21 Video 168.0 167.8 0 0 0 0.0 0.0
July 20-26 22 Video 168.0 167.8 0 0 0 0.0 0.0
July 27-August 1 23 Video 129.8 129.7 0 0 0 0.0 0.0
Totals 1850.5 1848.4 179 83 23 5 105
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TABLE 10-Rainbow trout/steelheadvideo-recorded passing the Coleman National Fetcliery barrier weir fish ladder and
associated passage estimates for 2008. Passaggeipassage during hours not video recorded.

Week Monitoring Hours of Hours of Actual Actual Actual qusagg Pgssagg
taped number number number  estimate: estimate:
Dates number method passage passage clipped unclipped unknown clipped unclipped
March 1 1 Trap 20 42 0 0 36
March 2-8 2 Trap 14 19 1 0 20
March 9-15 3 Trap 8 18 1 0 19
March 16-22 4 Trap 0 5 0 0 5
March 23-29 5 Trap 1 5 1 0 6
March 30-April 5 6 Trap 3 2 0 0 2
April 6-12 7 Trap 1 4 0 0 4
April 13-19 8 Trap 0 3 0 0 3
April 20-26 9 Trap 0 0 0 0 0
April 27-May 3 10 Trap 0 2 0 0 2
May 4-10 11 Trap 0 2 0 0 2
May 11-15 12 Trap 0 2 0 0 2
May 16-17 12 Video 40.7 40.1 0 1 0 0.0 1.0
May 18-24 13 Video 168.0 167.3 0 3 0 0.0 3.0
May 25-31 14 Video 168.0 168.0 0 1 0.0 3.0
June 1-7 15 Video 168.0 168.0 0 3 1 0.0 4.0
June 8-14 16 Video 168.0 168.0 1 5 1 1.2 5.8
June 15-21 17 Video 168.0 167.9 0 1 0 0.0 1.0
June 22-28 18 Video 168.0 167.9 0 0 0 0.0 0.0
June 29-July 5 19 Video 168.0 168.0 0 0 0 0.0 0.0
July 6-12 20 Video 168.0 168.0 0 1 0 0.0 1.0
July 13-19 21 Video 168.0 167.8 0 0 0 0.0 0.0
July 20-26 22 Video 168.0 167.8 0 0 0 0.0 0.0
July 27-August 1 23 Video 129.8 129.7 0 0 0 0.0 0.0
Totals 1850.5 1848.4 48 120 6 1 120
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TABLE 11-Chinook salmon live adults, redds and aases observed during the 2008 Battle Creek stream
surveys.

Reach Date Chinook Redds Carcasses
1 6/17/08 4 0 0
1 8/25/08 2 0 1
1 9/16/08 0 1 0
1 9/29/08 0 3 0
1 10/14/08 0 0 0
1 10/27/08 0 0 0
1 11/10/08 0 0 0
2 6/17/08 0 0 0
2 8/25/08 1 0 0
2 9/17/08 0 0 0
2 9/30/08 0 0 0
2 10/14/08 2 7 0
2 10/28/08 0 0 1
2 11/12/08 0 0 0
3 6/18/08 5 0 0
3 8/26/08 2 0 0
3 9/17/08 0 0 0
3 10/1/08 10 7 1
3 10/15/08 2 3 2
3 11/12/08 0 0 0
4 6/18/08 3 0 0
4 8/27/08 3 0 0
4 9/18/08 1 1 0
4 10/1/08 6 11 0
4 10/15/08 1 4 2
4 11/13/08 0 0 0
5 6/19/08 2 0 0
5 8/28/08 0 0 0
5 9/18/08 0 0 0
5 10/2/08 1 1 0
5 10/16/08 0 0 0
5 11/14/08 0 0 0




Table 11-Continued

Reach Date Chinook Redds Carcasses

6 6/20/08 1 0 0

6 8/28/08 0 0 0

6 9/19/08 0 0 0

6 10/3/08 1 2 0

6 10/16/08 1 0 0

6 10/30/08 0 0 1

6 11/14/08 0 0 0
Totals 40 9?

#0ne additional carcass is added to this countu#spawned, adipose present female Chinook was foaride video weir on
5/19/08 (Reach 6).
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TABLE 12-Total monthly counts of live Chinook obged on the 2008 Battle Creek Stream Surveys.

June August September ()  September (2% October (1% October (2'%)? November
Reach 1-6 6/17-6/20 8/25-8/28 9/16/-9/19 9/29-10/3 10/14-10/16 10/27-10/30 11/10-11/14
1 4 2 0 0 0 0 0
2 0 1 0 0 2 0 0
3 5 2 0 10 2 0 0
4 3 3 1 6 1 0 0
5 2 0 0 1 0 0 0
6 1 0 0 1 1 0 0
Totals 15 8 1 18 6 0 0

aOnly Reaches 1, 2 and 6 were surveyed
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TABLE 13-Number of days mean daily temperatures Viatd and Kier's (1999) suitability
categories for spring Chinook holding from Junérbagh September 30, 2008 at select
monitoring sites in Battle Creek.

River No Very

Site Name Location Mile  Data Poor Poor Fair Good
Eagle Canyon Dam North Fork 53 0 0 0 0 122
Wildcat Dam North Fork 2% 0 0 0 32 90
Wildcat Road Bridge NorthFork G9 O 0 0 89 33
Above confluence offorks  North Fork 005 0 0 0 9 32
Coleman Diversion Dam South Fork 25 0 0 0 61 61
Manton Road Bridge South Fork 1.7 15 0 0 70 37
Above confluence offorks _ SouthFork 01 0 0 2 8 36
Below confluence of forks Mainstem 16.0 0 0 4 85 33
Reach 4 Lower Mainstem 129 0 0 17 86 19
Reach 5 Lower Mainstem g3 0 0 46 68 8
Reach 6 Lower (UBC RSY) Mainstem 5.9 0 0 65 45 12

& From confluence of the North Fork and South Foaktl® Creek
® From confluence with the Sacramento River
° This logger is located below the Coleman Powerbausl Tailrace
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TABLE 14-Estimated range for percent of days thatibating spring Chinook eggs fell within water perature suitability
categories in Battle Creek in 2008. The left agtitrnumbers of the range represent the averagbdownorst-case scenario and the
best-case scenario respectively. Presented ipattentheses are the ranges of average number oflteyredds were exposed to
each temperature category based on the worst atatése scenarios.

n=
Reach Location  (Redds) Very Poor Poor Fair Good Excellent
1 North Fork 3 0% 0% 2.0-0.5% (2-<1) 9.0-6.0% (8-5) 89.0-93.4% (78-89)
2 North Fork 7 0% 0% 0.5-0% (<1-0) 1.8-0% (2-0) 97.7-100.0% (101-108)
3 South Fork 10 0% 0% 0.4-0.1% (<1) 5.4-0.9% (5-1) 94.3-99.0% (99-114)
4 Mainstem 17 0.4-0% (6-0)  2.0-0.5% (30-2) 8.7-2.1% (127-2)  7.1-3.7% (104-3) 81.8-93.7% (73-94
5 Mainstem 1 0% 4.6-0% (4-0)  13.6-3.0% (12-3) 34-(B-3) 78.4-94.0% (69-95)
6 Mainstem 2 0% 7.7-0% (14-0)  5.4-1.9% (10-4) 3R (3) 83.6-95.2% (153-196)
Total 40 0.2-0% (<1-0) 1.2-0.2% (2-<1)  4.2-1.1%l}4  5.5-2.4% (5-2) 88.8-96.3% (86-102)
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TABLE 15-Number of days mean daily temperatures Ydatd and Kier's (199) suitability
categories for spring Chinook egg incubation froept®8mber 15 through October 31, 2008 at
the select monitoring sites in Battle Creek.

River No Very poor Fair Good Excellent

Site Name Location Mile Data Poor
Eagle Canyon Dam North Fork 53 0 0 0 0 3 44
Wildcat Dam North Fork 2% 0 0 0 0 12 35
Wildcat Road Bridge North Fork do9 o0 0 0 7 14 26
Above confluence offorks _ NorthFork 005 0 0 0 9 14 24
Coleman Diversion Dam South Fork 25 0 0 0 3 8 36
Manton Road Bridge South Fork {7 o 0 0 3 10 34
Aboveconfluence of forks  SouthFork ®1 0 0 o0 7 11 28
Below confluence of forks Mainstem 16.0 0 0 1 7 13 26
Reach 4 Lower Mainstem 129 0 0 5 13 6 23
Reach 5 Lower Mainstem 93 0 3 11 8 2 23
Reach 6 Lower (UBC RSY) Mainstem 59 0 3 9 9 3 23

& From confluence of the North Fork and South Foaktl® Creek
® From confluence with the Sacramento River
° This logger is located below the Coleman Powerbeusl Tailrace
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FIGURE 1-Map of the Sacramento River and it's tabies (including Battle Creek) between Keswick Damd Red Bluff,
California.
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FIGURE 2-Map of Battle Creek depicting the locatarthe Coleman National Fish Hatchery barrier vegid stream survey reaches.
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A B

FIGURE 3-Above pictures show the upper and loweempital barriers on the North Fork of Battle Cred¥cture A, is the upper
barrier at rm 5.41 and picture B is the lower (Ibow) barrier at rm 3.04.
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FIGURE 4-Diel migration of Chinook (CHN, clippeddunclipped) observed at the Coleman National Hiatcthery barrier weir
periods of trap operation (March 1-May 16) and wid@onitoring (May 16-August 1) in 2008. Also indkd are times of sunrise,
sunset, beginning of trap operation (Trap B) andi @frtrap operation (Trap E).
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FIGURE 5-Diel migration of unclipped Chinook (CHBRImon observed at the Coleman National Fish Hagdbearier weir during
periods of video monitoring. Data include Chingagssing in 2008 for May 17-July 31, the ten-yean sfi Chinook passing from

May or June (depending on the year) through Ju)yaBd the average temperature per time categomdgrl7-July 31, 2008.
*Note: To show the normal distribution May 16 datas not included in this graph.
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FIGURE 6-Diel migration of rainbow trout/steelhe@BT, clipped and unclipped) observed at the ColeMational Fish Hatchery
barrier weir during periods of trap operation (MadcMay 16) and video monitoring (May 16-Augustri008. Also included are
times of sunrise, sunset, beginning of trap opemafirap B) and end of trap operation (Trap E).
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FIGURE 7-Diel migration of rainbow trout/steelhealuserved at the Coleman National Fish Hactherydyameir during periods of
video monitoring. Data includes rainbow trout/¢ttead passing in 2008 for May 16-July 31, the tearysum of rainbow trout
passing from May or June (depending on the yeaoutih July 31, and the average temperature perdategory for May 16-July
31, 2008. Labels are the upper end of the two-lime categories.
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FIGURE 8-Number of clipped and unclipped Chinoolkga observed at the Coleman National Fish Hatcharyier weir fish
ladder in 2008, by week. Dates indicate the lagtaf the week. The first week is a partial week.
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FIGURE 10-Length-frequency distribution of Chinomdptured in the Coleman National Fish Hatcheryibaweir in 2008. Fork
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FIGURE 11-Length-frequency distribution of rainbtnaut/steelhead captured in Coleman National Fiatchkery barrier weir trap in
2008. Fork length labels are the upper end ofie category.

49



110

e Male
o Female
100
% = O
5 0
=
g 80
s O
4
o O
LL
70 -
@
60 @
®
50 T T
2 3 4 5

Age

FIGURE 12-Relationship between fork length and fageoded-wire tagged Chinook captured in the Calemational Fish
Hatchery barrier weir trap in 2008.
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National Fish Hatchery barrier weir on Battle Créekn 1995 to 2008. The simple linear regressioa tlescribes the population
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FIGURE 14-The 2008 mean daily flows (MDF) at thdegbean National Fish Hatchery barrier weir on thensi@m (rm 5.8),
Wildcat Road Bridge on the North Fork (rm 0.9), &atanton Road Bridge on the South Fork (rm 1.7) aft Creek.
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FIGURE 15-The 2008 mean daily flow (MDF) and watanmperature (MDT) at the Coleman National Fish Hatg barrier weir on
the mainstem and the flow at the confluence ofahies on Battle Creek.
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FIGURE 16-The 2008 mean daily flow (MDF) and watamperature (MDT) at Wildcat Road Bridge on thetNdtork of Battle
Creek.
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FIGURE 17-The 2008 mean daily flow (MDF) and watmperature (MDT) at Manton Road Bridge on the Bdéigrk of Battle
Creek.
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APPENDIX Al-Coded-wire tags recovered during Colariational Fish Hatchery (CNFH) barrier weir trapmitoring in 2008.

Collection Collection location

Fork Length

Hatchery or

Date and method Species Sex (cm) Tag cod®  Creek of origifi Run Brood Year
3/1/2008  Barrier Weir Trap  Chinook M 84.0 052869 FEN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook M 65.0 052783 REN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook M 85.0 052868 REN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook M 68.0 052867 FEN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook  F 70.0 052785 REN Late-fall 2005
3/1/2008 Barrier Weir Trap  Chinook  F 81.0 052780 REN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook F 81.0 052866 REN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook  F 77.0 052782 REN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook  F 72.0 052782 REN Late-fall 2005
3/1/2008 Barrier Weir Trap  Chinook M 76.0 052794 137\ Late-fall 2005
3/1/2008 Barrier Weir Trap  Chinook  F 73.0 NTD
3/1/2008  Barrier Weir Trap  Chinook  F 76.0 052782 REN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook  F 67.0 052868 REN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook  F 68.5 052783 REN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook  F 72.5 052869 REN Late-fall 2005
3/1/2008 Barrier Weir Trap  Chinook  F 68.5 0501021151 CNFH Late-fall 2005
3/1/2008 Barrier Weir Trap  Chinook  F 76.5 052870 REN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook M 82.5 052783 FEN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook M 60.0 052783 FEN Late-fall 2005




APPENDIX Al1-Continued

Collection Collection location

Fork Length

Hatchery or

Date and method Species Sex  (cm) Tag cod®  Creek of origif Run Brood Year
3/1/2008 Barrier Weir Trap  Chinook  F 77.5 052792 REN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook M 80.0 052866 FEN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook M 73.5 052865 REN Late-fall 2005
3/1/2008  Barrier Weir Trap  Chinook  F 88.0 052866 REN Late-fall 2005
3/2/2008  Barrier Weir Trap  Chinook M 80.0 052866 FEN Late-fall 2005
3/2/2008 Barrier Weir Trap  Chinook M 73.0 052782 137\ Late-fall 2005
3/2/2008 Barrier Weir Trap  Chinook  F 77.0 052866 REN Late-fall 2005
3/2/2008  Barrier Weir Trap  Chinook  F 76.0 052782 REN Late-fall 2005
3/3/2008  Barrier Weir Trap  Chinook  F 77.0 NTD
3/3/2008 Barrier Weir Trap  Chinook  F 73.0 052783 REN Late-fall 2005
3/3/2008 Barrier Weir Trap  Chinook  F 81.0 052867 REN Late-fall 2005
3/3/2008  Barrier Weir Trap  Chinook M 73.5 052782 FEN Late-fall 2005
3/3/2008  Barrier Weir Trap  Chinook M 72.0 052864 FEN Late-fall 2005
3/4/2008 Barrier Weir Trap  Chinook M 77.0 052866 KEN Late-fall 2005
3/4/2008  Barrier Weir Trap  Chinook M 67.0 052870 FEN Late-fall 2005
3/4/2008 Barrier Weir Trap  Chinook  F 75.0 052782 REN Late-fall 2005
3/4/2008 Barrier Weir Trap  Chinook  F 72.0 052783 REN Late-fall 2005
3/4/2008  Barrier Weir Trap  Chinook M 73.5 052780 FEN Late-fall 2005
3/4/2008  Barrier Weir Trap  Chinook F 81.5 052866 REN Late-fall 2005
3/4/2008  Barrier Weir Trap  Chinook M 79.0 052866 FEN Late-fall 2005

58



APPENDIX Al1-Continued

Collection Collection location

Fork Length

Hatchery or

Date and method Species Sex  (cm) Tag cod®  Creek of origif Run Brood Year

3/4/2008 Barrier Weir Trap  Chinook M 71.0 NTD

3/5/2008  Barrier Weir Trap  Chinook  F 83.0 052864 REN Late-fall 2005
3/5/2008 Barrier Weir Trap  Chinook  F 80.5 052783 REN Late-fall 2005
3/5/2008  Barrier Weir Trap  Chinook  F 79.5 052869 REN Late-fall 2005
3/6/2008  Barrier Weir Trap  Chinook  F 73.0 052870 REN Late-fall 2005
3/6/2008 Barrier Weir Trap  Chinook  F 76.5 052782 REN Late-fall 2005
3/6/2008 Barrier Weir Trap  Chinook M 85.5 052866 FEN Late-fall 2005
3/6/2008  Barrier Weir Trap  Chinook M 79.0 052782 FEN Late-fall 2005
3/6/2008  Barrier Weir Trap  Chinook M 73.0 052870 FEN Late-fall 2005
3/7/2008 Barrier Weir Trap  Chinook M 86.0 052782 137\ Late-fall 2005
3/7/2008  Barrier Weir Trap  Chinook F 80.5 052865 REN Late-fall 2005
3/7/2008  Barrier Weir Trap  Chinook M 76.5 Lost Tag

3/7/2008  Barrier Weir Trap  Chinook M 72.0 050102151 CNFH Late-fall 2005
3/7/2008  Barrier Weir Trap  Chinook M 88.5 052783 REN Late-fall 2005
3/8/2008  Barrier Weir Trap  Chinook  F 76.0 052783 REN Late-fall 2005
3/8/2008  Barrier Weir Trap  Chinook M 81.5 052782 REN Late-fall 2005
3/8/2008 Barrier Weir Trap  Chinook  F 80.5 052782 REN Late-fall 2005
3/8/2008  Barrier Weir Trap  Chinook M 71.5 052864 FEN Late-fall 2005
3/8/2008  Barrier Weir Trap  Chinook M 72.0 052794 FEN Late-fall 2005
3/8/2008  Barrier Weir Trap  Chinook  F 75.0 052865 REN Late-fall 2005
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APPENDIX Al1-Continued

Collection Collection location

Fork Length

Hatchery or

Date and method Species Sex  (cm) Tag cod®  Creek of origifi Run Brood Year
3/8/2008  Barrier Weir Trap  Chinook  F 72.0 052783 REN Late-fall 2005
3/8/2008  Barrier Weir Trap  Chinook  F 81.0 052783 REN Late-fall 2005
3/8/2008 Barrier Weir Trap  Chinook  F 79.0 052866 REN Late-fall 2005
3/8/2008 Barrier Weir Trap  Chinook M 68.0 052795 FEN Late-fall 2005
3/9/2008 Barrier Weir Trap  Chinook  F 66.5 NTD
3/9/2008 Barrier Weir Trap  Chinook M 84.5 052782 FEN Late-fall 2005
3/9/2008 Barrier Weir Trap  Chinook  F 72.0 052782 REN Late-fall 2005
3/9/2008  Barrier Weir Trap  Chinook  F 78.0 052866 REN Late-fall 2005
3/9/2008  Barrier Weir Trap  Chinook M 74.5 052782 FEN Late-fall 2005
3/9/2008 Barrier Weir Trap  Chinook  F 74.0 052866 REN Late-fall 2005

3/10/2008 Barrier Weir Trap  Chinook  F 71.5 052783 NFE Late-fall 2005
3/10/2008 Barrier Weir Trap  Chinook M 80.0 052866 NFE Late-fall 2005
3/10/2008 Barrier Weir Trap  Chinook M 81.5 052866 NFE Late-fall 2005
3/10/2008 Barrier Weir Trap  Chinook  F 78.0 052866 NFE Late-fall 2005
3/10/2008 Barrier Weir Trap  Chinook M 72.0 Lost Tag

3/10/2008 Barrier Weir Trap  Chinook  F 74.0 052783 NFEl Late-fall 2005
3/10/2008 Barrier Weir Trap  Chinook  F 75.0 052782 NFEl Late-fall 2005
3/10/2008 Barrier Weir Trap  Chinook M 77.0 052782 NFE Late-fall 2005
3/11/2008 Barrier Weir Trap  Chinook  F 79.0 NTD

3/11/2008 Barrier Weir Trap  Chinook M 78.0 NTD

3/11/2008 Barrier Weir Trap  Chinook M 84.0 052866 NFH Late-fall 2005
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APPENDIX Al1-Continued

Collection Collection location

Fork Length

Hatchery or

Date and method Species Sex  (cm) Tag cod®  Creek of origifi Run Brood Year
3/11/2008 Barrier Weir Trap  Chinook M 81.0 052864 NFE Late-fall 2005
3/11/2008 Barrier Weir Trap  Chinook  F 67.0 052794 NFEl Late-fall 2005
3/11/2008 Barrier Weir Trap  Chinook  F 74.5 052782 NFE Late-fall 2005
3/11/2008 Barrier Weir Trap  Chinook  F 75.5 052864 NFE Late-fall 2005
3/10/2008 Barrier Weir Trap  Chinook M 78.0 052866 NFH Late-fall 2005
3/11/2008 Barrier Weir Trap  Chinook M 75.0 052783 NFH Late-fall 2005
3/11/2008 Barrier Weir Trap  Chinook M 68.5 052783 NFH Late-fall 2005
3/11/2008 Barrier Weir Trap  Chinook  F 80.0 NTD
3/11/2008 Barrier Weir Trap  Chinook M 80.0 052782 NFE Late-fall 2005
3/11/2008 Barrier Weir Trap  Chinook  F 65.0 052866 NFEl Late-fall 2005
3/11/2008 Barrier Weir Trap  Chinook  F 75.0 052287 NFE Late-fall 2004
3/11/2008 Barrier Weir Trap  Chinook M 83.0 052868 NFE Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook M 82.0 052866 NFE Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook  F 82.0 052783 NFE Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook  F 77.0 052866 NFE Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook  F 89.5 052866 NFEl Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook  F 74.0 052783 NFEl Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook M 81.0 052866 NFE Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook M 78.0 052868 NFE Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook  F 75.0 052865 NFE Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook  F 71.5 052864 NFE Late-fall 2005
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APPENDIX Al1-Continued

Collection Collection location

Fork Length

Hatchery or

Date and method Species Sex  (cm) Tag cod®  Creek of origifi Run Brood Year
3/12/2008 Barrier Weir Trap  Chinook  F 80.5 052783 NFEl Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook  F 73.0 052782 NFEl Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook M 75.5 052866 NFH Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook M 83.0 052785 NFH Late-fall 2005
3/10/2008 Barrier Weir Trap  Chinook M 66.5 052783 NFH Late-fall 2005
3/10/2008 Barrier Weir Trap  Chinook  F 82.0 052866 NFE Late-fall 2005
3/11/2008 Barrier Weir Trap  Chinook  F 77.0 052780 NFE Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook M 79.5 052783 NFE Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook M 81.5 052783 NFE Late-fall 2005
3/12/2008 Barrier Weir Trap  Chinook  F 73.5 052865 NFE Late-fall 2005
3/13/2008 Barrier Weir Trap  Chinook M 76.5 052873 NFH Late-fall 2005
3/13/2008 Barrier Weir Trap  Chinook  F 78.0 052278 NFEl Late-fall 2004
3/13/2008 Barrier Weir Trap  Chinook  F 72.5 052782 NFE Late-fall 2005
3/13/2008 Barrier Weir Trap  Chinook M 88.5 052866 NFE Late-fall 2005
3/13/2008 Barrier Weir Trap  Chinook  F 78.0 052782 NFE Late-fall 2005
3/13/2008 Barrier Weir Trap  Chinook M 80.0 NTD
3/13/2008 Barrier Weir Trap  Chinook M 78.0 052782 NFE Late-fall 2005
3/14/2008 Barrier Weir Trap  Chinook M 57.0 052782 NFE Late-fall 2005
3/14/2008 Barrier Weir Trap  Chinook M 63.0 052783 NFE Late-fall 2005
3/14/2008 Barrier Weir Trap  Chinook  F 67.0 052866 NFE Late-fall 2005
3/14/2008 Barrier Weir Trap  Chinook M 76.0 052782 NFH Late-fall 2005
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APPENDIX Al1-Continued

Collection Collection location

Fork Length

Hatchery or

Date and method Species  Sex (cm) Tag cod®  Creek of origif Run Brood Year
3/14/2008 Barrier Weir Trap  Chinook  F 75.0 052279 NFE Late-fall 2004
3/14/2008 Barrier Weir Trap  Chinook M 72.0 NTD
3/14/2008 Barrier Weir Trap  Chinook M 75.0 052782 NFE Late-fall 2005
3/14/2008 Barrier Weir Trap  Chinook  F 74.5 052866 NFE Late-fall 2005
3/14/2008 Barrier Weir Trap  Chinook  F 78.0 052782 NFE Late-fall 2005
3/14/2008 Barrier Weir Trap  Chinook M 70.0 052866 NFE Late-fall 2005
3/14/2008 Barrier Weir Trap  Chinook M 67.0 052782 NFE Late-fall 2005
3/15/2008 Barrier Weir Trap  Chinook  F 74.0 052783 NFE Late-fall 2005
3/15/2008 Barrier Weir Trap  Chinook  F 79.0 052782 NFE Late-fall 2005
3/15/2008 Barrier Weir Trap  Chinook M 85.0 052867 NFH Late-fall 2005
3/15/2008 Barrier Weir Trap  Chinook  F 77.0 052782 NFE Late-fall 2005
3/15/2008 Barrier Weir Trap  Chinook  F 86.0 052866 NFE Late-fall 2005
3/16/2008 Barrier Weir Trap  Chinook  F 72.0 052783 NFEl Late-fall 2005
3/16/2008 Barrier Weir Trap  Chinook  F 70.0 052783 NFE Late-fall 2005
3/16/2008 Barrier Weir Trap  Chinook  F 75.0 052782 NFE Late-fall 2005
3/17/2008 Barrier Weir Trap  Chinook  F 78.0 052866 NFEl Late-fall 2005
3/17/2008 Barrier Weir Trap  Chinook  F 70.0 052782 NFEl Late-fall 2005
3/18/2008 Barrier Weir Trap  Chinook M 76.0 052783 NFH Late-fall 2005
3/18/2008 Barrier Weir Trap  Chinook M 77.0 052866 NFH Late-fall 2005
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APPENDIX Al1-Continued

Collection Barrier Weir Trap Fork Length Hatchery or
Date Species  Sex (cm) Tag cod®  Creek of origifi Run Brood Year

3/18/2008 Barrier Weir Trap  Chinook  F 83.0 052864 NFE Late-fall 2005
3/18/2008 Barrier Weir Trap  Chinook  F 74.0 052783 NFE Late-fall 2005
3/19/2008 Barrier Weir Trap  Chinook  F 81.5 052782 NFEl Late-fall 2005
3/19/2008 Barrier Weir Trap  Chinook M 82.5 052783 NFE Late-fall 2005
3/20/2008 Barrier Weir Trap  Chinook M 81.5 052783 NFE Late-fall 2005
3/20/2008 Barrier Weir Trap  Chinook M 71.0 052782 NFH Late-fall 2005
3/20/2008 Barrier Weir Trap  Chinook M 76.5 052783 NFH Late-fall 2005
3/20/2008 Barrier Weir Trap  Chinook  F 77.0 052782 NFEl Late-fall 2005
3/20/2008 Barrier Weir Trap  Chinook M 82.0 05010215 CNFH Late-fall 2005
3/20/2008 Barrier Weir Trap  Chinook  F 79.0 05010115 CNFH Late-fall 2005
3/21/2008 Barrier Weir Trap  Chinook M 73.0 052783 NFH Late-fall 2005
3/21/2008 Barrier Weir Trap  Chinook F 75.0 NTD

3/23/2008 Barrier Weir Trap  Chinook  F 85.0 052294 NFE Late-fall 2004
3/25/2008 Barrier Weir Trap  Chinook M 79.0 052866 NFE Late-fall 2005
3/25/2008 Barrier Weir Trap  Chinook  F 74.5 052780 NFE Late-fall 2005
3/26/2008 Barrier Weir Trap  Chinook  F 57.0 052866 NFE Late-fall 2005
3/26/2008 Barrier Weir Trap  Chinook M 79.0 052782 NFH Late-fall 2005
3/26/2008 Barrier Weir Trap  Chinook  F 70.5 052783 NFEl Late-fall 2005
3/27/2008 Barrier Weir Trap  Chinook M 84.0 052782 NFE Late-fall 2005
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APPENDIX Al1-Continued

Collection Collection location

Fork Length

Hatchery or

Date and method Species Sex  (cm) Tag cod®  Creek of origifi Run Brood Year
3/28/2008 Barrier Weir Trap  Chinook  F 63.0 052864 NFEl Late-fall 2005
3/29/2008 Barrier Weir Trap  Chinook  F 78.0 NTD
3/29/2008 Barrier Weir Trap  Chinook  F 71.0 052783 NFE Late-fall 2005
3/29/2008 Barrier Weir Trap  Chinook  F 74.5 052782 NFE Late-fall 2005
3/30/2008  Barrier Weir Trap  Chinook M 80.0 052782 NFH Late-fall 2005
3/30/2008 Barrier Weir Trap  Chinook  F 71.0 052782 NFE Late-fall 2005
3/31/2008  Barrier Weir Trap  Chinook F 76.0 052868 NFE Late-fall 2005
4/1/2008  Barrier Weir Trap  Chinook  F 71.0 052866 REN Late-fall 2005
4/3/2008  Barrier Weir Trap  Chinook  F 76.0 052864 REN Late-fall 2005
4/4/2008 Barrier Weir Trap  Chinook M 100.0 051095 NFE Late-fall 2002
4/7/2008 Barrier Weir Trap  Chinook  F 76.0 052783 REN Late-fall 2005
4/10/2008 Barrier Weir Trap  Chinook  F 76.0 052782 NFEl Late-fall 2005
4/12/2008  Barrier Weir Trap  Chinook  F 91.0 052278 NFE Late-fall 2004
4/13/2008 Barrier Weir Trap  Chinook  F 75.5 052782 NFE Late-fall 2005

5/5/2008  Barrier Weir Trap  Chinook M 95.0 062443 H-R Spring 2004

#NTD means No Tag Detected
® Hatcheries include Coleman National Fish Hatcl{€iyFH), Livingston Stone National Fish Hatchery B9, and Feather River Hatchery (FRH).
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APPENDIX A2-Chinook redd measurements taken dud&gWS Battle Creek snorkel surveys in

2008.
Max Max Area Depth: Depth: Depth: Velocity  Substrate

Date Reach Length (ft) Width (ft) (ft9) Pre-redd (ft) Pit (ft) Tailspill (ft) (ft/s) codé
9/16/2008 1 6.67 4.92 25.74 1.42 1.83 1.17 1.37 2.4
9/18/2008 4 5.00 2.67 10.47 1.33 1.83 1.25 2.86 1.3
9/29/2008 1 11.00 12.17 105.11 1.42 3.50 0.75 162 23
9/29/2008 1 5.92 7.00 32.53 0.83 1.08 0.33 1.02 1
9/29/2008 1 6.08 4.08 19.51 1.42 2.00 1.58 2.06 3.4
10/1/2008 3 20.33 7.08 113.12 1.50 2.00 0.67 1.08 4 2
10/1/2008 3 15.08 6.67 78.98 1.42 1.75 0.75 1.60 4 2.
10/1/2008 3 10.75 5.92 49.95 0.83 1.25 0.33 1.31 4 2.
10/1/2008 4 18.00 9.17 129.59 0.92 1.58 0.75 1.39 31
10/1/2008 4 5.33 3.58 15.01 0.92 1.08 0.83 1.14 1.3
10/1/2008 4 19.83 9.00 140.19 0.92 1.25 0.67 1.07 31
10/1/2008 4 18.17 12.08 172.41 1.92 2.25 1.42 252 24
10/1/2008 4 19.75 9.58 148.65 0.75 1.00 0.50 0.71 31
10/1/2008 4 5.58 3.92 17.18 0.75 1.04 0.38 152 1.2
10/1/2008 4 9.33 5.08 37.26 1.67 2.00 1.33 1.83 2.4
10/2/2008 5 16.33 7.67 98.35 1.08 1.67 0.50 2.18 3 1
10/3/2008 6 11.25 4.33 38.29 1.83 2.33 1.58 0.20 4 2.
10/3/2008 6 12.67 10.00 99.48 0.83 2.25 0.75 1.76 31
10/14/2008 2 12.42 7.00 68.26 1.08 1.75 0.83 3.37 31
10/14/2008 2 7.08 2.92 16.23 1.50 1.83 1.33 1.88 3 2
10/14/2008 2 19.50 18.33 280.78 1.25 1.83 0.75 138 1.3
10/14/2008 2 14.92 14.58 170.85 1.33 1.58 0.50 242 1.3
10/14/2008 2 16.25 8.50 108.48 1.58 2.00 0.75 219 13
10/14/2008 2 16.42 5.17 66.62 1.08 1.50 0.75 3.57 3 2
10/15/2008 3 10.67 7.58 63.53 1.42 1.79 1.08 1.09 31
10/15/2008 3 14.25 6.42 71.81 1.42 1.67 1.00 1.73 5 3
10/15/2008 4 28.00 7.58 166.77 1.08 1.50 0.83 169 24
10/15/2008 4 20.42 5.42 86.86 1.50 1.75 1.00 0.42 31
10/15/2008 4 9.33 4.83 35.43 1.33 1.83 1.17 1.50 4 2.
Average 1.24 1.73 0.85 13.35 7.39 85.43 1.65 ®1.3
Minimum 0.75 1.00 0.08 5.00 2.67 10.47 0.20 1
Maximum 1.92 3.50 1.58 28.00 18.33 280.78 3.57 3.5

#Dominant substrate codes are described by USFWI5JaAad are generally defined as follows; 1=1 irB=2-3 in.,
3.5=3-5in., etc.
®The median substrate code was used instead ofgevera
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APPENDIX A3-Estimated number of days that egg iratidn fell within the five water-temperature

suitability categories for each spring Chinook r@d@008. The incubation period was calculated

using a cumulative 1,850 Daily Temperature Unit ()T Days listed under ‘B’ and ‘W’ are the best-
case scenarios and worst-case scenarios, respgctive

Very Poor Fair Good Excellent Total Days
River Poor
Location Reach Mile Date B W B W B W B W B W B W
North Fork R1 3.57 9/16/2008 O 0O O O 2 7 13 18 706 585 81
North Fork R1 3.53 9/29/2008 O 0O 0 O O O 3 4 95 87 98 91
North Fork R1 3.50 9/29/2008 O 0O 0 O O O 3 4 9 87 98 91
North Fork R1 3.16 9/29/2008 O 0O 0O O O O 4 6 94 85 98 91
North Fork R2 1.76 10/14/2008 O 0O 0O O O O O 1 108031108 104
North Fork R2 1.15 10/14/2008 O 0O 0 o O O O 1 112 10212 108
North Fork R2 1.01 10/14/2008 O O 0 0O O O O 1 113 10813 109
North Fork R2 0.92 10/14/2008 O O 0O 0O O O O 1 114 10914 110
North Fork R2 0.88 10/14/2008 O 0O 0O O O 1 0 3 103 95103 99
North Fork R2 0.88 10/14/2008 O 0O 0O O O 1 0 3 103 95103 99
North Fork R2 0.48 10/14/2008 O 0O 0O O 0O 2 0 3 104 94104 99
South Fork R3 2.22 10/1/2008 O O 0O O O O 1 7 112 9913 102
South Fork  R3 2.16 10/1/2008 O O 0 O O O 1 8 112 94113 102
South Fork  R3 2.11 10/1/2008 O O 0 O O O 1 8 112 94113 102
South Fork  R3 2.10 10/1/2008 O O 0O O O O 1 8 112 94113 102
South Fork  R3 2.10 10/1/2008 O O 0O O O O 1 8 112 94113 102
South Fork  R3 1.92 10/2/2008 O 0O 0 O O O 1 8 113 94114 102
South Fork  R3 0.11 10/2/2008 O O 0 O 1 4 2 10 109 86112 100
South Fork  R3 2.17 10/15/2008 O O 0O O O O 0O 0 121 11421 114
South Fork  R3 2.10 10/15/2008 O O 0O O O O O 0 121 11421 114
South Fork  R3 0.34 10/15/2008 O 0O 0 O O O 2 0 112 12013 120
Mainstem R4 16.26 9/18/2008 O 6 1 13 11 14 8 5 68 3388 74
Mainstem R4 16.58 10/1/2008 O 0O 1 4 3 12 6 6 83 6193 83
Mainstem R4 16.58 10/1/2008 O 0O 1 4 3 12 6 6 83 6193 83
Mainstem R4 16.51 10/1/2008 O 0O 1 4 3 12 5 5 86 6395 84
Mainstem R4 16.27 10/1/2008 O o 1 1 2 10 4 8 93 69100 88
Mainstem R4 16.57 10/1/2008 O O O O 1 4 3 12 101 78105 94
Mainstem R4 16.05 10/1/2008 O O 0 o0 2 9 4 9 97 74103 92
Mainstem R4 16.01 10/1/2008 O o 0 o0 2 7 4 5 97 86103 98
Mainstem R4 15,57 10/1/2008 O 0O 0 0O 2 10 5 9 95 72102 91
Mainstem R4 14.82 10/1/2008 O O 1 1 2 11 4 7 94 71101 90
Mainstem R4 14.79 10/1/2008 O O 1 1 2 11 4 7 9 71101 90
Mainstem R4 14.06 10/1/2008 O o 1 2 2 11 4 6 93 70100 89
Mainstem R4 13.80 10/15/2008 O O 0 O O 3 2 5 98 87100 95
Mainstem R4 13.80 10/15/2008 O O 0O O O O o0 3 111 10211 105
Mainstem R4 13.25 10/15/2008 O O 0O O O O 0 3 112 10312 106
Mainstem R4 14.13 10/15/2008 O 0O 0 O O 1 0 5 109 97109 103
Mainstem R5 11.93 10/2/2008 O 0O 0 4 3 12 3 3 95 69101 88




APPENDIX A3-Continued

_ Very Poor Fair Good Excellent Total Days
River Poor
Location Reach Mile Date B W B W B W B W B W B W

Mainstem R6 7.29 10/3/2008 0 0o 0 6 2 3 3 3 98 83103 95
Mainstem R6 7.23 10/3/2008 0 o o 8 2 7 3 3 098 70103 88
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