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Abstract—We estimate that zero adipose-fin clipped (clgpend 222 unclipped
Chinook Oncorhynchus tshawytschpassed through the Coleman National Fish Hatchery
(CNFH) barrier weir fish ladder into upper Battlee€k between March 1 and August 30, 2002.
It is difficult to precisely apportion these fighindividual runs of Chinook because of overlaps
in migration timing between runs. However, base@@ombination of information from
migration timing, coded-wire tag recoveries, andegie analyses, the following estimates were
made: 33 were late-fall Chinook, 3 were winter @k, 144 were spring Chinook, and 42 were
fall Chinook. We believe relatively few fall Chiak were able to jump over the barrier weir and
avoid detection at the fish ladder monitoring statidue to low flows in 2002. Low flows
probably made jumping the weir more difficult aradinsonids would have likely taken the easier
route through the open fish ladder. These passsigeates were made while the fish ladder into
Battle Creek was open which included almost theespring Chinook migration period, but did
not include the entire migration period for wintil], and late-fall Chinook. When the fish
ladder into Battle Creek was closed, an unknownbarmof salmonids may have jumped the
barrier weir. Therefore estimates of winter, falid late-fall Chinook may be partial counts of
salmon entering the watershed above the barriatr wai additional 216 unclipped Chinook
were passed above the barrier weir prior to Marbly CNFH personnel during their late-fall
Chinook propagation program. While these 216 Goknmould have been from any of the four
runs of Chinook, they were most likely late-falli@bok. Based on stream survey redd counts
(78 total redds), we estimate a spawning populaifdrb6 spring and fall Chinook.

Overall, water temperatures in 2002 were adequatepring Chinook to successfully
produce juveniles but was likely at a reduced nurdioe to temperature-related spawner and egg
mortality. During holding periods, all Chinook thae observed were subjected to water
temperatures which could result in some mortaliy eeduced fertility. Some incubating
Chinook eggs experienced high water temperaturdgisouth Fork, upper mainstem Battle
Creek, and potentially in the North Fork. Springii®ok appeared to delay spawning until
temperatures were more suitable.

We estimate that 1,442 clipped and 593 unclippetaoav trout O. mykis¥ passed
above the CNFH barrier weir in 2002 for a totalP@35 rainbow trout. Of these, we estimate
that 1,428 clipped, and 410 unclipped rainbow tweerte passed by the hatchery prior to March
1, during steelhead propagation program.
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Introduction

Battle Creek is important to the conservation awbvery of federally listed anadromous
salmonids in the Central Valley of California. Reation actions and projects planned or
underway in Battle Creek focus on providing hatitatthree federally listed species in the
Central Valley Evolutionary Significant Unit (ESU}ie endangered winter Chinook salmon
(Oncorhynchus tshawytschdhreatened spring Chinook salmon (Chinook), thmelatened
steelhead®. mykiss The geographic range of the current winter GbknESU is limited to a
small area in the mainstem of the Sacramento Rieerveen the Keswick Dam and Red Bluff,
Ca., where it may be susceptible to catastroplsis. [&Establishing a second population in Battle
Creek could reduce the possibility of extinctiddattle Creek also has the potential to support
significant, self-sustaining populations of sprmg Chinook and steelhead crucial to their
recovery.

Since the early 1900's, a hydroelectric power gamgy system of dams, canals, and
powerhouses, now owned by Pacific Gas and EleCompany (PG&E), has operated in the
Battle Creek watershed in Shasta and Tehama Csuf@tsifornia. The hydropower system has
had severe impacts upon anadromous salmonids emdébitat (Ward and Kier. 1999). In
1992, the Central Valley Project Improvement AcVEIA) federally legislated efforts to double
populations of Central Valley anadromous salmonitise CVPIA Anadromous Fisheries
Restoration Program outlined several actions nacg$s restore Battle Creek, including the
following: “to increase flows past PG&E’s hydropawdkversions in two phases, to provide
adequate holding, spawning, and rearing habitafi@adromous salmonids” (USFWS. 2001).

From 1995 until 2001, the CVPIA Water AcquisitioroBram contracted with PG&E to
increase minimum stream flow in the lower reacHab® North Fork of Battle Creek (North
Fork) and South Fork of Battle Creek (South Forkjus initial flow augmentation project
provided flows between 25 and 35 cfs below EagleyGa Dam on the North Fork and below
Coleman Diversion Dam on the South Fork.

The federal and State of California interagencypam known as the CALFED Bay-
Delta Program (CALFED), along with PG&E, has fundlee Battle Creek Salmon and Steelhead
Restoration Project (Restoration Project). Thetétaion Project may result in large increases
in minimum instream flows in Battle Creek, remow&b dams, and construction of fish ladders
and fish screens at 3 other dams.

Planning, designing, and permitting of the RestoralProject has taken longer than
originally anticipated. Funds for increased minimflows in Battle Creek from the CVPIA
Water Acquisition Program ran out in 2001. Therefan 2001, CALFED funded the Battle
Creek Interim Flow Project to purchase 30 cfs fld@&E for use in the North Fork downstream
of Eagle Canyon Dam. These CALFED funded flowsanmeig 2001 and will continue until the
Restoration Project construction begins (currestlyeduled for 2004). The intent of the Interim
Flow Project is to provide immediate habitat imprment in the lower reaches of Battle Creek
to sustain current natural populations while impamation of the more comprehensive
Restoration Project moves forward.

PG&E currently has a requirement under its Fedenargy Regulatory Commission
license to provide minimum instream flows of 3 dtavnstream of diversions on the North Fork
and 5 cfs downstream of diversions on the Soutk.Fonder the Interim Flow Project, PG&E
would increase instream flows up to 30 cfs throregtuctions in their hydropower diversions
from May through October. The interim project vimsded to provide 30 cfs in the North Fork,
with no funds available for additional flows on tBeuth Fork, however an agreement was



reached which allows for changing flows on eithiethe forks based on environmental
conditions. Relevant environmental conditionsue water temperatures, numbers and
locations of live Chinook and redds. In 2001, @aged flows were provided only on the North
Fork in part based on observations of higher Chirsawning on the North Fork than on the
South Fork. For instance, redd counts from 199998 indicated that 39% of Chinook
spawning occurred in the North Fork versus 23%&South Fork (RBFWO. unpublished
data).

The goal of our monitoring project is to providshieries information for the adaptive
management of anadromous salmonid restorationftitteBareek including the Interim Flow
Project and the Restoration Project when it conmdig®.

The current investigations were carried out in 2B92he Red Bluff Fish and Wildlife
Office (RBFWO) under a three-year contract from@#LFED Bay Delta Program. This grant
was designed to support most of the monitoring s@édhe Restoration Project Adaptive
Management Plan.

Between 1995 and 2000, the RBFWO Hatchery Evaln&®imgram performed similar
fisheries investigations that studied the effe¢the Fish and Wildlife Service winter Chinook
propagation program that was formerly located de@an National Fish Hatchery (CNFH) on
Battle Creek. The RBFWO intends on reporting mdy ¢he results of adult salmonid
monitoring efforts from 1995 to the present, bsbahe results of juvenile salmonid monitoring
efforts from 1998 to the present. The interpretatf the accumulated adult and juvenile
monitoring data is beyond the scope of this one-yeaort.

In 2002, the Interim Flow Project increased flowstlbe South Fork from 5 cfs to 10 cfs
on June 27, and from 10 cfs to 25 cfs on OctoberNdrth Fork flows were decreased from 30
to 25 cfs on June 27.

Study Area

Battle Creek is located in northern Tehama andwvatShasta counties, California, and
is fed by the volcanic slopes of Lassen Peak irsthehern Cascade Range and numerous
springs (Figure 1). Battle Creek eventually entkesSacramento River (river mile (rm) 272)
east of the town of Cottonwood, California. Bafleeek is comprised of the North Fork
(approx. 29.5 miles in length from head watersanfitience), the South Fork (approx. 28 miles
in length from headwaters to confluence), the ntamsBattle Creek (16.6 miles from the
confluence of the north and south forks to the &aento River), and many tributaries. Battle
Creek has been identified as having high potefardisheries restoration because of its
relatively high and consistent flow of cold watd has the highest base flow (dry-season flow)
of any tributary to the Sacramento River betweenReather River and Keswick Dam (Ward
and Kier. 1999). Our specific areas of study (Fégl) were at the Coleman National Fish
Hatchery (CNFH) barrier weir on the mainstem Bdfiteek (rm 5.8) and on the North Fork
below Eagle Canyon Dam (5.3 miles in length), tbatB Fork below Coleman Diversion Dam
(2.5 miles in length), and the mainstem Battle €a@ove rm 2.8 (13.8 miles in length). Eagle
Canyon Dam (on the North Fork) and Coleman Diver§dam (on the South Fork) were
considered the upstream limits of salmonid distrdruduring the study because fish ladders on
the dams were closed.



Methods

We used the CNFH barrier weir fish trap and videonts along with stream surveys to
monitor adult salmonids in Battle Creek betweendfiar and November 15, 2002. Chinook
salmon and steelhead returning to Battle Creek wierified as either having an adipose fin
(unclipped) or not having an adipose fin (clippeWe considered all clipped Chinook and
rainbow trout to be hatchery-origin and unclippddr©ok to be either natural or hatchery-
origin (not all hatchery Chinook are clipped). Wnsidered all unclipped rainbow trout to be
natural-origin as CNFH has clipped 100% of these#itead production since 1998. It is likely
that unclipped Chinook returning to Battle Creekinlyiour monitoring period are mostly
spring Chinook. However, unclipped Chinook coukbae late-fall, winter, or fall run due to
overlapping periods of migration. Therefore, mese not to explicitly classify all unclipped
Chinook as spring run. We use the term “rainbawttrto refer to allOncorhynchus mykiss
including anadromous steelhead, due to the ditfeesiin visually differentiating the
anadromous and non-anadromous forms in the field.

Coleman National Fish Hatchery Barrier Weir

The CNFH barrier weir (the barrier weir) blockedstrpam passage of fish through the
fish ladder (rm 5.8) from September 1, 2001 throlginch 1, 2002. During this period, fish
were directed into holding ponds at CNFH, to cdlfed and late-fall Chinook and steelhead
broodstock for the propagation programs. Passkfighes upstream of the barrier weir in
Battle Creek was afforded from March 1 through Astd20, 2002 by opening the fish ladder.
Fish passage was monitored using live trappind May 27 followed by underwater
videography until August 30.

Trapping—A false bottom fish trap was used to capture Coknoainbow trout, and
other non-targeted species as they passed thrbadtsh ladder at the barrier weir. The trap
was placed in the upstream end of the verticalfsbtladder. Personnel from the RBFWO
operated the trap approximately 7 ¥2 hours a ddgpy® a week from March 1 through May 27,
2002 (0730-1500 hours - March 1-April 18; 0530-18@irs - April 19-May 5; 0430-1200
hours - May 6-May 27). During hours when the tnggs not operated (e.g.1500 - 0730 hours),
fish were allowed to enter the trap, but the exaswlosed blocking fish passage. Prior to
operation each morning, the trap was cleaned, aath&r conditions, water temperature and
stage gauge levels were documented. Every twashemperatures and stage gauge levels were
recorded. When water temperature exceeded 6@jspitrg for that day was terminated to
reduce the effects of handling. Trapping was teat@d for the season and videography began
when water temperatures exceeded 60°F (as detatrinyn®ptic Stowaway® Temp Loggers)
for a majority of the trap operation period in g.da

The trap was checked every 30 minutes. Non-tdigetvere identified to species,
counted, and released upstream. Salmonids weedrfeam the trap and immediately
transferred to a 250 to 400 gallon fish distribntiank. Water temperature in the fish
distribution tank was maintained withirF2of Battle Creek water temperature. Sodium
chloride (1.0%) and Poly AqUfa (artificial slime coat; 1.0%) were added to thektéo reduce
fish stress and preserve their protective slime leyar. While in the fish tank, Chinook and
rainbow trout were anesthetized with CO

Anesthetized salmonids were measured (fork lertgtl)e nearest millimeter, examined
for scars and tissue damage, examined for therres® absence of a mark (an adipose-fin clip
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or floy tag), and identified to gender when possibAll clipped Chinook were sacrificed and
coded-wire tags (CWT) were recovered and decodédeétiermine run, hatchery of origin, and
age. Since only a fraction of clipped rainbow trate tagged with a CWT, they were first
scanned using a “V” detector (Northwest Marine Texbgy, Field Sampling Detector FSD-I).
Clipped trout possessing a CWT were sacrificeddgmrecovery and all others were released
upstream of the barrier weir. After taking a tssample for genetic analysis, unclipped
Chinook and rainbow trout without a CWT were plagedither a 96 x 25 cm aluminum tube
for recovery from anesthetization until they cosidm out on their own, upstream of the
barrier weir, or placed into a recovery tank, theleased into the creek with a dip net when
fully recovered.

Video counts—An underwater video camera (ProVideo) was useddord Chinook,
rainbow trout, and other non-target species asphsged through the fish ladder at the barrier
weir. The camera was placed in a modified wethatupstream end of the fish ladder. Video
monitoring of fish passage was conducted from Mayh2zough August 30. A lighting system
allowed for 24 hour monitoring. A time-lapse vid@zorder was used to reduce maintenance
and viewing time. The time mode on the video déssecorder was set to 24 hours, and 120
minute-8 mm tapes were used. Beginning June 2dwitehed to 160 minute-VHS tapes. A
time-date stamp was recorded. Tapes were viewtdauish was observed, then reviewed at
slow playback speed or "freeze frame" mode to asgsidentification and mark detection.

The certainty of the observation was rated as gi@og,or poor. A “good” rating
signified complete confidence in determining spgeailed presence or absence of an adipose fin;
“fair” suggested confidence in determining speaied presence or absence of an adipose fin
but additional viewing was needed to classify ibb;fand “poor” suggested uncertainty in
determining species and presence or absence diigosa fin.

The quality of the picture was also rated as géaid,or poor. Good signified a clear
picture; fair indicated that objects were discetediut extra viewing was needed; and poor
indicated that some objects were indistinguishaleservations during poor periods are not
included in passage estimates and instead, intggubestimates are provided. The interpolated
estimates were compared to the fish observationsgipoor periods to ensure credibility. The
interpolated estimates were similar to the fisheobations during poor periods, in this study.

All Chinook and rainbow trout passing the barrierinvwere recorded onto a file tape
and the tape was reviewed by more experienced maesto confirm species identification and
presence or absence of an adipose fin. The totaber of clipped and unclipped Chinook and
rainbow trout observed was recorded. If the adigoswas unidentifiable, then Chinook and
rainbow trout were classified as unknown clip statéddditionally, the hours of possible fish
passage and the hours of video recorded fish passag logged.

Passage estimation-We estimated the number of clipped and unclippeith@k and
rainbow trout passing through the barrier weir festhder in 2002. For each week of trapping,
total passage of clipped and unclipped salmonidsegéimated by apportioning unknown clip
status Chinook or rainbow trout counts (e.g. flsdt taccidently escaped the trap prior to being
examined for an adipose fin) according to the priopo 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 teepanding observed counts according to the
amount of time passage was allowed but not recalldedo poor video quality or equipment
malfunction. Total passage for 2002 was calculbtesumming weekly passage estimates at
the barrier weir as well as the number of clipped anclipped Chinook and rainbow trout



released into upper Battle Creek by CNFH prior taréh 1. The equations used for estimating
passage during barrier weir trapping were:

14 u.
_ i
Pm—z ———| * unk; | + u,
14 c.
_ i
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i-1 (|| (c; +u)
where:
Py = passage estimate for unclipped Chinook or raintsout during barrier weir fish
trap operation;
P, = passage estimate for clipped Chinook or rainbowttduring barrier weir fish
trap operation;
C = actual number of clipped Chinook or rainbow trobserved passing the barrier
weir during the week
u = actual number of unclipped Chinook or rainbow troloserved passing the
barrier weir during the wedk
unk = actual number of unknown clip status Chinook anlvaw trout observed passing

the barrier weir during the week

The equations used for estimating passage durimgbaeir video counting were:
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P, = passage estimate for unclipped Chinook or raintsout during barrier weir
video monitoring;

P = passage estimate for clipped Chinook or rainbowttduring barrier weir video
monitoring;
C = actual number of clipped Chinook or rainbow trobserved passing the barrier

weir during the week

u = actual number of unclipped Chinook or rainbow troloserved passing the
barrier weir during the wedk

unk = actual number of unknown clip status Chinook anlyaw trout observed passing
the barrier weir during the week

T = number of hours of unrestricted fish passage ab#éneer weir during the weak
and,
\% = number of hours of actual good and fair video réed fish passage at the barrier

weir during the week

Migration timing—Migration timing past the barrier weir was detereud using fish
trap and video counting data. The number of clibged unclipped Chinook and rainbow trout
passing the barrier weir was summed weekly andgulotPeak as well as onset and termination
of migration was noted. The number of fish capdyver hour was calculated and plotted for
Chinook and rainbow trout.

Size, sex, and age compositietWe 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 distributionsevdveloped, and male to female sex ratios
were calculated. The age of returning Chinook eetermined for coded-wire tagged fish. Age
vs. length plots were developed for tagged Chinook.

Stream Surveys

We conducted bi-monthly stream surveys of Battleekirfrom May 6 to November 15,
2002. The 21.6 mile survey area was divided tteache(Table 1; Figure 1) and usually
required 4 days to complete, depending on persavaglability and flow conditions. Bi-
monthly surveys were scheduled on consecutive wagakidleginning at the uppermost reaches
and working downstream. Reach 7, located belovbénger weir, was not surveyed in October
or November due to the abundance of non-targeCtaithook.

Snorkel type surveys were used on all reachespexaeReach 3. Moving downstream
with the current, two or three snorkelers countbthGok and rainbow trout, carcasses, and
redds. Rainbow trout were divided into three siaegories; small, medium, and large (we did
not count young-of-the-year). We categorized ramlkrout with parr marks as “small”,
rainbow trout with no parr marks but less thanr&hes long as “medium”, and rainbow trout
greater than 22 inches as “large”. Generally, lszlers were adjacent to each other in a line
perpendicular to the flow. When entering largenglel pools where Chinook could be concealed
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below bubble curtains, one snorkeler would portgend and enter at the pool tail to count
Chinook and rainbow trout, while the other two &®bers would enter at the head of the pool
through the bubble curtain. When groups of Chineweke encountered, snorkelers would
confer with each other to make sure salmon weremsded or double counted.

In Reach 3, our only survey reach in the South Rwr& surveyors walked upstream
through the stream and along banks. Regular shewkeeys were not possible due to the
extremely shallow water in the South Fork during saammer of 2002 (stream flows were
approximatel 12 cfs), although we did snorkel in pools througihthe reach. On Reach 3,
survey personnel counted Chinook, large and mediamrainbow trout, carcasses, and redds
but did not count small-size rainbow trout.

When survey personnel encountered carcasses, thdg wollect tissue and scale
samples, and record biological information sucfodslength, sex, retention of eggs, presence
or absence of a tag, and presence or absenceadif@se fin. Heads were collected from all
adipose-fin clipped carcasses and from carcassesewine presence of a fin clip could not be
determined due to decomposition or lack of a coteptarcass. Coded-wire tags were extracted
from heads in the laboratory.

Stream flow, water turbidity, and water temperaag all influence the effectiveness of
snorkel surveys (Thurow. 1994). We collected datdhese three parameters for each snorkel
survey. Stream flow was measured at three California Depamt of Water Resources (DWR)
gaging stations. The gaging stations on the Neottk, South Fork, and mainstem Battle Creek
were at Wildcat Road Bridge (rm 0.9), Manton Roadige (rm 1.7), and CNFH (rm 5.8)
respectively. Stream flows are presented as maanfbw in cubic feet per second (cfs).
Turbidity samples were taken at the beginning artla# each reach and analyzed the same day
using a Model 2100 Hach Turbidimeter. An averagbitlity value was then assigned to each
survey day. (In the cases where only one sampietakaen, we used that value.) Water
temperatures were measured at the beginning andfeath reach using a hand held
submersible thermometer.

Holding location—We located holding areas of Chinook through streameys. The
date and number of Chinook observed per reach rgeceded and exact coordinates of holding
locations were documented using a hand held GIbsitioning System (GPS) receiver. We
used thermal criteria presented by Ward and Ki@99) to evaluate the suitability of water
temperatures for spring Chinook holdiin Battle Creek (Table 2) from June 1 through
September 30. We labeled Ward and Kier’s fourgmies as good, fair, poor, and very poor.
Water temperature data was collected at threeitoabn the South Fork (reach 3), three
locations on the North Fork (reaches 1 and 2),fandlocations on the mainstem (reaches 4-6).
Temperature data was obtained from Optic Stowgvﬂ'agmp Loggers installed and maintained
by the RBFWO and from two Department of Water Resesi(DWR) gaging stations located at
the Manton Road Bridge on the South Fork and thieé&i Road Bridge on the North Fork.
Evaluating temperatures at these sites providaegeraf conditions Chinook may have been
exposed to when holding in Battle Creek.

Spawning location and timing-We located Chinook spawning areas and estimated
time of spawning. The date of first observance rmuber of redds per reach were recorded
and exact coordinates of redds were documented asiPS receiver. All redds were marked
in the field with flagging in order to different@between old and new redds. An attempt was
made to determine the beginning, peak, and endiofdGk spawning.

We used thermal criteria (Table 2), presented bydvdad Kier (1999) to evaluate the
suitability of water temperatures in Battle Creekg$pring Chinook holding and egg incubation
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to the eyed-egg stage (Table 3 and 4). Developtodht eyed-egg stage would take
approximately 17 days at 38(Piper et al. 1982). We labeled Kier’'s fouretpiries as good,
fair, poor, and very poor. Using these criteriaevaluated water temperature ( at three sites
on the South Fork (Reach 3), three on the Nortk Relach (Reaches 1-2), and four on the
mainstem Battle Creek (Reach 4-6) from Septembehrbhigh October 31. Evaluating
temperatures at these sites provide a range oftamxlChinook eggs may have been exposed
to in each of these three creek segments.

Tissue Collection for Genetic Analyses

Tissue samples were collected from unclipped Chireaptured at the fish trap and
from carcasses collected during stream surveytheEscissors or a hole puncher were used to
obtain three small pieces of fin tissue. Two psesere stored in small vials containing T.E.N.
buffer (Tris, EDTA, and NaCl) and one was dried atated in a scale envelope (not collected
from weir trap samples). One sample was sent tteBa Marine Laboratory (BML) for genetic
analyses and the other two samples were archiviie &BFWO. At BML, DNA was
extracted and amplified using the Puregene methddralividuals were genotyped at 7 loci
(Hedgecock et al. 2001). Two methods were thed ts analyze the genetic information;
mixed stock analysis (MSA) and individual assigntr®HICHRUN). MSA does not assign a
run to individual fish but assigns proportions ahied stock to specific runs. MSA has a
minimum sample size requirement of approximately. 1&/HICHRUN is used to clasify an
individual fish is a winter Chinook or non-wintehidook.

Results
Coleman National Fish Hatchery Barrier Weir

Trapping—A total of 295 Chinook were captured in the barveir trap between
March 1 and May 27, 2002. Of these, 166 were elilbpnd 129 were unclipg (Table 5).

We retrieved CWTs from 144 clipped Chinook capturethe trap. Tag codes indicated
all 144 were from late-fall Chinook from CNFH (Apmp#ix A). We did not recover any coded-
wire tagged winter Chinook. Fourteen clipped Cbikbad no tag detectable, and 8 tags were
lost during removal.

Diel timing of Chinook entering the barrier weiagprshowed some variation throughout
the trapping season (Figures 2, 3 and 4). To tigae potential impacts of the barrier weir trap
operation, trap opening and closing times wereedte Trapping began with a 0730 hours
starting time and continued until April 19, theranolged to a 0530 hours starting time, and then
changed again on May 6 to 0430 hours start timalyln the season clipped Chinook were
trapped more frequently in the afternoon, wheredate April and May, more Chinook were
trapped in the morning and they were unclipped.st\d the late April and May Chinook were
trapped within the first hour of trap operationtiwa secondary peak trapped from 0700 to 0800
hours.

A total of 117 rainbow trout were captured in tlaerker weir trap. Of these, 14 were
clipped, 98 were unclipped, and 5 escaped pribetog examined for an adipose (Table 6).
The escaped rainbow trout were approximately 18aadn length. They escaped through a
small opening that only became accessible as tbe f@ttom of the trap is raised. The small
opening was subsequently sewn shut. We desigttaes unknown clip status rainbow trout as
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unclipped, based on the proportion of clipped amclipped observed for that particular week
(or surrounding weeks). Clipped rainbow trout witha CWT detected were released
upstream of the weir. observed, one was detecitbdCWT and was sacrificed. The tag code
indicated that it came from CNFH. We releasedés¢ of the clipped rainbow trout upstream
of the weir as they did not have coded-wire tags.

Diel timing of rainbow trout entering the barrieeiwtrap also showed some variation
throughout the trapping season (Figure 5). Dutieg0730 hours start time trapping period,
rainbow trout were trapped most frequently at tbgitning of trap operation (87.2% -102 out
of 117), with a secondary peak at 1330 hours (Eigufigure 7). Only 5.1% (6 out of 117) of
the total rainbow trout passed during the 053@ stae trapping period, with no apparent
pattern with timing. Only 7.7% (9 out of 117) raow trout passed during the 0430 hours start
time trapping period, with peaks at 0630 and 1030r&

Video counts—A total of 77 Chinook were observed passing thiotlng barrier weir
fish ladder between May 27 and August 30, 2002th@$e, none were clipped and 77 were
unclipped (Table 7). For a period of 25 days frauty 11 through August 4, no Chinook were
observed (Figure 8 and 12). During the video nwimg period, 84% (1906 hours) of the
afforded passage was video recorded with a godairgpicture quality (Table 7). Although we
video monitored 84% of total passage, we probaldgitored 90% of the actual Chinook
passage past the barrier weir, since there wetmphp no fish passing during the mid-summer
period.

We extrapolated for periods that were missed dymtw picture quality, caused by
turbidity or video equipment malfunction. Thisuo#ted in a total passage estimate of 93
Chinook. Extrapolation between May 27 - June 1deddl2 Chinook to the passage estimate.
Extrapolation between August 18-30, added 4 Chinodke passage estimate. Extrapolation
between July 14-27 added zero Chinook to the passstgnate. No Chinook were observed
passing 10 days prior and 8 days following thiy j@riod of equipment malfunction.

A total of 54 rainbow trout were observed passimgugh the barrier weir fish ladder.
Of these, 1 was clipped and 53 were unclip(Table 8 and Figure 13). Extrapolation for poor
viewing quality or equipment malfunction, betweeayWwP7-June 15, added 27 rainbow trout to
the passage estimate.

Diel timing of Chinook passage during video monigrhad peaks at 0300 and 0700
hours. Chinook passing between 0100 hours and B80( represented 69% of total passage.
Also, 58% of Chinook passed during dark hours (Fédd). Diel timing of rainbow trout
passage during video monitoring had no apparetgnpatvith 42% of passage occurring during
dark hours (Figure 10), and a slight peak in passa@200 hours (Figurell).

Passage estimation-Passage estimates for unclipped salmonids ahehtbgan actual
numbers observed due to estimates made duringdsesigpoor video qualityWe estimate
zero clipped and 222 unclipped Chinook passed girole barrier weir fish ladder into upper
Battle Creek between March 1 and August 30, 2082 additional 216 unclipped Chinook
were released above the barrier weir by CNFH perslgorior to opening the barrier weir fish
ladder on March 1 (Table 9). These 216 Chinoolevdgverted from lower Battle Creek into
the hatchery as part of the late-fall Chinook pgateon program. Because CNFH personnel
mark 100% of their late-fall production with an pase-fin clip and coded-wire tag, these 216
Chinook were considered natural-origin and wereastd into Battle Creek, upstream of the
barrier weir, to spawn naturally.



We estimate that 14 clipped and 183 unclipped mintsout passed through the barrier
weir fish ladder between March 1 and August 30,208n additional 1,428 clipped and 410
unclipped rainbow trout were released above thedvaxeir by CNFH prior to March 1 (Table
9). These rainbow trout were taken into the hatche part of the steelhead propagation
program, but were not used as brood stock.

Migration timing—The migration of unclipped Chinook past the barweir began
March 1 (the first day the fish ladder was operg peaked the week of May 12-18. The middle
50% of the run passed between April 23 and Ma(Figure 12). There was a continuous 25
day period (July 11 through August 4) in which Giok did not appear to migrate above the
weir. Following this period, migration of unclipgpp€hinook were observed during the final 4
weeks of barrier weir fish ladder operation.

The temporal distribution of clipped Chinook obsshat the barrier weir is different
from that of unclipped Chinoc(Figure 12). The migration of clipped Chinook alsman
March 1, peaked during the first two weeks of apration and declined steadily into May.

Rainbow trout migrating past the barrier weir shdywemary and secondary peaks in
passage numbers (Figure 13). Passage of rainbotwtas greatest during the first two weeks
of trap operation (March 3-9), after which, weekbunts of rainbow trout gradually declined
until May 27 when counts began rising again. Al&naecondary peak of rainbow trout
passage occurred the week of June 2-8. Followiegécondary peak, weekly counts of
rainbow trout again declined.

Size, sex, and age compositienChinook captured in the barrier weir trap hadean
fork-length of 80 cm and ranged in length from 4bto 107 cm (n=295). The length-
frequency distribution was continuous and was agprately normal with a mode of 86-90 cm
(Figure 14).

Rainbow trout captured in the barrier weir trap hadean fork length of 46 cm and
ranged from 33 to 68 cm (n=117). The length-fregyedistribution for rainbow trout was
continuous and was approximately normal with a mufd#s-48 cm (Figure 15).

The sex ratio of male to female Chinook capturethebarrier weir trap was different
for clipped and unclipped fish. The male:femalgoréor clipped Chinook (which were all late-
fall run) was 1:3.7 (n=166). The male:female rétiounclipped Chinook was 1:4.6 (n=39, plus
an additional 90 were in the unknown sex categoraftotal of n=129). For rainbow trout, the
ratio of male to female was 1:1 (n=58, an additi&®were in the unknown sex category for a
total of n=117).

Age was determined from tagging records for modedewire tagged Chinook captured
in the barrier weir trap. The ages of tagged Chknacluded 3-year-olds (n=34), 4-year-olds
(n=102), and 5-year-olds (n=1). There was ovandprk length between Chinook of different
ages (Figure 16). Age was not determined for upelibChinook. Also, age was determined for
only one rainbow trout, as only one had a code@-vag (3-year-old).

Stream Surveys

During regularly scheduled bi-monthly stream susyaye observed 11 adult Chinook in
May, 51 in June, 71 in July, 88 in August, 74 ipteenber, 54 in October, and 2 in November
(Table 10 and 11). During regular bi-monthly sysvéand supplemental surveys), we observed
a total of 78 redds above the barrier weir: 1 ipt&mber, and 77 in October. We recovered a
total of 35 carcasses: 1 in May, 1 in June, 2 Iy, Juin August, 6 in September, 23 in October,
and 1 in November.
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Small rainbow trout were the dominant size groutheaNorth Fork (reaches 1 and 2).
While small and medium rainbow trout were nearlyadn the remaining four reaches (Table
12). Large rainbow trout were most common in thedst reach (Reach 7). Monthly mean
rainbow trout numbers by rea(Table 13) show that Reach 4 had the greatest alnged542)
followed by Reach 1 (385). The fewest rainbow tnware observed in Reach 6 and 7.

Conditions for snorkel type surveys (all reachesepx Reach 3) were good to excellent:
stream flows were stable (Figure 17), temperattaeged from 46to 78F, and average daily
turbidity was low (0.7 to 2.8 NTU). Conditions faalking surveys of Reach 3 were excellent
as creek flows were low (approximately 16-19 cfg) average daily turbidity was usually low
(0.9 to 3.8 NTU- average was 1.6 NTU). The presanabsence of an adipose fin usually
could not be determined for Chinook seen duringsouveys.

Compared to 2001, flows in 2002 were increasetdenSouth Fork below Coleman Dam
when less flow was diverted into the Coleman C@hable 14 and 15, Figure 18). We
compared water temperatures between years at tega®@1 the South fork: immediately below
Coleman Dam (rm 2.5) and at Manton Road Bridgel(rf). During the holding period (June
1-September 30) water temperatures at Coleman Damged 60.8- in 2001, with 7 cfs, and
averaged 60.% in 2002, with 16 cfs. During the holding per@dVianton Bridge, water
temperatures averaged 6%:6n 2001, with 7 cfs, and averaged 6B.in 2002, with and 16 cfs.
During the egg incubation period (September 15-0mt81) at Coleman Dam, temperatures
averaged 55.F with 8 cfs in 2001, and averaged 5&.%1 2002, with 19 cfs. During the egg
incubation period at Manton Bridge temperaturesayed 57.9 in 2001, with 8 cfs, and
averaged 55.F in 2002, with 19 cfs.

In 2002, along with the increased flows in the &dtrk came decreased flows in the
North Fork. We compared water temperatures betwears at the Wildcat Bridge site. During
the holding period, temperatures averaged 6222001 with 41cfs, and averaged 6E.ih
2002 with 38 cfs. During the egg incubation petiechperatures averaged 5SF.0n 2001 with
43 cfs, and averaged 5339in 2002 with 37 cfs.

Holding location—Monitoring results indicate Chinook held in Bat€@reek for about
four months (from early June through early Octolpeigr to spawning. Barrier weir monitoring
showed thi 75% of unclipped Chinook migrating into Battle Ekenad passed the weir June
15. Stream surveys indicated that most Chinookndidspawn until early October (see below).
Therefore, we considered survey observations madeglJune, July, August, and September
to be during the holding period for spring Chinaok002.

From June through September, Chinook numbers apmbgrons among the North
Fork, South Fork and Mainstem steadily changedutiinout the holding peric(Table 10 and
11). For example, in June, 2% were in the Norttk F87% in the South Fork and 11% in the
mainstem, and in September, 1% were in the Nortk, B%% in the South Fork and 64% in the
mainster.

Monthly maximum counts of Chinook in the South Fardre 2 in May, 41 in June, 48
in July, 51 in August, 25 in September, 19 in Oetland zero in November. Chinook
numbers increased from two on May 7 to 34 on Jyradtdr a large increase and then decrease
in flow, associated with annual maintenance outddbe PG&E hydropower system. The
annual maintenance increased flows in the Soutk éioMay 20 from 64 cfs to 297 cfs. Flows
decreased to 51 cfs on June 2, to 16 cfs on Jusred3po 11 cfs on June 4. Our May 21 survey
of the South Fork was precluded by high flows. vBys were considered unsafe and ineffective
during the outage. Throughout the survey pericarepeatedly observed Chinook holding in a
few pools, primarily between rm 1.7 and 2.5. Hoereby September they were all holding in
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one pool below Coleman Diversion Dam (rm 2.5). @iaen was the upper limit to fish
migration on the South Fork, due to the impasshsteladder.

Monthly maximum counts of Chinook in the mainstergvnine in Mayfive in June,

23 in July, 37 in August, 46 in September, 28 inaber and two in November (Table 10 and
11). We observed the majority of the Chinook répalg in a large deep pool in Reach 4. We
observed the other Chinook in changing locationsughout the summer.

Using the Ward and Kier (1999) thermal criteriatotding of spring Chinook from
June 1 through September 30 (Table 2), we evaligaeth Fork water temperatuiat three
sites. Mean daily temperatures were classifiegloasl, fair, poor, or very poor (Table 3).
Coleman Diversion Dam (rm 2.5), had 70 days of (%&i1%), and 52 days of good (43%)
temperatures. Manton Road Bridge (rm 1.7) hadayd of poor (16%), 71 days of fair (58%)
and 32 days of good (26%) temperatures. The ceméel had 71 days of poor (58%), 41 days
of fair (34%) and 10 days of good (8%) temperatdfégure 19). Chinook holding in the South
Fork were located primarily at Coleman Dam.

We used the same criteria to classify temperatardee North Fork where we evaluated
holding temperatures. Wildcat Dam had 24 daysofdata available, 48 days of fair (49%),
and 50 days of good (51%) temperatures. WildcadRtd three days of poor (2.5%), 89 days
of fair (73%), and 30 of days good (24.5%) tempeed. The confluence (rm 0.1) had 14 days
of poor (11.5%), 80 days of fair (65.5%) and 28gafygood (23%) temperatures (Figure 20).
Fish were not able to pass above Eagle Canyon Dam.

We evaluated mainstem Battle Creek holding tempezatnear the confluence of the
two forks (rm 16.0)- 46 days poor (38%), 59 days(#8%), and 17 days good (14%), and
upper section of reach 4, 26 days had no dataadl@jl32 days poor (33%), 45 days fair (47%),
and 19 days good (14%), the lower section of rdad¢tad 53 days no data, 32 days poor (46%),
29 days fair (42%), and 8 days good (12%), andr&a@5 days no data, 53 days poor (55%),
36 days fair (37%), and 8 days good (8 Table 3).

Spawning location and timing=-We observed 16 redds in the South Fork, 27 in the
North Fork, and 35 in the mainste¢(Table 10). In the South Fork, Chinook began spagvhy
October 1 (1 redd), constructed the majority ofrthexdds in the first two weeks of October, and
finished spawning by October (Table 10). Our last survey on the South Fork aras
November 13. In the North Fork, Chinook began spaw September 18 and finished by
October 29. Our last survey on the North Fork Wasember 13. In the mainstem, Chinook
began spawning in between our surveys on Octobaed2ctober 31. Our last survey on the
mainstem was November 15, and one redd was obsdwatd) this final survey, therefore the
end of spawning is approximately November 15.

Fifty-five percent of Chinook redds were locatedhe North Fork and South Fork of
Battle Creek. Most of the redds in the South Roeke either just downstream of the Coleman
Diversion Dam pool, or just downstream of the reool below the Coleman Diversion Dam
where the fish ladder was impassable. On the Néwtk, an open fish ladder allowed Chinook
to pass above Wildcat Dam (rm 2.50) and potent@lytinue up as far as Eagle Canyon Dam
(rm 5.25) where the fish ladder was closed. Wentesl redds above Wildcat Dam, but only as
far up as rm 3, which is downstream of a narrovihhiglocity cascading waterfall (roughly 4
feet high and 4 feet long). Downstream of the walle the observed redds were located on the
first four available spawning riffles. The samét@an was observed in 2001, where redds were
found as far upstream as rm 3, but not beyond #terfall. However, one Chinook was
observed above rm 3 on two separate surveys this @8 May 23 and September 3, both of
these dates corresponded with higher flows.

12



We were unable to determine the spawning stat@$é off the 34 carcasses because of
several potential factors: advanced state of copfomby scavengers, skinning and fileting by
poachers, and decomposition. Carcasses may hanaened hidden under rocks, in large
woody debris or in turbid pools, and then flushadlater. In the North Fork, all 11 carcasses
were of unknown spawning status. In the South Borlas unspawned, 1 was spawned, and 8
were of unknown spawning status. In the mainstemas unspawned, 5 were spawned, and 7
were of unknown spawning status. One of the mamstarcasses was a coded wire tagged
late-fall from CNFH and is not used in calculatiamgolving possible spring run spawned and
unspawned carcasses.

Spawning survey results, apportioned to eitheiNbeh Fork, South Fork or mainstem,
were compared between 2001 and 2002 (Table 16)indthe holding period, the percentage
of adults observed was similar in both 2001 and22@6r North Fork, South Fork and
Mainstem. During the spawning period, the peragntaf redds was higher in the mainstem and
lower in the South Fork, in 2002 than in 2001. cAdkiring the 2002 spawning period, the
percentage of carcasses was higher in the mairestdmlorth Fork and lower in the South
Fork, in than in 2001.

Using the Ward and Kier (1999) thermal criteriadgg incubation from September 15
through October 31 (Table 2), we evaluated Soutk teamperatures. Coleman Diversion Dam
had five days of fair (11%) and 42 days of good43%mperatures. Manton Bridge had two
days of poor (4.3%), 11 days of fair (23.4%), addlays of good (72.3%) temperatures. The
confluence had nine days of very poor (19%), nimgsf poor (19%), nine days of fair (19%)
and 20 days of good (43%) temperatures.

North Fork temperatures were also evaluated. &&tl®©am had three days of fair (6%),
and 44 days of good (94%) temperatures. WildcaioRwd one day of poor (2%), 12 days of
fair (26%), and 34 days of good (72%) temperatuiidse confluence had three days of poor
(6.4%), 10 days of fair (21.3%), and 34 days ofdy(&2.3%) temperatures.

Mainstem Battle Creek water temperatures werealatuated. Below the confluence
had seven days of no data available, 10 days aof (2680), eight days of fair (20%), and 22
days of good (55%) temperatures. The upper seofiogach 4 had nine days of poor (19%),
nine days of fair (19%), and 29 days of good (628)perature. The lower section of reach 4
had four days of very poor (9%), nine days of pd®®%b), nine days of fair (19%) and 25 days
of good (53%) temperatures. Reach 5 had four daysry poor (9%), nine days of poor
(19%), nine days of fair (19%), and 25 of days g(sP6) temperatures (Table 4).

Tissue Collection for Genetic Analyses

Samples from 129 Chinook from barrier weir trappiveye analyzed by BML (Vanessa
Rashbrook. personal communication). Using the @HRUN individual run assignment
methodology (Hedgecock et al. 2001), two were &intin based on the criteria of
LOD>1which has been used in previous analyses tifeBareek weir trap genetic samples
(Appendix B). MSA results indicated that 0.9% wesiater Chinook, 73.7% were spring
Chinook, 17.5% were fall Chinook and 7.9% were fateChinook. We collected 31 samples
from carcasses encountered during stream survidysse samples have not been analyzed.

Discussion

Impact of barrier weir operations
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In 2002 we changed the hours of the barrier wearaion to investigate impacts of trap
closure on salmonid passage. We observed thetpahks in Chinook passage: clipped fish
moving in the afternoon, early in the season; ypped fish moving during the night, later in the
season; and unclipped fish moving a few hours dfgbreak, late in the season. The earlier
hours of trap operation resulted in lower watergematures during trapping, potentially less
stress on trapped fish, and a longer trapping seaso

Barrier weir trap operations potentially createaanidable delay in adult salmonid
passage as the upstream exit of the trap is closdd hours a day (USFWS. 2002). Data
from 1996 to 2000 (USFWS RBFWO. unpublished datalicated that many fish were caught
in the initial trapping period. This occurreneads to two possible hypotheses: 1) that fish
move upstream throughout the day and night and aporing at the closed trap, they are
delayed until the trap opens; or 2) that crepusbtumoving fish are trapped during their
morning activity period. In 2002 we explored thése hypotheses by opening the trap before
daybreak (Figure 3). For the first “all 24 houhg/pothesis, we predicted that a large number of
fish would be caught in the initial trapping periggdjardless of the time of day we opened the
trap. Inthe second “crepuscular” hypothesis, frdy be delayed if they are moving before the
trap opens in the morning or if they are movinghie afternoon after the trap has closed. We
predicted that if we opened the trap in the morfuefpre fish were moving, then we would trap
fewer fish in the initial period than after daylkedHowever, we also predicted that closing the
trap earlier, before fish passed during the aftenn@repuscular period, could result in a larger
number of fish in the trap in the initial perioWe assumed that fish stayed in the trap and are
currently testing the assumption by videotaping behavior in the trap while the trap is closed.

To test these hypotheses, opening and closirgstinere altered two times, to begin at
0730, 0530 and 0430 hours. Diel timing of Chineokering the barrier weir trap varied during
the trapping season. Early in the season clipgeddOk were trapped more frequently in the
afternoon, whereas in late April and May, more @biwere trapped in the morning, and they
were unclipped (Figure 2). Most of the late A@amid May Chinook were trapped within the
first hour of trap operation, with a secondary pgakped from 0700 to 0800 hours (Figure 3).

Diel timing of rainbow trout entering the barrieeiwtrap also showed some variation
throughout the trapping season (Figure 5). Dutireg0730 hours start time trapping period,
rainbow trout were trapped most frequently at sppning, with a secondary peak at 1330
hours (Figure 6).

Therefore, it appears that the second “crepuschlgbdthesis was at least partially
correct, in that clipped Chinook and unclipped lpawv trout were caught crepuscularly during
the afternoon of the 0730 hours opening and unetigphinook and rainbow trout moved after
daybreak in the 0430 hours opening period. Howewappears that the first “all 24 hours”
hypothesis is also true, because a large numidehofvere in the initial catch for unclipped
Chinook in 0530 and 0430 hours and unclipped raintvout in 0730 hours.

In addition to 2002, trap data from 2000 also sstgythat a secondary peak of fish were
trapped in the afternoon, and 1998 and 1999 alsw $his to some degree, again suggesting
that fish were moving crepuscularly before darlarliér video tape data suggested that in some
years fish were moving at night but not in otheairge Diel timing of fish passage may be
significantly different during video tape operatithan in trap operations because of differences
in stream flow, storm frequency, water temperature turbidity, fish density, abilities or
motivation of various stocks to move upstream,dddo camera lighting (USFWS. 2003).

In 2002, our earlier hours of trap operation prdpaecreased the impact of handling
Chinook by trapping during the 8 coolest hourshef day, generally from 0400 to 1200 hours.
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Running the trap during the coolest 8 hours oftilne delayed the date at which water
temperature exceed 6B during trapping, which is the criteria for stappthe trapping
operations for the year. Therefore, by changireghthurs of trap operation, we were able to run
the trapping operations longer during the 2002@®as

Based on these results, in 2003 we changed thatapeof the barrier weir:1) later,
during the afternoon, early in the season, to col®ore of the late afternoon arriving fish, to
prevent potential delay, and to better determinemthe afternoon peak in passage occurred,;
and 2) earlier in the morning, later in the seasoepllect more of the morning arriving fish,
and to operate during lower water temperatureedace stress on fish, and increase the
trapping season; and 3) for longer hours duriegdy, to potentially collect both more
morning and late afternoon arriving fish.

Chinook Salmon Population estimates

Passage estimates based on weir counts, strearaystedd counts and genetic
analysis—We estimated passage of approximately 33 lateun) three winter run, 144 spring
run, and 42 fall run Chinook passed through the BX&rrier weir ladder during the barrier
weir monitoring period. These estimates will biened in the future if improved differentiation
of run based on genetic analysis becomes availablke made a few simplifying assumptions to
develop these estimates, based upon reasons gi@m: b

MSA results suggested that during the barrier wapping period, Chinook were 17.5%
(n=23) fall run and 7.9% (n=10) late fall run, vt assumed all 33 were late fall Chinook for
two reasons. It is unlikely that many fall Chingakss during the period of March through
May. There is a high likelihood that late fallifigvere incorrectly identified as fall run (Dennis
Hedgecock, BML, UC Davis. personal communicatmiKévin Niemela to Matthew R.
Brown).

WHICHRUN designated two winter Chinook during therer weir trapping period
while MSA designated only one winter run Chinodke used the more accurate WHICHRUN
result in our estimates. During the video monitgrperiod, one winter Chinook was
extrapolated based on the winter Chinook propowiarng trapping, for a total of three winter
Chinook.

MSA results suggested that during the barrier wapping period, Chinook were 73.7%
(n=95) spring run Chinook. To be consistent with WHICHRUN results, we reassigned one
spring run as a winter run resulting in 94 sprirfigr©ok during trapping. Spring Chinook
passage was just beginning when trapping was coeapénd free passage with video
monitoring began. We estimated that 50 of the Bih@k passing during the first half of video
monitoring (May 27 to July 10) were spring run,lgliag a total of 144 spring run.

We assumed all Chinook passing during the secolfidivdeo monitoring were fall
run although they may have been either springlbria. Conversely, some of the Chinook
passing in the first half of the video period mayé been fall Chinook. The second half of the
video monitoring period (July 10 through August B@pan with 30 consecutive days during
which Chinook did not pass above the barrier wed ended with a pulse of an estimated 42
Chinook (all un-clipped) passing from August 9-3The distinct and prolonged temporal
separation between the first and second migra@oiogs suggests that these fish are spring and
fall run respectively. Alternatively, water temmatires at the mouth of Battle Creek during
July and early August averaged@nd may have created a thermal barrier, discogag
Chinook from entering Battle Creek and delayingrthgration of some spring run.
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Based on redd counts (78 total redds), we estimmap@awning population of 156
Chinook. This estimate assumes a 1:1 sex ratah, feanale constructed one redd, all redds
were observed, and that no redds were construgliedving the conclusion of the stream
survey. A 1:1 sex ratio has been used to estis@teg Chinook spawning populations based
on redd counts on Mill Creek (Harvey Arrison. 2pamhd on Battle Creek (Brown and Newton.
2002). Two live Chinook were seen during thelfsteeam survey, and these fish may have
spawned subsequent to the survey. A cohort replacerate could not be developed using a
redd-based spawning population estimate becawsassurveys did not occur in 1999.

Differences between population estimate$he difference between the spawning
estimate of 156 Chinook and the barrier weir passagint of 222 suggests one or more of the
following: 1) not all of the fish that entered tivatershed spawned due to pre-spawning
mortality; 2) not all redds were detected; 3) s@dmnook may have been late-fall or winter run
and their redds were not detected due to their sp@wprior to our first survey in May;
4)Chinook may have fallen back below the dam dusataral exploration, confusion due to the
lack of hatchery odors above the weir, or due tadhag in the weir trap; and 5) Extrapolation
of video passage estimate by 16 Chinook, for psr@goor tape quality, may have been an
overestimate. Some of these ideas are exploresvbeChinook passing in August should also
be added to the spring Chinook estimate for a coathspring and fall Chinook estimate for a
more appropriate comparison to the redd estimaiese the redd estimates include both spring
and fall Chinook. Therefore the 156 spawners €ttis times 2) should be compared to 186
fall and spring Chinook passed.

Pre-spawning mortality—Pre-spawning mortality may have been significant
during the long summer holding period when watergeratures were high, and fish were
exposed to these temperatures for a long peritichef Possible causes of mortality include
predation, poaching, high water temperatures, aoi@ased stress due to crowding combined
with elevated temperatures. Fourteen of the 3%j4darcasses were observed prior to redd
construction in that reach of the survey. Althowghwould have had a high likelihood of
seeing redds during our surveys in this low flowryaith better than average viewing
conditions, that occurred at least every two weelesmay not have detected all redds because
of complexity of habitat, inexperience of some creembers. Of these 14 carcasses, two were
pre-spawning mortalities (based on unspent eggd)12 were of undetermined spawning
status. A total of six post-spawning mortalitiesregdocumented but only after redds were
constructed in the reach the carcass was observed.

Twice we observed two fishermen at the major hgjgiool on the mainstem. We likely
missed many pre-spawned carcasses during our supeepuse they can be difficult to find and
because they may have disappeared quickly dueat@sgers or predators. We only found 10
carcasses out of the 51 live Chinook observedarSibuth Fork, and only 2 of these carcasses
were identifiable to spawning statudtters ate many Chinook on the South Fork, where
remains of most of the carcasses were in smalépiett seemed likely that carcasses would
have been quickly devoured. Salmon remains waelarly found associated with otter scat at
the main Chinook holding pool on the South Fonkthis pool, an otter was observed by the
snorkel crew with a whole salmon in its mouth.

Fall backs and jumpers-Some Chinook and rainbow trout included in the
barrier weir counts, may have fallen back belowdam. Chinook and rainbow trout may have
entered the system due to natural exploration, flléback to continue exploration below the
dam, or to find more desirable conditions. Chinatky have been attracted to hatchery odors
that were present in their natal stream, then aofudue to the lack of hatchery odors above
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the weir may have caused them to return to thelzetmav the dam. In addition, handling at the
weir trap may have contributed to some Chinookrfglback below the dam. There was no
visible confirmation of Chinook falling back dowwer the dam after handling. None of the
129 Chinook trapped were recaptures that had alfeeeh passed. However, one steelhead
was recaptured in the weir trap, that had beeregdsg weir trap operations, and in the winter
of 2002-2003, 172 steelhead were recaptured by Cpitsbnnel out of 1,185 released above
the weir by CNFH operations (Bob Null, RBFWO. gmral communication).

We believe relatively few fall Chinook were ablejeionp over the barrier weir and avoid
detection at the fish ladder monitoring statiorg ttu low flows in 2002. Low flows probably
made jumping the weir more difficult and salmonmtsuld have likely taken the easier route
through the open fish ladder. These passage é¢ssmere made while the fish ladder into
Battle Creek was open which included almost theespring Chinook migration period, but
did not include the entire migration period for wn fall, and late-fall Chinook. When the fish
ladder into Battle Creek was closed, an unknownbarmof salmonids may have jumped the
barrier weir. Therefore estimates of winter, falid late-fall Chinook may be partial counts of
salmon entering the watershed above the barrier wei

Sex ratio— In 2001, male to female sex ratios were 1:1:8.4) for clipped
Chinook, and 1:28 (n=30) for unclipped Chinook. e@xplanation for the lower clipped ratio is
that sex determination is easier with the clippd-fall Chinook. In March and April, late-fall
Chinook are ready to spawn, have readily expressegroducts when gently squeezed, and
have fully developed, secondary-sex characterisdiosh as a hooked jaw and large teeth, which
are easily identifiable as male. In March throigy, spring Chinook are not ready to spawn,
are not expressing sex products, and are not getisg secondary-sex characteristics. This
possibility for mis-identifying males as femalessy@eviously identified in 2001 barrier weir
operations (Brown and Newton. 2002). In 2003nreffort to avoid misidentification, bright
Chinook were labeled as “unknown sex”, if no se@geex characteristics were present, or no
sex products expressed.

Nonetheless, in 2002 the male to female sex ratialipped Chinook was 1:3.7
(n=166), and the unclipped Chinook 1:4.6 (n=39additional 90 were of unknown sex).
Clipped Chinook were all sacrificed in 2002, weatetall, and gender was verified (as was the
case in 2001). The higher proportion of female-fatl Chinook is not surprising given that the
clipped fish represent the end of the run whichkpea late December or January, and the end
of the run may consist of more females than madtexking for reference). Gender estimates
should have been more accurate in 2002 becauaegef Isample sizes.

Evaluation and Adaptive Management of Battle Ciste&am Flow

Success of pilot flow program-Barrier weir population estimates for 1999 haoeyet
been developed and redd surveys were not condurcid99 for a redd based population
estimate. Therefore a cohort replacement ratedaoet be developed to assist in evaluating the
pilot flow program. A cohort replacement rate viié developed as part of a report planned to
incorporate RBFWO Battle Creek sampling from 199%he present.

Comparison of temperature conditions in 2001 and228-Flows were successfully
increased in the South Fork in 2002 over 2001etluce the impact of high water temperatures
on Chinook during holding and spawning periods.néad differences in weather and air
temperature can make analysis of the effect of fiowvater temperature difficult. To reduce
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the uncertainty associated with these differen@essuggest using PG&E temperature model to
estimate temperature benefits of increased flowsugeun-improved flow conditions.

Nonetheless, South Fork water temperatures in 20612002 are compared in Table 15
using thermal criteria (Ward and Kier. 1999). Whwater temperatures at Coleman Dam did
not appear to improve in 2002, water temperaturésaaton Bridge were better than in 2001.
At Coleman Dam in both years water temperatureg wever classified as “poor”, but at
Manton Bridge water temperatures were poor 76%ags anonitored in 2001 and 20% in 2002.
Improved water temperatures at Manton Bridge maybee important than at Coleman Dam to
successful adult holding and juvenile productidfanton Bridge temperatures are more similar
to temperatures Chinook would have experienced sipawn the South Fork. Coleman Dam is
2.5 rm from the confluence of mainstem Battle Credkereas Manton Bridge is 1.7 rm from
the confluence.

The North Fork of Battle Creek was also evaludtechuse, in order to increase flows
on the South Fork in 2002, flows were decreasetherNorth Fork (Table 15). Temperatures
were not increased by the decrease in flow at Batfle Canyon and Wildcat Bridge.

Don’t decrease North Fork Flows to Increase SoubhkRlows—There may be
Chinook in the North Fork during the holding peribadt we do not detect because of
differences in the viewing conditions between tbet§ and North Forks. North Fork
conditions included higher flows, higher turbidignd more complex geomorphology of
complex rock and stream channel formations witistelis of large boulders, narrower canyon
walls which cast shadows, a steeper gradient reguft more bubble curtains and more
turbulence, and more safety distractions for srierke South Fork surveys were in lower flows,
involved walking along stream banks and in theastrehannel. These conditions created easier
viewing for long distances, giving us a better cdeaaf seeing Chinook before they saw us.
There were more pools, and generally lower turpidih addition, the flatter landscape creates
less turbulence, and there were fewer safety disbrzs.

Increase North Fork flows to test barrier hypottsesiOur results confirm that Interim
Flow Project flows may be insufficient for fish gage on the North Fork. Flows were 30 cfs
during the spring Chinook migration periods studie@001 and 2002. As in 2001, all
spawning occurred downstream of a narrow high-vglecaterfall, identified as a natural
barrier in 2001, at rm 3.05 (Reach 1) on the N&dhk. The barrier was not identified in a
survey of fish passage barriers conducted in 19889, and 1990 (TRPA. 1998). The reach
upstream of the barrier is 40% of the current am&adus salmonid habitat in the North Fork.
Seven redds were located on the first four avadlapbwning riffles downstream of the
waterfall. One live Chinook was seen above thanaabarrier on May 23, 2002, and again on
September 3, but was not seen again and may hasegduring higher flows at the beginning
of the summer.

Future monitoring is needed to determine if Regton Project (35 cfs during the
corresponding migration period; NMFS et al. 198®&)s are sufficient for passage at this
temporary barrier. Increasing stream flow abovef30at least periodically, would likely allow
Chinook to pass this potential barrier. The esstociated with increasing North Fork flows to
the Restoration Project level for one week coulafiget by reducing flows by 1.25 cfs for four
weeks in October when water temperatures are rgetdimiting.

Delays in implementing increased flows on the Séotlik.—Flows were increased in
the South Fork twice after some delay from the pitiat recommendations were made by the
Interim Flow Project Science Team to actual impletagon. Administrative roles, and
methods could be better defined and streamlinethsare quicker changes in flow.
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Planned power outage and associated flow increa The increase in Chinook
numbers in the South Fork from 2 on May 7 to 34one 4, may have been due to the large
increase in flow associated with annual maintenautage of the PG&E hydropower system.
A large proportion of the Battle Creek spring Clukavere in the South Fork, and were
subjected to harmful high water temperatures #fteannual maintenance. Our observations
before and after this planned power outage, asagdle outages in May 2001, suggest four
different, but non-exclusive ways that Chinook cblidve been attracted into the South Fork:

a) Chinook were falsely attracted by high flowsidgrthe power outage. This
alternative was not supported by data from 200 nimder similar conditions, fish
were not present after high flows.

b) Chinook were attracted into their natal streamnd) high flows. This
alternative supports the notion that 1998 and ¥8&@ successful at producing spring
Chinook in the South Fork.

c) Chinook were falsely attracted by North Forkevdhat is mixed into the
South Fork below the Inskip Powerhouse. In thieraative Chinook were attracted to
water from the North Fork which would have beenriatal stream. This doesn’t seem
as likely, if it is true that few Chinook returnemlthe North Fork.

d) Chinook were attracted into their natal streamnd low flows. Poor stream
conditions should have dissuaded them, so thistia probable reason. This alternative
supports the notion that 1998 and 1999 were sultdeggproducing spring Chinook in
the South Fork.

Although we had been working with PG&E to coordeatr field work with previous
outages, we were caught unawares that the May®wtag going to occur. If we had known
that the outage was going to occur, we would haselreduled the stream survey to occur just
before the outage, instead of 13 days before ttegeu The longer time between the survey and
the outage increases the uncertainty of when Ckieatered the South Fork and therefore
whether they were attracted by the outage. Wemetend better communication between the
PG&E and FWS before future outages.

Recommendations

Some of the following recommendations were previppeesented in our report
“Monitoring Adult Chinook Salmon, Rainbow Trout,c&Steelhead in Battle Creek, California,
from March through October 2001" (Brown and Newt@®02), and are presented here with
italicized notes about their implementation. Gf 6 recommendations from 2001, 14 have
been initiated. Recommendations 17 through 1&ewefor the current report.

1. Consider closing the CNFH barrier weir fishdadearlier in August to inhibit the passage of

fall Chinook above the weir and the possibilityfalf Chinook interbreeding with spring
Chinook.

19



2. Consider reinstalling the trap in August tded genetic data to determine run and assess
the genetic risks of passing Chinook during Augusgenetic techniques capable of quickly
determining whether or not an individual Chinoolaispring run become available, selectively
passing only spring Chinook could also be consdiere

3. Collect tissue samples from unclipped Chinagdkased above the barrier weir during the
CNFH late-fall spawning season for genetic analyseetermine runThe RBFWO Hatchery
Evaluation Program collected these samples in 22023. Results are pending

4. Analyze tissue samples from unclipped Chinaalected in 2001 and previous years using
newly developing genetic techniques capable ofrdeteng if individual fish are spring
Chinook or non-spring Chinookl'wo of Three possible geneticists that may be table
genetically analyze our tissue samples have beetacted. Possibilities are promising.

5. Study the effectiveness of the CNFH barriemweblocking Chinook passage while the fish
ladder is closed. Relate the number of Chinookpjmgn over the weir to flow Our feasibility
study using video taping to count salmonids jumplegbarrier weir, was initiated in
September 2002Preliminary results indicate that while we did notdetect any successful
jumps during low flows in the Fall, we did documentsuccessful jumps during storm flow
periods in 2003.

6. Study the impact of barrier weir trap operatonthe passage of salmonids through the fish
ladder. Operations in 2002 were modified to both reduceptl impacts and determine
potential for impacts. Results presented in the current report were usedtjustify an
amendment request to CALFED for funds to reduce pantial impacts of trap closure.

In 2003 we reduced the potential for impacts by ljunning the trap for more hours of the
day, which allows more fish to pass, Il) shiftingriap operations to peak passage periods
during the day, Ill) shifting trap operations to hours of cooler water temperatures; we

also installed a video camera on the trap to monitdoehavior of fish during trapping.

7. Evaluate the rate of salmonid recapture irbdr@er weir trap using a caudal fin clip during
genetic tissue sampling as the identifying mdrk2002, we began using the genetic-tissue fin-
clip for recapture analysis. The very low recapgtuate was discussed in the current report.

8. When feasible, increase summer flows in thelSbark Battle Creek below Coleman
Diversion Dam to provide more suitable water terapges for Chinook holdingin 2002,
summer flows in the South Fork were increased éwide more suitable temperatures for
Chinook. It is anticipated that flows will be ieased during the entire summer of 2003 to 25
or 30 cfs using funding from the Interim Flow Pidje

9. If increased flows cannot be provided throughibe summer in the South Fork, do not
attract Chinook into the creek in May during annmalintenance on Coleman Powerhouse.
This can be achieved by requesting PG&E to re-adedtie annual maintenance or by
physically blocking fish passage using a wetG&E and the agencies have been discussing
methods for reducing the fisheries impact of anmaalal maintenance. According to an email
from Angela Risdon on October 1, 2002,

20



“PG&E is proposing to keep our planned 4-week gatas scheduled from May 5
through May 29, but PG&E will just perform the poWweuse related work. The spill
during this outage will occur at the forebay andake 1 will not be available to the
Hatchery. On August 4 through August 7, PG&E spmsing to schedule a four day
outage for canal work. During the 4 day outagesp#l will occur at the Coleman
Diversion Dam. Coleman Powerhouse will be shutdaleng with the canal, and
Intake 1 will not be available to the Hatchery”.

Under this scenario, additional flows will not beleased into the South Fork during annual
maintenance during May. A much shorter duratidease will occur in August. Therefore, it
may be prudent to install a barrier weir at the rttoof the South Fork from August 4 through
August 7, if flows are not increased on the Souttk fin 2003. If water temperature and
available spawning habitat are adequate in Augus tb increased flows, a barrier may not be
desirable.

10. Begin stream surveys in early May to detesspae winter Chinook spawning and recover
carcasses for genetic analys&tream surveys were initiated on May 6 in 2002¢tibelp detect
winter Chinook spawning. No redds were detectédnetic analysis of the 5 carcasses
collected during potential winter Chinook spawnfngm May through August 31 (the
carcasses may alternatively have been spring dcfahook), will be discussed when results
become available.

11. Continue stream surveys through November teieraccurately determine the beginning,
peak, and end of spring and fall Chinook spawni@tgeam surveys in 2002 continued through
the week of November™,5luring which only 2 live Chinook were detectdthe frequency of
surveys during spawning periods was increasedwaékly. Therefore, spawning timing was
more accurately determined.

12. Increase frequency of stream surveys from tieyugh November to twice a month to
improve: 1) carcass recovery for genetic analgsc coded-wire tag recovery; 2) run
determination; 3) redd based spawner populatiamatgs; 4) evaluation of the effects of water
temperature and water flow on spawning locatioayspng timing, and egg survival; 5)
monitoring of the spatial and temporal separatibthieatened spring Chinook and fall
Chinook; 6) assessment of the fish-tightness obtreer weir; 7) detection of hydropower
system induced flow fluctuations which could attresalmonids and potentially induce spawning
in inappropriate locations; and 8) response timeaétaptive management of flow$he

frequency of surveys during spawning periods weasearsed to biweekly.

13. Investigate the feasibility of monitoring dtesad spawning populations in Battle Creek by
conducting stream surveys from December throughl. Aphe RBFWO initiated a winter
steelhead survey beginning in December 2002 taméete the feasibility of counting redds and
live salmonids.We used kayaks for most of the survey to count reddand collect carcasses
in reaches 4 to 7 in 2003. In 2004 we are attempg to survey reaches 1 to 3, either on foot
or by snorkeling, because we could not effectivelyse kayaks under low flow conditions.
These three reaches may be kayaked under higher floconditions.
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14. Investigate the feasibility of performing riepte stream surveys to develop confidence
intervals for counts of live Chinook, carcassesl aatds.We investigated the feasibility of
improving our stream surveys by researching trediiure and conversing with our colleagues
in the other fisheries’ agencies including Dave Kana recognized expert in the field of
statistical and field sampling techniques for sahms. Information from the Steelhead Project
Work Team and the Escapement Project Work Tearalkadeen useful. We have concluded
that replicate stream surveys for adult Chinook ewst-prohibitive and are not performed in
other watersheds.

15. Continue to monitor potential fish barrierstba North Fork Battle Creek and consider
releasing short term pulse flows below Eagle Cariyam to provide improved passage routes
for Chinook and steelheadin 2002, we took note of potential fish barriersidg our stream
surveys, in particular the two which were mentioimethe 2001 report. Only one fish was seen
above the lower barrier and it was seen a few @diex precipitation increased flows 2.5 fold

in the North Fork.If Chinook are blocked again, it is recommended flavs be increased

from 30 to 35 cfs on the North Fork for a week in 8ptember, to determine if Restoration
Project minimum flows will be sufficient to allow Chinook passage at the barrier.
Subsequent North Fork flows could be reduced by 1%cfs for 4 weeks in October to offset
the cost of the increased flows.

16. Install water temperature recording devicgb@downstream boundary of stream survey
reaches 4 and 5 to better evaluate temperaturetetia Chinook adults and egg survivahe
additional temperature recording devices were ilisthin June 2002in 2003, a system of 22
temperature monitoring devices was installed in th&attle Creek watershed, replacing the
one set up in 1998 by the Department of Water Resmes.

17. Develop methods to readily increase flows ondecision for flow increase has been
approved by Interim Flow Project Science Team (IFBT). Both flow increases in the
South Fork were delayed in 2002, after. Administrave roles and methods could be better
defined and streamlined to ensure quicker changes flow.

18. Analyze the impact of annual variation in aitemperature on water temperatures
achieved under various flows. Use PG&E temperaturenodel to estimate temperature
benefits of increased flows versus un-improved flowonditions, to reduce the uncertainty
associated with annual differences in weather andraiemperature which can make
analysis of the effect of flow on water temperaturelifficult.
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TABLE 1. Reach numbers and locations with assediat/er miles (RM) for Battle Creek
spawning ground surveys in 2002.

Upstream Downstream
Reach Location RM Location RM
1 (North Fork) Eagle Canyon 5.25 Wildcat Dam 2.50
Dam
2 (North Fork) Wildcat Dam 2.50 Confluence of 0.00
forks
3 (South Fork) Coleman 2.54 Confluence of 0.00
Diversion Dam forks
4 Confluence of 16.61 Mt. Valley 12.79
forks Ranch
5 Mt. Valley 12.79 Ranch road 9.32
Ranch
6 Ranch road 9.32 Barrier weir 5.83
7 Barrier weir 5.83 Lower Rotary 2.84
Screw Trap

TABLE 2. Temperature criteria used to evaluatesthiéability of Battle Creek water
temperatures for Spring Chinook. Criteria are talkkem Ward and Kier (1999).

Life Stage Mean Daily Water  Response Suitability
Temperature (°F) Category
Adult Holding <60.8 Optimum Good
>60.8 t0 <66.2 Some Mortality and Infertility ~ Fair
>66.2 No Successful Spawning Poor
>80 Lethal Very Poor
Egg Incubation to the <gg <8% Mortality Good
Eyed-egg Stage >55 10 <60 15 to 25% Mortality Fair
>60 to <62 50 to 80% Mortality Poor
>62 100% Mortality Very Poor
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TABLE 3. Number of days mean daily temperaturdsifighin the four suitability categories
for holding spring Chinook from June 1 through ®ember 30. River miles for the mainstem
begin at Sacramento River and river miles for tirkd begin at their confluence.

Location River Mile No Very Poor Fair Good
Data Poor
Battle C. below NFSF confluence 16.8 0 0 46 59 17
MS R4 Upper 16.3 26 0 32 45 19
MS R4 Lower (Barn) 12.9 53 0 32 29 8
MS R5 12 25 0 53 36 8
NF Battle (Wildcat Dam) 2.5 24 0 0 48 50
NF Wildcat Road 0.9 0 0 3 89 30
NF Battle (Confluence) 0.02 0 0 14 80 28
SF Battle (Coleman Diversion 2.6 0 0 0 70 52
Dam)
SF Manton Bridge 1.7 0 0 19 71 32
SF Battle (Confluence) 0.02 0 0 71 41 10
Totals 128 0 270 568 254
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TABLE 4. Number of days mean daily temperaturdsafighin the four suitability categories
for egg incubation from September 15 through Oat@lde River miles for the mainstem begin
at Sacramento River and river miles for the for&gib at their confluence.

Location River Mile No Very Poor Fair Good
Data Poor
Battle C. below NFSF confluence 16.8 7 0 10 8 22
MS R4 Upper 16.3 0 0 9 9 29
MS R4 Lower (Barn) 12.9 0 4 9 9 25
MS R5 12 0 4 9 9 25
NF Battle (Wildcat Dam) 2.5 0 0 0 3 44
NF Wildcat Road 0.9 0 0 1 12 34
NF Battle (Confluence) 0.02 0 0 3 10 34
SF Battle (Coleman Diversion 2.6 0 0 0 5 42
Dam)
SF Manton Bridge 1.7 0 0 2 11 34
SF Battle (Confluence) 0.02 0 9 9 9 20
Totals 7 17 52 85 309
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TABLE 5. Chinook captured at CNFH barrier weipgti@nd associated passage estinfate2002. Note that all clipped Chinook
captured in the trap were sacrificed for coded-warerecovery.

Actual Actual Actual Passage
Dates number number number estimate: Passage estimate: unclipped
clipped unclipped  unknown clipped

1-2 March 18 1 0 0 1
3-9 March 83 8 0 0 8
10-16 March 43 4 0 0 4
17-23 March 14 0 0 0 0
24-30 March 4 2 0 0 2
31March-6 April April 3 11 0 0 11

7-13 April 0 0 0

14-20 April 0 0 0
21-27 April 0 24 0 0 24
28 April-4 May 0 10 0 0 10
5-11 May 1 14 0 0 14
12-18 May 0 27 0 0 27
19-25 May 0 13 0 0 13

26-27 May 0 2 0 0 2

Totals 166 129 0 0 129
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TABLE 6. Rainbow trout / steelhead captured at ENtfarrier weir trap and associated passage ess8n@t@002. Passage estimates
include unknown rainbow trout / steelhead appoé&tbrelative to the proportion of clipped and unoéid observed for that particular

week (or surrounding weeks). One clipped rainbrowt / steelhead captured the week of March 1Wa8 sacrificed for the retrieval
of a present coded-wire tag.

Actual Actual Actual Passage
Dates number number number estimate: Passage estimate: unclipped
clipped unclipped  unknown clipped
1-2 March 0 6 0 0 6
3-9 March 3 20 1 3 21
10-16 March 0 19 0 0 19
17-23 March 6 19 1 5 20
24-30 March 3 7 1 3 8
31March-6 April 1 9 0 1 9
7-13 April 0 4 1 0 5
14-20 April 0 0 1 0 1
21-27 April 1 1 0 1 1
28 April-4 May 0 1 0 0 1
5-11 May 0 3 0 0 3
12-18 May 0 6 0 0 6
19-25 May 0 3 0 0 3
26-27 May 0 0 0 0 0
Totals 14 98 5 13 103
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TABLE 7. Chinook salmon video recorded passing th€ENFH barrier weir fish ladder and associated passge estimates$or
2002. Passage estimate calculations include apported unclipped and clipped Chinook during hours nbtaped.

Actual Actual Actual Passage
Hours of Hours of number number number estimate: Passage estimate:
Dates passage taped passage clipped unclipped unknown clipped unclipped

27 May-1 June 131 94 0 19 0 0 26
2-8 June 168 71 0 3 0 0 7
9-15 June 168 113 0 3 0 0 4
16-22 June 168 167 0 9 0 0 9
23-29 June 168 163 0 1 0 0 1
30 June-6 July 168 167 0 3 0 0 3
7-13 July 168 164 0 1 0 0 1
14-20 July 168 154 0 0 0 0 0
21-27 July 168 60 0 0 0 0 0
28 July-3 Aug 168 166 0 0 0 0 0

4-10 August 168 167 0 11 0 0 11
11-17 August 168 168 0 2 0 0 2

18-24 August 168 130 0 11 0 0 14

25-30 August 130 122 0 14 0 0 15
Totals 2277 1906 0 77 0 0 93
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TABLE 8. Rainbow trout / steelhead video recordeghassing the CNFH barrier weir fish ladder and assaated passage
estimatedor 2002. Passage estimate calculations includepptioned unclipped and clipped rainbow trout / steelhead during
hours not taped.

Actual Actual Actual Passage
Hours of Hours of number number number estimate: Passage estimate:
Dates passage taped passage clipped unclipped unknown clipped unclipped
27 May-1 June 131 94 1 8 0 1 11
2-8 June 168 71 0 15 0 0 35
9-15 June 168 113 0 8 0 0 12
16-22 June 168 167 0 9 0 0 9
23-29 June 168 163 0 1 0 0 1
30 June-6 July 168 167 0 2 0 0 2
7-13 July 168 164 0 2 0 0 2
14-20 July 168 154 0 1 0 0 1
15-27 July 168 60 0 0 0 0 0
28 July-3 Aug 168 166 0 3 0 0 3
4-10 Aug 168 167 0 0 0 0 0
11-17 Aug 168 168 0 3 0 0 3
18-24 Aug 168 130 0 1 0 0 1
25-30 Aug 130 122 0 0 0 0 0
Totals 2277 1906 1 53 0 1 80
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TABLE 9. Total passage estimates for Chinook amehow trout / steelhead above CNFH
barrier weir in 2002.

Chinook Chinook Steelhead Steelhead
Passage route passage: passage: passage: passage:
clipped unclipped clipped unclipped
CNFH 0 216 1428 410
Barrier weir: trap 0 129 13 103
........... Barrierweir:video 0 93X 80
Total passage 0 438 1442 593

TABLE 10. Chinook salmon live adults, carcasses, i@dds observed during the 2002 Battle
Creek spawning ground survey. Monthly counts majuded multiple observations of the same
live salmon. Starting in September, fall run Clukdegin returning to lower Battle Creek, and
are no longer counted during snorkel surveys.

Reach Date Chinook Carcasses Redds
1 05/06/02 0 0 0
1 05/23/02 1 0 0
1 06/03/02 0 0 0
1 06/10/02 0 0 0
1 06/24/02 0 0 0
1 07/08/02 0 0 0
1 07/22/02 0 0 0
1 08/19/02 0 0 0
1 09/03/02 1 1 0
1 09/17/02 0 0 0
1 09/30/02 0 0 0
1 10/21/02 0 3 0
1 10/28/02 0 1 7
____________________ A 1o X S
2 05/07/02 0 0 0
2 05/23/02 0 0 0
2 06/04/02 2 0 0
2 06/12/02 0 0 0
2 06/25/02 1 1 0
2 07/09/02 0 0 0
2 07/23/02 0 1 0
2 08/20/02 0 0 0
2 09/04/02 0 0 0
2 09/18/02 1 0 1
2 10/01/02 7 0 6
2 10/16/02 1 2 12
2 10/29/02 0 2 1
.................... 2 e XU23102 O DO

3 05/07/02 2 0 0




3 06/04/02 34 0 0
3 06/13/02 45 0 0
3 06/25/02 41 0 0
3 07/09/02 42 0 0
3 07/23/02 48 0 0
3 08/20/02 51 1 0
3 09/04/02 40 1 0
3 09/18/02 25 3 0
3 10/01/02 19 2 2
3 10/10/02 12 0 10
3 10/16/02 2 2 3
3 10/29/02 0 1 1
3 11/04/02 0 0 0
.................... 3.2 0 0 0.
4 05/08/02 4 0 0
4 05/22/02 0 0 0
4 06/05/02 13 0 0
4 06/26/02 4 0 0
4 07/10/02 19 0 0
4 07/24/02 23 1 0
4 08/21/02 30 0 0
4 09/05/02 27 0 0
4 09/19/02 35 0 0
4 10/02/02 17 1 0
4 10/17/02 0 0 10
4 10/30/02 0 2 5
.................... 4 ...oAa4o2 o2 10
5 05/08/02 1 0 0
5 05/22/02 1 0 0
5 06/05/02 1 0 0
5 06/26/02 0 0 0
5 07/10/02 0 0 0
5 07/24/02 0 0 0
5 08/22/02 0 0 0
5 09/05/02 0 0 0
5 09/19/02 0 1 0
5 10/02/02 1 0 1
5 10/17/02 2 3 12
5 10/30/02 0 2 0
5 11/14/02 0 0 0
.................... A
6 05/28/02 6 0 0
6 06/06/02 1 0 0
6 06/27/02 1 0 0
6 07/11/02 0 0 0




07/25/02
08/23/02
09/06/02
09/20/02
10/03/02
10/18/02
10/31/02
R T 1 =1 o R O
05/09/02
05/28/02
06/06/02
06/27/02
07/11/02
07/25/02
08/23/02
09/06/02 168
09/20/02 7500
Totals
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TABLE 11. Total number of live adult Chinook obged during the 2002 Battle Creek stream surveystuiRing Coleman Hatchery
fall run Chinook in September are not counted taltoln addition to the below surveys, Reach 3/avds surveyed on October 10
(12 Chinook observed) and November 4 (zero Chiralzderved).

Date | May May June  June June  July July  Aug. Sept. Sept. Oct. . OcOct. Nov.
Reach |  6-9 22,23 3-6 10-13 24-27 8-11 22-25 19-23 3-6 17-20 28-03 16-21 28-32-14
1-7 & 28

1 0 1 0 0 0 0 0 0 1 0 0 0 0 0
2 0 0 2 0 1 0 0 0 0 1 7 1 0 0
3 2 X 34 39 41 42 48 51 40 25 19 2 0 0
4 4 0 13 X 4 19 23 30 27 35 17 0 0 2
5 1 1 1 X 0 0 0 0 0 0 1 2 0 0
6 0 6 1 X 1 0 0 4 6 11 10 3

7 4 1 0 X 0 0 0 3 168 7500 X X X X
Total 11 51 47 61 71 88 74 72 54 8 6 2
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TABLE 12. Rainbow trout / steelhead observed duthre 2002 Battle Creek stream survey.
Size categories are as follows: small fish bear parks and are older than young-of-the-year.
Medium fish lack parr marks and are less than 2Bes in length. Large fish are greater than 22
inches.

Reach Date Small Medium Large Total
1 05/06/02 297 7 0 304
1 05/23/02 419 26 0 445
1 06/03/02 176 5 0 181
1 06/10/02 411 64 0 472
1 06/24/02 200 70 0 270
1 07/08/02 574 56 1 631
1 07/22/02 793 194 0 987
1 08/19/02 561 168 0 632
1 09/03/02 413 211 0 624
1 09/17/02 965 285 0 1250
1 09/30/02 374 82 0 456
1 10/21/02 379 107 0 486
1 10/28/02 544 420 0 964

S S 11/12/02 179 27 1 ....207
2 05/07/02 151 18 0 169
2 05/23/02 164 14 0 178
2 06/04/02 176 29 0 205
2 06/12/02 305 57 0 362
2 06/25/02 275 72 0 347
2 07/09/02 410 104 0 514
2 07/23/02 335 113 2 450
2 08/20/02 324 89 0 413
2 09/04/02 472 242 0 714
2 09/18/02 1216 226 0 1442
2 10/01/02 428 75 0 503
2 10/16/02 1081 351 0 1432
2 10/29/02 805 179 0 984
e 11/138/02  .....168 ... 14 O .....A182 .
3 05/07/02 104 51 0 155
3 06/04/02 - 20 0 20
3 06/13/02 - 16 2 18
3 06/25/02 - 20 0 20
3 07/09/02 - 15 5 20
3 07/23/02 - 32 0 32
3 08/20/02 - 43 0 43
3 09/04/02 - 50 0 50
3 09/18/02 - 54 0 54
3 10/01/02 - 59 0 59
3 10/10/02 - 0 0 0
3 10/16/02 - 10 0 10
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3 10/29/02 - 0 0 0

3 11/04/02 - 10 2 12
B U802 0 0 0 0.

4 05/08/02 146 81 0 227

4 05/22/02 12 5 0 17

4 06/05/02 161 150 4 315

4 06/26/02 253 339 3 595

4 07/10/02 227 453 10 690

4 07/24/02 422 447 na 869

4 08/21/02 473 540 0 1013

4 09/05/02 493 394 5 892

4 09/19/02 431 238 1 670

4 10/02/02 760 718 3 1481

4 10/17/02 360 243 8 611

4 10/30/02 361 233 0 594
................ & o AUAM02 3661792 BAT

5 05/08/02 47 31 0 78

5 05/22/02 10 3 0 13

5 06/05/02 89 92 0 181

5 06/26/02 67 52 4 123

5 07/10/02 158 156 3 317

5 07/24/02 151 225 0 376

5 08/22/02 189 156 0 345

5 09/05/02 174 177 0 351

5 09/19/02 272 252 2 526

5 10/02/02 241 240 0 481

5 10/17/02 222 103 0 325

5 10/30/02 74 75 0 149
L 11/14/02 121 33 4 158

6 05/09/02 11 18 0 29

6 05/28/02 6 11 0 17

6 06/06/02 28 11 0 39

6 06/27/02 19 11 0 30

6 07/11/02 23 30 0 53

6 07/25/02 73 29 0 102

6 08/23/02 25 27 0 52

6 09/06/02 64 34 0 98

6 09/20/02 45 30 0 75

6 10/03/02 60 83 0 143

6 10/18/02 39 25 2 66

6 10/31/02 14 21 3 38
o AAASI02 A5 4 .30 .49

7 05/09/02 8 17 3 28

7 05/28/02 1 1 5 7

7 06/06/02 2 5 0 7
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TABLE 13. Rainbow trout / steelhead totals by nmoawhd by reach (all sizes) for the 2002 Battle Kstseam snorkel survey.

Date May May June June June July July Aug. Sept. Sept. Oct.. Occt. Nov. Mean

Reach 6.9 2223 3-6 10-13 24- 811 22- 1923 36 17-20 28- 16- 2831 12- Totals
1-7 & 28 27 25 03 21 15

1 304 445 181 472 270 321 987 632 624 NU 456 486 NU 207 384.64
2 169 178 205 362 347 514 450 413 714 NU 503 NU 984 182 358.64
4 227 17 315 NA 595 690 869 1013 892 670 NU 611 594 547  541.54
5 78 13 181 NA 123 317 376 345 351 NU 481 325 149 158 222.85
6 29 17 39 NA 30 53 102 52 98 75 143 66 38 49 60.85
7 28 7 7 NA 25 44 109 93 139 50 NA NA NA NA  55.78
Total 835 677 928 NA 1390 19392893 2548 2818 2219 2362 1143 1624.3

NA (not available) due to the reach not being sysde
NU (Not used) for totals due to not passing qualdgtrol. Totals for these weeks are compositég/ofsurveys.
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TABLE 14. Comparison of 2001 and 2002, perceriroé that South Fork water temperatures
met Restoration Plan thermal criteria.

2001 Good Fair Poor Very Poor Ave Flow
number of days (percent)

Holding
Coleman Dam 73 (60%) 49 (40%) 0 0 7cfs
Manton Bridge 12 (10%) 46 (38%) 58 (48%) 0 7cfs
Egg Incubation
Coleman Dam 41 (87%) 6 (13%) 0 0 8cfs
Manton Bridge 27 (57%) 7 (15%) 7 (15%) 6 (13%) 8cfs

2002

number of days (percent)

Holding
Coleman Dam 52 (43%) 70 (57%) 0 0 16cfs
Manton Bridge 32 (26%) 71 (58%) 19 (16%) 0 16cfs

Egg Incubation
Coleman Dam 42 (89%) 5 (11%) 0 0 19cfs
Manton Bridge 34 (72%) 11 (23%) 2 (4%) 0 19cfs
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TABLE 15. Comparison of 2001 and 2002, averageptatures and flows during the holding
and egg incubation time periods, on the North amattsForks of Battle Creek.

LOCATION 2001 2002
°F (cfs) °F (cfs)

Coleman Dam (SF)

Holding (June 1-Sept 30) 60.6 (7) 6a.8)(

Egg Incubation (Sept 15-Oct 31) 55)7 (8 54.5 (19)
Manton Bridge (SF)

Holding (June 1-Sept 30) 65.6 (7) 63.8) (

Egg Incubation (Sept 15-Oct 31) 570 (8 55.1 (19)
Wildcat Road (NF)

Holding (June 1-Sept 30) 62.2 (41) 639)

Egg Incubation (Sept 15-Oct 31) 573)(4 55.9 (37)
Eagle Canyon Dam (NF)

Holding (June 1-Sept 30) 58.2 (41) 5393)

Egg Incubation (Sept 15-Oct 31) 553)(4 54.5 (37)
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TABLE 16. Comparison of adult Chinook, redds, aadcasses during snorkel surveys in 2001
and 2002.

2001 Number (Percent) North Fork South Fork Mainstem
Adults During Holding 0 (0%) 17 (63%) 10 (37%)
Adults During 2 (7%) 13 (46.5%) 13 (46.5%)
Spawning

Redds 11 (34.5%) 12 (37.5%) 9 (28%)
Carcasses 0 (0%) 6 (75%) 2 (25%)
2002 Number (Percent) North Fork South Fork Mainstem
Adults During Holding 0 (0%) 51 (58%) 37 (42%)
Adults During 7 (13%) 19 (34%) 29 (53%)
Spawning

Redds 27 (34.5%) 16 (20.5%) 35 (45%)
Carcasses 11 (31%) 10 (29%) 14 (40%)
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FIGURE 1. Map of Battle Creek depicting locatmfithe Coleman National Fish Hatchery
barrier weir and stream survey reaches for 2002.
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FIGURE 20. North Fork Battle Creek mean daily ffoat Wildcat Road Bridge (rm 0.9) and mean dailyewtemperatures at
Wildcat Dam and North Fork Confluence during 2002.
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APPENDIX A. Coded-wire tags recovered during Ba@reek adult Chinook monitoring activities in 2002

Collection Collection
date location Species Sex Fork length Tag code Hatchery of origin Run Brood
(mm) year
03/01/02 Barrier Weir Chinook F 833 052319 CNFH Late-Fall 998
Barrier Weir Chinook F 863 054128 CNFH Late-Fall 1998
Barrier Weir Chinook F 865 052318 CNFH Late-Fall 1998
Barrier Weir Chinook F 695 055212 CNFH Late-Fall 1999
Barrier Weir Chinook F 850 052313 CNFH Late-Fall 1998
Barrier Weir Chinook M 783 055210 CNFH Late-Fall 1999
Barrier Weir Chinook M 900 052319 CNFH Late-Fall 1998
03/02/02 Barrier Weir Chinook M 865 052311 CNFH Late-Fall 998
Barrier Weir Chinook F 886 052319 CNFH Late-Fall 1998
Barrier Weir Chinook F 755 *052310/ CNFH Late-Fall *1998/
055212 1999
Barrier Weir Chinook F 904 *052310/ CNFH Late-Fall 1998
052316
Barrier Weir Chinook F 883 *052316/ CNFH Late-Fall 1998
052315
Barrier Weir Chinook F 915 *052310/ CNFH Late-Fall *1998/
055213 1999
03/03/02 Barrier Weir Chinook F 825 052318 CNFH Late-Fall 998
Barrier Weir Chinook M 854 052317 CNFH Late-Fall 1998
Barrier Weir Chinook M 705 055211 CNFH Late-Fall 1999
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03/04/02

Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir

Barrier Weir

Barrier Weir

Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir

Barrier Weir

Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook

Chinook

Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook

mT m m 1nm Z 1 Z 1T < T

< 1 Z 11 mnm Z Z

910 052311 CNFH Late-Fall 1998
1012 052318 CNFH Late-Fall 1998
825 052314 CNFH Late-Fall 1998
599 052317 CNFH Late-Fall 1998
758 055210 CNFH Late-Fall 1999
852 052319 CNFH Late-Fall 1998
841 052316 CNFH Late-Fall 1998
860 052315 CNFH Late-Fall 1998
828 052310 CNFH Late-Fall 1998
860 *052316/ CNFH Late-Fall *1998/
052310 1999
837 *052310/ CNFH Late-Fall 1998
052313
685 055209 CNFH Late-Fall 999

779 055140 CNFH Late-Fall 1999
766 052316 CNFH Late-Fall 1998
785 052318 CNFH Late-Fall 1998
857 055141 CNFH Late-Fall 1999
800 052319 CNFH Late-Fall 1998
731 055212 CNFH Late-Fall 1999
669 055210 CNFH Late-Fall 1999
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03/05/02

03/06/02

Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir

Barrier Weir

Barrier Weir

Barrier Weir

Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook

Chinook

Chinook

T T Mm T m Tm Z mm T <Z

T

T nm < Z T

M

994
852
708
964
883
890
700
840
825
851
930
795
809
690
714
950
670

827

903
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054129
052313
055209
052316
052318
052315
055212
052313
052319
052309
054128
055207
052319
055211
055141
054128

*052316/
052310

*052310/
052313

052317

CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH

CNFH

CNFH

Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall

Late-Fall

Late-Fall

Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall

Late-Fall

Late-Fall

Late-Fall

1998
1998
1999
1998
1998
1998
1999
1998
1998
1998
998
1999
1998
1999
1999
1998

*1998/
1999

1998

998



03/07/02

Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir

Barrier Weir

Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook

M M T T m 7T T o m T T Z T T T

T

T Tm m m Z

860
737
910
945
828
845
826
887
857
628
890
865
925
936
744
675
910
724
723
860
865
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052313
055212
052319
052310
055211
052319
054129
055059
052314
055141
052319
052309
052318
052317
055209
055210
054129
055211
055212
052319
052310

CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH

Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall

Late-Fall

Late-Fall

Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall

Late-Fall

1998
1999
1998
1998
1999
1998
1998
1997
1998
1999
1998
1998
1998
1998

999

1999
1998
1999
1999
1998
1998



03/08/02
03/10/02

Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir

Barrier Weir

Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook

m M M M M M M M T =z =z S m 1 1m 1 T < Z 7mm <Z

960
923
849
1010
778
790
940
916
934
700
820
895
878
682
725
835
874
730
934
850
885
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052316
052319
052317
052318
055211
052318
052319
052314
052318
055211
054129
052317
052316
055207
055141
052317
054129
055141
052319
052317
052317

CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH

Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall

Late-Fall

Late-Fall

Late-Fall

Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall

Late-Fall

1998
1998
1998
1998
1999
1998
1998
1998
1998
1999

998
998

1998
1999
1999
1998
1998
1999
1998
1998
1998



03/11/02

03/12/02

03/13/02

03/14/02

Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir

Barrier Weir

Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook

730
885
885
900
895
890
902
906
890
833
760
1003
935
764
846
698
876
892
944
953
707

052319
052317
052317
052318
052318
052317
054128
054129
052319
054129
055209
052318
052317
052315
052318
055211
052317
052317
052318
052319
055207

CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH

Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall

Late-Fall

1998
1998
998
1998
1998
1998
1998
1998
1998
1998
1999
1998
1998
998
1998
1999
998
1998
1998
1998
999



03/15/02

03/16/02

03/17/02

03/20/02

03/21/02

03/22/02

Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir
Barrier Weir

Barrier Weir

Barrier Weir

Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook
Chinook

e =L LI U - T N I I L B o

M T T M T

F
F

Rainbow M

Trout

Chinook

F

855
745
917
872
719
876
644
838
888
710
702
873
850
810
775
758
865

419

815

055140
054129
054129
052318
055212
052316
055211
052318
052313
055207
055211
054129
054129
052314
052319
052313
052317
055128

052318

CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH
CNFH

CNFH

Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall
Late-Fall

Winter

Late-Fall

999
1998
998
1998
1999
1998
999
1998
1998
999
1999
1998
1998
1998
1998
998
1998
1999

998



03/23/02

03/24/02

03/27/02

04/01/02

04/06/02
05/05/02
05/28/02

Barrier Weir

Barrier Weir

Barrier Weir

Barrier Weir

Barrier Weir

Barrier Weir
Barrier Weir

Barrier Weir

Chinook

Chinook

Chinook
Chinook

Chinook

Chinook
Chinook
Chinook

Snorkel Reach Chinook

7

M
Unk

871

1069

925
871

755

875
914
850

750

*052310/
055212

*052310/
052316

052317

*052316/
052315

*052310/
055213

052318
052311
052319

054129

CNFH

CNFH

CNFH
CNFH

CNFH

CNFH
CNFH
CNFH

CNFH

Late-Fall

Late-Fall

Late-Fall

Late-Fall

Late-Fall

Late-Fall

Late-Fall

Late-Fall

Late-Fall

*1998/
1999

1998

1998
1998

*1998/
1999

1998
998
998

1998

* Uncertainty due to potentially mislabeled samples



APPENDIX B. Genetic samples taken from ChinookimyBattle Creek barrier weir trap

monitoring activities in 2002 by using WHICHRUN .

Collection Gender Fork-Length Sample ID Run
Date (cm)

03/02/02 Female 83.5 02-1401 non-winter
03/03/02 Female 93.9 02-1402 non-winter
03/03/02 Male 96.0 02-1403 non-winter

03/04/02 Female 80.3 02-1404 non-winter
03/06/02 Female 88.5 02-1405 non-winter
03/06/02 Female 87.9 02-1406 non-winter
03/06/02 Female 98.5 02-1407 non-winter
03/07/02 Male 83.0 02-1408 non-winter

03/09/02 Female 79.0 02-1409 non-winter
03/10/02 Female 88.0 02-1410 non-winter
03/10/02 Female 87.2 02-1411 non-winter
03/10/02 Male 97.0 02-1412 non-winter

03/11/02 Female 86.0 02-1413 non-winter
03/24/02 Unknown 85.1 02-1414 non-winter
03/28/02 Female 67.0 02-1415 non-winter
03/31/02 Female -- 02-1417 non-winter
03/31/02 Female 71.4 02-1416 non-winter
04/03/02 Unknown 68.5 02-1418 non-winter
04/03/02 Unknown 71.0 02-1419 non-winter
04/03/02 Unknown 66.5 02-1420 non-winter
04/03/02 Unknown 75.5 02-1421 non-winter
04/04/02 Unknown 61.6 02-1422 non-winter
04/04/02 Unkown 70.2 02-1423 non-winter
04/04/02 Unknown 65.5 02-1424 non-winter

04/05/02 Female 72.5 02-1425 winter
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04/06/02 Female 89.0 02-1426 non-winter
04/10/02 Unknown 715 02-1427 non-winter
04/10/02 Unknown 66.5 02-1428 non-winter
04/10/02 Unknown 68.2 02-1429 non-winter
04/11/02 Unknown 68.7 02-1430 non-winter
04/11/02 Unknown 82.7 02-1431 non-winter
04/11/02 Unknown 68.5 02-1432 non-winter
04/11/02 Unknown 53.5 02-1433 non-winter
04/12/02 Unknown 72.4 02-1434 non-winter
04/12/02 Female 86.5 02-1435 non-winter
04/14/02 Unknown 76.4 02-1436 non-winter
04/14/02 Female 71.0 02-1437 non-winter
04/15/02 Female 69.0 02-1438 non-winter
04/17/02 Unknown 68.3 02-1439 non-winter
04/22/02 Female 65.0 02-1440 non-winter
04/23/02 Unknown 84.0 02-1441 non-winter
04/23/02 Unknown 73.3 02-1442 non-winter
04/23/02 Unknown 72.4 02-1443 non-winter
04/23/02 Unknown 62.7 02-1444 non-winter
04/23/02 Unknown 73.2 02-1445 non-winter
04/23/02 Unknown 78.5 02-1446 non-winter
04/23/02 Unknown 66.5 02-1447 non-winter
04/23/02 Unknown 715 02-1448 non-winter
04/24/02 Unknown 72.6 02-1474 non-winter
04/24/02 Unknown 78.4 02-1475 non-winter
04/24/02 Unknown 67.5 02-1449 non-winter
04/24/02 Unknown 72.4 02-1450 non-winter
04/24/02 Unknown 72.3 02-1451 non-winter
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04/24/02 Unknown 65.4 02-1452 non-winter
04/24/02 Unknown 70.5 02-1453 non-winter
04/25/02 Unknown 74.0 02-1454 non-winter
04/25/02 Unknown 75.4 02-1455 non-winter
04/26/02 Female 81.0 02-1456 non-winter
04/26/02 Female 70.0 02-1457 non-winter
04/26/02 Female 77.4 02-1458 non-winter
04/27/02 Unknown 69.9 02-1459 non-winter
04/27/02 Unknown 76.0 02-1460 non-winter
04/27/02 Unknown 75.4 02-1461 non-winter
04/29/02 Unknown 66.0 02-1462 non-winter
04/30/02 Unknown 76.5 02-1463 non-winter
04/30/02 Unknown 77.1 02-1464 non-winter
05/01/02 Female 71.0 02-1465 non-winter
05/03/02 Female 68.3 02-1466 non-winter
05/03/02 Female 66.8 02-1467 non-winter
05/03/02 Male 58.5 02-1468 non-winter

05/03/02 Male 63.0 02-1469 non-winter

05/03/02 Female 67.1 02-1470 non-winter
05/04/02 Unknown 80.5 02-1471 non-winter
05/05/02 Unknown 69.0 02-1472 non-winter
05/05/02 Unknown 98.0 02-1473 non-winter
05/05/02 Unknown 75.5 02-1476 non-winter
05/06/02 Unknown 77.1 02-1477 non-winter
05/06/02 Unknown 66.5 02-1478 non-winter

05/07/02 Unknown 75.0 02-1479 non-winter

05/07/02 Unknown 65.5 02-1480 non-winter

05/07/02 Unknown 70.4 02-1481 non-winter

05/08/02 Unknown 74.0 02-1482 non-winter
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05/08/02 Unknown 70.5 02-1483 non-winter
05/08/02 Unknown 78.5 02-1484 non-winter
05/10/02 Unknown 69.5 02-1485 non-winter
05/10/02 Unknown 45.5 02-1486 non-winter
05/10/02 Unknown 67.5 02-1487 non-winter
05/12/02 Unknown 80.0 02-1488 non-winter
05/12/02 Unknown 69.0 02-1489 non-winter
05/12/02 Unknown 55.0 02-1490 non-winter
05/12/02 Unknown 74.0 02-1491 non-winter
05/13/02 Unknown 69.5 02-1492 non-winter
05/13/02 Unknown 73.5 02-1493 non-winter
05/13/02 Unknown 79.7 02-1494 non-winter
05/13/02 Unknown 82.9 02-1495 non-winter
05/14/02 Unknown 77.0 02-1496 non-winter
05/14/02 Unknown 67.0 02-1497 non-winter
05/14/02 Unknown 67.0 02-1498 non-winter
05/15/02 Unknown 68.5 02-1499 non-winter
05/15/02 Unknown 58.5 02-1500 non-winter
05/16/02 Unknown 70.0 02-1501 non-winter
05/16/02 Unknown 71.0 02-1502 non-winter
05/17/02 Male 80.5 02-1503 non-winter
05/17/02 Unknown 72.0 02-1504 non-winter
05/18/02 Unknown 75.5 02-1505 non-winter
05/18/02 Unknown 85.5 02-1506 non-winter
05/18/02 Unknown 79.9 02-1507 non-winter
05/18/02 Unknown 65.8 02-1508 non-winter
05/18/02 Unknown 82.8 02-1509 non-winter
05/18/02 Unknown 76.5 02-1510 non-winter
05/18/02 Unknown 80.5 02-1511 non-winter
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05/18/02 Unknown 72.4 02-1512 non-winter
05/18/02 Unknown 88.3 02-1513 non-winter
05/18/02 Male 79.2 02-1514 non-winter
05/20/02 Unknown 91.0 02-1517 winter
05/20/02 Female 66.5 02-1515 non-winter
05/20/02 Female 76.0 02-1516 non-winter
05/20/02 Female 81.5 02-1525 non-winter
05/21/02 Female 73.2 02-1518 non-winter
05/22/02 Unknown 70.0 02-1520 non-winter
05/22/02 Unknown 78.0 02-1519 non-winter
05/23/02 Unknown 74.0 02-1521 non-winter
05/23/02 Unknown 67.0 02-1522 non-winter
05/24/02 Unknown 68.0 02-1523 non-winter
05/24/02 Unknown 715 02-1524 non-winter
05/25/02 Unknown 74.5 02-1526 non-winter
05/25/02 Unknown 68.0 02-1527 non-winter
05/26/02 Unknown 75.0 02-1528 non-winter
05/26/02 Unknown 77.0 02-1529 non-winter
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