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Abstract.—We egtimate that 5 clipped and 111 unclipped Chinook (Oncorhynchus
tshawytscha) passed through the Coleman Nationd Fish Hatchery (CNFH) barrier weir fish ladder
into upper Battle Creek between 3 March and 31 August 2001. It isdifficult to precisely apportion
these fish to individua runs of Chinook because of overlgps in migration timing between runs
However, based on a combination of information from migration timing, coded-wire tag recoveries, and
genetic andyses, the following estimates were made; 0 to 4 were late-fall Chinook, O to few were
winter Chinook, approximately 100 were spring Chinook, and 9 to 14 were fdl Chinook. We believe
relatively few fal Chinook were able to jump over the barrier weir and avoid detection at the fish ladder
monitoring station, due to low flowsin 2001. Low flows probably made jumping the weir more difficult
and salmonids would have likely taken the easier route through the open fish ladder. These passage
edtimates were made while the fish ladder into Battle Creek was open which included dmost the entire
spring Chinook migration period, but did not include the entire migration period for winter, fal, and
late-fall Chinook. When the fish ladder into Battle Creek was closed, an unknown number of sdmonids
may have jumped the barrier weir. Therefore estimates of winter, fall, and late-fall Chinook may be
partia counts of salmon entering the watershed above the barrier weir. An additiona 94 unclipped
Chinook were passed above the barrier weir prior to 3 March by CNFH personnel during their late-fall
Chinook propagation program. While these 94 Chinook could have been from any of the four runs of
Chinook, they were most likdly late-fall Chinook. Based on stream survey redd counts (32 total
redds), we estimate a spawning population of 64 spring (and some fall) Chinook.

Overdl, water temperatures in 2001 were adequate for spring Chinook to successfully produce
juveniles but at areduced number due to temperature-related spawner and egg mortdity. During
holding periods, al Chinook that we observed were subjected to water temperatures which could result
in some mortdity and reduced fertility. Some incubating Chinook eggs experienced high water
temperatures in the South Fork, upper mainstem Béattle Creek, and potentidly in the North Fork.
Spring Chinook appeared to delay spawning until temperatures were more suitable. Our temperature,
redd distribution, and spawn timing data taken in combination suggest that most Chinook eggs werein
good temperatures for the mgjority of their incubation period.

We estimate that 1,382 clipped and 225 unclipped rainbow trout (Oncor hynchus mykiss)
passed above the CNFH barrier weir in 2001 for atotal of 1,607 rainbow trout. Of these, we estimate
that 1,386 were hatchery steelhead and 221 were natural-origin rainbow trout.
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I ntroduction

Battle Creek isimportant to the conservation and recovery of federdly listed anadromous
sdmonidsin the Centrd Valey of Cdifornia. Restoration actions and projects planned or underway in
Battle Creek focus on providing habitat for the endangered Sacramento River winter Chinook,
(Oncorhynchus tshawytscha) the threastened Centra Valley spring Chinook, and the threatened
Centrd Valey steehead (Oncor hynchus mykiss). The geographic range of the current winter
Chinook Evolutionary Significant Unit is smdl and is limited to the mainstem of the Sacramento River
between Keswick Dam and Red Bluff, where it may be susceptible to catastrophic loss. Establishing a
second population in Battle Creek could reduce the likelihood of extinction. Battle Creek aso hasthe
potentia to support sgnificant, saf-sustaining populations crucia to the recovery of spring Chinook and
steelhead.

Since the early 1900's, a hydrod ectric power generating system of dams, candss, and
powerhouses, now owned by Pecific Gas and Electric Company (PG&E), has operated in the Battle
Creek watershed in Shasta and Tehama Counties, Cdifornia. The hydropower system has had severe
impacts upon anadromous salmonids and their habitat (Ward and Kier, 1999). In 1992, the Centra
Valey Project Improvement Act (CVPIA) federdly legidated efforts to double populations of Centra
Valey anadromous sdmonids. The CVPIA Anadromous Fisheries Restoration Program outlined
actions to restore Battle Creek including “to increase flows past PG& E's hydropower diversonsin two
phases to provide adequate holding, spawning, and rearing habitat for anadromous salmonids’
(USFWS, 1997).

From 1995 until 2001, the CVPIA Water Acquisition Program contracted with PG& E to
increase minimum stream flow in the lower reaches of the North Fork and South Fork of Battle Creek.
Thisinitid flow augmentation project was to provide flows between 25 and 35 cfs below Eagle Canyon
Dam on the North Fork and below Coleman Diversion Dam on the South Fork.

The federd and State of Cdiforniainteragency program known asthe CALFED Bay-Ddta
Program (CALFED) has funded, aong with PG& E, the Battle Creek Sdmon and Steelhead
Restoration Project (Restoration Project). The Restoration Project may result in large increasesin
minimum ingtream flows in Béttle Creek, remova of 5 dams, and congtruction of fish ladders and fish
screens at 3 other dams.

Planning, designing, and permitting of the Restoration Project has taken longer than origindly
anticipated. Funds for increased minimum flows in Battle Creek from the CVPIA Water Acquisition
Program ran out. Therefore, in 2001, CALFED funded the Battle Creek Interim Flow Project to
obtain from PG& E flows of gpproximately 30 cfsin the North Fork downstream of Eagle Canyon
Dam. These CALFED funded flows began in 2001 and will continue until the Restoration Project is
under congtruction (currently scheduled for 2003). The intent of the Interim Flow Project isto provide
immediate habitat improvement in the lower reaches of Battle Creek to sustain current natura
populations while implementation of the more comprehensive Restoration Project moves forward.

PG&E currently has arequirement under its Federd Energy Regulatory Commission license to
provide minimum ingream flows of 3 cfs downstream of diversons on the North Fork and 5 cfs
downstream of diversons on the South Fork. Under the Interim Flow Project, PG& E would increase
ingream flows up to 30 cfs through reductions in their hydropower diversons from May through
October. Theinterim project was funded to provide 30 cfs in the North Fork, with no funds available



for additiond flows on the South Fork, however an agreement was reached which alows for changing
flows on ather of the forks based on environmenta conditions. Relevant environmenta conditions
include water temperatures, numbers and locations of live Chinook and redds. 1n 2001, increased
flows were provided only on the North Fork in part based on observations of higher Chinook spawning
on the North Fork than on the South Fork. For instance, redd counts from 1995 t01998 indicated that
39% of spawning occurred in the North Fork versus 23% in the South Fork (RBFWO, unpublished
data).

The god of our monitoring project is to provide fisheries informetion for the adaptive
management of anadromous samonid restoration in Béttle Creek including the Interim Flow Project.
The following objectives were from the origind proposa for the monitoring project with modifications
showninitdics

1) collect life higtory information on a potentidly remnant population of spring Chinook;

2) as=ss the effectiveness of the winter Chinook propagation program; This objective was
subsequently restricted to verifying that hatchery-origin winter Chinook are no
longer returning to Battle Creek.

3) assess the feasihility of developing awinter Chinook population in Battle Creek; We did not
collect sufficient data to address this issue because contractual limitations and
landowner access concerns delayed implementation of the stream surveys.
Therefore, we did not perform stream surveys during the time when winter
Chinook would be present in Battle Creek.

4) evauate the effectiveness of ongoing restoration actions. We collected data useful in
evaluating the flows obtained through the CVPIA Water Acquisition Program
and the Interim Flow Project.

Some objectives for the project were modified because of significant restoration progress that
occurred between the time the monitoring project was proposed and the project was implemented.
The proposd for the current investigations was devel oped in 1998 before the Restoration Project or the
Interim Fow Projects were developed. Although the restoration actions to be monitored were not
specified in the project proposa, when the Interim Flow Project was begun, the current project was
ready to provide monitoring information that has proven useful for the adaptive management of Battle
Creek flows. In addition, during the interim between the monitoring projects proposa and
implementation, returns of hatchery-origin winter Chinook to Battle Creek ceased following transfer of
the propagation program to Livingston Stone Nationa Fish Haichery. Therefore the effect of hatchery-
origin winter Chinook returns was not assessed. Due to these modifications, our report focuses on
objectives 1 and 4 especidly asthey reate to spring Chinook.

The current investigations were carried out in 2001 by the Red Bluff Fish and Wildlife Office
(RBFWO) under aone year contract from the CALFED Bay Deta Program. Between 1995 and
2000, the RBFWO Hatchery Evauation Program performed smilar fisheries investigations related to
the effects of the Fish and Wildlife Service winter Chinook propagation program that was formerly
located at Coleman Nationa Fish Hatchery (CNFH) on Battle Creek. The RBFWO intends on
reporting not only the results of adult salmonid monitoring efforts from 1995 to the present, but aso the
results of juvenile sdmonid monitoring efforts from 1998 to the present. The interpretation of the



accumulated adult and juvenile monitoring data is beyond the scope of this one year report. A second
CALFED grant has been secured by the RBFWO to fund adult sailmonid monitoring in Battle Creek
beginning in 2002. This second grant was designed to support most of the monitoring needs of the
Restoration Project Adaptive Management Plan.

Study Area

Battle Creek islocated in northern Tehamaand southern Shasta counties, Cdifornia, and isfed
by the volcanic dopes of Lassen Pegk in the southern Cascade Range and numerous springs (Figure 1).
Battle Creek eventudly enters the Sacramento River (river mile (rm) 272) east of the town of
Cottonwood, California. Battle Creek is comprised of the North Fork Battle Creek (approx. 29.5
milesin length from head waters to confluence), the South Fork Battle Creek (approx. 15.2 milesin
length from headwaters to confluence), the mainstem Béttle Creek (16.6 miles from the confluence of
the north and south forks to the Sacramento River), and many tributaries. Battle Creek has been
identified as having high potentia for fisheries restoration because of itsrelatively high and consstent
flow of cold water. It hasthe highest base flow (dry-season flow) of any tributary to the Sacramento
River between the Feather River and Keswick Dam (Ward and Kier, 1999). Our specific areas of
study (Figure 1) were a the Coleman Nationa Fish Hatchery (CNFH) barrier weir on the mainstem
Battle Creek (rm 5.8) and on the North Fork below Eagle Canyon Dam (5.3 milesin length), the South
Fork below Coleman Diverson Dam (2.5 milesin length), and the mainstem Battle Creek above rm
2.8 (13.8 milesin length). Eagle Canyon Dam and Coleman Diverson Dam were consdered the
upstream limits of sdmonid distribution during the study because fish ladders on the dams were closed.

Methods

We used CNFH barrier welr fish trapping and video counting dong with stream surveysto
monitor adult salmonidsin Battle Creek between 3 March and 31 October 2001. Chinook salmon and
steelhead returning to Battle Creek were identified as either having an adipose fin (unclipped) or not
having an adipose fin (clipped). We considered dl clipped fish to be hatchery-origin and unclipped fish
to be ether natura-origin or hatchery-origin (not al hatchery fish are clipped). Unclipped Chinook
returning to Battle Creek during our monitoring period could be mostly spring Chinook. However, itis
aso possible that some unclipped Chinook could be late-fal, winter, or fal run due to overlapping
periods of migration. Therefore, we chose not to explicitly classfy al unclipped Chinook as spring run.
We use the term rainbow trout to refer to al Oncorhynchus mykiss, including anadromous steel heed,
because of the difficultiesin differentiating the anadromous and non-anadromous forms.

Coleman National Fish Hatchery Barrier Weir

Operation of the CNFH barrier weir (the barrier weir) blocked upstream passage of fish
through the fish ladder (rm 5.8) from 1 September 2000 through 3 March 2001. During this period,
fish were periodically directed into holding ponds & CNFH where fal and late-fall Chinook and
steelhead were used in propagation programs. Passage of fishes upstream of the barrier weir in Battle
Creek was afforded from 3 March through 31 August 2001 by opening the fish ladder. Fish passage



was monitored during this time period using live trapping until 8 May followed by underwater
videography until 31 August.

Trapping.—A fase bottom fish trap was used to capture Chinook, rainbow trout, and other
non-targeted species as they passed through the fish ladder at the barrier weir. The trap was placed in
the upstream end of the vertica dot fish ladder. Personned from the Red Bluff Fish and Wildlife Office
(RBFWO) and CNFH operated the trap approximately 8 hours aday (07:30 - 15:15), 7 days aweek
from 3 March through 8 May 2001. During hours when the trap was not operated (15:15 - 07:30),
fish were dlowed to enter the trap, but the exit was closed blocking fish passage. Prior to operation
each morning, the trap was cleaned, weather conditions were noted, and water temperature was
documented. Water temperature was recorded hourly by an Onset Stowaway probe located at the
bottom of the trap. When water temperature exceeded 60EF, trapping for that day was terminated to
minimize the effects of handling. Trapping was terminated for the season and videography began when
water temperatures exceeded 60EF for a mgority of the trap operation period.

The trap was checked a least every 30 minutes. However, it was serviced more often if fish
were observed. Captured non-target fish were usudly identified to species, counted, and released
upstream. Captured salmonids were netted from the trap and immediately transferred to a 250 to 400
gdlon fish digribution tank. Water temperature in the fish distribution tank was maintained to within
5.4°F of Battle Creek water temperature. Sodium chloride (1.0%) and Poly Aqua™ (atificid dime;
1.0%) were added to the tank to reduce fish stress and preserve their dime coat. Whilein the fish
tank, Chinook and rainbow trout were anesthetized with CO..

Anesthetized saimonids were measured (fork length) to the to the nearest millimeter, examined
for scars and tissue damage, observed for the presence or absence of a mark (an adipose-fin clip or
floy tag), and gender identified when possible. Clipped Chinook were sacrificed and coded-wire tags
were recovered and decoded to determine run designation, hatchery of origin, and age. We did not
sacrifice clipped rainbow trout. Unclipped Chinook (after genetic sampling) and rainbow trout (clipped
and undlipped) were placed in an 96 x 25 cm auminum tube for recovery from anesthetization prior to
being volitiondly released upstream of the barrier welr.

Video counts—An underwater video camera (Fish Eye Pro) was used to record Chinook,
rainbow trout, and other non-target species as they passed through the fish ladder at the barrier weir.
The camerawas placed in amodified weir at the upstream end of the fish ladder. Video monitoring of
fish passage was conducted from 8 May through 31 August. A lighting system alowed for 24 hour
monitoring. A time-lgpse video recorder was used to reduce maintenance and viewing time. Thetime
mode on the video cassette recorder was set to 24 hours and 120 minute-8 mm tapeswere used. A
time-date stamp was recorded. Tapes were viewed until a fish was observed, then reviewed a dow
playback speed or "freeze frame' mode to assist in identification and mark detection. The certainty of
the observation was rated as good, fair, or poor. A good rating signified complete confidence in
determining species and presence or absence of an adipose fin; fair suggested confidence in determining
gpecies and presence or absence of an adipose fin but additiona review was needed to classify thefish;
and poor suggested uncertainty in determining species and presence or absence of an adipose fin.

The qudlity of the picture was dso rated as good, fair, or poor. Good signified a clear picture
throughout the day; fair suggested objects were discernable throughout the day but extrareview was
needed; and poor suggested that objects were indistinguishable most of the day.



All Chinook and rainbow trout passing the barrier weir were recorded onto afile tape and the
tape was reviewed by more experienced personne to confirm species identification and presence or
absence of an adipose fin. The total number of clipped and unclipped Chinook and rainbow trout
observed was recorded. If the adipose fin was unidentifiable, then Chinook and rainbow trout were
classfied as unknown clip gatus. Additiondly, the hours of fish passage and the hours of video
recorded fish passage were logged.

Passage estimation.—We estimated the number of clipped and unclipped Chinook and
rainbow trout passing through the barrier weir fish ladder in 2001. For each week of trapping, total
passage of clipped and unclipped salmonids was estimated by apportioning unknown clip status
Chinook or rainbow trout counts (e.g. fish that accidently escaped the trap prior to being examined for
an adipose fin) according to the proportion of clipped and unclipped fish captured during the same
week. For each week of video monitoring, total passage was estimated by apportioning any unknown
clip status fish and then expanding observed counts according to the amount of time passage was
alowed but not recorded due to poor video quality or equipment mafunction. Total passage for 2001
was calculated by summing weekly passage estimates a the barrier weir as well as the number of
clipped and unclipped Chinook and rainbow trout released into upper Battle Creek by CNFH prior to
3 March. The equations used for estimating passage during barrier welr trapping were;
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where:
Py = passage estimate for unclipped Chinook or rainbow trout during barrier welr fish trap
operation;
P = passage estimate for clipped Chinook or rainbow trout during barrier weir fish trap
operation;
C = actual number of clipped Chinook or rainbow trout observed passing the barrier weir
during the week;
u = actua number of unclipped Chinook or rainbow trout observed passing the barrier weir
during the week;



unk

actua number of unknown clip status Chinook or rainbow trout observed passing the
barrier weir during the week;

The eguations used for estimating passage during barrier weir video counting were;
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passage estimate for unclipped Chinook or rainbow trout during barrier weir video
monitoring;

passage estimate for clipped Chinook or rainbow trout during barrier weir video
monitoring;

actual number of clipped Chinook or rainbow trout observed passing the barrier weir
during the week;

actua number of unclipped Chinook or rainbow trout observed passing the barrier weir
during the week;

actua number of unknown clip status Chinook or rainbow trout observed passing the
barrier weir during the week;

number of hours of unrestricted fish passage a the barrier weir during the week; and,

number of hours of actua good and fair video recorded fish passage at the barrier weir
during the week.

Edtimates of the total number of clipped and unclipped rainbow trout returning to Battle Creek

in 2001 are not equivaent to estimates of hatchery and naturd-origin rainbow trout because CNFH has
not aways clipped 100% of their steelhead production. We estimate that 99.74% of hatchery-origin
steelhead returning to Battle Creek in 2001 were clipped based on the age distribution of hatchery
steelhead returning to CNFH (Table 1; K. Niemela, U.S. Fish and Wildlife Service, persond
communication) and yearly mark rates for stedlhead from CNFH (Table 1; R. Rickert, U.S. Fish and



Wildlife Service, personad communication). The total number of hatchery fish passed above the barrier
welr was caculated by dividing the total number of clipped fish by 0.9974. The tota number of
naturd-origin rainbow trout was caculated by subtracting the number of hatchery steehead from the
total of al rainbow trout passing above the barrier weir in 2001. The estimated mark rate of steelhead
returning in 2001 was cdculated using the following sandard formula for weighted means (Porkess,
1991):

Wig7Xg7 + WiggXigg + Wigg X o

MRZOOl = W97 + ng + ng
where:
MRy01 = mark rate (percentage clipped) for dl hatchery steelhead returning in 2001,
w = weighting factor (percentage returning in 2001 from a given brood yesr);
X = mark rate (percentage clipped) for a given brood year;
such that:

VIR - (1% 74%) + (27% - 100%) + (72%: 100%)
Reon = (1% + 27% + 72%)

= 99.74%

Migration timing—Migration timing past the barrier weir was determined using fish trgp and
video counting data. The number of clipped and unclipped Chinook and rainbow trout passing the
barrier weir was summed weekly and plotted. Peak aswell 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 fish trap and from Chinook carcasses retrieved during stream surveys.
Length frequency distributions were developed and mae to femae sex ratios were cdculated. The age
of returning Chinook was determined for coded-wire tagged fish. Age vs. length plots were developed
for tagged Chinook.

Stream Surveys

We conducted stream surveys of Battle Creek once a month from July through October 2001.
The 21.6 mile survey was divided into 7 reaches (Table 2; Figure 1) and required 6 to 7 daysto
complete, depending on personnd availability. Monthly surveys were scheduled on consecutive week
days beginning at the uppermost reaches and working downstream. Reach 7, located below the barrier
welr, was not surveyed in September or October due to the abundance of non-target fal Chinook.

Snorke type surveys were used on al reaches, except for Reach 3. Moving downstream with
the current, two or three snorkelers counted Chinook and rainbow trout, carcasses, and redds.



Rainbow trout were divided into three Sze categories, smal, medium, and large (we did not count
young-of-the-year). We categorized rainbow trout with parr marks as smal, rainbow trout with no
parr marks but less than 22 inches long as medium, and rainbow trout gregter than 22 inches as large.
Generdly, snorkelers were adjacent to each other in aline perpendicular to the flow. When entering
large plunge pools where Chinook could be concedled below bubble curtains, one snorkeler would
portage around and enter at the pool tail to count Chinook while the other two snorkelers would enter
at the head of the pool through the bubble curtain. When groups of Chinook were encountered,
snorkelers would confer with each other to make sure sdlmon were not missed or double counted.

Reach 3, our only survey reach in the South Fork, was surveyed by two personnel walking
upstream aong the stream banks. Snorkd surveys were not possible due to the extremely shallow
water in the South Fork during the summer of 2001 (stream flows were gpprox. 7 cfs). On Reach 3,
survey personnel counted Chinook, carcasses, and redds but did not count rainbow trout.

When survey personne encountered carcasses, they would collect genetic tissue samples and
scae samples, and record biologica information such as fork length, sex, retention of eggs, presence or
absence of atag, and presence or absence of an adipose fin. Heads were collected from all adipose-
fin clipped carcasses and from carcasses where the presence of afin clip could not be determined due
too decomposition. Coded-wire tags were later extracted from heads in the laboratory.

Stream flow, water turbidity, and water temperature can dl influence the effectiveness of
snorkel surveys (Thurow, 1994). We collected data on these three parameters for each snorkel
survey. Stream flow was measured at three Cdifornia Department of Water Resources (DWR) gaging
gations. The gaging stations on the North Fork, South Fork, and mainstem Battle Creek were at
Wildcat Road Bridge (rm 0.9), Manton Road Bridge (rm 1.7), and CNFH (rm 5.8) respectively.
Stream flows are presented as mean daily flow in cubic feet per second (cfs). Turbidity sampleswere
taken at the beginning and end of each reach and anayzed the same day using aModd 2100 Hach
Turbidimeter. An average turbidity vaue was then assgned to each survey day. (In the cases where
only one sample was taken, we used that value) Water temperatures were measured at the beginning
and end of each reach using ahand held submersible thermometer.

Holding location.—We located holding areas of Chinook through stream surveys. The date
and number of Chinook observed per reach were recorded and exact coordinates of holding locations
were documented using a hand held Globa Pogtioning System (GPS) receiver. We used therma
criteria presented by Ward and Kier (1999) to evauate the suitability of water temperatures in Battle
Creek for spring Chinook holding (Table 3). We labeled Ward and Kier's four categories as good,
fair, poor, and very poor. We evauated water temperature data, collected by DWR (S. McReynolds,
Department of Water Resources, personal communication), a an upstream sSite and a downstream site
on the South Fork (Reach 3), North Fork (Reach 1-2), and mainstem Battle Creek (Reach 4-6) from
1 June through 30 September. Evauating temperatures at these Sites provide arange of conditions
Chinook may have been exposed to when holding in each of these three creek segments.

Spawning location and timing—We located Chinook spawning areas and estimated time of
spawning. The date of first observance and number of redds per reach were recorded and exact
coordinates of redds were documented using a GPS receiver. All redds were marked in the field with
flagging in order to differentiate between old and new redds. An attempt was made to determine the
beginning, peak, and end of Chinook spawning.



We used thermal criteria presented by Ward and Kier (1999) to evauate the suitability of
water temperatures in Battle Creek for soring Chinook egg incubation to the eyed-egg stage (Table 3).
Deveopment to the eyed-egg stage would take gpproximately 17 days at 58°F (Piper et d. 1982).
We labdled Kier'sfour categories as good, fair, poor, and very poor. Using these criteriawe
evaluated water temperature data at an upstream ste and a downstream site on the South Fork (Reach
3), North Fork Reach (Reaches 1-2), and mainstem Battle Creek (Reach 4-6) from 15 September
through 31 October. Evauating temperatures at these Stes provide arange of conditions Chinook eggs
may have been exposed to in each of these three creek segments.

Tissue collection for genetic analyses

Tissue samples were collected from unclipped Chinook captured at the fish trap and from
carcasses collected during stream surveys. Scissors were used to obtain three small pieces of fin tissue.
Two pieces were stored in smdl vids containing T.E.N. buffer (Tris, EDTA, and NaCl) and one was
dried and stored in ascae envelope. One vid sample was sent to Bodega Marine Laboratory (BML)
for genetic analyses and the other two samples were archived a the RBFWO. At BML, DNA was
extracted usng the Puregene method and individuas were genotyped at 7 loci (Hedgecock et d.
2001). Two separate methods were then used to andyze the genetic information; mixed stock andysis
(MSA) and individud assgnment (WHICHRUN). MSA does not assign arun to individud fish but
assigns proportions of amixed stock to specific runs. MSA has a minimum sample size requirement of
goproximately 100. WHICHRUN is used to determine if an individud fish is awinter Chinook or non-
winter Chinook.

Results
Coleman National Fish Hatchery Barrier Weir

Trapping.—A total of 45 Chinook were captured in the barrier weir trap between 3 March
and 8 May 2001. Of these, 14 were clipped, 30 were unclipped, and 1 escaped (unknown clip status)
which was designated as unclipped (Table 4).

We retrieved coded-wire tags from the 14 clipped Chinook captured in the trap. Tag codes
reveded al 14 to be late-fall Chinook from CNFH (Appendix A). All tagged CNFH Chinook were
from hatchery releases where 100% of the fish received atag and an adipose-fin clip. We did not
recover any coded-wire tagged winter Chinook.

A totd of 86 rainbow trout were captured in the barrier weir trap. Of these, 25 were clipped,
57 were unclipped, and 4 escaped prior to being examined for an adipose fin (Table 5). We
designated the 4 unknown clip status rainbow trout as unclipped based on the proportion of clipped
and unclipped observed for that particular week (or surrounding weeks). We released dl rainbow
trout upstream of the weir and therefore did not recover coded-wire tags.

Video counts.—A totd of 74 Chinook were observed passing through the barrier weir fish
ladder between 8 May and 31 August 2001. Of these, 4 were clipped, 68 were unclipped, and 2 were
of unknown clip status. We designated the 2 unknown clip status Chinook as unclipped based on the
proportion of clipped and unclipped observed for that particular week (Table 6). During the video



monitoring period, 81% (2254.7 hours) of the afforded passage was video recorded with agood or fair
picture qudity (Table 6). Video equipment mafunctioned and no recordings were made from 10 July
through 24 July. However, for this period we have other data that suggested that no Chinook were
passng; 1) aVAKI Riverweatcher dectronic fish counting system (ingtaled at the video monitoring
station) did not detect any Chinook; 2) no Chinook were observed passing 10 days prior to and 20
days following the unrecorded period; and 3) water temperatures during this period at the mouth of
Battle Creek averaged 70°FF. High water temperatures may have discouraged Chinook from entering
Battle Creek. Therefore, using the combination of monitoring methods including video and the VAKI
system, we monitored 95% of afforded Chinook passage past the barrier weir during this period.

A totd of 35 rainbow trout were observed on video tape passing through the barrier weir fish
ladder. Of these, 4 were clipped, 30 were unclipped, and 1 was of unknown clip status (Table 7). We
designated the unidentified rainbow trout as unclipped based on the proportion of clipped and
unclipped observed for that particular week. The VAKI system was not used to count rainbow trout.
Therefore, using video aone, we monitored 81% of afforded rainbow trout passage by the barrier weir
during this period. No passage estimate was made for the period when video equipment malfunctioned
(20 July through 24 July) since rainbow trout were not observed passing the barrier weir 6 days prior
to and 20 days following the unrecorded period.

Passage estimati on.—Passage estimates for clipped and unclipped samonids are higher than
actual numbers observed due to our accounting for unknown clip status fish and our estimates made
during periods of poor video quality. We estimate 5 clipped and 111 unclipped Chinook passed
through the barrier weir fish ladder into upper Battle Creek between 3 March and 31 August 2001.
An additiona 94 unclipped Chinook were released above the barrier weir by CNFH personnel prior to
opening the barrier weir fish ladder on 3 March (Table 8). These 94 Chinook were diverted from
lower Battle Creek into the hatchery as part of the late-fall Chinook propagation program. Because
CNFH personnel mark 100% of their late-fall production with an adipose-fin clip and coded-wire tag,
these 94 Chinook were considered natural-origin and were released into Battle Creek to spawn
naturdly.

We estimate 30 clipped and 94 unclipped rainbow trout passed through the barrier weir fish
ladder between 3 March and 31 August 2001. An additional 1,352 clipped and 131 unclipped
rainbow trout were released above the barrier weir by CNFH prior to 3 March (Table 8). The
rainbow trout rel eased above the barrier weir prior to 3 March were taken into the hatchery as part of
the steelhead propagation program but were not used as brood stock. Based on atotal passage
estimate of 1,382 clipped steelhead and a mark rate of 99.74%, we estimate atotal hatchery-origin
contribution of 1,386 (clipped and unclipped) and atota natural-origin contribution of 221.

Migration timing.—The migration of unclipped Chinook past the barrier weir began the week
of 3-10 March (the first week the fish ladder was open) and peaked the week of 13-19 May. The
middle 50% of the run (Interquartile Range) passed between 28 April and 7 June (Figure 2). There
was a continuous 44 day period (30 June through 13 August) in which Chinook did not appear to
migrate above the weir. Following this period, migration of unclipped Chinook was observed during
the find 3 weeks of barrier welr fish ladder operation.

The tempord distribution of clipped Chinook observed at the barrier weir appearsto be
different from that of unclipped Chinook (Figure 2). The migration of clipped Chinook aso began the
week of 3-10 March but peaked the second week of trap operation and declined steadily through
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May. One additiond clipped Chinook was observed on 26 August. Coded-wire tags revedled that at
least thefirst 14 observed (out of 18 total) were late-fall Chinook from CNFH.

Rainbow trout migrating past the barrier weir showed primary and secondary peaks in passage
numbers (Figure 3). Passage of rainbow trout was greatest during the initial week of trap operation (3-
10 March), after which weekly counts of rainbow trout gradualy declined until 12 May when counts
began rising again. A smaler secondary peak of rainbow trout passage occurred the week of 18-26
May. Following the secondary pesak, weekly counts of rainbow trout again declined, eventualy
reaching zero for a period of 41 days (4 July - 13 August). Unlike Chinook, the tempora distributions
of clipped and unclipped rainbow trout do not appear to be different.

Sze, sex, and age composition.—Chinook captured in the barrier weir trap had a mean fork
length of 70 cm and ranged in length from 43 cm to 91 cm (n=41). The length-frequency digtribution
was gpproximately norma with amode of 71-75 cm (Figure 4). The distribution was nearly continuous
with gaps at 46-50 cm and 56-60 cm.

Rainbow trout captured in the barrier weir trap had a mean fork length of 45 cm and ranged
from 6to 72 cm (n=81). The length-frequency distribution for rainbow trout was gpproximeatey
norma with amode of 46-50 cm (Figure 5). The distribution of rainbow trout lengths was continuous
after excluding data from two juveniles (6-15 cm) captured in the trap.

The ratio of male to femae Chinook captured in the barrier weir trap was very different for
clipped and unclipped fish. The sex ratio for clipped Chinook (which were dl late-fal run) was 1:1.8
(n=14). The sex ratio for unclipped Chinook was 1:28.0 (n=29). For rainbow trout, the ratio of mae
to femaewas 1:1.9.

Age was determined from tagging records for al coded-wire tagged Chinook captured in the
barrier weir trap. The ages of tagged Chinook included 3-year-olds (n=7), 4-year-olds (n=5), and 5-
year-olds (n=2). There was overlgp in fork length between Chinook of different ages (Figure 6). Age
was not determined for unclipped Chinook. Also, age was not determined for rainbow trout, as all
coded-wire tagged rainbow trout were rel eased above the barrier welr.

Stream Surveys

During regularly scheduled monthly stream surveys, we observed 22 adult Chinook in July, 27
in August, 25 in September, and 16 in October (Table 9). During regular monthly surveys and
supplementa surveys, we observed atota of 32 redds above the barrier weir: 1 in September and 31
in October. We recovered atotal of 8 carcasses: 3 in July and 5 in October. One carcass, recovered
on 19 October, was an adipose-fin clipped (coded-wire tagged) 3-year-old spring Chinook from
Feather River Hatchery (Figure 6; Appendix A). Genetic andysis of the other 7 carcassesis reported
in the section Tissue collection for genetic analyses.

Tota rainbow trout observed by month show that the highest number of trout was 3,300 in
August followed by 2,829 in duly, 2,698 in September, and 2,515 in October (Table 11). Rainbow
trout were counted and categorized as smdl, medium, and large in al reaches except Reach 3 (Table
10). Smal rainbow trout were the dominant size group in the North Fork (reaches 1 and 2) while
medium rainbow trout were the dominant size category in maingem reaches 4 and 5. Mainstem
reaches 6 and 7 had near equa numbers of smalls and mediums. Large rainbow trout were most
common in the lowest reach (Reach 7). Mean rainbow trout numbers by reach (Table 11) show that
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Reach 4 had the greatest abundance (896) followed by Reach 1 (698). The fewest rainbow trout were
observed in Reach 6 (192). Reach 7 was excluded from the means because it was only surveyed 2 of
the 4 months.

Conditions for snorke type surveys (all reaches except Reach 3) were good to excellent:
stream flows were stable (Figure 7), temperatures ranged from 54° to 74°F, and average daily turbidity
was low (0.6 to 1.8 NTU). Conditions for walking and helicopter surveys of Reach 3 were excellent
as creek flows were low (gpprox. 7 cfs) and average daily turbidity was very low (0.5to 0.8 NTU).
The presence or absence of an adipose fin usualy could not be determined for Chinook seen during our
surveys.

Holding location.—Monitoring results indicate Chinook held in Battle Creek for about 4
months (from early June through early October) prior to spawning. Barrier weir monitoring showed
that 75% of unclipped Chinook migrating into Battle Creek had passed the weir by 7 June. Stream
surveysindicated that most Chinook did not spawn until early October (see below). Therefore, we
considered survey observations made during July, August, and September to be during the holding
period for spring Chinook in 2001.

From July through September, 68% of Chinook held in the South Fork (Reach 3) and 32 % in
the mainstem (reaches 4-7). We did not observe Chinook holding in the North Fork during these three
months (Table 9).

Counts of Chinook in the South Fork (Reach 3) were very consstent throughout the summer;
ether 16 or 17 fish. The mgority of these Chinook presumably moved into the South Fork under
extremely low-flow conditions (gpprox. 7 cfs) sometime between 31 May and 19 July. On 31 May
during a preliminary helicopter survey, we observed zero Chinook but, by the time regular surveys
began on 19 July, we counted 17 Chinook. Throughout the survey period, we repeatedly observed
Chinook holding in afew pools, primarily between rm 1.7 and 2.5. Coleman Diverson Dam (rm 2.5)
was the upper limit to fish migration on the South Fork due to the impassable fish ladder.

Counts of Chinook in the mainsem were 5in July, 10 in August, 9 in September, and 7 in
October (Table 9). We observed the mgority of the Chinook repesatedly in alarge deep pool in Reach
4. We observed the other Chinook in changing locations throughout the summer.

Using the Ward and Kier (1999) thermd criteria, we evauated South Fork water temperatures
at Coleman Diverson Dam (rm 2.5) and Manton Road Bridge (rm 1.7; Figure 8). Chinook holding in
the South Fork were located between these two sites with the exception of 3 Chinook holding at rm
0.6. At the upstream site, mean daily temperatures were classified as good 73 days (60%) and fair 49
days (40%) between 1 June and 30 September. At the downstream Site, temperatures were good 12
days (10%), fair 46 days (38%), and poor 58 days (48%) during the same period with no data
avallable for 6 of the days. Mean dally water temperatures at Manton Road Bridge were on average
5.4°F higher (SD 1.4) and up to 7.3°F higher than a Coleman Diverson Dam .

We evduated North Fork holding temperatures at Eagle Canyon Dam (rm 5.2) and the
Coleman Cand crossing (rm 0.1; Figure 9). Fish were not able to pass above Eagle Canyon Dam. At
the upstream sSite, mean daily temperatures were classfied as good 122 days (100%) between 1 June
and 30 September. At the downstream site, temperatures were good 23 days (19%), fair 97 days
(79%), and poor 2 days (2%) during the same period. Average flow in the North Fork was 41 cfs
(SD 3.8) during thistime period.
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We evduated mainstem Baittle Creek holding temperatures near the confluence of the two forks
(rm 16.0) and above the Coleman Powerhouse tailrace (rm 7.6; Figure 10). At the upstream Site,
mean daily temperatures were classified as good 14 days (11%), fair 64 days (52%), and poor 9 days
(6%) between 1 June and 30 September with no data available for 35 of the days. At the downstream
Site, temperatures were good 3 days (2%0), fair 36 days (30%), and poor 83 days (68%) during the
same period.

Spawning location and timing.—We observed 12 redds in the South Fork, 11 in the North
Fork, and 9 in the mainstem (Table 9). In the South Fork, Chinook began spawning by 18 September
(1 redd), congtructed the mgority of their redds in the first two weeks of October, and finished
spawning by 16 October (Table 9). Our last survey on the South Fork was a supplemental survey on
31 October. In the North Fork, Chinook began spawning between our surveys on 17 September and
16 October. Our last survey on the North Fork was 16 October. 1n the mainstem, Chinook began
pawning between our surveys on 19 September and 19 October. Our last survey on the mainstem
was 19 October. Redds on the South Fork remained clearly visible during subsequent surveys for up
to 6 weeks. All other redds were observed during the fina survey of the season.

Seventy-two percent of Chinook redds were located in the North Fork and South Fork of
Battle Creek. Most of the redds in the South Fork were close to the Coleman Diverson Dam where
the fish ladder was impassable. On the North Fork, an open fish ladder allowed Chinook to pass
above Wildcat Dam (rm 2.50) and potentidly continue up as far as Eagle Canyon Dam (rm 5.25)
where the fish ladder was closed. We observed redds above Wildcat Dam, but only asfar up asrm 3,
which is downstream of a narrow high-velocity cascading waterfdl. Downgream of the waterfdl, we
observed a series of four redds, located within 0.15 miles of each other, on the first four available
gpawning riffles. One live Chinook was observed in the pool below the waterfdl. The waterfdl was
roughly 4 feet high and 4 feet long.

Using the Ward and Kier (1999) therma criteria, we evauated South Fork water temperatures
at Coleman Diverson Dam (rm 2.5) and Manton Road Bridge (rm 1.7; Figure 8). Chinook reddsin
the South Fork were located between these two sites with the exception of 1 redd downstream at rm
1.1. At the upstream sSite, mean daily temperatures were classified as good 41 days (87%) and fair 6
days (13%) between 15 September and 31 October. At the downstream site, temperatures were
good 27 days (57%), fair 7 days (15%), poor 7 days (15%), and very poor 6 days (13%). Average
flow in the South Fork was 8 cfs (SD 2.0) during this period.

We evduated North Fork incubation temperatures at Eagle Canyon Dam (rm 5.2) and
Coleman Cand crossing (rm 0.1; Figure 9). Fish were not able to pass above Eagle Canyon Dam. At
the upstream site, mean daily temperatures were classified as good 47 days (100%) between 15
September and 31 October. At the downstream site, temperatures were good 28 days (59%), fair 13
days (28%), and poor 6 days (13%). Average flow in the North Fork was 43 cfs (SD 1.8) during this
time period.

We evauated maingtem Battle Creek incubation temperatures near the confluence of the two
forks (rm 16.0) and above the Coleman Powerhouse tailrace (rm 7.6; Figure 10). At the upstream
Ste, mean daily temperatures were classified as good 27 days (57%), fair 10 days (21%), poor 8 days
(17%), and very poor 2 days (4%) between 15 September and 31 October. At the downstream site,
temperatures were good 14 days (30%), fair 8 days (17%), poor 4 days (8%), and very poor 21 days
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(45%). Average flow for this creek segment was not determined asthere is no gaging station above the
Coleman Powerhouse tailrace.

Tissue collection for genetic analyses

Samples from 35 Chinook (27 from barrier welr trapping and 8 from carcasses collected after
July 18) were andyzed by BML (Hedgecock et d. 2002). Using the WHICHRUN individud run
assgnment methodology, 33 of the sampled fish were determined to be non-winter Chinook and 2
could not be andyzed due to the poor qudity of the tissue samples (Appendix B). Although mixed
stock andysis (MSA) is not recommended for sample sizes below 100, the MSA results suggested the
sample contained no winter Chinook, and assigned 92% of the sample as spring Chinook and 8% as
fal Chinook.

Discussion

We estimate 5 clipped and 111 unclipped Chinook passed through the Coleman Nationa Fish
Hatchery (CNFH) barrier weir fish ladder into upper Battle Creek between 3 March and 31 August
2001. Itisdifficult to precisdy apportion these fish to individua runs of Chinook because of overlgpsin
migration timing between runs. However, based on a combination of information from migration timing,
coded-wire tag recoveries, and genetic analyses, the following estimates were made: 0 to 4 were late-
fal Chinook, O to few were winter Chinook, approximately 100 were spring Chinook, and 9 to 14
were fal Chinook. We bdlieve rdatively few fal Chinook were able to jump over the barrier weir and
avoid detection at the fish ladder monitoring station, due to low flowsin 2001. These passage estimates
were made while the fish ladder into Battle Creek was open which included dmost the entire oring
Chinook migration period, but did not include the entire migration period for winter, fal, and late-fdl
Chinook. When the fish ladder into Battle Creek was closed, an unknown number of sdmonids may
have jJumped the barrier weir. Therefore estimates of winter, fall, and late-fal Chinook may be partid
counts of salmon entering the watershed above the barrier weir. Our use of “few”, “about”,
“approximately”, and numerica ranges are deliberate to describe the degree of certainty and variability
of our estimates.

An additiona 94 unclipped Chinook were passed above the barrier weir prior to 3 March by
CNFH personnel during their late-fall Chinook propagation program. Late-fal Chinook broodstock
are collected at CNFH from mid-December through February. Since 1992, CNFH has adipose-fin
clipped and coded-wire tagged 100% of their late-fal production. Therefore, unclipped Chinook
taken into the hatchery during this period are congdered to be naturd-origin late-fall and are released
above the barrier weir. Of the released fish, some could have been late-arriving fal Chinook (hatchery
or naturd-origin), natural-origin winter Chinook, or naturd-origin oring Chinook. Based on run timing
and the absence of winter Chinook passing the barrier weir during the period of trap operation, we
suggest that most of the 94 unclipped fish rleased prior to 3 March were late-fall Chinook and perhaps
afew were early returning spring Chinook. Genetic samples were not collected from the released fish.

Run identification of Chinook is difficult for the period of trgp operation at the barrier weir (3
March to 8 May) because this period coincides with the end of the upper Sacramento River late-fall
run migration, the middle and end of the winter run migration, and the beginning of the spring run
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migration (Vogd and Marine, 1991). We bdieve that nearly al unclipped Chinook (n=29) released
above the barrier weir during trap operation were spring Chinook for the following reasons. 1) our
estimate of unclipped late-fal Chinook was 0 or 1; 2) no winter Chinook were geneticaly identified; 3)
the tempora distribution coincides with other nearby spring Chinook populations; and 4) MSA genetic
anayss suggests that most were spring Chinook. We recovered coded-wire tags from dl clipped fish
captured in the trap (n=14), al of which were identified as late-fall Chinook. It may be that 1 unclipped
Chinook released above the barrier weir during this same period may have been alate-fal run
considering that a 1:11 ratio of unclipped to clipped late-fal Chinook entered CNFH in 2001. Tissue
samples from 27 of the unclipped Chinook captured in the trap were submitted for genetic anayses.
The WHICHRUN genetic method determined dl to be non-winter Chinook. The MSA genetic
method (which included 8 additional samples collected later during the stream survey period), dthough
not recommended for sample sizes less than 100, suggested that none were winter Chinook and
gpportioned 92% as spring Chinook, 8 % as fal Chinook, 0% as late-fal Chinook.

Thefirg hadf of the video monitoring period (8 May through 1 July) coincides with the very end
of late-fdl Chinook migration, the end of winter Chinook migration, the middle and end of soring
Chinook migration, and possibly the very beginning of fal Chinook migration. We estimate 4 clipped
Chinook passed the barrier weir during this period and they appear to represent the tail end of the
hatchery late-fal migration (Figure 2). (One clipped and coded-wire tagged spring Chinook from
Feather River Hatchery was recovered during a stream survey and may have passed during this
period.) The 1:11 ratio of unclipped to clipped late-fal Chinook entering CNFH in 2001, and the 4
clipped fish video observations suggest thet it is unlikely that any unclipped late-fal passed the weir
during this period.

After video monitoring was initiated, the migration of unclipped Chinook continued to increase,
peaked the week of 13-19 May, and then gradually declined to zero by 30 June (Figure 2). This
tempord digtribution resembles the migration timing of spring Chinook in upper Sacramento River
tributaries such as Mill and Deer creeks which typicaly beginsin March, pesks during May, and ends
in early July (C. Harvey Arrison, Cdifornia Department of Fish and Game, personal communication).
Unclipped Chinook aso could have been winter run but we believe few to none were because winter
run were not detected during the period of trap operation. We dso believe it isunlikely that unclipped
fal Chinook passed the barrier weir prior to 1 July as less than 5% of the run are reported to pass Red
Bluff Diverson Dam (located on the Sacramento River 29 miles downstream of Battle Creek) by 15
July (Voge and Marine, 1991).

The second hdf of the video monitoring period (1 July through 31 August) began with 45
consecutive days during which Chinook did not pass above the barrier weir and ended with afina
pulse of an estimated 14 Chinook (1 clipped) passing the barrier weir from 14-31 August. The 1
clipped Chinook was most likely either a CNFH fal run (CNFH marked 8% of their fal run production
in 1998) or the Feather River Hatchery spring run recovered during a stream survey. Undlipped
Chinook passing the weir in August may have been ether spring or fal Chinook. The digtinct and
prolonged tempora separation between the primary and secondary (August) migration periods of
unclipped Chinook suggests that these fish were from two separate populations with the August fish
representing the beginning of the fal Chinook migration. MSA genetic test resultsindicate that 8% of
the genetic samples were fal Chinook. Applying the 8% fal Chinook of the genetic samplesto the 111
unclipped Chinook passing the barrier weir suggests that 9 of the unclipped Chinook were fal run.
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Application of MSA population percentages should be viewed with caution due to our smdl sample
sze and because genetic sampling was not evenly distributed throughout the entire monitoring period.
Based on the tempord digtribution of genetic sampling, fal Chinook would have been under-
represented; 27 of the samples were collected during barrier weir trapping, prior to fall Chinook
migration, and only 8 samples were collected during the stream survey period from ether spring or fal
Chinook. High water temperatures at the mouth of Battle Creek during July and early August may have
crested athermd barrier, discouraging Chinook from entering Baitle Creek and delaying the migration
of some soring run. Therefore, some of the 14 Chinook passing the weir in August could have been
gpring Chinook.

Chinook have been observed jumping over the CNFH barrier. It may bethat at flows lessthan
350 cfs, the water flowing over the gpron of the barrier weir istoo shdlow for most sdmonidsto gain
enough speed to jump the height of the weir (USFWS, 2001). During the 2001 monitoring period,
mean daily flows were below 350 cfs for 116 days (64% of the monitoring period). Low flows
probably made jumping the weir more difficult and salmonids would have likely taken the eeser route
through the open fish ladder and our monitoring station.

After the fish ladder was closed on 31 August, flows remained below 350 cfs until 20
November effectively blocking the passage of fal Chinook above the barrier weir and reducing the
potentid for fall Chinook to interbreed with spring Chinook. Stream survey counts of live Chinook can
be an indicator of fal Chinook jumping the barrier weir in October when large numbers of fal Chinook
arein Battle Creek below the barrier weir. For example, 1998 was a high flow year and average
monthly stream survey counts of adult Chinook in July, August, September, and October were 7, 26,
65, and 253 (the barrier weir was closed on 1 July in 1998). In contrast, 2001 was alow flow year
and stream survey counts for the same months were 22, 27, 25, and 16. These results suggest that
relatively few fal Chinook jumped the wer in 2001.

No winter Chinook were captured during trapping based on coded-wire tag data and genetic
andyses. Zero to few were estimated to have passed during video monitoring based on migration
timing and the absence of winter Chinook during trapping. Winter Chinook may have jumped the
barrier weir or may have been a portion of the 94 Chinook passed upstream of CNFH during late-fall
Chinook propagation.

Sex ratio was determined for clipped and unclipped Chinook captured in the barrier weir trap.
The maeto female sex ratio was 1 to 1.8 (n=14) for clipped Chinook and 1 to 28.0 (n=29) for
unclipped Chinook. The sex ratio for clipped (late-fal) Chinook iswithin the norma range of vaues
reported from other Centrd Valey Chinook investigations (Snider et d.1998; Snider et d. 1999), but
the sex ratio for unclipped Chinook iswell outsde the norma range. One explanation for the extreme
difference in sex ratios is that mae late-fal Chinook (clipped) captured in the trap are dmost ready to
spawn, express sex products when gently squeezed, display fully devel oped secondary sex
characteristics such as ahooked jaw and large teeth, and were accurately and easily classified as maes.
In contrast, unclipped mae Chinook captured in the trap may likely be soring Chinook entering Béttle
Creek severd months prior to spawning. Spring Chinook entering the trap would not be ripe (sex
products could not be extruded by gently squeezing the belly), would not display well developed
secondary sex characterigtics, and may have been misdentified asfemdes. The unlikely sex ratio for
unclipped Chinook captured in the trap may support the hypothesis that the mgjority of these fish were
gpring Chinook.
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We estimate 1,382 clipped and 225 unclipped rainbow trout were released above the CNFH
barrier weir in 2001 for atota of 1,607 rainbow trout. Of these, we estimate that 1,386 were hatchery
steelhead and 221 were natura-origin rainbow trout. Because CNFH has marked 100% of their
steelhead production since 1998 and CNFH steelhead return as either 2, 3, or 4 year-old fish (Table
1), thisisthe last year that we would expect to find unclipped hatchery steelhead in Battle Creek.

The video recorded portion of barrier weir monitoring began 8 May and continued through 31
August. During this period, we were able to monitor 95% of Chinook passage (81% using video
footage and 14% using the VAKI dectronic fish counter when video equipment malfunctioned) and
81% of rainbow trout passage. We ingtdled the VAKI system in 2001 on atrial basisto test its
usefulness as a backup system to video taping. The VAKI system counted adult Chinook passage but
itsinfrared imaging system could not reliably detect the presence or absence of an adiposefin or
differentiate between species of smdler sze.

We monitored the movement and spawning of adult Chinook observed migrating into upper
Battle Creek by conducting stream surveys. Surveys began in late July and ended in late October. In
past years, surveys typicaly began in early June but were postponed in 2001 due to delays in acquiring
written permission from landowners to access private lands. Survey dates allowed for effective
monitoring of spring Chinook but were too late in the year to effectively monitor the movement and
spawning of late-fall or winter Chinook. We recommend beginning future surveysin early May to be
able to detect possible winter Chinook spawning.

Stream survey results indicate many Chinook held in Battle Creek for about 4 months prior to
spawning; from early June through early October. Chinook held mainly in the South Fork Battle Creek
and, to alesser degree, in the mainstem Battle Creek. Chinook were not observed in the North Fork
until after pawning began in October suggesting ether that we missed fish in the North Fork dueto
flow and complex geomorphology or that Chinook holding in the mainstem moved up into the North
Fork to spawn. Actua Chinook numbersin the North Fork may have been higher than we counted.
Stream survey counts are not population estimates but indexes of abundance.

Stream surveys in the two forks may have observed very different proportions of Chinook,
because lower flow in the South Fork made observation easier and geomorphology in the North Fork
made observation more difficult. The North Fork stream channd contains complex rock and stream
channd formations including clusters of large boulders, narrower canyon walls which cast shadows, a
steeper gradient resulting in more bubble curtains and more turbulence, and more safety distractions for
snorkders, dl of which can reduce the likelihood of seeing Chinook.

We were nonetheless surprised to observe up to 17 Chinook holding in the South Fork and
none holding in the North Fork since conditions were often poor in the South Fork and much better in
the North Fork. 1nthe North Fork, the Interim Flow Project provided base flows of approximately 30
cfsreaulting in suitable water temperatures for soring Chinook holding. In contrast, South Fork flows
downstream of Coleman Diverson Dam were reduced for the season to 5 cfs on 31 May, causing
water temperatures to rise quickly.

During May, PG& E stopped diverting water from the South Fork a Coleman Diverson Dam
during maintenance of the Coleman Powerhouse. The planned powerhouse outage resulted in
increased flows in the South Fork for afew weeks before flows decreased to 5 cfs for the remainder of
the dry season. The increased flows may have atracted Chinook into the South Fork where they
would have been negatively impacted by high water temperatures and lack of habitat when flows
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decreased following the outage. Flows at Manton Road Bridge were as high as 132 cfsfor severd
weeks. Flows were ramped down to 58 cfs on 21 May, and to 25 cfson 22 May. On 23 May we
surveyed the South Fork by helicoptor and on the ground and saw 2 Chinook the same day that PG& E
personnel reported seeing 4 Chinook just downstream of Coleman Diverson Dam. Flows were
ramped down to 15 cfs|later that day and then maintained for aweek to alow Chinook to back out of
the South Fork. On 31 May we surveyed by helicopter and on the ground and saw no Chinook on the
South Fork. Flows were ramped to 5 cfs later that day. On 19 July our stream survey counted 17
Chinook and 3 carcasses on the South Fork. On 30 July our stream survey counted 16 Chinook and
our helicopter survey saw 14 Chinook in the South Fork suggesting that our helicopter surveys
successfully detected Chinook. Subsequent stream surveys saw similar numbers of Chinook suggesting
that they stayed put under adverse temperature conditions and that they did not back down.

Decreased flows and resulting high water temperatures in the South Fork gpparently did not prevent
Chinook from moving in as the mgority entered the South Fork following the 31 May flow reduction (O
Chinook were observed before and a maximum of 17 Chinook were observed after the flow
reduction).

Observations on the South Fork suggest four possihilities: 1) that few Chinook were attracted
into the South Fork during the outage; 2) that many Chinook were attracted into the South Fork during
the outage but that they moved back out as flows were ramped down. We have no evidence for this
and we suggest that if so, they must have backed down before our helicopter surveys, 3) that Chinook
were attracted into the South Fork later during low flows because they were returning to their natal
stream. Chinook returning to the South Fork may have originated from that creek and chose to return
to their nata stream in spite of unfavorable conditions. Assuming most spring Chinook return as 3-
year-old fish, adults returning in 2001 would have been spawned in 1998. 1n 1998 conditionsin the
South Fork were favorable for Chinook production as stream flows were gpproximately 34 cfsin
August and September and 85 redds were observed in the South Fork; and 4) that Chinook were
fasdy attracted into the South Fork later during low flows due to extensive mixing of North Fork water
into the South Fork by the PG& E hydropower system (Ward and Kier, 1999). We have no meansto
distinguish this possibility from number 3.

During the holding period, al Chinook that we observed were subjected to “fair” water
temperatures which could result in some mortaity and reduced fertility. At Manton Road Bridge
(South Fork rm 1.7) water temperatures were “poor” for 58 days (48%) between 1 June and 30
September.  Spring Chinook holding in poor conditions do not spawn successfully. Maost Chinook
holding in the South Fork were distributed upstream of the bridge in cooler water but three Chinook
were repeatedly observed downstream of the bridge.

Chinook spawned in al six survey reaches above the barrier weir. The greatest density of
redds occurred in the South Fork (Reach 3) followed by the lower North Fork (Reach 2). For Reach
3, twice-amonth surveys indicate that spawning began in mid-September, peaked in early October,
and ended by mid-October. In dl reaches other than Reach 3, spawning was only documented on the
fina monthly survey of the year (15-19 October) at which time live Chinook were aso observed and
may have spawned &t alater date.

We did not survey often enough to establish specific spawning dates for determining the
complete temperature regime that incubating Chinook eggs experienced. We were able to determine
that Chinook eggs incubating in the South Fork and upper mainstem Battle Creek (reaches 4 and 5)

18



experienced water temperatures at least as bad as“fair” which possibly caused some egg mortdity. In
addition, it is possible that incubating Chinook eggs experienced water temperatures as bad as“fair” in
the North Fork and “poor” in mainstem Reach 5 and in the South Fork. Reddsin Reach 6 were
congtructed below the Coleman Powerhouse tailrace which introduces rdlatively cold water, suitable for
egg incubation, back into Battle Creek.

Spawning of potentia spring Chinook may have been delayed as 95% of upper Sacramento
River spring run are reported to spawn by mid-September (Vogd and Marine, 1991). On Mill Creek,
the peak of spawning activity for spring Chinook was estimated to be the last week of September and
the first week of October (Harvey Arrison, 2001). In Battle Creek, in previous years with better water
temperatures, spring Chinook began spawning by mid-September (RBFWO, unpublished data). In
2001, Chinook holding in the South Fork may have ddlayed spawning because of unsuitably high water
temperatures and low flows. We observed redds in the South Fork being built progressively farther
downstream as the spawning season progressed. We observed the firgt redd in the coolest water
immediately below Coleman Diverson Dam (rm 2.5) on 18 September. At thistime water
temperatures for egg incubation were rated asfar at the dam but very poor (lethd) downstream at
Manton Road Bridge (rm 1.7). By the following survey on 3 October, water temperature ratings had
upgraded to good at the dam and poor at the bridge and we observed new redds midway between the
dam and the bridge. On 16 October, our next survey, water temperatures at the bridge were rated as
good for egg incubation and we observed anew redd just downstream of the bridge. Because
sgpawning of potential spring Chinook holding in the South Fork was delayed, their progeny would likely
be mis-dassfied asfdl Chinook juveniles according to length criteria commonly used for upper
Sacramento River juvenile Chinook.

Overall, water temperatures in 2001 were adequate for spring Chinook to successfully produce
juveniles but at a reduced number due to temperature-dependant spawner and egg mortdity. During
holding periods, dl Chinook that we observed were subjected to “fair” temperatures which could result
in some mortdity and reduced fertility. Some incubating Chinook eggs experienced high water
temperatures in the South Fork, upper mainstem Battle Creek, and potentidly in the North Fork.
Chinook appeared to delay spawning until temperatures were more suitable. Our temperature, redd
distribution, and spawn timing data taken in combination suggest that most Chinook eggs werein
“good” temperatures for the mgjority of their incubation period.

Based on redd counts (32 totd redds), we estimate a spawning population of 64 Chinook.
This estimate assumes a 1:1 sex rtio, each female constructed one redd, al redds were observed, and
that no redds were constructed following the conclusion of the stream survey. A 1:1 sex ratio has been
used to estimate spring Chinook spawning populations based on redd counts on Mill Creek (Harvey
Arrison, 2001). Redds on the South Fork remained clearly visible during subsequent surveysfor up to
6 weeks suggesting that we would have had a high likelihood of seeing redds during our surveys that
occurred every 4 weeks. Nine Chinook were seen during the final stream survey of each reach, and
some of these fish may have spawned subsequent to the survey.

The difference between the spawning estimate of 64 Chinook and the barrier weir count of 116
suggests that not al of the fish that entered the watershed spawned and that there may have been
ggnificant pre-gpawning mortaity. Possible causes of mortdity include animal predation, poaching by
fishermen, and high water temperatures. One case of poaching was communicated to us by agame
warden and the local landowner. We found remains of three other pre-spawning mortdities for atotal
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of 4. Inthe past few years, biologists have recovered only low numbers of carcasses during stream
surveys and we likely missed many pre-spawning carcasses during our surveys aswell. Therefore, pre-
spawning mortaity may be sgnificant during the summer holding period.

Thisyear’s estimate of 64 spawning adult Chinook indicates a cohort replacement rate of 0.13
from the 1998 redd-based spawning population estimate of 494 (247 totd redds). Thelow
replacement rate could in part be due to alarge number of CNFH fal Chinook spawning above the
barrier weir in 1998. Redtively high flows at the barrier weir in 1998 probably dlowed fal Chinook to
jump over the weir and spawn in the upper reaches of Battle Creek. In 2001, low flows over the weir
made it nearly impassable for fal Chinook following the closure of the fish ladder on 31 August. There
are likely additional unknown causes for the low replacement rate as 67% of 1998 redds were
constructed during the spring Chinook spawning period (i.e. prior to 1 October) suggesting that most
redds were not from fal Chinook.

Our detection rate of live adult Chinook by stream surveys may have been higher on the South
Fork than on other reaches. Based on redd observations, we estimate atotal spawning population of
64 and our highest count of live Chinook during monthly stream surveyswas 27. Y et, when
considering the South Fork only (Reach 3), redd-based estimates and survey counts are much closer;
24 and 17, respectively. As noted previoudy, differencesin flow and geomorphology between reaches
may be responsible for differencesin detection rate.

Observations of live Chinook and redds on the North Fork indicate that a narrow high-velocity
waterfal located a rm 3.05 (Reach 1) may have been abarrier to Chinook migration. One Chinook
was seen in the pool below the waterfall and four redds were located on the first four available
gpawning riffles downstream of the waterfdl. No Chinook or redds were seen upstream suggesting that
Chinook may not have been able to passthis waterfal at the 30 cfs released below Eagle Canyon Dam
during the summer of 2001. Future monitoring is needed to determine if Interim Fow Project (e.g. 25
cfsin 2002) or Restoration Project (35 cfs, NMFS et a. 1999) flows are sufficient for passage at this
temporary barrier. The barrier was not identified in a survey of fish passage barriers conducted in
1988, 1989, and 1990 (TRPA, 1998). Increasing stream flow above 30 cfs, at least periodicaly,
would likely alow Chinook to passthis potentia barrier.

During stream surveys, we observed the highest number of rainbow trout in the upper mainstem
Battle Creek (Reach 4). Possibly acombination of increased habitat due to the higher stream flows of
the mainstem and cooler water temperatures in the upstream portion of the mainstem made conditions
most favorable in Reach 4. We did not observe any rainbow trout redds as our survey period was well
outsde their spawning season.

Monthly stream surveys provided important information on the life history of Chinook and
rainbow trout populations in Battle Creek and possble effects of the Interim Flow Project on these
populations. Additiona surveys (e.g. twice-amonth) of al reaches from May through November
would provide improved: 1) carcass recovery for genetic analyses and coded-wire tag recovery; 2) run
determination; 3) redd based spawner population estimates, 4) evaluation of the effects of water
temperature and water flow on spawning location, spawning timing, and egg surviva; 5) monitoring of
the spatial and tempora separation of threatened spring Chinook and fal Chinook; 6) assessment of the
effectiveness of the barrier weir a blocking fish passage; 7) detection of hydropower system induced
flow fluctuations which could atract sdmonids and potentidly induce spawning in unsuitable locations;
and 8) response time for adaptive management of flows.
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Recommendations

Based on our findings, we make the following recommendations to enhance conditionsin Battle
Creek for the conservation and restoration of Chinook and steelhead and to improve the effectiveness
of our future monitoring efforts. The Fish and Wildlife Service is dready implementing 13 of the 16
recommendetions.

1. Condder dosing the CNFH barrier welr fish ladder earlier in August to inhibit the passage of fdll
Chinook above the weir and the possibility of fall Chinook interbreeding with spring Chinook.

2. Congder reingdling thetrgp in August to collect genetic data to determine run and assess the
gentic risks of passing Chinook during August. If genetic techniques capable of quickly determining if
anindividua Chinook is a spring run become avallable, sdectively passng only spring Chinook could
also be considered.

3. Collect tissue samples from unclipped Chinook released above the barrier weir during the CNFH
late-fal spawning season for genetic andyses to determine run.

4. Andyze tissue samples from unclipped Chinook collected in 2001 and previous years usng newly
developing genetic techniques capable of determining if individud fish are spring Chinook or non-spring
Chinook.

5. Study the effectiveness of the CNFH barrier weir in blocking Chinook passage while the fish ladder
isclosed. Relae the number of Chinook jumping over the weir to flow.

6. Study the impact of barrier welr trgp operation on the passage of salmonids through the fish ladder.

7. Evauate the rate of sdmonid recapture in the barrier welr trgp using the fin clipped during genetic
tissue sampling as the identifying mark.

8. When feasible, increase summer flows in the South Fork Battle Creek below Coleman Diversion
Dam to provide more suitable water temperatures for Chinook holding.

9. If increased flows cannot be provided throughout the summer in the South Fork, do not attract
Chinook into the creek in May during annua maintenance on Coleman Powerhouse. This can be
achieved by requesting PG& E to re-schedule the annua maintenance or by physicaly blocking fish

passage using awelr.

10. Begin stream surveysin early May to detect possible winter Chinook spawning and recover
carcasses for genetic andysis.

11. Continue stream surveys through November to more accurately determine the beginning, pesk,
and end of soring and fdl Chinook spawning.
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12. Increase frequency of stream surveys from May through November to twice a month to provide
improved: 1) carcass recovery for genetic analysis and coded-wire tag recovery; 2) run determination;
3) redd based spawner population estimates; 4) evauation of the effects of water temperature and
water flow on spawning location, spawning timing, and egg surviva; 5) monitoring of the spatia and
tempord separation of threatened spring Chinook and fal Chinook; 6) assessment of the fish-tightness
of the barrier weir; 7) detection of hydropower system induced flow fluctuations which could attract
samonids and potentialy induce spawning in ingppropriate locations, and 8) response time for adaptive
management of flows.

13. Invedtigate the feasibility of monitoring steelhead spawning populations in Battle Creek by
conducting stream surveys from December through April.

14. Invedtigate the feagbility of performing replicate stream surveys to develop confidence intervas for
counts of live chinook, carcasses, and redds.

15. Continue to monitor potentia fish barriers on the North Fork Battle Creek and consider releasing
short term pulse flows below Eagle Canyon Dam to provide improved passage routes for Chinook and
steelhead.

16. Ingtal water temperature recording devices at the downstream boundary of stream survey reaches
4 and 5 to better evaluate temperature effects on Chinook adults and egg surviva.
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TABLE 1.—Mark rates and age distribution of CNFH steelhead returning to Battle Creek in 2001.

Age Age digtribution
Brood year Percent clipped (in 2001) (for 2001)2
1996 0% 5 0%
1997 74% 4 1%
1998 100% 3 271%
1999 100% 2 2%

2Based on a4 year study (1991-1994) of the age distribution of coded-wire tagged steelhead
(n=1427) returning to CNFH (K. Niemda, U.S. Fish and Wildlife Service, personal communicetion).

TABLE 2—Reach numbers and locations with associated river miles (rm) for Battle Creek stream
surveysin 2001

Upstream Downstream
Reach Location rm Location rm
1 (North Fork) Eagle Canyon Dam 5.25 Wildcat Dam 2.50
2 (North Fork) Wildcat Dam 2.50 Confluence of forks 0.00
3 (South Fork)  Coleman DiversonDam 2.54 Confluence of forks 0.00
4 (maingem) Confluence of forks 16.61 Mt. Vdley Ranch 12.79
5 (mainstem) Mt. Valley Ranch 12.79 Ranch Road 9.32
6 (Mmaingem) Ranch Road 9.32 Barrier weir 5.83
7 (maingem) Barier welr 5.83 Lower rotary screw trap 2.84

TABLE 3—Temperature criteria used to eva uate the suitability of Battle Creek water temperatures
for spring Chinook. Criteria are taken from Ward and Kier (1999).

Mean daily water Suitability
Lifedage temperature (°F) Response category
Adult holding #60.8 Optimum Good

>60.8 to #66.2 Some mortdity and infertility Far

>66.2 No successful spawning Poor

$80 Lethd Very Poor
Eggincubetiontothe  #58 <8% mortdity Good
eyed-egg stage >58 to #60 15 to 25% mortaity Far

>60 to #62 50 to 80% mortdlity Poor

>62 100% mortaity Very Poor
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TABLE 4.—Chinook captured at CNFH barrier weir trap and associated passage estimates?for 2001.

Actual Actua Actua Passage Passage estimate;
number number number edimate: unclipped
Dates clipped  unclipped unknown clipped ®
3-10 March 3 3 0 0 3
11-17 March 4 0 0 0 0
18-24 March 3 1 0 0 1
25-31 March 1 2 0 0 2
1-7 April 0 1 0 0 1
8-14 Apil 1 2 0 0 2
15-21 April 0 1 0 0 1
22-28 April 2 13 0 0 11¢
29 April-5 May 0 4 1 0 5
6-8 May 0 0 0 3
Totds 14 30 1 0 29

@ Passage estimates include unknown clip status Chinook apportioned relative to the proportion of clipped and unclipped observed for
that particular week.

® All clipped fish captured in the trap were sacrificed for coded-wire tag recoveries,

¢ Two unclipped Chinook not released upstream.
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TABLE 5—Rainbow trout captured at CNFH barrier weir trap and associated passage estimates # for 2001.

Actud Actua Actua
number number number Passageedimaie  Passage edtimate:
Dates clipped unclipped unknown clipped unclipped
3-10 March 16 22 0 22
11-17 March 6 7 0 g 7
18-24 March 1 13 0 § 13
25-31 March 0 5 0 8 5
1-7 April 0 0 0 5 0
8-14 April 0 1 1 % 2
15-21 April 0 4 0 § 4
22-28 April 1 3 1 3 4
29 April-5 May 1 2 0 8 2
6-8 May 0 0 2 2
Totds 25 57 4 25 61

@ Passage estimates include unknown clip status rainbow trout apportioned relative to the proportion of clipped and unclipped observed
for that particular week (or surrounding weeks).

28



TABLE 6.—Chinook video recorded passing the CNFH barrier weir fish ladder and associated passage estimates 2for 2001.

Actua Actua Actua Passage Passage

Hours of Hours of number number number estimate: estimate:

Dates passage taped passage clipped unclipped unknown clipped unclipped
8-12 May 120 70.2 1 6 0 2 10
13-19 May 168 121.4 1 16 1 1 23
20-26 May 168 168 0 12 0 0 12
27 May-2 June 168 168 1 6 0 1 6
3-9 June 168 168 0 8 0 0 8
10-16 June 168 168 0 8 0 0 8
17-23 June 168 168 0 0 0 0 0
24-30 June 168 168 0 1 1 0 2
1-7 duly 168 168 0 0 0 0 0
8-14 July 168 41.3 0 0 0 0 0
15-21 duly 168 0 0 0 0 0 0
22-28 July 168 83.7 0 0 0 0 0
29 July-4 Aug 168 168 0 0 0 0 0
5-11 August 168 168 0 0 0 0 0
12-18 August 168 168 0 1 0 0 1
19-25 August 168 168 0 6 0 0 6
26-31 August 133 90.1 1 4 0 1 6
Totals 2773 2254.7 4 68 2 5 82

2 Passage estimate cal culations include unknown clip status Chinook apportioned to clipped or unclipped status as well as estimated passage during hours not taped.
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TABLE 7.—Rainbow trout video recorded passing the CNFH barrier weir fish ladder and associated passage estimates 2for 2001.

Actua Actua Actua Passage Passage

Hours of Hours of number number number estimate: estimate:

Dates passage taped passage clipped unclipped unknown clipped unclipped
8-12 May 120 70.2 1 1 0 2 2
13-19 May 168 121.4 0 2 0 0 3
20-26 May 168 168 1 10 1 1 11
27 May-2 June 168 168 2 7 0 2 7
3-9 June 168 168 0 2 0 0 2
10-16 June 168 168 0 1 0 0 1
17-23 June 168 168 0 1 0 0 1
24-30 June 168 168 0 1 0 0 1
1-7 duly 168 168 0 1 0 0 1
8-14 July 168 41.3 0 0 0 0 0
15-21 duly 168 0 0 0 0 0 0
22-28 July 168 83.7 0 0 0 0 0
29 July-4 Aug 168 168 0 0 0 0 0
5-11 August 168 168 0 0 0 0 0
12-18 August 168 168 0 2 0 0 2
19-25 August 168 168 0 2 0 0 2
26-31 August 133 90.1 0 0 0 0 0
Totals 2773 2254.7 4 30 1 5 33

2 Passage estimate cal culations include unknown clip status rainbow trout apportioned to clipped or unclipped status as well as estimated passage during hours not taped.

30



TABLE 8—Totd passage estimates for Chinook and rainbow trout above CNFH barrier weir in

2001.
Chinook Chinook Rainbow trout Rainbow trout
passage; passage: passage: passage;
Passage route clipped unclipped clipped unclipped
CNFH 0 94 1352 131
Barrier weir: trap 0 29 25 61
Barrier welr: video 5 82 5 33
Tota passage 5 205 1382 225
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TABLE 9.—Chinook adults, carcasses, and redds observed during the 2001 Battle Creek stream
urvey.

Reach Date Chinook?® Carcasses Redds

H

07/23/2001 0 0
08/20/2001
09/17/2001
10/15/2001

07/24/2001
08/22/2001
09/18/2001
10/16/2001

05/23/2001°¢
05/31/2001°¢
07/19/2001 17
07/30/2001°¢ 14
07/30/2001° 16
08/21/2001 17
09/18/2001 16
10/03/2001°¢ 13
10/16/2001 7
10/31/2001° 0

O Nk OO Oikr OO

07/25/2001
08/23/2001
09/19/2001
10/17/2001

=
o w

07/27/2001
08/27/2001
09/20/2001
10/18/2001

07/31/2001
08/28/2001
09/21/2001
10/19/2001

OiIkrP OO0 000 0O O0OIPFOO0OO0OWOOOOOOWOOoOIOoOOOIOO OO

08/01/2001
08/29/2001 0

N ~NOOO OO0 OO AR DMNWWWWWWWWWWINDNDDNNEREPR
O OWOOOIWOOOIWOOO0OI0ODLOWRFROOOOOOINOO OO O

OCOWWORrRr~MAOORIOOD®

& Monthly counts may have included multiple observations of the same Chinook.
® Helicopter survey.
¢ Supplementa surveys added to the norma monthly survey schedule.
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TABLE 10.—Rainbow trout numbers observed during the 2001 Battle Creek stream survey.

Reach Date Smdl? Medium? Large® Totd
1 07/23/2001 619 52 0 671
1 08/20/2001 566 46 0 612
1 09/17/2001 740 43 0 783
1 10/15/2001 671 56 0 727
2 07/24/2001 658 49 2 709
2 08/22/2001 529 78 0 607
2 09/18/2001 360 13 0 373
2 10/16/2001 253 21 0 274
3 no rainbow trout data collected during walking surveys
4 07/25/2001 283 368 6 657
4 08/23/2001 543 838 0 1381
4 09/19/2001 321 369 0 690
4 10/17/2001 414 441 0 855
5 07/27/2001 183 368 3 554
5 08/27/2001 188 366 0 554
5 09/20/2001 238 405 0 643
5 10/18/2001 173 312 0 485
6 07/31/2001 162 74 2 238
6 08/28/2001 71 75 0 146
6 09/21/2001 110 98 1 209
6 10/19/2001 88 84 2 174
7 08/01/2001 16 24 17 57
7 08/29/2001 18 19 7 44

agmall fish bear parr marks and are older than young-of-the-year. Medium fish lack parr marks and
arelessthan 22 inchesin length. Large fish are gresater than 22 inches.

TABLE 11.—Rainbow trout totals by month and mean count by reach (all Szes) observed during the
2001 Battle Creek stream survey. 2

Reach July August September October Mean
1 671 612 783 727 698
2 709 607 373 274 491
4 657 1381 690 855 896
5 554 554 643 485 559
6 238 146 209 174 192
Totd 2829 3300 2698 2515

2 No rainbow trout data collected during walking surveys of Reach 3. Reach 7 is not included because
it was only surveyed in July and August.
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FIGURE 1.—Map of Battle Creek depicting location of the Coleman National Fish Hatchery
barrier weir and stream survey reaches for 2001.
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FIGURE 2.—Clipped and unclipped Chinook observed passing through the Battle Creek barrier weir fish ladder in 2001.
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FIGURE 3.—Clipped and unclipped rainbow trout observed passing through the Battle Creek barrier weir fish ladder in 2001.
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FIGURE 4.—L ength frequency distribution of Chinook captured in the Battle Creek barrier weir fish trap in 2001.
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FIGURE 5.—L ength frequency distribution of rainbow trout captured in the Battle Creek barrier weir fish trap in 2001.
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FIGURE 6.—Relationship between fork length and age for coded-wire tagged Chinook captured in the Battle Creek barrier weir fish
trap and recovered as carcasses during stream surveysin 2001.
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FIGURE 7.—Mean daily flows at the Battle Creek barrier weir (mainstem rm 5.8), Wildcat Road Bridge (North Fork rm 0.9), and
Manton Road Bridge (South Fork rm 1.7) for water year 2001. No data available for the South Fork prior to 17 April 2001.

41



76 150

74 — oW
—e— Manton Road
72 -0~ Coleman Diversion Dam [ 129
100
o
S 0
= 75 G
2 E
T
|“_E’ 50
25
0

05/01
06/01
07/01
08/01
09/01
10/01
11/01

FIGURE 8.—South Fork Battle Creek mean daily flows at Manton Road Bridge (rm 1.7) and mean daily water temperatures at
Manton Road Bridge and Coleman Diversion Dam (rm 2.5) during 2001. No data available for the South Fork prior to 17 April 2001.

42



76 150
4 | = Flow
] —e— Coleman Canal Crossing 125
72
] 0 Eagle Canyon Dam
70 -
1 - 100
L 68 A
S 66 2
= 5]
©
g 3
= o
0
|_

FIGURE 9.—North Fork Battle Creek mean daily flows at Wildcat Road Bridge (rm 0.9) and mean daily water temperatures at
Coleman Canal crossing (rm 0.1) and Eagle Canyon Dam (rm 5.3) during 2001.
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Appendix A.—Coded-wire tags recovered during Battle Creek adult Chinook monitoring activities in 2001.

Collection Collection
date location Species Sex Fork length (cm) Tag code Hatchery of origin Run Brood year

03/05/2001  Barrier weir  Chinook Femde 80.6 55048 CNFH? Late-fall 1997
03/05/2001  Barrier weir ~ Chinook Femde 91.0 54237 CNFH Late-fall 1996
03/11/2001  Barrier weir ~ Chinook Mde 52.5 52319 CNFH Late-fall 1998
03/11/2001  Barrier weir ~ Chinook Femde 66.8 52313 CNFH Late-fall 1998
03/11/2001  Barrier weir ~ Chinook Made 77.1 52317 CNFH Late-fall 1998
03/15/2001  Barrier weir ~ Chinook Made 87.0 55058 CNFH Late-fall 1997
03/20/2001  Barrier weir ~ Chinook Femde 77.0 55054 CNFH Late-fall 1997
03/20/2001  Barrier weir ~ Chinook Femde 60.7 54128 CNFH Late-fall 1998
03/21/2001  Barrier weir ~ Chinook Femde 67.5 54129 CNFH Late-fall 1998
03/22/2001  Barrier weir ~ Chinook  Mde 57.5 54129 CNFH Late-fall 1998
03/28/2001  Barrier weir ~ Chinook Made 67.5 54128 CNFH Late-fall 1998
04/1/2001  Barrier weir ~ Chinook Femde 82.3 54231 CNFH Late-fall 1996
04/22/2001  Barrier weir ~ Chinook Femde 69.0 55057 CNFH Late-fall 1997
04/28/2001  Barrier weir ~ Chinook Femde 7.7 55058 CNFH Late-fall 1997
10/19/2001 Reach 6 Chinook Femde 815 601060903 FRHP Spring 1998

@ Coleman National Fish Hatchery.
b Feather River Hatchery.
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Appendix B.—Genetic samples taken during Battle Creek adult Chinook monitoring activities in 2001.

Callection Fork length
Collection date location Species Sex? (cm) Sample ID Run

03/05/2001 Barrier weir  Chinook Femde 72.5 01-2301 Non-winter
03/08/2001 Barrier weir  Chinook Femde 75.5 01-2302 Non-winter
03/09/2001 Barrier weir  Chinook Femde 81.0 01-2303 Non-winter
03/20/2001 Barrier weir  Chinook Femde 67.6 01-2304 Non-winter
03/25/2001 Barrier weir  Chinook Femde 74.9 01-2305 Non-winter
03/25/2001 Barrier weir  Chinook Femde 70.5 01-2306 Non-winter
04/11/2001 Barrier weir  Chinook Femde 72.1 01-2307 Non-winter
04/12/2001 Barrier weir  Chinook Femde 71.3 01-2308 Non-winter
04/19/2001 Barrier weir  Chinook Femde 77.0 01-2309 Non-winter
04/24/2001 Barrier weir  Chinook Femde 70.5 01-2310 Non-winter
04/24/2001 Barrier weir  Chinook Femde 66.7 01-2311 Non-winter
04/24/2001 Barrier weir  Chinook Femde 65.2 01-2312 Non-winter
04/26/2001 Barrier weir  Chinook Femde 73.8 01-2313 Non-winter
04/26/2001 Barrier weir  Chinook Femde 63.9 01-2314 Non-winter
04/26/2001 Barrier weir  Chinook Femde 68.4 01-2315 Non-winter
04/27/2001 Barrier weir  Chinook Femde 73.4 01-2316 Non-winter
04/27/2001 Barrier weir  Chinook Femde 71.0 01-2317 Non-winter
04/27/2001 Barrier weir  Chinook Femde 78.3 01-2318 Non-winter
04/28/2001 Barrier weir  Chinook Femde 70.5 01-2319 Non-winter
04/28/2001 Barrier weir  Chinook Femde 67.8 01-2320 Non-winter
04/28/2001 Barrier weir  Chinook Made 43.3 01-2321 Non-winter
04/28/2001 Barrier weir  Chinook Femde 75.5 01-2322 Non-winter
05/01/2001 Barrier weir  Chinook Femde 68.0 01-2323 Non-winter
05/02/2001 Barrier weir  Chinook Femde 67.0 01-2324 Non-winter
05/03/2001 Barrier weir  Chinook Femde 75.0 01-2325 Non-winter
05/04/2001 Barrier weir  Chinook Femde 61.5 01-2326 Non-winter
05/07/2001 Barrier weir  Chinook Femde 43.6 01-2327 Non-winter
07/19/2001 Reach 3 Chinook Femde 01-1721 Non-winter
07/19/2001 Reach 3 Chinook  Unknown 01-1710 Non-winter
07/19/2001 Reach 3 Chinook  Unknown 01-1703 No data

07/21/2001 Reach 4° Chinook  Unknown 68.6 01-1800 Non-winter
10/17/2001 Reach 4 Chinook Femde 01-1707 Non-winter
10/31/2001 Reach 3 Chinook Femde 66.0 01-1719 Non-winter
10/31/2001 Reach 3 Chinook Femde 71.0 01-1722 Non-winter
10/31/2001 Reach 3 Chinook Femde 67.0 01-1728 No data

@ Some males were likely misidentified as females.
b Collected by California Department of Fish and Game.
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