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Abstract.—We estimate that 2 clipped and 90 unclipped GknealmonOncorhynchus
tshawytscha passed through the Coleman National Fish Hatot@&xy¥H) barrier weir fish ladder
into upper Battle Creek between March 2 and Au@ju2004. It is difficult to precisely apportion
these fish to individual runs of Chinook becauséhefoverlap in migration timing between runs.
However, based on a combination of information fraigration timing, coded-wire tag recoveries,
and genetic analyses, we estimated there were @&m@hinook, 70 spring Chinook, 20 fall
Chinook, and 2 late-fall Chinook. These passagmates were made while the fish ladder was
open, which encompassed nearly the entire springoBk migration period but only part of the
migration period for winter, fall, and late-fall @ook. Some salmonids are able to jump the weir
and circumvent the fish ladder, especially at fiigivs. While the fish ladder was open, flows were
relatively low making it difficult to jump the weand Chinook likely took the easier route through
the fish ladder and our counting station. After ldder was closed on August 1, flows remained
low through late December suggesting that few CIREHHChinook jumped the barrier weir in 2004.
An additional 40 unclipped Chinook were passed altbg barrier weir prior to March 2 by CNFH
during their late-fall Chinook propagation prograwhile these 40 Chinook could have been from
any of the four runs of Chinook, they were mostlykate-fall Chinook. Based on stream survey
redd counts (34 total redds), we estimate a spaypwpulation of 68 spring Chinook.

Overall, water temperatures in 2004 were adequatesgring Chinook to successfully
produce juveniles but at a reduced number duedgb tamperatures during the spring Chinook
holding period. We documented unsuitably high wegmperatures in the most utilized holding
pool which likely led to some reduced fertility @dult mortality. Mean daily water temperatures
at redds were categorized as excellent for 96%eotlays during egg incubation, suggesting there
was little or no temperature-related egg mortality.

We estimate that 329 clipped and 304 unclippedmintroutOncor hynchus mykiss passed
above the CNFH barrier weir in 2004 for a totab88 rainbow trout. Of these, an estimated 314
clipped and 179 unclipped rainbow trout were passeitie hatchery prior to March 2 during their
steelhead propagation program.
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I ntroduction

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 tshawytscha, threatened spring Chinook salmon (Chinook), éneatened
steelhead®ncorhynchus mykiss. Currently, the geographic range of the winteinGbk ESU is
limited to a small area in the mainstem of the &aento River between Keswick Dam and Red
Bluff, California, where it may be susceptible tiastrophic loss. Establishing a second
population in Battle Creek could reduce the poBgitmf extinction. Battle Creek also has the
potential to support significant, self-sustainirapplations of spring Chinook and steelhead,
which is 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 EleCoimpany (PG&E), has operated in the
Battle Creek watershed in Shasta and Tehama Csufitsifornia. The hydropower system has
had severe impacts upon anadromous salmonids aemdébitat (Ward and Kier 1999). In
1992, the Central Valley Project Improvement AcYEIA) 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 habitaari@dromous salmonids (USFWS 2001a).”

The Ecological Restoration Program (ERP) of thefabdand State of California
interagency program known as CALFED, along with FE& planning to fund the Battle Creek
Salmon and Steelhead Restoration Project (RestarRtioject). The Restoration Project will
provide large increases in minimum instream flow8attle Creek, remove of five dams, and
construct fish ladders and fish screens at thileer@tams. Planning, designing, and permitting
of the Restoration Project have taken longer thiaginally anticipated.

PG&E is required under its current Federal Energgutatory Commission (FERC)
license to provide minimum instream flows of 3 autd@et per second (cfs) downstream of
diversions on the North Fork Battle Creek (Northikff@nd 5 cfs downstream of diversions on
the South Fork Battle Creek (South Fork). Begignm1995, the CVPIA Water Acquisition
Program (1995 to 2000) and ERP (2001 to presentyacted with PG&E to increase minimum
instream flows in the lower reaches of the NorthkFand South Fork. In general, flows were
increased to 30 cfs plus or minus 5 cfs below E@gleyon Dam on the North Fork and below
Coleman Diversion Dam on the South Fork. Incredlesas were not provided on the South
Fork in 2001 and most of 2002, due in part to lecfunds. Based on an agreement in 2003,
flows can be redistributed between the forks toromap overall conditions for salmonids, based
on water temperatures and the distribution of @enook and redds.

The ERP funded Interim Flow Project will continugilthe Restoration Project
construction begins (currently scheduled for sp@087). The intent of the Interim Flow Project
is to provide immediate habitat improvement inltheer reaches of Battle Creek to sustain
current natural salmonid populations while impletaéon of the more comprehensive
Restoration Project moves forward.

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



Project and the Restoration Project when it conmiis®@. The current investigations were
carried out in 2004 by the Red Bluff Fish and WifklOffice (RBFWO) under a 5-year grant
from ERP. This grant was designed to support mbgte monitoring needs of the Restoration
Project’'s Adaptive Management Plan (Terraqua 10042. Our monitoring investigations
included (1) salmonid escapement estimates at then@n National Fish Hatchery (CNFH)
barrier weir fish ladder, (2) stream surveys docoting salmonid spawning distributions
upstream of the barrier weir, and (3) juvenile saird production estimates (not included in this
report). Tables summarizing data from previoussyeae included in this report (Tables 1-6).

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. Baf@leeek is comprised of the North Fork
(approx. 29.5 miles in length from head watersaoficience), 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 watdf 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 study areas were at the CR&irier weir on the mainstem Battle Creek
(rm 5.8), the North Fork below Eagle Canyon Dam3 ¢&iles in length), the South Fork below
Coleman Diversion Dam (2.5 miles in length), anelitieinstem Battle Creek above rm 2.8
(13.8 miles in length)(Figure 1). Eagle Canyon Damd Coleman Diversion Dam were
considered the upstream limits of anadromous sabhaiatribution during the study because
fish ladders on the dams were closed.

M ethods

We used the CNFH barrier weir fish trap and videonts along with stream surveys to
monitor adult salmonids in Battle Creek between &voler 25, 2003 and November 12, 2004.
Chinook salmon and steelhead returning to BattkeKwere classified as either unclipped
(having an adipose fin) or clipped (not having dipase fin). We considered all clipped
Chinook and rainbow trout to be hatchery-origin andlipped Chinook to be either natural-
origin or hatchery-origin (not all hatchery Chinoate clipped). We considered all unclipped
rainbow trout to be natural-origin as CNFH haspmig 100% of their steelhead production
since 1998. ltis likely that unclipped Chinookuming to Battle Creek during our monitoring
period are mostly spring Chinook. However, itasgible that some unclipped Chinook are
late-fall, winter, or fall run due to overlappingnods of migration. Therefore, we chose not to
classify all unclipped Chinook as spring run. Vée the term “rainbow trout” to refer to all
Oncorhynchus mykiss, including anadromous steelhead, because of theudties in
differentiating the anadromous and resident formbi€ field.



Coleman National Fish Hatchery Barrier Weir

Operation of the CNFH barrier weir (the barrier ivélocked upstream passage of fish
through the fish ladder from August 30, 2003 to éhe2, 2004. During this period, fish were
periodically directed into holding ponds at CNFHese fall and late-fall Chinook and
steelhead were used in propagation programs. paisbage upstream of the barrier weir in
Battle Creek was afforded from March 2 through Astdly 2004 by opening the fish ladder.
Passage was monitored until June 1 using a liye tolowed by underwater videography until
August 1. The fish ladder was closed on Augug004.

Trapping.—A false bottom fish trap, located at the upstream of the fish ladder, was
used to capture Chinook, rainbow trout, and otloer-target species as they migrated upstream.
The trap was operated approximately 10 h a daya Wwdek from March 2 through June 1,
2004. To decrease potential passage delays foioGkj the hours of trap operation were
progressively shifted earlier over the trappingssea We implemented three time shifts based
on diel movement patterns observed in previoussy@00-1900 from March 2-April 3, 0530-
1530 from April 4-April 30, and 0400-1400 from M&yJune 1. During hours when the trap
was not operated, fish were allowed to enter thye, tout the exit was closed blocking upstream
passage. Prior to operation each morning, thewespcleaned, weather conditions were noted,
and water temperature and stream stage elevationdeeumented. Every 2 h, temperature and
stage gauge levels were recorded. When water tamope exceeded 60°F, trapping was
terminated for that day to minimize the handlinfgets. Trapping was terminated for the
season and videography began when water tempesaxceeded 60°F for a majority of the
daily trap operation period.

During operation, the trap was checked every 3Q ian-target fish were identified to
species, counted, and released upstream. Salmeardshetted from 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 temperatures. Sodium
chloride (1.0%) and Poly AqUfa (artificial slime coat; 1.0%) were added to thektéo reduce
fish stress and preserve their slime coat. Whildae fish tank, Chinook and rainbow trout were
anesthetized with CO

Anesthetized salmonids were measured (fork lertgtl)e nearest 1 mm, examined for
scars and tissue damage, examined for the presematxsence of a mark (an adipose-fin clip or
floy tag), and identified to gender when possibletissue sample was taken from unclipped
Chinook for genetic analysis. All clipped Chinookre sacrificed and coded-wire tags (CWTS)
extracted and decoded to determine run designdtainhery of origin, and age. Since only a
fraction of clipped rainbow trout are tagged witBA/T, they were first scanned using a “V”
detector (Northwest Marine Technology, Field SangDetector FSD-I). Clipped trout with
CWTs were sacrificed for tag recovery and all atheere released upstream of the barrier weir.
Anesthetized Chinook and rainbow trout were plaoealrecovery tank then release upstream
or placed in the creek in a 38 x 10 inch (in) aloam tube until they could swim out on their
own.

For each time shift, we evaluated the diel timih@hinook and rainbow trout/steelhead
entering the barrier weir trap by calculating tguated total catch (ATC) for each time slot
(e.g. 0900, 0930, 1000, etc.). Calculating anstdplitotal was necessary to standardize for
times when the trap was temporarily closed duagb Wwater temperatures. The equation used
to calculate the adjusted total catch was
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where ATC, = adjusted total catch at timée.g., at 1030) during time shdf TC , = total catch
at timei during time shifta, I, , =number of trap inspections at timduring time shifa, and
TPI, = number of total possible trap inspections ahdwadf hour interval during time shidt
Data were summarized on an hourly basis by sumamjgrcent pairs of ATG (e.9., ATGgpo .t
ATCoo309-

Video counts—An underwater video camera (ProVideo) was useddord Chinook,
rainbow trout, and other non-target species asphsged through the fish ladder. The camera
was placed in the modified fish trap at the upsiread of the fish ladder. Video monitoring of
fish passage was conducted from June 1 throughgkuguA lighting system allowed for 24-h
monitoring. A time-lapse video recorder was usecktluce maintenance and viewing time.
The time mode on the video cassette recorder vide 84 h, and 160-minVHS tapes were
used. A time-date stamp was recorded.

In conjunction with video equipment, we installe¥ &Kl infrared fish counter as a
backup system and to test its effectiveness foritmong fish passage in our situation,
especially during periods of high turbidity. Th&KI was used to investigate the accuracy of
our video counts.

Video tapes were later viewed until a fish was ol then reviewed at slow playback
speed or "freeze frame" mode to assist in spededification and mark detection. The
certainty of the observation was rated as good,daipoor. A good rating signified complete
confidence in determining species and presencbsargee of an adipose fin; fair suggested
confidence in determining species and presencbsamge of an adipose fin but additional
review was needed; and poor suggested uncertaimkgtermining species and presence or
absence of an adipose fin.

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

All Chinook and rainbow trout passing the barrieinwere recorded onto a file tape
which was reviewed by more experienced personnebndirm 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 passaig logged.

Passage estimation.—We estimated the number of clipped and unclippem@bk and
rainbow trout passing through the barrier weir festhder in 2004. 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 2004 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 2. The equations used for estimating
passage during barrier weir trapping were

P, =), : * unk, | + u,
i1\ |\ (c; +u
and
14 c,
D 3l QLTI R P

i=1 | |\ (c; +u)

where B, = passage estimate for unclipped Chinook or raintsout during barrier weir fish
trap operation; P= passage estimate for clipped Chinook or rainbvowt during barrier weir
fish trap operationg, = actual number of clipped Chinook or rainbow trobserved passing the
barrier weir during week u, = actual number of unclipped Chinook or rainbosutrobserved
passing the barrier weir during weelandunk, = actual number of unknown clip status
Chinook or rainbow trout observed passing the baweir during week The equations used
for estimating passage during barrier weir videontimg were

9
U, T.
P = Z — ! | xunk, | +u | x|
vu 1 1
=\ |\ (e~ w) Vi
and
9
c T.
P = E ! x unk. | + ¢ *x | L
vC 1 1
i=1 (c,' + U, I/l

where B, = passage estimate for unclipped Chinook or raintsout during barrier weir video
monitoring; B. = passage estimate for clipped Chinook or raintrowt during barrier weir
video monitoringc, = actual number of clipped Chinook or rainbow trobserved passing the
barrier weir during week u, = actual number of unclipped Chinook or rainbosutrobserved
passing the barrier weir during weekink; = actual number of unknown clip status Chinook or
rainbow trout observed passing the barrier weimduweeki; T, = number of hours of
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unrestricted fish passage at the barrier weir duniaeki; andV, = number of hours of actual
good and fair video recorded fish passage at thieebaveir during 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.

Sze, sex, and age composition.—We 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 distributionsewbsveloped, and male to female sex ratios
were calculated. The age of returning Chinook determined for coded-wire tagged fish and
length-at-age plots were developed.

Jumpers. —In 2004, we conducted a monitoring study to eatd the number of fall
Chinook circumventing the weir (i.e. jumping ovefjer the fish ladder was closed on August
1. This study helped determine the potential fdortaization and redd superimposition
between fall and spring Chinook as well as helpéerpret juvenile production estimates from
an associated USFWS study. We attached cameaasdom mounted over the fish ladder
aiming directly across the barrier weir for bettews of “jumpers”. We monitored the barrier
weir during daylight hours from August through Nouger. Instantaneous flow was recorded at
the time of each successful jump. Tape vieweeddrdays as good, fair, or poor viewing
quality. Poor was used for any period that viewirag not possible due to lighting, camera
obstruction, or other factors. Fair was used for@artial viewing difficulty, but still with
moderate certainty of viewing accuracy. Good wasider good viewing conditions.

Stream Surveys

We conducted bi-monthly snorkel surveys on Battieek from May 6 to November 12,
2004. The primary purpose of these surveys wasltect data on the spatial and temporal
distribution of spring Chinook and, to a lesserrdegrainbow trout. The 21.6 mile survey was
divided into seven reach(Table 7; Figure 1) and usually required 4 d to ptate, depending
on personnel availability and flow conditions. mBonthly surveys were scheduled on
consecutive weekdays beginning at the uppermoshesaand working downstream. Reach 7,
located below the barrier weir, was not surveye@atober or November due to the abundance
of non-target fall Chinook.

While moving downstream with the current, two aiehsnorkelers counted Chinook
and rainbow trout, carcasses, and redds. Raintmwwere divided into three size categories;
small, medium, and large. The small size range“l@ager than young-of-the-year” to 16 in.
The medium size range was 16-22 in. And the lagerange was >22 in. Generally,
snorkelers were adjacent to each other in a limegmelicular to the flow. When entering large
plunge pools where Chinook could be concealed bélavble curtains, one snorkeler would
portage around and enter at the pool tail to cQimbook and rainbow trout, while the other
two snorkelers would enter at the head of the gwolugh the bubble curtain. When groups of
Chinook were encountered, snorkelers would conftér @ach other to make sure salmon were
not missed or double counted.

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

Stream flow, water turbidity, and water temperaag all influence the effectiveness of
snorkel surveys (Thurow 1994). We therefore ctdléalata on these three parameters for each
snorkel survey.Stream flow was measured at three gaging statipesated by California
Department of Water Resources (DWR) or the US Gpodd Survey. The gaging stations on
the North Fork, South Fork, and mainstem BattleekKngere at Wildcat Road Bridge (rm 0.9),
Manton Road Bridge (rm 1.7), and CNFH (rm 5.8)pessively. Turbidity samples were taken
at the beginning and end of each reach and anatiieeshme day using a Model 2100 Hach
Turbidimeter. An average turbidity value was cilted for each survey day. For surveys when
only one turbidity sample was taken, we used thate: Water temperatures were measured at
the beginning and end of each reach using a hdddsbhbmersible thermometer.

Holding location.—We located holding areas of Chinook through snsueveys. The
date and number of Chinook observed per reach rgeceded and exact coordinates of holding
locations were documented using a hand held GBbsitioning System (GPS) receiver. We
used thermal criteria presented by Ward and Ki@99) to evaluate the suitability of water
temperatures in Battle Creek for adult spring Caknboldin¢ from June 1 through September
30. We labeled Ward and Kier’s four categorieg@d, fair, poor, and very poor. Continuous
water temperature data was collected at threeitosabn the South Fork (reach 3), four
locations on the North Fork (reaches 1 and 2),famedocations on the mainstem (reaches 4-6).
Temperature data was obtained from Onset Stowdwaynperature loggers installed and
maintained by the RBFWO and from two DWR gagindiets located at the Manton Road
Bridge on the South Fork and the Wildcat Road Bridg the North Fork. Evaluating
temperatures at these sites provided a range ditamms 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 number of redds per reachtlhe date each redd was first observed
were recorded. Coordinates of redds were documdersiag a GPS receiver. All redds were
marked in the field with flagging and given a ureqgdentification number in order to
differentiate between old and new redds. An atteangs made to determine the beginning,
peak, and end of Chinook spawning.

We used thermal criteria modified from Ward andrKiE999) to evaluate the suitability
of water temperatures in Battle Creek for springnGbk egg incubation. We added an
additional category of <56 to Ward and Keir’s four category system for wadéenperatures
(Table 8). This additional category was added bseather Central Valley streams have ‘€56
as a temperature target for Chinook egg incubdtdFS 2002, USFWS 2001a). We labeled
the five categories as excellent, good, fair, paad very poor.

Using these thermal criteria, we evaluated theriaeeffect of water temperature on
egg survival at each individual Chinook redd. Medaily temperatures (MDTSs) at redd
locations were estimated by plotting daily tempa@m@imonitoring data (X-axis = river mile, Y-
axis = MDT) and using the equation of a straigh¢ Iconnecting two adjacent monitoring sites
to interpolate MDT for a redd at a given river milestimated days of exposure to each
temperature category was based on the criterig1hdt 850 Daily Temperature Units (DTU =
MDT - 32) were required for egg incubation to tiofeemergence and (2) the redds were
constructed the day preceding the survey whenwleeg first observed. This redd construction



(fertilization) date results in a “best-case-scaridyecause choosing an earlier date would result
in more exposure to higher temperatures in latenseim The 1,850 DTU requirement is within
the reported range for juvenile Chinook (Heming2,98urray and McPhail 1988) and was
estimated specifically for Battle Creek based darsoscrew trap catch data and stream survey
data (Earley and Brown 2004).

We measured spring Chinook redd dimensions, depthter velocities and dominant
substrate size. Redd dimensions included maxinangth and maximum width. Redd area
was calculated using the formula for an ellipsedarne’2 width»'% length). Depth
measurements were maximum depth (redd pit), minirdapth (redd tailspill), and pre-redd
depth (measured immediately upstream of the relftilan column velocity was measured at
the same location as the pre-redd depth. Veloo#ggsurements were taken with a General
Oceanics model 2030 mechanical flow meter. Dontisahstrate size was classified using
methods described by USFWS (2005).

Winter steelhead redd surveys.—We conducted winter steelhead redd surveys oneBattl
Creek between November 25, 2003 and April 8, 2(B#elhead in the upper Sacramento
Valley typically spawn from early winter throughrlgaspring. Steelhead redd surveys were
scheduled twice a month but were frequently caulceiles to storms and high flow conditions.
Inflatable kayaks (Hysid® were used to conduct surveys on the mainstenyaksurveys were
preferred over snorkel surveys in the winter beeaishigh stream flows, elevated turbidities
(2-5 NTU), and low water temperatures (442 For optimal viewing conditions, observers
wore polarized sunglasses, kneeled on pontoorstpod up in the kayak. Moving downstream
with the current, three kayakers, spanning thetwiadtthe creek, documented the location and
number of redds. We conducted snorkel surveysi@mNorth and South Forks because flows
were generally too low to operate kayaks. A G&#ling was taken at each redd and redds
were flagged and labeled with a unique number.

Tissue Collection for Genetic Analyses

Tissue samples were collected from unclipped Chireaptured at the fish trap and
from carcasses collected during stream surveys.us¥#d either scissors or a hole punch to
obtain four small pieces of fin tissue. Three pgewere 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 vial sample was sehtatfield Marine Science Center, Oregon
State University, for genetic analyses by Dr. Maianks. The other samples were archived
at the RBFWO. A new method of genetic analysis wsesl in 2004 which was not used in
previous years. The new method classifies ind&didish as either spring, winter, fall, or late-
fall Chinook. Each run assignment had an assat@iafidence probability. The individual
run assessment technique was developed based tnalG&iley Chinook.

In previous years, genetic analyses were prefounsed) two other techniques;
“WHICHRUN" which identified individual salmon astéer winter Chinook or non-winter
Chinook and “Mixed Stock Analysis” which estimatae proportion of spring, winter, fall, and
late-fall Chinook in a group but did not classifgividual fish.



Age Structure

Age determination of returning spring Chinook wase by reading scales collected
from carcasses recovered upstream of the CNFHebavair. Scales were removed from the
left side of the fish and from the second or thoa above the lateral line in the region bisected
by a line drawn between the back of the dorsahfid the front of the anal fin. Scales were
dried for about 24 h and stored in scale envelofesles were prepared for reading by
rehydrating and cleaning them in soapy water. €scakere mounted sculptured side up between
two glass microscope slides held together with.tafenicrofiche reader was used to count the
number of annuli and the age was determined tbdawmber of annuli plus one (Borgerson
1998). Each scale was independently aged by taaers. If results were different, the scale
was read a third time cooperatively by the samertaders. If an agreement was not reached,
that scale was not included in our data set. Sealders were trained using fall and late-fall
Chinook of known age from CNFH.

Results
Coleman National Fish Hatchery Barrier Weir

Trapping.—A total of 124 Chinook were captured in the barveir trap between
March 2 and June 1, 2004. Of these, 61 were dipel 63 were unclipped (Table 9). We
retrieved coded-wire tags (CWT) from 60 clippedr@iak captured in the trap. Tag codes
revealed that 58 were CNFH late-fall Chinook, 1 wagild Butte Creek spring Chinook, and 1
tag was unreadable (Table A.1). We did not recamgrcoded-wire tagged winter Chinook.
One clipped Chinook had no tag detectable andgeuere lost during removal.

A total of 70 rainbow trout were captured in therlea weir trap and 69 were released
upstream (escapement). Of the 70 that were capt8neere clipped and 62 were unclipped
(Table 10). Only one clipped rainbow trout hadWTand it was sacrificed for tag extraction.
Unfortunately the tag was lost during the extracfoocess.

The hours of trap operation were progressivelytatiiarlier over the trapping season.
Three time shifts were implemented which begarf8000530, and 0400. Within these three
time shifts, diel timing of Chinook entering therbar weir trap showed some variation
throughout the 2004 trapping season (Figure 2)lylathe season, clipped Chinook were
trapped throughout the hours of trap operation wigtimary peak of ATC occurring in late
morning and a secondary peak in late afternooru(gig). Ninety percent of all clipped
Chinook were trapped in the first time shift (MaZhApril 3). Unclipped Chinook were
trapped more in the morning hours with a peak o€Accurring from 0600-0730 hours (Figure
3). Sixty percent of unclipped Chinook were tragpgering the third time shift (May 1-June 1).

Diel timing of rainbow trout entering the barrieeiwtrap also showed some variation
throughout the trapping season (Figure 4). Dutiegfirst time shift, rainbow trout were
trapped throughout the hours of trap operation wigight peak of ATC occurring at 1600
hours (Figure 5). During second and third timdtshrainbow trout were trapped most
frequently at 1400-1430 hours. Seventy one pemferainbow trout passed during the first
time shift.

We operated the trap 24 hours per day from Apriliz@ugh April 29 in order to further
investigate diel movement patterns of spring Chiknibwough the trap. Ten Chinook were
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captured during this period, however only one wagstwred outside normal trapping times
(1930). Four rainbow trout were captured but amg was captured outside normal trapping
times (0400). Water temperatures were above the @@off for about 25% of the 3-day period
during which time the trap was shut down.

Video counts—A total of 24 Chinook were observed passing thiotge barrier weir
fish ladder between June 1 and August 1, 2004th€¥e, 2 were clipped and 22 were unclipped
(Table 11). Extrapolation for poor picture quatityvideo equipment malfunction resulted in a
passage estimate of 27 unclipped Chinook. Extedjonl added 5 unclipped Chinook. From
July 13 through August 1, no Chinook were obsepastking (Figure 6). Similar periods of no
fish passage from mid-July through early-Augustuoeed in 2000-2003. During the video
monitoring period, 78% (1134 h) of the affordedgaage was video recorded with a good or fair
picture quality. However, subtracting out the fiRaveeks results in 84% of total video
recording. During the final 2 weeks, the VAKI iafed fish counter did not detect any fish
passing through the video monitoring station anth@bk generally do not pass during this
period.

A total of 56 rainbow trout were observed on vidaoe passing through the barrier weir
fish ladder. Of these, 6 were clipped and 50 weadipped(Table 12). Extrapolation for poor
viewing quality or equipment malfunction resulteda passage estimate of 71 rainbow trout.
Extrapolation added 2 clipped and 13 unclippedo@mtrout to the passage estimate.

Diel timing of passage during video monitoring icatied that the average hourly
passage rate for Chinook was highest between 040 land 0700 hours, lower between 0800
hours and 1800 hours, and lowest (zero) betwee@ t80rs and 2400 hours (Figure 7). Also,
50% of Chinook passed during dark hours (FigureDigl timing of rainbow trout passage
during video monitoring peaked at approximately@A0Ours with 82% of passage occurring
between 1300 and 1900 hours. Only 6% of rainbowttpassed during dark hours (Figures 8
and 9).

Passage estimation.—Passage estimates for unclipped salmonids ahehtgan actual
numbers observed due to estimates made for pesfqusor video quality. We estimated that 2
clipped and 90 unclipped Chinook passed througlbéneer weir fish ladder into upper Battle
Creek between March 2 and August 1, 2004 (Tabksd911). An additional 40 unclipped
Chinook were released above the barrier weir by I@Id€rsonnel prior to opening the barrier
weir fish ladder on March 2 (Tables 1, 2, and IBhese 40 Chinook were diverted from lower
Battle Creek into the hatchery as part of the faie€hinook propagation program. Because
CNFH personnel mark 100% of their late-fall prodorctwith an adipose-fin clip and CWT,
these 40 Chinook were considered natural-originveeiet released into Battle Creek upstream
of the barrier weir to spawn naturally.

We estimated that 15 clipped and 125 unclippedmintrout passed upstream of the
barrier weir fish ladder between March 2 and Audyst004 (Tables 10 and 12). An additional
314 clipped and 179 unclipped rainbow trout weteased above the barrier weir by CNFH
prior to March 2 (Tables 1, 2, and 13). Theseb@mtrout were taken into the hatchery as part
of the steelhead propagation program, but wereis@dl as brood stock.

Migration timing.—The migration of unclipped Chinook past the barweir began
March 8 and peaked between May 1 and June 19.mildieéie 50% of the run passed between
April 25 and June 12 (Figure 10). Chinook did appear to migrate above the weir during the
2 weeks preceding the ladder closure on August 1.
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The temporal distribution of clipped Chinook obsshat the barrier weir is different
from that of unclipped Chinook. The migration dpped Chinook also began March 3, peaked
during the first 2 weeks of trap operation and ied steadily until May, with an additional two
fish passing in early June (Figure 10).

Rainbow trout migrating past the barrier weir extet a bimodal migration pattern
(Figure 11). Passage of rainbow trout was gredtastg the first 2 weeks of trap operation
(March 3-15), after which weekly counts of rainbtvaut gradually declined until May 29 when
counts began rising again. A secondary peak nboav trout passage occurred the week of
May 30-June 5.

Sze, sex, and age composition.— Chinook captured in the barrier weir trap hadean
fork length of 76.1 cm and ranged in length from&4tb 107.0 cm (n = 125). The length-
frequency distribution was continuous and was agprately normal with a mode at about 75
cm (Figure 12).

Rainbow trout captured in the barrier weir trap hadean fork length of 41.4 cm and
ranged from 18.0 to 65.5 cm (n = 65). The lengdufiency distribution for rainbow trout was
continuous and was approximately normal with a mettdsbout 40 cm (Figure 13).

The ratio of male to female clipped Chinook capdurethe barrier weir was 1:2.2
(n=60). The sex ratio for unclipped Chinook was aetermined due to the difficulty in
determining the sex of spring Chinook before theespance of secondary sex characteristics.
For the majority of rainbow trout, the sex was uedained.

Tagging records were used to determine the ageost aoded-wire tagged Chinook
captured in the barrier weir trap. The ages oféagChinook included 3-year-olds (n = 27), 4-
year-olds (n = 27), and 5-year-olds (n = 6). Tihweeee nearly equal numbers of males and
females in the largest age categories (3 and 4¢jdaj, but all 5-year-olds were female. There
was overlap in fork length between Chinook of diéf& ages (Figure 14). Age was not
determined for unclipped Chinook.

Jumpers.— During video monitoring of jumpers at the barreeir, we observed 19
Chinook jumping or swimming over the weir during/ight hours. Monitoring began August
1 and ended November 30, 2004. Ninety-five peroéttie successful jumps occurred between
1330 and 1845 hours (Table 14). The average itastaaus flow during successful jumps was
250 cfs with the lowest flow being 223 cfs and inghest being 407 cfs. Of the 116 days
recorded on video tape, 52% were classified as dagd, 13% were fair, and 35% were poor in
regard to picture quality.

Stream Surveys

During snorkel surveys conducted from May througivéimber in reaches 1-6,
observations of live adult Chinook peaked at 3&ia July (Tables 15 and 16). Also, we
observed a total of 34 redds above the barrier,wéivhich 18 were observed in September and
16 were in October. We recovered a total of 14asses: 1 in July, 1 in August, 1 in
September, 9 in October, and 2 in November. Sragbow trout were the dominant size
group in all the reaches. Medium rainbow troutev@ost abundant in Reach 4. Large
rainbow trout counts were5 on all reaches (Table 17). Reach 1 had the kighenthly mean
rainbow trout counts, followed by Reach 2 (Tablg 1Bhe lowest monthly mean counts were
observed in reaches 6 and 7.

11



Conditions for snorkel surveys were good to excelléstream flows were stable and
were always <250 cfs on the mainstem (Figures )5-I8mperatures ranged from°48 72F.
Average daily turbidity was low and ranged from 2.7 NTU. The presence or absence of
an adipose fin usually could not be determinedCfieinook seen during our surveys.

Holding location.—Snorkel survey results indicated that some spdhimook held in
Battle Creek for at least 4.5 months (May throwagk ISeptember) prior to spawning. Surveys
indicated that most Chinook spawned from the enSegftember through mid-October (Table
15). Therefore, we considered survey observatimade from June through early September to
be during the holding period for spring ChinookB04.

Chinook numbers and distribution remained relayivelchanged throughout the holding
period. In June, the distribution was 21% in thetN Fork, 11% in the South Fork, and 68% in
the mainstem. In early September, the distributvas 24% in the North Fork, 10% in the
South Fork, and 66% in the mainstem.

Using the Ward and Kier (1999) thermal criteriatotding (Table 8), we evaluated
MDTs for the holding period at three locations ba South Fork, four locations on the North
Fork and five locations on the mainstem (Table XOh the South Fork, the percentage of
MDTs categorized as good ranged from 66% at thregos most site to 22% at the
downstream most site. On the North Fork, the pgegee of MDTs categorized as good ranged
from 98% at the upstream most site to 5% at thendtn@am most site. On the mainstem, the
percentage of MDTs categorized as good ranged 2@#h at the upstream most site to 11% at
the downstream most site (rm 9.3).

We identified two primary holding pools where Chakadended to congregate during the
summer. Estimated MDTs at Pool #1 (Reach 3) wategorized as follows; 66% good, 34%
fair, and 0% poor and very poor. Estimated MDTB@l #2 (Reach 4) were categorized as
follows; 26% good, 66% fair, 8% poor, and 0 % veopr.

Spawning location and timing.—We observed 25 redds in the North Fork, 3 inSbath
Fork, and 6 in the mainstem (Table 15). In thetN&ork, South Fork, and mainstem Battle
Creek, Chinook began spawning between Septemband 30, and finished spawning by
October 14 (Table 15). The three redds in thelSbBatk were located at the top of Reach 3
immediately below Coleman Diversion Dam where kb fadder was impassable. On the
North Fork, an open fish ladder allowed Chinoolk#&ss above Wildcat Dam (rm 2.50) and
potentially continue up as far as Eagle Canyon Qamb.25). In 2004, there were no redds
observed above Wildcat Dam and only one live Chimewen though in previous years redds
were observed above Wildcat Dam. Because of ttledaChinook above Wildcat Dam in
2004 along with above average flows through Jumewere unable to further investigate a
potential natural low-flow barrier to fish passagem 3.05 which was identified in previous
annual reports (Brown and Newton 2002, Brown e2@05).

We estimated MDT at each Chinook redd during thgeiegubation period. On average,
the incubation period lasted 104 days, based dn&s0 DTU requirement. During the
incubation period, the average percentage of dajd@dsrwere exposed to each temperature
category were 95.7% excellent, 3.9% good, 0.4% &aid 0% poor and very poor (Table 20,
Table A.2). Temperature exposures were similavéeth survey reaches with a minimum of
92.0% of days classified as excellent for reddReach 4 (upper mainstem Battle Creek).

In addition to estimating water temperatures aheadd, we also evaluated spawning
temperatures at our fixed sites. We used spaweriteyia modified from Ward and Kier (1999)
for the dates of September 15 through October @242 On the North Fork, the percentage of
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MDTs categorized as good or excellent ranged frO0?4 at the upstream most site to 97% at
the downstream most site. On the South Fork, ¢éheemtage categorized as good or excellent
ranged from 98% at the upstream most site to 91Mtealownstream most site (Table 21). On
the mainstem, the percentage categorized as gaextellent ranged from 85% at the upstream
most site to 51% at the downstream most site (8 9.

Measurements were taken on 35 spring Chinook réiciide A.3). Redd area ranged
from 29 to 317 square feetqfwith an average of 98%ft Redd depths (pre-construction) ranged
from 0.5 to 2.6 ft with an average of 1.5 ft. Watelocities ranged from 0.4 to 3.4 ft/s with an
average of 1.9 ft/s. All measurements of redd,atepth, and water velocity were within the
ranges reported for stream type (spring run) Chir(étealey 1991). Redd substrate particles
had a median size range of 1-3 in, a minimum rafde2 in and a maximum range of 3-4 in.

Spawning status was determined for 4 of the 10 &ikrcarcasses recovered during
stream surveys. Of the four carcasses, three spar@ned (recovered in the North Fork) and
one was unspawned (recovered in the mainstem)wr8pa status frequently could not be
determined due an advanced state of decay, casdasisg) partially eaten by scavengers, or
apparent skinning and fileting by poachers.

Winter steelhead redd surveys.—The number of steelhead redd surveys completed pe
reach ranged from three to six (Table 22). Highasth flows and high turbidities limited our
ability to complete surveys. We observed a tot@2rainbow trout/steelhead redds upstream
of the CNFH barrier weir. Of the 32 redds, 43.8&avin the North Fork, 15.6% were in the
South Fork, and 40.6% were in the mainstem. Wernvbksd 11 redds the week of January 16-
23, our only complete survey that included all hesc Prior to this survey, no redds were
observed on the reaches surveyed. An additione¢@ds were observed throughout the creek
from February through April (Table 22).

Measurements were taken on 15 rainbow trout/staedlhedds (Table A.4). Redd area
ranged from 5 to 50%twith an average of 27%t Redd depths (pre-construction) ranged from
0.5 to 2.0 ft with an average of 1.2 ft. Wateroegtly ranged from 0.8 to 3.0 ft/s with an average
of 1.5 ft/s. Redd substrate particles had a meslisnrange of 1-2 in, with a minimum of 1 in
and a maximum range of 2-4 in.

Tissue Collection for Genetic Analyses

Genetic analysis was performed on tissue sampes &fl 63 unclipped Chinook
captured in the barrier weir trap (March 2 - JupeResults indicated that 65% were spring run,
32% were fall run, 3% were late-fall run, and 0% ewinter run (M. A. Banks, Oregon State
University, personal communication). Of the spning, all but one individual had an
associated confidence probability of >95%. Offddkerun, almost half had an associated
confidence probability of <95%, with two as low%8%. The average confidence probabilities
for spring-run and fall-run calls were 0.98 and6x8spectively. Individuals identified as fall
run were captured throughout the entire trappinggdelthough the reported migration period
for fall Chinook does not begin until sometime beén mid-June and mid-July (Vogel and
Marine 1991), which is after the period when wdexed the tissue samples.

In many cases, individuals had a secondary run €at example, the primary run call
might be fall run with an 0.80 confidence probdpiand the secondary call might be spring run
with a 0.20 confidence probability. Of the 20 Glok classified as fall run, 10 had a secondary

13



run call of spring run and 3 had a secondary rllrotdate-fall. Of the 41 samples classified as
spring run, 8 had a secondary run call of fallamd 1 had a secondary run call of late-fall.

We collected 14 samples from Chinook carcassesuate@d during stream surveys.
Of these, one was genetically classified as afidteun and three were classified as fall run.
The quality of the remaining 10 samples was toa po@analyze. The late-fall run sample was
collected on August 20 and the fall Chinook samplese collected between October 13 and
November 9.

Age Sructure

Age was estimated from scale samples collected f@amasses sampled during the 2001
through 2004 snorkel surveys. In all years theidant age class was three-year-olds (Figure
19). In 2004, the number of readable scales Vea®®e which is likely too few to be
representative of the entire population. The nurobeeadable scales collected each year
averaged 23 and ranged from 5 in 2001 to 58 in ZBQire 19).

Discussion
Chinook Salmon Popul ation and Passage Estimates

We estimated that 2 clipped and 90 unclipped Chinmassed the CNFH barrier weir
between March 2 and August 1, 2004. We generaliytne unclipped passage total (90 in
2004) to estimate the “maximum potential springr@bk” escapement. It is likely that a
proportion of this maximum estimate are actuallgter, fall, and late-fall Chinook due to
overlap in migration periods. Run-specific Chin@afmon population estimates presented in
previous annual reports were based, in part, oivitBA genetic analysis methods which
classifies proportions of a sample group as wirsgering, fall, or late-fall run (Brown and
Newton 2002, Brown et al. 2005, Brown and Alsto®@20 Recently, improved genetic analysis
techniques became available which were capablesif@ng individuals to a particular run.
Based on this new technique, we estimated appraglynzero winter run, 70 spring run, 20 fall
run, and 2 late-fall run passed through the CNFiidraweir ladder in 2004.

The 63 Chinook passing the weir during the trappiegod (March 2-June 1) were
assigned to a particular run according to genet@tyais results: 41 spring run, 20 fall run, and 2
late-fall run. This being said, we recognize tmainy of the fall run may actually be mis-
classified spring or late-fall run. Genetic anaygsults had more uncertainty associated with
fall run assignments (i.e. lower confidence proligds) compared to spring run assignments.
Half of the fall run had a secondary run assignnae¢ispring run with associated secondary
confidence probabilities ranging from .03 to 0.48fcause of the temporal and spatial overlap
in spawn timing between fall and spring ChinoolBattle Creek, some hybridization may have
occurred, making it difficult to genetically diffemtiate these two runs. Additionally, Vogel and
Marine (1991) report that fall Chinook do not begiigrating past Red Bluff Diversion Dam on
the Sacramento River until sometime between mick-dund mid-July. The Red Bluff Diversion
Dam is 29 miles downstream from the mouth of BaZtleek.

We assumed that all 27 unclipped and 2 clipped @ikrpassing during the video
monitoring period were spring Chinook. This asstiorpwas made because the large majority
of Chinook reported to migrate during this periddrie 1-August 1) are spring run (Vogel and
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Marine 1991). This assumption is consistent witt @stimation methods used in previous
annual reports. We classified the two clipped Gblkg passing the barrier weir on June 2 and
June 12, as spring run because (1) they passedheegaeak of the spring run migration period
and we occasionally capture clipped spring run ftbenFeather River Hatchery and Butte
Creek, (2) it had been 5 weeks since we capturethst clipped CNFH late-fall Chinook, and
(3) they passed prior to the reported fall run @tigin period and we did not observe additional
clipped Chinook pass as the fall run migration @épproached.

A total of seven Chinook and four rainbow trouttead were detected passing
upsteam of the barrier weir by the VAKI infraredHficounter which were missed by video
viewers. This indicates that there is some emadranegative bias in passage estimates based
on video monitoring methods alone. We did notudel these numbers in the escapement
estimates because the VAKI was not used in preweass and passage estimates would not be
comparable if these fish were included.

Following the 2003 sampling season, we recommetttdhe upstream fish ladder of
the CNFH barrier weir be closed August 1 insteadwjust 31 in order to inhibit the passage
of fall Chinook above the weir. Fall Chinook couyldtentially superimpose redds on spring
Chinook redds or interbreed with spring Chinoof.nlost years that barrier weir passage has
been monitored by underwater video, we have obdeadecrease in passage followed by a gap
of zero passage during July. In 2000 through 26880 monitoring continued through August,
and during these years we observed passage corgtimufAugust after the gap in July. Itis
likely that these fish returning in August are fahinook returning to CNFH. State and federal
fishery resource agencies agreed with the recomatiemdand the fish ladder was closed
August 1 in 2004. As seen in previous years, wsenked the same 2-week gap in passage in
late July,2004.

In 2004 we continued investigating diel passagéngnof salmonids through the barrier
weir fish ladder. Our observations in 2004 wemilgir to patterns observed in 2003 of clipped
fish moving in the afternoon, early in the seasorclipped fish moving during the night, later
in the season; and unclipped fish moving a few fiaiftler daybreak, late in the season.
Operating the trap at progressively earlier timfeday from March through May resulted in
lower water temperatures during trapping, potelytiaks stress on trapped fish, and a longer
trapping season.

There are some uncertainties in accurately detémmi@hinook population estimates
because the CNFH barrier weir is not considerddtight. During August through March when
the ladder to upstream Battle Creek is closed $sgge, there is the potential for salmonids to
escape upstream by jumping or swimming over thadyaxeir. The ability of salmonids to
successfully jump or swim over the weir may be@#d by flow, concentration of salmonids
below the weir, or other factors (USFWS 2001b)2004, our video monitoring of “jumpers”
confirmed that some fall Chinook jump over the vaiflows as low as 223 cfs. More study is
needed to accurately relate the number of Chinowipjng the weir to flow.

Evaluation and Adaptive Management of Battle Creek Stream Flow
Increase North Fork flows to test barrier hypothesis—North Fork flows remained
relatively high from mid-February through MarchheFe were additional high flow events over

100 cfs in mid-April and flows were frequently o\& cfs through May because of late season
storms. A natural barrier at rm 3.04 (Reach 1) wastified in 2001 and 2002 as potentially
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impassible to Chinook at 30 cfs (current interiowfllevel) which raised concern as to whether
it would be impassable at the future Restoratiandet flow level of 35 cfs during this time
period (NMFS et al. 1999). Because North Fork #ao@mained high for much of the spring
Chinook immigration period in 2004, future monitagiis still needed to determine if
Restoration Project flows are sufficient for passagthis temporary barrier and
recommendation six and seven in Brown and Alst@@§2 are still appropriate:

Recommendation Sixtf Chinook are blocked by the natural barrier at RM5 on the North Fork,
increase flows from 30 to 35 cfs on the North Forka week in September, to determine if Restomatio
Project minimum flows will be sufficient to allowh@hook passage at the barrier. Subsequent North Fo
flows could be reduced by 1.25 cfs for 4 weeks atoDer to offset the cost of the increased flows.

Recommendation Seven: Develop methods to quickiyease flows once a decision for a flow increase
has been made. Both flow increases in the SouthiR@®002 were delayed from the point that
recommendations were made by the Interim Flow Rt@eience Team to actual implementation.
Administrative roles and methods could be bettéindd and streamlined to ensure quicker changes in
flow.

The effect of Interim Flows on South Fork Battle Creek.—In 2001, interim flows of 30
cfs were not provided in the South Fork Battle Rneich resulted in higher water
temperatures during the spring Chinook holding @adly spawning periods. Coincidentally, in
2001, a relatively large proportion of Chinook hattd spawned in the South Fork (Tables 4
and 5). Since most spring Chinook return as 3-gé&ds (Fisher 1994), a low 2004 escapement
estimate for unclipped Chinook relative to the 2@8fimate may indicate negative impacts of
low flows in the South Fork in 2001. Our 2004 estie for unclipped Chinook was 90 and our
2001 estimate was 98, excluding 13 Chinook whidsed in August (August passage was
allowed in 2001 but not in 2004). Additionally, nyaother factors outside of Battle Creek
influence escapement.

We also estimated the number of juveniles prodpezdinclipped female Chinook to
explore differences in environmental condition begw 2001 and 2004. Annual juvenile
production estimates upstream of the CNFH barrer were made by an associated RBFWO
monitoring project using rotary screw traps (KVéitton, USFWS, unpublished data). We
estimated the annual number of adult female Chirmo#tividing the unclipped escapement
estimate by two. Juvenile production per unclipfeedale Chinook was 387 in 2001 and 640
in 2004. This difference may be a result of lagtable holding and spawning conditions in
2001 compared to 2004.

Holding and Spawning Water Temperatures.—The largest and most utilized holding
pool for spring Chinook was in the upper mainsteattlB Creek (Reach 4). As many as 26
adult Chinook were observed holding in this poaimlyithe summer of 2004. Mean daily water
temperatures in this pool were classified as f@é%@®f the days and poor 8% of the days from
June 1 to September 30. Fair water temperaturekead to some mortality and infertility and
poor temperatures can result in unsuccessful spawrAlthough we could not quantify
exposure time for individual Chinook, it is likellyat water temperatures at this location had
negative impacts on holding adults prior to themwning. The Restoration Project will
increase instream flows in spring-fed Baldwin Cregekibutary to upper mainstem Battle
Creek, reducing water temperatures in the vicinitize current Interim Flow Agreement does
not include increased flows from Baldwin Creek.
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Recommendation: We recommend the Interim Flow Science Team erploe benefits
of increased instream flows from Baldwin Creek flunmplementation of Restoration
Project flows) for holding temperatures in the nsé&m, through stream temperature
modeling.

Our temperature analysis of each individual redticeted that Chinook egg incubation
temperatures were excellent on the large majofitags. We feel that incubating eggs did not
experience any adverse effects from water temp@sturhis may be a combination of interim
flows providing cooler water temperatures, spawmeiing until water temperatures were
suitable for spawning, and spawners selecting e@striocations with cooler water
temperatures.

In the past four years of stream surveys, Chinedkl density (redds/mile) was highest
in the North Fork with the exception of 2001 (Tab)e The higher redd density in the North
Fork may be the result of the North Fork havingri@st miles of habitat with highly suitable
water temperatures. Other important factors whiehe not examined include the quantity and
guality of spawning gravel and the quantity of hatbivith suitable water depth and velocity for
spawning.

Winter steelhead redd surveys.—Pilot steelhead redd surveys were initiated 102
explore the feasibility of using a combination afyek and snorkel methods to determine the
number and distribution of redds. In 2004, stemthgurveys were infrequent due to high flows
and turbidities. Storm events, in between surveys; have smoothed out redds making them
undetectable. Data were somewhat useful to docuseene spawning locations (e.g., Reach 2
on the lower North Fork) but were not useful a®pysation abundance index or as a precise
indicator of spawn timing. In years when viewirgnditions are favorable, this type of survey
may be useful to produce a spawning frequency irfeex., number of redds per steelhead
passing above the barrier weir).

Scale Collection and Age Composition

Adult spring Chinook generally return at ages 2arg] 4 with the majority typically
returning at age 3 (Fisher 1994). Annual percesgag each age category vary from year to
year (Ward et al. 2002, Ward et al. 2004). Althoogr scale aging results fit the pattern
typical of spring Chinook, the number of scaleowered is often too small to accurately
estimate the annual age structure. For exampR)0d we were only able to age 11 fish.
Without accurate age structure data, it is difficalprecisely estimate escapement for each
brood year, in turn making it more difficult to asgate the success of a particular year class
with annual environmental conditions and restoragfiorts. In the absence of accurate age
structure data, we make the general assumptioralih@&turning adults are 3-year-olds in order
to evaluate the success of particular year classes.

Recommendation: We recommend taking scale samples from spring@zik captured

in the CNFH barrier weir fish trap if permits ca@ @btained or installing temporary
picket weirs on the North Fork and South Fork twlcaarcasses drifting downstream.
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TABLE 1.—Multi-year summary of the number of adult |&aé-Chinook and steelhead trout passed upstreeColeman National
Fish Hatchery (CNFH) beier weirduring the CNFFHbroodstock collection and spawning program. Late@hinook are generally
passed from late December through February anthesebfrom October through February. (R. Null, El$h and Wildlife Service,
unpublished data)

Late-fall Chinook Steelhead
Year . . . .
Clipped Unclipped Clipped Unclipped
20002001 0 98 1352 131
20012002 0 216 1428 410
20022003 0 57 769 416
20032004 0 40 314 179

TABLE 2.—Multi-year summary of estimated escapementatil® Creek of clipped and unclipped Chinook salraod rainbow
trout/steelhead passing upstream through the Col&mational Fish Hatchery (CNFH) barrier weir fistdtler from March through
August (Brown and Newton 2002, Brown et al. 200&vi;h and Alston 2007).

Ladder Open Chinook Rainbow trout / steelhead
Year (m/dd) Clipped Unclipped Clipped Unclipped
2001 3/03-8/31 5 111 30 94
2002 3/01-8/30 0 222 14 183
2003 3/03-8/29 13 221 3 118
2004 3/02-8/01 2 90 15 125
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TABLE 3.—Multi-year summary of total estimated escapeanreBattle Creek of winter, spring, fall, and ld& Chinook salmon
and rainbow trout/steelhead passing upstream d@theman National Fish Hatchery (CNFH) barrier wéiptal estimated
escapement includes Chinook salmon and steelheaégaduring the CNFH broodstock collection and sjragvprogram (prior to
March) and Chinook and rainbow trout/steelheadquhfisrough the barrier weir fish ladder (March-Asigu Maximum potential
spring Chinook includes all unclipped salmon padsaa March through August. Estimated spring Cbikescapement is a
reduced estimate based on apportioning some Chitoatble winter, fall, or late-fall runs. Estimatiede-fall Chinook escapement is
all Chinook (unclipped) passed by CNFH plus a portif Chinook passed through the fish ladder.

Winter Spring Fall Late-fall Rainbow trout /
Chinook Chinook Chinook Chinook steelhead
Year Maximum Estimate Clipped Unclipped
2001 0+ 111 100 9to 14 98 to 102 1382 225
2002 3 222 144 42 249 1442 593
2003 0 221 100 130 61 772 534
2004 0 90 70 20 42 329 304
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TABLE 4.—Multi-year summary of total live Chinook (n)sdrved in August and their distribution among tlwethl Fork, South
Fork, and mainstem Battle Creek. Observations wexge during August snorkel surveys.

Year n= North Fork South Fork Mainstem
2001 27 0% 63 % 37 %
2002 88 0 % 58 % 42 %
2003 94 7% 33 % 60 %
2004 26 0 % 8 % 92 %
Average 59 2% 41% 58%

TABLE 5.—Multi-year summary of total Chinook redds (iserved between August and November and theiilgissn among the
North Fork, South Fork, and mainstem Battle Cre®kservations were made during spring Chinook si@lrveys.

Year n= North Fork South Fork Mainstem
2001 32 34 % 38 % 28 %
2002 78 35% 21 % 45 %
2003 176 45 % 15 % 40 %
2004 34 73 % 9 % 18 %
Average 80 47% 21% 33%
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TABLE 6.—Multi-year summary of Chinook redd density @sd mile) in Battle Creek snorkel survey reaches.

North Fork South Fork Mainstem
Year (Reaches 1-2) (Reach 3) (Reaches4-6) Reachl Reach2 Reach3 Reach4 Reach®h ®Rea
2001 2 5 1 1 3 5 1 1 1
2002 5 6 3 3 8 6 4 4 2
2003 15 10 7 5 26 10 12 3 5
2004 5 1 1 0 10 1 2 0 0
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TABLE 7.—Reach numbers and locations with associated miles (rm) for Battle Creek

stream surveys.

Reach Upstream Downstream
Iength ..............................................................................................................................................
Reach (miles) Location rm Location rm
1 (North Fork) 2.75 Eagle Canyon Dam 5.25 Wildcat Dam 2.50
2 (North Fork) 2.50  Wildcat Dam 2.50 Confluence ak® 0.00

3 (South Fork) 2.54

Coleman Diversion 2.54 Confluence of forks  0.00

Dam
4 3.82  Confluence of forks 16.61 Mt. Valley Ranch ®.7
5 3.47  Mt. Valley Ranch 12.79 Ranch road 9.32
6 3.49 Ranch road 9.32 Barrier weir 5.83
7 2.99 Barrier weir 5.83 Lower Rotary 2.84

Screw Trap

TABLE 8.—Temperature criteria used to evaluate thelsilittaof Battle Creek water
temperatures for Spring Chinook. Criteria are riiedifrom Ward and Kier (1999).

Mean Daily Water

Life Stage Temperature’f)  Response Suitability Category
Adult Holding <60.8 Optimum Good

>60.8 t0<66.2 Some Mortality and Infertility Fair

>66.2 No Successful Spawning Poor

... . ... S veryPoor .

Egg Incubation <56 Optimum Excellent

>56 to<58 <8% Mortality Good

>58 to<60 15 to 25% Mortality Fair

>60 to<62 50 to 80% Mortality Poor

>62 100% Mortality Very Poor
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TABLE 9.—Chinook captured at Coleman National Fish Haxtgharrier weir trap and associated passage dssna 2004.

Actual number Actual number Actual number Passage estimate: Passage estimate:
Dates clipped unclipped unknown clipped unclipped
2-6 March 25 0 0 0 0
7-13 March 15 2 0 0 2
14-20 March 6 0 0 0 0
21-27 March 5 9 0 0 9
28 March-3 April 4 3 0 0 3
4-10 April 0 1 0 0 1
11-17 April 2 1 0 0 1
18-24 April 2 1 0 0 1
25 April-1 May 2 10 0 0 10
2-8 May 0 10 0 0 10
9-15 May 0 9 0 0 9
16-22 May 0 5 0 0 5
23-29 May 0 8 0 0 8
30 May-1 June 0 4 0 0 4
Total 61 63 0 0 63
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TABLE 10.—Rainbow trout/steelhead captured at Colemdioh& Fish Hatchery barrier weir trap and assecigitassage estimates
for 2004. The clipped rainbow trout/steelhead aagat the week of May 16-22 was sacrificed for cod@e tag retrieval.

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

2-6 March 1 15 0 1 15

7-13 March 5 18 0 5 18
14-20 March 0 5 0 0 5
21-27 March 0 4 0 0 4
28 March-3 April 0 5 0 0 5
4-10 April 0 3 0 0 3
11-17 April 0 1 0 0 1
18-24 April 0 1 0 0 1
25 April-1 May 1 4 0 1 4
2-8 May 0 4 0 0 4
9-15 May 0 1 0 0 1
16-22 May 1 1 0 0 1
23-29 May 0 0 0 0 0
30 May-1 June 0 0 0 0 0
Total 8 62 0 7 62
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TABLE 11.—Chinook salmon video recorded passing ther@ateNational Fish Hatchery barrier weir fish ladded associated
passage estimatésr 2004. Passage estimates include estimatedgmasisiring hours not video recorded.

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

1-5 June 103.5 89.6 1 4 0 1 5
6-12 June 168.0 140.0 1 4 0 1 5

13-19 June 168.0 132.6 0 8 0 0 10

20-26 June 168.0 110.9 0 0 0 0

27 June-3 July 168.0 125.0 0 2 0 0 3
4-10 July 168.0 147.8 0 2 0 0 2
11-17 July 168.0 131.7 0 2 0 0 3
18-24 July 168.0 105.3 0 0 0 0 0
25-1 August 175.8 151.4 0 0 0 0 0
Total 1455.3 1134.3 2 22 0 2 27
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TABLE 12.—Rainbow trout/steelhead video recorded pagbim@oleman National Fish Hatchery barrier weih fiadder and
associated passage estimdt2004. Passage estimates include estimatedgmsisiring hours not video recorded.

Hours of Actual Actual Actual Passage
Hours of taped number number number estimate: Passage estimate:
Dates passage  passage clipped unclipped  unknown clipped unclipped
1-5 June 103.5 89.6 4 13 0 5 15
6-12 June 168.0 140.0 0 11 0 0 13
13-19 June 168.0 132.6 0 0 0
20-26 June 168.0 110.9 1 6 0 2
27 June-3 July 168.0 125.0 1 4 0 1 5
4-10 July 168.0 147.8 0 4 0 0 5
11-17 July 168.0 131.7 0 2 0 0 3
18-24 July 168.0 105.3 0 2 0 0 3
25-1 August 175.8 151.4 0 1 0 0 1
Total 1455.3 1134.3 6 50 0 8 63
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TABLE 13.—Total passage estimates for Chinook and rartbaut/steelhead above the
Coleman National Fish Hatchery (CNFH) barrier wei2004.

Chinook Chinook Steelhead Steelhead

Passage: Passage: Passage: Passage:

Passage Route Clipped Unclipped Clipped Unclipped
CNFH 0 40 314 179
Barrier Weir: Trap 0 63 7 62
Barrier Weir: Video 2 27 8 63
Total 2 130 329 304

TABLE 14.—Date, time, and stream flow for adult Chinadiserved jumping over the Coleman
National Fish Hatchery barrier weir (n=19). Vid®onitoring was conducted during daylight
hours from August 1 to November 30, 2004.

Jump #1 Jump #2 Jump #3 Jump #4

Date of Successful Flow Time Flow Time Flow Time Flow Time

Jumps (cfs) (cfs) (cfs) (cfs)

9/24/04 245 1700 252 1900

9/26/04 252 1400 236 1500 249 1600

9/27/04 245 1800 245 1800 245 1800

9/28/04 191 1600

9/29/04 249 1400 245 1600 245 1800 245 1800

9/30/04 226 1800

10/1/04 407 1400

10/4/04 223 0900 239 1900

10/12/04 245 1700 245 1700
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TABLE 15.—Chinook salmon live adults, carcasses, @atlds observed during the 2004 Battle Creek shetkveys.

Reach Date Chinook Carcasses Redds

1 5/13/04 0 0
5/25/04
6/7/04
6/22/04
7/6/2004
7/20/04
8/17/04
9/14/04
9/28/04
10/12/04
10/27/04
11/08/04
.................... 2 5/14/040
2 5/26/04 0
2 6/8/04 1
2 6/23/04 4
2 7/7/04 0
2 7/21/04 0
2 8/18/04 0
2 1
2 7
2 5
2 1
2 0

N = T = =
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O O O O O © © p O O O
©O O 0O O O O ©O o © © o o
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9/15/04

9/29/04

10/13/04

10/27/04

11/09/04
......................................................... 5/9/041
5/26/04 0
6/8/04 0
6/23/04 2
7/7/04 1
7122104 6
8/18/04 2
1

3

4

0

0

e
w B

o o

9/15/04
9/29/04
10/13/04
11/3/04
11/09/04
......................................................... 5/6/04
5/27/04
6/9/04

6/24/04 12

O N NN N
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o © o o
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TABLE 15.—Continued

Reach Date Chinook Carcasses Redds
4 7/8/04 31 0
7122/04 33
8/19/04 22
9/16/04 28
9/30/04 19
10/14/04 3
10/28/04 0
11/10/04 0
......................................................... 5/5/040
5/27/04 0
6/9/04 1
6/24/04 0
7/8/04 0
7/22/04 0
8/19/04 1
0

0

0

0

0

B L L
o B P B O O O
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9/16/04
9/30/04
10/14/04
10/28/04
11/10/04
.................... 6 6/10/040
6 6/25/04 0
6 7/9/04 0
6 7/23/04 0
6 8/20/04 1
6 9/17/04 0
6 10/01/04 0
6 10/15/04 1
6 10/29/04 0
6 11/12/04 2
6/10/04 .........................................................................................................................................
6/25/04
7/9/04
7/23/04
8/20/04
9/17/04 195
7 10/01/04 4203

N N NN NN
NN R R O
N
w
w
NG
3
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TABLE 16.—Counts of live Chinook observed on Battle €remorkel surveys in 2004. Totals only includectess above the
Colman National Fish Hatchery barrier weir (reaché&.

May May June June July July Aug. Sept. Sept. Oct. Oct. Nov.

Reach 6-14  25-27 7-10 22-25 6-9 20-23 17-20 14-17 28-1 12-1292 8-12
1 0 0 0 0 1 0 0 0 0 0 0 0
2 0 0 1 4 0 0 0 1 7 5 1 0
3 1 0 0 2 1 6 2 1 3 4 0 0
4 0 3 7 12 31 33 22 28 19 3 0 0
5 0 0 1 0 0 0 1 0 0 0 0 0
6 0 0 0 0 1 0 0 1 0 2
7 0 1 1 2 2 195 4203

Total (Reaches 1-6) 1 3 9 18 33 39 26 30 29 13 1 2

34



TABLE 17.—Rainbow trout/steelhead observed durlmg2004 Battle Creek snorkel survey. Small fighlarger than young-of-the-year up
to 16 inches. Medium fish are from 16 to 22 inchearge fish are greater than 22 inches.

Reach Date Small Medium Large Total
1 5/13/04 482 3 0 485
1 5/25/04 714 0 0 714
1 6/7/04 94 0 0 94
1 6/22/04 454 0 0 454
1 7/6/2004 494 2 0 496
1 7/20/04 688 1 0 689
1 8/17/04 938 0 0 938
1 9/14/04 731 0 0 731
1 9/28/04 779 0 0 779
1 10/12/04 750 0 0 750
1 10/27/04 102 0 0 102
1 11/08/04 284 0 0 284
................ 25/14/0443100431

2 5/26/04 373 0 0 373

2 6/8/04 516 0 0 516

2 6/23/04 502 0 0 502

2 717/04 718 1 0 719

2 7/21/04 541 6 0 547

2 8/18/04 451 2 0 453

2 9/15/04 867 0 0 867

2 9/29/04 413 0 0 413

2 10/13/04 350 0 0 350

2 10/27/04 119 0 0 119

2 11/09/04 367 0 0 367
................ 35/9/04735079

3 5/26/04 220 23 0 243

3 6/8/04 464 16 0 480

3 6/23/04 245 9 0 254

3 7/7/04 274 10 0 284

3 7/22/04 337 2 0 339

3 8/18/04 361 7 0 368

3 9/15/04 373 9 0 382

3 9/29/04 476 15 0 491

3 10/13/04 298 7 0 305

3 11/3/04 95 1 0 96

3 11/09/04 207 3 0 210
................ 45/6/04320032

4 5/27/04 220 1 0 221

4 6/9/04 365 20 0 385

4 6/24/04 456 29 0 485
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TABLE 17.—Continued

Reach Date Small Medium Large Total

4 7/8/04 443 46 0 489

4 7122/04 601 19 0 620

4 8/19/04 317 23 4 344

4 9/16/04 556 16 0 573

4 9/30/04 456 21 0 477

4 10/14/04 482 21 0 503

4 10/28/04 267 12 0 279

4 11/10/04 439 6 0 445
................ 55/6/04132520

5 5/27/04 70 6 0 76

5 6/9/04 119 22 0 141

5 6/24/04 206 13 0 219

5 7/8/04 327 33 0 360

5 7122/04 280 56 3 339

5 8/19/04 70 3 0 73

5 9/16/04 183 6 0 189

5 9/30/04 397 20 0 417

5 10/14/04 273 8 0 281

5 10/28/04 132 7 0 139

5 11/10/04 107 3 0 110
................ 66/10/04110011

6 6/25/04 32 3 0 35

6 7/9/04 41 6 2 49

6 7/23/04 51 3 0 54

6 8/20/04 27 1 0 28

6 9/17/04 68 1 1 70

6 10/01/04 14 0 0 14

6 10/15/04 35 0 2 37

6 10/29/04 23 0 1 24

6 11/12/04 18 1 0 19
................ 76/10/04314035

7 6/25/04 8 5 1 14

7 7/9/04 55 16 5 76

7 7/23/04 39 10 3 52

7 8/20/04 38 9 2 49

7 9/17/04 9 15 3 27

7 10/01/04 23 26 6 55
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TABLE 18.—Counts of rainbow trout/steelhead observeBalttie Creek snorkel surveys in 2004. Totals amtyude reaches above
the Colman National Fish Hatchery barrier weir ¢tress 1-6).

May May June June July July Aug. Sept. Sept. Oct. Oct. Nov. cRea

Reach 6-14 25-27 7-10 22-25 6-9 20-23 17-20 14-17 28-1 12-15292 8-12 Average
1 485 714 94 454 496 689 938 731 779 750 102 284 543
2 431 373 516 502 719 547 453 867 413 350 119 367 471
3 79 243 480 254 284 339 368 382 491 305 96 210 294
4 32 221 385 485 489 620 344 573 477 503 279 445 404
5 20 76 141 219 360 339 73 189 417 281 139 110 197

6 11 35 49 54 28 70 14 37 24 19 34

7 35 14 76 52 49 27 55 44

Total (Reaches 1-6) 1047 1627 1627 1949 2397 2588 2204 23591 2226 759 1435
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TABLE 19.—Number of days mean daily temperatures metVdad Keir's (1999) suitability
categories for spring Chinook holding from Junérbtigh September 30, 2004 at select
monitoring sites in Battle Creek.

River No Very
Site Name Location Mile Data Poor Poor Fair Good
Eagle Canyon Dam North Fork 33 0 0 0 3 119
Wildcat Dam North Fork 25 29 0 0 32 61
Wildcat Road Bridge North Fork g9 0 0 3 89 30
Above confluence offorks  NorthFork 005 44 0 3 69 6
Coleman Diversion Dam South Fork 25 0 0 0 41 81
Manton Road Bridge South Fork 17 0 0 0 51 71
Above confluence offorks  SouthFork 01 24 O 6 65 27
Below confluence of forks ~ Mainstem 180 O 0 13 85 24
Reach 4 Upper Mainstem 189 0 0 10 80 32
Reach 4 Lower Mainstem 129 0 0 39 64 19
Reach 5 Upper Mainstem 122 0 0 29 73 20
Reach 5 Lower Mainstem 9.3 0 0 50 58 14
Total 97 0 153 710 504

@ From confluence of the North Fork and South ForkIB&reek
® From confluence with the Sacramento River

TABLE 20.—Estimated percent of days that spring Chinegidkincubation fell within water
temperature suitability categories in Battle CreeR004. Parentheses include the mean
number of days redds were exposed to each category.

n= Very
Reach Location (Redds) Poor Poor Fair Good Excellent
1 North Fork 0
2 North Fork 24 0% 0% 0.1%(<1) 3.8%((4) 96.1% (98)
3 South Fork 4 0% 0% 0% 0.8% (1) 99.2% (119)
4 Mainstem 6 0% 0% 1.6% (2) 6.4% (7)  92.0% (96)
5 Mainstem 0
6 Mainstem 0
7 Mainstem 0
Total 34 0% 0% 0.4%(<1) 3.9%(4) 95.7% (100)
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TABLE 21.—Number of days mean daily temperatures metvadad Keir's (1999) suitability
categories for spring Chinook egg incubation froept&mber 15 through October 31, 2004 at
select monitoring sites in Battle Creek.

River No Very Poor Fair Good Excell-

Site Name Location Mile Data Poor ent
Eagle Canyon Dam North Fork 8.3 O 0 0 0 1 46
Wildcat Dam North Fork 2% 1 0 0 0 12 34
Wildcat Road Bridge North Fork (G9 O 0 1 12 10 24
Above confluence of  North Fork 0.08 16 0 0 1 10 20
OIS oottt ettt
Coleman Diversion South Fork 2.5 0 0 0 1 5 41
Dam
Manton Road Bridge SouthFork 1.7 O 0 0 5 17 25
Above confluence of  South Fork 0.1 0 0 0 4 19 24
OIS oottt ettt
Below confluence of ~ Mainstem  16.0 0 0 1 6 18 22
forks
Reach 4 Upper Mainstem 189 0 0 2 11 13 21
Reach 4 Lower Mainstem 129 0 0 3 17 10 17
Reach 5 Upper Mainstem 122 0 0 2 16 10 19
Reach 5 Lower Mainstem 93 0 2 6 15 7 17
Totals 17 2 15 88 132 310

& From confluence of the North Fork and South ForklB&Creek
® From confluence with the Sacramento River
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TABLE 22.—Number of rainbow trout/steelhead redds olesknpstream of Coleman National

Fish Hatchery barrier weir during winter steelheadd surveys on Battle Creek from November
25, 2003 through April 8, 2004.

Date Reach 1 Reach2 Reach3 Reach4 Reach5 Reach 6 Tétakk
11/25/03 0 0 0
1/5/04-1/6/04 0 0 0 0 0 0
1/16/04-1/23/04 5 6 0 0 0 0 11
2/4/04 0 0 0 0
2/13/04 2 1 8 11
3/9/04-3/16/04 1
3/17/04-3/23/04 2 0 0 2
4/6/04-4/8/04 0 3 4 7
Total 5 9 5 4 1 8 32
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TABLE A.1.—Coded-wire tags recovered during Colemanadvaii Fish Hatchery barrier weir trap monitoring2d04. On 04/20/04
a coded-wire tagged wild spring Chinook from Bifteek was captured in the trap.

Collection location Fork length Hatchery or
Collection date and method Species Sex (in) Tag code creek of origin  Run Brood year
03/02/04 Barrier Weir Trap Chinook Male 37.1 050469 CNFH ate Fall 2000
03/02/04 Barrier Weir Trap Chinook Male 25.4 050774 CNFH ate Fall 2001
03/02/04 Barrier Weir Trap Chinook Female 36.2 050774 BNF Late Fall 2001
03/02/04 Barrier Weir Trap Chinook Female 334 055209 BNF Late Fall 1999
03/02/04 Barrier Weir Trap Chinook Female 29.1 050764 BNF Late Fall 2001
03/02/04 Barrier Weir Trap Chinook Female 37.9 055210 BNF Late Fall 1999
03/02/04 Barrier Weir Trap Chinook Female 26.6 050764 BNF Late Fall 2001
03/02/04 Barrier Weir Trap Chinook Female 27.8 055135 BNF Late Fall 2001
03/03/04 Barrier Weir Trap Chinook Female 31.9 050466 BNF Late Fall 2000
03/03/04 Barrier Weir Trap Chinook Male 229 055135 CNFH ate Fall 2001
03/03/04 Barrier Weir Trap Chinook Female 27.7 050772 BNF Late Fall 2001
03/03/04 Barrier Weir Trap Chinook Female 29.4 050773 BNF Late Fall 2001
03/03/04 Barrier Weir Trap Chinook Female 27.5 055135 BNF Late Fall 2001
03/04/04 Barrier Weir Trap Chinook Female 29.1 050773 BNF Late Fall 2001
03/04/04 Barrier Weir Trap Chinook Female 37.0 050397 BNF Late Fall 2000
03/04/04 Barrier Weir Trap Chinook Male 29.1 050766 CNFH ateLFall 2001
03/04/04 Barrier Weir Trap Chinook Male 36.4 050470 CNFH ate Fall 2000
03/05/04 Barrier Weir Trap Chinook Male 24.7 050774 CNFH ate Fall 2001
03/05/04 Barrier Weir Trap Chinook Male 35.0 050470 CNFH ate Fall 2000
03/05/04 Barrier Weir Trap Chinook Female 27.2 050766 BNF Late Fall 2001
03/05/04 Barrier Weir Trap Chinook Female 32.3 050469 BNF Late Fall 2000
03/05/04 Barrier Weir Trap Chinook Female 37.4 055213 BNF Late Fall 1999
03/05/04 Barrier Weir Trap Chinook Male 34.6 050470 CNFH ate Fall 2000
03/06/04 Barrier Weir Trap Chinook Female 33.3 050398 BNF Late Fall 2000
03/06/04 Barrier Weir Trap Chinook Female 35.0 055209 BNF Late Fall 1999
03/07/04 Barrier Weir Trap Chinook Female 35.6 050466 BNF Late Fall 2000
03/08/04 Barrier Weir Trap Chinook Female 32.8 050468 BNF Late Fall 2000
03/08/04 Barrier Weir Trap Chinook Male 28.5 050766 CNFH ate Fall 2001
03/08/04 Barrier Weir Trap Chinook Female 29.3 055135 BNF Late Fall 2001
03/08/04 Barrier Weir Trap Chinook Female 32.3 050470 BNF Late Fall 2000
03/08/04 Barrier Weir Trap Chinook Female 27.6 050770 BNF Late Fall 2001
03/09/04 Barrier Weir Trap Chinook Female 35.6 050465 BNF Late Fall 2000
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TABLE A.1.—Continued

Collection location Fork length Hatchery or
Collection date and method Species Sex (in) Tag code creek of origin  Run Brood year

03/09/04 Barrier Weir Trap Chinook Female 36.6 055212 BNF Late Fall 1999
03/09/04 Barrier Weir Trap Chinook Female 28.5 050774 BNF Late Fall 2001
03/09/04 Barrier Weir Trap Chinook Female 38.6 055213 BNF Late Fall 1999
03/11/04 Barrier Weir Trap Chinook Female 27.0 055135 BNF Late Fall 2001
03/11/04 Barrier Weir Trap Chinook Male 26.4 050774 CNFH ate Fall 2001
03/11/04 Barrier Weir Trap Chinook Female 29.1 NTD

03/11/04 Barrier Weir Trap Chinook Female 33.0 050470 BNF Late Fall 2000
03/13/04 Barrier Weir Trap Chinook Female 33.3 050467 BNF Late Fall 2000
03/14/04 Barrier Weir Trap Chinook Female 27.2 050766 BNF Late Fall 2001
03/15/04 Barrier Weir Trap Chinook Female 335 050468 BNF Late Fall 2000
03/16/04 Barrier Weir Trap Chinook Male 31.5 050466 CNFH ate Fall 2000
03/18/04 Barrier Weir Trap Chinook Male 26.8 055135 CNFH ate Fall 2001
03/19/04 Barrier Weir Trap Chinook Female 335 050469 BNF Late Fall 2000
03/19/04 Barrier Weir Trap Chinook Male 35.0 050469 CNFH ate Fall 2000
03/21/04 Barrier Weir Trap Chinook Male 51.0 050469 CNFH ate Fall 2000
03/24/04 Barrier Weir Trap Chinook Female 31.7 050470 BNF Late Fall 2000
03/25/04 Barrier Weir Trap Chinook Female 324 050468 BNF Late Fall 2000
03/25/04 Barrier Weir Trap Chinook Male 29.3 050766 CNFH ate Fall 2001
03/25/04 Barrier Weir Trap Chinook Female 33.1 050466 BNF Late Fall 2000
03/31/04 Barrier Weir Trap Chinook Female 27.7 050766 BNF Late Fall 2001
04/01/04 Barrier Weir Trap Chinook Male 24.0 050766 CNFH ateLFall 2001
04/01/04 Barrier Weir Trap Chinook Male 33.1 050482 CNFH ateLFall 2000
04/02/04 Barrier Weir Trap Chinook Female 325 050470 BNF Late Fall 2000
04/15/04 Barrier Weir Trap Chinook Male 30.5 050766 CNFH ate Fall 2001
04/15/04 Barrier Weir Trap Chinook Female 28.2 050468 BNF Late Fall 2000
04/18/04 Barrier Weir Trap Chinook Male 31.5 050468 CNFH ate Fall 2000
04/20/04 Barrier Weir Trap Chinook Female 27.6 06010@020 BUTTE Spring 2001
04/28/04 Barrier Weir Trap Chinook Female 33.3 050470 BNF Late Fall 2000
04/28/04 Barrier Weir Trap Chinook Female 28.5 055135 BNF Late Fall 2001
05/16/04 Barrier Weir Trap Rainbow Trout Male 19.1 Loap
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TABLE A.2.—Estimated number of days that egg incubdidirwithin the five water-temperature suitabilitgtegories for each
spring Chinook redd in 2004. The incubation pemnas calculated using a cumulative total of 1,8%\DTemperature Units

(DTU).

Location Reach River mile Date Very poor Poor Fair Good diirat Total days
North Fork 2 2.27 9/29/2004 0 0 0 1 98 99
North Fork 2 2.20 9/29/2004 0 0 0 3 96 99
North Fork 2 1.52 9/29/2004 0 0 0 9 89 98
North Fork 2 1.52 9/29/2004 0 0 0 9 89 98
North Fork 2 1.52 9/29/2004 0 0 0 9 89 98
North Fork 2 1.49 9/29/2004 0 0 0 9 89 98
North Fork 2 1.40 9/29/2004 0 0 0 10 88 98
North Fork 2 1.35 9/29/2004 0 0 0 10 88 98
North Fork 2 1.15 9/29/2004 0 0 0 10 87 97
North Fork 2 0.47 9/29/2004 0 0 1 11 85 97
North Fork 2 0.17 9/29/2004 0 0 2 10 85 97
North Fork 2 2.25 9/29/2004 0 0 0 0 105 105
North Fork 2 1.92 10/13/2004 0 0 0 0 105 105
North Fork 2 1.90 10/13/2004 0 0 0 0 105 105
North Fork 2 1.73 10/13/2004 0 0 0 0 105 105
North Fork 2 1.73 10/13/2004 0 0 0 0 105 105
North Fork 2 1.73 10/13/2004 0 0 0 0 105 105
North Fork 2 1.66 10/13/2004 0 0 0 0 105 105
North Fork 2 1.01 10/13/2004 0 0 0 0 104 104
North Fork 2 1.01 10/13/2004 0 0 0 0 104 104
North Fork 2 1.01 10/13/2004 0 0 0 0 104 104
North Fork 2 1.00 10/13/2004 0 0 0 0 104 104
North Fork 2 0.61 10/13/2004 0 0 0 1 104 105
North Fork 2 0.54 10/13/2004 0 0 0 1 104 105
South Fork 3 2.19 9/29/2004 0 0 0 1 114 115
South Fork 3 1.93 9/29/2004 0 0 0 3 112 115
South Fork 3 2.11 10/13/2004 0 0 0 0 124 124
South Fork 3 1.92 11/3/2004 0 0 0 0 125 125
Mainstem 4 14.88 9/30/2004 0 0 2 10 96 108
Mainstem 4 14.88 9/30/2004 0 0 2 10 96 108
Mainstem 4 14.67 9/30/2004 0 0 3 9 95 107
Mainstem 4 14.43 9/30/2004 0 0 3 9 94 106
Mainstem 4 16.26 10/14/2004 0 0 0 1 97 98
Mainstem 4 16.26 10/14/2004 0 0 0 1 97 98

64



TABLE A.3.—Chinook redd measurements taken during USB&tBe Creek snorkel surveys in 2004.

Depth: Depth: Depth: Substrate
Daté' Reach Max Length (ft)  Max Width (ft) Area fit Pre-redd (ft) pit (ft) tailspill (ft) Velocity (ft/s) Code

9/29/2004 2 10.33 10.67 86.57 2.00 2.33 0.83 1.12 1.3
9/29/2004 2 17.50 8.50 116.83 2.42 2.50 1.42 1.35 2.4
9/29/2004 2 14.00 8.67 95.29 1.29 1.75 0.75 1.35 1.2
9/29/2004 2 12.50 8.00 78.54 0.88 1.42 0.83 2.54 1.3
9/29/2004 2 12.92 11.33 114.97 1.42 1.67 0.75 0.61 1.3
9/29/2004 2 13.17 9.42 97.38 2.58 2.92 0.50 1.21 2.4
9/29/2004 2 18.17 11.00 156.95 1.67 1.92 0.33 1.31 2.4
9/29/2004 2 9.58 4.83 36.38 1.83 2.58 1.33 1.90 2.4
9/29/2004 2 16.25 9.83 125.50 1.58 1.83 0.25 1.47 1.3
9/29/2004 2 9.42 6.25 46.22 1.33 1.75 0.58 2.62 2.4
9/29/2004 3 8.04 8.25 52.11 1.25 1.29 0.75 0.92 1.3
9/29/2004 3 14.42 6.75 76.43 0.54 1.04 0.42 0.44 3.4
9/30/2004 4 15.00 4.67 54.98 1.50 2.00 1.42 3.10 1.3
9/30/2004 4 11.42 6.17 55.29 1.33 1.83 0.96 3.11 1.3
9/30/2004 4 13.00 6.75 68.92 2.00 2.17 1.08 2.63 2.4
9/30/2004 4 18.75 8.58 126.40 1.58 2.38 1.25 2.42 2.4
10/1/2004 7 20.00 8.92 140.06 1.00 1.17 0.13 2.15 1.3
10/1/2004 7 19.00 8.25 123.11 1.25 1.75 0.83 2.86 2.4
10/1/2004 7 20.75 12.33 201.00 1.33 1.92 0.67 2.36 1.3
10/13/2004 2 21.83 11.50 197.20 1.58 2.46 0.42 2.25 2.4
10/13/2004 2 8.58 4.42 29.77 1.50 2.08 1.25 2.07 1.3
10/13/2004 2 16.25 9.75 124.44 1.46 1.83 1.00 1.33 1.3
10/13/2004 2 10.42 9.50 77.72 1.33 1.88 0.75 1.83 1.3
10/13/2004 2 16.75 12.83 168.83 1.25 2.25 1.00 1.52 1.3
10/13/2004 2 9.83 3.75 28.96 1.17 2.00 1.00 2.51 1.3
10/13/2004 2 7.67 5.75 34.62 1.54 2.17 1.13 2.35 1.3
10/13/2004 2 12.08 5.08 48.24 2.00 2.33 1.42 1.85 1.2
10/13/2004 2 22.83 17.67 316.82 1.33 2.54 0.63 2.16 1.2
10/13/2004 2 8.58 4.25 28.65 1.50 2.00 0.92 1.62 1.2
10/13/2004 2 14.58 5.00 57.27 1.08 2.33 0.92 1.99 1.3
10/13/2004 2 27.92 10.33 226.57 1.42 2.00 1.08 1.77 1.2
10/13/2004 3 10.42 6.33 51.81 1.04 1.25 0.46 0.75 2.4
10/14/2004 4 9.17 9.33 67.20 1.50 1.92 1.33 1.69 2.4
10/14/2004 4 13.00 6.75 68.92 1.42 1.75 0.67 3.39 2.4
11/3/2004 3 10.92 6.17 52.87 1.08 1.17 0.58 1.34 1.3
Average 14.14 8.22 98.08 1.46 1.95 0.85 1.88 ®1.3

Minimum 7.67 3.75 28.65 0.54 1.04 0.13 0.44 1.2
Maximum 27.92 17.67 316.82 2.58 2.92 142 3.39 3.4

& There were two redds (9/19/2004 and 10/13/20&k)were not measured.
b The median substrate code was used instead ofesage.
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TABLE A.4.—Rainbow trout/steelhead redd measuremenentdkring USFWS winter steelhead redd surveys dtheBareek from
November 25, 2003 through April 8, 2004.

Max Max Depth: Depth: Depth: Substrate
Date Reach Length (ft) Width (ft) Area (f6) Pre-redd (ft) pit (ft) tailspill (ft) Velocity (ft/s) Code

1/16/2004 6 5.00 3.08 12.11 1.00 1.58 0.67 0.86 1.2
1/21/2004 1 7.42 8.00 46.60 1.42 1.42 0.42 1.08 1.2
1/21/2004 1 3.75 6.42 18.90 1.17 1.08 0.50 1.10 2.3
1/21/2004 1 5.25 3.75 15.46 1.25 1.42 0.50 1.75 1
1/21/2004 1 5.00 5.08 19.96 1.92 2.00 1.25 1.38 1
1/22/2004 2 11.17 5.75 50.43 0.92 1.33 0.58 0.88 1
1/22/2004 2 9.75 4.92 37.65 1.08 1.25 0.58 0.80 1.3
1/22/2004 2 5.25 2.83 11.68 0.67 1.08 0.42 0.95 1.2
1/22/2004 2 4.33 3.00 10.21 1.58 1.92 0.92 0.98 1.3
1/23/2004 2 8.08 5.25 33.33 1.33 1.67 0.67 1.22 1.2
1/23/2004 2 9.75 5.17 39.56 0.75 1.42 0.50 2.99 2.3
2/13/2004 4 4.17 1.58 5.18 1.00 1.58 0.92 1.70 2.4
2/13/2004 4 10.00 4.00 31.42 1.08 1.33 0.83 2.39 1.2
2/13/2004 5 9.33 4.50 32.99 0.50 0.83 0.33 1.17 1.3
3/23/2004 4 7.17 4.00 22.51 2.00 2.50 1.83 2.92 1.2
Average 717 4.59 26.85 1.19 1.49 0.73 1.52 1.2
Minimum 3.75 1.58 5.18 0.50 0.83 0.33 0.80 1
Maximum 11.17 8.00 50.43 2.00 2.50 1.83 2.99 2.4

& Unknown species. Not included in average.
® The median substrate code was used instead ofeaage.
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