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Chinook mark-recapture survey while the highest proportion (78%) was observed in the Feather 
River fall/spring-run Chinook mark-recapture survey (Figure 1).   
 
The hatchery proportion of fall-run Chinook returning to CV hatcheries ranged from 79% to 95% 
(Figure 2).  The spring-run Chinook return to FRH was 82% hatchery-origin fish whereas the late
fall-run return to CNFH was almost 100% hatchery-origin fish.  
 
Overall, there were 23 individual CWT release types contributing to CV escapement in 2010.  To 
facilitate the breakout of the hatchery proportion by stock and release strategy, all release types 
from the same hatchery/basin were given the same color scheme (Figure 3) in Figures 4 through 
9.  All net pen releases contain black dots while most trucked, experimental, or Tiburon net pen 
releases are designated by black stripes when possible (i.e., release types did not overlap for a 
particular basin).   
 
Upper Sacramento River Basin 
Ten escapement surveys were conducted in the Upper Sacramento River Basin: fall and late fall 
runs Chinook counts at CNFH, fall and late fall runs Chinook mark-recapture surveys in the mainstem 
Sacramento River, a fall-run Chinook mark-recapture survey in Clear Creek, and spring-run and fall-run 
Chinook mark-recapture surveys in Butte Creek.  Spring and fall runs Chinook redd count surveys 
were conducted in Mill Creek and a spring-run Chinook snorkel survey (maximum count) was 
conducted in Deer Creek. Representative sampling for ad-clipped salmon did not occur in Mill 
and Deer Creek. Returns to CNFH were predominantly hatchery-origin fish released from this 
facility while escapement into natural areas was primarily natural-origin fish (Figures 4 and 5):   

 Fall-run returns at CNFH were 89% hatchery-origin fish (96% CFHFh) 
 Fall-run spawners in the mainstem Sacramento River were 20% hatchery-origin fish (48% 

FRHFn, 19% CFHFh, 17% FRHSn) 
 Fall-run spawners in Clear Creek were 4% hatchery-origin fish (45% FRHFn, 32% CFHFh) 
 Late fall-run returns at CNFH were almost 100% hatchery-origin fish (99% CFHLh) 
 Late fall-run spawners in the mainstem Sacramento River were 6% hatchery-origin fish (73% 

CFHLh)  
 Spring-run spawners in Butte Creek were 1% hatchery-origin fish (63% FRHSn)   
 Fall-run spawners in Butte Creek were 11% hatchery-origin fish (89% FRHFn)   

 
Feather River Basin 
Four escapement surveys were conducted in the Feather River Basin: spring and fall runs Chinook 
counts at FRH, a combined fall/spring run Chinook mark-recapture survey in the Feather River, and 
a combined fall/spring run Chinook mark-recapture survey in the Yuba River.  Spring and fall 
runs Chinook returns to FRH and in the natural areas were predominantly of hatchery-origin  
(Figure 6): 

 Spring-run returns at FRH were 82% hatchery-origin (50% FRHS, 39% FRHSn)  
 Fall-run returns at FRH were 95% hatchery-origin (87% FRHFn)  
 Fall/spring-run spawners in the Feather River were 78% hatchery-origin (88% FRHFn)  
 Fall/spring-run spawners in the Yuba River were 71% hatchery-origin (48% FRHFn, 22% 

FRHS, 21% FRHSn)  
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American River Basin 
Three escapement surveys were conducted in the American River Basin: fall-run Chinook counts at 
NFH, a fall-run Chinook mark-recapture survey on the American River and a single late fall-run Chinook 
carcass count on the American River.  In addition, dead salmon were recovered from the NFH 
weir, which is located just upstream from the hatchery and was installed on September 15th to 
force returning salmon into NFH.  Salmon that migrated upstream beyond the hatchery prior to 
installation of the weir were trapped in the upstream area.  Many of those salmon washed back 
onto the weir upon death.  There is minimal spawning habitat above the weir.  Spawner returns 
to natural areas and those from the NFH weir fish were predominantly of natural-origin while 
returns to NFH were predominantly of hatchery-origin (Figure 7): 

 Fall-run returns to NFH were 79% hatchery-origin (81% NIMFn) 
 Fall-run spawners in the American River were 32% hatchery-origin (48% NIMFn, 24% 

FRHFn, 19% CFHFn) 
 Late fall-run spawners in the American River were 24% hatchery-origin (97% CFHLe) 
 Salmon recovered on the NFH Weir were 38% hatchery-origin (40% NIMFn, 36% 

FRHFn) 
 
 Mokelumne River Basin 
Three escapement surveys were conducted in the Mokelumne River Basin: fall-run Chinook counts 
at MOK, a video weir count at Woodbridge Dam of all fall-run Chinook escapement into 
Mokelumne River, and a daily collection of salmon carcasses from the MOK weir, which is 
installed to prevent salmon from bypassing the MOK fish ladder.  This barrier was originally 
installed on October 8th but removed on October 15th to allow for increased water releases from 
Camanche Reservoir designed to produce attraction flows for upstream migrating Chinook. The 
weir was then reinstalled on October 19th when flows returned to a rate that would not damage 
the weir.  Any salmon above the weir when it was installed were trapped and many washed back 
onto the weir after their death.   
 
All adult Chinook salmon migrating upstream into the Mokelumne River to spawn were counted 
by the video fish counting device operated by EBMUD at Woodbridge Dam. These counts also 
included the number of ad-clipped salmon entering the system.  By subtracting the 5,520 
Chinook that returned to MOK and that were collected on the MOK weir from the total video 
count of 7,196 Chinook, it was assumed that the remaining 1,676 Chinook remained in the 
Mokelumne River.  Utilizing the same logic, it was also assumed that there were 820 ad-clipped 
Chinook remaining in the river since only 2,866 of the 3,686 ad-clipped Chinook counted in the 
video monitoring were recovered at MOK and on the weir.  After reviewing the CWT codes 
recovered from  59 heads collected during sporadic surveys on the Mokelumne River, we found 
that the proportions of the 12 individual CWT codes collected were very similar to the 
proportion of these codes recovered at MOK and on the weir; however there were 45 additional 
CWT codes  recovered at the hatchery and weir.  Because 100% of Chinook salmon observed at 
MOK and the weir were sampled, we felt that the MOK recoveries best represented the entire 
run and thus expanded the estimated 820 ad-clips in the Mokelumne River based on their 
proportions, including heads that lacked a CWT (approx 1.5%).  This approach is based on the 
methodology used by the Klamath River Technical Team (KRTT) to determine the hatchery 
composition of fall-run Chinook above Willow Creek Weir on the Trinity River (e.g.,KRTT 2011). 
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Spawner returns to the Mokelumne River Basin were dominated by hatchery-origin fish (Figure 
8): 

 Fall-run returns at MOK were 90% hatchery-origin (34% MOKFt, 18% MOKFn, 32% 
NIMFn) 

 Salmon carcasses recovered on the MOK weir were 74% hatchery-origin (50% MOKFt, 
18% MOKFn, 27% NIMFn)  

 Fall-run spawners in the Mokelumne River were 73% hatchery-origin (50% MOKFt, 18% 
MOKFn, 31% NIMFn) 

 
San Joaquin River Basin Tributaries 
Four additional escapement surveys were conducted in tributaries of the San Joaquin River: fall-run 
Chinook counts at MER, as well as fall-run Chinook mark-recapture surveys conducted on the 
Stanislaus, Tuolumne, and Merced rivers.  Fall-run Chinook returns to the Merced River were 
dominated by hatchery-origin fish while the Stanislaus and Tuolumne rivers were almost equally 
split between hatchery- and natural-origin spawners (Figure 9): 

 Fall-run returns at MER were 79% hatchery-origin (37% MOKFt, 18% NIMFn, 12% 
NIMFtib, 11% CFHFn, 10% MERF)  

 Fall-run spawners in the Merced River were 78% hatchery-origin (31% NIMFn, 20% FRHFn, 
16% MOKFn, 14% MOKFt) 

 Fall-run spawners in the Stanislaus River were 50% hatchery-origin (31% NIMFn, 26% 
MOKFn, 23% MOKFt) 

 Fall-run spawners in the Tuolumne River were 49% hatchery-origin (29% CFHFn, 23% 
MERF, 19% FRHFn) 

 
2. Relative recovery and stray proportions for hatchery-origin Chinook released in-basin 
versus hatchery-origin Chinook trucked and released into the waters of the Carquinez 
Strait (includes Chinook salmon acclimated in net pens and released into San Pablo Bay).  
 
Release strategies vary widely among hatcheries from year to year.  This variability has often 
been in response to fluctuating abundances of certain stocks or differing policies among 
mitigating agencies with respect to “best” release practices. Lack of consistency and “problem 
releases” among CV hatcheries has limited the number of release groups available for direct 
comparison of differing release strategies.  For these reasons, there are only six release groups 
recovered in 2010 that allows in-basin releases to be compared directly to trucked/net pen 
releases.  
 
Table 8 summarizes the recovery rates Rtype  (in-basin, stray, and ocean) for all release groups 
with representative recoveries from the CV in 2010.  Figures 10 and 11 provide a graphical 
representation of  Rtype for the Sacramento River fall-run Chinook and other CV stocks, respectively.  
In general, Chinook that were trucked and released directly into the waters of Carquinez Strait or 
acclimated in bay area net pens had higher relative recovery rates than their respective in-basin 
releases.  These releases also had higher stray proportions than their paired in-basin counterparts.  
 
Coleman National Fish Hatchery Releases - Fall-run Chinook Broods 2007 and 2008 
For brood 2008 CNFH fall-run Chinook releases, the CV age-2 recovery rate for net pen CNFHn 
releases (161.5) was 2.3 times greater than in-basin CFHFh releases (70.9).  However, while 
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CNFHh releases were only recovered in-basin, the proportion of CFHFn recoveries out-of-basin 
was very high at 89%.  
 
There were three different CNFH release types for brood 2007 fall-run Chinook.  The CV age-3 
recovery rate for experimental CFHFe releases (164.0) was more than 3.0 times greater than in-
basin CFHFh (54.6) and net pen CFHFn (41.2) releases.  Less than 1% of CFHFh were 
recovered out-of-basin compared to straying proportions of 98% and 25% for CFHFn and 
CFHFe, respectively.    
 
Feather River Hatchery Releases – Spring-run Chinook Broods 2006, 2007, and 2008 
For brood 2008 FRH spring-run releases, the CV age-2 recovery rate for net pen FRHSn releases 
(32.2) was slightly higher than in-basin FRHS (28.0) releases.  Approximately 10% of FRHSn 
were recovered out-of-basin while all FRHS CWTs were recovered in-basin.  
 
For brood 2007 FRH spring-run releases, the CV age-3 recovery rate for net pen FRHSn releases 
(440.4) was 1.3 times higher than in-basin FRHS (348.4) releases.  Approximately 15% of age-3 
FRHSn were recovered out-of-basin while all FRHS CWTs were recovered in-basin.  
 
For brood 2006 FRH spring-run releases, the CV age-4 recovery rate for net pen FRHSt releases 
(19.4) was 3.0 times higher than in-basin FRHS (6.4) releases.  Approximately 18% of both 
FRHSt and FRHS CWTs were recovered out-of-basin.  
 
Nimbus Fish Hatchery Release – Fall-run Chinook Brood 2008 
For brood 2008 NFH fall-run releases, the CV age-2 recovery rate for net pen NIMFn releases (86.9) 
was 2.6 times greater than in-basin NIMF releases (33.5).  However, while NIMF releases were 
only recovered in-basin, the proportion of NIMFn recoveries out-of-basin was very low at 6%.  
 
Feather River Hatchery Releases – Fall-run Chinook Brood 2008 
Although FRH did not have any in-basin releases for broods 2006, 2007 or 2008, they did have 
experimental FRHFe, net pen FRHFn and trucked FRHFt releases that can be compared.   
 
For brood 2008 FRH fall-run releases, the CV age-2 recovery rate for experimental FRHFe releases 
(135.6) was slightly higher than net pen FRHFn (117.6) releases.  The FRHFe releases were 
actually “hybrid” fish (FRH fall-run x FRH spring-run Chinook).  Approximately 5% of both FRHFe
and FRHFn were recovered out-of-basin.  
 
For brood 2006 FRH fall-run releases, the CV age-4 recovery rate for net pen FRHFn releases (17.2) 
was 3.1 times higher than experimental FRHFe (5.6) releases.  Recoveries of trucked FRHFt 
(0.7) releases were too low for comparison purposes.  Approximately 10% of FRHFn and 9% of 
FRFHe releases were recovered out-of-basin. It should be noted that many of the FRHFn 
releases had some fish released directly into the bay so it is impossible to separate true net pen 
releases from trucked/direct bay ones.   



 11

3. Relative CV recovery and stray rates of bay releases acclimated in net pens and released 
directly without acclimatization 
The same issues related to release practices that limited the available recovery comparisons in 
the previous section also limited the comparison of net pen releases and direct releases in the 
Carquinez Strait area. As a result there is only one release type comparison possible. 
 
Feather River Hatchery Release – Fall-run Chinook Brood 2007 
For brood 2007 FRH fall-run releases, the CV age-3 recovery rate for net pen FRHFn releases 
(478.4) was 3.9 times higher than trucked/direct bay FRHFt (122.9) releases.  Approximately 
19% of FRHFt fish were recovered out-of-basin compared to 8% of FRHFn releases.   
 
4. Relative recovery rate and contribution of CV release groups to ocean harvest   
The relative recovery rate of CV hatchery releases in the 2010 ocean salmon fisheries (sport and 
commercial combined) varied by age and release group (Figure 12).  Of the 4,755 CV CWTsamp 
collected in the fisheries, most were age-3 (84%), followed by age-2 (12%), age-4 (4%) and age-
5 (<1%) fish.  
 
The majority of age-2 CV Chinook harvested were in the sport fishery due to its lower size limit 
(20”-24” total length) compared to the commercial fishery (27” total length).  For all age-2 CV 
releases, trucked MOKFt (42.7) had the highest recovery rate per 100,000 fish released, followed 
by net pen CFHFn (23.6), San Joaquin basin MERF (11.3), and net pen FRHFn (7.9) releases 
(Table 8).  
 
Net pen releases had the highest recovery rates for age-3 CV fall and spring runs Chinook.  The 
recovery rate for net pen FRHFn (81.2) was more than twice that of NIMFn (37.7) CFHFn, 
(32.1), FRHSn (29.4) and  MOKFn (22.8).  There were only in-basin releases of CV late fall-run 
CFHLh (24.4) for age-3 fish.    
 
Relatively few age-4 or age-5 CWT recoveries were made compared to age-2 and age-3 CV fish.  
In-basin CV late fall-run Chinook CFHLh had the highest recovery rate for age-4 (16.0) and age-5 
(0.6) CV releases.    
 
Contribution of CV release groups to sport ocean harvest 
In 2010, anglers harvested an estimated 14,697 Chinook in the California sport ocean salmon 
fishery.  Based on the expanded CWTtotal collected in the fishery, including non-CV Chinook 
release types, hatchery-origin fish contributed 31%-63% of the total harvest, depending on major 
port area (Figure 13).  Of the hatchery-origin fish, fall-run net pen FRHFn releases dominated the 
sport catch in all port areas: Monterey (43%), San Francisco (38%), Fort Bragg (22%), and 
Eureka/Crescent City (27%).  Other CV releases contributing to all sport fisheries were net pen 
NIMFn (4-8%), in-basin CFHFh (5-10%) and net pen CFHFn (3-5%); however there were no 
recoveries of CFHFh and CFHFn in the Eureka/Crescent City port area.  Non-CV stocks also 
made up a higher proportion (3%) in this northern area.   
 
Contribution of CV release groups to commercial ocean harvest 
Commercial trollers landed an estimated 15,098 Chinook in the California commercial ocean 
salmon fishery; most salmon (83%) were caught in the Fort Bragg port area.  Based on the 
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expanded CWTtotal collected in the fishery, hatchery-origin fish contributed 22%-74% of the total 
harvest, depending on major port area (Figure 14).  Of the hatchery release types, fall-run net pen 
FRHFn dominated the commercial catch in all port areas: Monterey (50%), San Francisco 
(14%), and Fort Bragg (22%).  The Eureka / Crescent City port area was completely closed to 
commercial fishing in 2010.  Other CV releases contributing to the California commercial 
fishery were net pen NIMFn (3%-10%) and in-basin CFHFh (3%-8%).  In addition, non-CV 
stocks contributed at a higher overall proportion in the commercial fishery (6%) than in the sport 
fishery (1%), especially in Fort Bragg (7%) where most of the commercial season  occurred in 
2010.   
 

 
Discussion 

 
Estimates of hatchery contributions that are presented in this report should be viewed simply as a 
“single year (2010) snapshot” of CV Chinook escapement and the California ocean harvest.  This 
was the first year that the majority of all CWT recoveries from CV releases were representatively 
marked and tagged at a minimum 25% level.  Although there were definite differences observed 
in recovery rates and straying proportions among runs, brood years, and CV release groups, this 
is just the first step in many needed to statistically analyze the contribution of hatchery and 
natural-origin salmon to natural areas throughout the CV, evaluate hatchery release strategies, 
improve California ocean and river salmon fisheries management, and determine if other goals of 
the CFM program are being met.   It is also important to note that most of the CV CWT release 
groups in this study were produced, released and/or recovered during a time when Sacramento 
River fall-run Chinook were at historically low levels.  Thus these salmon were not susceptible to 
“normal” ocean or river salmon fisheries since these fisheries were either completely closed or 
very constrained during the last three years.     
 
The effect of interannual variation in survival and year-class strength of both hatchery-origin and 
natural-origin stocks should be considered when evaluating the status of CV Chinook stocks.  At 
this time neither year class strength or age structure of CV natural-original Chinook are known.  
Scale-aging work done on 2006, 2007, and 2008 CV Chinook escapement by OSP has indicated 
that there may be different maturation rates for hatchery and natural-origin fish by stock and 
basin.  It is premature to compare hatchery and natural-origin proportions without having 
complete brood- and/or stock-specific population estimates.  While it may appear that total 
escapement by hatchery fish in the CV may exceed that of natural-origin fish in any given year, 
comparing age-specific total escapement (hatchery and natural) once broods complete their life 
cycle may indicate differences in hatchery and natural ratios for specific age groups and stocks.  
Such analyses may provide the basis for changing hatchery practices to better mimic wild 
population parameters. They may also further clarify the effects of specific environmental 
stressors unique to natural-origin fish and/or specific hatchery CWT release groups.   
  
Strategies for CV fall-run production releases in any given year are often a result of two 
conflicting objectives.  Increasing survival rates to allow for greater harvest and escapement 
often favors release strategies that bypass the Sacramento-San Joaquin Delta. Alternatively, in-
basin release practices are aimed at maximizing homing rates back to the hatchery of origin to 
reduce impacts on natural stocks.  It is impossible to make a thorough comparison of hatchery 
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release practices at this time due to the large variability that existed among CWT release types 
within the same CV hatchery broods examined in this study.  Most release types included 
individual CWT codes that were released at numerous locations at different times and under 
various conditions (e.g., river water flows and temperatures, bay tidal flows for trucked and net 
pen releases).  While some individual CWT codes were recovered at a relatively high rate, others 
within the same release type were not recovered at all.  The recovery rate Rcwt for individual 
CWT codes should be examined on a release type basis and the release strategies (in-basin, 
trucked, net-pen acclimation) that produce the greatest resource value (i.e., highest recovery rate, 
lowest straying proportion) adopted for future release strategy evaluation.  Coordinated and 
paired hatchery release types will allow for direct comparisons to be made between them and 
will enrich the available data set used for subsequent evaluation of the hatchery program in the 
future.  The CDFG Fisheries Branch has performed some very preliminary statistical testing to 
evaluate the significance of differences noted between the performance of individual pairs of 
release types (Ferreira 2011). 
 
Prior to the CFM program, the primary purpose of CV Chinook escapement monitoring was to 
provide basic status information (e.g., grilse and adult escapement counts) by individual stocks 
and basins for California hatchery and ocean harvest management needs.  The marking, tagging, 
or collection of CV CWT fish was not a high priority.  CV escapement monitoring has expanded 
to provide data for a broad range of management applications related to recovery planning for 
listed stocks. These applications include assessing recovery efforts, including habitat restoration 
work, improving ocean and river fisheries management, and evaluating CV salmon hatchery 
programs to ensure both mitigation and conservation goals are being met.  To meet the needs of 
these various assessment efforts, a review of current methodologies being employed among CV 
inland escapement monitoring programs was undertaken by DFG in 2008.  The goal of this 
review was to identify needed changes and/or additions to survey protocols that will ensure both 
statistically valid estimates of escapement and the collection of biological data, including CWTs 
and scales, needed for assessment efforts.  In 2012, DFG completed the Central Valley Chinook 
Salmon Escapement Monitoring Plan that recommends methods for estimating escapement and 
collecting biological data necessary for improved stock assessment in the CV (Bergman et al. 
2012). Survey modifications included changes in the current mark-recapture models being 
utilized, changes in sampling protocols to ensure representative sampling and proper accounting, 
and the use of counting devices in place of some mark-recapture programs. This monitoring plan 
is now being implemented among CV surveys to provide the basis for sound CV Chinook 
assessment and subsequent management.  The OSP and DFG Fisheries Branch CWT laboratories 
in Santa Rosa and Sacramento respectively, have both been expanded and additional staff hired 
to process the 40,000-60,000 tagged Chinook expected to be recovered annually during CV 
escapement and California ocean salmon fisheries monitoring.  The OSP lab has also expanded 
its scale-aging capability utilizing state-of-the-art digital imaging.  If these data are going to be 
used in a timely manner to manage CV salmon production and ocean/river fisheries, all CWT 
data and stock-specific age composition of CV escapement will be needed by February each 
year.   
 
The CV CFM program has been successful in marking and tagging the target numbers of salmon 
each year at each of the CV hatcheries, and has just begun recovering CWTs in a statistically 
valid manner throughout the CV.  The results from this program, in conjunction with future 
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aging work will provide the best opportunity to manage CV Chinook salmon based on 
scientifically defensible data. The CFM program should be continued with the current design for 
several years to provide comparable, consistent data needed for harvest and hatchery 
management.  Current funding for both CFM CWT recovery/processing and scale-aging 
programs expires in July 2013. Identifying future funding for these programs is essential for the 
continued enhancement of Chinook management in California’s Central Valley. 
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Ad-clipped      clipped adipose fin 
BOR  U.S. Bureau of Reclamation 
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CNFH  Coleman National Fish Hatchery 
CV  California Central Valley 
CWT  coded-wire tag 
DFG  California Department of Fish and Game 
DWR  California Department of Water Resources 
EBMUD East Bay Municipal Utilities District 
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FRH  Feather River Hatchery 
FWS  U.S. Fish and Wildlife Service 
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MOK  Mokelumne River Hatchery 
NFH  Nimbus Fish Hatchery 
OSP  Ocean Salmon Project 
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