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Abstract

Since 1996, the U.S. Fish & Wildlife Service and @alifornia Department of Fish and Game
have cooperated on an annual survey of winter @kisalmon returning to the upper
Sacramento River. The U.S. Fish & Wildlife Servscebjective for participation in the survey
is to collect data to evaluate the winter Chinoakn®n supplementation program at the
Livingston Stone National Fish Hatchery. Providethis report is a summary of data from the
2006 Sacramento River winter Chinook carcass supegiynent to evaluation of the
supplementation program.

Return year 2006 was the largest return of winten@ok salmon since 1981, with an estimated
17,298 winter Chinook returning to the survey ar@a.estimated 2,382 of the winter Chinook
were of hatchery-origin, representing approximafel9o of the total run. Return year 2006
marked the completion of brood year 2002 returrsclvhad the highest survival rate of any of
the brood years propagated at the Livingston Siatenal Fish Hatchery. The percentage of
age two males in the 2006 return was very low ingddb recent years; whereas, the percentage
of age four hatchery-origin fish was much high&mporal and spatial distributions of natural-
origin and hatchery-origin fish, and gender ratissre similar. Prespawning mortality was low
for natural-origin fish, but higher for hatcheryigin fish.



I ntroduction

The Sacramento River supports four distinct “rusisChinook salmon@ncorhynchus
tshawytscha): fall-run, late-fall-run, spring-run, and winteun. Winter-run salmon
leave the ocean and enter the Sacramento RiverNimmmmber through June in an
immature reproductive state. They migrate intoupper reaches of the Sacramento
River, hold in cool waters released from Shasta Dand spawn from May through
August between the city of Red Bluff (river mileNR 245) and Keswick Dam (RM
302), the upstream limit of migration. Most wint@hinook salmon spawn at age three,
with the remainder spawning at ages two and foal@dk and Fisher 1985).

Winter Chinook salmon were listed as “threatenauiar the Endangered Species Act in
1989 and their status was changed to “endangenet®94 (59 Federal Register 440). In
1989, the U.S. Fish and Wildlife Service (Servioeyjan propagating winter Chinook
salmon to supplement natural production. The wiGt@nook salmon supplementation
program was initially located at the Coleman Nadidrish Hatchery (NFH) on Battle
Creek, a tributary of the Sacramento River. In8,98e program was moved to the
newly constructed Livingston Stone NFH locatechatlbase of Shasta Dam, to increase
returns to the mainstem Sacramento River.

A primary objective of the winter Chinook carcasswy is to estimate the abundance of
returning winter Chinook. Precise estimates oftaritChinook abundance are necessary
to meet the delisting requirements for the speewes;h are specified in the draft
recovery plan for winter Chinook salmon (Nationahfihe Fisheries Service 1997). The
Service and the California Department of Fish aath& (CDFG) initiated the carcass
survey in 1996 to improve the precision of popuwlatestimates, which had previously
been based on extrapolation of fish counts at #ek Buff Diversion Dam. Population
estimates derived from the carcass survey ardlligtthe electronic CDFG GrandTab
population file, and explained in further detaildrromplementary report from the CDFG
(Killam 2006).

Additional objectives of the carcass survey ar@ljaollect information on several
important life history attributes of winter Chingakcluding: age and gender
composition of the spawning population, pre-spagmrortality rate, and temporal and
spatial distributions of spawning, and (2) colldata useful in evaluating the winter
Chinook supplementation program. The followingapvas prepared by the Service to
address these objectives.



M ethods

Sudy Area & Sampling Protocol

The 2006 carcass survey was conducted on the Sawtamiver, California and was
designed to encompass the primary spawning areastdr Chinook salmon. The
survey area covered approximately 27 miles of tr@nento River and was divided
into four reaches (Figure 1): reach 1 extended fiteerKeswick Dam (RM 302) to the
Anderson-Cottonwood Irrigation District (ACID) Dix&on Dam (RM 298.5); reach 2
extended from the ACID Dam to the Highway 44 Brigg&edding, California (RM
296); reach 3 extended from the Highway 44 Bridgaliove Bourbon Island (RM
288.5), and reach 4 extended from above Bourbandsio RM 275 just downstream of
Balls Ferry Road bridge.

The carcass survey was designed to include theeemititer Chinook spawning period
and was conducted daily from May 1, 2006 througlyusi 25, 2006 in 3-day cycles:
reach 4 on the first day; reach 3 on the secondatayreaches 2 and 1 on the third day.
The order that reaches were sampled was constktenighout the survey.

The survey was conducted with at least two boats) éaving one observer and one
operator. Each boat surveyed from a shorelinkeartiddle of the river. During the

peak time of carcass recovery, up to four boatewsed for sampling. Carcasses were
recovered using a 4.6 meter pole with a five-prongjg attached. Carcass condition was
estimated as “fresh” or “non-fresh”. A carcass wassidered fresh if it had at least one
clear eye, relatively firm body texture, or pinkigji Fresh carcasses were generally more
intact than non—fresh carcasses and parameterasuehgth, gender, and spawn status
could be determined more reliably. As a resultyphometric and other information in
this report are based only on data from fresh saeunless otherwise noted.

Data gathered from carcasses included: date, tocéteach, RM, and latitude /
longitude), gender, spawn status (spawned, unsphvane unknown), fork length, and
adipose fin status (absent, present, and unknoif@r data were collected, the carcass
received an externally visible tag or was cut ilf ttaensure that the carcass was not
resampled at a later date. Spawn status of femaleslefined as spawned (abdomen
extremely flaccid or very few eggs remaining), tmsped (abdomen firm and swollen or
many eggs remaining), or unknown (indeterminabbspstatus, usually due to
predation on the carcass). The spawn status @&fsweads always categorized as
unknown. Carcasses with an intact adipose fin wensidered to be natural-origin and
those with a missing adipose fin were considerdaktbatchery-origin. The head was
collected from all hatchery-origin carcasses so thecoded-wire tag (CWT) could be
extracted and read at a later date (all hatchagyrowinter Chinook are coded-wire
tagged as juveniles prior to release). Additigndhe head was collected from carcasses
with an adipose fin status of “unknown” so it coblel examined for the presence of a
coded-wire tag. These carcasses were countedamehgorigin if they contained a
coded-wire tag; if they did not, their classificatiremained “unknown”. A small piece
of fin tissue was taken and preserved for futumeege analysis from all hatchery-origin
fish. When few natural-origin carcasses were preseich as during May and August, a
fin tissue sample was taken from all fresh natorajin carcasses. Natural-origin



carcasses were subsampled when large numberscaksas were present, such as in
June and July.

Data Analysis

Age two natural-origin carcasses were separated &ge three and age four carcasses
using length-frequency analysis (Ney 1993). The @fghatchery-origin carcasses was
determined by decoding the CWT and identifyingftbl’s brood year relative to the
return year. Spatial and temporal distributiore agmposition, gender composition, and
pre-spawn mortality were compared between hatcbegyn and natural-origin
carcasses. It was assumed that longevity of Hadugan and hatchery-origin fish after
spawning was the same. This assumption allowethéorelative comparison of spawn
timing between the two groups based on the timingaocass recovery.

Run Sze Estimate of Hatchery-origin Winter Chinook

The number of non-fresh hatchery-origin winter @k salmon carcasses was expanded
based on the proportion of fresh, hatchery-origircass among all fresh carcass
recoveries (Appendix 1). The estimate of non-fieatthery-origin carcasses was added
to the number of fresh hatchery-origin carcassvel, and then expanded to include
carcasses believed to have been present, but setvaa, based on the Jolly-Seber mark-
recapture method used by the California DepartragRtsh and Game (Killam 2006).
Additional calculations were performed to accommedaarcasses for which “freshness”
was not recorded, fish that did not receive an adegfin clip when marked as juveniles
(estimated from mark retention data), and hatcloeigin fish that were removed from

the natural spawning population for use as broodksat Livingston Stone NFH.

Results
Carcass Recoveries

A total of 7,699 carcasses were observed durin@@é survey (45% of the estimated
run size; Table 1), and 3,570 were sampled foopichl data (3,084 of the carcasses
sampled were fresh). Tissue samples were collérted 1,695 fresh carcasses (421
hatchery-origin, 1,256 natural-origin, and 18 okoown origin).

No non-winter hatchery-origin Chinook carcasses (iatchery-origin strays) were
recovered during the survey, and there is no inébion to indicate that hatchery-origin
winter Chinook strayed outside of the upper SacramRiver basin. Six hatchery-origin
winter Chinook adults (4 females and 2 males) wecevered from the Battle Creek
watershed (the Battle Cr. watershed drains intaigper Sacramento River at RM 271)
during activities outside the scope of the carsasgey. These fish were collected
during December 2005 and March, April, and May 2006
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Figure 1. Sampling area of Sacramento River wi@tgnook salmon carcass survey for
return year 2006. Reach 1 extended from the Kdsvaam (RM 302) to the Anderson-
Cottonwood Irrigation District (ACID) Diversion Da®RM 298.5); reach 2 extended
from the ACID Dam to the Highway 44 Bridge in Reulgli California (RM 296); reach 3
extended from the Highway 44 Bridge to above Boarlstand (RM 288.5); and reach 4
extended from above Bourbon Island to RM 275.



Coded-Wire Tag Recoveries

Heads were collected from 916 carcasses (867 hgtonigin and 49 unknown-origin)
and readable coded-wire tags were recovered froho7the heads (tags were not
detected in 135 heads, 11 tags were lost, and thgsevere unreadable; Appendix Table
1). Fifteen of the 49 carcasses of unknown-origintained a coded-wire tag and were
reclassified as hatchery-origin.

Hatchery-origin Returns

An estimated 2,382 hatchery-origin winter Chinoeturned in 2006. Age three fish
(brood year 2003) were the primary contributorth® 2006 return, and all of the 31
CWT groups released from this brood year were sgmted in the 2006 return (Table 2).
Thirty-three age four hatchery-origin winter Chikogere recovered during the survey,
representing approximately 4% of the total hatclietyrns. Four percent is a
substantially higher percentage of age four retaompared to previous years (Tables 1
and 2). In combination with recoveries made oliergast two years, the brood year
2002 release had the highest overall rate of regtiwinter Chinook from Livingston
Stone NFH (Table 2). Only one age-two hatchergiorcarcass was recovered in 2006
(Table 2).

Temporal and Spatial Distribution

The temporal distributions of natural-origin anddmeery-origin carcasses in 2006 were
nearly identical and within the range observedravipus years (Figure 2). The spatial
distributions of natural-origin and hatchery-origiarcasses were also nearly identical in
2006 (Figure 3).

Age Composition and Length-at-Age

Only one age two hatchery-origin carcass was raeovand it was a male (Table 3).

The percentage of age two males, natural-originhetchery-origin, in the 2006 return
was much lower than in previous years. Lengthgat-@mparisons between natural-
origin and hatchery-origin age two males couldb®tonducted due to the small sample
sizes available.

Age three fish accounted for most of the hatchergho returns of winter Chinook
salmon. Carcasses of age three and age four hatigim winter Chinook could not be
distinguished using length-frequency analysis (Fegt). More age four hatchery-origin
carcasses were recovered in 2006 than in retums 881 — 2005 combined (Table 1)
and length-frequency histograms of hatchery-origircasses showed the presence of
larger carcasses, especially among males, thanhalsadccurred in previous years for
hatchery-origin fish (Figure 4). The absence olixdefined modes in the length-
frequency histograms of natural-origin carcasseslpded distinguishing carcasses of
age three and age four fish. Additionally, comgami of length-at-age between natural-
origin and hatchery-origin carcasses was preclinyaghcertainties regarding age at
return for these two groups.



Table 1. Sacramento River winter Chinook salmdimeded run size, carcasses observed, and pelicage doy origin and gender, return
years 2001 — 2006.

Total
Total River miles
Estimated Hatchery-origin % of Run  Total Carcasses  Percent of Surveyed, Natural-origin, % at Ageb Hatchery-origin, % at AgeID
Return Year Runsize® Runsize Hatchery-origin Observed Run Observed From : To Age 2 Ages 3 & 4 Age 2 Age 3 Age 4
2001 8,224 513 6.2 5,145 62.6 288 : 302 9.0 91.0 23.0 77.0 0.0
2002 7,464 921 12.3 4,946 66.3 288 : 302 6.5 93.5 7.7 90.4 1.9
2003 8,218 474 5.8 4,536 55.2 286 : 302 2.7 97.3 8.5 90.6 0.9
2004 7,869 633 8.0 3,279 41.7 273:302 12.3 87.7 27.3 71.1 1.6
2005 15,839 3,092 195 8,772 55.4 273:302 4.4 95.6 4.9 95.0 0.1
2006 17,205 2,382 13.8 7,699 44.7 273 :302 4.3 95.7 0.1 95.5 4.3
Average 10,803 1,338 12.4 5,730 53.0 . 6.5 93.5 11.9 86.6 1.5
Females
Natural-origin, % at Ageb Hatchery-origin, % at Ageb
Return Year Age 2 Ages 3 &4 Age 2 Age 3 Age 4
2001 0.2 99.8 3.2 96.8 0.0
2002 1.2 98.8 0.0 98.8 1.2
2003 0.2 99.8 0.0 98.9 1.1
2004 0.9 99.1 0.0 97.3 2.7
2005 0.3 99.7 0.0 100.0 0.0
2006 0.1 99.9 0.0 97.7 2.3
Average 0.5 99.5 0.5 98.2 1.2
Males
Natural-origin, % at Age” Hatchery-origin, % at Age”
Return Year Age 2 Ages 3 &4 Age 2 Age 3 Age 4
2001 254 74.6 47.1 52.9 0.0
2002 21.2 78.8 36.4 59.1 45
2003 15.9 84.1 43.5 56.5 0.0
2004 39.7 60.3 64.8 35.2 0.0
2005 15.8 84.2 19.5 80.0 0.5
2006 4.3 95.7 0.5 89.8 9.7
Average 20.4 79.6 35.3 62.3 2.5

% Run size was estimated by the California Department of Fish and Game and was reported by that agency as part of the Sacramento River winter Chinook salmon carcass
survey effort (objective three).

® The number of age 2 natural-origin fish was estimated using length-frequency analysis. Age 2 fish were considered less than or equal to the following fork lengths (mm),
by return year, females and males, respectively: 2001: 580, 690; 2002: 550, 680; 2003: 560, 670; 2004: 580, 690; 2005: 580, 670; 2006: 580, 670. Age of hatchery-origin
carcasses was determined by coded-wire tag.



Table 2. Winter Chinook salmon returns by broodryeoded-wire tag groups contributing to retuetyim rate, and returns at age
for brood years 1999 — 2004. Returns in 2006 \irera brood years 2002 (age four fish), 2003 (agesliish), and 2004 (age two

fish).
Brood No. of CWT grps. contributing to Avg. family Number Total CWTs Return CWT Returns at Age
yeaf Release Return grps. per CWT grp.  Releaed Recovered  Rate (%) Age 2 Age 3 Age 4
1999 17 17 1.0 30,367 162 0.533 32 129 1
2000 30 29 3.2 162,198 138 0.085 17 119 2
2001 27 21 3.7 241,812 123 0.051 12 110 1
2002 32 32 2.7 212,808 1313 0.617 59 1221 33
2003 31 31 3.0 216,577 803 0371 67 736 NA
2004 17 NA 4.3 144,075 1 NA 1 NA? NA?

@ Adult returns are based on all CWT returns includingtfaasd unfresh carcasses from all sampling activities (inajutiiose other than the carcass survey).
® Fish return as: Age 2 (Brood year + 2 years), AgBr8dd year + 3 years), and Age 4 (Brood year +ats)e

¢ Releases from the captive broodstock program are notltiu

4 Number released reflects only those with CWTs as estinfiatertag retention data prior to release.

° Return rate (%) was calculated by dividing (number of GWeEovered) by the (number of CWTSs released), multifie100.

"Return rate not final, returns not yet complete.

9 Not available.
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Figure 2. Temporal distribution of fresh,

femabkc&mento River winter Chinook salmon
carcassed\: natural-origin and hatchery-origin, return ye@08; B: natural-origin, return

years 2001-2006; ar@: hatchery-origin, return years 2001 — 2006.
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Table 3. Fork length (mm) of age two male Sacram&iver winter Chinook salmon by
origin, return years 2001 — 2006.

Natural-origin Age 2 Male Fork Lendth Hatchery-origin Age 2 Male Fork Length

Return
Year n Avg Min Max n Avg Min Max
2001 162 563 400 690 24 539 390 650
2002 71 578 460 680 8 550 470 650
2003 54 524 440 650 10 518 420 580
2004 128 581 430 680 30 544 441 630
2005 116 557 410 662 35 550 450 645
2006 20 556 440 640 1° . 540 540
*The maximum length of natural-origin age two males estimated using length-frequency
analysis.

b Non-fresh carcass.

Gender Ratio

As in previous surveys, substantially more femhaéntmale carcasses were recovered in
2006 (Table 4). Among natural-origin fish obserue@006, females outnumbered males
2.58 to 1 and among hatchery-origin fish, femalgmombered males by 3.15 to 1.

Table 4. Gender ratio of Sacramento River winteinGok salmon carcasses by origin,
return years 2001 — 2006.

Natural-origin Hatchery-origin

Return

Year Females (F) Males (M) F:M Females (F) Males (M) F:M
2001 1,178 637 1.85 62 51 1.22
2002 927 335 2.77 82 22 3.73
2003 1,894 345 5.49 94 23 4.09
2004 969 351 2.76 73 47 1.55
2005 2,409 777 3.10 596 185 3.22
2006 1,905 738 2.58 321 102 3.15

Pre-spawning Mortality
The percentage of female carcasses recovered énatoategorized as “not fully spawned”

was low for natural-origin carcasses in 2006, bas we highest recorded for hatchery-origin
carcasses (Table 5).
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Table 5. Pre-spawning mortality of female Sacram&iver winter Chinook salmon by
origin, return years 2001 — 2006.

Natural-origin Hatchery-origin

Return Total Number not Percent not Total Number not Percent not
year carcasses fully pawrted fully spawned carcasses fully pawnked fully pawned
2001 1,178 10 0.85 62 0 0.00
2002 927 19 2.05 82 4 4.88
2003 1,894 11 0.58 94 0 0.00
2004 969 6 0.62 73 3 411
2005 2,409 34 1.41 596 22 3.69
2006 1905 25 131 321 23 7.17

! "Not fully spawned" includes female carcasses classified as "unsg&and "partially spawned".

Discussion

Return year 2006 was the largest return of wint@n@ok salmon since 1981 (Killam 2006).
Almost 7,700 carcasses were handled in 2006, atioguior about 45% of the total run.
Hatchery origin fish represented approximately 1agfthe total run.

The percentage of age two males returning waslegryn 2006, 4% and 0.5%, for natural-
origin and hatchery-origin winter Chinook, respeely. The average percentage of age two
males returning for run years 2001 — 2005 was 2% dtural-origin males and 42% for
hatchery-origin males. The number of fish retugrém age two can provide an indication of
the survival experienced by any given brood yees.such, the number of fish returning at
age three, the predominant age group in any retuwinter Chinook, may be substantially
lower in 2007 than in recent years.

The percentage of hatchery-origin age four fish mash higher in 2006 than in previous
years (USFWS 2001, 2002, 2003, 2004, 2005). Tihisrfg was reflected in the length-
frequency histograms of hatchery-origin carcassésg;h showed greater numbers of larger
sized fish compared to previous years. The begfmesentation of larger fish in the length-
frequency histograms of hatchery-origin fish resalin length-frequency distributions that
were more similar to those of natural-origin fislam has been observed in the past (USFWS
2001, 2002, 2003, 2004, 2005). Assuming similagik-at-age of hatchery-origin and
natural-origin fish, this suggests that the agemasition of hatchery-origin returns in 2006
was more similar to that of natural-origin fishitha recent years, however, this hypothesis
requires validation by aging of natural-origin @dulReturn year 2006 completed the returns
from brood year 2002, which had the highest suhviai® of any of the hatchery-origin

winter Chinook brood years to date.

Temporal and spatial distributions, and gendeosatietween natural-origin and hatchery-
origin fish were similar, as in the past. Prespagmortality was low for natural-origin

fish, but higher than usual for hatchery-origirhfisThere were no apparent differences in the
temporal or spatial distributions of prespawningtaltties for natural-origin and hatchery-
origin carcasses and the reason for the higherubaal prespawning mortality of hatchery-
origin winter Chinook 2006 is not known.
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Appendix 1. Estimated escapement of hatchery+omgnter Chinook salmon in the upper
Sacramento River, 2006.

Methods and Equations

Total abundance of hatchery-origin winter Chinoakr®n returning to the upper
Sacramento River was estimated following a seriexpansions to account for potential
biases and difficulties in identifying hatcherygin carcasses and recovering coded-wire
tags. The number of hatchery-origin Chinook caseasvas expanded to: 1. account for
unrecognized fin clips and undetected coded-wis ta non-fresh carcasses, 2. include
carcasses not observed during the survey, 3. attmuish taken into Livingston Stone
NFH for use as brood stock, and 4. to include heiclrigin fish that did not have a clipped
adipose fin. Descriptions of these expansions¥all

1. Expansion of non-fresh carcasses for decreasdet-wire tag recovery and fin clip
recognition.

Non-fresh hatchery-origin carcass recoveries wepamded based on the recovery rate of
fresh hatchery-origin carcassesygyy):

HNF-Exp = (HF-obs* TnF-0b9 / Tr-obs (1)

where,
Hr.ons= number of fresh hatchery-origin carcasses,
TnE-obs= total number of non-fresh hatchery- and naturagjio carcasses, and

Tr.ops= total number of fresh hatchery- and naturaliar@arcasses recovered during the
carcass survey.

2. Expansion for adipose fin clipped hatchery-oritarcasses believed to be present in the
upper Sacramento River, but not observed duringtineey (H29.

This expansion was based on the proportion of leagebrigin carcasses observed during the
carcass survey to the total estimated escapemeaattwfally reproducing winter Chinook
salmon in the upper Sacramento River (this exclidagetained as brood stock by the

Livingston Stone NFH), based on the Jolly-Sebewupatpn estimate (Ng:

Hsac= (HNF-Exp + Hr-obs+ Hunk-ob9 / Tobs X Nis (2)

where,
Hunk-obs= Number of hatchery-origin carcasses with an onkn“freshness” and

Tops = the total number of carcasses observed durmgahcass survey (including fresh and
non-fresh and hatchery- and natural-origin carcgsse

3. Hatchery-origin fish captured for use as bretmttk at Livingston Stone NFH (LSNEH

were accounted for by adding them tg,kl Addition of these fish yielded the total number
of adipose fin clipped hatchery-origin fish presenthe upper Sacramento River and at the
Livingston Stone NFH (bip):

15



Hciip = Hsact LSNFHy 3)

4. To account for non-adipose fin clipped hatchangin fish, Hip, was expanded based on
mark retention rates measured prior to releaskeoivinter Chinook as juveniles.

- Hciip was apportioned among each recovered tag code eV T

where,

CWTRec = the number of coded-wire tags recovered fomdividual tag code and
CWTr = the total number of all coded-wire tags recoglere

- CWTapp Was expanded to include all hatchery-origin fisthaut an adipose fin clip

(CWTFEina) based on tag retention rates measured priot¢age of winter Chinook
juveniles.

CWTFinai = CWTapp / (Xiip / Jobs (5)

where,

Jeiip = the number of juveniles observed with an adidmselip during tag retention studies
prior to release, by individual tag code and

Jobs = the total number of juveniles observed durirgrigtention studies prior to release, by
individual tag code.

- Lastly, CWTging Was summed to obtain the estimate of total hayebggin winter
Chinook salmon (kbta).

Hrinal =~ CWTrotal (6)
Data

427 = H-.ops = Fresh hatchery carcass recoveries
4,607 = Tyrob: = Non-fresh hatchery and natural carcass recoveries

3,084 = Teop. = Fresh hatchery and natural carcass recoveries
17,112 = N.c = Naturally reproducing salmon escapement
5= Hywx = Hatchery fish with unknown carcass condition
2 = LSNFHy = Hatchery fish retained for Livingston Stone NFH brdoc
7,696 = Ty, = Total carcasses observed during the carcass survey
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Appendix Table 1. Coded-wire tag codes recovered dthim@O006 run year, by recovery location, with juvenile &grmtion
data. (For calculations using ‘Juvenile Tag Retention D&t fish with an adipose fin clip, NC = fish witlo mdipose fin clip,
T = fish with a coded-wire tag, NT = fish with no cdeeire tag.)

CWTgrec Juvenile tag retention data
CWTCode Survey LSNFH T/C NT/C T/NC NT/NC
051276 2 0 194 6 0 0
051279 1 0 187 13 0 0
051280 1 0 192 8 0 0
051282 1 0 182 17 1 0
051285 1 0 181 19 0 0
051287 1 0 170 30 0 0
051291 1 0 195 5 0 0
051293 2 0 189 10 1 0
051294 2 0 191 9 0 0
051296 1 0 190 10 0 0
051297 2 0 187 13 0 0
051298 7 0 193 2 5 0
051364 1 0 181 19 0 0
051366 2 0 194 6 0 0
051370 1 0 196 1 3 0
051371 5 0 188 10 2 0
051372 1 1 195 4 1 0
051679 17 0 200 0 0 0
051696 1 0 591 108 2 0
051964 11 0 199 1 0 0
051965 19 0 196 4 0 0
051966 22 0 198 2 0 0
051967 19 0 199 1 0 0
051968 24 0 199 1 0 0
051969 17 0 196 3 1 0
051970 17 0 199 1 0 0
051971 19 0 199 1 0 0
051972 33 0 199 1 0 0
051973 20 0 200 0 0 0
051974 21 0 199 1 0 0
051975 23 0 200 0 0 0
051976 20 0 200 0 0 0
051977 15 0 199 1 0 0
051978 16 0 199 1 0 0
051979 15 0 200 0 0 0
051980 10 0 199 1 0 0
051981 11 1 198 2 0 0
051982 15 0 198 2 0 0
051983 16 0 197 3 0 0
051984 23 0 200 0 0 0
051985 7 0 200 0 0 0
051986 6 0 198 0 2 0
051987 18 0 198 2 0 0
051988 18 0 199 1 0 0
051989 12 0 199 1 0 0
051990 9 0 199 1 0 0
051991 21 0 198 2 0 0
051992 9 0 199 1 0 0
051993 40 0 199 1 0 0
051994 38 0 195 5 0 0
051995 52 0 198 2 0 0
051996 47 0 199 1 0 0
051997 49 0 195 5 0 0
762 2

17



Calculations

1. Non-fresh carcass expansion based on freshssareeovery rate

He.obs Tnrob:e  Trobe  HNEExp
(T427 x 4607 )] 3,084 = 633

2. Expansion to include carcasses not observed

Hneexp He-obe  Hunk Ton: Nj_c Hsa
(6378693 + 427 + 5 )/ 7,696 x 17,112 = 2379

3. Addition of hatchery-origin fish retained fonimgston Stone NFH brood stock
Hsac LSNFHy Hciip
2,379 + 2 = 2381

18



Appendix Table 2. Estimated number of hatchery-origirtevi€hinook salmon returning in 2006 by tag code, Yailhgy
expansions to account for coded-wire tag loss from noh-fracasses and carcasses present, but not observed.

CWTCode Heiip CWTgec CWTy CWTapp

051276 : 2,380.8467 x (2 | 764 )= 6.2
051279 :2,380.8467 x ( 1 | 764 )= 3.1
051280 :2,380.8467 x ( 1 /| 764 )= 3.1
051282 :2,380.8467 x ( 1 [/ 764 )= 3.1
051285 :2,380.8467 x ( 1 | 764 )= 3.1
051287 :2,380.8467 x ( 1 /| 764 )= 3.1
051291 :2,380.8467 x ( 1 /| 764 )= 3.1
051293 :2,380.8467 x ( 2 /| 764 )= 6.2
051294 :2,380.8467 x ( 2 | 764 )= 6.2
051296 :2,380.8467 x ( 1 /| 764 )= 3.1
051297 :2,380.8467 x ( 2 /| 764 )= 6.2
051298 :2,380.8467 x (7 | 764 )= 21.8
051364 :2,380.8467 x ( 1 | 764 )= 3.1
051366 : 2,380.8467 x ( 2 | 764 )= 6.2
051370 :2,380.8467 x ( 1 /| 764 )= 3.1
051371 :2,380.8467 x ( 5 | 764 )= 15.6
051372 :2,380.8467 x ( 2 | 764 )= 6.2
051679 : 2,380.8467 x ( 17 | 764 )= 53.0
051696 : 2,380.8467 x ( 1 /| 764 )= 3.1
051964 : 2,380.8467 x ( 11 /| 764 )= 34.3
051965 : 2,380.8467 x ( 19 /| 764 )= 59.2
051966 : 2,380.8467 x ( 22 | 764 )= 68.6
051967 : 2,380.8467 x (19 /| 764 )= 59.2
051968 : 2,380.8467 x ( 24 | 764 )= 74.8
051969 : 2,380.8467 x ( 17 /| 764 )= 53.0
051970 : 2,380.8467 x (17 | 764 )= 53.0
051971 : 2,380.8467 x (19 /| 764 )= 59.2
051972 :2,380.8467 x ( 33 | 764 )=  102.8
051973 :2,380.8467 x ( 20 | 764 )= 62.3
051974 : 2,380.8467 x (21 | 764 )= 65.4
051975 : 2,380.8467 x ( 23 | 764 )= 71.7
051976 : 2,380.8467 x ( 20 |/ 764 )= 62.3
051977 : 2,380.8467 x (15 | 764 )= 46.7
051978 : 2,380.8467 x ( 16 /| 764 )= 49.9
051979 : 2,380.8467 x ( 15 /| 764 )= 46.7
051980 : 2,380.8467 x ( 10 / 764 )= 31.2
051981 : 2,380.8467 x ( 12 | 764 )= 37.4
051982 : 2,380.8467 x ( 15 /| 764 )= 46.7
051983 : 2,380.8467 x ( 16 | 764 )= 49.9
051984 : 2,380.8467 x ( 23 /| 764 )= 71.7
051985 : 2,380.8467 x ( 7 | 764 )= 21.8
051986 : 2,380.8467 x ( 6 | 764 )= 18.7
051987 : 2,380.8467 x ( 18 /| 764 )= 56.1
051988 : 2,380.8467 x ( 18 /| 764 )= 56.1
051989 : 2,380.8467 x ( 12 /| 764 )= 37.4
051990 :2,380.8467 x ( 9 [ 764 )= 28.0
051991 : 2,380.8467 x ( 21 /| 764 )= 65.4
051992 :2,380.8467 x ( 9 | 764 )= 28.0
051993 : 2,380.8467 x (40 /| 764 )= 1247
051994 : 2,380.8467 x ( 38 / 764 )= 1184
051995 : 2,380.8467 x ( 52 | 764 )=  162.0
051996 : 2,380.8467 x (47 | 764 )= 1465
051997 :2,380.8467 x ( 49 | 764 )= 1527

2,381
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Appendix Table 3 Estimated number of hatchery-origin winter Chinook salnearning in 2006 by tag code, following the
final expansion to account for hatchery-origin fish withan adipose fin clip.

CWTCode CWTApp JCIip JObs CWTFiha|
051276 : 6.2326 /( 200/ 200 ) = 6.2
051279 : 3.1163 / ( 200/ 200 ) = 31
051280 : 3.1163 /( 200/ 200 ) = 3.1
051282 : 3.1163 /( 199/ 200 ) = 3.1
051285 : 3.1163 /( 200/ 200 ) = 3.1
051287 : 3.1163 / ( 200/ 200 ) = 3.1
051291 : 3.1163 /( 200/ 200 ) = 31
051293 : 6.2326 /( 199/ 200) = 6.3
051294 : 6.2326 /( 200/ 200 ) = 6.2
051296 : 3.1163 / ( 200/ 200 ) = 3.1
051297 : 6.2326 /( 200/ 200 ) = 6.2
051298 : 21.8140 / ( 195/ 200 ) = 224
051364 : 3.1163 /( 200/ 200 ) = 31
051366 : 6.2326 / ( 200/ 200 ) = 6.2
051370 : 3.1163 /( 197 / 200 ) = 3.2
051371 : 155815 / ( 198/ 200 ) = 15.7
051372 : 6.2326 /( 199/ 200 ) = 6.3
051679 : 52.9770 / ( 200/ 200 ) = 53.0
051696 : 3.1163 /( 699 / 701 ) = 3.1
051964 : 34.2792 / ( 200/ 200 ) = 34.3
051965 : 59.2095 / ( 200/ 200 ) = 59.2
051966 : 68.5584 / ( 200/ 200 ) = 68.6
051967 : 59.2095 / ( 200/ 200 ) = 59.2
051968 : 74.7910 / ( 200/ 200) = 74.8
051969 : 52.9770 / ( 199/ 200) = 53.2
051970 : 52.9770 / ( 200/ 200 ) = 53.0
051971 : 59.2095 / ( 200/ 200) = 59.2
051972 :102.8376/ ( 200 / 200 ) = 102.8
051973 : 62.3258 / ( 200/ 200) = 62.3
051974 : 65.4421 / ( 200/ 200 ) = 65.4
051975 : 71.6747 |/ ( 200/ 200 ) = 71.7
051976 : 62.3258 / ( 200/ 200 ) = 62.3
051977 : 46.7444 | ( 200/ 200 ) = 46.7
051978 : 49.8607 / ( 200/ 200 ) = 49.9
051979 : 46.7444 | ( 200/ 200 ) = 46.7
051980 : 31.1629 / ( 200/ 200 ) = 31.2
051981 : 37.3955 / ( 200/ 200) = 374
051982 : 46.7444 |/ ( 200/ 200 ) = 46.7
051983 : 49.8607 / ( 200/ 200) = 49.9
051984 : 71.6747 / ( 200/ 200 ) = 717
051985 : 21.8140 /( 200/ 200) = 21.8
051986 : 18.6977 / ( 198 / 200 ) = 18.9
051987 : 56.0932 / ( 200/ 200) = 56.1
051988 : 56.0932 / ( 200/ 200 ) = 56.1
051989 : 37.3955 / ( 200/ 200 ) = 37.4
051990 : 28.0466 / ( 200/ 200 ) = 28.0
051991 : 65.4421 / ( 200/ 200 ) = 65.4
051992 : 28.0466 / ( 200/ 200 ) = 28.0
051993 : 124.6517/ ( 200 / 200 ) = 124.7
051994 : 118.4191/( 200 / 200 ) = 1184
051995 : 162.0472/ ( 200 / 200 ) = 162.0
051996 : 146.4657 / ( 200 / 200 ) = 146.5
051997 : 152.6983/ ( 200 / 200 ) = 152.7

HEinal = 2,382
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