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INTRODUCTION

Each year, approximately 32 million fall-run Chinook salmon (Oncorhynchus tshawytscha) are
produced at five hatcheries in California’s Central Valley (CV): Coleman National Fish Hatchery
(CFH), Feather River Hatchery (FRH), Nimbus Fish Hatchery (NIM), Mokelumne River
Hatchery (MOK), and Merced River Hatchery (MER). Production from these hatcheries
contributes to CV escapement and sport harvest while also supporting ocean fisheries in
California and Oregon. Since 2007, a constant fractional marking (CFM) program has ensured
that at least 25% of all CV hatchery fish are tagged with a microscopic (< 1 mm) coded-wire tag
(CWT). Each CWT contains a binary or alpha-numeric code that identifies a specific release
group of salmon (e.g., agency, species, run, brood year, hatchery or wild stock, release size,
release date(s), release location(s), number tagged and untagged). Each salmon containing a
CWT is also externally marked with a clipped adipose fin (ad-clip) to allow for easy visual
identification.

This is the fourth annual report on the recovery of CFM CWTs in the CV and ocean fisheries. In
2013, approximately 65,700 CWTs were recovered and successfully read from ad-clipped
Chinook salmon sampled in CV fall-, winter-, spring-, and late-fall-run natural area spawning
surveys, at CV hatcheries, in the CV angler sport harvest, and in ocean salmon commercial and
sport fisheries south of Cape Falcon (i.e., California and Oregon).

This report will focus primarily on the results of our analyses addressing the following questions:

e What are the proportions of hatchery- and natural-origin salmon in spawner returns to CV
hatcheries and natural areas, in inland harvest, and in ocean fisheries? Of the hatchery
component, what proportions originated from in-basin versus out-of-basin CWT release
strategies?

e What are the relative recovery and stray rates for hatchery-origin salmon released in-basin
versus salmon released into the waters of the Sacramento-San Joaquin River Delta, San
Francisco-San Pablo bays, or coastal areas? How do recovery and stray rates differ between
salmon acclimated in net pens and siblings released directly into the water? How are those
same metrics impacted by transporting salmon down the Sacramento River using a vessel
that exposes smolts to the river water as it goes?

e What are the relative recovery and contribution rates of hatchery-origin salmon, by run and
release type, to the ocean and inland harvest?

Please see previous annual CFM reports (Kormos et al. 2012, Palmer and Kormos 2013, 2015)
for more in-depth information and discussion regarding the CFM program, CWT marking and
recovery programs in California, and the methods and analyses used in this report. Additional
information on salmon escapement monitoring can be found in the Central Valley Chinook
Salmon Escapement Monitoring Plan (Bergman et al. 2012) and other CV salmon population
reports (Killam et al. 2014).



DATA AND METHODS

Inland Escapement Monitoring

During 2013, monitoring of salmon escapement occurred at all five salmon hatcheries and on
major rivers and tributaries throughout the CV. In addition, an angler creel survey was conducted
on sport fisheries in the Sacramento, Feather, American, and Mokelumne river basins. It should
be noted that the late-fall-run escapement in the upper Sacramento River and at CFH in this
report is considered the 2014 return year, however the escapement period began in late 2013.

Sampling and estimation methods (e.g., carcass surveys, snorkel surveys, weir counts) continue
to vary among natural spawner surveys throughout the CV (Table 1); however, most surveys in
2013 adequately sampled (sample rate > 20%) for ad-clipped fish.

There were approximately 216,500 salmon sampled, 51,600 ad-clipped salmon observed, and
37,200 heads collected by various CV projects. Monitoring agencies and projects included the
California Department of Fish and Wildlife (CDFW), California Department of Water Resources
(DWR), East Bay Municipal Utility District (EBMUD), Pacific States Marine Fisheries
Commission, U.S. Bureau of Reclamation, U.S. Fish and Wildlife Service (FWS), and the Yuba
Accord River Management Team (YARMT). Most heads were processed by CDFW at their
Santa Rosa and Sacramento CWT labs with the exception of heads collected at CFH, which were
processed by FWS staff. A few hundred heads were collected and processed by CDFW projects
in Red Bluff and La Grange.

All estimates of CV escapement or harvest and the number of salmon sampled in this report were
provided by individual projects or hatcheries.

Ocean Harvest Monitoring

In 2013, California sport and commercial ocean salmon fisheries (Table 2) continued to be less
constrained than in the final years of the previous decade due to an increase in the ocean
abundance forecast of both Sacramento River and Klamath River fall-run Chinook salmon.
CDFW field staff sampled 135,000 salmon and collected 22,800 heads that were processed by
the Santa Rosa CWT lab. An additional 8,900 heads collected in 2013 Oregon ocean sport and
commercial fisheries are also included in the analyses since Sacramento River fall Chinook is the
primary stock harvested in fisheries south of Cape Falcon (PFMC 2016).

Each year, CDFW validates and uploads all CWT recoveries in California, along with their
respective catch-sample data, to the Regional Mark Processing Center (RMPC), which is the
central repository for west coast CWT recoveries. All 2013 inland and ocean CWT recoveries
are publicly available at www.rmpc.org.

CWT Data Analysis

A “master” release database of CWT codes recovered in 2013 was created to determine species,
brood year, run, stock origin (hatchery or natural), release site, release date(s), number of salmon
CWT tagged, total number of salmon released, and any other pertinent release information (e.g.,
trucked, net pen acclimation, disease). Since almost all CV salmon recovered are between the



ages of two and five, all CWT release data for Chinook salmon brood years 2008 through 2011
was downloaded from the RMPC. Approximately 137 million CV salmon were released for
these brood years (BY), of which 48 million were marked and tagged utilizing 545 unique CWT
codes. Although a few thousand natural-origin salmon are trapped, marked, and tagged each
year, salmon produced by hatcheries make up more than 99% of all CWT releases. In 2013, there
were 294 individual CWT codes recovered in the CV, primarily from age-2, age-3, and age-4
salmon. The CWT master file was updated with any additional information obtained for special
CV salmon releases (e.g., barge study) and the production factor calculated for each CWT code.
The production factor, Fprod, is the ratio of the total number of salmon released to the total
number of salmon marked containing a CWT. Thus it is the total number of salmon (i.e., tagged
and untagged) represented by each CWT recovery. Fprod was calculated for each CWT code and
is defined as,

Fprod = (Ad.CWT + Ad.noCWT + noAd.CWT + noAd.noCWT) / Ad.CWT,

where Ad.CWT is the number of salmon released with ad-clips and CWTs, Ad.noCWT is the
number of salmon released with ad-clips but without CWTs (i.e., shed tags prior to release or
CWT not correctly inserted), noAd.CWT is the number of salmon released without ad-clips but
with CWTs, and noAd.noCWT is the number of salmon released without ad-clips and without
CWTs. Fprod allows expansion to total hatchery production from observed recoveries of CV
CWTs.

For this analysis, each CV Chinook salmon CWT release was classified into a “release type”
based on the following criteria: hatchery or natural stock, run, release location, and holding
strategy. All CV CWT codes were assigned by brood year into one of fourteen fall-run release
types, two spring-run release types, one winter-run release type, and one late-fall-run release

type:

Sacramento River Basin fall-run Chinook salmon release types
CFHFh  Coleman National Fish Hatchery fall-run hatchery releases (in-basin)
CFHFn  Coleman National Fish Hatchery fall-run bay net pen releases (San Pablo Bay)
FRHFb  Feather River Hatchery fall-run barge study releases
FRHFe  Feather River Hatchery fall-run experimental releases
FRHFn  Feather River Hatchery fall-run bay net pen releases (San Pablo Bay)
FRHFnc Feather River Hatchery fall-run coastal net pen releases (Santa Cruz and Pillar Point)
FRHFtib Feather River Hatchery fall-run Tiburon net pen releases (held several months)
NIMF Nimbus Fish Hatchery fall-run in-basin releases
NIMFn  Nimbus Fish Hatchery fall-run bay net pen releases (San Pablo Bay)

San Joaquin River Basin fall-run Chinook salmon release types
MOKF  Mokelumne River Hatchery fall-run in-basin releases
MOKFn Mokelumne River Hatchery fall-run bay net pen releases (Sherman Island)
MOKFt  Mokelumne River Hatchery fall-run trucked releases (no net pen acclimation)
MERF Merced River Hatchery in-basin fall-run releases
MERFt  Merced River Hatchery fall-run trucked releases (no net pen acclimation)




Central Valley spring-run Chinook salmon release types
FRHS Feather River Hatchery spring-run in-basin releases
FRHSn  Feather River Hatchery spring-run bay net pen releases

Sacramento River winter-run Chinook salmon release types
SacW Sacramento River winter-run supplementation natural production in-basin releases

Central Valley late-fall Chinook salmon release types
CFHLh  Coleman National Fish Hatchery late-fall-run hatchery releases (in-basin)

Note that not all release types occur every year and that release sites sometimes vary within a
given release type (Table 3; Fig. 1). There were also a few problem CWT releases where fish
were released utilizing multiple strategies (e.g., 25% of BY 2010 MOKFt acclimated in net pens
prior to release, 15% of BY 2011 FRHFn released directly into bay). Thus, we urge caution
when analyzing or comparing CWT recovery data from these release types.

To estimate the total escapement or harvest associated with each CWT recovery, each tag
recovery was expanded by its respective Fprod and sample expansion factor, Fsamp, which is
defined as,

Fsamp =1/ (fe x fax fd),

where fe is the fraction of the total salmon escapement sampled and visually examined for an ad-
clip, fa is the fraction of heads from ad-clipped salmon collected and processed, and fq is the
fraction of observed CWTs that were successfully decoded (Tables 4 and 5).

Salmon sampled in CV carcass surveys are generally classified as ‘fresh’ or ‘non-fresh’ based on
criteria such as condition of the eyes (clear vs. opaque) or gills (pink vs. grey). Often the ad-
clipped (marked) status of a non-fresh (i.e., decayed) salmon cannot be determined due to the
deteriorating condition of the carcass. While condition criteria are somewhat ambiguous and
classification may be inconsistent among surveys, the ad-clip rate of fresh salmon sampled in
2013 was generally higher than the rate observed in non-fresh fish (Appendix 1). Fresh carcass
heads also contained CWTs at a slightly higher rate than heads collected from non-fresh fish.
Furthermore, the sample sizes between fresh and non-fresh fish are very different; the sampled
number of non-fresh salmon (N=34,642) is much greater than fresh salmon (n=7,469).

Mohr and Satterthwaite (2013) demonstrated how the sampling differences noted above could
negatively bias the estimates of hatchery contribution. They also cautioned that using only CWT
data from fresh fish could eliminate the occurrence of rare CWT codes in analyses due to the
small sample sizes common with fresh carcasses in these surveys. As in previous CFM reports,
the following equation developed by Mohr and Satterthwaite (2013) was used to calculate Fsamp
for carcass surveys collecting fish condition data, thus reducing the potential bias associated with
these surveys:

Fsamp = (N X p_adc|fresh X p_cwt|fresh,adc) /(Nvalid cwt),



where N = estimated total escapement, p_adc|fresh = proportion of fresh salmon sampled that
were ad-clipped, p_cwt|fresh,adc = proportion of ad-clipped fresh salmon that contained a CWT,

and Nvalid cwt = total number of valid CWTs collected from fresh and decayed salmon.

To help differentiate between raw CWT recoveries, CWT recoveries expanded for production,
CWTs expanded for sampling, and CWTs expanded for production and sampling, the following
nomenclature is used:

CWT = Raw count CWT recoveries

CWTprod = CWT recoveries expanded only by their respective production factor, Fprod
CWTsamp = CWT recoveries expanded only by their respective sample expansion factor, Fsamp
CWTiwotar = CWT recoveries expanded by both Fprod and Fsamp

Determining hatchery- and natural-origin proportions in CV escapement and harvest

To determine the contribution of hatchery- and natural-origin salmon, all CWTiotal were summed
to estimate the total number of hatchery salmon in each survey. The contribution of natural-
origin salmon for each survey was then determined by subtracting the total number of hatchery
salmon from the total escapement estimate, as follows:

m
Estimate of natural-origin salmon = Total escapement estimate - Z:CWTt
i=l

where m = total number of hatchery-origin CWT release groups identified in an escapement
survey or hatchery.

otal,i °

Determining recovery rates of various release types in CV escapement and ocean harvest
To determine the relative CV recovery rate, Rewt, of each unique CWT release group (i.e., code),
all recoveries were expanded by their location-specific Fsamp, summed over all recovery
locations, and then divided by the total number of salmon tagged and released with this CWT.
Since expanded recoveries for several individual CWT groups were less than 0.001% of the total
number released, recovery rates are reported in recoveries per 100,000 CWT salmon released, as
follows:

|

Rewt = Z CWTsamp,j recoveries / (CWT release group size / 100,000) ,
i=1

where j (=1,2,3,,,1) denotes recovery location.

Data from all CWT release groups belonging to the same brood year and release type were
combined and an overall release type-specific CV recovery rate, Riype, was calculated as:

| n n
Riype = z Z CWTsampjk / (Z release group size of CWT « / 100,000) ,
k=1

= k=l
where k (= 1,2,3,,,n) denotes release group.

Determining stray proportions of various release groups in CV escapement

To be consistent with previous reports (Kormos et al. 2012, Palmer-Zwahlen and Kormos 2013,
2015), basin-of-origin is defined as the drainage of any major river as it pertains to the
geographic region of the CV where a hatchery is located. The CV is divided into five hatchery



basins: upper Sacramento River (including Battle Creek), Feather River (including the Yuba
River), American River, Mokelumne River, and Merced River. Hatchery-origin salmon not
returning to their basin-of-origin or to streams or rivers not included in any hatchery basin (e.g.,
Mill Creek, Butte Creek, Stanislaus River) are considered strays. Appendices 2 and 3 present
alternative recovery and stray rates for CFH and FRH CWT releases based on the assumption
that recoveries in the upper Sacramento River and Yuba River, respectively, are strays.

To determine the CV stray proportion, Scwt, for each CWT code, the sum of all CWTsamp
recoveries collected outside the basin of origin was divided by total CV CWTsamp recoveries for
that release group, as follows:

0 q
Sewt = CWTsamp, (out-of-basin locations) / > CWTsampp (all CV locations),
p=l p=1
where p denotes recovery location, 0 denotes the number of out-of-basin recovery locations, and
g denotes the total number of recovery locations.

Data from all CWT releases belonging to the same brood year and release type were combined
and release type-specific CV stray proportion, Stype, was calculated as:

o n g n
Stype = Z Z CWTsamp,p, k (out-of-basin) / Z Z CWTsamp,pk (all CV locations)

p=l k4 p=l Kk

RESULTS

General overview of 2013 CV inland recoveries and California ocean harvest

All except one of the 36,060 valid CWTs recovered in the CV during 2013 were from CV
Chinook salmon releases. Most CWTs were brood year 2009 through 2011 releases (Table 6).
More than 87% of all CWThotal recoveries were fall-run, followed by spring-run (10%), and late-
fall-run (2%) salmon releases. Only 0.1% of all CWTtotal recovered were winter-run, all of which
were collected in their upper Sacramento River escapement survey. The lone non-CV salmon
was recovered at Mokelumne Hatchery (age-2 fall-run Chinook salmon from Iron Gate Hatchery
on the Klamath River). The majority of fall-run CWTtotal recovered in the CV were age-3 (78%),
age-4 (15%), and age-2 (6%) fish (Table 6).

Most of the 21,143 valid CWT recoveries in the 2013 California ocean harvest were CV salmon
releases belonging to brood years 2009 through 2011 (Table 7). Approximately 86% of all
CWTtotal in the ocean harvest were CV fall-run, followed by CV spring-run (2%), CV late-fall-
run (1%), and CV winter-run (0.1%) salmon. The remaining 11% of California ocean CWT
recoveries originated from the Klamath-Trinity Basin in northern California and Oregon coastal
streams. The majority of the hatchery-origin fish in the California harvest were age-3 (84%) and
age-4 (14%) fish.

Like California, most of the 8,491 valid CWT recoveries in the 2013 Oregon ocean harvest were
CV salmon releases (Table 8). Approximately 77% of all CWTiotal in the ocean harvest were CV
fall-run salmon. Non-CV stocks made up 20% of the harvest with most originating from the



Columbia River Basin, coastal streams in Oregon, and the Klamath-Trinity Basin. The majority
of the hatchery fish in the Oregon harvest was age-3 (82%) and age-4 (17%) fish.

1. Proportion of hatchery- and natural-origin salmon in CV escapement

Almost 321,000 fall-run Chinook salmon returned to spawn in natural areas during 2013 and the
proportion of hatchery-origin salmon varied throughout the CV. The lowest hatchery proportion
occurred in Deer Creek (4%) while the highest proportion (90%) occurred in Battle Creek (Table
9, Fig. 2); however, Battle Creek is an “approximated” value since there has not been a carcass
survey or CWT recovery program conducted in this waterway since 2005. The hatchery
contribution and release type composition in Battle Creek is assumed to be equivalent to the
hatchery fall-run return sampled at CFH (K. Niemela, FWS, pers. comm.). The total fall-run
hatchery proportion for all natural areas surveyed in the CV was 69%.

The hatchery proportion of the 116,800 fall-run salmon returning to the five CV hatcheries
ranged from 63% to 97% (Table 9, Fig. 3). Both the spring-run return to FRH and the late-fall-
return to CFH were 99% hatchery-origin salmon. The fall-run hatchery proportion for all CV
hatcheries combined was 90%.

To help facilitate the breakout of the hatchery proportion, all CV release types from the same
stock, run, and hatchery are the same shade of color in the pie charts (Fig. 4): Blue = Sacramento
River Basin fall-run releases, Green = San Joaquin Basin fall-run releases, Purple = Central
Valley (FRH) spring-run releases, Yellow = Sacramento River winter-run releases, and Orange =
Central Valley (CFH) late-fall-run releases. All bay net pen releases contain black dots while net
pen coastal releases are designated with a criss-cross pattern. All Tiburon and trucked releases
are designated with black stripes.

Upper Sacramento River Basin

At CFH, sampling of the fall-run return began in early October and continued through early
December 2013 (Table 10). Due to the high number of ad-clipped salmon, marked fish were
subsampled through mid-November. After a temporal break, CFH began late-fall sampling
(100%) in late December and continued through early March 2014. Based solely on this run-
timing, 70,324 salmon returned to CFH during the “fall” run period, and 4,487 salmon returned
during the “late-fall” run period. Based on the composition of CWT recoveries, FWS staff
determined there was significant overlap between runs, especially in late November through
early December, and FWS staff adjusted the final escapement to 69,861 fall-run and 4,950 late-
fall-run salmon. An additional 223 late-fall salmon were trapped at CFH after spawning
operations ended in early March.

Fall- and late-fall-run returns to CFH were predominantly hatchery-origin salmon while
spawners in natural areas were comprised of more natural-origin salmon with the exception of
Paynes Creek (Figs. 5, 6, 7). The proportion of hatchery-origin fish (prevalent release type
shown in parenthesis) at each of the following locations was:

e Fall-run returns CFH: 90% (CFHFh)

e Late-fall-run returns CFH: 99% (CFHLh)

e Winter-run spawners Upper Sacramento River: 6% (SacW)

e Fall-run spawners Upper Sacramento River: 34% (FRHFn)



Late-fall-run spawners Upper Sacramento River: 17% (CFHLh)
Fall-run spawners Clear Creek: 37% (CFHFh)

Fall-run spawners Cottonwood Creek: 31% (CFHFh)

Fall-run spawners Paynes Creek: 53% (CFHFh)

Fall-run spawners Mill Creek: 31% (CFHFh)

Fall-run spawners Deer Creek: 4% (FRHFn)

Fall-run spawners Butte Creek: 7% (FRHFn)

Spring-run spawners Butte Creek: no hatchery fish observed

Feather River Basin
Spring- and fall-run returns to FRH, (including preseason spring-run returns that died prior to
release) and spawners in the Feather River were predominantly hatchery-origin while
escapement to the Yuba River above and below Daguerre Point Dam (DPD) contained more
natural-origin salmon (Figs. 7, 8). The proportion of hatchery-origin fish (prevalent release type
shown in parenthesis) at each of the following locations was:

e Spring-run returns FRH: 99% (FRHS)
Fall-run returns FRH: 97% (FRHFn)
Fall/spring-run spawners Feather River: 84% (FRHFn)
Fall/spring-run spawners Yuba River above DPD: 34% (FRHFn)
Fall/spring-run spawners Yuba River below DPD: 46% (FRHFn)

American River Basin
Fall-run returns to NIM, “washbacks” collected on the NIM weir, and spawners in the American
River were predominantly of hatchery-origin (Fig. 9). The proportion of hatchery-origin fish
(prevalent release type shown in parenthesis) at each of the following locations was:

e Fall-run returns NIM: 86% (NIMF)

e Fall-run returns NIM weir: 71% (NIMF)

e Fall-run spawners American River: 65% (NIMF)

Mokelumne River Basin
Hatchery-origin salmon (Fig. 10) dominated fall-run returns to MOK and spawners in the
Mokelumne River. The proportion of hatchery-origin fish (prevalent release type shown in
parenthesis) at each of the following locations was:

e Fall-run returns MOK: 89% (MOKFn)

e Fall-run spawners Mokelumne River: 64% (MOKFn)

Merced River and other San Joaquin Basin Tributaries
Hatchery-origin salmon dominated fall-run returns to MER and spawners in the Stanislaus River
(Fig. 11) while a higher proportion of natural-origin spawners occurred in Merced and Tuolumne
rivers. The proportion of hatchery-origin fish (prevalent release type shown in parenthesis) at
each of the following locations was:

e Fall-run returns MER: 63% (MOKFn)

e Fall-run spawners Merced River: 44% (MOKFn)

e Fall-run spawners Stanislaus River: 66% (MOKFn)

e Fall-run spawners Tuolumne River: 28% (MOKFn)



2. Contribution of CV Release Types to Total Salmon Escapement

Approximately 71% of the total 477,000 salmon escapement to CV hatcheries and natural areas
during 2013-2014 were hatchery-origin fish (Table 11). The proportion of these fish that strayed
from their basin-of-origin ranged from zero to 79 percent, depending on release type:

e CFHFh: 94,871 CWTiotal 3,758 strays (4%)
CFHFn: 10,562 CWTiotal 8,247 strays (78%)

e FRHFbD: 173 CWTrotal 40 strays (23%)
e FRHFn: 133,144 CWTiotal 11,893 strays (9%)
e FRHFnc: 752 CWTiotal 122 strays (16%)
e FRHFtib: 708 CWTiotal 93 strays (13%)
NIMF: 22,725 CWTrotal 190 strays (1%)
e NIMFn: 12,362 CWTiotal 604 strays (5%)
e MOKEF: 342 CWTiotal 35 strays (10%)

e MOKFn: 17,478 CWTiotal 10,300 strays (59%)
e MOKFt: 2,426 CWTiotal 1,428 strays (59%)

e MERF: 168 CWTrotal 11 strays (7%)
e MERFt: 128 CWTrotal 101 strays (79%)
e FRHS: 26,051 CWTtotal 0 strays (0%)
e FRHSn: 10,349 CWTtotal 1,126 strays (11%)
e SacW: 367 CWTiotal 0 strays (0%)
e CFHLh: 6,449 CW Trotal 4 strays (0%)

3. Hatchery Proportion and Contribution of CV Release Types to CV Sport Harvest

In 2013, approximately 66% of the 66,600 salmon harvested in the CV river sport fishery were
hatchery-origin fish (Table 9; Figs. 12, 13). The proportion of hatchery-origin fish (prevalent
release type shown in parenthesis) in each of the following fisheries was:

Upper Sacramento River fall-run harvest: 67% (CFHFh)
Lower Sacramento River fall-run harvest: 63% (FRHFn)
Feather River fall-run harvest: 72% (FRHFn)

American River fall-run harvest: 63% (NIMF)

Mokelumne River fall-run harvest: 85% (MOKFn)

Upper Sacramento River late-fall-run harvest: 59% (CFHLh)

Of all hatchery release types, FRHFn contributed the most (22%) to the total CV sport harvest,
followed by CFHFh (20%). Most of the CFHFh recoveries occurred in the Upper Sacramento
River fall fisheries (Table 11).

e CFHFh: 13,413 CWTwta (20%)
e CFHFn: 2,656 CWTiotar (4%)



FRHFb: 54 CWTtotal
FRHFn: 14,913 CWTiwta (22%)
FRHFnc: 277 CWTiotal
FRHFtib: 205 CWTiotal

NIMEF: 4,739 CWTiota (7%)
e NIMFn: 2,200 CWTtotar (3%)

e MOKEF: 22 CWTtotal
e MOKFn: 2,809 CWTtta (4%)
e MOKFt: 478 CWTrotal (1%)

e MERFt: 124 CWTiotal
e FRHS: 291 CWTiotal
e FRHSn: 236 CWTiotal

e CFHLh: 1,547 CWTow (2%)

4a. Relative Recovery and Stray Rates of CV Release Types in Total Escapement

Release strategies vary among hatcheries from year to year. This variability has often been in
response to annual fluctuations in the abundance of certain stocks or differing policies among
agencies with respect to best release practices. The 2009 through 2011 brood year releases were
more consistent than release types analyzed in earlier CFM reports (Kormos et. al. 2012, Palmer-
Zwahlen and Kormos 2013, 2015) and only a few “mixed strategy” releases were identified
(Table 3).

Table 12 summarizes total CWTsamp recoveries and the escapement recovery rate, Riype (in-basin
and stray), for all release types collected in the CV and ocean fisheries during 2013. Recovery
rates are standardized utilizing total CWTsamp recoveries per 100,000 tagged salmon released. All
release types with less than 25,000 fish released with CWTs are noted below since a few
recoveries may result in relatively large recovery and stray rate estimates. Figures 14 and 15
provide a graphical representation of Riype for Sacramento River fall-run salmon and other CV
stocks, respectively, and include the total number of salmon released with CWTs for each release
type. Fall-run salmon that were acclimated in bay and coastal net pens generally had higher CV
recovery rates than their respective in-basin or trucked-only releases, but net pen and trucked
release types also had higher stray proportions than their in-basin siblings did in most cases.

Age-2 CV (BY 2011) Escapement recovery rate; percent stray
e CFHFh: 14 recoveries/100K released; 6% stray

e FRHFb: 58 recoveries/100K released; 22% stray

e FRHFe: 0 recoveries/100K released (<11,500 released)

e FRHFn: 97 recoveries/100K released; 20% stray

e FRHFnc: 112 recoveries/100K released; 9% stray

e FRHFtib: 0 recoveries/100K released (<7,000 released)
NIMF: 35 recoveries/100K released

e NIMFn: 30 recoveries/100K released; 10% stray
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e MOKEF: 22 recoveries/100K released
e MOKFn: 42 recoveries/100K released; 41% stray
e MOKEFt: 50 recoveries/100K released; 36% stray

e MERF: 9 recoveries/100K released; 9% stray
e FRHS: 13 recoveries/100K released
e FRHSn: 5 recoveries/100K released
e SacW: 33 recoveries/100K released

e CFHLh: 108 recoveries/100K released

Age-3 (BY 2010) CV Escapement recovery rate; percent stray
e CFHFh: 489 recoveries/100K released; 6% stray
e CFHFn: 587 recoveries/100K released; 84% stray

e FRHFn: 1,031 recoveries/100K released; 5% stray
e FRHFnc: 134 recoveries/100K released; 27% stray
e FRHFtib: 694 recoveries/100K released; 12% stray

e NIMEF: 556 recoveries/100K released; 1% stray
e NIMFn: 497 recoveries/100K released; 5% stray

e MOKEF: 146 recoveries/100K released; 3% stray
e MOKFn: 264 recoveries/100K released; 63% stray
e MOKFt: 116 recoveries/100K released; 61% stray

e MERF: 113 recoveries/100K released; 6% stray
e MERFt: 76 recoveries/100K released; 59% stray (<6,700 released)

e FRHS: 2,090 recoveries/100K released
e FRHSn: 594 recoveries/100K released; 3% stray

e SacW: 248 recoveries/100K released
e CFHLh: 297 recoveries/100K released
Age-4 (BY 2009) CV Escapement recovery rate; percent stray

e CFHFh: 99 recoveries/100K released; 5% stray
e CFHFn: 164 recoveries/100K released; 73% stray

e FRHFn: 185 recoveries/100K released; 23% stray
e FRHFnc: 0 recoveries/100K released
e FRHFtib: 507 recoveries/100K released; 14% stray

e NIMF: 131 recoveries/100K released; 1% stray
e NIMFn: 306 recoveries/100K released; 5% stray

e MOKEF: 173 recoveries/100K released; 18% stray
e MOKFn: 149 recoveries/100K released; 58% stray
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e MERFt: 74 recoveries/100K released; 80% stray

e FRHS: 116 recoveries/100K released
e FRHSn: 312 recoveries/100K released; 26% stray

e CFHLh: 207 recoveries/100K released

4b. Relative Recovery Rate of CV Release Types in the Ocean Harvest

The relative recovery rate of CV hatchery releases in 2013 ocean salmon sport and commercial
fisheries varied by age and release type (Table 12). Almost all CWTs from age-2 CV salmon
were recovered in the ocean sport fishery, most likely due to smaller size limits in effect
compared to the commercial fishery. Net pen releases (coastal and bay) generally had the highest
ocean recovery rates for all ages (Fig. 16).

Age-2 Ocean Harvest recovery rate; percent taken in sport harvest

e CFHFh: 3 recoveries/100K released; 94% sport

e FRHFb: 19 recoveries/100K released; 94% sport

e FRHFe: 34 recoveries/100K released; 0% sport (<11,500 released)

e FRHFn: 24 recoveries/100K released; 88% sport

e FRHFnc: 81 recoveries/100K released; 90% sport

e FRHFtib: 62 recoveries/100K released; 100% sport (<7,000 released)
NIMF: 4 recoveries/100K released; 85% sport

e NIMFn: 5 recoveries/100K released; 100% sport

e MOKEF: 0 recoveries/100K released

¢ MOKFn: 8 recoveries/100K released; 77% sport

e MOKFt: 15 recoveries/100K released; 100% sport

e MERF: 0 recoveries/100K released

e FRHS: 7 recoveries/100K released; 78% sport

e FRHSn: 5 recoveries/100K released; 83% sport

e CFHLh: 4 recoveries/100K released; 92% sport

Age-3 Ocean Harvest recovery rate; percent taken in sport harvest
e CFHFh: 486 recoveries/100K released; 30% sport
e CFHFn: 1,374 recoveries/100K released; 30% sport

e FRHFn: 811 recoveries/100K released; 29% sport
e FRHFnc: 3,692 recoveries/100K released; 32% sport
e FRHFtib: 1,082 recoveries/100K released; 30% sport

e NIMF: 752 recoveries/100K released; 28% sport
e NIMFn: 662 recoveries/100K released; 29% sport

e MOKEF: 117 recoveries/100K released; 52% sport
e MOKFn: 309 recoveries/100K released; 32% sport
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e MOKEFt: 137 recoveries/100K released; 27% sport

e MERF: 115 recoveries/100K released; 29% sport
e MERFt: 87 recoveries/100K released: 63% sport (<6,700 released)
e FRHS: 459 recoveries/100K released; 30% sport
e FRHSn: 105 recoveries/100K released; 28% sport
e SacW: 62 recoveries/100K released; 79% sport

e CFHLh: 120 recoveries/100K released; 40% sport

Age-4 Ocean Harvest recovery rate; percent taken in sport harvest

e CFHFh: 42 recoveries/100K released; 27% sport
e CFHFn: 112 recoveries/100K released; 31% sport
e FRHFn: 62 recoveries/100K released; 27% sport

e FRHFnc: 106 recoveries/100K released 31% sport
e FRHFtib: 370 recoveries/100K released; 23% sport

e NIMEF: 75 recoveries/100K released; 23% sport
e NIMFn: 269 recoveries/100K released; 26% sport
e MOKEF: 99 recoveries/100K released; 19% sport
e MOKFn: 137 recoveries/100K released; 24% sport
e MERFt: 68 recoveries/100K released; 15% sport
e FRHS: 4 recoveries/100K released; 44% sport
e FRHSn: 10 recoveries/100K released; 39% sport
e SacW: 5 recoveries/100K released; 0% sport

e CFHLh: 121 recoveries/100K released; 20% sport

5. Hatchery proportion and contribution of CV release types to ocean salmon fisheries
More than half of the 413,700 and 139,100 Chinook salmon harvested in California and Oregon
fisheries, respectively, were hatchery-origin fish (Fig. 17). The majority of hatchery-origin
salmon in all fisheries originated from the CV, with FRHFn contributing the most in all port
areas.

California ocean sport fishery

California anglers harvested almost 116,100 salmon in the ocean sport fishery during 2013. The
total contribution of hatchery-origin salmon to the California ocean sport fishery was 58%,
ranging from 55% to 65% of the total harvest, depending on major port area (Fig. 18). Most of
the harvest occurred in San Francisco (53%) and Eureka-Crescent City (29%), followed by
Monterey (9%) and Fort Bragg (9%) port areas (Table 13).

Of all hatchery release types, FRHFn contributed the most (20%) to the total California ocean
sport harvest, followed by CFHFh (13%). Non-CV releases (e.g., Klamath-Trinity River Basin,
Smith River, Oregon and Washington hatchery stocks) contributed 5% to the total harvest (Table
14).
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CFHFh: 15,214 CWTiotal
CFHFn: 5,066 CWTiotal
FRHFb 52 CWTtotal

FRHFn: 23,176 CWTiotal

FRHFnc: 2,275 CWTiotal
FRHFtib: 218 CWTiotal
NIMF: 5,117 CWTtotal
NIMFn: 2,977 CWTiotal
MOKF 79 CWTtotal
MOKFn: 4,092 CWTiotal
MOKFt: 611 CWTiotal
MERF: 35 CWTtotal
MERFt: 14 CWTtotal
FRHS: 1,361 CWThotal
FRHSn: 346 CWTiotal
SacW: 95 CWTiotal
CFHLh: 761 CWTiotal
NonCV: 5,773 CWTiotal

(13%)
(4%)

(20%)
(2%)

(4%)
(3%)

(4%)
(1%)

(1%)

(1%)
(5%)

California ocean commercial fishery

California trollers harvested more than 297,600 salmon in the ocean commercial fishery during
2013. The total contribution of hatchery-origin salmon to the California ocean commercial
fishery was 49%, ranging from 46% to 55% of the total harvest, depending on major port area
(Fig. 19). Most of the harvest occurred in San Francisco (48%) and Fort Bragg (39%), followed
by Monterey (9%) and Eureka-Crescent City (3%) port areas (Table 15).

Of all hatchery release types, FRHFn contributed the most (16%) to the total California
commercial harvest, followed by CFHFh (11%). Non-CV releases (e.g., Klamath-Trinity River
Basin, Smith River, Oregon and Washington hatchery stocks) contributed 6% to the total harvest

(Table 16).

e CFHFh: 31,710 CWTtotal

CFHFn: 10,402 CWTiotal
e FRHFbD: 6 CWTtotal
e FRHFn: 47,930 CWTotal
e FRHFnc: 3,907 CWTiotal
e FRHFtib: 490 CWTiotal
e NIMF: 12,583 CWTiotal
e NIMFn: 7,332 CWTotal
e MOKF: 123 CWTtotal
e MOKFn: 7,629 CWTiotal

(11%)
(3%)

(16%)
(1%)

(4%)
(2%)

(3%)
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e MOKFt: 1,386 CWThotal

e MERF: 87 CWTiotal
e MERFt: 62 CWTiotal

e FRHS: 2,353 CWTiotat (1%)
e FRHSn: 652 CWTiotal

e SacW: 32 CWTiotal
e CFHLh: 1,625 CWTiwta (1%)
e NonCV: 17,410 CWTiotal (6%)

6. Relative Recovery and Stray Rates of Experimental and Net Pen Release Types

CWTs from several new release types were recovered for the first time in 2013, including
salmon from a new coastal net pen project in Pillar Point Harbor that released approximately
185,000 BY 2011 FRH fall-run salmon. An additional 300,000 BY 2011 FRH fall-run salmon
were also released as part of a pilot study to evaluate in-basin and trucked releases versus fish
transported inside a “barge” from the Feather River-Sacramento River confluence to San
Francisco Bay. To allow direct comparison among coastal net pens (FRHFnc) and barge study
releases (FRHFD), these releases are differentiated into the following release types:

FRHFnp Feather River Hatchery fall-run net pen coastal releases — Pillar Point
FRHFns Feather River Hatchery fall-run net pen coastal releases — Santa Cruz

FRHFbb Feather River Hatchery fall-run barge study: trucked and released in SF bay
FRHFbg Feather River Hatchery fall-run barge study: barged to SF Bay and released
FRHFbr Feather River Hatchery fall-run barge study: released in-river (Feather River mouth)

The CV escapement recovery rate and percent stray for other fall-run salmon net pen releases are
included below to allow direct comparison among these release types (Table 17, Fig. 20).

Age-2 (BY 2011) CV Escapement recovery rate; percent stray
e FRHFnp: 234 recoveries/100K released; 9% stray
e FRHFns: 19 recoveries/100K released; 11% stray

e FRHFbb: 56 recoveries/100K released; 45% stray
e FRHFbg: 27 recoveries/100K released; 4% stray
e FRHFbr: 90 recoveries/100K released; 14% stray

e FRHFn: 97 recoveries/100K released; 20% stray
e NIMFn: 30 recoveries/100K released; 10% stray
e MOKFn: 42 recoveries/100K released; 41% stray

Age-3 (BY 2010) CV Escapement recovery rate; percent stray
e FRHFns: 134 recoveries/100K released; 27% stray

e FRHFn: 1,031 recoveries/100K released; 5% stray
e FRHFtib: 694 recoveries/100K released; 12% stray
e CFHFn: 587 recoveries/100K released; 84% stray

15



e NIMFn: 497 recoveries/100K released; 5% stray
e MOKFn: 264 recoveries/100K released; 63% stray

Age-4 (BY 2009) CV Escapement recovery rate; percent stray
e FRHFns: 0 recoveries/100K released

FRHFn: 185 recoveries/100K released; 23% stray
FRHFtib: 507 recoveries/100K released; 14% stray
CFHFn: 164 recoveries/100K released; 73% stray
NIMFn: 306 recoveries/100K released; 5% stray
MOKFn: 149 recoveries/100K released; 58% stray

The ocean harvest recovery rate and proportion taken in the sport fishery for other fall-run
salmon net pen releases are included below to allow direct comparison among these release types
(Table 17, Fig. 21).

Age-2 Ocean Harvest recovery rate; percent taken in sport harvest
e FRHFnp: 81 recoveries/100K released; 85% sport
e FRHFns: 81 recoveries/100K released; 93% sport

e FRHFbb: 19 recoveries/100K released; 80% sport
e FRHFbg: 17 recoveries/100K released; 100% sport
e FRHFbr: 20 recoveries/100K released; 100% sport

e FRHFn: 97 recoveries/100K released; 88% sport
e NIMFn: 30 recoveries/100K released; 100% sport
e MOKFn: 42 recoveries/100K released; 77% sport

Age-3 Ocean Harvest recovery rate; percent taken in sport harvest
e FRHFns: 3,692 recoveries/100K released; 32% sport

FRHFn: 811 recoveries/100K released; 29% sport
FRHFtib: 1,082 recoveries/100K released; 30% sport
CFHFn: 1,374 recoveries/100K released; 30% sport
NIMFn: 662 recoveries/100K released; 29% sport
MOKFn: 309 recoveries/100K released; 32% sport

Age-4 Ocean Harvest recovery rate; percent taken in sport harvest
e FRHFns: 106 recoveries/100K released 31% sport

FRHFn: 62 recoveries/100K released; 27% sport
FRHFtib: 370 recoveries/100K released; 23% sport
CFHFn: 112 recoveries/100K released; 31% sport
NIMFn: 269 recoveries/100K released; 26% sport
MOKFn: 137 recoveries/100K released; 24% sport
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2013 CFM ANALYSES KEY POINTS

Hatchery escapement was predominately hatchery-origin fish. The majority of hatchery-
origin fish returning to each hatchery was comprised primarily of its respective releases with
the exception of Merced River Hatchery, which was mostly MOKFn and MOKFt releases.

Rivers and creeks with hatchery installations had the highest proportions of hatchery-origin
spawners in natural areas, with the exception of Merced River. Most of the hatchery
proportion consisted of release types from its respective hatchery with the exception of
hatchery-origin spawners in the Merced River, which were primarily MOKFn and MOKFt
releases.

Fall-run escapement into the Upper Sacramento River and its tributaries was predominantly
natural-origin salmon with the exception of Paynes Creek. CFHFh and FRHFn were the
hatchery release types most often observed in these rivers and creeks.

Fall-run escapement into the Butte Creek and the Yuba River was predominantly natural-
origin salmon. Hatchery-origin fish were primarily FRHFn, MOKFn, and CFHFn release

types.

Fall-run escapement into non-hatchery tributaries of the San Joaquin Basin was
predominantly natural-origin salmon with the exception of the Stanislaus River. MOKFn and
MOKFt were the predominant hatchery release types observed in all other southern
tributaries.

For fall-run salmon, bay net pen releases generally had the highest CV recovery rates among
all release types in their cohort. Bay net pen releases, along with trucked releases, also had
higher stray rates. CFHFn and MERFt releases had the highest stray rates observed among all
release types.

Approximately two-thirds and more than half of the inland and ocean harvest, respectively,
were hatchery-origin fish. FRHFn and CFHFh releases contributed the most to sport (inland
and ocean) and commercial fisheries.

Coastal net pen releases had the highest ocean recovery rates for all release types and ages.
Their recovery rate was several times greater than other net pen releases for the same cohort,
including sibling releases, and an order of magnitude greater than recovery rates for most in-
basin releases. The age-2 ocean recovery rates for releases from the two coastal net pen
projects were identical.

Relatively few coastal net pen releases from Santa Cruz returned to the CV whereas coastal
releases from Pillar Point had the highest CV recovery rate among all age-2 pen releases. The
majority of FRHFnp recoveries in the CV occurred at Feather River Hatchery.

Fish released directly into San Francisco Bay as part of the “barge study” strayed the most
among the three release types in this study. Salmon barged down the Sacramento River had
the lowest stray rate but also the lowest CV recovery rate. Fish released in-basin at the mouth
of the Feather River had the highest recovery rate and strayed moderately. All three release
types had near equivalent age-2 ocean recovery rates and were slightly less than the rate
observed for their FRH siblings released in bay net pens.
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CONCLUSION

A primary goal of this report is to provide information that will be useful in California salmon
management, including CV hatchery assessment. This report contains the data and analyses
needed to determine the contribution of hatchery- and natural-origin salmon to hatchery and
natural areas throughout the CV, evaluate hatchery release strategies and programs, improve
California ocean and river salmon fisheries management, evaluate the effectiveness of habitat
restoration, and determine if other goals of the CFM program are being met. Although there is no
discussion section as in previous reports, the authors have begun the process of analyzing these
data for complete CFM broods over their respective life span. This will allow resource managers
to determine the total contribution of various release strategies to CV escapement and to ocean
and inland fisheries by time and area.

We believe the CFM program should be continued with the current design to provide
comparable, consistent data needed for hatchery and harvest management. Efforts are still
ongoing to secure permanent funding for this program which will allow critical data to be
available by February of each year to manage CV salmon stocks, hatchery production, and
California ocean and river fisheries in real-time, similar to the Klamath River fall-run salmon
management process.
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Table 1a. Estimation and sampling methods used for the 2013 CV Chinook hatchery escapement.

Sampling Location

Estimation and Sampling Methods

Agency

Hatchery Spawners

Coleman National Fish
Hatchery (CFH) Fall and
Late-Fall (2014)

CFH Late-Fall Fish Trap

Feather River Hatchery
(FRH) Spring and Fall

FRH Trap Spring

Nimbus Fish Hatchery
(NIM) Fall

Nimbus Weir Fall

Mokelumne River Hatchery

(MOK) Fall

Merced River Fish Facility
(MER) Fall

Direct count. All fish examined and bio-sampled? for fin-clips, tags, marks.
Access upstream of the hatchery closed Aug 1-Sep 30. Fall-run period: Oct
2-Dec 3, Late-fall-run period: Dec 23-Mar 5. Sub-sampling of ad-clipped fish
(~19%) occurred Oct 2-Nov 21; all ad-clipped fish sampled thereafter. CFH
ladder closed between "fall" and "late-fall" spawning periods (Dec 4-22).
Fish returning to CFH in mid-Nov and early Dec parsed into run-type based
on CWT code recoveries and total run-type proportions by date. Grilse
cutoff: 700 mm fall, 600 mm late-fall.

Direct count. All fish examined and bio-sampled for fin-clips, tags, marks. All
untagged-phenotypic late-fall fish released into Battle Creek above CFH
Nov 14-Apr 2. All ad-clipped fish sampled and heads collected for CWT
recovery Mar 3-Apr 2 (after CFH spawning operations cease). Late-fall data
from video weir Apr 2-Jun 30 added. Grilse cutoff: 600 mm.

Direct count. All fish examined for fin-clips, tags, marks. Fish arriving at the
hatchery May 1-Jul 1 (n~ 20,000) were considered "spring-run" and marked
with uniquely-numbered floytags prior to release back into the Feather
River. Only fish marked with floytags returning to FRH in fall were spawned
as spring-run. All remaining fish were considered fall-run. FRH fish ladder
opened Sep 16 and spring spawning began Sep 19. All spring-run fish bio-
sampled until Sep 23. Systematic random bio-sample ~33% of remaining
spring-run fish occurred through Sep 28. Fall spawning began Oct 9 with
systematic random bio-sample ~10% of all fish. All ad-clipped fish were
sampled and heads collected for CWT recovery. Grilse cutoff: 650 mm
spring and fall.

Direct count of salmon that died during early processing of "spring-run"
salmon returning to FRH during May-July. All fish examined for fin-clips,
tags, marks. All ad-clipped fish were sampled and heads collected for CWT
recovery. These fish are not included in FRH spring escapement. Grilse
cutoff: 650 mm.

Direct count. NIM ladder open Nov 4-Dec 11. All fish examined for fin-clips,
tags, marks. Systematic random bio-sample ~10% of total fish returning. All
ad-clipped fish sampled and heads collected for CWT recovery. Grilse
cutoff: 700 mm.

Direct count. Installed Aug 8 to force returning salmon into NIM; any salmon
that migrated above prior to installation trapped between Folsom Dam
(located 1/4 mile upstream) and weir. All "washback" fish examined for fin-
clips, tags, marks. All ad-clipped fish sampled and heads collected for CWT
recovery. Grilse cutoff: 700 mm.

Direct count. MOK open Oct 1-Jan 23. All fish examined for fin-clips, tags,
marks. Systematic random bio-sample ~10% of total fish returning. All ad-
clipped fish sampled and heads collected for CWT recovery. Grilse cutoff:
650 mm females, 710 mm males.

Direct count. MER open Oct 21-Dec 27. All fish examined for fin-clips, tags,
marks. All ad-clipped fish were sampled and heads processed for CWT
recovery. Grilse cutoff: 640 mm females, 680 mm males.

FWS

FWS

CDFW

CDFW

CDFW

CDFW

CDFW

al Biological sampling ("bio-samples" or "bio-data") of live fish or carcasses may include observed tags or marks, sex, fork length,
scales, carcass condition, spawning condition, and heads collected from ad-clipped fish for CWT recovery.
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Table 1b. Estimation and sampling methods used for the 2013 CV Chinook natural escapement. (pg 1 of 2)

Sampling Location

Estimation and Sampling Methods

Agency

Natural Spawners

Upper Sacramento River
Mainstem Winter, Fall, and
Late-Fall (2014)

Clear Creek Fall

Cottonwood Creek Fall

Paynes Creek Fall

Mill Creek Fall

Deer Creek Fall

Population estimate for each run produced utilizing five-step process:

1) Superpopulation modification of the Cormack-Jolly-Seber mark-recapture
estimate using all females within carcass survey area (Balls Ferry Bridge to
Keswick Dam). 2) Total female escapement estimate in upper Sacramento
River is derived using expansions for females spawning outside of the
survey area (Princeton to Balls Ferry) through aerial redd surveys. 3) Adult
male escapement estimated using adult sex ratio of live fish counts at CFH
or Keswick Trap. 4) Grilse escapement estimated using survey ratio of fresh
adult males to fresh grilse. 5) Addition of any fish removed for hatchery
brood stock purposes.

All fish in carcass survey examined for fin-clips, tags, marks and condition

(e.g., fresh, non-fresh, skeleton). Bio-data® collected from all fresh fish.
Systematic random bio-sample may occur if carcass counts expected to be
high. All ad-clipped fish (fresh and non-fresh), including "unknown" ad-clipped
status, were sexed, measured and heads collected for CWT recovery.
Grilse cutoff: 626 mm females, 675 mm males winter; 610 mm females,
725 mm males fall; 610 mm females, 655 mm males late-fall.

Same methodology as Upper Sacramento River Mainstem population
estimates except sex ratio and grilse proportion determined from live fish
counts at Clear Creek video station and CWT analysis. All fish in carcass
survey examined for fin-clips, tags, marks, and condition (e.g., fresh, non-
fresh, skeleton). Bio-data collected from all fresh fish. All ad-clipped fish
(fresh and non-fresh), including "unknown" ad-clipped status, were sampled
and heads collected for CWT recovery. Grilse cutoff: 625 mm females, 700
mm males.

Video weir count (Sep 15-Dec 15) in lower creek used to determine total
escapement. Kayak surveys conducted to collect bio-data from fresh fish.
All ad-clipped fish (fresh and non-fresh), including "unknown" ad-clipped
status, were sampled and heads collected for CWT recovery. Grilse cutoff:
655 mm females, 675 mm males.

Redd count survey to determine total escapement. Walking surveys were
conducted to count redds and collect bio-data from fresh fish. All ad-clipped
fish (fresh and non-fresh), including "unknown" ad-clipped status, were
sampled and heads collected for CWT recovery. Grilse cutoff: 610 mm
females, 725 mm males.

Video counts at Ward Dam in lower Mill Creek plus expanded redd count
between Ward Dam and the Sacramento River confluence used to
determine total escapement. Kayak surveys conducted to collect bio-data
from fresh fish. All ad-clipped fish (fresh and non-fresh), including "unknown"
ad-clipped status, were sampled and heads collected for CWT recovery.
Grilse cutoff: 620 mm females, 695 mm males.

Redd count survey to determine total estimate. Sex ratio based on Mill
Creek video count. Kayak surveys conducted to collect bio-data from fresh
fish. All ad-clipped fish (fresh and non-fresh), including "unknown" ad-clipped
status, were sampled and heads collected for CWT recovery. Grilse cutoff:
620 mm females, 695 mm males.

CDFW,
FWS

CDFW,
FWS

FWS,

CDFW

CDFW

CDFW

CDFW



Table 1b. Estimation and sampling methods used for the 2013 CV Chinook natural escapement. (pg 2 of 2)

Sampling Location

Estimation and Sampling Methods

Agency

Natural Spawners cont.

Butte Creek Spring and Fall

Feather River Fall

Yuba River Fall

American River Fall

Mokelumne River Fall

Stanislaus River Fall

Tuolumne River Fall

Merced River Fall

Superpopulation modification of the Cormack-Jolly-Seber mark-recapture
estimate for spring and fall. All fish examined for fin-clips, tags, marks.
Systematic random bio-sample of all fish. All ad-clipped fish sampled and
heads collected for CWT recovery. Grilse cutoff: 600 mm spring, 650 mm
fall.

Superpopulation modification of the Cormack-Jolly-Seber mark recapture-
estimate. All fish examined for fin-clips, tags, marks. Systematic random bio-
sample of fresh fish. All ad-clipped fresh fish sampled and heads collected
for CWT recovery. Heads opportunistically collected from non-fresh ad-
clipped fish. Escapement estimate includes spring-run. Grilse cutoff: 650
mm.

Above Daguerre Point Dam: Vaki Riverwatcher direct count of escapement
and ad-clipped fish. Supplemental carcass survey to collect bio-data and
heads from ad-clipped fish (fresh fish only). Below Daguerre Point Dam:
Superpopulation modification of the Cormack-Jolly-Seber mark-recapture
estimate. All fish examined for fin-clips, tags, marks and condition.
Systematic random bio-sample of all fish. All ad-clipped fresh fish sampled
and heads collected for CWT recovery. Escapement estimate includes
spring-run. Grilse cutoff: 650 mm.

Superpopulation modification of the Cormack-Jolly-Seber mark-recapture
estimate. All fish examined for fin-clips, tags, marks and condition.
Systematic random bio-sample of all fish. All ad-clipped fish sampled and
heads collected for CWT recovery. Grilse cutoff: 640 mm females, 700 mm
males.

Video count at Woodbridge Irrigation District Dam (WIDD) used to determine
total escapement and ad-clipped fish above WIDD. Natural spawner
escapement estimate and ad-clip rate calculated by subtracting total count
and number of ad-clipped fish returning to MOK. Supplemental carcass
survey collected bio-data from fresh fish and heads from all ad-clipped fish.
Grilse cutoff: 700 mm.

Superpopulation modification of the Cormack-Jolly-Seber mark-recapture
estimate. All fresh fish examined for fin-clips, tags, marks. All fresh ad-
clipped fish sampled and heads collected for CWT recovery. Opportunistic
sampling of ad-clipped fish on Stanislaus Weir (i.e., "washbacks"). Grilse
cutoff: 640 mm females, 680 mm males.

Superpopulation modification of the Cormack-Jolly-Seber mark-recapture
estimate. All fish examined for fin-clips, tags, marks and condition. All ad-
clipped fish sampled and head collected for CWT recovery. Grilse cutoff:
640 mm females, 680 mm males.

Superpopulation modification of the Cormack-Jolly-Seber mark-recapture
estimate. All fresh fish examined for fin-clips, tags, marks. All fresh ad-
clipped fish sampled and head collected for CWT recovery. Grilse cutoff:
640 mm females, 680 mm males.

CDFW

DWR

CDFW,
YARMT

CDFW

EBMUD

CDFW

CDFW

CDFW

al Biological sampling ("bio-samples" or "bio-data") of live fish or carcasses may include observed tags or marks, sex, fork length,
scales, carcass condition, spawning condition, and heads collected from ad-clipped fish for CWT recovery.



Table 1c. Estimation and sampling methods used for the 2013 CV Chinook sport harvest estimates.

Sampling Location

Estimation and Sampling Methods

Agency

Sport Harvest

Upper Sacramento River
Fall

Feather River Fall

American River Fall

Lower Sacramento River
Fall

Mokelumne River Fall

Upper Sacramento River
Late Fall

Open Jul 16 - Oct 31 (Lower Red Bluff Boat Ramp to Highway 113 bridge) and
Aug 1 - Oct 31 (Deschutes Road Bridge to the Red Bluff Diversion Dam).
Stratified random sampling design (one weekday and one weekend sample per
week per section during the open season per management zone) that included
both roving and access interview components and sub-sampling of kept
salmon. Almost all ad-clipped salmon sampled and heads collected for
CWT recovery.

Open Jul 16 - Oct 15 (unimproved boat ramp above the Thermolito Afterbay
Outfall to 200 yards above the Live Oak boat ramp) and Jul 16 - Dec 16 (200
yards above the Live Oak boat ramp to the Sacramento River confluence). Stratified
random sampling design (one weekday and one weekend sample per week per
section during the open season per management zone) that included both roving
and access interview components and sub-sampling of kept salmon. All ad-
clipped salmon sampled and heads collected for CWT recovery.

Open Jul 16 - Dec 31 (Nimbus dam to the Hazel Avenue Bridge), Jul 16 - Aug
15 (Hazel Avenue Bridge to the USGS cable crossing), Jul 16 - Oct 31 (USGS
cable crossing to the SMUD power line crossing), Jul 16 - Dec 31 (SMUD power
line crossing to the Jiboom Street Bridge), and Jul 16 - Dec 16 (Jiboom Street
Bridge to the Sacramento River confluence). Stratified random sampling design
(one weekday and one weekend sample per week per section during the open
season per management zone) that included both roving and access interview
components and sub-sampling of kept salmon. All ad-clipped salmon
sampled and heads collected for CWT recovery.

Open Jul 16 - Dec 16 (Highway 113 bridge to the Carquinez Bridge). Stratified
random sampling design (one weekday and one weekend sample per week per
section during the open season per management zone) that included both roving
and access interview components and sub-sampling of kept salmon. All ad-
clipped salmon sampled and heads collected for CWT recovery.

Open Jul 16 - Oct 15 (Comanche Dam to the Highway 99 Bridge), Jul 16 - Dec
31 (Highway 99 Bridge to Woodbridge Dam, including Lodi Lake), and Jul 16 - Dec
16 (Lower Sacramento Road bridge to the San Joaquin River confluence).

Stratified random sampling design (one weekday and one weekend sample per
week per section during the open season per management zone) that included
both roving and access interview components and sub-sampling of kept
salmon. All ad-clipped salmon sampled and heads collected for CWT
recovery.

Open Nov 1 - Dec 16 (Lower Red Bluff Boat Ramp to Highway 113 bridge,
Deschutes Road Bridge to the Red Bluff Diversion Dam). Stratified random
sampling design (one weekday and one weekend sample per week per section
during the open season per management zone) that included both roving and
access interview components and sub-sampling of kept salmon. All ad-
clipped salmon sampled and heads collected for CWT recovery.

CDFW

CDFW

CDFW

CDFW

CDFW

CDFW

al Biological sampling ("bio-samples" or "bio-data") of live fish or carcasses may include observed tags or marks, sex, fork length,
scales, carcass condition, spawning condition, and heads collected from ad-clipped fish for CWT recovery.
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Table 2. California ocean salmon sport and commercial fishery seasons by major port area, 2013.

Sport Fishery Commercial Fishery
Days Days
Maijor Port Area Season Size Limit* Open Season Size Limit¥ Open Quota
Eureka/Crescent City | May 1 - Sep 8 20" TL 131 May 1-10 27" TL 10 3,000”
(Klamath Mgmt Zone) Jun 1-9, 11 27" TL 10 3,352"
Jul 15-21 27" TL 7 2,547"
Aug 1-3 27" TL 3 1,692"
Sep 16-30 27" TL 15 6,000”
5
Fort Bragg Apr6-Nov10  20"TL 219 | May 22-31 27" TL 10
Jun 1-8,21-30 27" TL 18
Jul15-Aug29 27"TL 46
Sep 1-30 27" TL 30
104
San Francisco Apr 6 - Jul 31¢ 24" TL 105 May 1-31 27" TL 31
Aug1-Nov10 20"TL 102 |Jun1-8,21-30 27" TL 18
207 |[Jul15-Aug29 27"TL 46
Sep 1-30 26" TL 30
Oct 1-5, 8-12¥ 26" TL 11
136
Monterey® Apr6-0Oct6” 24" TL 172 | May 1-31 27" TL 31
Jun 1-8,21-30 27" TL 18
Jul15-Aug29 27"TL 46
Sep 1-30 26" TL 30
125
California Total 729 365

a/ Size limit in inches total length (TL).

b/ Klamath Management Zone quota fisheries; daily bag and possession limit of 20 salmon per day.
c/ Closed on Monday and Tuesday from June 1 through July 9.

d/ Open only between Pt. Reyes and Pt. San Pedro.

e/ Recreational and commercial regulations apply from the Monterey area to the U.S./Mexico border.
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Table 6. Raw and expanded Chinook CWT recoveries in the Central Valley by run type and brood
year during 2013.

Fall-run 2012 2011 2010 2009 2008
— Total CV
Age 1 2 3 47 5 CWTs  Total CV %
Raw CWT Recoveries 3 1,967 15,923 3,375 1 21,269 59%
(<1%) (9%) (75%) (16%) (<1%)
Expanded CWTtotal 79 20,887 240,664 47,819 1 309,449 87%
(<1%) (7%) (78%) (15%) (<1%)
Spring-run 2011 2010 2009 2008 Total GV
Age 2 3 4 5 CWTs  Total CV %
Raw CWT Recoveries 82 8,919 631 9,632 27%
(<1%) (93%) (7%)
Expanded CWTtotal 207 31,970 4,750 36,927 10%
(<1%) (87%) (13%)
Late-Fall-run 2012 2011 2010 2009 Total GV
Age 2 3 4 5 CWTs  Total CV %
Raw CWT Recoveries 946 2,786 1,297 5,029 14%
(19%) (55%) (26%)
Expanded CWTtotal 1,648 3,957 2,392 7,997 2%
(21%) (49%) (30%)
Winter-run 2011 2010 2009 2008 Total GV
Age 2 3 4 5 CWTs  Total CV %
Raw CWT Recoveries 23 107 130 0.4%
(18%) (82%)
Expanded CWTtotal 64 304 367 0.1%
(17%) (83%)
All Runs Total CV
Age 1 2 3 47 5 CWTs  Total CV %
Raw CWT Recoveries 3 3,018 27,735 5,303 1 36,060 100%
(<1%) (8%) (77%) (15%) (<1%)
CV Expanded CWTtotal 79 22,805 276,895 54,961 1 354,741 100%
(<1%) (6%) (78%) (15%) (<1%)

a/ Includes brood year 2009 fall-run Chinook released from Iron Gate Hatchery on Klamath River.
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Table 7. Raw and expanded Chinook CWT recoveries in 2013 California ocean fisheries by run
type and brood year.

Fall-run 2011 2010 2009 2008 Total Ocean Total
Age 2 3 4 5 CWTs Ocean%
Raw CWT Recoveries 346 15,076 1,817 1 17,240 82%
(2%) (87%) (11%) (<1%)
Expanded CWTtotal 3,631 163,518 15,441 12 182,601 86%
(2%) (90%) (8%) (<1%)
Sgring-run 2011 2010 2009 2008 Total Ocean Total
Age 2 3 4 5 CWTs Ocean%
Raw CWT Recoveries 35 1,464 37 1,536 7%
(2%) (95%) (2%)
Expanded CWTtotal 121 4,483 107 4,711 2%
(3%) (95%) (2%)
Late-Fall-run 2012 2011 2010 2009 Total Ocean Total
Age 2 3 4 5 CWTs Ocean%
Raw CWT Recoveries 13 383 375 771 4%
(2%) (50%) (49%)
Expanded CWTtotal 44 1,224 1,118 2,386 1%
(2%) (51%) (47%)
Winter-run 2012 2011 2010 2009 Total Ocean Total
Age 2 3 4 5 CWTs Ocean%
Raw CWT Recoveries 34 2 36 0.2%
(94%) (6%)
Expanded CWTtotal 121 6 127 0.1%
(95%) (5%)
Non-CV stocks 2011 2010 2009 2008 Total Ocean Total
Age 2 3 4 5 CWTs Ocean%
Raw CWT Recoveries 1 451 1,050 58 1,560 7%
(<1%) (29%) (67%) (4%)
Expanded CWTtotal 17 10,108 12,825 231 23,183 11%
(<1%) (44%) (55%) (<1%)
All Runs Total Ocean Total
Age 2 3 4 5 CWTs Ocean%
Raw CWT Recoveries 395 17,408 3,281 59 21,143 100%
(2%) (82%) (16%) (<1%)
Expanded CWTtotal 3,813 179,455 29,497 243 213,008 100%
(2%) (84%) (14%) (<1%)
CV Expanded CWTtotal 3,796 169,346 16,672 12 189,826 89%
proportion CV stocks (99.5%) (94%) (57%) (5%)




Table 8. Raw and expanded Chinook CWT recoveries in 2013 Oregon ocean fisheries by run type
and brood year.

Fall-run 2011 2010 2009 2008 Total Ocean Total
Age 2 3 4 5 CWTs Ocean%
Raw CWT Recoveries 10 5,204 782 2 5,998 71%
(<1%) (87%) (13%) (<1%)
Expanded CWTtotal 103 51,334 5,425 19 56,882 7%
(<1%) (90%) (10%) (<1%)
Sgrmg-run 2011 2010 2009 2008 Total Ocean Total
Age 2 3 4 5 CWTs Ocean%
Raw CWT Recoveries 4 798 12 814 10%
(<1%) (98%) (1%)
Expanded CWT total 14 2,163 38 2,216 3%
(<1%) (98%) (2%)
Late-Fall-run 2012 2011 2010 2009 Total Ocean Total
Age 2 3 4 5 CWTs Ocean%
Raw CWT Recoveries 13 40 53 1%
(25%) (75%)
Expanded CWT total 38 107 145 0%
(26%) (74%)
Non-CV stocks 2011 2010 2009 2008 Total Ocean Total
Age 2 3 4 5 CWTs Ocean%
Raw CWT Recoveries 507 911 208 1,626 19%
(31%) (56%) (13%)
Expanded CWTHtotal 7,206 6,801 1,079 15,086 20%
(48%) (45%) (7%)
All Runs Total Ocean Total
Age 2 3 4 5 CWTs Ocean%
Raw CWT Recoveries 14 6,522 1,745 210 8,491 100%
(<1%) (77%) (21%) (2%)
Expanded CWTtotal 117 60,741 12,372 1,098 74,328 100%
(<1%) (82%) (17%) (1%)
CV Expanded CWT 117 53,535 5,570 19 59,242 80%
(proportion CV stocks) (100%) (88%) (45%) (2%)
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# Release Type Release Location
1 SacW Lake Redding Park
2 CFHFh,CFHLh CFH 1
3 FRHS Thermalito High Flow Area
4 FRHS Boyds Pump Ramp
5 FRHFbr Elkhorn Boat Launch Clear Cr. o
. . aattle V.
6 NIMF American River Ba .
: w00d . - Coleman Nat. Fish Hatchery (CFH) 2
7 NIMF Discovery Park Cotton Paynes Cr.
8 FRHFe Yolo Bypass ’
9 MOKF Mokelumne River Mill L.
10 MokFw Mok R Vino Farms
11 MokFw Woodbridge Deel cr.
12 MERF Merced River
13 MERF Hatfield State Area
14 MERFt Mossdale
15 FRHFe San Joaquin River (above mouth) &
16 MOKFn, MOKFt Sherman Island Q§ Feather R. Hatchery (FRH)
17 FRHSn, NIMFn Mare Island Net Pens ‘Q 3
(3)
18 FRHFn,NIMFn Wickland Qil Net Pens T.‘é
17 CFHFn,FRHSn San Pablo Bay Net Pens o Qé Yub@ R
18 FRHFn (both Wickland & Mare Island) [~ <
19 FRHFtib Tiburon Net Pens ® £ 4
20 FRHFbb, FRHFbg Fort Baker (Golden Gate mouth)
21 FRHFnp Pillar Point Net Pens 5 R
22 FRHFnc Santa Cruz Net Pens i Ame;‘can ' 8 Nimbus Hatchery (NIM)
o
S *
8w & Sacramento
3 K
a \@«\‘?‘
N Carquinez & 10 yMokelumne R. Hatchery (MOK) 9
Strait
. 11 A
17 ‘(\(\
- AW
: '!-__‘ \\0\@
16 15
Q0 Calaver®
S, (ol
> s\a
o gtan!
2 jumne R
m .
99 ‘ Tuolu
>
- € e 12
Half Moon Bay 13 Merced R. Hatchery (MER)
Santa Cruz

22

Figure 1. Map of release locations for CV hatchery release types, brood years 2009-2011.
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Figure 2. Fall-run CV Natural Area Escapement, Hatchery and Natural Proportions, 2013.
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Figure 4. Color chart for Central Valley hatchery release types, brood years 2009-2011.
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Age-2 CWT recovery rate of Sacramento River fall Chinook releases
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Figure 14. CWT recovery rates of Sacramento River fall Chinook releases by age in 2013.
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Age-2 CWT recovery rate of Other CV Chinook releases
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Figure 15. CWT recovery rates of Other CV Chinook releases by age in 2013.
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Age-2 CWT recovery rate of CV releases in Ocean Fisheries
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Age-3 CWT recovery rate of CV releases in Ocean Fisheries
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Age-4 CWT recovery rate of CV releases in Ocean Fisheries
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Figure 16. CWT recovery rates by release type in 2013 ocean fisheries.
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Age-2 CWT recovery rate of Experimental & Net Pen releases
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Figure 20. CWT recovery rates of Experimental and Net Pen releases by age in 2013.
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Age-2 CWT recovery rate of Experimental & Net Pen releases
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Figure 21. CWT recovery rates of Experimental and Net Pen releases in 2013 ocean sport

and commercial fisheries.
F-22



- [E190 | AAD UL papN|oul JOU 8Jam ey} SBLIBA02al | D M-B34, PIIM papn|oul ASAINS SSBJJEBD JBALY Jaylea :8JoN .
s MD Buiuieluos ysiy paddijo-pe jo uonuodosd = opelmo~d ‘paddio-pe asem jey ysiy pajdwes jo uoniodosd = ope-d

%V’ v8 909°'/¢l ev'e oL9lL 692‘¢ zle'e 96V1°€ €05°¢E 0 660°6 602151  [E10}
S61 G61 ¥Ze vee (874 ansiunuoddo ysaupuou
%¥'v8 909°'/¢l ev'e [AWA" 60 L€0 ¥.0€ 1.0°€ AR 6.2°€ %6°S 8688 %001 Ysaly
Aiayorey For W poud 4 aEmmn_ opelmo~d ope d SIMD pajanodal  passadold sdijo-pe ajel (u) pajdwes N uonipuo)
% o Bay plleA SIMD sdijo-py panIasqO a|dwes yooulyy  juswadeosy
+ABAINS SSPOIRD UOW|ES YOoOoUuIY) uni-||e} JoAIY J9yjea
%S’ LE 269 8G°¢ 08’cl 147 145 142 145 %9 8yl L61°C |E0}
00'L L0 9 9 9 9 %9'¢C JAS, %6€ Yysaljuou
%S°LE 269 8G'¢ vi've 00°L 60°0 8 8 8 8 %l¥ 16 %19 ysall
fsyoey ., = poud 4 dwes ope|mo~d  ope d S1MD paloAnooas  passadoud sdijo-pe ajel (u) psjdwes N uonpuoD
% LMD ”W Bay e plleA SIMD sdijo-py panIasqO a|dwesg yooulyy  juswadeosy
AaAuns sseoued uowjes jooulysd uni-jjej }aaid 1A
%8°0€ GG8 Loy e 88 68 G6 96 %V LY 8yL‘lL vLL'C |E0}
260 600 89 69 S/ 9. %0°¢¢e 188 %/, ysaijuou
%8°0€ GG8 L0y €901 00°L 80°0 0¢ 0¢c 0¢ 0¢c %V'6 192 %€ET ysall
Alayojey v oron 1= poud 4 dwes opelmo~d oped SIMD palonodal  passadoid sdijo-pe ajel (u) paidwes N uonipuo)
% LMo ‘,W Bay e plleA SIMD sdijo-py panIasqO a|dwesg yooulyy  juswadeosy
AaAIns sseoled uowjes Jooulyd uni-||e} 39919 pooOMuo}}09)
%6°9€ 816V 19°¢ 86V 69¢ 0L¢ 06¢ Z6¢e %0°€Y GEL'S legel 1|10}
260 100 961 .Gl LLL €Ll %8 L1 08¢ %1y ysaiuou
%6°9€ 816'Y 19°¢€ ¥8°LL G6°0 Lo €Ll cLl 6Ll 6Ll %¥'8 ozlL %02 ysalj
Kisyorey . o S _W poud 4 aEmmn_ opelmo~d ope d SIMD palanodal  passadoid sdijo-pe ajel (u) paidwes N uonipuo)
% 7 Bay plleA SIMD sdijo-py panIasqO a|dwesg yooulyy  juswadeosy
AaAins sseoled uowjes yooulyd uni-|jej }9a19) 1ea|d
%€ Ve orLLlL e €S’LL LLE cle 8€¢€ eve %€ LL 229's Gl5'ce  |ejo)
¥6°0 ¥0°0 Sl Gl 98l 681 %vEl €9e'y %8.L ysaijuou
%€ Ve ovLLlL LL'e 9€'9¢ 06°0 Lo 9¢l L€l [4°1% 1213 %6'¢ 652l %2Z ysall
Ksyoiey 0, ] poud 4 dwes opemo~d ope d SIMD pajanodal  passadold sdijo-pe ajel (u) pajdwes N uolIpuo)
% LMo ‘,EW Bay e plleA SIMD sdijo-py panIasqO a|dwesg yooulyy  juswadeosy

AaAIns ssealed uowljes Yooulys uni-jjes JoArY ojuswesdses saddn

"€10Z Ul uoiipuod ysi Buloa|0o shkaAins sseoated uowjes AajeA |e43uad 10} siojoe} uoisuedxs ajdwes | xipuaddy



")9819 8)Ing pue }8a1) Jasq Naa1) (I Ye81D sauked ‘Yoa1) POOMUOROD) ‘}aal) JEa|D) apnjoul S¥aa.0 [ednjeN /q
"seleA008l Aeljs paIspIsuod ‘AjsAnoadsal ‘JoAry BGNA PUe JaAly ojusweloes Jaddn ul peisA0oal seses|al Hy4 pue H4D /e

0l Lie €8 6¢C S0l %92 962°€ €8 €er'e 0 0 0 0 0 €2’ 06 ¥8. 0 [se9'ss0’t  1dS  600Z USHMA

¥ 9Ll 0 9Ll 9¢ %0 v6L'L 0 ¥6L°L 0 0 0 0 0 v6L'L 0 0 0 ¥G6'920'L  JdS 6002 SHY4
0/€ 20§ S8 4474 €ce %L1 S0€ LG ¥S¢ 0 0 } } oL ¥S¢ 9l €C 0 Y0109 lled 600 Aqi4HHA
29 g8l 144 34 8LV’  |%¥C 6.EY Lv0'L  LEge € 0 oL 9¢ 9 Lee'e €8l 192 8¢ |60C°29€'C  lled 600¢ UdHMA
(%45 102 Z8 SclL 96L°L  |%6€ G502 118 vve'L 0 0 0 0 0 0 0 118 vve'L [Lv0°266 9)e7 010 UTH4D
1475 9L GGl (0]% 6.€ %6 §SS [44S] €¢ S €l } 4 €S ¥S¢ ol Gl €€ |6L6°LEE lled  600¢ U4H4D
474 66 142 G8 290°L %Vl 805 09¢ e 0 0 0 0 0 0 8Ll Zve LvL'C |ZvLivs'e  lled  600¢  U4H4D
ueadsQ [[e10} AD | Aeng uiseqg-u | e ang | Aess | jejoy A0 | Aens  uiseg-uj rs JoN SO swy anA ea4 oSHMOlEN  desdn  uDleg pabbey adAy  ueak adAy
poasesjai )00} Jod ajes Kianooay| ueadQ A% s[ejo} ““*1mo AD uiseq Aq (‘U= D) sel1oA0201 |e}0} AB|[RA [eljud) LMO# und poolg osesjoy
S3LIaA02a1 | D ¥ 9By

S0l ¥65 (%4 2.8 96L°L %Y LSL'9 £ve 20S‘9 0 0 0 4 9 2059 Sl 961 v [069'9el’L  1dS 0102 USHYA
6SY 0602 6 180C €L€'G %0 9Gv've 00L  9SE‘ve 0 0 0 0 00l  9S€ve 0 0 0 ove'osL't  4ds  0L02 SHY4
280°L G569 96 865 909 %L 68¢ 12 gee € 0 € 14 L gee 0c 4 L 0€0°95 lled  0l0C andHYd
269°€ yeL A 16 1989 %.¢ 6v¢ 89 18l 0 0 ) 9 0 18l Sl 9 0 G86's8lL lled  0L0C OudHHd
118 LeoL 98 S¥6 60202 %8 zee'9z | v6L'c  LEL'WT S¢ 145 VA4 ve€Z  08L LEL'VC zee 159 66 |SLL'YSS'T  lled  0L0Z  udHMA
(0145 00¢ ve 992 LWe'l %L zli'e 0S¢ 29l 0 ) 0 0 0 0 0 6Y< 29/'C |6G8°2€0°L @17  LL0Z  YTH4D
175" 185 81§ 69 865V %88 ¥96'L veL'L 0€e 9 4] G¢ 689 96 L€l 80L 18 0€Z |9G2'¥EE lled 0l0¢ U4H4D
98¥y 68 144 Sla4 89/°¢l %6 z/8'€L | ¥eT'L 89Tl 0 0 0 44 L At 6. 8ey  8€9'C) |ogv'ses’c  lled  0L0Z  UdHHD
ueasQ [[e10} AD | Aeng  uiseqg-uj | e ano | Aens | jejoy A0 | Aens  uiseg-uj rs JoN SO swy anA ea4 oSHMOlEN desdn  uDleg pabbey adAy  ueak adAy
poasesjai )00} Jod ajes Kianooay| ueasQ A% s[ejo} ““*1mo AD uiseq Aq (““=*1 D) sel1oA0281 |e}0} AB|[BA [eljud) LMO# und poolg osesjoy
SaLIaA02a1 | WD € 3By

S S 0 g ¥S %9 85 0 89 0 0 0 0 0 89 0 0 0 [esi'szl’t  1dS  LL0Z  USHYA

L €l 0 €l 6. %0 14" 0 145 0 0 0 0 0 145 0 0 0 [98z'880't  J4dS 1102 SHY4

18 1475 L Lol SYe %Ly 6.y 6% ocy 0 0 ) 0c L ocy oL 0 LL o |06L'9CY lled  110¢ OSudHHd
144 16 144 €l 6€S %0 vee'e ¥SS 699°L 61 14 9 88 €Ll 699°L 96 191 9y |Llg'e6g’c  lled  LL0Z  udHMA
61 8G Sl 44 GS %0 L2 14 9zl € } 0 L L 9L 0 €C v |680°26C led  110¢ 94Hdd

¥ 801 4 96 44 %6 8LL'L 2L 166 0 4 } 0 0 0 0 1745 166 |6LY'LE0°L @11 ZL0Z  UTH4O

€ €l b €l Lol %0 0cy 144 96¢ 0 0 0 0 0 0 124 0 96¢ [2¥0'ZLL'E  lled  LL0Z  UdH4O
ueasQ [[e10) AD | Aens  uiseg-uj | e ang | Aess | jejoy A0 | Aens  uiseg-ul rs JoN YO awy anA ea4 oSHOEN oesdn  uDleg pabbey adAy  ueak adAy
pasesjal Y00} Jad sjes Aianoosay ueasQ A% s[e30} LMD AD uiseq Aq (““=*1 D) sel1oA02a1 |e}0} A3j[eA [eljud) 1IMO # uny pooig  oseslsy

solIdA0281 | D Z 9By

-S9SEa[a1 HYH Pue HAD Jo (pasesjal SIMD 000°001 Jod saliaA0dal) sajes Aesys pue A1anodal LMD €102 dAleUIRB)Y g Xipuaddy

A-2



Alternative age-2 CWT recovery rate for CFH and FRH releases

125 -
- OOcean recovery rate
% 100 - @Basin recovery rate
o OStray recovery rate
o
o
8 75
o
=
@
[e 50 -
[}
2
o
>
S 25
12
0 4
CFHFh CFHLh FRHFb FRHFn FRHFnc FRHS FRHSn
31M 1M 297 K 426 K 2.3M 11M 11M
Alternative age-3 CWT recovery rate for CFH and FRH releases
4000 -
3500 - OOcean recovery rate ]
B @Basin recovery rate
é 3000 - DOStray recovery rate
o
8 2500 -
S
3
~ 2000 -
@
[e}
3 1500 -
9
g 1000 -
0]
12
500 -
0 4
CFHFh CFHFn CFHLh FRHFn FRHFnc  FRHFtib FRHS FRHSn
2.8M 335K 1M 186 K 26M 56 K 1.2M 1.1M
Alternative age-4 CWT recovery rate for CFH and FRH releases
500 -
OOcean recovery rate
el .
% 400 - @Basin recovery rate
@ OStray recovery rate
[
3
S 300 +
o
e
2
o 200 -
Q
5}
>
Q
8 100 -
(14
0 4
CFHFh CFHFn CFHLh FRHFn FRHFtib FRHS FRHSn
25M 338 K 992 K 24M 60 K 1AM 1M

Appendix 3. Alternative CWT recovery rates for CFH and FRH releases by age in 2013.
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